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INTRODUCTION TO THE 30TH
ANNIVERSARY EDITION

It is sobering to redlise that | have lived nearly half my life with The
Slfish Gene— for better, for worse. Over the years, aseach of my seven
subsequent books has appeared, publishers have sent me on tour to
promote it. Audiences respond to the new book, whichever one it is,
with gratifying enthusiasm, applaud politely and ask intelligent ques-
tions. Then they line up to buy, and have me sign ... The Selfish Gene
That is a bit of an exaggeration. Some of them do buy the new book
and, for the rest, my wife consoles me by arguing that people who
newly discover an author will naturally tend to go back to hisfirst book:
having read The Selfish Gene, surely they'll work their way through to
the latest and (to its fond parent) favourite baby?

I would mind more if | could claim that The Sdlfish Gene had be-
come severdy outmoded and superseded. Unfortunately (from one
point of view) | cannot. Details have changed and factud examples
burgeoned mightily. But, with an exception that | shall discuss in a
moment, there is little in the book that | would rush to take back now,
or gpologise for. Arthur Cain, late Professor of Zoology at Liverpool
and one of my inspiring tutors at Oxford in the sixties, described The
Sifish Gene in 1976 as a 'young man's book'. He was deliberately
guoting acommentator on A. J. Ayer'sLanguage Truth and Logic. | was
flattered by the comparison, athough | knew that Ayer had recanted
much of his firgt book and | could hardly miss Cain's pointed implica-
tion that | should, in the fullness of time, do the same.

Let me begin with some second thoughts about the title. In 1975,
through the mediation of my friend Desmond Morris | showed the
partially completed book to Tom Maschler, doyen of London pub-
lishers, and we discussed it in his room at Jonathan Cape. He liked the
book but not the title. 'Selfish’, he said, was a ‘down word'. Why not
cdl it The Immortal Gene? Immortal was an 'up' word, the immor-
tality of genetic information was a central theme of the book, and
‘immortal gene' had almost the same intriguing ring as 'sefish gene'
(neither of us, | think, noticed the resonance with Oscar Wilde's The
Sifish Giant). | now think Maschler may have been right. Many crit-
ics, epecialy vociferous ones learned in philosophy as | have discov-
ered, prefer to read a book by title only. No doubt this works well
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enough for The Tale of Benjamin Bunny or The Decline and Fall of the
Roman Empire, but | can readily seethat "'The Selfish Gene' onits own,
without the large footnote of the book itsdlf, might give an inadequate
impression of its contents. Nowadays, an American publisher would
in any case have insisted on a subtitle.

The best way to explain the title is by locating the emphasis. Em-
phasize 'selfish’ and you will think the book is about sdfishness,
whereas, if anything, it devotes more attention to atruism. The cor-
rect word of the title to stress is 'gene’ and let me explain why. A
central debate within Darwinism concerns the unit that is actudly
selected: what kind of entity isit that survives, or does not survive, as
a conseguence of natural selection. That unit will become, more or
less by definition, 'selfish’. Altruism might wel be favoured at other
levels. Does natural selection choose between species? If so, we might
expect individual organisms to behave atruistically ‘for the good of the
species. They might limit their birth rates to avoid overpopulation,
or restrain their hunting behaviour to conserve the species future
stocks of prey. It was such widely disseminated misunderstandings of
Darwinism that originally provoked me to write the book.

Or does natural selection, as | urge instead here, choose between
genes? In this case, we should not be surprised to find individua or-
ganisms behaving altruisticaly ‘for the good of the genes, for exam-
ple by feeding and protecting kin who are likely to share copies of the
same genes. Such kin atruism is only one way in which gene selfish-
ness can trandate itself into individua atruism. This book explains
how it works, together with reciprocation, Darwinian theory's other
main generator of altruism. If | were ever to rewrite the book, as a late
convert to the Zahavi/Grafen 'handicap principle' (see pages 309-313)
| should aso give some space to Amotz Zahavi's idea that altruistic
donation might be a 'Potlatch’ style of dominance signal: see how
superior to you | am, | can afford to make a donation to youl!

L et me repeat and expand the rationale for the word 'selfish' in the
title. The critical question is which level in the hierarchy of life will
turn out to be the inevitably 'selfish’ level, at which natural selection
acts? The Sdfish Species? The Sdfish Group? The Sdfish Organism?
The Sdfish Ecosystem? Most of these could be argued, and most have
been uncritically assumed by one or another author, but al of them
are wrong. Given that the Darwinian message is going to be pithily
encapsulated as The Sdfish Something, that something turns out to be
the gene, for cogent reasons which this book argues. Whether or not
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you end up buying the argument itsdlf, that is the explanation for the
title.

| hope that takes care of the more serious misunderstandings. Nev-
ertheless, | do with hindsight notice lapses of my own on the very same
subject. These are to be found especialy in Chapter 1, epitomised by
the sentence 'Let us try to teach generosity and altruism because we
are born sdlfish’. There is nothing wrong with teaching generosity and
altruism, but 'born sdfish' is mideading. In partial explanation, it was
not until 1978 that | began to think clearly about the distinction be-
tween 'vehicles (usudly organisms) and the 'replicators that ride
inside them (in practice genes : the whole matter is explained in
Chapter 13, which was added in the Second Edition). Please mentally
delete that rogue sentence and others like it, and substitute something
along the lines of this paragraph.

Given the dangers of that style of error, | can readily see how the
title could be misunderstood, and this is one reason why | should per-
haps have gone for The Immortal Gene. The Altruistic Vehicle would
have been another possibility. Perhaps it would have been too enigmatic
but, at al events, the apparent dispute between the gene and the
organism as rival units of natural selection (a dispute that exercised
the late Ernst Mayr to the end) is resolved. There are two kinds of unit:
of natural selection, and there is no dispute between them. The gene
is the unit in the sense of replicator. The organism is the unit in the
sense of vehicle. Both are important. Neither should be denigrated
They represent two completely distinct kinds of unit and we shall be
hopelessly confused unless we recognize the distinction.

Another good dternative to The Selfish Gene would have been The
Cooperative Gene. It sounds paradoxically opposite, but a central part:
of the book argues for a form of cooperation among sdlf-interested
genes. This emphatically does not mean that groups of genes prosper
at the expense of their members, or at the expense of other groups.
Rather, each gene is seen as pursuing its own sdlf-interested agenda
against the background of the other genes in the gene pool—the set of
candidates for sexua shuffling within a species. Those other genes are
part of the environment in which each gene survives, in the same way
as the wesather, predators and prey, supporting vegetation and ol
bacteria are parts of the environment. From each gene's point of view,
the 'background' genes are those with which it shares bodies in its
journey down the generations. In the short term, that means the other
members of the genome. In the long term, it means the other genesin
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the gene pool of the species. Natural selection therefore sees to it that
gangs of mutually compatible—which is amost to say cooperating—
genes are favoured in the presence of each other. At no time does this
evolution of the ‘cooperative gene' violate the fundamental principle
of the sdfish gene. Chapter 5 develops the idea, using the analogy of a
rowing crew, and Chapter 13 takesit further.

Now, given that natural selection for sdfish genes tends to favour
cooperation among genes, it has to be admitted that there are some
genes that do no such thing and work against the interests of the rest
of the genome. Some authors have cdled them outlaw genes, others
ultra-selfish genes, yet others just 'selfish genes—misunderstanding
the subtle difference from genes that cooperate in self-interested car-
tels. Examples of ultra-selfish genes are the meiotic drive genes
described on pages 235-237, and the 'parasitic DNA' originally pro-
posed on pages 44-45 and developed further by various authors
under the catch phrase'Selfish DNA'. The uncovering of new and ever
more bizarre examples of ultra-selfish genes has become a feature of
the years since this book was first published.

The Selfish Gene has been criticized for anthropomorphic person-
ification and this too needs an explanation, if not an apology. |
employ two levels of personification: of genes, and of organisms.
Personification of genes redly ought not to be a problem, because
no sane person thinks DNA molecules have conscious personalities,
and no sensble reader would impute such a delusion to an author. |
once had the honour of hearing the grest molecular biologist
Jacques Monod talking about creativity in science. | have forgotten
his exact words, but he sad approximately that, when trying to
think through a chemical problem, he would ask himself what he
would do if he were an electron. Peter Atkins, in his wonderful book
Creation Revisited, uses aSmilar personification when considering the
refraction of a light beam, passing into a medium of higher refrac-
tive index which dows it down. The beam behaves as if trying to
minimize the time taken to travel to an end point. Atkins imagines it
as a lifeguard on a beach racing to rescue a drowning swimmer.
Should he head straight for the swimmer? No, because he can run
fagter than he can swim and would be wise to increase the dry-land
proportion of his travel time. Should he run to a point on the beach
directly opposite his target, thereby minimizing his swimming time?
Better, but gill not the best. Calculation (if he had time to do it)
would disclose to the lifeguard an optimum intermediate angle,
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yielding the ideal combination of fast running followed by inevitably
slower swimming. Atkins concludes:

That is exactly the behaviour of light passing into a denser medium. But
how does light know, apparently in advance, which is the briefest path?
And, anyway, why should it care?

He develops these questions in a fascinating exposition, inspired by
quantum theory.

Personification of this kind is not just a quaint didactic device. It
can also help a professional scientist to get the right answer, in the face
of tricky temptations to error. Such is the case with Darwinian calcu4
lations of altruism and selfishness, cooperation and spite. It is very easy
to get the wrong answer. Personifying genes, if done with due care and
caution, often turns out to be the shortest route to rescuing a Darwin-
ian theorist drowning in muddle. While trying to exercise that caution.
| was encouraged by the masterful precedent of W. D. Hamilton, one
of the four named heroes of the book. In a paper of 1972 (the year in
which | began to write The Selfish Gene) Hamilton wrote:

A geneis being favoured in natural selection if the aggregate of its rep-
licas forms an increasing fraction of the total gene pool. We are going to
be concerned with genes supposed to affect the socid behaviour of their
bearers, so let us try to make the argument more vivid by attributing
to the genes, temporarily, intelligence and a certain freedom of choice.
Imagine that a gene is considering the problem of increasing the num-
ber of its replicas, and imagine that it can choose between ...

That is exactly the right spirit in which to read much of The Selfish
Gene.

Personifying an organism could be more problematical. Thisis be-
cause organisms, unlike genes, have brains and therefore really might
have selfish or altruistic motives in something like the subjective sense
we would recognize. A book called The Selfish Lion might actually
confuse, in a way that The Selfish Gene should not. Just as one can put
oneself in the position of an imaginary light beam, intelligently
choosing the optimal route through a cascade of lenses and prisms, or
an imaginary gene choosing an optimal route through the generations,
so one can postulate an individual lioness, calculating an optimal be-
havioural strategy for the long term future survival of her genes.
Hamilton's first gift to biology was the precise mathematicsthat atruly
Darwinian individual such as a lion would, in effect, have to employ,;



Xii Introduction to the 30th anniversary edition

when taking decisions calculated to maximize the long term survival
of its genes. In this book | used informal verbal equivalents of such
calculations—on the two levels.

On page 130 we switch rapidly from one level to the other:

We have considered the conditions under which it would actualy pay a
mother to let a runt die. We might suppose intuitively that the runt
himself should go on struggling to the last, but the theory does not nec-
essarily predict this. As soon as a runt becomes so small and wesk that
his expectation of life is reduced to the point where benefit to him due
to parental investment is less than haf the benefit that the same invest-
ment could potentially confer on the other babies, the runt should die
gracefully and willingly. He can benefit his genes most by doing so.

That is al individual-level introspection. The assumption is not that
the runt chooses what gives him pleasure, or what feels good. Rather,
individuals in a Darwinian world are assumed to be making an as-if
calculation of what would be best for their genes. This particular
paragraph goes on to make it explicit by a quick change to gene-level
personification:

That is to sy, a gene that gives the instruction 'Body, if you are very
much smaler than your litter-mates, give up the struggle and die' could
be successful in the gene pool, because it has a 50 per cent chance of
being in the body of each brother and sister saved, and its chances of
surviving in the body of the runt are very smdl anyway.

And then the paragraph immediately switches back to the intro-
spective runt:

There should be a point of no return in the career of a runt. Before he
reaches this point he should go on struggling. As soon as he reaches it
he should give up and preferably let himself be eaten by his litter-mates
or his parents.

| really believe that these two levels of personification are not confus-
ing if read in context and in full. The two levels of ‘as if calculation’
come to exactly the same conclusion if done correctly: that, indeed, is
the criterion for judging their correctness. So, | don't think personifi-
cation is something | would undo if | were to write the book again
today.

Unwriting abook is one thing. Unreading it is something else. What
are we to make of the following verdict, from a reader in Australia?
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Fascinating, but at times | wish | could unread it... On one leve, | can
share in the sense of wonder Dawkins so evidently sees in the workings-
out of such complex processes . .. But at the same time, | largely blame
The Sdlfish Gene for a series of bouts of depression | suffered from for
more than a decade . . . Never sure of my spiritual outlook on life, but
trying to find something deeper—trying to believe, but not quite being
able to—I found that this book just about blew avay any vague ideas |
had along these lines, and prevented them from coaescing any further.
This created quite a strong personal crisis for me some years ago.

| have previously described a pair of similar responses from readers:

A foreign publisher of my first book confessed that he could not deep
for three nights after reading it, so troubled was he by what he saw asiits
cold, blesk message. Others have asked me how | can bear to get up in
the mornings. A teacher from a distant country wrote to me reproach-
fully that a pupil had come to him in tears after reading the same book,
because it had persuaded her that life was empty and purposeless. He
advised her not to show the book to any of her friends, for fear of con-
taminating them with the same nihilistic pessmism {Unweaving the
Rainbow).

If something is true, no amount of wishful thinking can undo it. That
isthe first thing to say, but the second is almost as important. As| went
on to write,

Presumably there is indeed no purpose in the ultimate fate of the cos-
mos, but do any of us redlly tie our life's hopes to the ultimate fate of
the cosmos anyway? Of course we don't; not if we are sane. Our lives are
ruled by dl sorts of closer, warmer, human ambitions and perceptions.
To accuse science of robbing life of the warmth that makes it worth liv-
ing is so preposteroudy mistaken, so diametrically opposite to my own
fedings and those of most working scientists, | am amogt driven to the
despair of which | am wrongly suspected.

A similar tendency to shoot the messenger is displayed by other crit-
ics who have objected to what they see as the disagreeable social,
political or economic implications of The Selfish Gene. Soon after Mrs
Thatcher won her first election victory in 1979, my friend Steven Rose
wrote the following in New Scientist:

I 'am not implying that Saatchi and Saatchi engaged a team of sociobiol-
ogists to write the Thatcher scripts, nor even that certain Oxford and
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Sussex dons are beginning to rejoice at this practical expression of the
simple truths of sdfish genery they have been struggling to convey to
us. The coincidence of fashionable theory with political events is messi-
er than that. | do believe though, that when the history of the move to
the right of the late 1970s comes to be written, from law and order to
monetarism and to the (more contradictory) attack on statism, then the
switch in scientific fashion, if only from group to kin selection models
in evolutionary theory, will come to be seen as part of the tide which has
rolled the Thatcherites and their concept of a fixed, 19th century com-
petitive and xenophobic human nature into power.

The 'Sussex don' was the late John Maynard Smith, admired by Steven
Rose and me alike, and he replied characteristically in a letter to New
Scientist: 'What should we have done, fiddled the equations?' One of
the dominant messages of The Selfish Gene (reinforced by the title
essay of A Devil's Chaplain) is that we should not derive our values
from Darwinism, unless it is with a negative sign. Our brains have
evolved to the point where we are capable of rebelling against our
selfish genes. The fact that we can do so is made obvious by our use of
contraceptives. The same principle can and should work on a wider
scale.

Unlike the Second Edition of 1989, this Anniversary Edition adds
no new material except this Introduction, and some extracts from re-
views chosen by my three-times Editor and champion, Latha Menon.
Nobody but Latha could have filled the shoes of Michael Rodgers,
K-selected Editor Extraordinary, whose indomitable belief in this book
was the booster rocket of its first edition's trajectory.

This edition does, however—and it is a source of particular joy to
me—restore the original Foreword by Robert Trivers. | have men-
tioned Bill Hamilton as one of the four intellectual heroes of the book.
Bob Trivers is another. His ideas dominate large parts of Chapters 9,
10 and 12, and the whole of Chapter 8. Not only is his Foreword a
beautifully crafted introduction to the book: unusually, he chose the
medium to announce to the world a brilliant new idea, his theory of
the evolution of self-deception. | am most grateful to him for giving
permission for the origina Foreword to grace this Anniversary
Edition.

RICHARD DAWKINS
Oxford, October 2005



PREFACE TO SECOND EDITION

IN the dozen years since The Selfish Gene was published its central
message has become textbook orthodoxy. This is paradoxicd, but
not in the obviousway. It is not one of those booksthat wasreviled as
revolutionary when published, then steadily won converts until it
ended up o orthodox that we now wonder what the fuss was about.
Quite the contrary. From the outset the reviews were graifyingly
favourable and it was not seen, initidly, as a controversid book. Its
reputation for contentiousnesstook yearsto grow until, by now, it is
widdy regarded as awork of radical extremism. But over the very
sameyearsasthe book'sreputation for extremism hasescdated, its
actud content has seemed less and | ess extreme, more and morethe
common currency.

The sHfish genetheory isDarwin'stheory, expressed in away that
Darwin did not choose but whose aptness, | should like to think, he
would instantly have recognized and ddightedin. It isin fact alogicd
outgrowth of orthodox neo-Darwinism, but expressed as a novel
image. Rather than focus on the individua organism, it takes a
gene's-eye view of nature. It is a different way of seeing, not a
different theory. Inthe opening pages of The Extended Phenotypel
explained this using the metaphor of the Necker cube.

Thisisatwo-dimensiond pattern of ink on paper, but itis perceived
as a transparent, three-dimensona cube. Stare at it for a few
seconds and it will change to face in a different direction. Carry on
garing and it will flip back to the origind cube. Both cubes are
equally compatible with the two-dimensiona data on the retina, so
the brain happily dternates between them. Neither is more correct
than the other. My point was that there are two ways of looking at
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natural selection, the gene's angle and that of the individud. If
properly understood they are equivaent; two views of the sametruth.
You can flip from one to the other and it will ill be the same
neo-Darwinism.

I now think that this metaphor was too cautious. Rather than
propose anew theory or unearth anew fact, often the most important
contribution a scientist can make is to discover anew way of seeing
old theories or facts. The Necker cube model is mideading because
it suggeststhat the two ways of seeing are equaly good. To be sure,
the metaphor getsit partly right: ‘angles, unlike theories, cannot be
judged by experiment; we cannot resort to our familiar criteria of
veification and fasficaion. But a change of vison can, &t its best,
achieve something loftier than a theory. It can usher in a whole
climate of thinking, in which many exciting and testable theoriesare
born, and unimagined facts laid bare. The Necker cube metaphor
missesthiscompletdy. It capturestheideaof aflipinvison, but fals
todojudicetoitsvaue What wearetalking aboutisnot afliptoan
equivaent view but, in extreme cases, a trangfiguration.

| hasten to disclam any such status for my own modest contribu-
tions. Neverthdess, it is for this kind of reason that | prefer not to
meke a clear separation between science and its popularization’.
Expounding idess that have hitherto appeared only in the technical
literature is a difficult art. It requires indghtful new twids of
language and reveding metaphors. If you push novety of language
and metaphor far enough, you can end up with anew way of seeing.
And anew way of seeing, as| have just argued, can initsown right
meke an origina contribution to science. Eingtein himsdf was no
mean popularizer, and I've often suspected that his vivid metaphors
did more than just help the rest of us. Didn't they dso fud his
Cregtive genius?

The genés-eye view of Darwiniam is implicit in the writings of
R. A. Fisher and the other great pioneers of neo-Darwinism in the
early thirties, but was made explicit by W. D. Hamilton and G. C.
Williams in the sixties. For me their insght had avidonary qudity.
But | found their expressions of it too laconic, not full-throated
enough. | was convinced that an amplified and developed version
could make everything about lifefdl into place, in the heart aswell as
in the brain. 1 would write a book extolling the gené's-eye view of
evolution. It should concentrate its examples on socid behaviour, to
hel p correct the unconscious group-sel ectionism that then pervaded
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popular Darwinism. | began the book in 1972 when power-cuts
resulting from indudtria gtrife interrupted my laboratory research.

The blackouts unfortunately (from one point of view) ended after a
mere two chapters, and | shelved the project until | had a sabbatical

leavein 1975. Meanwhile the theory had been extended, notably by

John Maynard Smith and Robert Trivers. | now seethat it was one of
those mydterious periodsin which new ideasare hovering intheair. |
wrote The Selfish Gene in something resembling a fever of

excitement.

When Oxford Universty Press gpproached me for a second
edition they indsted that a conventional, comprehensive, page by
page revision was ingppropriate. There are some books that, from
their conception, are obvioudy destined for a string of editions, and
The Selfish Gene was not one of them. Thefirgt edition borrowed a
youthful quality from the timesin which it waswritten. Therewasa
whiff of revolution abroad, astreak of Wordsworth'sblissful dawn. A
pity to change a child of those times, fatten it with new facts or
wrinkle it with complications and cautions. So, the origina text
should stand, warts, sexist pronounsand al. Notes at the end would
cover corrections, responses and developments. And there should
be entirely new chapters, on subjectswhose novdty in their owntime
would carry forward the mood of revolutionary dawn. The result was
Chapters 12 and 13. For these | took my inpiration from the two
books in the fidd that have most excited me during the intervening
years. Robert Axdrod's The Evolution of Cooperation, because it
seems to offer some sort of hope for our future; and my own The
Extended Phenotype because for me it dominated those years and
because—for what that is worth—it is probably the finest thing |
shal ever write.

The title 'Nice guys finish first' is borrowed from the BBC
Horizon tdevison programmethat | presentedin 1985. Thiswasa
fifty-minute documentary on game-theoretic approaches to the
evolution of cooperation, produced by Jeremy Taylor. The making
of this film, and another, The Blind Watchmaker, by the same
producer, gave me a new respect for his professon. At ther best,
Horizon producers (some of their programmes can be seen in
America, often repackaged under the name Nova) turn themselves
into advanced scholarly experts on the subject in hand. Chapter 12
owes morethan just itstitle to my experience of working dosdy with
Jeremy Taylor and the Horizon team, and | am grateful.
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| recently learned a disagreegble fact: there are influentid sci-
entists in the habit of putting their names to publications in whose
composition they have played no part. Apparently some senior
scientists dam joint authorship of a paper when dl that they have
contributed is bench space, grant money and an editoria read-
through of the manuscript. For dl | know, entire scientific repu-
tations may have been built on thework of studentsand colleagued |
don't know what can be done to combat this dishonesty. Perhaps
journal editors should require signed testimony of what each author
contributed. But thet is by theway. My reason for raising the matter
here is to make a contrast. Helena Cronin has done so much to
improve every line—every word—that she should, but for her
adamant refusd, be named asjoint author of dl the new portions of
thisbook. | am deeply grateful to her, and sorry that my acknowledg-
ment must be limited to this. | dso thank Mark Ridley, Marian
Dawkins and Alan Grafen for advice and for constructive criticism of
particular sections. ThomasWebster, Hilary McGlynn and othersat
Oxford Universty Press cheafully tolerated my whims and
procrastinations.

RICHARD DAWKINS
1989



FOREWORD TO THE
FIRST EDITION

The chimpanzee and the human share about 99.5 per cent of their
evolutionary history, yet most human thinkers regard the chimp as a
malformed, irrelevant oddity while seeing themselves as stepping-
stones to the Almighty. To an evolutionist this cannot be so. There
exists no objective basis on which to elevate one species above another.
Chimp and human, lizard and fungus, we have all evolved over some
threebillion years by a process known as natural selection. Within each
species some individuas leave more surviving offspring than others,
so that the inheritable traits (genes) of the reproductively successful
become more numerous in the next generation. This is natural selec-
tion: the non-random differentia reproduction of genes. Natural
selection has built us, and it is natural selection we must understand if
we are to comprehend our own identities.

Although Darwin's theory of evolution through natural selection is
central to the study of socid behavior (especialy when wedded to
Mendel's genetics), it has been very widdy neglected. Whole indus-
tries have grown up in the socia sciences dedicated to the construc-
tion of a pre-Darwinian and pre-Mendelian view of the socid and
psychological world. Even within biology the neglect and misuse of
Darwinian theory has been astonishing. Whatever the reasons for this
strange devel opment, there is evidence that it is coming to an end. The
great work of Darwin and Mendel has been extended by a growing
number of workers, most notably by R. A. Fisher, W. D. Hamilton,
G. C. Williams, and J. Maynard Smith. Now, for the first time,
this important body of socid theory based on natural selection is
presented in a ssimple and popular form by Richard Dawkins.

One by one Dawkins takes up the mgor themes of the new work in
socia theory: the concepts of atruistic and sdfish behavior, the
genetical definition of self-interest, the evolution of aggressive behav-
ior, kinship theory (including parent-offspring relations and the
evolution of the socid insects), sex ratio theory, reciproca altruism,
deceit, and the natural selection of sex differences. With a confidence
that comes from mastering the underlying theory, Dawkins unfolds the
new work with admirable clarity and style. Broadly educated in bio-
logy, he gives the reader a taste of its rich and fascinating literature.
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Where he differs from published work (as he does in criticizing a fa-
lacy of my own), heisdmogt invariably exactly on target. Dawkins dso
takes pains to make clear the logic of his arguments, so that the read-
er, by applying the logic given, can extend the arguments (and even
take on Dawkins himsdlf). The arguments themselves extend in many
directions. For example, if (as Dawkins argues) deceit is fundamental
in anima communication, then there must be strong selection to spot
deception and this ought, in turn, to select for a degree of self-decep-
tion, rendering some facts and motives unconscious so as not to be-
tray - by the subtle signs of sdf-knowledge - the deception being
practiced. Thus, the conventiona view that natural selection favors
nervous systems which produce ever more accurate images of the
world must be a very naive view of mental evolution.

The recent progress in socid theory has been substantial enough
to have generated a minor flurry of counter-revolutionary activity. It
has been alleged, for example, that the recent progress is, in fact, part
of acyclica conspiracy to impede socia advancement by making such
advancement appear to be geneticaly impossible. Similar fecble
thoughts have been strung together to produce the impression that
Darwinian socid theory is reactionary in its political implications. This
is very far from the truth. The genetic equality of the sexes is, for the
firgt time, clearly established by Fisher and Hamilton. Theory and
quantitative data from the socia insects demonstrate that there is no
inherent tendency for parents to dominate their offspring (or vice
versa). And the concepts of parental investment and femde choice
provide an objective and unbiased bads for viewing sex differences, a
considerable advance over popular efforts to root women's powers and
rights in the functionless swamp of biologica identity. In short, Dar-
winian socid theory gives us a glimpse of an underlying symmetry and
logic in socid relationships which, when more fully comprehended by
ourselves, should revitalize our political understanding and provide the
intellectual support for a science and medicine of psychology. In the
process it should aso give us a degper understanding of the many roots
of our suffering.

ROBERT L. TRIVERS
Harvard University, July, 1976



PREFACE TO HRST EDITION

THI s book should be read dmost asthough it were sciencefiction. It
isdesigned to gpped to theimagination. But it is not science fiction:
it is science. Cliche or not, 'stranger than fiction' expresses exactly
how | fed about thetruth. We are surviva machines—robot vehicles
blindly programmed to preserve the sdfish molecules known as
genes. Thisisatruthwhich 4ill fills mewith astonishment. Though
| have known it for years, | never seem to get fully used to it. One of
my hopesis that | may have some successin astonishing others.

Three imaginary readers looked over my shoulder while | was
writing, and | now dedicate the book to them. First the genera
reader, the layman. For him | have avoided technicd jargon dmost
totdly, and where | have had to use specidized words | have defined
them. | now wonder why we don't censor most of our jargon from
learned journalstoo. | have assumed that the layman has no specia
knowledge, but | have not assumed that he is stupid. Anyone can
popularize science if he overamyplifies. | have worked hard to try to
popularize some subtle and complicated ideas in non-mathematical
language, without losing their essence. | do not know how far | have
succeeded in this, nor how far | have succeeded in another of my
ambitions: to try to makethe book as entertaining and gripping asits
subject matter deserves. | havelong fdt that biology ought to seem as
exciting asamydery gory, for amysery sory isexactly what biology
is. | do not dareto hopethat | have conveyed morethan atiny fraction
of the excitement which the subject has to offer.

My second imaginary reader was the expert. He has been aharsh
critic, sharply drawing in his breath a some of my anaogies and
figures of speech. His favourite phrases are ‘with the exception of';
'but on the other hand', and 'ugh'. | listened to him attentively, and
even completdy rewrote one chapter entirdly for his benefit, but in
theend | have had to tell the story my way. The expert will ill not be
totaly happy with the way | put things. Y& my grestest hope is that
even he will find something new here; a new way of looking at
familiar ideas perhaps; even simulation of new ideas of his own. If
this istoo high an aspiration, may | at least hope that the book will
entertain him on atrain?
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The third reader | had in mind was the student, making the
trangition from layman to expert. If he dtill has not made up hismind
what field hewantsto bean expertin, | hopeto encourage himto give
my own field of zoology asecond glance. Thereisabetter reason for
sudying zoology than its possble 'usefulness, and the generd
likeableness of animals. Thisreason isthat we animals are the most
complicated and perfectly-designed pieces of machinery in the
known universe. Put it like that, and it is hard to see why anybody
studies anything else! For the student who has aready committed
himsdf to zoology, | hope my book may have some educationa vaue.
Heishaving to work through the original papersand technica books
onwhich my trestment isbased. If hefindsthe origind sourceshard
to digest, perhaps my non-mathematical interpretation may help, as
an introduction and adjunct.

There are obvious dangers in trying to apped to three different
kinds of reader. | can only say that | have been very conscious of
these dangers, but that they seemed to be outweighed by the
advantages of the attempt.

| am an ethologit, and thisis abook about anima behaviour. My
debt to the ethologicd tradition in which | wes trained will be
obvious. In particular, Niko Tinbergen does not redlize the extent of
his influence on me during the twelve years | worked under him at
Oxford. The phrase 'surviva machine, though not actudly hisown,
might well be. But ethology has recently been invigorated by an
invason of fresh idess from sources not conventiondly regarded as
ethologicd. This book is largdy based on these new ideas. Their
originators are acknowledged in the appropriate places in the text;
the dominant figures are G. C. Williams, J. Maynard Smith, W. D.
Hamilton, and R. L. Trivers.

Various people suggested titles for the book, which | have grate-
fully used as chapter titles: 'lmmorta Coils, John Krebs; 'The Gene
Machine', Desmond Morris; 'Genesmanship', Tim Clutton-Brock
and Jean Dawkins, independently with gpologiesto Stephen Potter.

Imaginary readers may sarve as targets for pious hopes and
aspiraions, but they are of less practica use than redl readers and
critics. | am addicted to revisng, and Marian Dawkins has been
subjected to countless drafts and redrafts of every page. Her
condderable knowledge of the biologicd literature and her under-
standing of theoretical issues, together with her ceasdess encour-
agement and mora support, have been essentia to me. John Krebs
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too read the whole book in draft. He knows more about the subject
than | do, and he has been generous and ungtinting with his advice
and suggestions. Glenys Thomson and Walter Bodmer criticized my
handling of genetic topics kindly but firmly. | fear that my revison
may gill not fully satisfy them, but | hope they will find it somewhat
improved. | am mog grateful for their time and patience. John
Dawkins exercised an unerring eye for mideading phraseology, and
made excdllent congructive suggestions for re-wording. | could not
have wished for a more suitable ‘intdligent layman' than Maxwell
Stamp. His perceptive spotting of an important generd flaw in the
dyle of the firg draft did much for the find verson. Others who
condructively criticized particular chapters, or otherwise gave
expert advice, were John Maynard Smith, Desmond Morris, Tom
Maschler, Nick Blurton Jones, Sarah Kettlewel, Nick Humphrey,
Tim Clutton-Brock, Louise Johnson, Christopher Graham, Geoff
Parker, and Robert Trivers. Pat Searle and Stephanie Verhoeven
not only typed with skill, but encouraged me by seeming to do sowith
enjoyment. Findly, | wish to thank Michael Rodgers of Oxford
Universty Presswho, in addition to helpfully criticizing the manu-
script, worked far beyond the cdll of duty in attending to al aspects of
the production of this book.

RICHARD DAWKINS
1976



WHY ARE PEOPLE?

Intelligent life on a planet comes of age when it first works out the
reason for its own existence. If superior creatures from space ever
vigt earth, thefirgt question they will ask, in order to assesstheleve
of our civilization, is: 'Have they discovered evolution yet? Living
organisms had existed on earth, without ever knowing why, for over
three thousand million years before the truth finally dawned on one
of them. His namewas Charles Darwin. To befair, others had had
inklings of the truth, but it was Darwin who first put together a
coherent and tenable account of why we exis. Darwin made it
possible for us to give a sengble answer to the curious child whose
guestion headsthis chapter. Weno longer haveto resort to supersti-
tion when faced with the deep problems: Isthere ameaning to life?
What are we far? What is man? After posing the last of these
questions, the eminent zoologist G. G. Simpson put it thus. 'The
point | want to make now isthat al attemptsto answer that question
before 1859 are worthless and that we will be better off if weignore
them completely.™*

Today the theory of evolution is about as much open to doubt as
thetheory that the earth goesround the sun, but the full implications
of Darwin'srevolution have yet to bewiddy redlized. Zoology isdill
a minority subject in universities, and even those who choose to
sudy it often make their decision without appreciating its profound
philosophica significance. Philosophy and the subjects known as
‘humanities areill taught amog asif Darwin had never lived. No
doubt thiswill changeintime. In any case, thisbook isnot intended
as a generd advocacy of Darwinism. Ingteed, it will explore the
consequences of the evolution theory for a particular issue. My
purposeisto examine the biology of sdfishnessand atruism.

Apart from its academic interest, the human importance of this
subject is obvious. It touches every aspect of our socid lives, our
loving and hating, fighting and cooperating, giving and stedling, our
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greed and our generogity. These are daims that could have been
madefar Lorenz'sOn Aggression, Ardrey's The Social Contract, and
Eibl-Eibesfeldt's Love and Hate. Thetrouble with these booksisthat
their authors got it totaly and utterly wrong. They got it wrong
because they misunderstood how evolution works. They made the
erroneous assumption that the important thing in evolution is
the good of the species (or the group) rather than the good of the
individua (or the gene). It is ironic that Ashley Montagu should
criticize Lorenz as a 'direct descendant of the "nature red in tooth
and claw” thinkers of the nineteenth century ...". As| understand
Lorenz's view of evolution, he would be very much a one with
Montagu in rejecting theimplications of Tennyson'sfamousphrase.
Unlike both of them, | think 'nature red in tooth and claw' sums up
our modern understanding of natural selection admirably.

Before beginning on my argument itsdf, | want to explain briefly
what sort of an argument it is, and what sort of an argument it isnot.
If weweretold that aman had lived along and prosperouslifein the
world of Chicago gangsters, we would be entitled to make some
guesses asto the sort of man hewas. We might expect that he would
have qudlities such as toughness, a quick trigger finger, and the
ability to attract loyd friends. These would not be infdlible deduc-
tions, but you can make some inferences about a man's character if
you know something about the conditions in which he has survived
and prospered. The argument of this book is that we, and dl other
animas, are machines created by our genes. Like successful Chi-
cago gangsters, our genes have survived, in some casesfor millions of
years, inahighly competitiveworld. Thisentitlesusto expect certain
qualitiesin our genes. | shdl argue that a predominant qudity to be
expected in a successful gene is ruthless sdfishness: This gene
sfishness will usudly gve rise to sdfisiness in individud
behaviour. However, aswe shal see, there are specid circumstances
in which agene can achieve its own sdfish goas best by fostering a
limited form of dtruism at the leve of individud animals. 'Special’
and 'limited' are important words in the lagt sentence. Much aswe
might wish to believe otherwise, universd love and thewdfare of the
speciesasawhole are conceptsthat Smply do not make evolutionary
sense.

This brings me to the first point | want to make about what this
book isnot. | am not advocating amoraity based on evolution. | am
saying how things have evolved. | am not saying how we humans
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mordly ought to behave. | stressthis, because | know | amin danger

of being misunderstood by those people, dl too numerous, who

cannot digtinguish a statement of belief in what is the case from an

advocacy of what ought to be the case. My own feding is that a

human society based Smply on the gene's law of universal ruthless
sfishness would be a very nasty society in which to live. But

unfortunately, however much we may deplore something, it doesnot
sopit being true. Thisbook ismainly intended to beinteresting, but
if you would extract amora from it, read it asawarning. Bewarned

that if you wish, as | do, to build a society in which individuas

cooperate generoudy and unsdlfishly towards a common good, you

can expect little help from biologicad nature. Let us try to teach

generosty and altruism, because we are born sdifish. Let us under-

stand what our own sdifish genes are up to, becauise we may then a

least have the chanceto upset their designs, something that no other
species has ever aspired to.

As a cordllary to these remarks about teaching, it is a fdlacy—
incidently a very common one—to suppose tha gendticdly
inherited traits are by definition fixed and unmodifiable. Our genes
may ingtruct usto be sdfish, but we are not necessarily compeled to
obey them dl our lives. It may just be more difficult to learn atruism
than it would be if we were geneticaly programmed to be atruigtic.
Among animas, man is uniquely dominated by culture, by
influences learned and handed down. Some would say that cultureis
0 important that genes, whether sdfish or not, are virtudly
irrdlevant to the understanding of human nature. Others would
disagree. It dl dependswhere you stand in the debate over 'nature
versusnurture' asdeterminants of human attributes. Thisbringsme
to the second thing this book is not: it is not an advocacy of one
position or another in the nature/nurture controversy. Naturaly |
have an opinion on this, but | am not going to express it, except
insofar asitisimplicitintheview of culturethat | shal presentinthe
fina chapter. If genes redly turn out to be totaly irrdevant to the
determination of modern human behaviour, if we redly are unique
among animasinthisrespect, itis, at thevery leadt, dill interesting
to inquire about the rule to which we have so recently become the
exception. And if our speciesisnot o exceptiona aswe might liketo
think, it is even more important that we should sudy therule.

The third thing this book is not is a descriptive account of the
detailed behaviour of man or of any other particular anima species. |
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shal use factud details only as illugtrative examples. | shdl not be
saying: 'If you look at the behaviour of baboonsyou will find it to be
Hfish; therefore the chances are that human behaviour is sdfish
as0'. Thelogic of my 'Chicago gangster' argument isquite different.
It isthis. Humans and baboons have evolved by natural selection. If
you look at the way natural selection works, it ssems to follow that
anything that has evolved by natural sdlection should be sdfish.
Thereforewe must expect that when we go and look at the behaviour
of baboons, humans, and dl other living creatures, weshdl findit to
be fish. If wefind that our expectationiswrong, if we observe that
human behaviour is truly dtruigtic, then we shall be faced with
something puzzling, something that needs explaining.

Before going any further, we need adefinition. An entity, suchasa
baboon, is sad to be dtruidtic if it behaves in such away as to
increase another such entity's welfare at the expense of its own.
SHfish behaviour has exactly the opposite effect. "Welfare' is defined
as 'chances of survivd', even if the effect on actud life and death
prospects is S0 smdl as to seem negligible. One of the surprising
conseguences of the modern version of the Darwinian theory isthat
gpparently trivid tiny influences on survivd probatiility can have a
mgjor impact on evolution. This is because of the enormous time
avallable for such influences to make themsdves felt.

It isimportant to redlize that the above definitions of dtruism and
sdfishnessarebehavioural, not subjective. | am not concerned here
with the psychology of motives. | am not going to argue about
whether people who behave dtruigticaly are 'redlly' doing it for
secret or subconscious sfish matives. Maybe they are and maybe
they aren't, and maybe we can never know, but in any casethat isnot
what this book is about. My definition is concerned only with
whether the effect of an act isto lower or raisethe surviva prospects of
the presumed altruist and the survivd prospects of the presumed
beneficiary.

It is a very complicated business to demongrate the effects of
behaviour on long-term survivd prospects. In practice, when we
aoply the definition to real behaviour, we must qudify it with the
word ‘apparently’. An gpparently dtruigtic act is one that looks,
supeficdly, as if it must tend to make the dtruist more likdy
(however dightly) to die, and the recipient more likdy to survive. It
often turnsout on closer ingpection that acts of apparent dtruismare
redly sdfishness in disguise. Once again, | do not mean tha the
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underlying motives are secretly sefish, but that theredl effects of the
act on surviva prospects are the reverse of what we origindly
thought.

| amn going to give some examples of goparently sdfish and
apparently dtruistic behaviour. It is difficult to suppress subjective
habits of thought when we are dedling with our own species, so | shall
choose examples from other animals instead. First some miscel-
laneous examples of sdfish behaviour by individud animals.

Blackheaded gulls nest in large colonies, the nests being only a
few feet apart. When the chicks firgt hatch out they are amdl and
defencdessand easy to swdlow. It isquite common for agull to wait
until a neighbour's back is turned, perhaps while it is avay fishing,
and then pounce on one of the neighbour's chicks and swdlow it
whole. It thereby obtainsagood nutritious med , without having to go
to thetrouble of catching afish, and without having to leaveitsown
nest unprotected.

More wdl known is the macabre cannibalism of femde praying
mantises. Mantisesare large carnivorousinsects. They normally eat
smaller insects such asflies, but they will attack almost anything that
moves. When they mate, the mde cautioudy creeps up on the
femae, mounts her, and copulates. If the femde getsthe chance, she
will eat him, beginning by biting his head dff, either as the mde is
approaching, or immediately after he mounts, or after they separate.
It might seem mogt sensible for her to wait until copulation is over
before she startsto eat him. But theloss of the head does not seemto
throw the rest of the mal€'s body off its sexud stride. Indeed, since
the insect head is the seat of some inhibitory nerve centres, it is
possible that the femae improves the male's sexud performance by
egting hishead.* If so, thisis an added benefit. The primary oneis
that she obtainsagood medl.

Theword 'sdfish' may seem an understatement for such extreme
cases as cannibdism, dthough these fit wel with our definition.
Perhapswe can sympathize more directly with the reported cowardly
behaviour of emperor penguins in the Antarctic. They have been
seen standing on the brink of thewater, hesitating before divingin,
because of the danger of being eaten by sedls. If only one of them
would divein, therest would know whether therewas ased there or
not. Naturally nobody wants to be the guineapig, so they wait, and
sometimes even try to push each other in.

More ordinarily, sdfish behaviour may Smply consist of refusng
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to share some vaued resource such as food, territory, or sexua
partners. Now for some examples of gpparently dtruistic behaviour.

The gtinging behaviour of worker beesis avery efective defence
againg honey robbers. But the bees who do the ginging are
kamikaze fighters. In the act of ginging, vitd internal organs are
usudly torn out of the body, and the bee dies soon afterwards. Her
suicide mission may have saved the colony'svitdl food stocks, but she
herself isnot around to reap the benefits. By our definitionthisisan
dtruigtic behaviourd act. Remember that we are not talking about
conscious motives. They may or may not be present, both hereandin
the sdlfishness examples, but they are irrdlevant to our definition.

Laying down one'slife for one'sfriendsis obvioudy atruistic, but
so dsoistaking adight risk for them. Many smdl birds, when they
seeaflying predator such asahawk, giveacharacteristic'darm call’,
upon which thewhole flock takes appropriate evadve action. There
isindirect evidencethat the bird who givesthedarm cal putsitsdf in
specid danger, because it attracts the predator's attention particu-
laly toitsdf. Thisisonly adight additiona risk, but it nevertheless
seems, a least a firg sght, to qudify as an dtruigtic act by our
definition.

The commonest and most conspicuous actsof animd dtruism are
done by parents, especidly mothers, towards their children. They
may incubate them, either in nestsor in their own bodies, feed them
a enormous cog to themsdves, and take greet risks in protecting
them from predators. To take just one particular example, many
ground-nesting birds perform a so-caled ‘distraction display’ when
a predator such as a fox approaches. The parent bird limps avay
from the nest, holding out one wing as though it were broken. The
predator, sensing essy prey, is lured avay from the nest containing
the chicks. Findly the parent bird gives up its pretence and legpsinto
theair just in time to escape the fox's jaws. It has probably saved the
life of its nestlings, but at somerisk to itsdf.

| am not trying to make apoint by telling stories. Chosen examples
are never seriousevidence for any worthwhile generdization. These
dories are dmply intended as illugtrations of what 1 mean by
adtruistic and sHfish behaviour &t thelevd of individuals. This book
will show how both individud sdfishnessand individua atruism are
explained by thefundamenta law that | am caling gene selfishness.
But first | must ded with a particular erroneous explanation for
dtruiam, becauseit iswiddy known, and even widdy taught in schools.
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This explandtion is based on the misconception that | have
aready mentioned, that living creatures evolve to do things 'for the
good of the species or 'for the good of thegroup'. It is easy to see
how this idea got its start in biology. Much of an animal's life is
devoted to reproduction, and most of the acts of dtruigic df-
sacrifice that are obsarved in nature are performed by parents
towards their young. 'Perpetuation of the species is a common
euphemism for reproduction, and it isundeniably aconsequence of
reproduction. It requires only a dight over-dretching of logic to
deduce that the ‘function’ of reproduction is 'to' perpetuate the
species. Fromthisitisbut afurther short fase step to conclude that
animas will in generad behave in such a way as to favour the
perpetuation of the species. Altruism towardsfdlow membersof the
species seems to follow.

This line of thought can be put into vagudy Darwinian terms.
Evolution works by natural sdlection, and natural sdection means
the differentid survivd of the ffittest’. But are we talking about the
fittest individuas, the fittest races, the fittest species, or what? For
some purposesthisdoes not greetly matter, but when we aretalking
about atruism it is obvioudy crucid. If it is species that are
competing in what Darwin cdled the druggle for exisence, the
individua seemsbest regarded asapawn in the game, to be sacrificed
when the greater interest of the speciesasawholerequiresit. To put
itin adightly more respectable way, agroup, such asaspeciesor a
population within aspecies, whose individua membersare prepared
to sacrifice themsalves for thewelfare of the group, may belesslikey
to go extinct than ariva group whoseindividua membersplacetheir
own Hdfish interedts firg. Therefore the world becomes populated
mainly by groups condgting of sdf-sacrificing individuds. This is
thetheory of 'group selection’, long assumed to betrue by biologists
not familiar with the details of evolutionary theory, brought out
into the open in a famous book by V. C. Wynne-Edwards, and
popularized by Robert Ardrey in The Social Contract. The orthodox
dternative is normaly caled ‘individua selection’, dthough | per-
sondly prefer to spesk of gene selection.

The quick answer of the 'individua selectionist’ to the argument
just put might go something like this. Evenin thegroup of atruists,
there will dmogt certainly be a dissenting minority who refuse to
meke any sacrifice. It there is just one sdfish rebel, prepared to
exploit theadtruism of therest, then he, by definition, ismorelikely
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than they areto survive and have children. Each of these children will
tend to inherit his sdfish traits. After severd generations of this
natura selection, the ‘dtruistic group’ will be over-run by sdfish
individuas, and will be indiginguishable from the sdfish group.
Even if we grant the improbable chance exigence initidly of pure
dtruigtic groupswithout any rebels, it isvery difficult to ssewhat isto
sop dfish individuds migrating in from neighbouring sdfish
groups, and, by inter-marriage, contaminating the purity of the
atruigtic groups.

Theindividua-sd ectionist would admit that groupsdo indeed die
out, and that whether or not a group goes extinct may be influenced
by the behaviour of the individuds in that group. He might even
admit that if only the individuasin a group had the gift of foresght
they could see that in the long run their own best interests lay in
resraining their sdfish greed, to prevent the destruction of the
whole group. How many times mugt this have been sad in recent
yearsto thewarking people of Britain? But group extinctionisadow
process compared with the rgpid cut and thrugt of individud
competition. Even while the group is going domy and inexoraoly
downhill, sdfish individuas prosper in the short term at the expense
of atruists. The citizens of Britain may or may not be blessed with
foresght, but evolution is blind to the future.

Although the group-sdection theory now commands little sup-
port within the ranks of those professiond biologistswho understand
evolution, it does have greet intuitive apped . Successve generations
of zoology students are surprised, when they come up from schooal, to
find that it is not the orthodox point of view. For thisthey are hardly
to beblamed, for in the Nuffield Biology Teachers Guide, written for
advanced leve biology schoolteachersin Britain, we find the follow-
ing: 'In higher animals, behaviour may take the form of individua
suicide to ensurethe survivd of the species.’ The anonymous author
of this guide is blisfully ignorant of the fact that he has sad
something controverdd. Inthisrespect heisin Nobe Prize-winning
company. Konrad Lorenz, in On Aggression, speeks of the'species
preserving' functions of aggressive behaviour, one of thesefunctions
being to make sure that only the fittest individuas are dlowed to
breed. This is a gam of a circular argument, but the point I am
meking here is that the group sdection idea is so deeply ingrained
that Lorenz, likethe author of the Nuffield Guide, evidently did not
redize that his satements contravened orthodox Darwinian theory.
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| recently heard a ddightful example of the same thing on an
otherwise excdlent B.B.C. tdevison programme about Audtrdian
spiders. The 'expert’ on the programme obsarved that the vast
mgjority of baby spiders end up as prey for other species, and she
then went on to say: 'Perhaps this is the real purpose of their
existence, asonly afew need to survivein order for the speciesto be
preserved!

Robert Ardrey, in The Social Contract, used the group-selection
theory to account for thewhole of socid order in general. Heclearly
Sees man as a species that has drayed from the path of animd
righteousness. Ardrey at least did his homework. His decison to
disagree with orthodox theory was a conscious one, and for this he
deserves crediit.

Perhaps one reason for the great gpped of the group-sdection
theory is that it is thoroughly in tune with the mord and political
idedls that most of us share. We may frequently behave dfisily as
individuals, but in our more idedistic moments we honour and
admire those who put the wefare of others first. We get a bit
muddlied oyer how widdy we want to interpret the word 'others,
though. Often atruism within agroup goeswith sdlfishness between
groups. Thisisabasisof trade unionism. At another leve the nation
isamgor bendficiary of our dtruistic self-sacrifice, and young men
are expected to die as individuas for the grester glory of ther
country as awhole. Moreover, they are encouraged to kill other
individuas about whom nothing isknown except that they belong to
adifferent nation. (Curioudy, peace-time appeds for individuas to
maeke some smdl sacrifice in the rate a which they increase their
standard of living seem to be less effective than war-time gpped sfor
individuasto lay down ther lives)

Recently there has been areaction againg raciaism and patriot-
ism, and a tendency to substitute the whole human species as the
object of our fdlow feding. This humanist broadening of the target
of our dtruism has an interesting corollary, which again seems to
buttress the 'good of the species ideain evolution. The paliticaly
liberd, who are normdly the most convinced spokesmen of the
species ethic, now often have the greatest scorn for those who have
gone alittle further in widening their atruism, so that it includes
other species. If | say that | am more interested in preventing the
daughter of largewhdesthan | aminimproving housing conditions
for people, | am likely to shock some of my friends.
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The feding that members of one's own species deserve oecid
moral consderation as compared with members of other speciesis
old and deep. Killing people outsde war is the most serioudy-
regarded crime ordinarily committed. The only thing more strongly
forbidden by our culture is egting people (even if they are dready
dead). We enjoy eating members of other species, however. Many of
us shrink from judicid execution of even the most horrible human
criminals, while we chearfully countenance the shooting without
triad of fairly mild anima pests. Indeed we kill members of other
harmless speciesasameans of recreation and amusement. A human
foetus, with no more human feding than an amoeba, enjoys a
reverence and legd protection far in excess of those granted to an
adult chimpanzee. Y et the chimp feds and thinks and—according to
recent experimenta evidence—may even be capable of learning a
form of human language. Thefoetus belongsto our own species, and
is ingtantly accorded specid privileges and rights because of it.
Whether the ethic of 'speciesiam’, to use Richard Ryder'sterm, can
be put on alogicd footing any more sound than that of ‘racism’, | do
not know. What | do know is that it has no proper bass in
evolutionary biology.

The muddle in human ethics over the leve a which atruismis
desrable—family, nation, race, species, or dl living things—is
mirrored by a parald muddle in biology over the level a which
dtruismisto be expected according to the theory of evolution. Even
the group-sdectionist would not be surprised to find members of
rival groups being negty to each other: inthisway, liketrade unionists
or soldiers, they are favouring their own group in the struggle for
limited resources. But then it is worth asking how the group-
sdlectionist decideswhich leve istheimportant one. If salection goes
on between groups within a species, and between species, why
should it not dso go on between larger groupings? Species are
grouped together into genera, generainto orders, and orders into
classes. Lions and antelopes are both members of the dass Mam-
mdia, as are we. Should we then not expect lions to refrain from
killing antel opes, ‘for the good of the mammals? Surely they should
hunt birds or reptilesinstead, in order to prevent the extinction of the
class. But then, what of the need to perpetuate the whole phylum of
vertebrates?

Itisdl very wel for meto argue by reductio ad absurdum, and to
point to the difficulties of the group-sdection theory, but the
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gpparent existence of individud atruism ill has to be explained.
Ardrey goes so far asto say that group sdection isthe only possible
explanation for behaviour such as 'stotting' in Thomson's gazelles.
This vigorous and conspicuous legping in front of a predator is
andogousto bird darm cdls, in that it ssemsto warn companions of
danger while gpparently calling the predator's attention to the stotter
himsdf. We have aresponshility to explain stotting Tommiesand al
similar phenomena, and thisissomething | am going to facein later
chapters.

Before that | mugt argue for my belief that the best way to look at
evolution isin terms of selection occurring & the lowest leve of dl.
Inthisbelief | am heavily influenced by G. C. Williamssgreat book

Adaptation and Natural Selection. The centra ideal shal make use of
was foreshadowed by A. Weismann in pre-gene days a the turn of
the century—his doctrine of the ‘continuity of the germ-plasm’. |
shdl argue that the fundamental unit of selection, and therefore of
sdf-interest, is not the species, nor the group, nor even, drictly, the
individud. It is the gene, the unit of heredity.* To some hiologists
thismay sound at fird like an extreme view. | hope when they seein
what sense| mean it they will agreethat it is, in substance, orthodox,
evenif itisexpressed in an unfamiliar way. Theargument takestime
to develop, and we must begin at the beginning, with the very origin
of lifeitsdf.
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THE REPLICATORS

In the beginning was smplicity. It isdifficult enough explaining how
even asmple universe began. | tekeit asagreed that it would be even
harder to explain the sudden springing up, fully armed, of complex
order—life, or abeing capable of creating life. Darwin's theory of
evolution by natural selection issatisfying becauseit showsusaway
in which smplicity could change into complexity, how unordered
atoms could group themsdlvesinto ever more complex patterns until
they ended up manufacturing people. Darwin provides a solution,
the only feesble one so far suggested, to the deep problem of our
existence. | will try to explain the great theory in amore general way
than is cusomary, beginning with the time before evolution itsalf
began.

Darwin's 'survivd of the fittest' is redlly a specid case of amore
generd law of survival of the stable. The universeis populated by
gablethings. A stablethingisacollection of atomsthat is permanent
enough or common enough to deserve a name. It may be aunique
callection of atoms, such asthe Matterhorn, that lastslong enough to
beworth naming. Or it may beaclassof entities, such asraindrops,
that come into exisgence a a aufficently high rate to deserve a
collective name, even if any one of them is short-lived. The things
that we see around us, and which we think of as needing explana
tion—rocks, gaaxies, ocean waves—are dl, to a greater or lesser
extent, stable patterns of atoms. Soap bubbles tend to be spherica
becausethisisastable configuration for thin filmsfilled withgas. Ina
spacecraft, water is dso dable in spherica globules, but on earth,
wherethereis gravity, the stable surface for standing water isflat and
horizonta. Salt crysdstend to be cubes because thisisa stableway
of packing sodium and chlorideionstogether. In the sun the smplest
atoms of dl, hydrogen atoms, are fusng to fom hdium atoms,
becausein the conditionsthat prevail therethe helium configuration
ismore stable. Other even more complex atomsarebeing formedin
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dars dl over the universe, ever dnce soon dter the 'big bang'
which, according to the prevaling theory, initiated the universe
This is arigindly where the dements on our world came from.

Sometimes when atloms mest they link up together in chemica
reaction to form molecules, which may be more or less stable. Such
molecules can be very large. A crystd such as a diamond can be
regarded as a Sngle molecule, aproverbidly stable onein thiscase,
but dso a vey smple one since its internal atomic structure is
endlesdy repeated. In modern living organismsthere are other large
molecules which are highly complex, and their complexity shows
itself on severd levels The haemoglobin of our blood is a typicd
protein molecule. It is built up from chains of smaler molecules,
amino acids, each containing a few dozen aoms arranged in a
precise pattern. In the haemoglobin molecule there are 574 amino
acid molecules. These are arranged in four chains, which twist
around each other to form aglobular three-dimensiond structure of
bewildering complexity. A modd of a haemoglobin molecule looks
rather likeadensethorn bush. But unlikeared thorn bushitisnota
haphazard approximate pattern but a definite invariant structure,
identicdly repeated, with not a twig nor a twist out of place, over
gx thousand million million million times in an average human
body. The precise thorn bush shape of a protein molecule such as
haemoglobin is stable in the sense that two chains consgting of the
same sequences of amino acidswill tend, like two springs, to cometo
ret in exadly the same three-dimensond coiled pattern.
Haemoglobin thorn bushes are springing into their ‘preferred' shape
in your body a a rate of about four hundred million million per
second, and others are being destroyed & the same rate.

Haemoglobin is a modern molecule, used to illudrate the
principle that atoms tend to fdl into stable patterns. The point that
is rlevant here is that, before the coming of life on earth, some
rudimentary evolution of molecules could have occurred by ordinary
processes of physics and chemigtry. There is no need to think of
desgn or purpose or directedness. If a group of aoms in the
presence of energy fdlsinto a sable pattern it will tend to Say that
way. The earliest form of natural selection was Smply a selection of
gable forms and a rgection of ungtable ones. There is no mydery
about this. It had to happen by definition.

From this, of course, it does not falow that you can explain the
exigence of entities as complex as man by exactly the same principles
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on their own. It is no good taking the right number of atloms and
shaking them together with some externa energy till they happento
fdl into the right pattern, and out drops Adam! You may make a
molecule condging of a fev dozen atoms like that, but a man
congstsof over athousand million million million million atoms. To
try to make a man, you would have to work at your biochemica
cocktail-shaker for aperiod so long that the entire age of the universe
would seem like an eye-blink, and even then you would not succeed.
Thisiswhere Darwin'stheory, initsmost genera form, comestothe
rescue. Darwin's theory takes over from where the story of thedow
building up of molecules leaves dff.

The account of the origin of life that | shdl give is necessarily
speculative; by definition, nobody was around to see what happened.
There are a number of rivd theories, but they dl have certain
features in common. The amplified account | shal give is probably
not too far from the truth.*

We do not know what chemica raw materia's were abundant on
earth before the coming of life, but among the plausible possibilities
arewater, carbon dioxide, methane, and anmonia: al smple com-
pounds known to be present on at least some of the other planetsin
our solar sysem. Chemids have tried to imitate the chemica
conditions of the young earth. They have put these smple sub-
gancesin aflask and supplied asource of energy such as ultraviolet
light or dectric sparks—artificid smulation of primordiad lightning.
After a few weeks of this, something interesting is usualy found
indde the flask: aweek brown soup containing a large number of
molecules more complex than the ones origindly put in. In particu-
lar, amino acids have been found—the building blocks of proteins,
one of the two great classes of biological molecules. Before these
experimentswere done, naturally-occurring amino acidswould have
been thought of as diagnogtic of the presence of life. If they had been
detected on, say Mars, life on that planet would have seemed anear
certainty. Now, however, their exigence need imply only the
presence of a few smple gases in the aimosphere and some
volcanoes, sunlight, or thundery westher. More recently, laboratory
smulations of the chemica conditions of earth before the coming of
life have yidded organic substances caled purines and pyrimidines.
These are building blocks of the genetic molecule, DNA itsdif.

Processes andl ogousto these must have given riseto the'primeval
soup' which biologigs and chemigts believe condtituted the sees
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some three to four thousand million years ago. The organic sub-
stances became locdly concentrated, perhapsin drying scum round
the shores, or in tiny suspended droplets. Under the further
influence of energy such as ultraviolet light from the sun, they
combined into larger molecules. Nowadays large organic molecules
would not last long enough to be noticed: they would be quickly
absorbed and broken down by bacteriaor other living creatures. But
bacteria and the rest of us are late-comers, and in those days large
organic molecules could drift unmolested through the thickening
broth.

At some point a particularly remarkable molecule was formed by
accident. Wewill cdl it the Replicator. It may not necessarily have
been the biggest or the most complex molecule around, but it had the
extraordinary property of being able to create copies of itsdf. This
may seem avery unlikely sort of accident to happen. Soit was. It was
exceedingly improbable. In thelifetime of aman, thingsthat arethat
improbable can betreated for practical purposesasimpossible. That
iswhy you will never win abig prize on thefootbdl pools. Butin our
human estimates of what is probable and what isnot, we are not used
to dedling in hundreds of millions of years. If you filled in pools
coupons every wesk for ahundred million yearsyou would very likdy
win saverd jackpots.

Actudly amoleculethat makes copies of itsdlf isnot asdifficult to
imagineasit ssemsat firgt, and it only had to arise once. Think of the
replicator as a mould or template. Imagine it as a large molecule
conggting of a complex chain of various sorts of building block
molecules. The amdl building blocks were abundantly avaladle in
the soup surrounding the replicator. Now suppose that each building
block has an &finity for its own kind. Then whenever abuilding block
from out in the soup lands up next to apart of the replicator for which
it has an afinity, it will tend to gtick there. The building blocks that
attach themsalves in this way will automaticadly be arranged in a
sequence that mimics that of the replicator itsdf. It is easy then to
think of them joining up to form astable chain just asin the formation
of theorigind replicator. This process could continue asaprogress-
ive stacking up, layer upon layer. Thisishow crystdsareformed. On
the other hand, the two chains might split apart, in which case we
have two replicators, each of which can go on to make further copies.

A more complex possihility isthat each building block has finity
not for its own kind, but reciprocaly for one particular other kind.
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Then thereplicator would act asatemplate not for an identica copy,
but for akind of 'negative’, which would in itsturn re-make an exact
copy of the origind positive. For our purposes it does not matter
whether the origind replication process was positive-negative or
positive-pogtive, though it is worth remarking that the modern
equivaents of thefirg replicator, the DNA molecules, use positive-
negative replication. What does matter is that suddenly a new kind
of 'stahility’ came into the world. Previoudy it is probable that no
particular kind of complex molecule was very abundant in the soup,
because each was dependent on building blocks happening to fdl by
luck into a particular stable configuration. As soon as the replicator
was born it must have spread its copies rapidly throughout the sess,
until the smdler building block molecules became a scarce
resource, and other larger molecules were formed more and more
rarely.

Sowe seemto arrive at alarge population of identical replicas. But
now we must mention an important property of any copying process:
itisnot perfect. Mistakes will happen. | hope there are no misprints
in thisbook, but if you look carefully you may find one or two. They
will probably not serioudy distort the meaning of the sentences,
because they will be 'first generation’ errors. But imagine the days
before printing, when books such as the Gospels were copied by
hand. All scribes, however careful, are bound to make afew errors,
and some are not above a little wilful ‘improvement’. If they dl
copied from a single magter origina, meaning would not be greatly
perverted. But let copies be made from other copies, which in their
turn were made from other copies, and errors will start to become
cumulaive and serious. We tend to regard erratic copying as a bad
thing, and in the case of human documents it is hard to think of
exampleswhere errors can be described asimprovements. | suppose
the scholars of the Septuagint could at least be said to have started
something big when they mistrand ated the Hebrew word for 'young
woman' into the Greek word for 'virgin', coming up with the
prophecy: 'Behold a virgin shdl conceve and bear a son .. .*
Anyway, aswe shdl see, erratic copying in biologica replicators can
in ared sense give rise to improvement, and it was essentid for the
progressive evolution of life that some errors were made. We do not
know how accuratdly the origina replicator molecules made their
copies. Their modern descendants, the DNA molecules, are
agonishingly faithful compared with the most high-fidelity human
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copying process, but even they occasiondly make mistakes, anditis
ultimatdly these migakesthat make evolution possible. Probably the
origind replicatorswere far more erratic, but in any casewe may be
surethat mistakes were made, and these mistakes were cumulative.

As mis-copyings were made and propagated, the primeva soup
becamefilled by apopulation not of identical replicas, but of saverd
vaieties of replicating molecules, dl 'descended’ from the same
ancestor. Would some varieties have been more numerous than
others? Almog certainly yes. Some varieties would have been
inherently more stable than others. Certain molecules, onceformed,
would belesslikely than othersto bresk up again. Thesetypeswould
become rdativey numerousin the soup, not only asadirect logica
consequence of their 'longevity', but aso becausethey would havea
long time available for making copies of themsaves. Replicators of
high longevity would therefore tend to become more numerous and,
other things being equal, there would have been an ‘evolutionary
trend' towards grester longevity in the population of molecules.

But other thingswere probably not equal, and another property of
a replicator variety that must have had even more importance in
spreading it through the population was speed of replication or
‘fecundity’. If replicator molecules of type A make copies of them-
seves on average once awesk while those of type B make copies of
themselvesonce an hour, it isnot difficult to seethat pretty soon type

A moleculesaregoing to befar outnumbered, eveniif they 'live' much
longer than B molecules. Therewould therefore probably have been
an ‘evolutionary trend' towards higher ‘fecundity’ of moleculesinthe
soup. A third characterigtic of replicator molecules which would
have been postively sdlected isaccuracy of replication. If molecules
of type X andtypeY last the samelength of timeand replicate at the
samerate, but X makesamistake on average every tenth replication
while Y makes a migake only every hundredth replication, Y will
obvioudy become more numerous. The X contingent in the popula-
tion loses not only the errant 'children’ themsdlves, but dso dl their
descendants, actual or potential.

If you dready know something about evolution, you may find
something dightly paradoxica about thelast point. Can we reconcile
the ideathat copying errors are an essentid prerequisite for evolu-
tion to occur, with the statement that natural selection favours high
copying-fiddity? The answer istha athough evolution may seem, in
some vague sense, a'good thing', especidly sncewe arethe product
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of it, nothing actudly 'wants to evolve. Evolution is something that
happens, willy-nilly, in spite of al the efforts of the replicators (and
nowadays of the genes) to prevent it happening. Jacques Monod
madethis point very wel in hisHerbert Spencer lecture, after wryly
remarking: 'Another curious aspect of thetheory of evolution isthat
everybody thinks he understands it!

Toreturn to the primeva soup, it must have become popul ated by
gable varigties of molecule; stable in that ether the individud
molecules lasted a long time, or they replicated rapidly, or they
replicated accurately. Evolutionary trends toward these three kinds
of gability took placein the following sense: if you had sampled the
soup at two different times, the later samplewould have contained a
higher proportion of varieties with high longevity/fecundity/copy-
ing-fiddity. Thisis essentidly what a biologist means by evolution
when he is gpesking of living creatures, and the mechanism is the
same—natural selection.

Should wethen cdl the origina replicator molecules'living?Who
cares? | might say to you 'Darwin wasthe grestest man who has ever
lived', and you might sy ‘No, Newton was, but | hope wewould not
prolong the argument. The point is that no conclusion of substance
would be affected whichever way our argument was resolved. The
facts of the lives and achievements of Newton and Darwin remain
totaly unchanged whether we labd them 'great’ or not. Smilarly,
the gtory of the replicator molecules probably happened something
like the way | am tdlling it, regardless of whether we choose to cdl
them 'living'. Human suffering has been caused because too many of
us cannot grasp that words are only tools for our use, and that the
mere presenceinthedictionary of aword like'living' does not mean
it necessaxily has to refer to something definite in the real world.
Whether we cdl the early replicators living or not, they were the
ancegtors of life; they were our founding fathers.

Thenext important link in the argument, one that Darwin himsdlf
laid stress on (dthough he was talking about animas and plants, not
molecules) is competition. The primeva soup was not capable of
supporting an infinite number of replicator molecules. For one
thing, the earth's sze is finite, but other limiting factors must aso
have been important. In our picture of the replicator acting as a
template or mould, we supposed it to be bathed in asoup rich in the
smadl building block molecules necessary to make copies. But when
the replicators became numerous, building blocks must have been
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used up at such a rate that they became a scarce and precious
resource. Different varieties or dtrains of replicator must have
competed for them. We have cond dered the factors that would have
increased the numbers of favoured kinds of replicator. We can now
see that lessfavoured varieties must actudly have become less
numerous becauise of competition, and ultimately many of their lines
must have gone extinct. There was a druggle for exisence among
replicator varieties. They did not know they were struggling, or
waorry about it; the struggle was conducted without any hard fedings,
indeed without fedlings of any kind. But they were struggling, in the
sense that any mis-copying that resulted in a new higher levd of
gability, or a new way of reducing the dability of rivas, wes
automaticaly preserved and multiplied. The process of improve-
ment was cumulative. Ways of increasing stability and of decreasing
rivals gability became more eaborate and more efficient. Some of
them may even have 'discovered' how to break up moleculesof rival
vaieties chemicdly, and to use the building blocks so released for
making their own copies. These proto-carnivores Smultaneoudy
obtained food and removed competing rivals. Other replicators
perhaps discovered how to protect themselves, either chemicaly, or
by building aphysicd wall of protein around themsdves. This may
have been how thefirg living cells appeared. Replicators began not
merdy to exig, but to construct for themsealves containers, vehicles
for their continued existence. Thereplicatorsthat survived werethe
onesthat built survival machinesfor themsavestolivein. Thefirg
survivad machines probably consisted of nothing morethan aprotec-
tive coat. But making aliving got steadily harder as new rivdsarose
with better and more effective surviva machines. Survival machines
got bigger and more elaborate, and the process was cumulative and
progressive.

Weas there to be any end to the gradua improvement in the
techniques and artifices used by the replicators to ensure their own
continuation in the world? There would be plenty of time for
improvement. What weird engines of sdlf-preservation would the
millennia bring forth? Four thousand million years on, what weas to
be the fate of the ancient replicators? They did not die out, for they
are past magters of the survivd arts. But do not look for them floating
loose in the seg; they gave up that cavdier freedom long ago. Now
they sivarm in huge colonies, ssfeinside gigantic lumbering robots,*
sedled off from the outside world, communicating with it by tortuous
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indirect routes, manipulating it by remote control. They areinyou
and in me; they created us, body and mind; and their preservationis
the ultimate rationale for our existence. They have comealong way,
thosereplicators. Now they go by the name of genes, and we aretheir
survival machines.
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We are survivd machines, but ‘'we' does not mean just people. It
embracesall animas, plants, bacteria, and viruses. Thetotal number
of survivd machines on earth is very difficult to count and even the
total number of speciesis unknown. Taking just insects aone, the
number of living gpecies has been estimated at around three million,
and the number of individua insects may be a million million
million.

Different sorts of survivd machine appear very varied on the
outside and in their internal organs. An octopus is nothing like a
mouse, and both are quite different from an oak tree. Yet in ther
fundamentd chemigtry they are rather uniform, and, in particular,
the replicators that they bear, the genes, are badcdly the same kind
of molecule in dl of us—from bacteria to elephants. We are all
aurvivd machinesfor the same kind of replicator—molecules called
DNA—but there are many different ways of making aliving in the
world, and the replicators have built a vagt range of machines to
exploit them. A monkey isamachinethat preservesgenesuptrees, a
fish is amachine that preserves genes in the water; there iseven a
amdl worm that preserves genesin German beer mats. DNA works
in myseriousways.

For amplicity | have given the impresson that modern genes,
made of DNA, are much the same as the firg replicators in the
primeva soup. It does not matter for the argument, but this may not
redly betrue. Theorigind replicators may have been arelated kind
of moleculeto DNA, or they may have been totdly different. In the
latter casewe might say that their surviva machines must have been
seized at alater sage by DNA. If so, the origind replicators were
utterly destroyed, for no trace of them remains in modern surviva
machines. Along these lines, A. G. Cairns-Smith has made the
intriguing suggestion that our ancestors, the firg replicators, may
have been not organic molecules at al, but inorganic crysas—
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minerds, little bits of day. Usurper or not, DNA is in undisputed
charge today, unless, as | tentatively suggest in Chapter 11, anew
seizure of power isnow just beginning.

A DNA moalecule is a long chain of building blocks, smdl
molecules caled nucleotides. Just as protein molecules are chains of
amino acids, s0 DNA molecules are chains of nucleotides. A DNA
molecule is too amdl to be seen, but its exact shape has been
ingenioudy worked out by indirect means. It conssts of a pair of
nucleotide chains twisted together in an degant spird; the 'double
helix', the immortal coil'. The nucleotide building blocks comein
only four different kinds, whose names may be shortenedto A, T, C,
and G. These aethe samein dl animas and plants. What differsis
the order in which they are strung together. A G building block from
aman isidentica in evary particular to a G building block from a
snail. But the sequence of building blocksin amanisnot only different
from that in a snall. It is ds0 different—though less so—from the
sequence in every other man (except in the specid case of identical
twins).

Our DNA lives ingde our bodies. It is not concentrated in a
particular part of the body, but isdistributed anong thecells. There
are about a thousand million million cdls making up an average
human body, and, with some exceptions which we can ignore, every
oneof those cells contains acomplete copy of that body'sDNA. This
DNA can beregarded asaset of ingtructionsfor how to make abody,
writteninthe A, T, C, G dphabet of the nucleotides. It isasthough,
in every room of agigantic building, there was a book-case contain-
ing the architect's plansfor the entire building. The 'book-case' ina
cdl iscdled the nucleus. The architect's plans run to 46 volumesin
man—the number is different in other species. The 'volumes are
cdled chromosomes. They are visble under a microscope as long
threads, and the genes are strung out dong them in order. It is not
essy, indeed it may not even be meaningful, to decide where one
gene ends and the next one begins. Fortunately, as this chapter will
show, this does not matter for our purposes.

| shal make use of the metaphor of the architect's plans, fredy
mixing the language of the metaphor with the language of the redl
thing. 'Volume will be used interchangeably with chromosome.
'Page’ will provisonaly be used interchangesbly with gene, athough
the divigon between genesisless clear-cut than the divison between
the pages of a book. This metaphor will take us quite a long way.
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When it findly bresks down | shdl introduce other metaphors.
Incidentally, thereisof courseno ‘architect'. The DNA ingtructions
have been assembled by natural selection.

DNA molecules do two important things. Firdly they replicate,
that isto say they make copies of themselves. Thishasgone on non-
stop ever since the beginning of life, and the DNA molecules are
now very good & it indeed. As an adult, you consigt of athousand
million million cells, but when you werefirg conceived you werejust
asingle cel, endowed with one magter copy of the architect's plans.
Thiscdl divided into two, and each of thetwo cdlsrecaved itsown
copy of the plans. Successive divisonstook the number of cdlsupto
4, 8, 16, 32, and s0 oninto the hillions. At every divison the DNA
plans were fathfully copied, with scarcely any mistakes.

Itisonething to gpesk of the duplication of DNA. But if the DNA
isredly aset of plansfor building abody, how arethe plansput into
practice? How are they trandated into the fabric of the body? This
brings me to the second important thing DNA does. It indirectly
supervisesthe manufacture of adifferent kind of molecule—protein.
T he haemogl obin which was mentioned in the last chapter isjust one
example of the enormous range of protein molecules. The coded
message of the DNA,, written in the four-letter nucleotide a phabet,
istrandated in asmple mechanica way into another aphabet. This
is the dphabet of amino acids which spells out protein molecules.

Making proteins may seem afar cry from making abody, but it is
the first amal step in that direction. Proteins not only constitute
much of the physicd faoric of the body; they dso exert sendtive
control over dl the chemicd processes indde the cdl, sdectivdy
turning them on and off at precise times and in precise places.
Exactly how this eventudly leads to the development of ababy isa
gory which it will take decades, perhaps centuries, for embryologists
towork out. But it is afact that it does. Genes do indirectly control
the manufacture of bodies, and the influence is drictly one way:
acquired characterigtics are not inherited. No matter how much
knowledge and wisdom you acquire during your life, not onejot will
be passed on to your children by genetic means. Each new genera-
tion starts from scratch. A body is the genes way of preserving the
genes unaltered.

The evolutionary importance of the fact that genes control
embryonic devdopment isthis: it meansthat genesare at least partly
responsiblefor their own survive in the future, becausetheir surviva
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depends on the effidency of the bodiesin which they live and which
they helped to build. Once upon atime, natural selection consisted
of the differentid survivd of replicators floating free in the primevd
soup. Now, natural sdection favours replicators that are good at
building survivd machines, genes that are skilled in the art of
controlling embryonic development. In this, the replicators are no
more conscious or purposeful than they ever were. The same old
processes of automatic selection between rivd molecules by reason
of ther longevity, fecundity, and copying-fiddity, gill go on as
blindly and as inevitably as they did in the far-off days. Genes have
no foresght. They do not plan ahead. Genes just are, some genes
more so than others, and that isdl thereistoit. But the quditiesthat
determineagene'slongevity and fecundity are not so smpleasthey
were. Not by along way.

In recent years—the last sx hundred million or so—the replic-
ators have achieved notable triumphs of surviva-machine tech-
nology such as the muscle, the heart, and the eye (evolved severd
times independently). Before that, they radicdly dtered funda
mental features of their way of life as replicators, which must
be understood if we are to proceed with the argument. \

The fird thing to grasp about a modern replicator is that it is
highly gregarious. A survivd machineisavehicle containing not just
one gene but many thousands. The manufacture of a body is a
cooperdive venture of such intricacy that it is dmost impossible to
disentangle the contribution of one gene from that of another.* A
given gene will have many different effects on quite different parts of
the body. A given part of the body will be influenced by many genes,
and the effect of any one gene depends on interaction with many
others. Some genes act as master genes controlling the operation of a
cluster of other genes. In terms of theandogy, any given page of the
plans makes reference to many different parts of the building; and
eech page maekes sense only in terms of cross-references to
numerous other pages.

This intricate inter-dependence of genes may make you wonder
why we usetheword 'gene’ a al. Why not useacollectivenoun like
‘gene complex'? The answer isthat for many purposesthat isindeed
quite a good idea. But if we look at things in another way, it does
make sense too to think of the gene complex asbeing divided upinto
discrete replicators or genes. This aises because of the
phenomenon of sex. Sexud reproduction has the effect of mixing



Immortal coils 25

and shuffling genes. Thismeansthat any oneindividua body isjust a
temporary vehicle for a short-lived combination of genes. The
combination of genesthat isany oneindividua may be short-lived,
but the genesthemsdlves are potentialy very long-lived. Their paths
congdantly cross and recross down the generations. One gene maybe
regarded asaunit that survivesthrough alarge number of successve
individua bodies. This is the centra argument that will be devel-
oped in this chapter. It is an argument that some of my most
respected colleagues obgtinately refuse to agree with, so you must
forgivemeif | ssemto labour it! First | must briefly explain the facts
of sex.

| said that the plansfor building ahuman body are spelt out in 46
volumes. In fact thiswas an over-amplification. The truth is rather
bizarre. The 46 chromosomes consst of 23 pairsof chromosomes.
We might say thet, filed away in the nucleus of every cel, are two
dternative setsof 23 volumesof plans. Cdl them VVolume 1aand 1b,
Volume 2a and Volume 2b etc., down to Volume 23a and Volume
23b. Of coursetheidentifying numbers| usefor volumesand, later,
pages, are purely arbitrary.

Wereceive each chromosomeintact from one of our two parents,
in whose testis or ovary it was assembled. Volumes 1a, 23, 33, ...
came, sy, from the father. Volumes 1b, 2b, 3b, ... came from the
mother. It is very difficult in practice, but in theory you could look
with amicroscope at the 46 chromosomes in any one of your cells,
and pick out the 23 that came from your father and the 23 that came
from your mother.

The paired chromosomes do not spend dl their lives physicaly in
contact with each other, or even near each other. In what sense then
are they 'paired? In the sense that each volume coming origindly
from the father can beregarded, page for page, asadirect dternative
to one particular volume coming origindly from the mother. For
instance, Page 6 of Volume 13a and Page 6 of Volume 13b might
both be 'about’ eye colour; perhaps one says 'blue’ while the other
says'brown'.

Sometimes the two dternative pages are identica, but in other
cases, as in our example of eye colour, they differ. If they make
contradictory ‘recommendations, what does the body do? The
answer varies. Sometimes onereading prevalsover the other. Inthe
eye colour examplejust given, the person would actualy have brown
eyes the ingtructions for making blue eyes would beignored in the
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building of the body, though this does not stop them being passed on
to future generations. A gene that is ignored in this way is caled
recessive. The oppodte of arecessve geneisadominant gene. The
genefor brown eyesis dominant to the gene for blue eyes. A person
has blue eyes only if both copies of the relevant page are unanimous
in recommending blue eyes. More usudly when two dternative
genes are not identical, the result is some kind of compromise—the
body is built to an intermediate design or something completely
different.

When two genes, like the brown eye and the blue eye gene, are
rivals for the same dot on a chromaosome, they are called alleles of
each other. For our purposes, the word dlde is synonymous with
riva. Imagine the volumes of architects plans as being loose-lesf
binders, whose pages can be detached and interchanged. Every
Volume 13 must have aPage 6, but there are severd possible Page 6s
which could go in the binder between Page 5 and Page 7. One
version says 'blue eyes, another possible verson says 'brown eyes,
there may beyet other versonsin the populetion a large which spell
out other colours like green. Perhaps there are hdf a dozen
dternative dldes Stting in the Page 6 position on the 13th chromo-
somes scattered around the popul ation asawhole. Any given person
only has two Volume 13 chromosomes. Therefore he can have a
maximum of two adldesin the Page 6 dot. He may, like ablue-eyed
person, have two copies of the same dlele, or he may have any two
dldes chosen from the haf dozen dternatives avalable in the
population &t large.

You cannot, of course, literally go and choose your genes from a
pool of genes availableto thewhole population. At any giventimedl
the genesaretied up ingdeindividud surviva machines. Our genes
are doled out to us at conception, and there is nothing we can do
about this. Nevertheless, thereisa sensein which, in thelong term,
the genes of the population in genera can beregarded asagene pool.
Thisphraseisinfact atechnica term used by geneticigts. The gene
pool isaworthwhile abstraction becauise sex mixesgenesup, abeit in
acaefully organized way. In particular, something like the detaching
and interchanging of pages and wads of pages from loose-lesf
binders redly does go on, aswe shdl presently see.

| have described the normd divison of a cdl into two new cells,
each one recaiving a complete copy of dl 46 chromosomes. This
normal cell divisoniscalled mitosis. But thereisanother kind of cell
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divison cdled meiosis. Thisoccursonly inthe production of the sex
cdls; the sperms or eggs. Sperms and eggs are unique among our
cdls in that, instead of containing 46 chromosomes, they contain
only 23. Thisis, of course, exactly half of 46—convenient when they
fuse in sexud fertilization to meke a new individud! Meoss is a
specid kind of cdll divison, taking place only intesticlesand ovaries,
inwhich acdl with thefull double set of 46 chromosomes dividesto
form sx cdllswith the single set of 23 (dl the time using the human
numbers for illustration).

A sperm, with its 23 chromosomes, ismade by themeiotic divison
of one of the ordinary 46-chromosome cdllsin thetesticle. Which 23
areput into any given sperm cdl? It isclearly important that asperm
should not get just any old 23 chromosomes: it mustn't end up with
two copiesof Volume 13 and none of Volume 17. It would theoretic-
dly be possble for an individua to endow one of his sperms with
chromosomes which came, say, entirely from his mother; that is
Volume1b, 2b, 3b,..., 23b. Inthisunlikdy event, achild conceived
by the sperm would inherit half her genes from her paterna
grandmother, and none from her paterna grandfather. But in fact
thiskind of gross, whole-chromosome distribution does not happen.
The truth is rather more complex. Remember that the volumes
(chromosomes) are to be thought of as loose-lesf binders. What
happensiis that, during the manufacture of the sperm, single pages,
or rather multi-page chunks, are detached and swapped with the
corresponding chunksfrom the alternative volume. So, one particu-
lar perm cdll might make up itsVolume 1 by taking thefirst 65 pages
from Volume 1a, and pages 66 to the end from Volume 1b. This
sperm cdll's other 22 volumes would be made up in a Smilar way.
Therefore every sperm cdll made by an individud is unique, even
though dl his sperms assembled their 23 chromosomes from bits of
the same set of 46 chromosomes. Eggs are madein asimilar way in
ovaries, and they too are dl unique.

Thered-life mechanics of this mixing arefarly well understood.
During the manufacture of a sperm (or egg), bits of each paterna
chromosome physicaly detach themsdves and change places with
exactly corresponding hits of maternal chromosome. (Remember
that we are talking about chromosomesthat came origindly fromthe
parents of the individua making the sperm, i.e., from the paterna
grandparents of the child who iseventualy conceived by the sperm).
The process of swapping bits of chromosomeiscaled crossing over. It
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isvery important for the whole argument of thisbook. It meansthat if
you got out your microscope and looked at the chromosomesin one
of your own sperms (or eggsif you arefemde) it would be awagte of
time trying to identify chromosomes that origindly came from your
father and chromosomes that origindly came from your mother.
(Thisisin marked contrast to the case of ordinary body cdls (see
page 25).) Any one chromosomein asperm would be apatchwork, a
mosaic of maternal genes and paterna genes.

The metaphor of the page for the gene starts to bresk down here.
In a loose-lesf binder a whole page may be inserted, removed or
exchanged, but not afraction of apage. But the gene complex isjust a
long string of nuclectideletters, not divided into discrete pagesin an
obviousway at al. To be sure, there are gpecid symbolsfor END OF
PROTEIN CHAIN MESSAGE and START OF PROTEIN CHAIN MESSAGE
written in the same four-letter alphabet as the protein messages
themsdlves. 1n between these two punctuation marks are the coded
ingructions for making one protein. If we wish, we can define a
single gene as a sequence of nucleotide | etterslying between astarT
and an END symbol, and coding for one protein chain. The word
cistron hasbeen used for aunit defined in thisway, and some people
use the word gene interchangesbly with cistron. But crossing-over
does not respect boundaries between cistrons. Splits may occur
within cigronsaswdl as between them. It isasthough the architect's
planswerewritten out, not on discrete pages, but on 46 rolls of ticker
tape. Cigtronsare not of fixed length. The only way to tel whereone
cistron ends and the next beginswould beto read the symbaolson the
tape, looking for END OF MESSAGE and START OF MESSAGE Symbols.
Crossing-over is represented by taking matching paternd and
maternd tapes, and cutting and exchanging matching portions,
regardless of what iswritten on them.

In thetitle of this book the word gene means not a single cistron
but something more subtle. My definition will not be to everyone's
taste, but there is no universaly agreed definition of a gene. Even if
there were, there is nothing sacred about definitions. We can define
aword how welikefor our own purposes, provided we do so dlearly
and unambiguoudy. The definition | want to use comes from G. C.
Williams* A geneisdefined asany portion of chromosoma materia
that potentidly lagts for enough generations to serve as a unit of
natural sdlection. In the words of the previous chapter, ageneisa

replicator with high copying-fiddity. Copying-fiddity isanother way
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of saying longevity-in-the-form-of-copiesand | shal abbreviatethis
amply to longevity. The definition will take some judtifying.

On any definition, a gene has to be a portion of a chromosome.
The question is, how big a portion—how much of the ticker tape?
Imagine any sequence of adjacent code-letters on the tape. Cdl the
sequence a genetic unit. It might be a sequence of only ten letters
within one cistron; it might be a sequence of eight cistrons; it might
start and end in mid-cistron. It will overlgp with other genetic units.
It will include smdler units, and it will form part of larger units. No
meatter how long or short it is, for the purposes of the present
argument, thisiswhat we are caling agenetic unit. Itisjust alength
of chromosome, not phydcdly differentiated from the rest of the
chromosomein any way.

Now comestheimportant point. The shorter agenetic unitis, the
longer—in generations—it islikely to live. In particular, the less
likely itisto be split by any one crossing-over. Suppose awhole
chromosome is, on average, likely to undergo one cross-over every
timeasperm or egg ismade by meiotic divison, and this cross-over
can happen anywhere dong its length. If we condder avery large
genetic unit, say half thelength of the chromosome, thereisa 50 per
cent chance that the unit will be split at each meiosis. If the genetic
unit we are conddering is only 1 per cent of the length of the
chromosome, we can assume that it has only a 1 per cent chance of
being split in any one meiotic divison. This meansthat the unit can
expect to survivefor alarge number of generationsintheindividua's
descendants. A singlecistronislikdy to be much lessthan 1 per cent
of thelength of achromosome. Even agroup of severd neighbouring
cistrons can expect to live many generations before being broken up
by crossing over.

Theaverage life-expectancy of agenetic unit can conveniently be
expresad in generations, which canin turn be trandated into years.
If we take awhole chromosome as our presumptive genetic unit, its
life sory lasts for only one generation. Suppose it is your chromo-
some number 8a, inherited from your father. It was created inside
one of your father's testicles, shortly before you were conceived. It
had never exiged before in the whole higtory of the world. It was
crested by the meiotic shuffling process, forged by the coming
together of pieces of chromosome from your paternal grandmother
and your paternd grandfather. It was placed insde one particular
sperm, and it was unique. The sperm was one of severd millions, a
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vas amada of tiny vessdls, and together they saled into your
mother. This particular sperm (unlessyou are anon-identical twin)
was the only one of the flatilla which found harbour in one of your
mother's eggs—that is why you exig. The genetic unit we are
consdering, your chromosome number 8a, set about replicating
itself dongwith dl therest of your genetic material. Now it exigts, in
duplicate form, al over your body. But when you in your turn come
to have children, this chromosome will be destroyed when you
manufacture eggs (or sperms). Bits of it will be interchanged with
bits of your materna chromosome number 8b. In any one sex cell,
anew chromosome number 8 will be created, perhaps 'better' than
the old one, perhaps 'worse, but, barring a rather improbable
coincidence, ddfinitdy different, definitdy unique. The life-gpan of
achromosome is one generation.

Wheat about the life-gpan of asmaller genetic unit, say 1/100 of the
length of your chromosome 847 Thisunit too camefrom your father,
but it very probably was not origindly assembled in him. Following
the earlier reasoning, thereisa99 per cent chancethat hereceived it
intact from one of histwo parents. Suppose it was from his mother,
your paternal grandmother. Again, thereisa99 per cent chancethat
sheinherited it intact from one of her parents. Eventudly, if wetrace
the ancestry of asmdl genetic unit back far enough, wewill cometo
itsorigind creator. At some stage it must have been created for the
firs timeindde atesticle or an ovary of one of your ancestors.

Let me repest the rather gpecid sense in which | am using the
word 'create’. The smdler sub-unitswhich make up the genetic unit
we are conddering may well have exised long before. Our genetic
unit wes created at a particular moment only in the sense that the
particular arrangement of sub-unitsby whichit isdefined did not exist
before that moment. The moment of creation may have occurred
quite recently, say in one of your grandparents. But if we consder a
vay amdl genetic unit, it may have been firg assembled in amuch
more distant ancestor, perhaps an ape-like pre-human ancestor.
Moreover, asmdl genetic unit inside you may go on just asfar into
the future, passing intact through along line of your descendants.

Remember too that an individud's descendants congtitute not a
sngle line but a branching line. Whichever of your ancestorsit was
who 'created' aparticular short length of your chromosome 8a, heor
shevay likedy has many other descendants besidesyou. One of your
genetic units may dso be present in your second cousin. 1t may be
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present in me, and in the Prime Minister, and in your dog, for wedl
share ancestors if we go back far enough. Also the same smal unit
might be assembled severd times independently by chance: if the
unitissmadl, the coincidenceisnot too improbable. But even aclose
relative is unlikdy to share a whole chromosome with you. The
smaller agenetic unit is, the morelikdly it isthat another individud
shares it—the more likely it is to be represented many times over in
the world, in the form of copies.

The chance coming together, through crossing-over, of pre-
vioudy exiging sub-unitsisthe usua way for anew genetic unit to be
formed. Another way—af great evolutionary importance even
though it is rare—is cdled point mutation. A point mutation is an
error corresponding to asngle misprinted letter inabook. Itisrare,
but clearly the longer a genetic unit is, the more likdy it is to be
atered by amutation somewhere dong itslength.

Another rare kind of migake or mutation which has important
long-term consequencesiscdled inversion. A piece of chromosome
detaches itsdf at both ends, turns head over hedls, and reattaches
itsef in the inverted podtion. In terms of the earlier andogy, this
would necessitate some renumbering of pages. Sometimes portions
of chromosomes do not amply invert, but become resttached in a
completdy different part of the chromosome, or even join up with a
different chromosome atogether. This corresponds to the transfer
of awad of pages from one volume to another. The importance of
this kind of migake is that, though usudly disastrous, it can
occadondly lead to the dose linkage of pieces of genetic materia
which happen to work well together. Perhaps two cistrons which
have a beneficid effect only when they are both present—they
complement or reinforce each other in some way—will be brought
close to each other by means of inverson. Then natural sdection
may tend to favour the new 'genetic unit' so formed, and it will
spread through the future population. It is possble that gene
complexes have, over the years, been extensvey rearranged or
‘edited’ in thiskind of way.

One of the neatest examples of this concerns the phenomenon
known as mimicry. Some butterflies taste nasty. They are usudly
brightly and digtinctively coloured, and birds learn to avoid them by
their ‘warning' marks. Now other species of butterfly that do not
taste nagty cashin. They mimic the nasty ones. They areborn looking
like them in colour and shape (but not taste). They frequently fool
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human naturaigts, and they also fool birds. A bird who has once
tasted a genuindy nagty butterfly tends to avoid dl butterflies that
look the same. Thisincludes the mimics, and so genes for mimicry
are favoured by natural selection. That is how mimicry evolves

There are many different species of 'nasty’ butterfly and they do
not dl look aike. A mimic cannot resemble al of them: it has to
commit itself to one particular nasty species. In generd, any particu-
lar gpecies of mimic isa peciaist a mimicking one particular nagty
species. But there are species of mimic that do something very
strange. Some individuals of the species mimic one nasty Species,
other individuas mimic another. Any individua who wasintermedi-
ae or who tried to mimic both would soon be eaten; but such
intermediates are not born. Just as an individud is either definitdy
mde or definitdy femde, so an individua butterfly mimics either
one nagy species or the other. One butterfly may mimic species A
while his brother mimics speciesB.

It looks as though a single gene determineswhether anindividua
will mimic species A or species B. But how can a sngle gene
determine dl the multifarious aspects of mimicry—colour, shape,
spot pattern, rhythm of flight? The answer is that one gene in the
sense of a cistron probably cannot. But by the unconscious and
automatic 'editing' achieved by inversions and other accidentd
rearrangements of genetic material, a large cluster of formerly
separate genes has come together in a tight linkage group on a
chromosome. Thewhole cluster behaveslike asngle gene—indeed,
by our definition it now isasinglegene—and it hasan 'allel€ whichis
redly another cluster. One cluster contains the cistrons concerned
with mimicking species A; the other those concerned with mimicking
species B. Each clugter is so rardly solit up by crossing-over that an
intermediate butterfly is never seen in nature, but they do very
occadondly turn up if large numbers of butterflies are bred in the
laboratory.

| am using the word gene to mean a genetic unit that is small
enough to last for alarge number of generationsand to be distributed
around in the form of many copies. Thisisnot arigid all-or-nothing
definition, but a kind of fading-out definition, like the definition of
'big' or 'old'. Themorelikdy alength of chromosomeisto be split by
crossng-over, or atered by mutations of various kinds, the less it
qudifiesto be cdled agenein the sensein which | am using theterm.
A cistron presumably qudifies, but so dso do larger units. A dozen
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cistrons may be so doseto each other on achromosomethat for our
purposes they congtitute a single long-lived genetic unit. The
butterfly mimicry clugter is a good example. As the cistrons leave
one body and enter the next, as they board sperm or egg for the
journey into the next generation, they arelikely to find that thelittle
vess contains their dose neighbours of the previous voyage, old
shipmates with whom they sailed on the long odyssey from the
bodies of digant ancestors. Neighbouring cistrons on the same
chromosome form a tightly-knit troupe of travelling companions
who sddom fdl to get on board the same vessd when meiosis time
comes around.

To bestrict, thisbook should be cdled not The Salfish Cistron nor
The Selfish Chromosome, but The slightly selfish big bit of chromosome:
the even moreselfish littlebit of chromosome. To say theleast thisisnot a
cachy title so, defining a gene as alittle bit of chromasome which
potentialy lasts for many generations, | cdl the book The Selfish
Gene.

We have now arived back a the point we left a the end of
Chapter 1. There we saw that sdfishness is to be expected in any
entity that deservesthe title of a basic unit of natural sdection. We
saw that some people regard the species as the unit of natura
sdlection, othersthe population or group within the species, and yet
otherstheindividud. | sad that | preferred to think of the gene as
the fundamenta unit of natural sdection, and therefore the funda-
mental unit of salf-interest. What | have now done is to define the
genein such aweay that | cannot redly help being right!

Natural selection in its most general form means the differentia
aurvivd of entities. Some entitiesliveand othersdiebut, in order for
this sdective degth to have any impact on the world, an additiona
condition must be met. Each entity must exigt in the form of lots of
copies, and at least some of the entities must be potential ly capable of
aurviving—in the form of copies—for a sgnificant period of evolu-
tionary time. Smal genetic units have these properties: individuals,
groups, and species do not. It was the great achievement of Gregor
Mendel to show that hereditary units can be treated in practice as
indivisible and independent particles. Nowadayswe know thet thisis
alittletoo smple. Even acigtronisoccasondly divisble and any two
genes on the same chromaosome are not whally independent. What |
have done is to define a gene as a unit which, to a high degree,
approaches the ided of indivishle particulateness. A gene is not
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indivisble, but it is s8dom divided. It is either definitdy present or
definitdy absent in the body of any given individua. A gene travels
intact from grandparent to grandchild, passng straight through the
intermediate generation without being merged with other genes. If
genes continually blended with each other, natural sdection aswe
now understand it would beimpossible. Incidentaly, thiswas proved
in Darwin'slifetime, and it caused Darwin great worry Snceinthose
daysit was assumed that heredity was ablending process. Menddl's
discovery had dready been published, and it could have rescued
Darwin, but adas he never knew about it: nobody ssemsto haveread
it until years after Darwin and Mendel had both died. Mendel
perhaps did not redlize the dgnificance of hisfindings, otherwise he
might have written to Darwin.

Another aspect of the particulateness of the geneisthat it does not
grow senile; it isno more likely to diewhen it isamillion yearsold
than when it is only a hundred. It legps from body to body down the
generations, manipulating body after body in its own way and for its
own ends, abandoning asuccession of morta bodies beforethey Snk
in senility and desth.

Thegenesaretheimmortas, or rather, they are defined asgenetic
entities that come close to desarving the title. We, the individua
aurvivd meachines in the world, can expect to live a fev more
decades. But the genesin the world have an expectation of life that
must be measured not in decades but in thousands and millions of
years.

In sexudly reproducing species, theindividua istoo large and too
temporary a genetic unit to qudify as a sgnificant unit of natural
sdection.* The group of individuasis an even larger unit. Genetic-
dly spesking, individuas and groups are like clouds in the sy or
dust-storms in the desert. They are temporary aggregations or
federations. They are not stable through evolutionary time. Popula
tions may lagt along while, but they are congtantly blending with
other populations and so losing their identity. They are dso subject
to evalutionary change from within. A population is not a discrete
enough entity to beaunit of natural selection, not stable and unitary
enough to be 'selected’ in preference to another population.

Anindividua body seems discrete enough whileit lasts, but aas,
how long isthat? Each individua isunique. Y ou cannot get evolution
by sdlecting between entities when there is only one copy of each
entity! Sexud reproductionisnot replication. Just asapopulationis
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contaminated by other populations, so an individud's pogterity is
contaminated by that of his sexud partner. Your children are only
half you, your grandchildren only aquarter you. In afew generations
the most you can hope for is alarge number of descendants, each of
whom bears only atiny portion of you—afew genes—evenif afew do
bear your surname aswell.

Individuals are not stable things, they are flegting. Chromo-
omes too are shuffled into oblivion, like hands of cards soon after
they are dedlt. But the cardsthemsalves survive the shuffling. The
cards are the genes. The genes are not destroyed by crossing-over,
they merdy change partners and march on. Of course they march
on. That is their business. They are the replicators and we are
their survival machines. When we have served our purpose we are
cast aside. But genes are denizens of geologicd time: genes are
forever.

Genes, likediamonds, areforever, but not quitein the sameway as
diamonds. It is an individud diamond crysd that lasts, as an
unaltered pattern of atoms. DNA molecules don't have that kind of
permanence. The life of any one physcad DNA molecule is quite
short—perhaps a matter of months, certainly not more than one
lifetime. But aDNA molecule could theoreticdly live onintheform
ofaopies of itself for ahundred million years. Moreover, just like the
ancient replicators in the primeva soup, copies of a particular gene
may be digtributed al over the world. The difference is that the
modern versonsared| negtly packaged insde the bodies of surviva
machines.

What | am doing isemphasizing the potential near-immortality of
agene, in the form of copies, as its defining property. To define a
gene as a dngle cigtron is good for some purposes, but for the
purposes of evolutionary theory it needsto be enlarged. The extent
of the enlargement is determined by the purpose of the definition.
Wewant to find the practical unit of natura sdlection. To dothiswe
begin by identifying the properties that a successful unit of natural
sdection must have. In the terms of the last chapter, these are
longevity, fecundity, and copying-fiddity. We then smply define a
‘gene’ as the largest entity which, at least potentidly, has these
properties. Thegeneisalong-lived replicator, exiging in the form of
meany duplicate copies. It isnot infinitdy long-lived. Even adiamond
is not literdly everlasting, and even a cistron can be cut in two by
crossing-over. Thegeneisdefined asapiece of chromosomewhich
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isaufficently short for it to last, potentidly, for long enough for it to
function as a Sgnificant unit of natural selection.

Exactly how long is 'long enough? There is no hard and fest
answer. 1t will depend on how severethe natural selection 'pressure
is. That is, on how much morelikdy a'bad’ genetic unitisto diethan
its'good' dldle. Thisisamatter of quantitative detail which will vary
from example to example The largest practical unit of natural
sdlection—the gene—will usudly be found to lie somewhere on the
scale between cistron and chromosome.

Itisitspotential immortdity that makesageneagood candidate as
the basic unit of natural selection. But now the time has come to
sress the word 'potential’. A gene can live for amillion years, but
many new genesdo not even makeit past their first generation. The
few new ones that succeed do so partly because they are lucky, but
mainly becausethey havewhat it takes, and that meansthey are good
a making survivd machines. They have an effect on the embryonic
development of each successive body in which they find themsdves,
such that that body isalittle bit more likdy to live and reproduce than
it would have been under the influence of theriva geneor dlele. For
example, a'good' gene might ensureits surviva by tending to endow
the successve bodies in which it finds itsdf with long legs, which
help those bodies to escgpe from predators. This is a particular
example, not auniversd one. Long legs, after dl, are not dways an
asset. To a mole they would be a handicap. Rather than bog
oursdvesdownin details, can wethink of any universal qualitiesthat
we would expect to find in dl good (i.e. long-ived) genes? Con-
vearsdy, what are the properties that ingantly mark a gene out as a
‘bad’, short-lived one? There might be saverd such universd
properties, but there is one that is particularly relevant to this book:
a the gene levd, dtruism must be bad and sdfishness good. This
follows inexorably from our definitions of altruism and sdlfishness.
Genes are competing directly with their dldes for surviva, snce
their dldes in the gene poal are rivds for their dot on the
chromosomes of future generations. Any genethat behavesin sucha
way as to increase its own survival chances in the gene pool & the
expense of its dldes will, by definition, tautologoudy, tend to
aurvive The geneisthe basic unit of sdfishness.

The main message of this chapter has now been stated. But | have
glossed over some complicationsand hidden assumptions. Thefirst
complication has dready been briefly mentioned. However
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independent and free genes may be in ther journey through the
generations, they are very much not free and independent agentsin
their control of embryonic development. They collaborate and
interact ininextricably complex ways, both with each other, and with
their externa environment. Expressions like 'gene for long legs or
‘genefor dtruistic behaviour' are convenient figures of speech, but it
isimportant to understand what they mean. Thereisno genewhich
single-handedly buildsaleg, long or short. Building alegisamulti-
gene cooperative enterprise. Influences from the externa environ-
ment too are indispensable: &fter all, legs are actudly made of food!
But there may well be asingle genewhich, other thingsbeing equal,
tends to make legs longer than they would have been under the
influence of the gene's dlde.

Asan andogy, think of theinfluence of afertilizer, say nitrate, on
the growth of wheet. Everybody knowsthat whesat plants grow bigger
inthe presence of nitratethan inits absence. But nobody would be so
foolish asto daim that, on its own, nitrate can make awheet plant.
Seed, s0il, sun, water, and various minerdsare oovioudy all necess-
ay aswdl. Butif dl these other factorsare held constant, and even if
they are dlowed to vary within limits, addition of nitrate will make
the wheat plants grow bigger. So it is with sngle genes in the
development of an embryo. Embryonic development is controlled by
an interlocking web of rel ationships so complex that we had best not
contemplate it. No one factor, genetic or environmental, can be
consdered asthe single ‘causer of any part of ababy. All partsof a
baby have a near infinite number of antecedent causes. But a
differ ence between one baby and another, for example adifferencein
length of leg, might easily be traced to one or afew Smple antecedent
differences, either in environment or in genes. It is differences that
meatter in the competitive struggle to survive; and it is geneticaly-
controlled differences that matter in evolution.

Asfa asageneis concerned, its dleles are its deadly rivds, but
other genes are just a part of its environment, comparable to
temperature, food, predators, or companions. The effect of the gene
depends on its environment, and this includes other genes.
Sometimesagene has one effect in the presence of aparticular other
gene, and acompletdy different effect in the presence of another set
of companion genes. Thewhole set of genesin abody condtitutesa
kind of genetic dimate or background, modifying and influencing
the effects of any particular gene.
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But now we seem to have aparadox. If building ababy issuch an
intricate cooperative venture, and if every gene needs severd
thousands of fdlow genesto completeitstask, how can wereconcile
this with my picture of indivisble genes, springing like immorta
chamois from body to body down the ages: the free, untrammelled,
and s=if-seeking agents of life? Weas that dl nonsense? Not a al. |
may have got abit carried avay with the purple passages, but | wes
not talking nonsense, and there is no real paradox. We can explain
this by means of another andlogy.

One oarsman on his own cannot win the Oxford and Cambridge
boat race. He needs eight colleagues. Each one is a specidist who
dways dtsin aparticular part of the boat—bow or stroke or cox etc.
Rowing the boat is a cooperdive venture, but some men are
nevertheless better at it than others. Suppose a coach has to choose
hisided crew fromapool of candidates, some specidizing in the bow
position, others specidizing as cox, and so on. Suppose that he
makes his sdlection asfollows Every day he putstogether three new
tria crews, by random shuffling of the candidates for each position,
and he makes the three crews race againg each other. After some
weeks of thisit will start to emerge that the winning boat often tends
to contain the same individual men. These are marked up as good
oarsmen. Other individuals seem consgtently to be found in dower
crews, and these are eventudly rejected. But even an outstandingly
good oarsman might sometimes be a member of adow crew, either
because of the inferiority of the other members, or because of bad
luck—say a strong adversewind. It is only on average that the best
men tend to be in the winning boat.

The oarsmen are genes. The rivas for each seet in the boat are
dldes potentidly cgpable of occupying the same dot dong the
length of achromaosome. Rowing fagt correspondsto building abody
which is successful at surviving. The wind is the externd environ-
ment. The pool of dternative candidates is the gene pool. Asfar as
the surviva of any one body isconcerned, dl itsgenesareinthe same
boat. Many a good gene gets into bad company, and finds itsdf
sharing a body with a letha gene, which kills the body off in
childhood. Then the good geneis destroyed along with therest. But
this is only one body, and replicas of the same good gene live onin
other bodies which lack the lethal gene. Many copies of good genes
are dragged under because they happen to share a body with bad
genes, and many perish through other forms of ill luck, say when
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their body is struck by lightning. But by definition luck, good and
bad, grikes at random, and agenethat is consistently on thelosing
sdeisnot unlucky; itisabad gene.

One of the qualities of agood oarsman is teamwork, the ability to
fit in and cooperate with the rest of a crew. This may be just as
important as strong muscles. Aswe saw in the case of the butterflies,
natural selection may unconscioudy ‘edit’ agene complex by means
of inversgons and other gross movements of bits of chromosome,
thereby bringing genes that cooperate well together into dosdy
linked groups. But thereis dso asenseinwhich geneswhich arein
no way linked to each other physcdly can be sdected for ther
mutua compatibility. A gene that cooperates wdl with mogt of the
other genesthat it islikdy to meet in successve bodies, i.e. thegenes
in the whole of the rest of the gene pool, will tend to have an
advantage.

For example, a number of attributes are desirable in an efficient
carnivore's body, among them sharp cutting teeth, the right kind of
intestine for digesting meet, and many other things. An efficient
herbivore, on the other hand, needs fla grinding teeth, and a much
longer intestine with a different kind of digestive chemidry. In a
herbivore gene pool, any new gene that conferred on its possessors
sharp mest-egting teeth would not be very successful. This is not
because meat-eating is universaly a bad idea, but because you
cannot effidently eat meat unless you dso have the right sort of
intestine, and dl the other attributes of a mesat-eating way of life.
Genes for sharp, mest-eating teeth are not inherently bad genes.
They are only bad genesin agene-pool that is dominated by genes
for herbivorous qudities.

Thisis asubtle, complicated idea. It is complicated because the
‘environment' of agene consigslargdy of other genes, each of which
isitself being selected for its ability to cooperate with its environment
of other genes. An andogy adequate to cope with this subtle point
does exig, but it is not from everyday experience. It is the andogy
with human 'gametheory', which will beintroduced in Chapter 5in
connection with aggressve contests between individua animals. |
therefore postpone further discussion of thispoint until the end of
that chapter, and return to the centra message of thisone. Thisis
that the basic unit of natural sdlection is best regarded not as the
species, nor asthe population, nor even astheindividud, but as some
smd| unit of genetic materid whichit isconvenient to labd the gene.
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The cornerstone of the argument, as given earlier, was the
assumption thet genes are potentialy immorta, while bodies and
al other higher units are temporary. This assumption rests upon
two facts the fact of sexud reproduction and crossing-over, and
the fact of individud mortdity. These facts are undenigbly true.
But this does not stop us asking why they are true. Why do we
and mog other survivd machines practise sexud reproduction?
Why do our chromosomes cross ovar? And why do we not live for
ever?

The question of why we die of old ageis acomplex one, and the
details are beyond the scope of this book. In addition to particular
reasons, some more general ones have been proposed. For example,
onetheory isthat senility represents an accumulation of deleterious
copying errors and other kinds of gene damage which occur during
theindividua'slifetime. Another theory, dueto Sir Peter Medawar,
is a good example of evolutionary thinking in terms of gene selec-
tion.* Medawar firg digmisses traditional arguments such as: 'Old
individudsdieasan act of dtruismto therest of the species, because
if they stayed around when they weretoo decrepit to reproduce, they
would clutter up the world to no good purpose.’ As Medawar points
out, thisis a circular argument, assuming what it sets out to prove,
namdy that old animals are too decrepit to reproduce. It isdso a
nave group-selection or speciessdection kind of explanation,
dthough that part of it could be rephrased more respectably.
Medawar's own theory hasabeadtiful logic. We can build uptoit as
follows

We have dready asked what are the most genera attributes of a
‘good' gene, and we decided that 'selfishness was one of them. But
another genera quality that successful genes will have is atendency
to postpone the degth of their survivd machines at least until after
reproduction. No doubt some of your cousinsand great-unclesdied
in childhood, but not a Sngle one of your ancestors did. Ancestors
just don't die young!

A genethat makesit possessorsdieiscdled alethd gene. A semi-
lethal gene has some debilitating effect, such that it makes death
from other causes more probable. Any gene exats its maximum
effect on bodiesa some particular sage of life, and lethals and semi-
lethals are not exceptions. Most genes exert their influence during
foetd life, others during childhood, other during young adulthood,
others in middle age, and yet others in old age. (Reflect that a



Immortal coils 41

caterpillar and the butterfly it turns into have exactly the same set of
genes.) Obvioudy lethal geneswill tend to be removed from the gene
pool. But equaly obvioudy alate-acting lethd will be morestablein
the gene pool than an early-acting lethal. A genethat islethal inan
older body may Hill be successful in the gene pooal, provided itslethal
effect does not show itsdlf until after the body has had time to do at
least some reproducing. For instance, a gene that made old bodies
develop cancer could be passed on to numerous offaring because
the individuas would reproduce before they got cancer. On the
other hand, a gene that made young adult bodies develop cancer
would not be passed on to very many offaring, and agenethat made
young children develop fatal cancer would not be passed on to any
offgpring at al. According to thistheory then, senile decay issmply a
by-product of the accumulation in the gene poal of late-acting lethal
and semi-lethal genes, which have been dlowed to dip through the
net of natural selection Smply because they arelate-acting.

The aspect that Medawar himself emphasizesisthat selection will
favour genes that have the effect of postponing the operation of
other, lethal genes, and it will also favour genesthat have the effect of
hastening the effect of good genes. It may be that a great ded of
evolution congsts of genetically-controlled changes in the time of
onset of gene ativity.

Itisimportant to notice that thistheory does not need to meke any
prior assumptions about reproduction occurring only at certain ages.
Taking as a starting assumption that al individuas were equaly
likely to have a child a any age, the Medawar theory would quickly
predict the accumulation in the gene pool of late-acting deleterious
genes, and the tendency to reproduce lessin old age would folow as
a secondary consequence.

Asan aside, one of the good features of thistheory isthat it leads
us to some rather interesting speculations. For instance it falows
from it that if we wanted to increase the human life gpan, there are
two generd ways in which we could do it. Firstly, we could ban
reproduction before a certain age, say forty. After some centuries of
this the minimum age limit would be raised to fifty, and so on. It is
concaivable that human longevity could be pushed up to severd
centuries by this means. | cannot imagine that anyone would
serioudy want to indtitute such a policy.

Secondly we could try to 'fool' genes into thinking that the body
they are sitting inisyounger than it redly is. In practice thiswould
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mean identifying changes in the interna chemical environment of a
body that take place during ageing. Any of these could be the 'cues
that 'turn on' late-acting lethal genes. By smulating the superficid
chemicd properties of ayoung body it might be possible to prevent
theturning on of late-acting deleterious genes. Theinteresting point
is that chemicd sgnds of old age need not in any norma sense be
deleteriousin themsalves. For ingtance, supposethat it incidentally
happens to be afact that a substance Sis more concentrated in the
bodies of old individuas than of young individuas. Sinitsalf might
be quite harmless, perhaps some substance in the food which
accumulatesin the body over time. But automaticaly, any gene that
just happened to exert a deleterious effect in the presence of S but
which otherwise had a good effect, would be postively sdlected in
the gene pool, and would in effect be a gene for' dying of old age.
The cure would smply be to remove Sfrom the body.

What isrevolutionary about thisideaisthat Sitsdf isonly a'label’
for old age. Any doctor who noticed thet high concentrations of S
tended to lead to death, would probably think of S as a kind of
poison, and would rack hisbrainsto find adirect causal link between
S and baodily mdfunctioning. But in the case of our hypothetica
example, he might be wadting histime!

There might dso beasubstance Y, a'labd’ for youth in the sense
that it was more concentrated in young bodiesthan in old ones. Once
again, genes might be sdected that would have good effects in the
presence of Y, but which would be deleterious in its absence.
Without having any way of knowing what Sor Y are—there could be
many such subgtances—we can Smply make the generd prediction
that the more you can smulate or mimic the properties of a young
body in an old one, however superficid these properties may seem,
the longer should that old body live.

I must emphasize that these are just speculations based on the
Medawar theory. Although there is a sense in which the Medawar
theory logicdly must have some truth in it, this does not mean
necessily that it is the right explanaion for any given practicd
example of senile decay. What matters for present purposes is that
the gene-selection view of evolution has no difficulty in accounting
for the tendency of individuas to die when they get old. The
assumption of individud mortdity, which lay at the heart of our
argument in this chapter, is judifiable within the framework of the
theory.
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The other assumption | have glossed over, that of the existence of
sexud reproduction and crossing-over, is more difficult to judtify.
Crossing-over does not dways have to happen. Male fruit-flies do
not doit. Thereisagenethat hasthe effect of suppressing crossing-
over in femdes as wdll. If we were to breed a population of fliesin
which this gene was universal, the chromosome in a ‘chromosome
pool* would become the basic indivisble unit of natural selection. In
fact, if we followed our definition to its logica conclusion, awhole
chromosome would have to be regarded as one 'gene’.

Then again, aternatives to sex do exis. Femae greenflies can
bear live, fatherless, fende offoring, each one containing al the
genesof itsmother. (Incidentaly, an embryoin her mother's ‘womb'
may have an even smdler embryo insde her own womb. So a
greenfly femde may give birth to a daughter and a grand-daughter
smultaneoudy, both of them being equivaent to her own identica
twins) Many plants propagate vegetatively by sending out suckers.
In this case we might prefer to gpesk of growth rather than of
reproduction; but then, if you think about it, there is rather little
digtinction between growth and non-sexua reproduction ayway,
since both occur by smple mitotic cdl divison. Sometimes the
plants produced by vegetdtive reproduction become detached from
the 'parent’. In other cases, for ingtance em trees, the connecting
suckersremain intact. In fact an entire m wood might be regarded
asasngleindividua.

S0, the quedtion is: if greenfliesand em treesdon't do it, why do
the rest of us go to such lengthsto mix our genes up with somebody
else's before we make a baby? It does seem an odd way to proceed.
Why did sex, that bizarre perversion of sraightforward replication,
ever aiein thefirg place? What is the good of sex?*

This is an extremdy difficult question for the evolutionig to
answer. Most serious attempts to answer it involve sophigticated
mathematical reasoning. 1 am frankly going to evadeit except to ssy
one thing. This is that at least some of the difficulty that theorists
have with explaining the evolution of sex results from the fact that
they habitudly think of the individud as trying to maximize the
number of his genes that survive In these terms, sex appears
paradoxica because it is an ‘inefficient’ way for an individud to
propagete her genes. each child has only 50 per cent of theindi-
vidud's genes, the other 50 per cent being provided by the sexud
partner. If only, likeagreenfly, shewould bud-off children who were
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exact replicas of hersdlf, shewould pass 100 per cent of her geneson
to the next generation in the body of evary child. This apparent
paradox has driven some theorigts to embrace group-selectionism,
snceitisrddivey essy to think of group-level advantagesfor sex. As
W. F. Bodmer has succinctly put it, sex facilitates the accumulation
in a dngle individua of advantageous mutations which arose
separately in different individuds:!

But the paradox seemsless paradoxicd if we follow the argument
of thisbook, and treat theindividua asasurviva machinebuilt by a
short-lived confederation of long-lived genes. 'Efficiency’ from the
whole individud's point of view is then seen to be irrdevant.
Sexudlity versus non-sexuality will be regarded as an attribute under
single-gene contral, just like blue eyes versus brown eyes. A gene
'for' ssxudity manipulatesdl the other genesfor its own sdfish ends.
So does a gene for crossing-over. There are even genes—cdled
mutators—that manipulate the rates of copying-errors in other
genes. By definition, a copying error is to the disadvantage of the
gene which is miscopied. But if it is to the advantage of the sdfish
mutator gene that induces it, the mutator can spread through the
gene pool. Smilarly, if crossing-over benefits a gene for crossing-
over, that is a suffident explandtion for the existence of crossing-
over. And if sexud, as opposed to non-sexual, reproduction benefits
agenefor sexud reproduction, that isasufficient explanation for the
exigence of sexud reproduction. Whether or not it benefits dl the
rest of an individud's genes is compardivey irrdevant. Seen from
the sdfish gene's point of view, sex is not o bizarre after all.

This comes periloudy close to being a circular argument, since
the exigtence of sexudity is a precondition for the whole chain of
reasoning that leads to the gene being regarded as the unit of
sdection. | believe there are ways of escaping from the circularity,
but thisbook is not the place to pursue the question. Sex exigts. That
much istrue. It is a consegquence of sex and crossing-over that the
amdl genetic unit or gene can be regarded as the nearest thing we
have to a fundamental, independent agent of evolution.

Sex is not the only apparent paradox that becomes less puzzling
the moment we learn to think in sdfish gene terms. For instance, it
appearsthat the amount of DNA in organismsismorethanisgtrictly
necessary for building them: a large fraction of the DNA is never
trandated into protein. From the point of view of the individua
organiam this seems paradoxicd. If the ‘purpose’ of DNA is to
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supervise the building of bodies, it is surprising to find a large
quantity of DNA which does no such thing. Biologids are racking
their brains trying to think what useful task this apparently surplus
DNA is doing. But from the point of view of the sdfish genes
themsalves, there is no paradox. The true ‘purpose’ of DNA isto
survive, nomore and no less. The smplest way to explain the surplus
DNA is to suppose that it is a parasite, or at best a harmless but
useless passenger, hitching aridein the survival machines created by
the other DNA .*

Some people object to what they see as an excessvdy gene-
centred view of evolution. After dl, they argue, it iswholeindividuas
with dl their geneswho actudly live or die. | hope | have said enough
inthischapter to show that thereisredly no disagreement here. Just
aswhole boatswin or lose races, it isindeed individualswho live or
die, and the immediate manifedation of natural selection is nearly
dways a the individud leve. But the long-term consequences of
non-random individuad desth and reproductive success are
manifested in the form of changing gene frequencies in the gene
pool. With reservations, the gene poadl plays the same role for the
modern replicators as the primeva soup did for the origind ones.
Sex and chromosoma crossing-over have the effect of preserving
the liquidity of the modern equivaent of the soup. Because of sex
and crossing-over the gene poal is kept wel stirred, and the genes
partidly shuffled. Evolution is the process by which some genes
become more numerous and others less numerousin the gene pool.
Itisgood to get into the habit, whenever we aretrying to explain the
evolution of some characteristic, such as dtruistic behaviour, of
asking oursdves Smply: ‘what effect will this characteristic have on
frequencies of genesin the gene pool ? At times, gene language gets
a bit tedious, and for brevity and vividness we shdl lapse into
metaphor. But we shal dways keep asceptical eye on our metaphors,
to make sure they can be trandated back into gene language if
necessay.

Asfar asthe geneis concerned, the gene pool isjust the new sort
of soup where it makes its living. All that has changed is that
nowadaysit makesitsliving by cooperating with successive groups of
companions drawn from the gene pool in building one mortd
urvivd machine efter another. It isto surviva machinesthemsaves,
and the sensein which genes may be said to control their behaviour,
that we turn in the next chapter.
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THE GENE MACHINE

Survivd machines began as passve receptacles for the genes,
providing little more than walls to protect them from the chemica
warfare of their rivds and the ravages of accidental molecular
bombardment. In the early days they ‘fed' on organic molecules
fredy avalablein the soup. This easy life came to an end when the
organic food in the soup, which had been dowly built up under the
energetic influence of centuriesof sunlight, wasdl used up. A mgor
branch of survivd machines, now cdled plants, started to use
sunlight directly themsdlves to build up complex molecules from
smple ones, re-enacting at much higher speed the synthetic pro-
cesses of the origina soup. Another branch, now known asanimals,
‘discovered' how to explait the chemicd labours of the plants, either
by eating them, or by egting other animas. Both main branches of
aurvivd machines evolved more and more ingenious tricks to
increasether efidency in their variousways of life, and new ways of
life were continualy being opened up. Sub-branches and sub-sub-
branches evolved, each one excdling in aparticular specidized way
of making aliving: in the sea, on theground, in theair, underground,
up trees, indde other living bodies. This sub-branching has given
rise to the immense diversty of animads and plants which so
impresses us today.

Both animals and plants evalved into many-cdlled bodies, com-
plete copiesof dl the genesbeing distributed to every cell. Wedo not
know when, why, or how many timesindependently, this happened.
Some people use the metaphor of a colony, describing abody asa
colony of cdlls. | prefer to think of the body asacolony of genes, and of
the cdl as a convenient working unit for the chemica industries of
the genes.

Coloniesof genesthey may bebut, intheir behaviour, bodies have
undeniably acquired anindividudity of their own. An anima moves
asacoordinated whole, asaunit. Subjectively | fed likeaunit, not a
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colony. This is to be expected. Selection has favoured genes that
cooperatewith others. In the fierce competition for scarce resources,
intherelentlessstruggleto eat other survivd machines, and to avoid
being esten, there must have been a premium on centra coordina
tion rather than anarchy within the communa body. Noweadays the
intricate mutual co-evolution of genes has proceeded to such an
extent that the communa nature of anindividua survivd machineis
virtualy unrecognizable. Indeed many biologists do not recognizeit,
and will disagreewith me.

Fortunately for what journdistswould cdl the 'credibility’ of the
rest of thisbook, the disagreement islargdy academic. Just asitisnot
convenient to tak about quanta and fundamenta particles when we
discusstheworkings of acar, so it is often tedious and unnecessary to
keep dragging genes in when we discuss the behaviour of surviva
machines. In practice it is usudly convenient, as an gpproximation,
to regard the individua body as an agent ‘trying' to increase the
numbers of al its genes in future generations. | shal use the
language of convenience. Unless otherwise dated, ‘dtruistic
behaviour' and 'sdifish behaviour' will mean behaviour directed by
one anima body toward another.

This chapter is about behaviour—the trick of rapid movement
which has been largdy exploited by the anima branch of survivd
machines. Animas became active go-getting gene vehicles: gene
machines. The characterigtic of behaviour, as biologists use the
term, is that it is fast. Plants move, but very dowly. When seen in
highly speeded-up film, climbing plantslook like active animals. But
mogt plant movement is redly irreversible growth. Animals, on the
other hand, have evolved ways of moving hundreds of thousands of
times fager. Moreover, the movements they make are reversible,
and repestable an indefinite number of times.

The gadget that animds evolved to achieve rapid movement was
the muscle. Muscles are engines which, like the steam engine and
theinternal combustion engine, use energy stored in chemicd fud to
generate mechanica movement. The difference is that the immedi-
ate mechanica force of amuscleisgenerated in theform of tension,
rather than gas pressure as in the case of the seam and internd
combustion engines. But muscles are like engines in that they often
exert their force on cords, and leverswith hinges. Inustheleversare
known as bones, the cords astendons, and the hinges asjoints. Quite
alot isknown about the exact molecular waysin which muscleswork,



48 The gene machine

but I find more interesting the question of how muscle contractions
aretimed.

Have you ever watched an artificia machine of some complexity, a
knitting or sawing machine, aloom, an automatic bottling factory, or
ahay bder? Motive power comes from somewhere, an el ectric motor
say, or atractor. But much more beffling istheintricatetiming of the
operations. Vaves open and shut in the right order, sted fingers
deftly tieaknot round ahay bale, and then at just the right moment a
knife shoots out and cuts the string. In many atificid machines
timing isachieved by that brilliant invention the cam. Thistrandates
smple rotary mation into a complex rhythmic pattern of operations
by means of an eccentric or pecialy shaped whed. The principle of
the musicd box is amilar. Other machines such asthe steam organ
and the pianola use paper rolls or cards with holes punched in a
pattern. Recently there has been a trend towards replacing such
smple mechanicd timers with eectronic ones. Digital computers
are examples of large and versatile eectronic devices which can be
used for generating complex timed patterns of movements. The
basc component of a modern ectronic machine like acomputer is
the semiconductor, of which a familiar form is the transistor.

Survivd machines seem to have bypassed the cam and the
punched card atogether. The apparatus they use for timing their
movements has more in common with an eectronic computer,
athough it is grictly different in fundamenta operation. The basic
unit of biologicd computers, the nerve cel or neurone, is redly
nothing likeatransgtor initsinterna workings. Certainly the codein
which neurones communicate with each other ssemsto bealittle bit
like the pulse codes of digital computers, but theindividua neurone
is a much more sophigticated data-processing unit than the tran-
sgor. Ingtead of just three connections with other components, a
sngle neurone may have tens of thousands. The neuroneis dower
than the transistor, but it has gone much further in the direction of
miniaturizetion, a trend which has dominated the dectronics
indugtry over the past two decades. This is brought home by the
fact thet there are some ten thousand million neurones in the
human brain: you could pack only a few hundred transistors into a
skull.

Pants have no need of the neurone, because they get their living
without moving around, but it isfound in the great mgority of animal
groups. It may have been 'discovered' early in anima evolution, and
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inherited by dl groups, or it may have been rediscovered severd
timesindependently.

Neuronesarebascdly just cdls, with anucleus and chromosomes
likeother cells. But their cdl wdlsare drawn out inlong, thin, wire-
like projections. Often a neurone has one particularly long 'wire
cdled the axon. Although the width of an axon is microscopic, its
length may be many feet: there are single axonswhich run thewhole
length of agiraffésneck. Theaxonsare usudly bundled together in
thick multi-stranded cables cdled nerves. These lead from one part
of thebody to another carrying messages, rather liketrunk telephone
cables. Other neurones have short axons, and are confined to dense
concentrations of nervous tissue cdled ganglia, or, when they are
vay large, brains. Brains may be regarded as andogous in function
to computers* They are andogous in that both types of machine
generate complex patterns of output, after andyds of complex
patterns of input, and after reference to stored information.

Themainway inwhich brainsactudly contribute to the success of
aurvivd machinesis by controlling and coordinating the contractions
of muscles. To do thisthey need cablesleading to the muscles, and
these are cdled motor nerves. But thisleadsto efficient preservation
of genes only if thetiming of muscle contractions bears somerelation
to thetiming of eventsin the outsdeworld. It isimportant to contract
the jaw muscles only when the jaws contain something worth biting,
and to contract the leg musclesin running patterns only when there
is something worth running towards or avay from. For this reason,
natural selection favoured animalsthat became equipped with sense
organs, devices which trandate patterns of physcd events in the
outside world into the pulse code of the neurones. The brain is
connected to the sense organs—eyes, ears, taste-buds, dc.—hy
means of cables caled sensory nerves. The workings of the sensory
systems are particularly baffling, because they can achieve far more
sophigticated fegts of pattern-recognition than the best and most
expendve man-made machines; if thiswerenot so, dl typistswould
be redundant, superseded by speech-recognizing machines, or
machinesfor reading handwriting. Human typistswill be needed for
many decadesyet.

There may have been atime when sense organs communicated
moreor lessdirectly with muscles; indeed, seaanemonesare not far
from this state today, since for their way of lifeit is efficdent. But to
achieve more complex and indirect rel ationships between thetiming
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of events in the outside world and the timing of muscular contrac-

tions, some kind of brain was needed as an intermediary. A notable
advance was the evolutionary 'invention' of memory. By thisdevice,

the timing of muscle contractions could be influenced not only by

eventsin theimmediate past, but by eventsin the distant past aswell.
The memory, or Store, isan essentia part of adigita computer too.

Computer memories are more reliable than human ones, but they

are less capacious, and enormoudy less sophidicated in ther

techniques of information-retrieval.

One of the most gtriking properties of surviva-machine behaviour
isitsgpparent purposveness. By this| do not just mean that it seems
to bewd| caculated to help the animal's genes to survive, athough
of course it is. | am taking about a coser andogy to human
purposeful behaviour. When we watch an anima ‘searching' for
food, or for amate, or for alogt child, we can hardly helpimputing to
it some of the subjective fedings we oursdves experience when we
search. These may include 'desire’ for some object, a 'mental
picture of the desired object, an ‘aim’ or ‘end in view'. Each one of
usknows, from the evidence of our own introspection, thet, at least in
one modern survivd machine, this purposiveness has evolved the
property we cdl ‘consciousness. | am not philosopher enough to
discuss what this means, but fortunately it does not matter for our
present purposes because it is easy to tak about machines that
behave asif motivated by a purpose, and to leave open the question
whether they actudly are conscious. These machines are badicdly
very smple, and the principles of unconscious purposive behaviour
are among the commonplaces of engineering science. The classc
example is the Watt steam governor.

The fundamentd principle involved is caled negative feedback,
of which there are various different forms. In general what happens
isthis. The 'purpose machine, the machine or thing that behaves as
if it had a conscious purpose, is equipped with some kind of
measuring device which measures the discrepancy between the
current sate of things, and the'desired’ sate. It isbuilt in such away
that the larger thisdiscrepancy is, the harder the machineworks. In
this way the machine will automaticaly tend to reduce the dis-
crepancy—this is why it is caled negative feedback—and it may
actudly come to rest if the 'desired’ dtate is reached. The Watt
governor condds of a pair of bals which are whirled round by a
seam engine. Each bdl ison theend of ahinged arm. Thefagter the
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bdls fly round, the more does centrifugd force push the ams
towardsahorizonta position, thistendency being resisted by gravity.
The arms are connected to the steam vave feeding the engine, in
such away that the steam tends to be shut off when the arms approach
the horizontal pogtion. So, if the engine goes too fagt, some of its
seam will be shut off, and it will tend to dow down. If it dows down
too much, more steam will automaticaly befed toiit by thevave, and
it will speed up again. Such purpose machines often oscillate due to
over-shooting and time-lags, and it is part of the engineer's art to
build in supplementary devices to reduce the oscillations.

The 'desired’ date of the Watt governor is a particular speed of
rotation. Obvioudy it does not conscioudy desireit. The'goal’ of a
machine is Imply defined as that date to which it tends to return.
Modern purpose machines use extensons of basic principles like
negative feedback to achieve much more complex 'lifeike
behaviour. Guided missiles, for example, appear to search activdy
for their target, and when they haveit in range they seemto pursueit,
taking account of its evasve twigts and turns, and sometimes even
‘predicting’ or 'anticipating' them. Thedetailsof how thisisdone are
not worth going into. They invalve negative feedback of various
kinds, 'feed-forward’, and other principles wdl understood by
engineers and now known to be extensvely involved in the working
of living bodies. Nothing remotely approaching consciousness needs
to be postulated, even though a layman, watching its gpparently
deliberate and purposeful behaviour, findsit hard to beieve that the
missile is not under the direct control of a human pilot.

It is a common misconception that because a machine such as a
guided missile was origindly designed and built by conscious man,
then it must betruly under theimmediate control of conscious man.
Another variant of thisfdlacy is‘computersdo not redlly play chess,
because they can only do what a human operator tells them'. It is
important that we understand why thisisfalacious, becauseit affects
our understanding of the sense in which genes can be sad to
‘control’ behaviour. Computer chess is quite a good example for
meaking the point, so | will discuss it briefly.

Computersdo not yet play chessaswdl ashuman grand masters,
but they have reached the standard of agood amateur. More drictly,
one should say programs have reached the standard of a good
amateur, for a chessplaying program is not fussy which physcad
computer it uses to act out its skills. Now, what is the role of the
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human programmer? Fird, he is definitdy not manipulating the
computer from moment to moment, like apuppeteer pulling strings.
That would be just chesting. He writes the program, putsit in the
computer, and then the computer is on its own: there is no further
human intervention, except for the opponent typing in his moves.
Does the programmer perhaps anticipate al possble chess posi-
tions, and provide the computer with along list of good moves, one
for each possble contingency? Mogt certainly not, because the
number of possible positionsin chessisso grest that the world would
come to an end before the list had been completed. For the same
reason, the computer cannot possibly be programmed to try out ‘in
itshead' dl possiblemoves, and dl possiblefollow-ups, until it finds
awinning drategy. There are more possible games of chess than
there areatomsin the gdaxy. So much for thetrivia non-solutionsto
the problem of programming acomputer to play chess. Itisinfact an
exceedingly difficult problem, and it ishardly surprising that the best
programs have gill not achieved grand master status.

The programmer's actud role is rather more like that of a father
teaching hisson to play chess. Hetdllsthe computer the basic moves
of thegame, not separately for every possible starting position, but in
terms of more economicaly expressed rules. Hedoes not literdly say
in plan English 'bishops move in a diagond’, but he does sy
something mathematicaly equivaent, such as, though more briefly:
'‘New coordinates of bishop are obtained from old coordinates, by
adding the same congtant, though not necessarily with the same sign,
to both old x coordinate and old y coordinate.’ Then he might
program in some'advice, written in the same sort of mathematical or
logicd language, but amounting in human terms to hints such as
‘don't leave your king unguarded’, or useful tricks such as forking'
with the knight. The detailsareintriguing, but they would take ustoo
far aidd. Theimportant point isthis. Whenit isactudly playing, the
computer is on its own, and can expect no help from its master. Al
the programmer can doisto set the computer up beforehand inthe
best way possible, with a proper balance between ligts of pedific
knowledge, and hints about strategies and techniques.

The genes too contral the behaviour of their survivd machines,
not directly with their fingers on puppet strings, but indirectly like
the computer programmer. All they can doisto set it up beforehand;
then the survivd machine is on its own, and the genes can only St

passvedy insde. Why are they s0 passve? Why don't they grab the
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reins and take charge from moment to moment? The answer is that
they cannot because of time-lag problems. This is best shown by
another andogy, taken from sciencefiction. Afor Andromeda by Fred
Hoyle and John Elliot is an exciting Sory, and, like dl good science
fiction, it has some interesting scientific points lying behind it.
Strangely, the book seems to lack explicit mention of the most
important of these underlying points. It is left to the reader's
imagination. | hope the authors will not mind if | spdl it out here.

Thereisadivilization 200 light-years away, in the congelation of
Andromeda* They want to spread their culture to distant worlds.
How best to doit? Direct travel isout of the question. The speed of
light imposes atheoretical upper limit to the rate a which you can get
from one place to another in the universe, and mechanica con-
Sderations impose a much lower limit in practice. Besides, there
may not beall that many worldsworth going to, and how do you know
which direction to goin? Radio isabetter way of communicating with
therest of the universe, since, if you have enough power to broadcast
your signdsin dl directionsrather than beam them in onedirection,
you can reach avery large number of worlds (the number increasing
asthe square of the digancethesgnd travels). Radio wavestravel at
the speed of light, which means the Sgnd takes 200 years to reach
earth from Andromeda. Thetroublewith this sort of distanceisthat
you can never hold aconversation. Even if you discount the fact that
each successve message from earth would be transmitted by people
separated from each other by tweve generations, it would be just
plain wagteful to attempt to converse over such distances.

This problem will soon arise in earnest for us: it takes about four
minutesfor radio wavesto travel between earth and Mars. Therecan
be no doubt that spacemen will have to get out of the habit of
conversing in short aternating sentences, and will have to use long
soliloquies or monologues, more like letters than conversations. As
another example, Roger Payne has pointed out that the acoustics of
the sea have certain peculiar properties, which mean that the
exceedingly loud 'song' of somewhaes could theoreticaly be heard
dl the way round the world, provided the whales svim & a certain
depth. It is not known whether they actudly do communicate with
each other over very great distances, but if they do they must bein
much the same predicament as an astronaut on Mars. The speed of
sound inwater issuch that it would take nearly two hoursfor the song
to trave acrossthe Atlantic Ocean and for areply toreturn. | suggest



54 The gene machine

this as an explanaion for the fact that some whales ddiver a
continuous solilogquy, without repesting themselves, for a full eight
minutes. They then go back to the beginning of the song and repest it
al over again, many times over, each complete cyde lasting about
eight minutes.

The Andromedans of the story did the same thing. Since there
was no point in waiting for areply, they assembled everything they
wanted to sy into one huge unbroken message, and then they
broadcast it out into pace, over and over again, with acydetime of
severd months. Their message was vary different from that of the
whales, however. It condsted of coded instructions for the building
and programming of a giant computer. Of course the ingtructions
werein no human language, but amost any code can be broken by a
skilled cryptographer, especidly if the designers of the code
intended it to be easily broken. Picked up by the Jodrell Bank radio
telescope, the message was eventualy decoded, the computer buiilt,
and the program run. The results were nearly disastrous for
mankind, for the intentions of the Andromedans were not univer-
dly dtruistic, and the computer waswell on theway to dictatorship
over theworld before the hero eventudly finished it off with an axe.

From our point of view, the interesting question isin what sense
the Andromedans could be said to be manipulating events on Earth.
They had no direct control over what the computer did from
moment to moment; indeed they had no possible way of even
knowing the computer had been built, since the information would
have taken 200 yearsto get back to them. Thedecisonsand actions
of the computer wereentirely itsown. It could not even refer back to
its masters for genera policy ingtructions. All itsinstructions had to
bebuilt-inin advance, because of theinviolable 200 year barrier. In
principle, it must have been programmed very much like a chess-
playing computer, but with greater flexibility and capacity for
absorbing locd information. This was because the program had to
be designed to work not just on earth, but on any world possessing an
advanced technology, any of a set of worlds whose detailed condi-
tions the Andromedans had no way of knowing.

Just as the Andromedans had to have a computer on earth to take
day-to-day decisions for them, our genes have to build abrain. But
the genes are not only the Andromedans who sent the coded
ingtructions; they are dso the ingtructions themselves. The reason
why they cannot manipulate our puppet strings directly isthe same:
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time-lags. Genes work by controlling protein synthess. Thisis a
powerful way of manipulating the world, but it is dow. It takes
months of patiently pulling protein strings to build an embryo. The
whole point about behaviour, on the other hand, is that it is fadt. It
works on atime-scale not of months but of seconds and fractions of
seconds. Something happensintheworld, an oM flashesoverhead, a
rustle in the long grass betrays prey, and in milliseconds nervous
systlems crackle into action, muscles leap, and someoné's life is
saved—or lost. Genes don't have reaction-times like that. Like the
Andromedans, the genes can only do their best in advance by building
a fag executive computer for themsalves, and programming it in
advancewith rules and ‘advice' to cope with as many eventuditiesas
they can 'anticipate’. But life, likethe game of chess, offerstoo many
different possible eventuditiesfor al of them to be anticipated. Like
the chess programmer, the genes have to 'instruct' their survival
machines not in specifics, but in the generd strategies and tricks of
theliving trade.*

AsJ. Z. Young has pointed out, the genes have to perform atask
andogousto prediction. When an embryo survival machineisbeing
built, the dangers and problems of its life lie in the future. Who can
sy what carnivores crouch waiting for it behind what bushes, or
what flest-footed prey will dart and zig-zag across its pah? No
human prophet, nor any gene. But some generd predictions can be
made. Polar bear genes can safdy predict that the future of their
unborn survivd machineisgoing to beacold one. They do not think
of it asaprophecy, they do not think at all: they just build in athick
coat of hair, because that is what they have dways done before in
previous bodies, and that iswhy they Hill exigt in the gene pool. They
aso predict that the ground is going to be snowy, and their prediction
takes the form of making the coat of hair white and therefore
camouflaged. If the climate of the Arctic changed so rapidly thet the
baby bear found itself born into atropica desert, the predictions of
the genes would be wrong, and they would pay the pendty. The
young bear would die, and they inddeit.

Prediction in acomplex world isachancy business. Every decison
that a survivd machine takes is a gamble, and it is the business of
genes to program brains in advance S0 that on average they take
decisonsthat pay dff. The currency used inthe casino of evolutioniis
surviva, drictly gene surviva, but for many purposes individua
aurviva isareasonable gpproximation. If you go down to the water-
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holeto drink, you increase your risk of being eaten by predatorswho
meke their living lurking for prey by water-holes. If you do not go
down to the water-hole you will eventudly die of thirs. There are
risks whichever way you turn, and you must take the decison thet
maximizesthe long-term surviva chances of your genes. Perhapsthe
best policy isto postpone drinking until you are very thirsty, then go
and have one good long drink to last you along time. That way you
reduce the number of separate vidgtsto thewater-hole, but you have
to spend along timewith your head down when you findly do drink.
Alternatively the best gamble might be to drink little and often,
snatching quick gulps of water while running past the water-hole.
Which isthe best gambling strategy depends on dl sorts of complex
things, not least the hunting habit of the predators, which itsdf is
evolved to be maximally efficient from their point of view. Someform
of weighing up of the odds has to be done. But of course we do not
have to think of the animas as making the caculations conscioudy.
All we have to bdieve is that those individuds whose genes build
brainsin such away that they tend to gamble correctly areasadirect
result more likdly to survive, and therefore to propagate those same
genes.

We can carry the metaphor of gambling alittle further. A gambler
must think of three main quantities, stake, odds, and prize. If the
prize is very large, a gambler is prepared to risk a big sake. A
gambler who riskshisal on asnglethrow standsto gain agresat dedl.
He ds dands to lose a great dedl, but on average high-stake
gamblers are no better and no worse off than other playerswho play
for low winnings with low stakes. An andlogous comparison is thet
between speculative and sfe investors on the sock market. In some
ways the sock market is a better andogy than a casino, because
casinos are ddiberatdy rigged in the bank's favour (which means,
drictly, that high-stake players will on average end up poorer than
low-gake players, and low-gake players poorer than those who do
not gamble at al. But this is for a reason not germane to our
discussion). Ignoring this, both high-stake play and low-gtake play
seem reasonable. Are there animd gamblers who play for high
stakes, and others with amore consarvative game? In Chapter 9 we
shall seethat itis often possible to picture maes as high-stake high-
risk gamblers, and femdes as sefe investors, espedidly in polygam-
ous species in which males compete for femaes. Naturaists who
reed thisbook may be ableto think of speciesthat can be described as
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high-stake high-risk players, and other species that play a more
consarvative game. | now return to the more genera theme of how
genes make 'predictions about the future.

One way for genes to solve the problem of making predictionsin
rather unpredictable environments is to build in a capacity for
learning. Here the program may teke the form of the following
ingructionsto the survival machine: 'Hereisalist of things defined
as rewarding: swest taste in the mouth, orgasm, mild temperature,
smiling child. And hereisalist of nasty things: various sortsof pain,
nausea, empty stomach, screaming child. If you should happen to do
something that is fallowed by one of the nagty things, don't do it
again, but on the other hand repeat anything that is followed by one
of thenicethings' The advantage of thissort of programming isthat
it greatly cuts down the number of detailed rulesthat haveto bebuilt
into the origind program; and it is aso capable of coping with
changes in the environment that could not have been predicted in
detail. On the other hand, certain predictions have to be made till.
In our example the genes are predicting that sweet taste in the
mouth, and orgasm, are going to be ‘good' in the sense that eating
sugar and copulating are likdly to be beneficid to gene survivd. The
possbilities of saccharine and masturbation are not anticipated
according to this example; nor are the dangers of over-eating sugar
in our environment where it exists in unnatural plenty.

Learning-strategies have been used in some chess-playing com-
puter programs. These programs actudly get better as they play
againg human opponentsor againg other computers. Although they
are equipped with arepertoire of rules and tactics, they dso havea
amdl random tendency built into their decison procedure. They
record past decisions, and whenever they win a game they dightly
increase the weighting given to the tactics that preceded the victory,
sothat next timethey arealittle bit morelikdy to choose those same
tactics again.

One of the mogt interesting methods of predicting the future is
smulation. If agenerd wishesto know whether aparticular military
planwill be better than dternatives, he hasaproblemin prediction.
There are unknown quantities in the westher, in the morde of his
own troops, and in the possible countermeasures of the enemy. One
way of discovering whether itisagood planistotry and see, but itis
undesirable to use thistest for dl the tentative plans dreamed up, if
only because the supply of young men prepared to die ‘for their
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country' isexhaudtible, and the supply of possible plansisvery large.
It is better to try the various plans out in dummy runs rather than in
deadly earnest. This may take the form of full-scale exercises with
‘Northland' fighting 'Southland' using blank ammunition, but even
this is expengve in time and materias. Less wadefully, war games
may be played, with tin soldiers and little toy tanks being shuffled
around alarge map.

Recently, computers have taken over large parts of thesmulation
function, not only in military drategy, but in al fields where
prediction of the future is necessary, fidds like economics, ecology,
sodology, and many others. Thetechniqueworkslikethis. A modd
of some aspect of theworld is st up in the computer. This does not
mean that if you unscrewed the lid you would see a little miniature
dummy inside with the same shape as the object smulated. In the
chess-playing computer there is no 'mental picture’ insde the
memory banks recognizable as a chess board with knights and pawns
dtting on it. The chess board and its current postion would be
represented by ligs of dectronicadly coded numbers. Tousamapis
aminiature scle modd of apart of the world, compressed into two
dimensions. In acomputer, amap might aternatively be represented
as a lig of towns and other spots, each with two numbers—its
latitude and longitude. But it does not matter how the computer
actudly holdsitsmode of theworld initshead, provided thet it holds
it in a form in which it can operate on it, manipulate it, do
experimentswithit, and report back to the human operatorsin terms
which they can understand. Through the technique of smulation,
model battles can be won or logt, smulated airlinersfly or crash,
economic policies lead to prosperity or to ruin. In each case the
whole process goes on inside the computer in atiny fraction of the
time it would take in redl life. Of course there are good models of
the world and bad ones, and even the good ones are only approxima-
tions. No amount of smulation can predict exactly what will happen
in redity, but a good smulation is enormoudy preferable to blind
trial and error. Smulation could be cdled vicarioustria and error, a
term unfortunately pre-empted long ago by rat psychologigts.

If Smulation is such a good idea, we might expect that surviva
machines would have discovered it fird. After dl, they invented
many of the other techniques of human engineering long before we
came on the scene: the focusing lens and the parabolic reflector,
frequency andlyds of sound waves, servo-control, sonar, buffer
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gorage of incoming information, and countless others with long
names, whose details don't matter. What about Smulation? Well,
when you yoursdf have a difficult decison to make invalving
unknown quantities in the future, you do go in for a foom of
smulation. You imagine what would happen if you did each of the
aternatives open to you. You set up a mode in your head, not of
everything in theworld, but of therestricted set of entitieswhich you
think may be rdevant. You may seethem vividy inyour mind'seye,
or you may see and manipulate sylized abgtractions of them. In
either caseit is unlikdy that somewhere kid out inyour brain isan
actua spatid modd of the events you are imagining. But, just asin
the computer, the details of how your brain representsits mode of
the world are lessimportant than the fact that it is able to use it to
predict possble events. Survival machines that can smulate the
future are one jump ahead of survivd machines who can only learn
onthebassof overttrid and error. Thetroublewith overt tria isthat
it takestimeand energy. Thetroublewith overt error isthat it isoften
fatd. Smulation is both ssfer and fadter.

The evalution of the capacity to Smulate seems to have culmin-
ated in subjective consciousness. Why this should have happenedis,
to me, the most profound mystery facing modern biology. Thereis
No reason to suppose that e ectronic computers are conscious when
they smulate, athough we have to admit that in the future they may
become so. Perhaps consciousness arises when the brain's smula-
tion of theworld becomes so completethat it must includeamodd of
itsdf.* Obvioudy the limbs and body of a survivd machine must
congtitute an important part of its smulated world; presumably for
the same kind of reason, the amulation itself could be regarded as
part of theworld to be smulated. Another word for thismight indeed
be'sdlf-awareness, but | don't find thisafully satisfying explanation
of the evolution of consciousness, and thisis only partly because it
involves aninfinite regress—if thereisamodd of the moddl, why not
amodd of themodd of themodel...?

Whatever the philosophica problemsraised by consciousness, for
the purpose of this story it can be thought of asthe culmination of an
evolutionary trend towards the emancipation of survivd machinesas
executive decison-takers from their ultimate masters, the genes.
Not only are brainsin charge of the day-to-day running of survival-
machine &fars they have adso acquired the ahility to predict the
future and act accordingly. They even have the power to rebel
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againg the dictates of the genes, for ingtance in refusing to have as
many children asthey are adle to. But in this respect manisavery
specid case, aswe shdll see.

What hasdl thisto do with dtruism and sdlfishness? | amtrying to
build up theideathat anima behaviour, dtruigtic or sdfish, isunder
the control of genesin only anindirect, but sill very powerful, sense.
By dictating the way survivd machinesand their nervous sysemsare
built, genes exert ultimate power over behaviour. But the moment-
to-moment decisions about what to do next are taken by the nervous
sysem. Genesarethe primary policy-makers; brains are the execu-
tives. But as brains became more highly developed, they took over
more and more of the actual policy decisons, using tricks like
learning and smulation in doing so. The logicd conclusion to this
trend, not yet reached in any species, would be for the genesto give
the survivd machine asingle overdl palicy ingtruction: do whatever
you think best to keep us dive.

Andogies with computers and with human decison-taking are
al very well. But now we must come down to earth and remember
that evolution in fact occurs step-by-step, through the differentia
aurvivd of genes in the gene pool. Therefore, in order for a
behaviour pattern—altruistic or sdfish—to evalve it is necessary
that a gene 'for' that behaviour should survive in the gene pool more
successtully than arivd geneor dlele 'for' some different behaviour.
A gene for dtruigtic behaviour means any gene that influences the
development of nervous sysemsin such away asto makethem likdy
to behave dtruidicaly.* Is there any experimental evidence for the
genetic inheritance of atruistic behaviour? No, but that is hardly
surprising, since little work has been done on the genetics of any
behaviour. Instead, let me tell you about one study of a behaviour
pattern which does not happen to be dbvioudy dtruigtic, but whichis
complex enough to be interesting. It serves as a modd for how
atruigtic behaviour might be inherited.

Honey bees suffer from an infectious disease called foul brood.
Thisatacksthe grubsintheir cells. Of the domestic breeds used by
beekeepers, someare more at risk from foul brood than others, and it
turnsout that the difference between srainsis, at least in Some cases,
a behavioura one. There are so-cdled hygienic strains which
quickly stamp out epidemics by locating infected grubs, pulling them
from their cells and throwing them out of the hive. The susceptible
drains are susceptible because they do not practise this hygienic
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infanticide. The behaviour actudly invalved in hygiene is quite
complicated. The workers have to locate the cdl of each diseased
grub, remove the wax cap from the cell, pull out the larva, drag it
through the door of the hive, and throw it on the rubbish tip.

Doing genetic experiments with bees is quite a complicated
business for various reasons. Worker bees themsdves do not
ordinarily reproduce, and so you have to cross aqueen of onegtrain
with adrone (=male) of the other, and then look &t the behaviour of
the daughter workers. This iswhat W. G. Rothenbuhler did. He
found that dl firg-generation hybrid daughter hives were non-
hygienic: the behaviour of their hygienic parent seemed to have been
log, dthough asthingsturned out the hygienic geneswere dill there
but were recessve, like human genes for blue eyes. When
Rothenbuhler 'back-crossed' first-generation hybrids with a pure
hygienic drain (again of course using queens and drones), he
obtained a mogt beautiful result. The daughter hives fdl into three
groups. One group showed perfect hygienic behaviour, a second
showed no hygienic behaviour a dl, and the third went haf way.
Thislast group uncapped the wax cells of diseased grubs, but they
did not fdlow through and throw out the larvae. Rothenbuhler
surmised that there might be two separate genes, one gene for
uncapping, and one gene for throwing-out. Normal hygienic strains
possess both genes, susceptible strains possessthe alldes—rivals—
of both genesingtead. The hybridswho only went half way presum-
ably possessed the uncapping gene (in double dose) but not the
throwing-out gene. Rothenbuhler guessed that his experimental
group of apparently totaly non-hygienic bees might conced asub-
group possessing the throwing-out gene, but unable to show it
because they lacked the uncapping gene. He confirmed this most
eegantly by removing caps himsdf. Sure enough, haf of the
gpparently non-hygienic bees thereupon showed perfectly normal
throwing-out behaviour.*

Thisgory illustratesanumber of important pointswhich cameup
in the previous chapter. It shows that it can be perfectly proper to
ek of a 'gene for behaviour so-and-so' even if we haven't the
faintest idea of the chemica chain of embryonic causesleading from
geneto behaviour. The chain of causes could even turn out to involve
learning. For example, it could be that the uncapping gene exertsits
effect by giving bees atagte for infected wax. This means they will
find the eating of the wax caps covering disease-victims rewarding,
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and will therefore tend to repeet it. Even if thisis how the gene
works, it is dill truly a gene ‘for uncapping' provided that, other
things being equal, bees possessing the gene end up by uncapping,
and bees not possessing the gene do not uncap.

Secondly it illudtrates the fact that genes ‘cooperate’ in ther
effects on the behaviour of the communa survival machine. The
throwing-out gene is usdess unless it is accompanied by the
uncapping gene and vice versa. Yet the genetic experiments show
equaly dearly that the two genes are in principle quite separable in
their journey through the generations. As far as their useful work is
concerned you can think of them asasingle cooperating unit, but as
replicating genes they are two free and independent agents.

For purposes of argument it will be necessary to speculate about
genes 'for' doing dl sorts of improbable things. If 1 gpesk, for
example, of ahypothetica gene 'for saving companions from drown-
ing', and you find such a concept incredible, remember the sory of
the hygienic bees. Recdll that we are not talking about the gene asthe
sole antecedent cause of dl the complex muscular contractions,
sensory integrations, and even conscious decisions, that areinvolved
in saving somebody from drowning. We are saying nothing about
the question of whether learning, experience, or environmenta
influences enter into the development of the behaviour. All you have
to concede isthat it is possible for asingle gene, other things being
equa and lots of other essentid genes and environmental factors
being present, to make a body more likdy to save somebody from
drowning than its dlde would. The difference between the two
genesmay turn out at bottom to beadight differencein somesmple
quantitetive variable. The details of the embryonic developmenta
process, interesting as they may be, are irrdlevant to evolutionary
consderations. Konrad Lorenz has put this point well.

The genes are master programmers, and they are programming
for ther lives. They are judged according to the success of their
programs in coping with dl the hazards that life throws at ther
aurvivad machines, and thejudgeisthe ruthlessjudge of the court of
aurvival. We shal come later to ways in which gene survivd can be
fostered by what appears to be dtruigtic behaviour. But the obvious
firgt priorities of a surviva machine, and of the brain that takes the
decisons for it, are individud survivd and reproduction. All the
genes in the 'colony' would agree about these priorities. Animas
therefore go to eaborate lengths to find and catch food; to avoid
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being caught and eaten themselves; to avoid disease and accident; to
protect themselves from unfavourable dimatic conditions; to find
members of the opposite sex and persuade them to mate; and to
confer on their children advantages smilar to those they enjoy
themsdves. | shdl not give examples—if you want one just look
caefully a the next wild anima that you see. But | do want to
mention one particular kind of behaviour because we shdl need to
refer to it again when we come to spesk of dtruism and sdlfishness.
Thisisthe behaviour that can be broadly |abelled communication.*

A aurvivd machine may be sad to have communicated with
another one when it influences its behaviour or the state of its
nervous sysem. This is not a definition | should like to have to
defend for very long, but it is good enough for present purposes. By
influence | mean direct causal influence. Examples of communica
tion are numerous. song in birds, frogs, and crickets; tail-wagging
and hackleraising in dogs, 'grinning' in chimpanzees, human
gestures and language. A great number of survival-machine actions
promotetheir genes wefareindirectly by influencing the behaviour
of other survival machines. Animas go to great lengthsto meke this
communication effective. The songs of birds enchant and mysify
successve generations of men. | have dreedy referred to the even
more elaborate and mysterious song of the humpback whale, withiits
prodigious range, its frequencies spanning the whole of human
hearing from subsonic rumblings to ultrasonic squesks. Mole-
cricketsamplify their song to stentorian loudness by singing downin
aburrow which they carefully digin the shape of adouble exponen-
tid horn, or megaphone. Bees dance in the dark to give other bees
accurate information about the direction and distance of food, a feat
of communication rivaled only by human language itsdlf.

The traditiona gory of ethologists is that communication Sgnas
evalve for the mutual benefit of both sender and recipient. For
instance, baby chicks influence their mother's behaviour by giving
high piercing cheepswhen they arelogt or cold. Thisusudly hasthe
immediate effect of summoning the mother, who leads the chick
back to the main clutch. This behaviour could be said to have evolved
for mutud ben€fit, in the sense that natura sdection has favoured
babiesthat chegp when they arelogt, and aso mothersthat respond
gppropriately to the cheeping.

If wewishto (it isnot redly necessary), we can regard Sgnassuch
asthe cheep cdl as having ameaning, or as carrying information: in
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this case 'l am logt.' The darm cdl given by smdl birds, which |

mentioned in Chapter 1, could be said to convey the information
"Thereisahawk.' Animaswho recaive thisinformation and act onit
are benefited. Therefore the information can be said to be true. But
do animds ever communicate fdse information; do they ever tell

lies?

The notion of an animd telling alieis open to misunderstanding,
so | must try toforestdl this. | remember attending alecture given by
Bedtrice and Allen Gardner about their famous'talking' chimpanzee
Washoe (she uses American Sign Language, and her achievement is
of greet potentia interest to students of language). Therewere some
philosophersin the audience, and in the discussion dfter the lecture
they were much exercised by the question of whether Washoe could
tell alie. | suspected that the Gardners thought there were more
interesting thingsto talk about, and | agreed with them. Inthisbook |
am using words like 'deceive’ and 'lie’ in a much more straight-
forward sense than those philosophers. They were interested in
conscious intention to deceive. | am talking Smply about having an
effect functiondly equivaent to deception. If abird used the 'There
is ahawk' sgnad when there was no hawk, thereby frightening his
colleaguesavay, leaving himto eat dl their food, we might say he had
told a lie. We would not mean he had ddiberatdly intended con-
stioudy to deceive. All that isimplied is that the liar gained food at
the other birds expense, and the reason the other birds flew avay
was that they reacted to the liar's cry in a way appropriate to the
presence of ahawk.

Many edible insects, like the butterflies of the previous chapter,
derive protection by mimicking the externd gppearance of other
digagteful or ginging insects. We oursdves are often fooled into
thinking thet yelow and black striped hover-flies are wasps. Some
bee-mimicking flies are even more perfect in their deception.
Predators too tdl lies. Angler fish wait patiently on the bottom of
the sea, blending in with the background. The only conspicuous
part is a wriggling worm-like piece of flesh on the end of a long
fishing rod', projecting from the top of the head. When a smdl
prey fish comes near, the angler will dance its wornmtlike bait in
front of thelittle fish, and lure it down to the region of the angler's
own concedled mouth. Suddenly it opensits jaws, and thelittle fish
is sucked in and eaten. The angler is tdling a lie, exploiting the
little fish's tendency to approach wriggling worm-like objects. Heis
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saying 'Here is aworm', and any little fish who 'believes thelieis
quickly eaten.

Some survival machines explait the sexua desires of others. Bee
orchids induce bees to copulate with their flowers, because of ther
strong resemblance to femde bees. What the orchid hasto gain from
this deception is pollination, for abee who is fooled by two orchids
will incidentaly carry pollen from one to the other. Fireflies (which
areredly beetles) attract their mates by flashing lights a them. Each
species has its own particular dot-dash flashing pattern, which
prevents confuson between species, and consequent harmful
hybridization. Just as sailors look out for the flash patterns of
particular lighthouses, o fireflies seek the coded flash patterns of
their own species. Females of the genus Photuris have 'discovered’
that they can lure males of the genus Photinus if they imitate the
flashing code of aPhotinusfemde. Thisthey do, and when aPhotinus
mdeis fooled by thelieinto approaching, heis summarily esten by
the Photurisfemae Sirensand Lorelel spring to mind asanaogies,
but Cornishmen will prefer to think of the wreckers of the old days,
who used lanternsto lure ships on to the rocks, and then plundered
the cargoes that spilled out of thewrecks.

Whenever asysem of communication evolves, thereis dwaysthe
danger that some will exploit the sysem for their own ends. Brought
up aswe have been on the 'good of the species view of evolution, we
naturaly think first of liars and deceivers as belonging to different
species: predators, prey, parasites, and so on. However, we must
expect lies and deceit, and sdfish exploitation of communication to
arise whenever the interests of the genes of different individuas
diverge. Thiswill include individuds of the same species. As we
shal see, we must even expect that children will deceve their
parents, that husbandswill cheat on wives, and that brother will lieto
brother.

Even the bdief that anima communication sgnds origindly
evolve to foster mutua benefit, and then afterwards become
explaited by maevalent parties, istoo smple. It may well bethat dl
anima communication contains an eement of deception right from
the start, because dl animd interactions involve a least some
conflict of interest. The next chapter introduces a powerful way of
thinking about conflicts of interest from an evolutionary point of
view.
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AGGRESSION: STABILITY AND
THE SELHSH MACHINE

This chapter is modly about the much-misunderstood topic of
aggresson. We shdl continue to treat the individud as a sdfish
machine, programmed to do whatever isbest for itsgenesasawhole.
This s the language of convenience. At the end of the chapter we
return to the language of single genes.

To asurvivd machine, another surviva machine (which isnot its
own child or another closerddive) ispart of its environment, likea
rock or ariver or alump of food. It issomething that getsin theway,
or something that can be exploited. It differsfrom arock or ariverin
oneimportant respect: itisinclined to hit back. Thisisbecauseit too
isamachinethat holdsitsimmortal genesin trust for the future, and
it too will stop at nothing to preservethem. Natural selection favours
genes that control their survivd machines in such away that they
make the best use of their environment. This includes making the
best use of other survivd machines, both of the same and of different
Species.

In some cases survivd machines seem to impinge rather little on
each others lives. For instance moles and blackbirds do not est each
other, mate with each other, or compete with each other for living
space. Even so, we must not treat them as completdy insulated.
They may compete for something, perhaps earthworms. This does
not mean you will ever seeamole and ablackbird engaged in atug of
war over aworm; indeed ablackbird may never set eyesonamolein
its life. But if you wiped out the population of moles, the effect on
blackhirds might be dramatic, dthough | could not hazard aguessas
to what the details might be, nor by what tortuoudy indirect routes
the influence might travel.

Survivd machines of different species influence each other in a
vaigy of ways They may be predators or prey, parasites or hosts,
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competitors for some scarce resource. They may be exploited in
specid ways, asfor instance when bees are used aspollen carriersby
flowers.

Survivd machines of the same species tend to impinge on each
others livesmoredirectly. Thisisfor many reasons. Oneisthat half
the population of one's own species may be potentiad mates, and
potentidly hard-working and exploitable parents to one's children.
Another reason is that members of the same species, being very
smilar to each other, being machines for preserving genes in the
samekind of place, with the samekind of way of life, are particularly
direct competitors for dl the resources necessary for life To a
blackbird, a mole may be a competitor, but it is not nearly so
important a competitor as another blackbird. Moles and blackbirds
may compete for worms, but blackbirds and blackbirds compete with
each other for wormsand for everything dse. If they are members of
the same sex, they may dso compete for mating partners. For
reasons that we shal see, it is usudly the maes who compete with
esch other for females. Thismeansthat amae might benefit hisown
genesif he does something detrimental to another mae with whom
heis competing.

Thelogicd policy for asurvivd machine might therefore seem to
be to murder itsrivas, and then, preferably, to eat them. Although
murder and cannibaism do occur in nature, they are not as common
as a naive interpretation of the sdfish gene theory might predict.
Indeed Konrad L orenz, in On Aggression, sressestherestrained and
gentlemanly nature of animd fighting. For him the notable thing
about animd fights is that they are formd tournaments, played
according to ruleslike those of boxing or fencing. Animasfight with
gloved figs and blunted foils Threat and bluff take the place of
deadly earnest. Gestures of surrender are recognized by victors, who
then refrain from dedling the killing blow or bite that our naive
theory might predict.

This interpretation of animal aggression as being restrained and
formd can be disputed. In particular, it is certainly wrong to
condemn poor old Homo sapiens as the only speciesto kill hisawn
kind, the only inheritor of the mark of Cain, and Smilar melodram-
aic charges. Whether a naturdist stresses the violence or the
restraint of animal aggression depends partly on thekinds of animas
he is used to watching, and partly on his evolutionary preconcep-
tions—L orenz is, after dl, a'good of the species man. Evenif it has
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been exaggerated, the gloved fist view of animd fights seemsto have
at least some truth. Superficdly this looks like a form of atruism.
The Hfish gene theory must face up to the difficult task of
explaining it. Why is it that animas do not go dl out to kill rivd
members of their Species at every possible opportunity?

The generd answer to thisisthat there are costs aswell as benefits
resulting from outright pugnecity, and not only the obvious cogsin
time and energy. For instance, suppose that B and C are both my
rivas, and | happen to meet B. It might seem sensible for me as a
dfishindividud totry tokill him. But wait. Cisdsomy rival, and C
isdso B'srivd. By killing B, | am potentialy doing agood turnto C by
removing one of his rivas. | might have done better to let B live,
because he might then have competed or fought with C, thereby
benefiting me indirectly. The mora of this Smple hypothetica
exampleisthat thereisno obvious merit inindiscriminately trying to
kill rivals. In alarge and complex sysem of rivaries, removing one
rivd from the scene does not necessarily do any good: other rivas
may be more likely to benefit from his death than onesdlf. Thisisthe
kind of hard lesson that has been learned by pest-control officers
You have a serious agricultural pest, you discover a good way to
exterminate it and you glegfully do so, only to find that another pest
benefits from the extermination even more than human agriculture
does, and you end up worse off than you were before.

On the other hand, it might seem a good plan to kill, or at least
fight with, certain particular rivdsin adiscriminating way. If Bisan
elephant sedl in possession of alarge harem full of femdes and if |,
another elephant seal, can acquire hisharem by killing him, | might
bewedl advisad to attempt to do so. But there are cogtsand risks even
in sHectivity pugnacity. It isto B'sadvantageto fight back, to defend
his vauable property. If | sart afight, | am just aslikdy to end up
dead asheis. Perhaps even more so. He holds avauable resource,
that iswhy | want to fight him. But why does he hold it? Perhaps he
won it in combat. He has probably beaten off other challengers
before me. Heis probably agood fighter. Evenif | win thefight and
ganthe harem, | may be so badly mauled inthe processthat | cannot
enjoy the benefits. Also, fighting uses up time and energy. These
might be better conserved for the time being. If I concentrate on
feeding and on keeping out of trouble for atime, | shal grow bigger
and gtronger. I'll fight him for the harem in the end, but | may havea
better chance of winning evertudly if | wait, rather than rush in now.
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This subjective soliloquy is just a way of pointing out that the
decison whether or not to fight should idedly be preceded by a
complex, if unconscious, ‘cost-benefit' calculation. The potentia
benefits are not dl dacked up on the sde of fighting, athough
undoubtedly some of them are. Smilarly, during afight, each tactical
decison over whether to escaate the fight or cool it has costs and
benefits which could, in principle, be analysed. This has long been
redized by ethologids in a vague sort of way, but it has taken J.
Maynard Smith, not normaly regarded as an ethologist, to express
the idea foroefully and dlearly. In collaboration with G. R. Price and
G. A. Parker, he uses the branch of mathematics known as Game
Theory. Their degant ideas can be expressad in words without
mathematica symbols, abeit a& some cost in rigour.

The essentid concept Maynard Smith introduces is that of the
evolutionarily stablestrategy, anideathat hetracesback toW. D.
Hamilton and R. H. MacArthur. A 'strategy’ is a pre-programmed
behaviourd policy. An example of agrategy is: 'Attack opponent; if
he flees pursue him; if he retdiates run away.' It is important to
redlize that we are not thinking of the drategy as being conscioudy
worked out by the individua. Remember that we are picturing the
anima as a robot survival machine with a pre-programmed com-
puter controlling the muscles. To write the Srategy out as a set of
smpleingructionsin Englishisjust aconvenient way for usto think
about it. By some unspecified mechaniam, the anima behaves as if
he were following these ingtructions.

An evolutionarily stable strategy or ESS is defined as a strategy
which, if most members of apopulation adopt it, cannot be bettered
by an dternative drategy.* 1t isasubtle and important idea. Another
way of putting it is to say that the best drategy for an individua
depends on what the mgority of the population are doing. Sincethe
rest of the population condgs of individuas, each one trying to
maximize hisown success, the only strategy that persistswill be one
which, once evolved, cannot be bettered by any deviant individua.
Following amgor environmenta changethere may beabrief period
of evolutionary ingahility, perhaps even ocillation in the popul ation.
But once an ESS is achieved it will stay: sdlection will pendize
deviation from it.

To goply thisideato aggresson, consder one of Maynard Smith's
smplest hypothetical cases. Suppose thet there are only two sorts of
fighting srategy in apopulation of aparticular species, named hawk
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and dove. (The namesrefer to conventiona human usage and have
no connection with the habits of the birds from whom the names are
derived: doves arein fact rather aggressive birds.) Any individud of
our hypothetical population isclassified asahawk or adove. Hawks
dwaysfight ashard and as unrestrainedly asthey can, retreating only
when serioudy injured. Doves merdly thresten in a dignified con-
ventiona way, never hurting anybody. If a hank fights a dove the
dove quickly runs avay, and so does not get hurt. If a hawk fightsa
hawk they go on until one of them is serioudy injured or dead. If a
dove meets a dove nobody gets hurt; they go on posturing at each
other for along time until one of them tires or decides not to bother
any more, and therefore backs down. For thetime being, we assume
that there is no way in which an individua can tell, in advance,
whether aparticular rival isahank or adove. He only discoversthis
by fighting him, and he has no memory of past fightswith particular
individuas to guide him.

Now asapurdy arbitrary convention we alot contestants 'points.
Say 50 points for awin, O for losing, -100 for being serioudy
injured, and -10 for wasting time over along contest. These points
can be thought of as being directly convertible into the currency of
gene surviva. Anindividua who scores high points, who hasahigh
average 'pay-off, isan individua who leaves many genesbehind him
in the gene pool. Within broad limits the actual numerica vaues do
not matter for the anayds, but they help us to think about the
problem.

Theimportant thing isthat we are not interested in whether hawks
will tend to best doves when they fight them. We aready know the
answer to that: hawks will dways win. We want to know whether
either hawk or doveisan evolutionarily stable strategy. If one of them
isan ESS and the other is not, we must expect that the onewhichis
the ESS will evolve. 1t is theoretically possible for there to be two
ESSs. Thiswould be true if, whatever the mgority srategy of the
population happened to be, whether hank or dove, the best Srategy
for any given individud wasto fdlow suit. In this case the population
would tend to gick a whichever one of its two dable dtates it
happened to reach firs. However, as we shdl now see, neither of
these two strategies, hawvk or dove, would in fact be evolutionarily
gable onits own, and we should therefore not expect either of them
to evolve. To show thiswe must calculate average pay-offs.

Suppose we have a population conggting entirdly of doves.
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Whenever they fight, nobody gets hurt. The contests condst of
prolonged ritual tournaments, staring matches perhaps, which end
only when oneriva backs down. The winner then scores 50 points
for gaining the resource in dispute, but he pays a pendty of - 10 for
wadting time over along staring match, so scores40inal. Theloser
aso ispendized -10 points for wagting time. On average, any one
individual dove can expect to win hdf his contests and lose hdf.
Therefore his average pay-off per contest is the average of +40 and
-10, whichis+15. Therefore, every individua dovein apopulation
of doves seemsto be doing quite nicdly.

But now suppose amutant hawk arisesin the population. Since he
istheonly hawk around, every fight he hasis againg adove. Hawks
aways beat doves, s0 he scores +50 every fight, and this is his
average pay-off. He enjoys an enormous advantage over the doves,
whose net pay-off is only +15. Hawk genes will rapidly spread
through the population asaresult. But now each hawk can no longer
count on every rivd he meets being a dove. To take an extreme
example, if the hawk gene sporead 0 successfully that the entire
population came to consist of hawks, dl fights would now be hawk
fights. Things are now very different. When hawk meets hawk, one
of them is serioudy injured, scoring - 100, while the winner scores
+50. Each hawk in a population of hawks can expect to win haf his
fightsand lose hdf hisfights. His average expected pay-off per fight
is therefore haf-way between +50 and -100, whichis -25. Now
consder asingle dovein apopulation of hawks. To besure, heloses
al hisfights, but on the other hand he never gets hurt. His average
pay-off isOin apopulation of hawks, whereasthe average pay-off for
ahank in a population of hawks is -25. Dove genes will therefore
tend to spread through the population.

The way | have told the dory it looks as if there will be a
continuous oscillaion in the population. Hawk geneswill sveep to
ascendancy; then, as aconsequence of the hawk mgority, dove genes
will gan an advantage and increase in numbers until once again
hawk genes start to prosper, and so on. However, it need not be an
ostillation likethis, Thereisagableratio of hawksto doves. For the
particular arbitrary points sysemwe are using, thestableratio, if you
work it out, turnsout to be 5/12 dovesto 7/12 hawks. When thisstable
ratio isreached, the average pay-off for hanksisexactly equd tothe
average pay-off for doves. Therefore selection does not favour either
one of them over the other. If the number of hawksin the population
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started to drift upwards so that the ratio was no longer 7/12, doves
would dtart to gain an extra advantage, and the ratio would swing
back to the sable state. Just aswe shdl find the stable sex ratio to be
50:50, so the stable hank to doveratio in this hypotheticd exampleis
7:5. In ether casg, if there are ocillations about the stable point,
they need not be very large ones.

Supeficidly, thissoundsalittlelike group sdlection, but itisredly
nothing of thekind. It soundslike group sdection becauseit enables
usto think of apopulation as having a stable equilibrium to which it
tends to return when disturbed. But the ESS is amuch more subtle
concept than group selection. It has nothing to do with some groups
being more successful than others. This can be nicdy illugtrated
using the arbitrary points sysem of our hypotheticd example. The
average pay-off to an individua in astable population conssting of 7/12
hawks and 5/12 doves, turnsout to be 6 1/4. Thisistruewhether the
individud isahawk or adove. Now 6 1/4 ismuch lessthan the average
pay-off for a dove in a population of doves (15). If only everybody
would agree to be a dove, every sngle individua would benefit. By
smple group sdlection, any group inwhich al individuas mutudly
agree to be doves would be far more successful than ariva group
Stting at the ESSratio. (Asamatter of fact, a congpiracy of nothing
but dovesis not quite the most successful possiblegroup. Inagroup
congsting of 1/6 hawks and 5/6 doves, the average pay-off per contest is
16 2/3. Thisisthemost successful possible conspiracy, but for present
purposes we can ignore it. A smpler al-dove conspiracy, with its
average pay-off for each individud of 15, isfar better for every sngle
individua than the ESS would be.) Group sdlection theory would
therefore predict a tendency to evolve towards an dl-dove con-
Spiracy, Snceagroup that contained a 7/12 proportion of hawkswould
be less successful. But the trouble with conspiracies, even those that
are to everybody's advantage in the long run, isthat they are opento
abuse. It istruethat everybody does better in an dl-dove group than
he would in an ESS group. But unfortunately, in conspiracies of
doves, agngle hanvk does s0 extremdy well that nothing could stop
the evolution of hawks The congpiracy is therefore bound to be
broken by treachery from within. An ESSis stable, not becauseit is
particularly good for the individuas participating in it, but Smply
because it is immune to treachery from within.

Itispossblefor humansto enter into pactsor conspiraciesthat are
to evary individud's advantage, even if these are not gable in the
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ESS sense. But thisisonly possible because every individua useshis
consciousforesight, and isableto seethat it isin hisown long-term
intereststo obey the rulesof the pact. Even in human pactsthereisa
congtant danger that individuals will stand to gain so much in the
short term by breaking the pact that the temptation to do so will be
overwheming. Perhaps the best example of thisis price-fixing. It is
in the long-term interests of dl individud garage owners to
standardize the price of petrol a some atificidly high vaue. Price
rings, based on conscious estimation of long-term best interests, can
survivefor quitelong periods. Every so often, however, anindividua
givesinto the temptation to make aquick killing by cutting his prices.
Immediately, his neighbours falow suit, and awave of price cutting
spreads over the country. Unfortunately for the rest of us, the
conscious foresight of the garage owners then reassarts itsdf, and
they enter into a new price-fixing pact. So, even in man, a species
with the gift of conscious foresight, pacts or conspiracies based on
long-term best interests teeter congtantly on the brink of collapse
due to treachery from within. In wild animals, controlled by the
struggling genes, it iseven more difficult to seewaysin which group
benefit or conspiracy strategies could possbly evolve We must
expect to find evolutionarily stable Strategies everywhere.

In our hypothetical example we made the Smple assumption that
any oneindividua weas either ahawk or adove. We ended up with an
evolutionarily stable ratio of hawks to doves. In practice, whet this
means is that a gable ratio of hawk genes to dove genes would be
achieved inthe gene pool. The genetic technicd term for thisgtateis
gable polymorphism. Asfar as the maths are concerned, an exactly
equivaent ESS can be achieved without polymorphism asfollows If
everyindividual iscapable of behaving either likeahawk or likeadove
in each particular contest an ESS can be achieved in which dl
individuas have the same probability of behaving like ahawk, namely
7/12in our particular example. In practice thiswould mean that each
individual enters each contest having made a random decison
whether to behave on this occadon like a hawvk or like a dove
random, but with a7:5 bias in favour of hawk. It is very important
that the decisions, athough biased towards hawk, should be random
in the sense that arival has no way of guessing how his opponent is
going to behavein any particular contest. It isno good, for instance,
playing hawk seven fightsin arow, then dovefivefightsinarow and
so on. If any individua adopted such a Smple sequence, hisrivas
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would quickly catch on and take advantage. The way to teke
advantage of asmple sequence drategist isto play hawk againg him
only when you know heisgoing to play dove.

The hawk and dove gory is, of course, navdy smple. It is a
'model’, something that does not redlly happen in nature, but which
helps us to understand things that do happen in nature. Models can
be very smple, like this one, and till be useful for understanding a
point, or getting an idea. Smple models can be eaborated and
gradudly made more complex. If dl goes well, as they get more
complex they come to resemble the real world more. One way in
which we can begin to develop the hawk and dove modd is to
introduce some more strategies. Hawk and dove are not the only
possibilities. A more complex strategy which Maynard Smith and
Priceintroduced iscalled Retaliator.

A retdiator plays like adove at the beginning of every fight. That
is, he does not mount an all-out savege attack like ahawk, but hasa
conventiond threatening match. If his opponent attacks him,
however, he retdiates. In other words, a retaiator behaves like a
havk when heisattacked by ahawk, and like adove when he meetsa
dove. When he meets another retdiator he plays like a dove. A
retaliator isaconditional strategist. Hisbehaviour dependsonthe
behaviour of his opponent.

Another conditional grategist iscalled Bully. A bully goesaround
behaving like ahawk until somebody hitsback. Then heimmediately
runsaway. Y et another conditiona strategistisProber-retaliator. A
prober-retaliator is badcdly like a retdiator, but he occasondly
triesabrief experimenta escaation of the contest. Hepersistsinthis
hawk-like behaviour if his opponent does not fight back. If, on the
other hand, his opponent doesfight back he revertsto conventiona
threatening like a dove. If he is atacked, he retaliates just like an
ordinary retaliator.

If dl the five Strategies | have mentioned are turned loose upon
one another in a computer smulation, only one of them, retaliator,
emerges as evolutionarily stable.* Prober-retaliator is nearly stable.
Doveis not stable, because a population of doves would be invaded
by hawks and bullies. Hawk is not stable, because a population of
hawks would be invaded by doves and bullies. Bully is not stable,
because a population of bullies would be invaded by hawks. In a
population of retaliators, no other strategy would invade, sincethere
is no other drategy that does better than retaiator itsdf. However,
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dove doesequaly wel inapopulation of retaliators. Thismeansthat,
other things being equal, the numbers of doves could dowly drift
upwards. Now if the numbers of doves drifted up to any Sgnificant
extent, prober-retaliators (and, incidentdly, hawks and bullies)
would start to have an advantage, sincethey do better againgt doves
than retdiatorsdo. Prober-retaliator itsdf, unlike hawk and bully, is
amost an ESS, in the sense that, in a populaion of prober-
retaiators, only one other drategy, retaliator, does better, and then
only dightly. We might expect, therefore, that amixture of retaliators
and prober-retaliators would tend to predominate, with perhaps
even a gentle oscillation between the two, in association with an
ogcillationinthesze of asmadl dove minority. Once again, wedon't
have to think in terms of a polymorphism in which every individua
aways plays one drategy or another. Each individua could play a
complex mixture between retaliator, prober-retaliator, and dove.

Thistheoretica conclusonisnot far from what actualy happens
inmost wild animas. We havein a sense explained the ‘gloved figt'
agpect of anima aggression. Of course the details depend on the
exact numbers of 'points awarded for winning, being injured,
wasting time, and S0 on. In elephant sedlsthe prize for winning may
be near-monopoaly rights over alarge harem of females. The pay-off
for winning must therefore be rated as very high. Smal wonder that
fights are vicious and the probability of serious injury is aso high.
The cogt of wadting time should presumably beregarded assmdl in
comparison with the cost of being injured and the benefit of winning.
For a andl hird in a cold climate, on the other hand, the cost of
wadting time may be paramount. A grest tit when feeding nestlings
needs to catch an average of one prey per thirty seconds. Every
second of daylight is precious. Even the comparaively short time
wadted in a hawk/hawk fight should perhaps be regarded as more
seriousthan therisk of injury to such abird. Unfortunately, we know
too little at present to assign redistic numbers to the costs and
benefits of various outcomes in nature.* We must be careful not to
draw conclusionsthat result smply from our own arbitrary choice of
numbers. The genera conclusions which are important are that
ESSswill tend to evalve, that an ESSis not the same asthe optimum
that could be achieved by a group conspiracy, and that common
sense can be mideading.

Another kind of war game that Maynard Smith has considered is
the ‘war of attrition’. This can be thought of as arisng in a species
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that never engages in dangerous combet, perhaps awell-armoured

species in which injury is very unlikdy. All disputes in this species
are settled by conventiond posturing. A contest dways endsin one
rival or the other backing down. Towin, dl you haveto dois stand

your ground and glare at the opponent until he finaly turns tail.

Obvioudy no animd can &ford to spend infinite time threstening;

there areimportant thingsto be done elsewhere. Theresource heis
competing for may be valuable, but it is not infinitdy valuable. Itis
only worth so much time and, asat an auction sale, eachindividud is
prepared to spoend only so much onit. Time isthe currency of this
two-bidder auction.

Suppose dl such individuas worked out in advance exactly how
much time they thought a particular kind of resource, sy afemde,
wasworth. A mutant individua who wasprepared to go onjust alittle
bit longer would aways win. So the strategy of maintaining afixed
bidding limitisunstable. Eveniif the vaue of the resource can bevery
findy estimated, and dl individuas bid exactly the right value, the
Srategy is unstable. Any two individuas bidding according to this
maximum srategy would give up a exactly the same instant, and
neither would get the resource! It would then pay an individud to
give up right at the start rather than waste any timein contestsat all.
The important difference between the war of attrition and a red
auction sdeis, after dl, that in the war of attrition both contestants
pay the price but only one of them getsthe goods. In apopulation of
maximum bidders, therefore, agtrategy of giving up a the beginning
would be successful and would spread through the population. As a
consequence of thissome benefit would start to accrueto individuals
who did not give up immediately, but waited for afew secondsbefore
giving up. Thisgtrategy would pay when played againg the immedi-
ate retreaters who now predominate in the population. Sdlection
would then favour a progressive extension of the giving-up time until
it once more approached the maximum alowed by the true economic
worth of the resource under dispute.

Once again, by usng words, we have taked oursdves into
picturing an oscillation in a population. Once again, mathematicd
andyds shows that this is not correct. There is an evolutionarily
gable srategy, which can be expressed as amathematical formula,
but inwordswhat it amountstoisthis. Each individua goesonfor an
unpredictabletime. Unpredictable on any particular occasion, that is,
but averaging the true vaue of the resource. For example, suppose
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the resource isredly worth five minutes of display. At the ESS, any

particular individual may go on for morethan five minutes or he may
go onfor lessthan five minutes, or he may even go on for exactly five
minutes. The important thing is that his opponent has no way of

knowing how long he is prepared to persst on this particular

occasion.

Obvioudy, it is vitdly important in the war of attrition that
individuas should give no inkling of when they are going to give up.
Anybody who betrayed, by the merest flicker of a whisker, that he
was beginning to think of throwing in the sponge, would be a an
instant disadvantage. If, say, whisker-flickering happened to be a
reliable dgn that retreat would follow within one minute, there
would be a very smple winning strategy: 'If your opponent's
whiskersflicker, wait one more minute, regardless of what your own
previous plans for giving up might have been. If your opponent's
whiskers have not yet flickered, and you are within one minute of the
time when you intend to give up anyway, give up immediately and
don't waste any more time. Never flicker your own whiskers' So
natura sdection would quickly penalize whisker-flickering and any
andogous betrayds of future behaviour. The poker face would
evolve

Why the poker face rather than out-and-out lies? Once again,
because lying is not stable. Suppose it happened to be the case that
the mgority of individuas raised their hackles only when they were
truly intending to go on for avery long time in the war of attrition.
The obvious counterploy would evolve: individuas would give up
immediately when an opponent raised his hackles. But now, liars
might start to evalve. Individuaswho redlly had no intention of going
on for along time would raise their hackles on every occasion, and
reap the bendfits of easy and quick victory. So liar genes would
spread. When liars became the mgjority, sdlection would now favour
individualswho caled ther bluff. Thereforeliarswould decreasein
numbers again. In the war of attrition, telling lies is no more
evolutionarily stable than telling the truth. The poker fece is
evolutionarily stable. Surrender, when it findly comes, will be
sudden and unpredictable.

So fa we have conddered only what Maynard Smith cdls
'symmetric' contests. This means we have assumed that the con-
testants are identica in dl respects except their fighting strategy.
Hawks and doves are assumed to be equdly strong, to be equally well
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endowed with wegpons and with armour, and to have an equa
amount to gain from winning. This is a convenient assumption to
meke for amodd, but it is not very redlistic. Parker and Maynard
Smith went on to consder asymmetric contests. For example, if
individuas vay in sze and fighting ability, and each individud is
capable of gauging ariva's Szein comparison to his own, does this
afect the ESS that emerges? It most certainly does.

There seem to be three main sorts of asymmetry. The first we
have just met: individuds may differ in ther Sze or fighting
equipment. Secondly, individuals may differ in how much they have
to gain from winning. For instance an old male, who has not long to
liveanyway, might havelesstoloseif heisinjured than ayoung mae
with the bulk of his reproductive life ahead of him.

Thirdly, it is a strange consequence of the theory that a purely
arbitrary, gpparently irrelevant, asymmelry can give rise to an ESS,
since it can be used to settle contests quickly. For ingtance it will
usudly be the case that one contestant happens to arive a the
location of the contest earlier than the other. Call them 'resident’ and
‘intruder' respectively. For the sake of argument, | am assuming that
there is no generd advantage attached to being a resident or an
intruder. As we shdl see, there are practica reasons why this
assumption may not be true, but that is not the point. The point is
that even if there were no general reason to suppose that residents
have an advantage over intruders, an ESS depending on the asym-
metry itsalf would belikdy to evolve. A smple andogy isto humans
who settle a dispute quickly and without fuss by tossing a coin.

The conditional drategy: 'If you aretheresident, attack; if you are
the intruder, retreat’, could be an ESS. Since the asymmetry is
assumed to be arbitrary, the opposite strategy: 'If resident, retreat; if
intruder, attack' could dso be stable. Which of the two ESSs is
adopted in a particular population would depend on which one
happens to reach a mgority first. Once a mgority of individuas is
playing one of these two conditiona strategies, deviants from it are
pendized. Hence, by definition, itisan ESS.

For ingtance, suppose dl individuds are playing ‘resident wins,
intruder runs away'. This means they will win haf their fights and
lose hdf ther fights. They will never be injured and they will never
wade time, dnce dl disputes are indantly settled by arbitrary
convention. Now consider a new mutant rebel. Suppose he plays a
pure hawk drategy, dways atacking and never retreating. He will
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win when his opponent is an intruder. When his opponent is a
resident hewill run agraverisk of injury. On average he will have a
lower pay-off than individuds playing according to the arbitrary
rulesof the ESS. A rebel who triesthe reverse convention 'if resident
run away, if intruder attack’, will do even worse. Not only will he
frequently be injured, he will also s8ldom win a contest. Suppose,
though, that by some chance eventsindividuas playing this reverse
convention managed to become the mgoarity. In this case their
Srategy would then become the stable norm, and deviation from it
would be pendized. Conceivably, if we watched a population for
many generations we would see a series of occasond flips from one
stable state to the other.

However, in red life, truly arbitrary asymmetries probably do not
exig. For ingtance, residents probably tend to have a practica
advantage over intruders. They have better knowledge of locd
terrain. An intruder is perhaps more likely to be out of breath
because he moved into the battle area, whereas the resident was
there dl the time. There is amore abstract reason why, of thetwo
gable states, the 'resident wins, intruder retreats, one is the more
probablein nature. Thisisthat the reverse drategy, 'intruder wins,
resident retreats' hasan inherent tendency to salf-destruction—it is
what Maynard Smith would call a paradoxica drategy. In any
population Sitting at this paradoxica ESS, individualswould aways
be driving never to be caught as residents: they would awaysbe
trying to be the intruder in any encounter. They could only achieve
this by ceasdless, and otherwise pointless, moving around! Quite
apart from the cogts in time and energy that would beincurred, this
evolutionary trend would, of itsdf, tend to lead to the category
‘resident’ ceasing to exis. In apopulation dtting at the other stable
state, 'resident wins, intruder retreats, natura sdection would
favour individuas who gtrove to be residents. For each individud,
thiswould mean holding onto aparticular piece of ground, leaving it
as little as possible, and appearing to 'defend' it. Asis now well
known, such behaviour is commonly observed in nature, and goesby
the name of 'territorial defence.

The nestest demondtration | know of this form of behavioura
asymmetry was provided by the great ethologist Niko Tinbergen, in
an experiment of characterigticaly ingenious smplicity.* He had a
figh-tank containing two male gticklebacks. The maeshad each built
nests, & opposite ends of the tank, and each 'defended'’ the territory
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around his own nest. Tinbergen placed each of thetwo maesin a
large glass test-tube, and he held the two tubes next to each other
and watched the maes trying to fight each other through the glass.
Now comestheinteresting result. When he moved the two tubesinto
the vicinity of mae A's nest, mde A assumed an attacking posture,
and mde B attempted to retreat. But when he moved the two tubes
into mae B'sterritory, the tableswere turned. By Smply moving the
two tubesfrom one end of thetank to the other, Tinbergen wasable
to dictate which male attacked and which retreated. Both maeswere
evidently playing the smple conditiond strategy: 'if resident, attack;
if intruder, retreat.'

Biologigs often ask what the biologica ‘advantages of territoria
behaviour are. Numerous suggestions have been made, some of
which will be mentioned later. But we can now see that the very
question may be superfluous. Territorial ‘defence’ may Smply bean
ESS which arises because of the asymmetry in time of arriva that
usudly characterizestherelationship between two individudsand a
patch of ground.

Presumably the most important kind of non-arbitrary asymmetry
isin d9ze and generd fighting ability. Large Sze is not necessarily
adways the mogt important qudity needed to win fights, but it is
probably one of them. If thelarger of two fightersdwayswins, and if
each individuad knowsfor certain whether heislarger or smdler than
his opponent, only one strategy makes any sense: 'If your opponent is
larger than you, run away. Pick fights with people smdler than you
are.' Things are abit more complicated if the importance of Szeis
lesscertain. If large 9ze confers only adight advantage, the Srategy |
have just mentioned is dill stable. But if therisk of injury is serious
there may dso be a second, 'paradoxica strategy’. This is. 'Pick
fights with people larger than you are and run away from people
smaller than you are'! Itis obviouswhy thisis caled paradoxicdl. It
seems completely counter to common sense. The reason it can be
gable is this. In a population conssting entirely of paradoxicd
srategists, nobody ever gets hurt. This is because in every contest
one of the participants, the larger, dways runs avay. A mutant of
average Sze who plays the 'sensible’ grategy of picking on smdler
opponents is involved in a serioudy escaated fight with haf the
people he meets. Thisisbecause, if he meets somebody amaller than
him, he attacks; the amaller individua fights back fiercely, because
he is playing paradoxicd; dthough the sensble drategist is more
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likdy to win than the paradoxical one, he ftill runsasubstantial risk
of losing and of being serioudy injured. Since the mgority of the
population are paradoxical, a sensble strategist is more likdly to be
injured than any single paradoxica srategis.

Even though a paradoxicd drategy can be stable, it is probably
only of academic interest. Paradoxicd fighterswill only have ahigher
average pay-off if they very heavily out-number sensible ones. It is
hard to imagine how this state of &ffairs could ever arisein the first
place. Even if it did, the ratio of sengbles to paradoxicas in the
population only has to drift a little way towards the sengble side
before reaching the'zone of attraction' of the other ESS, the sensible
one. Thezoneof attractionisthe set of population ratiosat which, in
this case, sengble drategists have the advantage: once apopulation
reaches this zone, it will be sucked inevitably towards the sensble
stable point. It would be exciting to find an example of aparadoxica
ESSin nature, but | doubt if we can redlly hopeto do so. (I spoketoo
soon. After | had written this last sentence, Professor Maynard
Smith cdled my atention to the fdlowing description of the
behaviour of the Mexican socid spider, Oecobiuscivitas, by J. W.
Burgess: 'If aspider isdisturbed and driven out of itsretregt, it darts
acrosstherock and, in the absence of avacant creviceto hidein, may
seek refugein the hiding place of another spider of the same species.
If the other spider isin residence when the intruder enters, it does
not attack but darts out and seeksanew refuge of itsown. Thusonce
the firgt spider is disturbed the process of sequentia displacement
from web to web may continue for severd seconds, often causing a
mgjority of the spiders in the aggregation to shift from their home
refugeto an alienone' (Socid Spiders, Scientific American, March
1976). Thisis paradoxicd in the sense of page 79.)*

What if individuas retain some memory of the outcome of past
fights? This depends on whether the memory is spedific or generd.
Crickets have agenerd memory of what happened in past fights. A
cricket that hasrecently won alarge number of fights becomes more
hawkish. A cricket that has recently had a losing stresk becomes
moredovish. Thiswas neatly shown by R. D. Alexander. Heused a
modd cricket to beat up red crickets. After this trestment the redl
crickets became morelikdy to losefights againg other red crickets.
Each cricket can be thought of as congantly updating his own
edimate of hisfighting ability, relativeto that of an averageindividua
in his population. If animas such as crickets, who work with a
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generd memory of past fights, are kept together in aclosed group for
atime, a kind of dominance hierarchy is likdy to develop* An
obsarver can rank the individuasin order. Individuas lower in the
order tend to give in to individuds higher in the order. Thereis no
need to suppose that the individuas recognize each other. All that
happens is that individuals who are accustomed to winning become
even more likdy to win, while individuas who are accustomed to
losing become geadily more likdy to lose. Even if the individuds
garted by winning or losng entirdy at random, they would tend to
sort themselves out into arank order. Thisincidentaly hasthe effect
that the number of serious fights in the group gradudly dies down.

| have to use the phrase 'kind of dominance hierarchy', because
many people resarve the term dominance hierarchy for cases in
which individua recognition is involved. In these cases, memory of
past fightsis spedific rather than general. Crickets do not recognize
each other as individuas, but hens and monkeys do. If you are a
monkey, amonkey who has beaten you inthe past islikely to best you
in the future. The best drategy for an individud is to be rddivey
dovish towards an individuad who has previoudy beaten him. If a
batch of hens who have never met before are introduced to esch
other, there is usudly a greet ded of fighting. After a time the
fighting dies down. Not for the same reason as in the crickets,
though. In the case of the hens it is because each individud learns
her place' rdative to each other individud. Thisisincidentally good
for the group asawhole. As anindicator of thisit has been noticed
that in established groups of hens, wherefiercefighting israre, egg
production is higher than in groups of hens whose membership is
continualy being changed, and in which fights are consequently
more frequent. Biologigts often spesk of the biologicd advantage or
‘function’ of dominance hierarchies as being to reduce overt aggres-
son in the group. However, this is the wrong way to put it. A
dominance hierarchy per se cannot be said to havea'function’ inthe
evolutionary sense, snce it is a property of a group, not of an
individud. The individud behaviour patterns that manifest them-
sves in the form of dominance hierarchies when viewed & the
group leve may be said to have functions. It is, however, even better
to abandon the word ‘function’ atogether, and to think about the
matter in terms of ESSs in asymmetric contests where there is
individua recognition and memory.

We have been thinking of contests between members of the same
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species. What about inter-specific contests? As we saw earlier,
members of different species are less direct competitors than
members of the same species. For this reason we should expect
fewer disputes between them over resources, and our expectation is
borne out. For instance, robins defend territories againgt other
robins, but not agang great tits. One can draw a map of the
territories of different individua robins in a wood and one can
superimpose a map of the territories of individud greet tits. The
territories of the two species overlgp in an entirely indiscriminate
way. They might aswdl be on different planets.

But there are other waysin which theinterests of individuasfrom
different species conflict very sharply. For instance alion wants to
egt an antel ope's body, but the antelope has very different plans for
itsbody. Thisisnot normaly regarded as competition for aresource,
but logicdly it is hard to see why not. The resource in question is
mest. The lion genes 'want' the meat as food for their surviva
meachine. The antel ope genes want the meet as working muscle and
organs for their surviva machine. These two uses for the mesat are
mutualy incompatible, therefore there is conflict of interest.

Members of one's own species are made of meat too. Why is
cannibaism rddivdy rare? Aswe saw in the case of black-headed
gulls, adults do sometimes est the young of their own species. Yet
adult carnivores are never to be seen actively pursuing other adults of
their own specieswith aview to eating them. Why not? Weare ill s0
used to thinking in terms of the ‘good of the species view of
evolution that we often forget to ask perfectly reasonable questions
like: 'Why don't lions hunt other lions? Another good question of a
typewhichissddom asked is: 'Why do antel opesrun avay fromlions
ingteed of hitting back?

Thereason lionsdo not hunt lionsisthat it would not bean ESS
for them to do s0. A canniba drategy would be ungtable for the
samereason asthe hawk drategy in the earlier example. Thereistoo
much danger of retaliation. Thisislesslikely to betruein contests
between members of different species, which is why so many prey
animas run avay instead of retaliating. It probably stems origindly
from the fact that in an interaction between two animals of different
species there is a built-in asymmetry which is grester than that
between members of the same species. Whenever there is strong
asymmery in a contest, ESSs are likdly to be conditiona strategies
dependent on the asymmetry. Strategiesanalogousto 'if smdler, run
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away, if larger, attack’ are vary likely to evdve in contests between

members of different species because there are s0 many available

asymmetries. Lionsand antel opes have reached akind of gahility by
evolutionary divergence, which has accentuated the origind asym-

metry of the contest in an ever-increasing fashion. They have

become highly proficient in the arts of, respectively, chasing, and

running avay. A mutant antelope that adopted a 'stand and fight'

Srategy againg lions would be less successful than rival antelopes
disappearing over the horizon.

I have ahunch that we may cometo look back on the invention of
the ESS concept as one of the most important advancesin evolution-
ary theory since Darwin.* It is gpplicable wherever wefind conflict of
interest, and that means dmog everywhere. Students of animal
behaviour have got into the habit of taking about something called
'social organization'. Too often the socid organization of aspeciesis
treated as an entity in its own right, with its own biologica ‘advan-
tage'. An example | have dready given is that of the ‘dominance
hierarchy'. | believeit ispossbleto discern hidden group-selection-
ist assumptions lying behind alarge number of the statements that
biologists make about socid organization. Maynard Smith's concept
of the ESS will enable us, for the firg time, to see dearly how a
collection of independent sdfish entities can come to resemble a
sngle organized whole. | think this will be true not only of socid
organizations within species, but aso of ‘ecosystems and ‘commu-
nities congsting of many species. Inthelongterm, | expect the ESS
concept to revolutionize the science of ecology.

We can aso goply it to amatter that was deferred from Chapter 3,
arigng from the andogy of oarsmenin aboat (representing genesin
abody) needing agood team spirit. Genesare selected, not as'good'
in isolation, but as good at working againg the background of the
other genesinthe gene pool. A good gene must be compatiblewith,
and complementary to, the other geneswithwhom it hasto share a
long succession of bodies. A gene for plant-grinding teeth isa good
genein the gene pool of aherbivorous species, but abad geneinthe
gene pool of acarnivorous species.

It is possible to imagine a compatible combination of genes as
being sdlected together asa unit. Inthe case of the butterfly mimicry
example of Chapter 3, this seemsto be exactly what happened. But
the power of the ESS concept isthat it can now enable usto see how
the same kind of result could be achieved by sdlection purdly at the
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levd of theindependent gene. The genes do not haveto belinked on
the same chromosome.

The rowing andogy is redly not up to explaining this idea. The
nearest we can cometo it isthis. Supposeitisimportant in aredly
successtul crew that the rowers should coordinate ther activities by
means of gpeech. Supposefurther thet, in the pool of oarsmen at the
coach's digposd, some pesk only English and some spesk only
German. The English are not condstently better or worse rowers
than the Germans. But because of the importance of communica
tion, a mixed crew will tend to win fewer races than either a pure
English crew or apure German crew.

The coach does not redlize this. All he does is shuffle his men
around, giving credit pointsto individualsin winning boats, marking
down individuasinlosing boats. Now if the pool availableto him just
happensto be dominated by Englishmen it followsthat any German
who getsinto aboat islikdy to causeit tolose, becauise communica-
tionsbreak down. Conversdly, if the pool happened to be dominated
by Germans, an Englishman would tend to cause any boat in which
he found himsdif to lose. What will emerge as the overal best crew
will be one of the two stable states—pure English or pure German,
but not mixed. Superficidly it looks asthough the coach is selecting
whole language groups as units. Thisisnot what heisdoing. Heis
sdlecting individua oarsmen for their apparent ability to winraces. It
s0 happensthat the tendency for anindividua to win races depends
on which other individuds are present in the pool of candidates.
Minority candidates are automaticaly pendized, not because they
are bad rowers, but Smply because they are minority candidates.
Smilarly, the fact that genes are selected for mutual compatibility
does not necessarily mean we have to think of groups of genes as
being sdected as units, as they were in the case of the butterflies.
Sdection at thelow leve of thesingle gene can givetheimpression of
sdection a some higher level.

Inthis example, salection favours Ssmple conformity. Moreinter-
edingly, genes may be sdected because they complement each
other. In terms of the anadlogy, suppose an idedly balanced crew
would congst of four right-handers and four left-handers. Once
again assume that the coach, unaware of thisfact, sdectsblindly on
'merit’. Now if the pool of candidates happens to be dominated by
right-handers, any individud left-hander will tend to be a an
advantage: heislikdy to cause any boat in which hefindshimsdlf to
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win, and he will therefore appear to be agood oarsman. Conversdy,
in apool dominated by left-handers, a right-hander would have an
advantage. This is dmilar to the case of a hawk doing well in a
population of doves, and adove doing well in apopulation of hawks.
The difference is that there we were taking about interactions
between individua bodies—sdfish machines—whereassherewe are
talking, by andogy, about interactions between geneswithin bodies.

The coach'sblind selection of 'good’ carsmen will lead in theend
to an ided crew conddting of four left-handers and four right-
handers. It will look as though he sdected them dl together as a
complete, balanced unit. | find it more parsmoniousto think of him
asHecting at alower leve, theleve of theindependent candidates.
The evolutionarily dable dtate (‘'strategy’ is mideading in this
context) of four left-handers and four right-handers will emerge
dmply as a consequence of low-level sdection on the bass of
apparent merit.

The gene podl is the long-term environment of the gene. ‘Good'
genesare blindly selected asthosethat survivein thegenepool. This
is not atheory; it is not even an obsarved fact: itisatautology. The
interesting question iswhat makes agene good. Asafirst gpproxima:
tion | said that what makes agene good isthe ability to build efficient
survival machines—bodies. We must now amend thet statement.
The gene pool will become an evolutionarily stable set of genes,
defined asagene pool that cannot beinvaded by any new gene. Most
new genesthat arise, either by mutation or reassortment or immigra-
tion, are quickly pendized by natural sdection: the evolutionarily
gable set is restored. Occadondly a new gene does succeed in
invading the sat: it succeeds in spreading through the gene pool.
There is a trangtiond period of ingability, terminating in a new
evolutionarily stable sst—allittle bit of evolution has occurred. By
andogy with the aggression strategies, a popul ation might have more
than one dternative sable point, and it might occasondly flip from
one to another. Progressive evolution may be not so much a steady
upward dimb as a series of discrete steps from dable plateau to
gable plateau.* 1t may look as though the population as awhole is
behaving like a dngle sdf-regulating unit. But this illuson is
produced by selection going on a theleved of thesingle gene. Genes
are sdected on 'merit’. But merit is judged on the basis of perform-
ance againg the background of the evolutionarily stable set whichis
the current gene pool.
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By focussing on aggressive interactions between whole individu-
as, Maynard Smith was able to make things very clear. Itis essy to
think of stableratios of hawk bodies and dove bodies, because bodies
are large things which we can see. But such interactions between
genes Stting in different bodies are only thetip of theiceberg. The
vast mgjority of dgnificant interactions between genesin the evolu-
tionarily stable set—the gene pool—go onwithinindividua bodies.
These interactions are difficult to see, for they take place within
cdls, notably the cdls of devdoping embryos. Well-integrated
bodies exis because they are the product of an evolutionarily stable
set of sdfish genes.

But | must returntothelevd of interactions between whole animals
which isthe main subject of thisbook. For understanding aggression
it was convenient to treat individua animals as independent sdfish
machines. Thismode breaks down when the individuas concerned
are close relatives—brothers and sisters, cousins, parents and chil-
dren. Thisisbecausereatives share asubstantia proportion of their
genes. Each Hfish gene therefore hasits loydties divided between
different bodies. Thisis explained in the next chapter.
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GENESMANSHIP

What isthe sdfish gene? It isnot just one Sngle physica bit of DNA.
Just asinthe primeva soup, itisall replicasof aparticular bit of DNA,
distributed throughout theworld. If we dlow oursdvesthe licence of
talking about genes asif they had conscious aims, dwaysreassuring
oursalves that we could trandate our doppy language back into
respectable termsif we wanted to, we can ask the question, what isa
sngle sdfish gene trying to do? It is trying to get more numerousin
the gene pool. Basicdly it doesthisby helping to program the bodies
in which it finds itsdf to survive and to reproduce. But now we
are emphasizing that 'it' is a distributed agency, exiging in many
different individuals a once. The key point of thischapter is that a
genemight beableto assg replicasof itsdf that are Stting in other
bodies. If s0, thiswould appear asindividud atruism but it would be
brought about by gene selfishness.

Congder the genefor being an abino in man. Infact saverd genes
exig that can giveriseto adbinism, but | am talking about just one of
them. It is recessve; that is, it has to be present in double dose in
order for the person to bean abino. Thisistrue of about 1in 20,000
of us. But itisaso present, insingledose, in about 1in 70 of us, and
these individuas are not abinos. Since it is digtributed in many
individuals, agene such asthe dbino gene could, in theory, assst its
own surviva in the gene pool by programming its bodies to behave
dtruidticaly towards other dbino bodies, snce these are known to
contain the same gene. The dhbino gene should be quite happy if
some of the bodiesthat it inhabits die, provided that in doing so they
help other bodies containing the same gene to survive. If theahbino
gene could make one of its bodies savethe lives often abino bodies,
then even the desath of the dtruist is anply compensated by the
increased numbers of adbino genesin the gene pool.

Should wethen expect abinosto be especidly niceto each other?
Actudly the answer isprobably no. In order to seewhy not, we must
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temporarily abandon our metaphor of the gene as aconscious agent,
because in this context it becomes positively mideading. We must
trandate back into respectable, if more longwinded terms. Albino
genes do not redly ‘want' to survive or to help other abino genes.
But if the albino gene just happened to cause its bodies to behave
dtruidicaly towards other abinos, then automaticaly, willy-nilly, it
would tend to become more numerous in the gene pool as aresult.
But, in order for this to happen, the gene would have to have two
independent effects on bodies. Not only mugt it confer its usud
effect of avery pale complexion. It must aso confer atendency to be
sHectively dtruigtic towardsindividuaswith avery pale complexion.
Such a double-effect gene could, if it existed, be very successful in
the population.

Now it istruethat genes do have multiple effects, as| emphasized
in Chapter 3. Itistheoreticaly possblethat agene could arisewhich
conferred an externdly visble 'label’, say a pde skin, or a green
beard, or anything conspicuous, and aso atendency to be specidly
nice to bearers of that conspicuous labd. It is possble, but not
particularly likely. Green beardednessisjust aslikdy to belinked to
atendency to develop ingrowing toenails or any other trait, and a
fondness for green beards is just as likdy to go together with an
inability to smell freesias. It is not very probable that one and the
same gene would produce both the right Iabel and the right sort of
atruism. Nevertheless, what may be cdled the Green Beard Altru-
igm Effect is atheoreticd posshility.

An arbitrary labd likeagreen beard isjust oneway in which agene
might 'recognize’ copies of itsdf in other individuas. Are there any
other ways? A particularly direct possble way is the following. The

r of an dtruigtic gene might be recognized Smply by thefact
that hedoes dtruigtic acts. A gene could prosper inthe gene poal if it
'said' the equivaent of: 'Body, if Aisdrowning asaresult of tryingto
save someone ese from drowning, jump in and rescue A' The
reason such a gene could do wdl is that there is a greater than
average chance that A contains the samelife-saving atruistic gene.
Thefact that Aisseento betrying to rescue somebody elseisalabd,
equivaent to agreen beard. It islessarhitrary than agreen beard, but
it dill seems rather implausible. Are there any plausible ways in
which genes might 'recognize’ their copiesin other individuas?

Theanswer isyes. It iseasy to show that closerelatives—kin—have
agreeter than average chance of sharing genes. It haslong been clear
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that this must be why atruism by parents towards their young is so
common. What R. A. Fisher, J. B. S. Haldane, and epecidly W. D.
Hamilton redized, was that the same applies to other dose rela
tions—brothersand sisters, nephews and nieces, close cousins. If an
individua dies in order to save ten close relatives, one copy of the
kin-atruism gene may be logt, but alarger number of copies of the
same geneis saved.

‘A larger number' isabit vague. So is'closerelatives. We can do
better than that, as Hamilton showed. His two papers of 1964 are
among the mogt important contributions to socid ethology ever
written, and | have never been able to understand why they have
been s0 neglected by ethologigts (his name does not even gppear in
the index of two mgor text-books of ethology, both published in
1970).* Fortunately there are recent Signs of arevivd of interest in
hisideas. Hamilton's papersarerather mathematical, but itisessy to
grasp the basic principlesintuitively, without rigorous mathematics,
though at the cogt of some over-smplification. Thething wewant to
cdculate is the probability, or odds, that two individuds, sy two
dsters, share aparticular gene.

For amplicity | shal assume that we are talking about genes that
arerarein the gene pool asawhole* Most people share 'the genefor
not being an ahbino', whether they are related to each other or not.
The reason thisgene is so common isthat in nature abinos are less
likdy to survive than non-abinos because, for example, the sun
dazzlesthem and makesthem rdatively unlikely to see an approach-
ing predator. We are not concerned with explaining the prevalence
in the gene pool of such obvioudy 'good' genes as the gene for not
being an abino. Weareinterested in explaining the success of genes
sedificdly as a result of ther dtruism. We can therefore assume
that, a least in the early stages of this process of evolution, these
genes are rare. Now the important point is that even agenethat is
rarein the population asawholeiscommon within afamily. | contain
anumber of genesthat arerarein the population asawhole, and you
aso contain genes that are rare in the population as awhole. The
chancethat we both contain the same rare genesisvery smdl indeed.
But the chances are good that my dgter contains a particular rare
genethat | contain, and the chances are equdly good that your sister
contains arare gene in common with you. The odds arein this case
exactly 50 per cent, and it is easy to explain why.

Suppose you contain one copy of the gene G. You must have
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recaeived it either from your father or from your mother (for
convenience we can neglect variousinfrequent possibilities—that G
isanew mutation, that both your parentshad it, or that either of your
parents had two copies of it). Suppose it was your father who gave
you the gene. Then every one of his ordinary body cells contained
one copy of G. Now you will remember that when a man makes a
sperm he doles out half his genesto it. Thereistherefore a 50 per
cent chance that the sperm that begot your sister received the gene
G. If, on the other hand, you received G from your mother, exactly
parald reasoning showsthat half of her eggs must have contained G;
once again, the chances are 50 per cent that your Sster contains G.
This means that if you had 100 brothers and sisters, goproximatdy
50 of them would contain any particular rare genethat you contain. It
aso meansthat if you have 100 rare genes, gpproximatdy 50 of them
arein the body of any one of your brothers or sisters.

Y ou can do the same kind of calculation for any degree of kinship
you like. Animportant relationship isthat between parent and child.
If you have one copy of gene H, the chance that any particular one of
your children hasitis50 per cent, because haf your sex cellscontain
H, and any particular child was made from one of those sex cdlls. If
you have one copy of gene F, the chancethat your father dso had Fis
50 per cent, because you received haf your genesfrom him, and half
from your mother. For convenience we use anindex of relatedness,
which expresses the chance of a gene being shared between two
reatives. The rel atedness between two brothersis 1/2, snce hdf the
genes possessed by one brother will befound inthe other. Thisisan
average figure: by the luck of the meiotic draw, it is possible for
particular pairs of brothers to share more or fewer genes than this.
Therel atedness between parent and child isalways exactly 1/2

It is rather tedious going through the caculaions from first
principles every time, so here is arough and ready rule for working
out the relatedness between any two individuals A and B. You may
find it useful in making your will, or in interpreting apparent
resemblances in your own family. It works for al smple cases, but
breaks down where incestuous mating occurs, and in certain insects,
asweghd| see.

First identify al the common ancestorsof A and B. For instance, the
common ancestors of a pair of first cousins are their shared grand-
father and grandmother. Once you have found a common ancestor,
itisof courselogicdly truethat al hisancestors are commonto A and



92 Genesmanship

B as wel. However, we ignore al but the most recent common
ancestors. In this sense, first cousins have only two common an-
cestors. If Bisalined descendant of A, for instance hisgreat grand-
son, then A himsdlf is the ‘common ancestor' we are looking for.

Having located the common ancestor(s) of A and B, count the
generation distance asfollows Starting at A, dimb up the family tree
until you hit a common ancestor, and then climb down again to B.
The totd number of steps up the tree and then down again is the
generation distance. For instance, if A is B's uncle, the generation
distance is 3. The common ancestor is A's faher (say) and B's
grandfather. Starting at A you have to climb up one generation in
order to hit the common ancestor. Then to get down to B you haveto
descend two generations on the other side. Therefore the generation
disanceis1 + 2 =3.

Having found the generation distance between A and B via a
particular common ancestor, caculate that part of their relatedness
for which that ancestor isresponsible. To do this, multiply 1/2 by itself
once for each step of the generation distance. If the generation
distanceis 3, this means calculate 1/2 x 1/2 x 1/2 or (1/2)°. I the

generation distance via a particular ancestor is equal to g steps,

the portion of relatedness due to that ancestor is (1/2)°.

But thisis only part of the relatedness between A and B. If they
have more than one common ancestor we have to add on the
equivaent figure for each ancedtor. It is usudly the case that the
generation distanceisthe samefor al common ancestors of apair of
individuads. Therefore, having worked out the relatedness between
Aand B dueto any one of theancestors, dl you haveto doin practice
isto multiply by the number of ancestors. First cousins, for instance,
have two common ancestors, and the generation distance via each
oneis4. Thereforetheir relatednessis2 x (1/2)* = 1/8. If AisB'sgreat-
grandchild, the generation distance is 3 and the number of common
‘ancestors is 1 (B himsdf), so the relatedness is 1 x (1/2)° = 1/8.
Geneticdly spesking, your fird cousn is equivdent to a great-
grandchild. Smilarly, you are just as likdly to ‘take after' your uncle
(relatedness =2 x (1/2)° = 1/4) as after your grandfather (rel atedness=
1x (1/2)*=1/4).

For relationships as distant asthird cousin (2 x (1/2)° = 1/128), we are
getting down near the basdine probability that a particular gene
possessad by A will be shared by any random individua taken from
the population. A third cousinisnot far from being equivaent to any
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old Tom, Dick, or Harry as far as an altruistic gene is concerned.
A second cousin (relatedness = 1/32) is only a little bit specid,;
a firg cousn somewhat more 0 (1/8). Full brothers and sisters,
and parents and children are very specid (1/2), and identica twins
(rlatedness = 1) just as goecid as onesdf. Uncles and aunts,
nephews and nieces, grandparents and grandchildren, and haf
brothersand haf sisters, areintermediate with arelatedness of 1/4

Now we arein aposition to talk about genesfor kin-altruism much
more precisdy. A gene for suiciddly saving five cousins would not
become more numerousin the population, but agenefor saving five
brothersor ten first cousnswould. The minimum requirement for a
suicidd atruistic gene to be successful is that it should save more
than two sblings (or children or parents), or more than four half-
shlings (or uncles, aunts, nephews, nieces, grandparents, grand-
children), or more than eight first cousins, etc. Such a gene, on
average, tendsto live oninthe bodies of enough individuas saved by
the atruist to compensate for the death of the altruist itsdf.

If an individud could be sure that a particular person was his
identica twin, he should be exactly as concerned for his twin's
wefare as for his own. Any gene for twin dtruism is bound to be
carried by both twins, therefore if one dies heroicdly to save the
other the gene lives on. Nine-banded armadillos are bornin alitter
of identicd quadruplets. Asfar as | know, no feas of heroic sdf-
sacrifice have been reported for young armadillos, but it has been
pointed out that some strong altruism is definitely to be expected,
and it would be well worth somebody's while going out to South
Americato have alook.*

We can now see that parentd care is just a specid case of kin
atruism. Genetically spesking, an adult should devote just as much
careand attention to itsorphaned baby brother asit doesto oneof its
own children. Itsrelatednessto both infantsis exactly the same, 1/2In
gene selection terms, agenefor big Sister atruistic behaviour should
have just as good a chance of spreading through the population asa
genefor parentd atruism. In practice, thisisan over-amplification
for various reasons which we shall come to later, and brotherly or
sgerly careisnothing like so commonin nature asparental care. But
the point | an making hereisthat thereisnothing specia genetically
speaking about the parent/child relationship as againgt the brother/
sgter rdationship. The fact that parents actudly hand on genes to
children, but sstersdo not hand on genesto each other isirrdlevant,
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since the dsters both receive identica replicas of the same genes
from the same parents.

Some people use the term kin sel ection to distinguish thiskind of
natural sdection from group sdection (the differentid survivd of
groups) and individud sdection (the differentid survival of
individuas). Kin sdection accounts for within-family altruism; the
closer the rdationship, the stronger the selection. There is nothing
wrong with thisterm, but unfortunately it may have to be abandoned
because of recent gross misuses of it, which arelikdy to muddle and
confuse biologigts for years to come. E. O. Wilson, in his otherwise
admirable Sociobiology: The New Synthesis, defineskin selection asa
specid case of group sdlection. He has a diagram which dearly
shows that he thinks of it as intermediate between ‘individua
selection’, and 'group selection' in the conventiond sense—the
sense that | used in Chapter 1. Now group sdection—even by
Wilson's own definition—meansthe differentid surviva of groups of
individuals. Thereis, to besure, asensein which afamily isaspecid
kind of group. But the whole point of Hamilton's argument is that
the digtinction between family and non-family is not hard and fag,
but a matter of mathematica probability. It isno part of Hamilton's
theory that animals should behave dtruigticaly towards dl ‘members
of thefamily', and sdfishly to everybody else. There are no definite
linesto be drawn between family and non-family. We do not have to
decide whether, say, second cousins should count as indde the
family group or outside it: we smply expect that second cousins
should be 1/16 aslikely to receive atruism as offsoring or siblings. Kin
sHectionisemphaticaly not aspecia case of group sdlection.* Itisa
gpecid consequence of gene saection.

Thereisan even more serious shortcoming in Wilson's definition
of kin selection. He ddliberately excludes offspring: they don't count
askin!* Now of course he knows perfectly well that offspring arekin
to their parents, but he prefers not to invoke the theory of kin
sdection in order to explain dtruigtic care by parents of their own
offgoring. He is, of course, entitled to define a word however he
likes, but thisisamost confusing definition, and | hope that Wilson
will change it in future editions of his judly influentid book.
Gendticdly spesking, parental care and brother/sister dtruism
evave for exadtly the same reason: in both cases there is a good
chance that the dtruistic gene is present in the body of the
beneficiary.
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| ask the generd reader's indulgence for this little diatribe, and
return hedily to the main sory. So far, | have over-amplified
somewhat, and it is now time to introduce some qudifications. | have
talked in dementd terms of suicidd genes for saving the lives of
particular numbers of kin of exactly known relatedness. Obvioudy,
in red life, animas cannot be expected to count exactly how many
relativesthey are saving, nor to perform Hamilton's calculations in
their heads even if they had some way of knowing exactly who their
brothers and cousins were. In red life, certain suicide and absolute
'saving' of lifemust be replaced by statistical risks of death, one'sown
and other peoplé€'s. Even athird cousin may be worth saving, if the
risk to yoursdlf isvery smal. Then again, both you and the relative
you arethinking of saving are going to die one day in any case. Every
individua has an ‘expectation of lifé which an actuary could
cdculate with a certain probability of error. To save the life of a
relative who is soon going to die of old age has less of animpact on
the gene pool of the future than to save the life of an equaly close
relative who has the bulk of hislife ahead of him.

Our neat symmetricd calculations of relatedness have to be
modified by messy actuaria weightings. Grandparents and grand-
children have, geneticaly spesking, equal reason to behave dtruis-
ically to each other, sincethey share 1/4 of each other'sgenes. But if the
grandchildren have the greater expectation of life, genes for grand-
parent to grandchild atruism have ahigher sdective advantage than
genesfor grandchild to grandparent dtruism. It is quite possible for
the net benefit of assisting ayoung distant relative to exceed the net
benefit of assdting an old dose relaive. (Incidentdly, it is not, of
course, necessaxily the casethat grandparents have ashorter expec-
tation of life than grandchildren. In species with a high infant-
mortdity rate, the reverse may be true.)

To extend the actuaria analogy, individuas can be thought of as
life-insurance underwriters. Anindividua can be expected to invest
or risk a certain proportion of his own assets in the life of another
individual. He takes into account his relatedness to the other
individud, and aso whether theindividua isa'good risk' in terms of
his life expectancy compared with the insurer's own. Strictly we
should say "reproduction expectancy' rather than 'life expectancy’, or
to be even more gtrict, 'genera capacity to benefit own genesin the
future expectancy’. Then in order for dtruistic behaviour to evalve,
the net risk to the dtruist must be less than the net benfit to the
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recipient multiplied by the rel atedness. Risks and benefitshaveto be
cdculated in the complex actuarid way | have outlined.

But what a complicated caculation to expect a poor surviva
machine to do, especidly in ahurry!* Even the great mathematical
biologis J. B. S. Haldane (in apaper of 1955 in which he anticipated
Hamilton by postulating the spread of a gene for saving dose
relativesfrom drowning) remarked:'... on thetwo occasonswhen |
have pulled possbly drowning people out of the water (at an
infinitesmal risk to mysdf) | had no timeto make such calculations.’
Fortunately, however, as Haldane wel knew, it is not necessary to
assume that survival machines do the sums conscioudy in their heeds.
Just aswe may use a dide rule without appreciating that we are, in
effect, usng logarithms, so an animd may be pre-programmed in
such away that it behaves asif it had made acomplicated caculation.

This is not so difficult to imagine as it appears. When a man
throwsabal highinthe air and catchesit again, he behaves asif he
had solved a set of differentid equationsin predicting the trgectory
of the bal. He may neither know nor care wha a differentia
equation is, but this does not afect his skill with the ball. At some
subconscious level, something functiondly equivaent to the mathe-
metical caculations is going on. Smilarly, when a man tekes a
difficult decison, after weighing up dl the prosand cons, and dl the
consequences of the decision that he can imagine, he is doing the
functiond equivaent of alarge ‘weighted sum' calculation, such asa
computer might perform.

If we were to program a computer to Smulate a model surviva
meachine making decisions about whether to behave dtruidticaly, we
should probably proceed roughly asfollows We should makealist of
adl thedternative thingsthe anima might do. Then for each of these
dternative behaviour patternswe program aweighted sum cacula
tion. All the various benefitswill have aplus sgn; dl the risks will
have aminus sign; both benefits and riskswill beweighted by being
multiplied by the appropriate index of relatedness before being
added up. For smplicity we can, to begin with, ignore other
weightings, such as those for age and health. Since an individual's
‘relatedness with himsdf is 1 (i.e. he has 100 per cent of his own
genes—obvioudy), risks and benefitsto himsalf will not be devalued
at dl, but will be giventheir full weight inthe caculation. Thewhole
sum for any one of the dternative behaviour patterns will look like
this Net benefit of behaviour pattern = Bendfit to sdf - Risk to sdf
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+1/2 Benefit to brother -1/2 Risk to brother +1/2 Bendfit to other
brother -1/2 Risk to other brother +1/8 Benefit to first cousin -1/8 Risk
tofirst cousin +1/2 Benfit to child -1/2 Risk to child + etc.

Theresult of the sum will be anumber cdled the net benefit score
of that behaviour pattern. Next, the modd anima computes the
equivdlent sum for each dternative behaviour pattern in his
repertoire. Findly he chooses to perform the behaviour pattern
which emerges with the largest net benefit. Even if dl the scores
come out negative, he should gtill choose the action with the highest
one, the leadt of evils. Remember that any postive action involves
consumption of energy and time, both of which could have been
spent doing other things. If doing nothing emerges asthe 'behaviour'
with the highest net benefit score, themode anima will do nothing.

Hereisavery over-amplified example, thistime expressed in the
form of a subjective soliloquy rather than a computer Smulation. |
am an animd who has found a clump of eight mushrooms. After
taking account of their nutritional vaue, and subtracting something
for the dight risk that they might be poisonous, | estimate that they
are worth +6 units each (the units are arbitrary pay-offs asin the
previous chapter). The mushroomsare so big | could egt only three
of them. Should | inform anybody else about my find, by giving a
‘food cdl'?Whoiswithin earshot? Brother B (hisrelatednessto meis
1/2), cousin C (relatednessto me = 1/8), and D (no particular relation: his
rel atednessto meis some small number which can betrested as zero
for practical purposes). The net benefit scoreto meif | keep quiet
about my find will be +6 for each of the three mushrooms | est, that
is+18indl. My net benefit scoreif | givethefood cal needsabit of
figuring. The eight mushrooms will be shared equaly between the
four of us. The pay-off to mefrom thetwo that | eat mysdf will bethe
full +6 unitseach, thatis+12indl. But | shal dso get some pay-off
when my brother and cousin eat their two mushrooms each, because
of our shared genes. The actua score comesto (1 x 12) + (1/2x 12)
+(1/8X 12) + (0x 12) = +19 1/2. The corresponding net benefit for
the sdfish behaviour was +18: it isaclose-run thing, but the verdict
isclear. | should givethefood call; dtruism on my part would inthis
case pay my Hfish genes.

| have made the 9mplifying assumption that the individua anima
works out what isbest for his genes. What redly happensisthat the
gene pool becomesfilled with genes that influence bodiesin such a
way that they behave asif they had made such calculations.
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In any casethe calculation isonly avery preiminary first approx-
imation to what it idedly should be. It neglects many things,
including the ages of the individuas concerned. Also, if | have just
had agood med, sothat | can only find room for one mushroom, the
net benefit of giving the food cal will be grester than it would be if |
was famished. Thereisno end to the progressive refinements of the
cdculation that could be achieved in the best of dl possible worlds.
But redl lifeisnot lived in the best of dl possible worlds. We cannot
expect red animasto take every last detail into account in coming to
an optimum decision. We shdl have to discover, by observation and
experiment in the wild, how dosdy red animds actudly come to
achieving an ided cogt-benefit andysis

Just to reassure oursalves that we have not become too carried
away with subjective examples, let ushriefly return to genelanguage.
Living bodies are machines programmed by genes that have
aurvived. The genes that have survived have done so in conditions
that tended on aver ageto characterize the environment of the species
in the past. Therefore 'estimates’ of costs and benefits are based on
past 'experience, just as they are in human decison-making.
However, experience in this case has the specid meaning of gene
experience or, more precisdy, conditions of past gene survival.
(Since genes a s endow surviva machineswith the capacity tolearn,
some cost-benefit estimates could be said to be taken on the basis of
individua experience aswdl.) So long as conditions do not change
too dredticaly, the estimates will be good estimates, and surviva
machines will tend to make the right decisons on average. If
conditions change radicdly, survivd machines will tend to make
erroneous decisons, and their genes will pay the pendty. Just so;
human decisons based on outdated information tend to be wrong.

Edtimates of relatedness are also subject to error and uncertainty.
In our over-amplified cdculations so far, we have taked as if
aurviva machines knowwho is related to them, and how dosdy. In
redl life such certain knowledge is occasondly possible, but more
usudly the relatedness can only be estimated as an average number.
For example, suppose that A and B could equaly well be either half
brothersor ful brothers. Their relatednessiseither 1/4 or 1/2, but since
we do not know whether they are hdf or full brothers, the effectively
ussblefigureistheaverage, 3/8. If itiscertain that they havethe same
mother, but the oddsthat they have the samefather areonly 1in 10,
then it is 90 per cent certain that they are haf brothers, and 10 per
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cent certain that they are full brothers, and the effective relatedness
is1/10x 1/2+9/10x 1/4=0.275.

But when we say something like'it' is 90 per cent certain, what 'it’
arewereferring to? Do we mean ahuman naturdist after along fidd
sudy is 90 per cent certain, or do we mean the animas are 90 per
cent certain? With abit of luck these two may amount to nearly the
samething. To seethis, we haveto think how animas might actualy
go about estimating who their doserelations are.*

We know who our rdations are because we are told, because we
give them names, because we have formd marriages, and becausewe
have written records and good memories. Many socid anthropo-
logists are preoccupied with kinship' in the societies which they
sudy. They do not mean red genetic kinship, but subjective and
culturd idess of kinship. Human customs and tribal rituas com-
monly give grest emphasis to kinship; ancestor worship is wide-
spread, family obligations and loydties dominate much of life
Blood-feuds and inter-clan warfare are esslly interpretable in terms
of Hamilton's genetic theory. Incest taboos tedify to the great
kinship-consciousness of man, athough the genetical advantage of
an incest taboo is nothing to do with dtruism; it is presumably
concerned with the injurious effects of recessve geneswhich appear
with inbreeding. (For some reason many, anthropol ogists do not like
this explanation.)*

How could wild animds 'know' who their kin are, or in other
words, what behavioura rules could they fallow which would have
theindirect effect of making them seem to know about kinship? The
rule'beniceto your relations begsthe question of how relations ,are
to berecognized in practice. Animas have to be given by their genes
asmplerulefor action, arulethat doesnot involve al-wise cognition
of theultimate purpose of theaction, but arulethat works neverthe-
less, @ least in average conditions. We humans are familiar with
rules, and so powerful arethey that if we are amal minded weobey a
ruleitsdf, even when we can see perfectly wdl that it isnot doing us,
or anybody else, any good. For instance, some orthodox Jews and
Mudims would garve rather than bresk their rule againg eating
pork. What smple practica rules could animas obey which, under
normal conditions, would have the indirect effect of benefiting their
closerdaions?

If animads had a tendency to behave dtruidicdly towards
individualswho physicaly resembled them, they might indirectly be
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doing their kin a bit of good. Much would depend on details of the
species concerned. Such arulewould, inany case, only lead to 'right’
decisonsin adatistical sense. If conditions changed, for exampleif a
species gtarted living in much larger groups, it could lead to wrong
decisons. Concaivadly, racia prejudice could be interpreted as an
irrational generdization of a kin-sdected tendency to identify with
individuas physcaly resembling onesdlf, and to be nadly to indi-
viduds different in appearance.

In agpecieswhose members do not move around much, or whose
members move around in amdl groups, the chances may be good
that any random individua you come acrossisfarly closekin to you.
Inthiscasetherule'Beniceto ay member of the specieswhom you
meet' could have podtive surviva value, in the sense that a gene
predisposing its possessors to obey the rule might become more
numerous in the gene pool. This may be why dtruistic behaviour is
<0 frequently reported in troops of monkeys and schools of whaes.
Whaes and dolphins drown if they are not dlowed to breathe air.
Baby whales, and injured individuaswho cannot snvim to the surface
have been seen to be rescued and held up by companions in the
schodl. It is not known whether whaes have ways of knowing who
their dose rdatives are, but it is possble that it does not matter. It
may be that the overdl probability that a random member of the
schoal is a rdation is so0 high that the atruism is worth the cod.
Incidentdly, there is a least one well-authenticated gory of a
drowning human swimmer being rescued by awild dolphin. This
could be regarded as a midfiring of the rule for saving drowning
members of the school. The rule's 'definition’ of a member of the
school who is drowning might be something like: ‘A long thing
thrashing about and choking near the surface.’

Adult mae baboons have been reported to risk their lives defend-
ing therest of thetroop againg predators such asleopards. It isquite
probablethat any adult mae has, on average, afarly large number of
genes tied up in other members of thetroop. A gene that 'says, in
effect: 'Body, if you happen to be an adult mae, defend the troop
againg leopards, could become more numerous in the gene pool.
Before leaving this often-quoted example, itisonly fair to add that at
leest one respected authority has reported very different facts.
According to her, adult maes are the first over the horizon when a
leopard appears.

Baby chicks fead in family clutches, dl fallowing their mother.
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They have two main cdls. In addition to the loud piercing cheep
which | have dready mentioned, they give short melodious twitters
when feeding. The cheeps, which have the effect of summoning the
mother'said, areignored by the other chicks. Thetwitters, however,
are atractive to chicks. This means that when one chick finds food,
itstwitters attract other chicksto thefood aswell: inthetermsof the
earlier hypothetica example, the twitters are 'food calls. Asin that
case, the apparent dtruism of the chicks can easly be explained by
kin sdlection. Since, in nature, the chickswould be dl full brothers
and ssters, agenefor giving thefood twitter would spread, provided
the cogt to the twitterer is less than haf the net benefit to the other
chicks. Asthe bendfit is shared out between the whole clutch, which
normally numbers more than two, it is not difficult to imagine this
condition being redized. Of course the rule mifiresin domestic or
farm gituations when ahen is made to St on eggs not her own, even
turkey or duck eggs. But neither the hen nor her chicks can be
expected to redizethis. Their behaviour has been shaped under the
conditions that normaly prevail in nature, and in nature strangers
are not normdly found in your nest.

Migtakes of thissort may, however, occasondly happenin nature.
In speciesthat livein herds or troops, an orphaned youngster may be
adopted by astrange femae, most probably onewho haslost her own
child. Monkey-watchers sometimes use the word 'aunt’ for an
adopting femde. In most casesthereisno evidencethat sheredly is
an aunt, or indeed any kind of relative: if monkey-watchers were as
gene-conscious as they might be, they would not use an important
word like "aunt' so uncritically. In mogt cases we should probably
regard adoption, however touching it may seem, as amidfiring of a
built-in rule. Thisis because the generous femde is doing her own
genes no good by caring for the orphan. She is wadting time and
energy which she could be investing in the lives of her own kin,
particularly future children of her own. It is presumably a mistake
that happens too sddom for natural sdlection to have 'bothered' to
change the rule by making the maternal ingtinct more selective. In
many cases, by theway, such adoptionsdo not occur, and an orphan
isleft to die.

There is one example of a migake which is so extreme that you
may prefer toregard it not asamigtake at al, but asevidence againgt
the sHfish gene theory. Thisisthe case of bereaved monkey mothers
who have been seen to sted a baby from another femae, and look
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after it. | see this as a double mistake, since the adopter not only
wagesher owntime shed o releases arivd femde from the burden
of child-rearing, and frees her to have another child more quickly.
It seems to me a critical example which deserves some thorough
research. We need to know how often it happens; what the average
rel atedness between adopter and child islikdly to be; and what the
atitude of the real mother of the child is—it is, after dl, to her
advantage that her child should be adopted; do mothers deliber-
aely try to decelve naive young femaesinto adopting their children?
(It has ds0 been suggested that adopters and baby-snatchers
might benefit by gaining vauable practice in the art of child-
rearing.)

An example of addiberately engineered midfiring of the maternal
ingtinct is provided by cuckoos, and other 'brood-parasites—birds
that lay their eggsin somebody el se's nest. Cuckoos exploit the rule
built into bird parents: 'Be nice to any amdl bird sitting in the nest
that you built. Cuckoos apart, this rule will normdly have the
desired effect of regtricting dtruism to immediate kin, because it
happensto beafact that nests are so isolated from each other that the
contents of your own nest are admaost bound to be your own chicks.
Adult herring gulls do not recognize their own eggs, and will happily
st on other gull eggs, and even crude wooden dummiesif these are
substituted by a human experimenter. In nature, egg recognition is
not important for gulls, because eggs do not roll far enough to reach
the vicnity of a neighbour's nest, some yards avay. Gulls do,
however, recognize their own chicks: chicks, unlike eggs, wander,
and can eadly end up near the nest of a neighbouring adult, often
with fatd results, aswe saw in Chapter 1.

Guillemots, on the other hand, do recognize their own eggs by
means of the speckling pattern, and actively discriminatein favour of
them when incubating. Thisis presumably becausethey nest onflat
rocks, where there is a danger of eggs rolling around and getting
muddled up. Now, it might be said, why do they bother to discrimi-
nate and St only on their own eggs? Surely if everybody saw to it thet
she sat on somebody's egg, it would not matter whether each
particular mother was Sitting on her own or somebody else's. Thisis
the argument of a group sdectionist. Just consider what would
happen if such agroup baby-stting circle did develop. The average
clutch sze of the guillemat is one. This means that if the mutua
baby-ditting circle isto work successfully, every adult would have to
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St on an average of one egg. Now suppose somebody chested, and
refused to St on an egg. Instead of wadting time ditting, she could
spend her time laying more eggs. And the beauty of the scheme is
that the other, more dtruistic, adultswould look after them for her.
They would go on fathfully obeying the rule 'If you see a dray egg
near your net, haul itin and St onit." So the gene for cheating the
sysem would spread through the population, and the nice friendly
baby-gitting circle would bresk down.

‘Well', it might be said, ‘what if the honest birds retdiated by
refusing to be blackmailed, and resolutely decided to Sit on one egg
and only one egg? That should fail the cheeters, because they would
see their own eggs lying out on the rocks with nobody incubating
them. That should soon bring them into line." Alas, it would not.
Since we are postulating that the Sitters are not discriminating one
egg from another, if the honest birds put into practice this schemefor
resisting chesting, the eggs that ended up being neglected would be
just as likdy to be their own eggs as those of the cheaters. The
cheaterswould gtill have the advantage, because they would lay more
eggs and have more surviving children. The only way an honest
guillemot could begt the cheaterswould beto discriminate actively in
favour of her own eggs. That is, to cease being dtruistic and look
after her own interests.

To use the language of Maynard Smith, the dtruistic adoption
'Srategy’ isnot an evolutionarily sable srategy. It isunstablein the
sensethat it can be bettered by ariva sdfish strategy of laying more
than one'sfair share of eggs, and then refusing to St on them. This
latter dfish drategy is in its turn unstable, because the dtruistic
drategy which it explaits is unstable, and will disappear. The only
evolutionarily stable grategy for a guillemoat is to recognize its own
egg, and st exdusvey on its own egg, and this is exactly what
happens.

The song-bird speciesthat are paragitized by cuckoos have fought
back, not in this case by learning the appearance of their own eggs,
but by discriminating ingtinctively in favour of eggswith the species-
typicd markings. Sincethey are not in danger of being parasitized by
members of their own species, this is effective* But the cuckoos
haveretaiated in their turn by making their eggs more and morelike
those of the host species in colour, size, and markings. Thisis an
example of alie, and it often works. The result of this evolutionary
armsrace has been aremarkable perfection of mimicry onthe part of
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the cuckoo eggs. We may suppose that a proportion of cuckoo eggs
and chicks are 'found out', and those that are not found out are the
oneswho liveto lay the next generation of cuckoo eggs. So genesfor
more effective deception spread through the cuckoo gene pool.
Smilarly, those host birds with eyes sharp enough to detect any
dight imperfection in the cuckoo eggs mimicry are the ones that
contribute mog to their own gene pool. Thus sharp and sceptical
eyesare passed onto their next generation. Thisisagood example of
how natural sdlection can sharpen up active discrimination, in this
cae discrimination againg another species whose members are
doing their best to fail the discriminators.

Now let us return to the comparison between an animal's
‘estimate’ of its kinship with other members of its group, and the
corresponding estimate of an expert field naturdist. Brian Bertram
has spent many years studying the biology of lions in the Serengeti
Nationa Park. On the bads of his knowledge of their reproductive
habits, he has estimated the average rel atedness between individuas
inatypicd lion pride. Thefactsthat he usesto make hisestimatesare
things like this. A typicd pride condsts of seven adult femaeswho
are its more permanent members, and two adult maes who are
itinerant. About haf the adult femaes give birth as a batch a the
same time, and rear their cubs together so that it is difficult to tell
which cub belongsto whom. Thetypicd litter Szeisthree cubs. The
fathering of littersis shared equally between the adult maesin the
pride. Young femades remain in the pride and replace old femaes
who die or leave. Young mdes are driven out when adolescent.
When they grow up, they wander around from prideto pridein small
related gangs or pairs, and are unlikdy to return to their origina
family.

Using these and other assumptions, you can see that it would be
possble to compute an average figure for the relatedness of two
individuas from atypicd lion pride. Bertram arrives at a figure of
0.22 for a pair of randomly chosen males, and 0.15 for a pair of
femdes That isto say, maeswithin apride are on average dightly
less dose than haf brothers, and femdes dightly closer than firgt
cousins.

Now, of course, any particular pair of individuas might be full
brothers, but Bertram had no way of knowing this, and it isafair bet
that the lions did not know it either. On the other hand, the average
figures that Bertram etimated are avalable to the lions themselves
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inacertain sense. If thesefiguresredly aretypica for an averagelion
pride, then any genethat predisposed maesto behave towards other
maesasif they were nearly haf brotherswould have postive survivd
vaue. Any gene that went too far and made maes behave in a
friendly way more appropriate to full brotherswould on average be
pendlized, aswould agenefor not being friendly enough, say tresting
other maleslike second cousins. If thefacts of lion life are as Bertram
says, and, just as important, if they have been like that for alarge
number of generations, then we may expect that natural selection
will have favoured a degree of dtruism appropriate to the average
degree of relatednessin atypicd pride. Thisiswhat | meant when |
sad that the kinship estimates of animal and of good naturalist might
end up rather the same*

So we concludethat the'true’ rel atedness may belessimportant in
the evolution of atruism than the best estimate of relatedness that
animas can get. This fact is probably a key to understanding why
parental care is so much more common and more devoted than
brother/sister dtruism in nature, and also why animas may value
themselves more highly even than severd brothers. Briefly, what |
am saying isthat, in addition to the index of relatedness, we should
consider something like an index of 'certainty’. Although the parent/
child relationship is no closer geneticaly than the brother/sister
relaionship, its certainty is greater. It is normaly possible to be
much more certain who your children are than who your brothers
are. And you can be more certain till who you yoursdf arel

We conddered chegters among guillemots, and we shdl have
more to sy about liars and cheaters and exploiters in falowing
chapters. In aworld where other individuds are congtantly on the
dert for opportunitiesto exploit kin-sdected dtruism, and useit for
their own ends, a urviva machine has to consder who it can trust,
who it can be redly sure of. If B is redly my baby brother, then |
should care for him up to haf as much as| care for mysdf, and fully
asmuch as| carefor my own child. But can | be assure of him as|
can of my own child? How do | know heis my baby brother?

If Cismy identica twin, then | should carefor him twice asmuch
as| carefor any of my children, indeed | should value hislifeno less
than my own.* But can | be sure of him?Helookslikemeto besure,
but it could be that we just happen to share the genes for fadd
features. No, | will not give up my lifefor him, becausedthoughitis
possiblethat he bears 100 per cent of my genes, | absolutdly know that
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| contain 200 per cent of my genes, s0 | am worth moreto methan he
is. | am the only individud that any one of my sdfish genes can be
sure of. And dthough idedly a gene for individua sdlfishness could
be displaced by a rivd gene for dtruidicdly saving at least one
identica twin, two children or brothers, or a least four grand-
children etc., the gene for individua sdfishness has the enormous
advantage of certainty of individua identity. Therivd kin-altruistic
gene runs the risk of making mistakes of identity, either genuindy
accidenta, or ddliberately engineered by cheets and parasites. We
therefore mugt expect individua sdlfishness in nature, to an extent
greater than would be predicted by considerations of genetic
relatedness aone.

In many species a mother can be more sure of her young than a
father can. The mother lays the visble, tangible egg, or bears the
child. She has a good chance of knowing for certain the bearers of
her own genes. The poor faher is much more vulnerable to
deception. It is therefore to be expected that fathers will put less
effort than mothersinto caring for young. We shdl seethat thereare
other reasonsto expect the same thing, in the chapter on the Battle of
the Sexes (Chapter 9). Smilarly, maternal grandmothers can be
more sure of their grandchildren than paternal grandmothers can,
and might be expected to show more atruism than paternal grand-
mothers. This is because they can be sure of their daughter's
children, but their son may have been cuckolded. Maternal grand-
fathers are just as sure of their grandchildren as paternal grand-
mothers are, since both can reckon on one generation of certainty
and one generation of uncertainty. Smilarly, uncleson the mother's
side should be moreinterested in the welfare of nephews and nieces
than uncles on the father's side, and in generd should be just as
dtruigic as aunts are. Indeed in a society with a high degree of
marita infiddity, maternal uncles should be more dtruigtic than
‘fathers dnce they have more grounds for confidence in ther
relatednessto the child. They know that the child'smother isat least
their half-sigter. The 'legal’ father knows nothing. 1 do not know of
any evidence bearing on these predictions, but | offer them in
the hope that others may, or may start looking for evidence. In partic-
ular, perhaps socid anthropol ogists might have interesting thingsto
say.*

Returning to the fact that parental atruism is more common than
fraternd atruism, it does seem reasonable to explain thisin terms of
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the 'identification problem’. But this does not explain the fundamen-
tal asymmetry in the parent/child relationship itsdlf. Parents care
more for their children than children do for their parents, athough
the genetic rdlaionship is symmetrica, and certainty of relatedness
isjust as great both ways One reason isthat parents are in a better
practica position to help their young, being older and more com-
petent a the business of living. Even if a baby wanted to feed its
parents, it is not wel equipped to do so in practice.

There is another asymmelry in the parent/child relationship
which does not gpply to the brother/sister one. Children areaways
younger than their parents. This often, though not dways means
they have a longer expectation of life. As | emphadzed above,
expectaion of life is an important varigble which, in the best of dl
possibleworlds, should enter into an anima's'calculation whenitis
‘deciding’ whether to behave atruigtically or not. In a species in
which children have a longer average life expectancy than parents,
any genefor child atruism would be labouring under adisadvantage.
It would be engineering dtruidic sdf-sacrifice for the benfit of
individuadswho are nearer to dying of old agethantheatruist itsdf.
A gene for parent dtruism, on the other hand, would have a
corresponding advantage as far as the life-expectancy termsin the
equation were concerned.

One sometimes hearsit said that kin sdlectionisdl very wdl asa
theory, but there are fewv examples of its working in practice. This
criticiam can only be made by someone who does not understand
what kin sdlection means. The truth is that al examples of child-
protection and parental care, and dl associated bodily organs, milk-
secreting glands, kangaroo pouches, and so on, are examples of the
working in nature of the kin-sdection principle. The critics are of
course familiar with the widespread existence of parenta care, but
they fal to understand that parental careisnolessan exampleof kin
section than brother/sister dtruism. When they sy they want
examples, they mean that they want examples other than parental
care, and it is true that such examples are less common. | have
suggested reasonswhy thismight be so. | could have gone out of my
wey to quote examples of brother/sister dtruism—there are in fact
quiteafew. But | don't want to do this, becauseit would reinforce the
erroneous idea (favoured, as we have seen, by Wilson) that kin
sdection is goecificdly about relationships other than the parent/
child relationship.
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The reason this error has grown up is largdy historical. The
evolutionary advantage of parental care is S0 obvious that we did
not haveto wait for Hamilton to point it out. It has been understood
ever dnce Darwin. When Hamilton demongtrated the genetic
equivaence of other relationships, and their evolutionary Sgnifi-
cance, he naurdly had to lay stress on these other relationships. In
particular, he drew examplesfrom the socid insects such asantsand
bees, inwhich the sister/sister relationship is particularly important,
aswe shal seein alater chapter. | have even heard people say that
they thought Hamilton'stheory gpplied only to the socid insects!

If anybody does not want to admit that parental careisan example
of kin sdection in action, then the onus is on him to formulate a
genera theory of natural selection that predicts parental atruism,
but that does not predict atruism between collatera kin. | think he
will fail.
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Itis easy to see why some people have wanted to separate parental
care from the other kinds of kin-sdlected dtruism. Parenta care
looks like an integral part of reproduction whereas, for example,
altruism toward anephew isnot. | think thereredly isan important
digtinction hidden here, but that people have mistaken what the
digtinction is. They have put reproduction and parental care on one
sde, and other sorts of altruism on the other. But | wish to make a
digtinction between bringing new individualsinto the'world, ontheone
hand, and caring for existing individualson theother. | shdl cdl these
two activities respectively child-bearing and child-caring. An
individua survivd machine has to make two quite different sorts of
decisions, caring decisions and bearing decisons. | use the word
decison to mean unconscious srategic move. The caring decisons
areof thisform: 'Thereisachild; itsdegree of relatednessto meisso
and so; itschances of dyingif | do not feed it are such and such; shall
| fead it? Bearing decisions, on the other hand, arelikethis: 'Shall |
take whatever stepsare necessary in order to bring anew individua
into the world; shdl | reproduce? To some extent, caring and
bearing are bound to compete with each other for an individual's
time and other resources: theindividua may haveto make achoice:
'Shall | care for thischild or shal | bear anew one?

Depending on the ecologica details of the species, various mixes
of caring and bearing strategies can be evolutionarily stable. Theone
thing that cannot be evolutionarily stableisa pure caring Srategy. If
al individuas devoted themsalves to caring for exigting children to
such an extent that they never brought any new onesinto theworld,
the population would quickly becomeinvaded by mutant individuas
who specidized in bearing. Caring can only be evolutionarily stable
as part of amixed Srategy—at least some bearing hasto go on.

The species with which we are mogt famili—mammas and
birds—tend to be greet carers. A decison to bear a new child is
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usudly fallowed by adecisonto carefor it. It isbecause bearing and
caring o often go together in practice that people have muddled the
two things up. But from the point of view of the sfish genesthereis,
aswe have seen, no distinction in principle between caring for ababy
brother and caring for a baby son. Both infants are equaly dosdy
related to you. If you have to choose between feeding one or the
other, there is no genetic reason why you should choose your own
son. But on the other hand you cannot, by definition, bear a baby
brother. You can only care for him once somebody el se has brought
him into the world. In the last chapter we looked at how individua
aurviva machines idedly should decide whether to behave altruisti-
cdly towards other individualswho dready exig. In this chapter we
look at how they should decide whether to bring new individuasinto
theworld.

It is over this matter that the controversy about 'group selection’,
which | mentioned in Chapter 1, has chiefly raged. Thisis because
Wynne-Edwards, who has been mainly responsible for promulgat-
ing the idea of group sdlection, did so in the context of a theory of
‘population regulation'.* He suggested that individud animds
deliberately and dtruigticaly reduce their birth rates for the good of
the group asawhole.

Thisisavery dtractive hypothes's, becauseit fits so wel with what
individua humans ought to do. Mankind is having too many
children. Population sze depends upon four things: births, deaths,
immigrations and emigrations. Taking the world population as a
whole, immigrations and emigrations do not occur, and we are left
with births and deaths. So long as the average number of children
per couple is larger than two surviving to reproduce, the numbers
of babies born will tend to increase over the years & an ever-
accderating rate. In each generation the population, instead of going
up by afixed amount, increases by something more like a fixed
proportion of the Sze that it has areedy reached. Since this sze is
itself getting bigger, the 5ze of theincrement getsbigger. If thiskind
of growth was dlowed to go on unchecked, a population would reach
agronomica proportions surprisngly quickly.

Incidentaly, athing that is sometimes not redlized even by people
who worry about population problems is that population growth
depends on when people have children, aswdl as on how many they
have. Since populations tend to increase by a certain proportion per
generation, it folowsthat if you gpace the generations out more, the
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population will grow at a dower rate per year. Banners that read
'Stop a Two' could equaly well be changed to'Start at Thirty'! But
in any case, accelerating population growth spells serious trouble.

We have probably dl seen examples of the sartling caculations
that can be used to bring this home. For instance, the present
population of Latin America is around 300 million, and aready
many of them are under-nourished. But if the population continued
to increase a the present rate, it would take less than 500 years to
reach the point where the people, packed in a standing position,
formed a solid human carpet over the whole area of the continent.
This is s0, even if we assume them to be very skinny—a not
unredligtic assumption. In 1,000 years from now they would be
standing on each other's shoulders more than a million deep. By
2,000 years, the mountain of people, travelling outwards at the speed
of light, would have reached the edge of the known universe.

It will not have escaped you that thisisahypothetical calculation!
It will not redly happen like that for some very good practica
reasons. The names of some of these reasons arefamine, plague, and
war; or, if we are lucky, birth control. It is no use gppeding to
advances in agricultural science—'green revolutions and the like.
Increasesin food production may temporarily dleviate the problem,
but it is mathematicaly certain that they cannot be a long-term
solution; indeed, like the medica advancesthat have precipitated the
criss, they may well make the problem worse, by speeding up the
rate of the population expanson. It is a Smple logicd truth that,
short of massemigration into space, with rocketstaking off at therate
of severd million per second, uncontrolled birth-rates are bound to
leed to horribly increased death-rates. It ishard to bdieve that this
smple truth is not understood by those leaders who forbid their
followers to use effective contraceptive methods. They express a
preference for 'natural’ methods of population limitation, and a
natura method is exactly what they are going to get. It is cdled
Sarvation.

But of course the unease that such long-term ca culations arouse
is basad on concern for the future welfare of our species asawhole.
Humans (some of them) have the conscious foresight to see ahead to
the disastrous consequences of over-populdtion. It is the basic
assumption of thisbook that survivd machinesin genera areguided
by sdfish genes, who mogt certainly cannot be expected to see into
thefuture, nor to have the wdfare of thewhole speciesat heart. This
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iswhere Wynne-Edwards parts company with orthodox evolutionary
theorigts. He thinks thereisaway in which genuine dtruigtic birth-
control can evolve.

A point that isnot emphasized in the writings of Wynne-Edwards,
or in Ardrey's popularization of hisviews, isthat thereisalarge body
of agreed facts that are not in dispute. It is an obvious fact that wild
animd populations do not grow at the agronomica rates of which
they are theoreticaly capable. Sometimes wild animd populations
remain rather stable, with birth-rates and death-ratesroughly keep-
ing pace with each other. In many cases, lemmings being a famous
example, the population fluctuates widdy, with violent explosons
aternating with crashes and near extinction. Occasiondly the result
is outright extinction, at least of the population in a locd area
Sometimes, as in the case of the Canadian lynx—where estimates
are obtained from the numbers of pelts sold by the Hudson's Bay
Company in successve years—the population seems to ostillate
rhythmicaly. The one thing anima populations do not do is go on
increasing indefinitely.

Wild animas admost never die of old age: starvation, disease, or
predators catch up with them long before they becomeredly senile.
Until recently this was true of man too. Mogt animds die in
childhood, many never get beyond the egg stage. Starvation and
other causes of degth are the ultimate reasons why populations
cannot increase indefinitdy. But aswe have seen for our own species,
there is no necessary reason why it ever has to come to that. If only
animalswould regulate their birth-rates, sarvation need never hap-
pen. It is Wynne-Edwardss thesis that that is exactly what they do.
But even here there is less disagreement than you might think from
reading his book. Adherents of the sdlfish gene theory would readily
agree that animds do regulate their birth-rates. Any given species
tendsto have arather fixed clutch-size or litter-size: no anima hasan
infinite number of children. The disagreement comes not over
whether birth-ratesare regulated. The disagreement isover why they
are regulated: by wha process of natural sdection has family-
planning evaved? In a nutshell, the disagreement is over whether
animd birth-control isdtruigtic, practised for the good of the group
as awhole; or sdfish, practised for the good of theindividua doing
the reproducing. | will dedl with the two theoriesin order.

Wynne-Edwards supposed that individuas have fewer children
than they are cgpable df, for the benefit of the group asawhole. He
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recognized that norma natural sdection cannot possibly giveriseto
the evolution of such atruism: the natural selection of lower-than-
average reproductive rates is, on the face of it, a contradiction in
terms. Hethereforeinvoked group sdection, aswe saw in Chapter 1.
According to him, groups whose individua members restrain their
own hirth-rates are less likdy to go extinct than rival groups whose
individua members reproduce so fadt that they endanger the food
supply. Therefore the world becomes populated by groups of
restrained breeders. The individua restraint that Wynne-Edwards
is suggesting amounts in agenera sense to birth-control, but he is
more gpecific than this, and indeed comes up with agrand concep-
tion in which the whole of socid life is seen as a mechanism of
population regulation. For instance, two mejor features of socid life
inmany species of animasareterritoriality and dominancehierarchies,
dready mentioned in Chapter 5.

Many animasdevoteagrest ded of time and energy to apparently
defending an area of ground which naturalists cdl aterritory. The
phenomenon is very widespread in the animd kingdom, not only in
birds, mammals, and fish, but in insects and even sea-anemones.
Theterritory may bealarge areaof woodland which isthe principal
foraging ground of a breeding pair, as in the case of robins. Or, in
herring gullsfor instance, it may be asmal area containing no food,
but with anest at its centre. Wynne-Edwards believes that animals
who fight over territory arefighting over atoken prize, rather than an
actud prize like abit of food. In many cases femdes refuse to mate
with maeswho do not possess a territory. Indeed it often happens
that a femde whose mate is defeated and his territory conquered
promptly attaches hersdlf to the victor. Even in gpparently faithful
monogamous Species, the femae may bewedded to amalesterritory
rather than to him persondly.

If the population gets too big, some individuas will not get
territories, and therefore will not breed. Winning a territory is
therefore, to Wynne-Edwards, like winning a ticket or licence to
breed. Sincethereisafinite number of territoriesavallablg, it isasif
afinite number of breeding licencesisissued. Individuas may fight
over who getsthese licences, but the total number of babiesthat the
population can have asawholeislimited by the number of territories
avalable In some cases, for instance in red grouse, individualsdo, at
firg Sght, seem to show restraint, because those who cannot win
territories not only do not breed; they aso appear to give up the
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sruggleto win aterritory. It isasthough they dl accepted the rules of
the game: that if, by the end of the competition season, you have not
secured one of the officid tickets to breed, you voluntarily refrain
from breeding and leave the lucky ones unmolested during the
breeding season, so that they can get on with propageting the species.

Wynne-Edwards interprets dominance hierarchies in a smilar
way. In many groups of animds, especidly in captivity, but dso in
some cases in the wild, individuas learn each other's identity, and
they learn whom they can beat in afight, and who usudly beatsthem.
Aswe saw in Chapter 5, they tend to submit without a struggle to
individuas who they 'know' are likdy to beat them anyway. As a
result anaturdist is able to describe adominance hierarchy or ‘peck
order' (0 cdled because it was firg described for hens)—a rank-
ordering of sodiety inwhich everybody knows his place, and does not
get ideas above his station. Of course sometimes red earnest fights
do take place, and sometimes individuas can win promation over
their former immediate bosses. But we saw in Chapter 5, the overdl
effect of the automatic submisson by lower-ranking individuas is
that few prolonged fights actudly take place, and serious injuries
sdldom occur.

Many peoplethink of thisasa'good thing' in some vagudy group-
sdectionist way. Wynne-Edwards has an atogether more daring
interpretation. High-ranking individuas are more likdy to breed
than low-ranking individuas, either because they are preferred by
femdes, or because they physicdly prevent low-ranking maes from
getting near femaes. Wynne-Edwards sees high socid rank as
another ticket of entittement to reproduce. Instead of fighting
directly over femdesthemsalves, individuasfight over socid status,
and then accept that if they do not end up high on the socid scade
they are not entitled to breed. They restrain themselves where
femdes are directly concerned, though they may try even now and
then to win higher status, and therefore could be said to compete
indirectly over femdes But, asin the case of territorial behaviour, the
result of this'voluntary acceptance’ of the rule that only high-status
males should breed is, according to Wynne-Edwards, that popula
tions do not grow too fadt. Ingtead of actudly having too many
children, and then finding out the hard way that it was a mistake,
populations use formd contests over status and territory as a means
of limiting their Sze dightly below thelevel at which Sarvationitsdf
actudly takesitstall.
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Perhaps the mogt gtartling of Wynne-Edwards's idess is that of
epideictic behaviour, aword that he coined himsdf. Many animas
spend a greet ded of time in large flocks, herds, or shoals. Various
more or less common-sense reasons why such aggregating
behaviour should have been favoured by natural sdection have been
suggested, and | will talk about some of them in Chapter 10. Wynne-
Edwardssideaisquite different. He proposesthat when huge flocks
of garlings mass at evening, or crowds of midges dance over agate-
post, they are performing a census of their population. Since heis
supposing that individuas restrain their birth-rates in the interests
of the group as awhole, and have fewer babies when the population
dengty is high, it is reasonable that they should have some way of
measuring the population dendity. Just so; a thermostat needs a
thermometer as an integral part of its mechanism. For Wynne-
Edwards, epideictic behaviour is deliberate massing in crowds to
fedlitate population estimation. He is not suggesting conscious
population egtimation, but an automatic nervous or hormond
mechaniam linking theindividuals sensory perception of thedensty
of their population with their reproductive systems.

| have tried to do judtice to Wynne-Edwardss theory, even if
rather briefly. If | have succeeded, you should now be feding
persuaded that it is, on the face of it, rather plausble. But the
earlier chapters of this book should have prepared you to be
scepticd to the point of saying that, plausible as it may sound, the
evidence for Wynne-Edwards's theory had better be good, or else.
... And unfortunately the evidence is not good. It conssts of a
large number of examples which could be interpreted in his way,
but which could equaly wdl be interpreted on more orthodox
‘sHfish gene' lines.

Although hewould never have used that name, the chief architect
of the sfish gene theory of family planning was the grest ecologist
David Lack. Heworked especidly on clutch-size in wild birds, but
his theories and conclusions have the merit of being generdly
applicable. Each bird speciestendsto have atypicd clutch size. For
instance, gannets and guillemots incubate one egg a atime, swifts
three, greet titshalf adozen or more. Thereisvariationinthis: some
swiftslay only two at atime, grest titsmay lay twelve. It isreasonable
to suppose that the number of eggs afemde lays and incubatesis a
least partly under genetic control, like any other characteristic. That
issay theremay be agenefor laying two eggs, arivad dldefor laying



116 Family planning

three, another dldefor laying four, and so on, although in practiceit
is unlikely to be quite as 9mple as this. Now the sdfish gene theory
requiresusto ask which of these geneswill become more numerous
in the gene pool. Superficidly it might seem that the gene for laying
four eggs is bound to have an advantage over the genes for laying
three or two. A moment's reflection shows that this Smple 'more
means better' argument cannot be true, however. It leads to the
expectation that five eggs should be better than four, ten better ill,
100 even better, and infinity best of dl. In other words it leads
logicdly to an absurdity. Obvioudy there are costs aswell asbenefits
in laying a large number of eggs. Increased bearing is bound to be
paid for in less efficdent caring. Lack's essentia point is that for any
given species, in any given environmenta sSituation, theremust bean
optima clutch sze. Where he differs from Wynne-Edwardsisin his
answer to the question 'optimal from whose point of view?. Wynne-
Edwards would say theimportant optimum, to which dl individuals
should aspire, is the optimum for the group as awhole. Lack would
sy eech Hfishindividua choosesthe clutch sze that maximizesthe
number of children sherears. If threeis the optimum clutch Sze for
swifts what this means, for Lack, is that any individua who tries to
rear four will probably end up with fewer children than riva, more
cautious individuas who only try to rear three. The obvious reason
for this would be that the food is so thinly spread between the four
babies thet few of them survive to adulthood. This would be true
both of the origind dlocation of yolk to the four eggs, and of thefood
given to the babies after hatching. According to Lack, therefore,
individuasregulate their clutch Szefor reasonsthat are anything but
dtruigtic. They are not practisng birth-control in order to avoid
over-explaiting the group's resources. They are practising birth-
contral in order to maximize the number of surviving children they
actudly have, an @m which is the very opposte of thet which we
normally asociate with birth-control.

Rearing baby birdsisacogdly business. The mother hastoinvest a
large quantity of food and energy in manufacturing eggs. Possbly
with her mate's help, she invests alarge effort in building a nest to
hold her eggs and protect them. Parents spend weeks patiently
ditting on the eggs. Then, when the babies hatch out, the parents
work themsdves nearly to death fetching food for them, more or less
non-stop without resting. Aswe have dready seen, aparent grest tit
brings an average of oneitem of food to the nest every 30 seconds of
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daylight. Mamma s such asoursdvesdo it in adightly different way,
but the basic idea of reproduction being acodly afair, especidly for
themother, isnolesstrue. It isobviousthat if aparent triesto spread
her limited resources of food and effort among too many children,
she will end up rearing fewer than if she had set out with more
modest ambitions. She has to strike abalance between bearing and
caring. The totd amount of food and other resources which an
individua femae, or amated pair, can muster is the limiting factor
determining the number of children they canrear. Natural selection,
according to the Lack theory, adjugs initid clutch Sze (litter Sze
efc.) S0 asto take maximum advantage of these limited resources.

Individuds who have too many children are pendized, not
because thewhole population goes extinct, but Ssmply because fewer
of their children survive. Genesfor having too many children arejust
not passed on to the next generation in large numbers, because few
of the children bearing these genes reach adulthood. What has
happened in modern civilized man is that family Szes are no longer
limited by the finite resources that the individud parents can
provide. If a husband and wife have more children than they can
feed, the gtate, which meansthe rest of the population, Smply steps
inand keepsthe surplus children dive and hedlthy. Thereis, infact,
nothing to stop acouplewith no materia resourcesat dl having and
rearing precisaly asmany children asthe woman can physicaly bear.
But thewdfare stateisavery unnatura thing. In nature, parentswho
have maore children than they can support do not have many
grandchildren, and their genes are not passed on to future genera
tions. There is no need for dtruistic restraint in the birth-rate,
because there is no wdfare date in nature. Any gene for over-
indulgence is promptly punished: the children containing that gene
garve. Sincewe humans do not want to return to the old sdfish ways
where we let the children of too-large families Sarve to degth, we
have abolished the family as a unit of economic sdf-sufficiency, and
subgtituted the state. But the privilege of guaranteed support for
children should not be abused.

Contraception is sometimes attacked as 'unnatura’. Soiit is, very
unnaturd. Thetroubleis, soisthewdfare state. | think that most of
us believe the wdfare state is highly desirable. But you cannot have
an unnaturd wdfare state, unless you aso have unnatura birth-
control, otherwise the end result will be misery even greater than that
which obtains in nature. The wdfare dtate is perhaps the greatest
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dtruigic sygem the anima kingdom has ever known. But any
dtruigic sysem isinherently unstable, becauseit is open to abuse by
dfish individuals, ready to exploit it. Individua humans who have
more children than they are capable of rearing are probably too
ignorant in mogst cases to be accused of conscious maevolent
exploitation. Powerful inditutions and leaders who deliberately
encourage them to do so seem to me less free from suspicion.

Returning to wild animals, the Lack clutch-sze argument can be
generdized to dl the other examples Wynne-Edwards uses: ter-
ritorid behaviour, dominance hierarchies, and 0 on. Take, for
instance, the red grouse that he and his colleagues have worked on.
Thesebirds eat heather, and they parcel out themoorsin territories
containing gpparently more food than the territory owners actualy
need. Early in the season they fight over territories, but after awhile
the losers seem to accept that they have failed, and do not fight any
more. They become outcasts who never get territories, and by the
end of the season they have modly sarved to death. Only territory
owners breed. That non-territory owners are physicaly capable of
breeding isshown by thefact thet if aterritory owner isshot hisplace
is promptly filled by one of the former outcasts, who then breeds.
Wynne-Edwardss interpretation of this extreme territoria
behaviour is, as we have seen, that the outcasts 'accept’ that they
have faled to gain aticket or licence to breed; they do not try to
breed.

On the face of it, this seems an awkward example for the sdfish
genetheory to explain. Why don't the outcaststry, try, and try again
to oust a territory holder, until they drop from exhaudion? They
would seem to have nothing to lose. But wait, perhaps they do have
something to lose. We have dready seen that if a territory-holder
should happen to die, an outcast hasa chance of taking his place, and
therefore of breeding. If the odds of an outcast's succeeding to a
territory in this way are greater than the odds of his gaining one by
fighting, then it may pay him, as a sdfish individud, to wait in the
hope that somebody will die, rather than squander whét little energy
he has in futile fighting. For Wynne-Edwards, the role of the
outcasts in the wdfare of the group is to wait in the wings as
understudies, ready to step into the shoes of any territory holder who
dies on the main stage of group reproduction. We can now see that
thismay dso betheir best drategy purdy asdfishindividuas. Aswe
sav in Chapter 4, we can regard animds as gamblers. The best
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Srategy for a gambler may sometimes be await-and-hope drategy,
rather than a bull-at-a-gate Srategy.

Smilaly, the many other examples where animas appear to
‘accept’ non-reproductive status passvely can be explained quite
eedly by the sHfish gene theory. The general form of the explanation
isdwaysthe same: theindividud'sbest bet isto restrain himsdf for
the moment, in the hope of better chancesin thefuture. A sed who
leaves the harem-hol ders unmolested is not doing it for the good of
the group. He is biding his time, waiting for a more propitious
moment. Even if the moment never comes and he ends up without
descendants, the gamble might have paid off, though, with hindsight
we can seetha for himit did not. And when lemmingsflood in their
millions avay from the centre of a population explosion, they are not
doing it in order to reduce the dengity of the areathey leave behind!
They are seeking, every sdfish one of them, aless crowded placein
whichtolive. Thefact that any particular one may fdl tofind it, and
dies, is something we can see with hindsight. It does not dter the
likdihood that to stay behind would have been an even worse
gamble.

It is awell-documented fact that overcrowding sometimes redu-
ces birth-rates. Thisis sometimes taken to be evidence for Wynne-
Edwardss theory. It is nothing of thekind. It is compatible with his
theory, and it isalso just as competible with the sdfish gene theory.
For example, in one experiment mice were put in an outdoor
enclosure with plenty of food, and dlowed to breed fredy. The
population grew up to apoint, then leveled dff. The reason for the
levdling-off turned out to be that the femaesbecamelessfertileasa
consequence of over-crowding: they had fewer babies. Thiskind of
effect has often been reported. Its immediate cause is often called
'stress, athough giving it a name like that does not of itsdf help to
explanit. In any case, whatever itsimmediate cause may be, we till
have to ask about itsultimate, or evolutionary explanation. Why does
natural selection favour females who reduce their birth-rate when
their population is over-crowded?

Wynne-Edwardss answer is clear. Group sdection favours
groupsin which the femaes measure the popul ation and adjust their
birth-rates so that food supplies are not over-exploited. In the
condition of the experiment, it so happened that food was never
going to be scarce, but the mice could not be expected to redize that.
They are programmed for life in the wild, and it is likely that in
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natural conditions over-crowding is a relidble indicator of future
famine,

What does the sHfish gene theory sy? Almogt exactly the same
thing, but with one crucid difference. You will remember that,
according to Lack, animaswill tend to have the optimum number of
children from their own sdifish point of view. If they bear too few or
too many, they will end up rearing fewer than they would haveif they
had hit on just the right number. Now, ‘'just the right number' is
likely to be a amaler number in ayear when the population is over-
crowded than in a year when the population is sparse. We have
dready agreed that over-crowding is likdy to foreshadow famine.
Obvioudy, if a femde is presented with relidble evidence that a
famine is to be expected, it isin her own sdfish interests to reduce
her own birth-rate. Rivdswho do not respond to thewarning signsin
this way will end up rearing fewer babies, even if they actudly bear
more. We therefore end up with dmost exactly the same conclusion
as Wynne-Edwards, but we get there by an entirely different type of
evolutionary reasoning.

The Hfish gene theory has no trouble even with ‘epideictic
displays. You will remember that Wynne-Edwards hypothesized
that animals ddliberately display together in large crowdsin order to
mekeit essy for dl theindividuas to conduct acensus, and regulate
their birth-rates accordingly. There is no direct evidence that any
aggregations are in fact epideictic, but just suppose some such
evidence were found. Would the sdfish gene theory be embar-
rass=d? Not abit.

Starlingsroost together in huge numbers. Suppose it were shown,
not only that over-crowding in winter reduced fetility in the
following spring, but that thiswas directly dueto the birds' ligening
to each other's calls. It might be demongtrated experimentaly that
individuals exposad to a tape-recording of a dense and very loud
garling roost laid fewer eggsthan individuas exposed to arecording
of aquieter, lessdense, roost. By definition, thiswould indicate that
the cdls of garlings condtituted an epideictic display. The sfish
gene theory would explain it in much the same way asit handled the
case of themice.

Agan, we start from the assumption that genesfor having alarger
family than you can support are automaticaly penalized, and become
less numerousin the gene pool. The task of an efficient egg-layer is
oneaf predicting what isgoing to be the optimum clutch Szefor her,
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as a Hfish individud, in the coming breeding season. You will
remember from Chapter 4 the speciad sense in which we are using
the word prediction. Now how can a femde bird predict her
optimum clutch §ze? What variables should influence her predic-
tion? It may be that many species make afixed prediction, which does
not change from year to year. Thus on average the optimum clutch
szefor agannetisone. Itispossblethat in particular bumper years
for figh the true optimum for an individud might temporarily rise to
two eggs. If thereisno way for gannetsto know in advance whether a
particular year is going to be a bumper one, we cannot expect
individual femaesto take the risk of wasting their resources on two
eggs, when this would damage their reproductive success in an
averageyedr.

But there may be other species, perhapssarlings, inwhichitisin
principle possibleto predict in winter whether thefollowing springis
going to yidd agood crop of some particular food resource. Country
people have numerous old sayings suggesting that such clues as the
abundance of holly berriesmay be good predictors of thewesther in
the coming spring. Whether any particular od wives taeisaccurate
or not, it remainslogicaly possible that there are such clues, and that
a good prophet could in theory adjust her clutch sze from year to
year to her own advantage. Holly berries may be reliable predictors
or they may not but, asin the case of the mice, it does seem quite
likdly that population density would be a good predictor. A femde
garling can in principle know that, when she comes to fead her
babies in the coming spring, she will be competing for food with
rivals of the same species. If she can somehow edtimate the locd
dendty of her own species in winter, this could provide her with a
powerful means of predicting how difficult it is going to be to get
food for babies next spring. If she found the winter population to be
particularly high, her prudent policy, from her own sdfish point of
view, might well beto lay relatively few eggs: her estimate of her awn
optimum clutch Sze would have been reduced.

Now the moment it becomes true that individuas are reducing
their clutch sze onthe basis of their estimate of population density, it
will immediately be to the advantage of each sdfish individud to
pretend to rivas that the population is large, whether it redly is or
not. If darlings are estimating popul ation size by the volume of noise
in awinter roost, it would pay each individud to shout as loudly as
possible, in order to sound more like two starlings than one. This
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idea of animals pretending to be severad animals a once has been
suggested in another context by J. R. Krebs, and isnamed the Beau
Geste Effect after the nove inwhich asimilar tactic wasused by aunit
of the French Foreign Legion. Theideain our caseistotry to induce
neighbouring starlingsto reducetheir clutch Szeto aleve lower than
the true optimum. If you are agtarling who succeedsin doing this; it
is to your sdfish advantage, since you are reducing the numbers of
individuals who do not bear your genes. | therefore conclude that
Wynne-Edwardssideaof epideictic digplays may actudly be agood
idea: he may have been right dl along, but for the wrong reasons.
More generdly, the Lack type of hypothes's is powerful enough to
account, in sdfish gene terms, for dl evidence that might seem to
support the group-selection theory, should any such evidence turn
up.

Our concluson from this chapter is that individua parents
practise family planning, but in the sense that they optimize ther
birth-rates rather than restrict them for public good. They try to
maximize the number of surviving children that they have, and this
means having neither too many babies nor too few. Genesthat make
an individua have too many babies tend not to persist in the gene
pool, because children containing such genes tend not to survive to
adulthood.

So much, then, for quantitative considerations of family size. We
now come on to conflicts of interest within families. Will it dways pay
a mother to treat dl her children equdly, or might she have
favourites? Should the family function asasingle cooperating whole,
or areweto expect sefishness and deception even within the family?
Will dl membersof afamily be working towards the same optimum,
or will they 'disagree’ about what the optimum is? These are the
guestionswetry to answer in the next chapter. Therelated question
of whether there may be conflict of interest between mates, we
postpone until Chapter 9.



BATTLE OF THE GENERATIONS

L et usbegin by tackling thefirg of the questions posed at the end of
the last chapter. Should a mother have favourites, or should she be
equaly dtruistic towardsall her children? At therisk of being bor-
ing, | must yet again throw in my customary warning. The word
‘favourite' carries no subjective connotations, and theword 'should’
no mord ones. | am treating a mother as amachine programmed to
do everything in its power to propagate copies of the genes which
rideinddeit. Sinceyou and | are humanswho know what itisliketo
have conscious purposes, it is convenient for meto use the language
of purpose as a metaphor in explaining the behaviour of survivd
machines.

In practice, what would it mean to say a mother had a favourite
child? It would mean she would invest her resources unequaly
among her children. The resources that a mother has avaladle to
invest consist of avariety of things. Food isthe obvious one, together
with the effort expended in gathering food, since thisin itsalf cogts
the mother something. Risk undergone in protecting young from
predatorsisanother resource which the mother can'spend’ or refuse
to spend. Energy and time devoted to nest or home maintenance,
protection from the elements, and, in some species, time spent in
teaching children, are vauable resourceswhich aparent can dlocate
to children, equdly or unequdly as she ‘chooses.

It isdifficult to think of a common currency in which to measure
al these resources that a parent can invest. Just as human societies
use money as a universdly convertible currency which can be
trandated into food or land or labouring time, so we require a
currency in which to measure resources that an individua surviva
machine may invest in another individua'slife, in particular achild's
life. A measure of energy such asthe calorieistempting, and some
ecol ogigts have devoted themsal ves to the accounting of energy costs
in nature. This is inadequate though, because it is only loosdy
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convertibleinto the currency that redlly matters, the 'gold-standard'
of evolution, gene survivd. R. L. Trivers, in 1972, neaily solved the
problem with his concept of Parental Investment (although, reading
between the cl ose-packed lines, onefedsthat Sir Rondd Fisher, the
greatest biologist of the twentieth century, meant much the same
thing in 1930 by his'parental expenditure’).*

Parental Investment (P.I.) is defined as 'any investment by the
parent in an individud offgring that increases the offsoring's
chance of surviving (and hence reproductive success) at the cost of
the parent's adility to invest in other offsoring.” The beauty of
Triverssparenta investment isthat it ismeasured in unitsvery close
to the units that redly matter. When a child uses up some of its
mother's milk, the amount of milk consumed is measured not in
pints, not in calories, but in units of detriment to other children of the
samemother. For instance, if amother hastwo babies, X and Y, and
X drinks one pint of milk, a mgor part of the P.I. that this pint
represents is measured in units of increased probability that Y will
die because he did not drink that pint. P.l. is measured in units of
decreasein life expectancy of other children, born or yet to be born.

Parental investment is not quite an ided measure, because it
overemphasizes the importance of parentage, as againg other
genetic relationships. 1dedly we should use a generdized altruism
investment measure. Individua A may besadtoinvest inindividua
B, when Aincreases B's chance of surviving, at the cost of A's ability
to inves in other individuas including hersdf, dl costs being
weighted by the appropriate relatedness. Thusaparent'sinvestment
in any one child should idedlly be measured in terms of detriment to
life expectancy not only of other children, but dso of nephews,
nieces, hersdf, etc. In many respects, however, thisisjust aquibble,
and Triverss measure iswel worth using in practice.

Now any particular adult individud has, in her whole lifetime, a
certaintotd quantity of P.l. avaldbletoinvest in children (and other
relativesand in hersdlf, but for smplicity we consder only children).
This represents the sum of al the food she can gather or manufac-
turein alifetime of work, al therisks sheispreparedto take, and dl
the energy and effort that she is adle to put into the wdfare of
children. How should ayoung femae, setting out on her adult life,
invest her life's resources? What would be awise investment policy
for her to fdlow?We have dready seen from the Lack theory that she
should not spread her investment too thinly among too many
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children. That way she will lose too many genes. she won't have
enough grandchildren. On the other hand, she must not devote dl
her investment to too few children—spoailt brats. She may virtualy
guarantee hersalf some grandchildren, but rivals who invest in the
optimum number of children will end up with more grandchildren.
So much for even-handed investment policies. Our present interest
isin whether it could ever pay a mother to invest unequaly among
her children, i.e. in whether she should have favourites.

Theanswer isthat thereisno genetic reason for amother to have
favourites. Her relatedness to all her children isthe same, 1/2 Her
optima grategy istoinvest equally inthelargest number of children
that she can rear to the age when they have children of their own.
But, as we have dready seen, some individuds are better life
insurance risks than others. An under-sized runt bears just as many
of his mother's genes as his more thriving litter mates. But his life
expectationisless. Another way to put thisisthat he needs more than
his far share of parentd invesment, just to end up equa to his
brothers. Depending on the circumstances, it may pay a mother to
refuse to feed a runt, and dlocate dl of his share of her parenta
investment to his brothersand sisters. Indeed it may pay her to feed
him to his brothers and ssters, or to eat him hersdf, and use him to
make milk. Mother pigs do sometimes devour their young, but | do
not know whether they pick especidly on runts.

Runts congtitute a particular example. We can make some more
generd predictions about how a mother's tendency to inves in a
child might be afected by his age. If she has a draight choice
between saving the life of one child or saving thelife of another, and
if the one she does not save is bound to die, she should prefer the
older one. Thisis because she standsto lose a higher proportion of
her lifeé's parental invesment if he diesthan if hislittle brother dies.
Perhaps a better way to put thisisthat if she savesthe little brother
shewill gill have to invest some codtly resourcesin him just to get
him up to the age of the big brother.

On the other hand, if the choice is not such a sark life or death
choice, her best bet might beto prefer the younger one. For instance,
suppose her dilemmaiswhether to give aparticular morsel of food to
alittle child or abig one. The big oneislikdy to be more cgpable of
finding his own food unaided. Thereforeif she stopped feeding him
hewould not necessarily die. Ontheother hand, thelittleonewhois
too young to find food for himsalf would be more likdly to dieif his
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mother gave the food to his big brother. Now, even though the
mother would prefer the little brother to die rather than the big
brother, she may 4ill give the food to the little one, because the big
one is unlikely to die ayway. This iswhy mamma mothers wean
their children, rather than going on feeding them indefinitely
throughout their lives There comesatimein thelife of achild when
it paysthemother to divert investment from him into future children.
When this moment comes, shewill want to wean him. A mother who
had some way of knowing that she had had her last child might be
expected to continue to invest dl her resourcesin him for the rest of
her life, and perhaps suckle him wdl into adulthood. Nevertheless,
sheshould ‘weigh up' whether it would not pay her moretoinvestin
grandchildren or nephews and nieces, snce dthough these are half
asdosdy related to her asher own children, their cgpacity to benefit
from her investment may be more than double that of one of her own
children.

This seems agood moment to mention the puzzling phenomenon
known as the menopause, the rather abrupt termination of ahuman
femde's reproductive fertility in middle age. This may not have
occurred too commonly in our wild ancestors, since not
women would have lived that long anyway. But Hill, the difference
between the abrupt change of life in women and the gradud fading
out of fertility in men suggests that there is something geneticaly
‘deliberate’ about the menopause—that it is an 'adaptation’. It is
rather difficult to explain. At first Sight we might expect that awoman
should go on having children until she dropped, even if advancing
yearsmadeit progressively lesslikdy that any individua child would
survive. Surdly it would seem dways worth trying? But we must
remember that sheis dso related to her grandchildren, though half
asclosdy.

For various reasons, perhaps connected with the Medawar theory
of ageing (page 40), womenin the natural state became gradualy less
efficdent at bringing up children asthey got older. Therefore the life
expectancy of achild of an old mother waslessthan that of achild of
ayoung mother. This means that, if a woman had a child and a
grandchild born on the same day, the grandchild could expect to live
longer than the child. When a woman reached the age where the
average chance of each child reaching adulthood was just less than
hadf the chance of each grandchild of the same age reaching
adulthood, any gene for investing in grandchildren in preference to
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children would tend to prosper. Such ageneiscarried by only onein
four grandchildren, whereas the rivd gene is carried by one in two
children, but the greater expectation of life of the grandchildren
outweighs this, and the 'grandchild atruism' gene prevails in the
genepool. A woman could not invest fully in her grandchildren if she
went on having children of her own. Therefore genes for becoming
reproductively infertilein middle age became more numerous, since
they were carried in the bodies of grandchildren whose survive was
assisted by grandmotherly dtruism.

Thisisapossible explanation of the evolution of the menopausein
femdes. The reason why the fertility of maes tais off gradudly
rather than abruptly is probably that males do not invest so much as
femdes in each individua child awyway. Provided he can dSre
children by young women, it will dways pay even avery old manto
invest in children rather than in grandchildren.

Sofar, inthischapter and in thelast, we have seen everything from
the parent's point of view, largely the mother's. We have asked
whether parents can be expected to have favourites, and in generd
what is the best investment policy for a parent. But perhaps each
child can influence how much his parentsinvest inhim asagaing his
brothers and sigters. Even if parents do not ‘want' to show favourit-
ism among their children, could it be that children grab favoured
treatment for themsalves? Would it pay them to do s0? Moredtrictly,
would genes for sdfish grabbing among children become more
numerous in the gene pool than rivd genes for accepting no more
than oné's far share? This matter has been brilliantly andysed by
Trivers, inapaper of 1974 cdled Parent-Offspring Conflict.

A mother isequdly related to dl her children, born and to be born.
On genetic grounds a one she should have no favourites, aswe have
seen. If she does show favouritism it should be based on differences
in expectation of life, depending on age and other things. The
mother, like any individud, istwice as cdlosdy 'related' to herself as
sheisto any of her children. Other things being equal, this means
that she should invest most of her resources sdfishly in hersdf, but
other things are not equal. She can do her genes more good by
investing a fair proportion of her resourcesin her children. Thisis
because these are younger and more helpless than she is, and they
can therefore benefit more from each unit of investment than she can
hersdf. Genes for investing in more helpless individuas in prefer-
ence to onesdf can preval in the gene pool, even though the
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beneficiariesmay share only aproportion of one'sgenes. Thisiswhy
animals show parentd dtruism, and indeed why they show any kind
of kin-selected atruism.

Now look at it from the point of view of a particular child. Heis
just asdosdy related to each of isbrothersand sisters ashismother
istothem. Thereatednessis 1/2 indl cases. Therefore he'wants his
mother to invest some of her resources in his brothers and sisters.
Geneticaly spesking, heis just as dtruidtically digposed to them as
hismother is. But again, heistwice asdosdy related to himsdf ashe
is to ay brother or sigter, and this will digpose him to want his
mother to invest in him morethan in any particular brother or sigter,
other things being equa. In this case other things might indeed be
equal. If you and your brother are the same age, and both arein a
position to benefit equaly from apint of mother's milk, you 'should'
try to grab more than your fair share, and he should try to grab more
than hisfair share. Have you ever heard alitter of pigletssquedlingto
befirgt on the scene when the mother sow lies down to fesd them? Or
little boys fighting over the last dice of cake? Sdlfish greed seemsto
characterize much of child behaviour.

But thereismoreto it than this. If | am competing with my brother
for amorsd of food, and if he is much younger than me o that he
could benefit from the food morethan | could, it might pay my genes
to let him have it. An eder brother may have exactly the same
grounds for atruism asaparent: in both cases, aswe have seen, the
relatednessis 1/2, and in both cases the younger individua can make
better use of theresourcethantheelder. If | possessagenefor giving
up food, thereisa50 per cent chance that my baby brother contains
the same gene. Although the gene has double the chance of beingin
my own body—2100 per cent, it isin my body—my need of the food
may belessthan half asurgent. In generd, achild 'should' grabh more
than his share of parental investment, but only up to apoint. Up to
what point? Up to the point where the resulting net cog to his
brothers and sisters, born and potentialy to be born, isjust double
the benefit of the grabhbing to himsdf.

Condgder the question of when weaning should take place. A
mother wants to stop suckling her present child so that she can
preparefor the next one. The present child, on the other hand, does
not want to be weaned yet, because milk isaconvenient, trouble-free
source of food, and he does not want to have to go out and work for
his living. To be more exact, he does want eventudly to go out and
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work for hisliving, but only when he can do his genes more good by
leaving hismother freeto rear hislittle brothersand sisters, than by
gaying behind himsdf. The older achild is, the less rdative benefit
does he derive from each pint of milk. Thisis because heis bigger,
and a pint of milk is therefore a smaler proportion of his require-
ment, and dso heisbecoming more capable offending for himsdlf if
heisforced to. Therefore when an old child drinksapint that could
have been invested in ayounger child, he is taking rdaively more
parental investment for himsdf than when a young child drinks a
pint. Asachild grows older, therewill come amoment whenit would
pay hismother to stop feeding him, and invest in anew child instead.
Somewhat |ater therewill comeatimewhen theold child toowould
benefit his genes most by weaning himsdf. Thisisthe moment when
apint of milk can do more good to the copies of hisgenesthat may be
present in his brothers and ssters than it can to the genesthat are
present in himsdf.

The disagreement between mother and child is not an absolute
one, but a quantitative one, in this case a disagreement over timing.
The mother wants to go on suckling her present child up to the
moment when investment in him reacheshis'fair' share, taking into
account his expectation of life and how much she has dready
invested in him. Up to this point thereisno disagreement. Similarly,
both mother and child agree in not wanting him to go on sucking
after the point when the cost to future children is more than double
the benefit to him. But there is disagreement between mother and
child during the intermediate period, the period when the child is
getting more than his share asthe mother seesit, but when thecogt to
other children is dtill less than double the benefit to him.

Weaning timeisjust one example of amatter of dispute between
mother and child. It could also beregarded as adispute between one
individua and dl his future unborn brothers and sisters, with the
mother taking the part of her future unborn children. More directly
there may be competition between contemporary rivas for her
investment, between litter mates or nest mates. Here, once again, the
mother will normally be anxiousto seefar play.

Many baby birdsarefed in the nest by their parents. They al gape
and scream, and the parent dropsaworm or other morsel inthe open
mouth of one of them. Theloudnesswith which each baby screams
is, idedly, proportiona to how hungry heis. Therefore, if the parent
adways givesthefood to the loudest screamer, they should dl tend to
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get ther far share, snce when one has had enough he will not
scream o loudly. At least that iswhat would happen in the best of dll
possible worlds, if individuds did not cheat. But in the light of our
sdfish gene concept we must expect that individualswill cheat, will

tell lies about how hungry they are. Thiswill escalate, apparently
rather pointlesdy because it might seem that if they are dl lying by
screaming too loudly, this levd of loudness will become the norm,

and will ceasg, in effect, to be alie. However, it cannot de-escal ate,

because any individud who takes the firg step in decreasing the
loudness of his scream will be pendized by being fed less, and is
more likdy to starve. Baby bird screams do not become infinitely
loud, because of other consderations. For example, loud screams
tend to attract predators, and they use up energy.

Sometimes, as we have seen, one member of a litter is a runt,
much smdler than therest. Heis unable to fight for food as strongly
as the rest, and runts often die. We have consdered the conditions
under which it would actudly pay a mother to let a runt die. We
might suppose intuitively that the runt himsalf should go on strug-
gling to thelagt, but the theory does not necessarily predict this. As
spon asarunt becomes so smal and wesk that his expectation of life
is reduced to the point where benefit to him due to parenta
investment is less than haf the bendfit that the same investment
could potentidly confer on the other babies, the runt should die
gracefully and willingly. He can benfit his genes most by doing so.
That isto say, agenethat givestheingruction 'Body, if you are very
much smaller than your litter-mates, give up the struggle and di€,
could be successtul in the gene pooal, because it has a 50 per cent
chance of being in the body of each brother and Sster saved, and its
chances of surviving in the body of the runt are very smal anyway.
There should be apoint of no return in the career of arunt. Before
he reaches this point he should go on sruggling. As soon as he
reachesit he should give up and preferably let himsdlf be eaten by his
litter-mates or his parents.

| did not mention it when we were discussng Lack's theory of
clutch sze, but the following is areasonable Srategy for aparent who
is undecided as to what is her optimum clutch size for the current
year. Shemight lay one more egg than she actudly 'thinks islikdy to
bethetrue optimum. Then, if theyear'sfood crop should turn out to
be abetter onethan expected, shewill rear the extrachild. If not, she
can cut her losses. By being careful dways to fead the young in the
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same order, say in order of sSize, she seesto it that one, perhaps a
runt, quickly dies, and not too much food iswasted on him, beyond
the initia investment of egg yolk or equivaent. From the mother's
point of view, this may be the explanation of the runt phenomenon.
He represents the hedging of the mother's bets. This has been
obsarved in many birds.

Using our metaphor of theindividua anima asasurvivd machine
behaving asif it had the 'purpose’ of preserving its genes, we cantalk
about a conflict between parents and young, a battle of the genera-
tions. The battle is a subtle one, and no holds are barred on either
side. A child will lose no opportunity of cheating. It will pretend to be
hungrier thanitis, perhapsyounger thanitis, morein danger than it
redly is. Itistoo amal and wegk to bully itsparents physicaly, but it
uses every psychological wegpon at its disposal: lying, cheating,
deceiving, exploiting, right up to the point whereit startsto pendize
its relatives more than its genetic rel atedness to them should dlow.
Parents, on the other hand, must be dert to cheating and deceiving,
and must try not to be fooled by it. This might seem an easy task. If
the parent knowsthat its child islikdy to lie aout how hungry itis, it
might employ the tactic of feeding it a fixed amount and no more,
even though the child goes on screaming. One trouble with this is
that the child may not have beenlying, and if it diesasaresult of not
being fed the parent would have lost some of its precious genes. Wild
birds can die after being sarved for only afew hours.

A. Zahavi has suggested a particularly diabolica form of child
blackmail: the child screams in such away as to attract predators
deliberatdy to the nest. The child is'saying' 'Fox, fox, come and get
me.' The only way the parent can stop it screaming isto feed it. So
the child gains more than itsfair share of food, but at a cost of some
rik toitsdf. The principle of thisruthlesstactic isthe same asthat of
the hijacker threatening to blow up an aeroplane, with himsdf on
board, unless he is given aransom. | am sceptical about whether it
could ever befavoured in evolution, not becauseit istoo ruthless, but
because| doubt if it could ever pay the blackmailing baby. He hastoo
much toloseif apredator redlly came. Thisisclear for anonly child,
whichisthe case Zahavi himself considers. No matter how much his
mother may dready have invested in him, he should il vdue his
own lifemorethan hismother vauesit, since she hasonly half of his
genes. Moreover, the tactic would not pay even if the blackmailer
wasone of aclutch of vulnerable babies, dl inthe nest together, since
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the blackmailer has a 50 per cent genetic 'stake’ in each of his

endangered brothers and sigters, as well as a 100 per cent Sake

in himsdf. | suppose the theory might concelvably work if the

predominant predator had the habit of only teking the largest

nestling from anest. Thenit might pay asmdler oneto usethethreet
of summoning apredator, snceit would not be grestly endangering

itsdf. This is andogous to holding a pistal to your brother's head

rather than threatening to blow yoursaf up.

More plausibly, the blackmail tactic might pay ababy cuckoo. Asis
wel known, cuckoo femdes lay one egg in each of severd 'fogter’
nests, and then leave the unwitting foster-parents, of a quite
different species, to rear the cuckoo young. Therefore ababy cuckoo
has no genetic stakein hisfoger brothers and sisters. (Some pecies
of baby cuckoo will not have any foder brothers and sisters, for a
sinister reason which we shal cometo. For the moment | assumewe
are dedling with one of those species in which foser brothers and
sgers co-exis dongdde the baby cuckoo.) If a baby cuckoo
screamed loudly enough to attract predators, it would have alot to
lose—its life—but the foster mother would have even more to lose,
perhaps four of her young. It could therefore pay her to feed it more
than its share, and the advantage of this to the cuckoo might
outweigh the risk.

Thisis one of those occasons when it would be wise to trandate
back into respectable gene language, just to reassure oursalves that
we have not become too carried away with subjective metaphors.
What doesit redly mean to set up the hypothesis that baby cuckoos
‘blackmail’ their fogter parents by screaming 'Predator, predator,
comeand get meand dl my little brothersand Ssters? In geneterms
it means the following.

Cuckoo genesfor screaming loudly became more numerousin the
cuckoo gene pool becausetheloud screamsincreased the probability
that the foster parentswould feed the baby cuckoos. Thereason the
fogter parents responded to the screams in this way was that genes
for responding to the screams had spread through the gene pool of
the fodter-species. The reason these genes spread was that
individud foster parents who did not fead the cuckoos extra food,
reared fewer of their own children—fewer than riva parentswho did
feed their cuckoos extra. Thiswas because predatorswere attracted
to the nest by the cuckoo cries. Although cuckoo genes for not
screaming werelesslikely to end up inthe bellies of predatorsthan
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screaming genes, the non-screaming cuckoos paid the greater
pendty of not being fed extra rations. Therefore the screaming
genes spread through the cuckoo gene pool.

A dmilar chain of genetic reasoning, fallowing the more subjec-
tive argument given above, would show that athough such a black-
mailing gene could conceivably spread through a cuckoo gene pool,
itisunlikely to spread through the gene pool of an ordinary species,
a leagt not for the pecific reason that it attracted predators. Of
course, in an ordinary species there could be other reasons for
screaming genesto spread, aswe have dready seen, and thesewould
incidentally have the effect of occasondly attracting predators. But
herethe selective influence of predation would be, if anything, inthe
direction of making the cries quieter. In the hypothetical case of the
cuckoos, the net influence of predators, paradoxicd as it sounds at
first, could be to make the cries louder.

Thereisno evidence, oneway or the other, on whether cuckoos,
and other birds of Smilar ‘brood-parasitic' habit, actudly employ the
blackmail tactic. But they certainly do not lack ruthlessness. For
instance, there are honeyguides who, like cuckoos, lay their eggsin
the nests of other species. The baby honeyguide is equipped with a
sharp, hooked beak. As soon ashe hatches out, while heisill blind,
naked, and otherwise helpless, he scythes and dashes his foder
brothersand sstersto desth: dead brothers do not compete for food!
The familiar British cuckoo achieves the same result in a dightly
different way. It hasashort incubation-time, and so the baby cuckoo
manages to hatch out before its foger brothers and sisters. Assoon
as it hatches, blindly and mechanicdly, but with devastating effec-
tiveness, it throwsthe other eggs out of the nest. It gets underneath
an egg, fittingitinto ahollow initsback. Thenit dowly backsupthe
sde of the nest, baancing the egg between its wing-stubs, and
topples the egg out on to the ground. It does the same with dl the
other eggs, until it has the nest, and therefore the attention of its
foder parents, entirely to itsdf.

One of the most remarkable facts | have learned in the past year
was reported from Spain by F. Alvarez, L. Arias de Reyna, and
H. Segura. They were investigating the ability of potential foster
parents—potentia victims of cuckoos—to detect intruders, cuckoo
eggsor chicks. Inthe course of their experimentsthey had occasion
to introduce into magpie nests the eggs and chicks of cuckoos, and,
for comparison, eggs and chicks of other species such as swalows
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On one occason they introduced a baby swdlow into a magpie's
nest. The next day they noticed one of the magpie eggslying on the
ground under the nest. It had not broken, so they picked it up,
replaced it, and watched. What they saw is utterly remarkable. The
baby swalow, behaving exactly asif it wasababy cuckoo, threw the
egg out. They replaced the egg again, and exadtly the same thing
happened. The baby swalow used the cuckoo method of balancing
the egg on its back between itswing-stubs, and waking backwards
up the sde of thenest until the egg toppled ouit.

Perhaps wisdy, Alvarez and his colleagues made no atempt to
explain their agonishing observation. How could such behaviour
evolvein the svalow gene podl? It must correspond to somethingin
the norma life of a swalow. Baby swalows are not accustomed to
finding themselves in magpie nests. They are never normdly found
in ay nest except their own. Could the behaviour represent an
evolved anti-cuckoo adaptation? Has the natural selection been
favouring apalicy of counter-attack in the swalow gene pool, genes
for hitting the cuckoo with his own wegpons? It seemsto be afact that
swalows nestsare not normaly parasitized by cuckoos. Perhapsthis
iswhy. According to thistheory, the magpie eggs of the experiment
would be incidentaly getting the same treatment, perhaps because,
like cuckoo eggs, they are bigger than swdlow eggs. But if baby
svdlows can tdl the difference between a large egg and a norma
swalow egg, surdy the mother should be ableto aswell. Inthiscase
why isit not the mother who gectsthe cuckoo egg, sinceit would be
0 much egder for her to do so than the baby? The same objection
applies to the theory that the baby swdlow's behaviour normally
functions to remove addled eggs or other debris from the nest. Once
again, this task could be—and is—performed better by the parent.
The fact that the difficult and skilled egg-rejecting operation was
seen to be performed by aweek and hel pless baby swvalow, whereas
an adult swdlow could surely do it much more eesly, compelsmeto
the conclusion that, from the parent's point of view, the baby isup to
no good.

It seems to me just conceivable that the true explanation has
nothing to do with cuckoosaat al. The blood may chill at thethought,
but could this be what baby swvdlows do to each other? Since the
firsthorn is going to compete with his yet unhatched brothers and
sgters for parental investment, it could be to his advantage to begin
his life by throwing out one of the other eggs.
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The Lack theory of clutch sze considered the optimum from the
parent's point of view. If | am amother swalow, the optimum clutch-
szefrommy point of view is, say five. But if | am ababy swvdlow, the
optimum clutch sze as | see it may wel be a smaler number,
provided | am one of them! The parent has a certain amount of
parental investment, which she 'wishes to distribute even-handedly
among five young. But each baby wants more than his dlotted one
fifth share. Unlike acuckoo, he does not want dl of it, becauseheis
rel ated to the other babies. But he doeswant morethan onefifth. He
can acquirea1/4 sharesmply by tipping out one egg; a1/3 share by
tipping out another. Trandating into gene language, a gene for
fratricide could conceivably spread through the gene pool, becauseit
has 100 per cent chance of being in the body of the fratricidd
individua, and only a 50 per cent chance of being in the body of his
victim.

The chief objection to this theory is that it is very difficult to
bdieve that nobody would have seen this diabalicd behaviour if it
redly occurred. | have no convincing explanation for this. Thereare
different races of swdlow in different parts of the world. It isknown
that the Spanish race differs from, for example, the British one, in
certain respects. The Spanish race has not been subjected to the
same degree of intendve observation as the British one, and |
suppose it is just conceivable that fratricide occurs but has been
overlooked.

My reason for suggesting such animprobableideaasthefratricide
hypothesshereisthat | want to makeagenerd point. Thisisthat the
ruthless behaviour of ababy cuckoo isonly an extreme case of what
must go on in any family. Full brothers are more dosdy related to
each other than a baby cuckoo is to its foser brothers, but the
differenceis only a matter of degree. Even if we cannot bdieve that
outright fratricide could evolve, there must be numerous lesser
examples of sdfishness where the cogt to the child, in the form of
losses to his brothers and sisters, is outweighed, more than two to
one, by the benefit to himsdf. In such cases, asin the example of
weaning time, thereisarea conflict of interest between parent and
child.

Who is most likdy to win this battle of the generations? R. D.
Alexander haswritten an interesting paper in which he suggeststhat
there is a generd answer to this question. According to him the
parent will dwayswin.* Now if thisisthe case, you have been wasting
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your time reading this chapter. If Alexander isright, much that is of
interest follows For instance, dtruistic behaviour could evolve, not
because of benfit to the genes of the individua himsdlf, but solely
because of bendfit to his parents genes. Parental manipulation, to
use Alexander'sterm, becomes an dternative evolutionary cause of
atruistic behaviour, independent of sraightforward kin selection. It
is therefore important that we examine Alexander's reasoning, and
convince oursalvesthat we understand why heiswrong. Thisshould
redly be done mathematicaly, but we are avoiding explicit use of
mathematicsin thisbook, and it is possibleto give anintuitiveidea of
what iswrong with Alexander'sthess.

His fundamenta genetic point is contained in the falowing
abridged quotation. 'Supposethat ajuvenile... cause(s) an uneven
digtribution of parental benefits in its own favor, thereby reducing
the mother's own overal reproduction. A genewhichin thisfashion
improves an individud's fitness when it is a juvenile cannot fall to
lower itsfitnessmorewhen it isan adult, for such mutant geneswill
be present in an increased proportion of the mutant individua's
offspring.” The fact that Alexander is consdering a newly mutated
geneisnot fundamentd to theargument. It isbetter to think of arare
gene inherited from one of the parents. 'Fitness' has the specid
technicad meaning of reproductive success. What Alexander is
bascdly sayingisthis. A genethat made achild grab more than his
far share when he was a child, at the expense of his parent's totd
reproductive output, might indeed increase his chances of surviving.
But he would pay the pendty when he came to be a parent himsdf,
because his own children would tend to inherit the same sdfish gene,
and thiswould reduce hisoverdl reproductive success. Hewould be
hoist with his own petard. Therefore the gene cannot succeed, and
parents must dwayswin the conflict.

Our suspicions should be immediately aroused by this argument,
because it rests on the assumption of a genetic asymmetry which is
not redly there. Alexander isusing thewords 'parent’ and "offspring'
asthough therewas afundamental genetic difference between them.
Aswe have seen, dthough there arepractical differences between
parent and child, for ingtance parents are older than children, and
children come out of parents' bodies, thereisredly no fundamenta
genetic asymmery. The relatedness is 50 per cent, whichever way
round you look &t it. To illustrate what | mean, | am going to repest
Alexander'swords, but with 'parent’, ‘juvenile’ and other appropri-
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ate words reversed. 'Suppose that a parent has a gene that tends to
cause an even distribution of parental benefits. A genewhichinthis
fashion improves an individud'sfitnesswhen itisa parent could not
fal to have lowered its fithess more when it was ajuvenile. We
therefore reach the oppodite conclusion to Alexander, namdy that in
any parent/offspring conflict, the child must win!

Obvioudy something is wrong here. Both arguments have been
put too Smply. The purpose of my reverse quotationisnot to prove
the opposite point to Alexander, but Smply to show that you cannot
arguein that kind of artificialy asymmetricd way. Both Alexander's
argument, and my reversd of it, erred through looking at thingsfrom
the point of view of anindividual—in Alexander's case, the parent, in
my case, thechild. | believethiskind of error isall too easy to make
when we use thetechnica term 'fithess. Thisiswhy | have avoided
using the word in this book. There isredly only one entity whose
point of view mattersin evolution, and that entity isthe sdlfish gene.
Genesin juvenile bodieswill be selected for their ahility to outsmart
parental bodies; genes in parental bodies will be sdlected for their
ability to outsmart theyoung. Thereisno paradox in thefact that the
very same genes successively occupy ajuvenile body and aparental
body. Genes are sdlected for their ability to make the best use of the
levers of power a their disposd: they will exploit their practical
opportunities. When ageneis sitting in ajuvenile body its practical
opportunities will be different from when it is Sitting in a parental
body. Thereforeits optimum policy will be different in the two stages
initsbody'slifehistory. Thereisno reason to suppose, as Alexander
does, that the later optimum policy should necessarily overrule the
ealier.

Thereisanother way of putting the argument againgt Alexander.
He is tacitly assuming afase asymmetry between the parent/child
rel ationship on the one hand, and the brother/sister relationship on
the other. You will remember that, according to Trivers, thecost toa
sdfish child of grabbing more than his share, the reason why he only
grabs up to apoint, is the danger of loss of his brothers and sisters
who each bear hdf his genes. But brothers and sigters are only a
specid case of relatives with a 50 per cent relatedness. The sHfish
child'sown future children areno more and no less'valuable' tohim
than hisbrothersand sisters. Thereforethetotal net cost of grabbing
more than your far share of resources should redly be measured,
not only in logt brothers and sisters, but dso in lost future offspring
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dueto their sdlfishness among themselves. Alexander's point about
the disadvantage of juvenile sdfishness spreading to your own
children, thereby reducing your own long-term reproductive output,
iswell taken, but it Smply meanswe must add thisin to the cost Side
of theequation. An individua child will till do well to be sdfish o
long as the net benefit to him is at least haf the net cogt to close
relatives. But ‘close relatives should be read as including, not just
brothers and sisters, but future children of one's own aswell. An
individual should reckon hisown welfare astwice asvaluable asthat
of hisbrothers, which isthe basic assumption Trivers makes. But he
should dso vaue himsdf twice as highly as one of his own future
children. Alexander's concluson that thereisabuilt-in advantage on
the parent's Sde in the conflict of interestsis not correct.

In addition to his fundamenta genetic point, Alexander dso has
more practical arguments, ssemming from undeniable asymmetries
in the parent/child relationship. The parent isthe active partner, the
onewho actudly doesthework to get thefood, etc., and istherefore
in a pogdtion to cdl the tune. If the parent decides to withdraw its
|abour, there is not much that the child can do about it, Snce it is
smaller, and cannot hit back. Thereforethe parentisin apostion to
imposeitswill, regardiess of what the child may want. Thisargument
is not obvioudy wrong, since in this case the asymmelry thet it
postulatesis ared one. Parentsredly are bigger, stronger and more
worldly-wise than children. They seem to hold dl the good cards.
But the young have afew aces up their deevestoo. For example, itis
important for aparent to know how hungry each of itschildrenis, so
that it can mogt efficiently dole out thefood. It could of courseration
the food exactly egualy between them al, but in the best of all
possible worlds thiswould be less eficient than a system of giving a
little bit more to those that could genuindly use it best. A sysem
whereby each child told the parent how hungry hewaswould beided
for the parent, and, as we have seen, such a sysem seems to have
evolved. But the young are in astrong position to lie, because they
know exactly how hungry they are, while the parent can only guess
whether they aretelling thetruth or not. Itisalmost impossblefor a
parent to detect asmdl lie, dthough it might see through abig one.

Then again, it is of advantage to a parent to know when ababy is
happy, and it is agood thing for ababy to be able to tell its parents
when it is happy. Signds like purring and smiling may have been
sdlected because they enable parents to learn which of their actions
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are most beneficid to their children. The sight of her child smiling,
or the sound of her kitten purring, is rewarding to a mother, in the
same senseasfood inthe somachisrewarding to arat in amaze. But
onceit becomestruethat asweet smileor aloud purr arerewarding,
the child is in a podition to use the amile or the purr in order to
manipulate the parent, and gain more than itsfair share of parental
investment.

Thereis, then, no generd answer to the question of who is more
likdy to win the battle of the generations. What will findly emergeis
a compromise between the ideal situation desired by the child and
that desired by the parent. It is abattle comparable to that between
cuckoo and fogter parent, not such afierce battle to be sure, for the
enemies do have some genetic interests in common—they are only
enemies up to apoint, or during certain sendtive times. However,
many of the tactics used by cuckoos, tactics of deception and
exploitation, may be employed by aparent's own young, although the
parent'sown young will stop short of thetotd sdfishnessthat isto be
expected of acuckoo.

This chapter, and the next in which we discuss conflict between
mates, could seem horribly cynical, and might even be distressing to
human parents, devoted as they are to their children, and to each
other. Once again | must emphasize that | am not talking about
conscious matives. Nobody is suggesting that children deliberately
and conscioudy deceive their parents because of the sdfish genes
within them. And | must repeat that when | sy something like 'A
child should lose no opportunity of cheeting ... lying, deceiving,
exploiting...", | anusing theword 'should' in aspecid way. | am not
advocating thiskind of behaviour asmora or desirable. | am smply
saying that natural selection will tend to favour childrenwho do actin
thisway, and that therefore when welook & wild populationswe may
expect to see cheating and sdfishness within families. The phrase
'the child should cheat' meansthat genesthat tend to make children
chest have an advantage in the gene pooal. If thereisahuman mord to
bedrawn, it isthat we must teach our children atruism, for we cannot
expect it to be part of their biologica nature.
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BATTLE OF THE SEXES

If there is conflict of interest between parents and children, who
share 50 per cent of each others genes, how much more severe must
be the conflict between mates, who are not rel ated to each other?* Al
that they havein commonisa50 per cent genetic shareholding inthe
same children. Since father and mother are both interested in the
wefare of different halves of the same children, there may be some
advantage for both of them in cooperating with each other inrearing
those children. If one parent can get awvay with investing lessthan his
or her far share of coglly resourcesin each child, however, hewill be
better dff, since he will have more to spend on other children by
other sexud partners, and so propagate more of his genes. Each
partner can therefore be thought of as trying to explait the other,
trying to force the other one to invest more. Idedly, what an
individual would 'like' (I don't mean physicaly enjoy, dthough he
might) would be to copulate with as marny members of the opposite
%X as possible, leaving the partner in each case to bring up the
children. Aswe shdl see, thisstate of affarsisachieved by themaes
of anumber of species, but in other speciesthe malesare obliged to
sharean equd part of the burden of bringing up children. Thisview
of sexud partnership, as a relationship of mutua mistrust and
mutua exploitation, has been stressed especidly by Trivers. Itisa
comparatively new one to ethologists. We had usudly thought of
sexud behaviour, copulation, and the courtship that precedesiit, as
essentiadly a cooperative venture undertaken for mutual benefit, or
even for the good of the specied

Let us go right back to firg principles, and inquire into the
fundamentd nature of maleness and femdeness. In Chapter 3 we
discussed sexudity without stressing itsbasic asymmetry. We smply
accepted that some animds are cdled male, and others femde,
without asking what these words redly meant But what is the
esence of maeness? What, a bottom, defines a femde? We as
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mammals see the sexes defined by whole syndromes of character-
igics—possesson of a penis, bearing of the young, suckling by
means of specid milk glands, certain chromosomal fesatures, and so
on. Thesecriteriafor judging the sex of anindividud ared| very well
for mammdsbut, for animals and plants generdly, they are no more
relidble than is the tendency to wear trousers as a criterion for
judging human sex. In frogs, for ingtance, neither sex has a penis.
Perhaps, then, thewords made and femae have no general meaning.
They are, after dl, only words, and if we do not find them helpful for
describing frogs, we are quite at liberty to abandon them. We could
arbitrarily divide frogsinto Sex 1 and Sex 2 if we wished. However,
there is one fundamenta feature of the sexes which can be used to
label maes as males, and femaes as femaes, throughout animas
and plants. Thisisthat the sex cells or 'gametes of maesare much
smaller and more numerous than the gametes of femdes. Thisis
true whether we are dedling with animas or plants. One group of
individuals has large sex cells, and it is convenient to use the word
femdefor them. The other group, whichit isconvenient to cal male,
has amdl sex cdls. The difference is especidly pronounced in
reptiles and in birds, where a sngle egg cdl is big enough and
nutritious enough to feed adevel oping baby for severd weeks. Even
in humans, where the egg ismicroscopic, it is il many timeslarger
than the sperm. Aswe shdl seg, itispossbletointerpret dl the other
differences between the sexes as semming from this one basic
difference.

In certain primitive organisms, for instance some fungi, maleness
and femaeness do not occur, although sexud reproduction of akind
does. In the sygem known as isogamy the individuds are not
distinguishableinto two sexes. Anybody can mate with anybody else.
Therearenot two different sorts of gametes—sperms and eggs—but
al sex cdls are the same, cdled isogametes. New individuds are
formed by the fuson of two isogametes, each produced by meictic
divison. If we havethreeisogametes, A, B, and C, A could fusewith
B or C, B could fua with A or C. The sameis never true of normal
sexud systems. If Aisasperm and it can fusewith B or C, thenBand
C mugt be eggs and B cannot fuse with C.

When two isogametes fuse, both contribute equa numbers of
genesto the new individua, and they a so contribute equal amounts
of food reserves. Sperms and eggs too contribute equal numbers of
genes, but eggs contribute far more in the way of food reserves:
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indeed, sperms make no contribution at al and are Smply concerned
with trangporting their genes as fag as possible to an egg. At the
moment of conception, therefore, the father has invested less than
his fair share (i.e. 50 per cent) of resources in the offoring. Since
eaech sperm is so tiny, a mae can aford to make many millions of
them every day. Thismeansheispotentidly ableto beget avery large
number of children in a very short period of time, using different
femdes Thisisonly possible because each new embryo is endowed
with adequate food by the mother in each case. Thistherefore places
alimit on the number of children afemde can have, but the number
of children amae can have is virtudly unlimited. Femae exploita-
tion begins here.*

Parker and others showed how this asymmetry might have evolved
from an origindly isogamous state of affairs. In the dayswhen dl sex
cdlswereinterchangeable and of roughly the same size, therewould
have been some that just happened to be dightly bigger than others.
In some respects a big isogamete would have an advantage over an
average-9zed one, becauseit would get itsembryo off to agood Start
by giving it alarge initia food supply. There might therefore have
been an evolutionary trend towards larger gametes. But there was a
catch. Theevolution of isogametesthat were larger than was dtrictly
necessty would have opened the door to sdfish exploitation.
Individualswho produced smaller than average gametes could cash
in, provided they could ensure that their small gametes fused with
extra-big ones. This could be achieved by making the amdl ones
moremobile, and ableto seek out large ones actively. The advantage
to an individud of producing small, rapidly moving gametes would
be that he could aford to make a larger number of gametes, and
therefore could potentidly have more children. Natural sdlection
favoured the production of sex celsthat were amdl and that activdy
sought out big ones to fuse with. So we can think of two divergent
sexud 'dtrategies evalving. There was the large-invessment or
'honest’ drategy. This automaticaly opened the way for a small-
investment exploitetive strategy. Once the divergence between the
two drategies had started, it would have continued in runaway
fashion. Medium-sized intermediates would have been penalized,
because they did not enjoy the advantages of either of the two more
extreme strategies. The exploiters would have evolved smaler and
sndler sze, and fager mobility. The honest ones would have
evolved larger and larger Size, to compensate for the ever-amaller
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investment contributed by the exploiters, and they becameimmobile
because they would dways be activdly chased by the exploiters
anyway. Each honest onewould 'prefer’ to fuse with another honest
one. But the sdlection pressure to lock out exploiters would have
been wesker than the pressure on exploiters to duck under the
barrier: the exploitershad moreto lose, and they thereforewon the
evolutionary battle. The honest onesbecame eggs, and the exploiters
became sperms.

Males, then, seem to be pretty worthless fdlows, and on Smple
'good of the species grounds, we might expect that maes would
become less numerous than femaes. Since one male can theoreti-
cdly produce enough sperms to service aharem of 100 femdes we
might suppose that femades should outhumber mdes in anima
populationsby 100to 1. Other waysof putting thisarethat themae
ismore 'expendable, and the femade more 'valuable' to the species.
Of course, looked a from the point of view of the speciesasawhole,
this is perfectly true. To take an extreme example, in one study of
elephant sedls, 4 per cent of the maes accounted for 88 per cent of dl
the copulations observed. In thiscase, and in many others, thereisa
large surplus of bachelor maeswho probably never get a chanceto
copulate in their whole lives. But these extra maes live otherwise
normal lives, and they eat up the popul ation'sfood resourcesno less
hungrily than other adults. From a'good of the species point of view
thisis horribly wasteful; the extramaes might be regarded as socid
parasites. Thisis just one more example of the difficulties that the
group selection theory gets into. The sdfish gene theory, on the
other hand, hasno troublein explaining the fact that the numbers of
maes and femdes tend to be equal, even when the maes who
actudly reproduce may be asmadl fraction of thetotal number. The
explanation was firg offered by R. A. Fisher.

The problem of how many maesand how many femdesareborn
is a gpecid case of a problem in parental drategy. Just as we
discussed the optima family Sze for an individua parent trying to
maximize her gene surviva, we can aso discussthe optima sex ratio.
Isit better to entrust your precious genes to sons or to daughters?
Suppose amother invested dl her resourcesin sons, and therefore
had noneléft to invest in daughters: would she on average contribute
moreto the gene poal of thefuturethan arival mother who invested
in daughters? Do genes for preferring sons become more or less
numerous than genesfor preferring daughters? What Fisher showed
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isthat under normal circumstances the stable sex ratio is 50:50. In
order to seewhy, we must firgt know alittle bit about the mechanics
of sex determination.

In mammals, sex is determined geneticdly as follows. All eggs
are capable of devdoping into either a mae or afemde. It is the
sperms that cary the sex-determining chromosomes. Half the
sperms produced by a man are female-producing, or X-sperms,
and hdf are male-producing, or Y-sperms. The two sorts of
sperms look dike. They differ with respect to one chromosome
only. A gene for making a father have nothing but daughters could
achieve its object by making him manufacture nothing but X-
sperms. A gene for making a mother have nothing but daughters
could work by making her secrete a sdective spermicide, or by
meking her abort mae embryos What we seek is something
equivaent to an evolutionarily stable strategy (ESS), dthough here,
even more than in the chapter on aggression, drategy is just a
figure of speech. Anindividua cannot literally choosethe sex of his
children. But genes for tending to have children of one s=x or the
other are possble. If we suppose that such genes, favouring
unequal s ratios, exid, are any of them likdy to become more
numerous in the gene pool than their rival dlees, which favour an
equal sex ratio?

Suppose that in the eephant seals mentioned above, a mutant
gene arose that tended to make parents have mogtly daughters. Since
thereis no shortage of maesin the population, the daughterswould
have no trouble finding mates, and the daughter-manufacturing
gene could spread. The sex ratio in the population might then start to
shift towards asurplus of femaes. From the point of view of the good
of the species, thiswould be dl right, because just a fev maes are
quite cgpable of providing dl the sperms needed for even a huge
surplus of femdes, as we have seen. Supeficidly, therefore, we
might expect the daughter-producing gene to go on spreading until
the s=x ratio was s0 unbalanced that the few remaining maes,
working fla out, could jus manage. But now, think what an
enormous genetic advantage is enjoyed by those few parents who
have sons. Anyone who inveds in a son has avery good chance of
being the grandparent of hundreds of seals. Thosewho are produc-
ing nothing but daughters are assured of a sfe few grandchildren,
but thisis nothing compared to the glorious genetic possibilitiesthat
open up before anyone specidizing in sons. Therefore genes for
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producing sons will tend to become more numerous, and the
pendulum will swing back.

For amplicity | have taked in terms of a pendulum swing. In
practice the pendulum would never have been dlowed to swing that
far in the direction of femae domination, because the pressure to
have sonswould have started to push it back as soon asthe sex ratio
became unequal. The strategy of producing equal numbers of sons
and daughtersis an evolutionarily stable gtrategy, in the sense that
any gene for departing from it makes anet loss.

| havetold the story interms of numbers of sonsversus numbers of
daughters. Thisisto makeit smple, but rictly it should beworked
out in terms of parental investment, meaning dl the food and other
resourcesthat aparent hasto offer, measured intheway discussedin
the previous chapter. Parents should invest equdly in sons and
daughters. Thisusudly meansthey should have numericdly as many
sons asthey have daughters. But there could be unequal sex ratios
that were evolutionarily stable, provided correspondingly unequal
amounts of resources were invested in sons and daughters. In the
case of the elephant sedls, a palicy of having three times as many
daughters as sons, but of making each son asupermale by investing
threetimes as much food and other resourcesin him, could be stable.
By investing more food in a son and making him big and strong, a
parent might increase his chances of winning the supreme prizeof a
harem. But thisis a gpecid case. Normdly the amount invested in
each son will roughly equal the amount invested in each daughter,
and the sx ratio, interms of numbers, isusualy oneto one.

In its long journey down the generations therefore, an average
gene will spend gpproximately haf its time sitting in mae bodies,
and the other half gtting in femae bodies. Some gene effects show
themsealves only in bodies of one sex. These are called sex-limited
gene effects. A gene controlling penis-length expresses this effect
only in male bodies, but it is carried about in femde bodies too and
may have some quite different effect on femae bodies. Thereis no
reason why a man should not inherit a tendency to develop along
penis from his mother.

Inwhichever of thetwo sortsof body it findsitsdf, we can expect a
geneto makethe best use of the opportunities offered by that sort of
body. These apportunities may well differ according to whether the
body ismde or femae. Asaconvenient gpproximation, we can once
again assumethat each individua body isasdfish machine, trying to
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do the best for dl its genes. The best policy for such a sdfish
machine will often be one thing if it is mae, and quite a different
thingif itisfemde. For brevity, we shdl again usethe convention of
thinking of theindividua as though it had a conscious purpose. As
before, we shall hold in theback of our mind that thisisjust afigure
of speech. A body is redly a machine blindly programmed by its
fish genes.

Consgder again the mated pair with which we began the chapter.
Both partners, as sdfish machines, ‘'want' sons and daughters in
equal numbers. Tothisextent they agree. Wherethey disagreeisin
who isgoing to bear the brunt of the cost of rearing each one of those
children. Each individud wants as many surviving children as
possible. The lesshe or sheis obliged to invest in any one of those
children, the more children he or she can have. The obviousway to
achievethis desirable date of afarsisto induce your sexud partner
to invest more than his or her fair share of resources in each child,
leaving you free to have other children with other partners. This
would be adedrable drategy for either sex, but it ismore difficult for
the female to achieve. Since she starts by investing more than the
male, in the form of her large, food-rich egg, a mother is dready a
the moment of conception ‘committed' to each child more deeply
than the father is. She stands to lose more if the child dies than the
father does. More to the point, she would have to invest more than
the father in the futurein order to bring anew substitute child up to
the same leve of development. If she tried the tactic of leaving the
father holding the baby, while she went off with another male, the
father might, at relatively small cost to himsdf, retaliate by abandon-
ing the baby too. Therefore, at least in the early stages of child
development, if any abandoning isgoing to be done, it islikdy to be
the father who abandons the mother rather than the other way
around. Smilaly, femaes can be expected to invest more in
children than males, not only at the outset, but throughout devel op-
ment. So, in mammasfor example, it isthe femadewho incubatesthe
foetusin her own body, the femde who makes the milk to suckle it
when it is born, the femde who bears the brunt of the load of
bringing it up and protecting it. Thefemae sex isexploited, and the
fundamentd evolutionary basis for the explaitation is the fact that
eggs ae larger than sperms.

Of coursein many speciesthefather doeswork hard and fathfully
at looking after the young. But even so, we must expect that there will
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normaly be some evolutionary pressure on maestoinves alittle bit
lessin each child, and to try to have more children by different wives.
By this| amply mean that there will be atendency for genesthat say
‘Body, if you are mdeleaveyour matealittle bit earlier than my riva
dlde would have you do, and look for another femaé, to be
successtul in the gene pool. The extent to which this evolutionary
pressure actudly prevailsin practice varies greatly from species to
species. In many, for example in the birds of paradise, the femde
receives no help at dl from any male, and sherears her children on
her own. Other species such as kittiwakes form monogamous pair-
bonds of exemplary fiddlity, and both partners cooperatein thework
of bringing up children. Herewe must suppose that some evol ution-
ary counter-pressure has been at work: there must be a pendty
attached to the sdfish mate-expl oitation strategy aswell as abenefit,
and in kittiwakes the pendty outweighsthe benefit. It will in any case
only pay a father to desert his wife and child if the wife has a
reasonable chance of rearing the child on her own.

Trivers has consdered the possible courses of action open to a
mother who has been deserted by her mate. Best of dl for her would
betotry to decelve another maeinto adopting her child, ‘thinking' it
ishisown. Thismight not betoo difficult if it isgill afoetus, not yet
born. Of course, while the child bears haf her genes, it bears no
genes at dl from the gullible step-father. Natural sdection would
sverdy pendize such gullibility in males and indeed would favour
maeswho took active stepsto kill any potential step-children assoon
asthey mated with anew wife. Thisisvery probably the explanation
of the so-caled Bruce effect: mae mice secrete a chemica which
when amelt by a pregnant femae can cause her to abort. She only
abortsif the smdl is different from that of her former mate. In this
way amae mouse destroys his potential step-children, and renders
his new wife receptive to his own sexud advances. Ardrey, inciden-
taly, sees the Bruce effect as a population control mechaniam! A
smilar example isthat of mae lions, who, when newly arrived in a
pride, sometimes murder existing cubs, presumably because these
are not their own children.

A made can achieve the same result without necessarily killing
step-children. He can enforce a period of prolonged courtship
before he copulateswith afemde, driving avay dl other maleswho
approach her, and preventing her from escaping. In thisway he can
wait and see whether sheisharbouring any little step-childrenin her
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womb, and desert her if so. We dhdl see bdow areason why afemde
might want along 'engagement’ period before copulation. Here we
have areason why amae might want onetoo. Provided he can isolate
her from dl contact with other maes, it helps to avaid being the
unwitting benefactor of another male's children.

Asauming then that a deserted femde cannot fool anew mdeinto
adopting her child, what se can she do? Much may depend on how
old the child is. If it is only just concelved, it is true that she has
invested the whole of one egg init and perhaps more, but it may ill
pay her to abort it and find anew mate as quickly aspossible. Inthese
circumstancesit would beto the mutua advantage both of her and of
the potential new husband that she should abort—since we are
assuming she has no hope of fodling him into adopting the child.
This could explain why the Bruce effect works from the femades
point of view.

Another option open to adeserted femdeisto tick it out, and try
and rear the child on her own. Thiswill especidly pay her if thechild
is dready quite old. The older he is the more has dready been
invested in him, and thelessit will take out of her to finish thejob of
rearing him. Evenif heisdill quite young, it might yet pay her totry
to savage something from her initid invesment, even if she hasto
work twice as hard to feed the child, now that themaehasgone. Itis
no comfort to her that the child contains haf the mal€e's genes too,
and that she could spite him by abandoningit. Thereisno pointin
spite for its own sake. The child carries hdf her genes, and the
dilemmais now hers aone.

Paradoxicdly, areasonable palicy for afemaewho isin danger of
being deserted might be to wak out on the mae before hewalks out
on her. Thiscould pay her, even if she has dready invested morein
the child than the male has. The unpleasant truth is that in some
circumstances an advantage accruesto the partner who desertsfirst,
whether it isthefather or the mother. As Triversputsit, the partner
whoisleft behind isplaced in acrue bind. Itisarather horrible but
vay subtle argument. A parent may be expected to desert, the
moment it is possble for him or her to say the fallowing: "This child
isnow far enough developed that either of us could finish off rearing it
on our own. Therefore it would pay me to desert now, provided |
could be sure my partner would not desert aswell. If | did desert
now, my partner would do whatever is best for her/his genes. He/
shewould be forced into making a more drastic decision than | am
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making now, because | would have dready left. My partner would

"know" that if he/she left as well, the child would surdy die.

Therefore, assuming that my partner will take the decision thet is

best for his’/her own sdfish genes, | conclude that my own best

course of action is to desert firgt. This is egpecidly so, Snce my

partner may be "thinking" adong exactly the same lines, and may

seze the initiative at any minute by deserting me!' As dways, the

subjective oliloguy isintended for illustration only. The point isthat
genesfor deserting first could befavourably sdlected Smply because
genesfor deserting second would not be.

We havelooked at some of thethingsthat afemae might doif she
has been deserted by her mate. But these dl have the air of making
the best of abad job. Isthere anything afemae can do to reducethe
extent to which her mate exploits her in the first place? She has a
strong card in her hand. She can refuse to copulate. She is in
demand, in aseller'smarket. Thisisbecause she bringsthe dowry of
alarge, nutritious egg. A mae who successfully copulates gains a
vauable food reserve for his offgpring. The femdeis potentidly ina
position to drive ahard bargain before she copulates. Once she has
copulated she has played her ace—her egg has been committed to
themale. Itisal very wdl to talk about driving hard bargains, but we
know very wdl it is not redly like that. Is there any redlistic way in
which something equivaent to driving ahard bargain could evolve by
natura sdection? | shal consder two main possibilities, caled the
domestic-bliss drategy, and the he-man drategy.

The smplest versgon of the domegtic-bliss strategy is this. The
femde looks the males over, and tries to spot signs of fideity and
domedticity in advance. There is bound to be variation in the
population of maesin their predisposition to be fathful husbands.
If females could recognize such qudlities in advance, they could
benefit themsdlves by choosing males possessng them. One way
for afemde to do thisis to play hard to get for along time, to be
coy. Any mae who is not patient enough to wait until the femde
eventudly consents to copulate is not likely to be a good bet as a
fathful husband. By indgting on a long engagement period, a
femde weeds out casud suitors, and only finaly copulates with a
mae who has proved his qualities of fideity and perseverance in
advance. Feminine coynessisin fact very common among animals,
and so are prolonged courtship or engagement periods. Aswe have
dready seen, a long engagement can dso benefit a mde where
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there is a danger of his being duped into caring for another mal€'s
child.

Courtship rituds often include condderable pre-copulation
investment by the mae. Thefemae may refuseto copulate until the
mae has built her a nest. Or the mae may have to feed her quite
substantial amounts of food. This, of course, is very good from the
femalespoint of view, but it aso suggests another possible version of
the domedtic-bliss grategy. Could femaes force maes to invest so
heavily intheir offgoring befor ethey dlow copulation that it would no
longer pay the maesto desert after copulation? The ideais appedl-
ing. A mae who waits for a coy femde eventudly to copulate with
himispaying acost: heisforgoing the chanceto copulate with other
femdes and heis spending alot of time and energy in courting her.
By thetimeheisfindly alowed to copulate with aparticular female,
he will inevitably be heavily ‘committed' to her. There will be little
temptation for him to desert her, if he knows that any future femde
he approacheswill dso procrastinatein the same manner before she
will get down to business.

As | showed in apaper, there is amigtake in Trivers's reasoning
here. He thought that prior invesment in itsef committed an
individua to future invesment. This is falacious economics. A
business man should never say 'l have dready invested so much in
the Concorde airliner (for ingtance) that | cannot afford to scrap it
now.' He should adways ask ingtead whether it would pay him in the
future, to cut hislosses, and abandon the project now, even though he
has dready invested heavily in it. Similaly, it is no use a femde
forcing amdeto invest heavily in her in the hopethat this, onitsown,
will deter the mae from subsequently deserting. This version of the
domedtic-bliss strategy depends upon one further crucia assump-
tion. Thisisthat amgority of the femaes can berelied uponto play
the samegame. If there areloose femaesin the popul ation, prepared
to welcome maeswho have deserted their wives, thenit could pay a
maeto desert hiswife, no matter how much he has aready invested
in her children.

Much therefore depends on how the mgarity of femaes behave.
If weweredlowed to think in terms of aconspiracy of femadesthere
would be no problem. But a conspiracy of femaes can no more
evalve than the conspiracy of doves which we conddered in Chap-
ter 5. Instead, we must look for evolutionarily stable strategies. Let
us take Maynard Smith's method of andlysing aggressve contests,
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and gpply it to sex.* 1t will be alittle bit more complicated than the
cae of the hawks and doves, because we shdl have two femde
Srategies and two male strategies.

As in Maynard Smith's studies, the word 'strategy’ refers to a
blind unconscious behaviour program. Our two femde drategies
will be caled coy and fast, and the two mae strategieswill be called

faithful and philanderer. The behaviourd rules of thefour typesareas
folows Coy femdeswill not copulate with amae until he has gone
through along and expendgive courtship period lasting severd weeks.
Fast femdeswill copulate immediatdy with anybody. Faithful maes
are prepared to go on courting for along time, and after copulation
they stay with thefemae and help her to rear the young. Philanderer
males lose patience quickly if afemae will not copulate with them
straight avay: they go off and look for another femae; after copula
tion too they do not stay and act as good fathers, but go off in search
of fresh femdes. Asin the case of the hawks and doves, these are not
the only possible dtrategies, but it isilluminating to study their fates
nevertheless,

Like Maynard Smith, we shal use some arbitrary hypothetical
vauesfor the various costs and benefits. To bemore generd it can be
donewith algebraic symboals, but numbersare easier to understand.
Supposethat the genetic pay-off gained by each parent when achild
isreared successfully is+15 units. The cost of rearing one child, the
cog of dl itsfood, dl the time spent looking after it, and dl therisks
taken on its behdf, is -20 units. The costis expressed as negative,
because it is 'paid out' by the parents. Also negdtive is the cost of
wadting time in prolonged courtship. Let this cost be -3 units.

Imagine we have apopulation in which al thefemaesare coy, and
dl themdesarefaithful. It isan ideal monogamous society. In each
couple, the mae and the femae both get the same average pay-off.
They get +15 for each child reared; they sharethe cost of rearing it
(-20) equdly between the two of them, an average of -10 each.
They both pay the -3 point pendty for wagting time in prolonged
courtship. The average pay-off for eech istherefore+15-10-3
= +2.

Now supposeasinglefast femae entersthe population. Shedoes
very well. She does not pay the cost of delay, because she does not
indulgein prolonged courtship. Sincedl the maesin the population
are faithful, she can reckon on finding a good father for her children
whoever she mates with. Her average pay-off per child is
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+15 - 10 = +5. Sheis 3 units better off than her coy rivals.
Therefore fast genes will start to spread.

If the success of fag femdes is o great that they come to
predominate in the population, thingswill start to changeinthemade
camp too. So far, fathful males have had a monopoly. But now if a
philanderer mde arisesin the population, he startsto do better than
his fathful rivas. In apopulation where dl the femdes are fad, the
pickings for a philanderer mae are rich indeed. He gets the +15
pointsif achildissuccessfully reared, and he pays neither of thetwo
costs. What thislack of cost mainly meansto himisthat heisfreeto
go doff and mate with new femaes. Each of his unfortunate wives
struggles on done with the child, paying the entire -20 point cog.,
athough she does not pay anything for wasting timein courting. The
net pay-off for afast femade when she encountersa philanderer mde
is+15 - 20 = -5; the pay-off to the philanderer himsdf is+15. In
apopulation in which dl the femades are fast, philanderer geneswill
spreed like wildfire,

If the philanderers increase so0 successfully that they come to
dominate the mae part of the population, the fagt femadeswill bein
dire straits. Any coy femde would have a strong advantage. If acoy
femde encounters a philanderer male, no business results. She
indsts on prolonged courtship; he refuses and goes off in search of
another femde. Nether partner pays the cost of wasting time.
Neither gainsanything either, snceno childis produced. Thisgives
anet pay-off of zero for a coy femde in a population where dl the
maes are philanderers. Zero may not seem much, but it is better
than the-5 which isthe average score for afedt femae Evenif afast
femde decided to leave her young after being deserted by a
philanderer, shewould still have paid the considerable cost of an egg.
So, ooy genes start to spread through the population again.

To complete the hypothetical cyce, when coy femdesincreasein
numbers so much that they predominate, the philanderer males, who
had such an easy time with the fast femdes, start to fed the pinch.
Femde after femde indsts on along and arduous courtship. The
philanderers flit from femde to femde, and dways the sory is the
same. The net pay-off for a philanderer mae when dl the femaes
arecoy iszero. Now if asinglefaithful male should turn up, heisthe
only onewith whom the coy femaeswill mate. His net pay-off is+2,
better than that of the philanderers. So, faithful genes dtart to
increase, and we come full circle.
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Asin the case of the aggression andyds, | have told the story as
though it was an endless oscillation. But, asin that case, it can be
shown that redly there would be no oscillation. The sysem would
converge to a stable state* If you do the sums; it turns out that a
population in which 5/6 of the femaesare coy, and 5/8 of themalesare
fathful, is evolutionarily stable. This is, of course, just for the
particular arbitrary numbersthat we started out with, but itiseasy to
work out what the stable ratios would be for any other arbitrary
assumptions.

Asin Maynard Smith'sanayses, we do not haveto think of there
being two different sorts of mae and two different sorts of femde.
The ESS could equally well be achieved if each male spends 5/8 of his
time being faithful and the rest of his time philandering; and each
femae gpends 5/6 of her time being coy and 1/6 of her timebeing fast.
Whichever way we think of the ESS, whet it means is this. Any
tendency for membersof either sex to deviate from their appropriate
gable ratio will be penalized by a consequent change in the ratio of
drategies of the other sex, which is, in turn, to the disadvantage of
the origind deviant. Therefore the ESS will be preserved.

We can conclude that it is certainly possble for a population
congsting largdly of coy femaes and faithful maesto evolve Inthese
circumstances the domedtic-bliss srategy for femdes redly does
seem to work. We do not haveto think in terms of aconspiracy of coy
femdes. Coyness can actudly pay afemaes sdfish genes.

There are various ways in which femaes can put this type of
Srategy into practice. | have aready suggested that a femae might
refuseto copulate with amaewho hasnot aready built her anest, or
at least helped her to build anest. 1t isindeed the case that in many
monogamous birds copulation does not take place until after the nest
is built. The effect of thisis that a the moment of conception the
mae has invested a good dedl morein the child than just his cheap
sperms.

Demanding that a prospective mate should build a nest is one
effectiveway for afemdeto trap him. It might be thought that dmost
anything that coststhe male agreat deal would do in theory, even if
that cost is not directly paid in the form of benefit to the unborn
children. If dl femdes of a population forced males to do some
difficult and codly deed, like daying a dragon or climbing a
mountain, before they would consent to copulate with them, they
could in theory be reducing the temptation for the maes to desert
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after copulation. Any mde tempted to desert his mate and try to
spread more of his genes by another femae, would be put off by
the thought that he would have to kill another dragon. In practice,
however, itisunlikey that femaeswould impose such arbitrary tasks
as dragon-killing, or Holy-Grail-seeking on their suitors. The
reason isthat ariva femaewho imposed atask no lessarduous, but
more useful to her and her children, would have an advantage over
more romanticaly minded femdes who demanded a pointless
[abour of love. Building a nest may be less romantic than daying a
dragon or svimming the Hellespont, but it is much more useful.

Also useful to the femde isthe practice | have dready mentioned
of courtship feeding by the male. In birds this has usudly been
regarded as a kind of regression to juvenile behaviour on the part of
the femade. She begs from the mae, using the same gestures as a
young bird would use. It has been supposed that thisisautomaticaly
atractiveto themale, inthe sameway asaman findsalisp or pouting
lips dtractive in an adult woman. The femde bird at thistime needs
al the extrafood she can get, for sheisbuilding up her reserves for
the effort of manufacturing her enormous eggs. Courtship feeding
by the mae probably representsdirect investment by himinthe eggs
themsdves. It therefore has the effect of reducing the disparity
between the two parentsin their initia investment in the young.

Severd insects and spiders aso demonstrate the phenomenon of
courtship feeding. Here an dternative interpretation has sometimes
been only too obvious. Since, asin the case of the praying marntis, the
mae may bein danger of being eaten by the larger femde, anything
that he can do to reduce her appetite may beto hisadvantage. Thereis
amacabre sensein which the unfortunate male mantis can be said to
invest in hischildren. Heisused asfood to help make the eggswhich
will then befertilized, posthumoudy, by hisown stored sperms.

A femde, playing the domesgtic-bliss strategy, who smply looks
themaesover and triesto recognize qudities of fiddity in advance,
lays hersalf open to deception. Any malewho can passhimsdlf off as
agood loyd domedtic type, but who in redlity is concedling a strong
tendency towards desertion and unfathfulness, could have a great
advantage. Aslong as his deserted former wives have any chance of
bringing up some of the children, the philanderer standsto passon
more genes than arivd mae who is an honest husband and father.
Genesfor effective deception by maleswill tend to befavoured inthe

genepool.
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Conversdy, natura sdection will tend to favour femaes who
become good a seeing through such deception. One way they can
do thisisto play especidly hard to get when they are courted by a
new mae, but in successve breeding seasons to be increasngly
reedy to accept quickly the advances of last year's mate. This will
automatically penalize young maes embarking on their firs breed-
ing season, whether they are deceivers or not. The brood of naive
first year femdeswould tend to contain a reativey high proportion
of genes from unfaithful fathers, but fathful fathers have the
advantage in the second and subsequent years of amother'slife, for
they do not have to go through the same prolonged energy-wasting
and time-consuming courtship rituals. If the mgority of individuas
in a population are the children of experienced rather than naive
mothers—a reasonablé assumption in any long-lived species—
genes for honest, good fatherhood will come to prevail in the gene
pool.

For amplicity, | have talked as though a mae were either purely
honest or thoroughly deceitful. In redity it is more probable that dl
males, indeed dl individuds, arealittle bit decaitful, in that they are
programmed to take advantage of opportunities to exploit their
mates. Natural selection, by sharpening up the ability of each partner
to detect dishonesty in the other, has kept large-scale deceit down to
afarly low levd. Males have more to gain from dishonesty than
femdes, and we must expect that, even in those specieswhere maes
show considerable parental dtruism, they will usualy tend to do abit
lesswork than the females, and to be abit more ready to abscond. In
birds and mammas thisis certainly normaly the case.

There are species, however, in which the mae actualy does more
work in caring for the children than the femde does. Among birds
and mammalsthese cases of paternal devotion are exceptiondly rare,
but they are common among fish. Why? Thisisachdlengefor the
«dfish gene theory which has puzzled me for a long time. An
ingenious solution was recently suggested to mein atutoria by Miss
T. R. Carlide. Shemakesuseof Triverss'crud bind' idea, referred
to above, asfollows

Many fish do not copulate, but instead Smply spew out their sex
cdlsinto the water. Fertilization takes place in the open water, not
indgde the body of one of the partners. Thisis probably how sexud
reproduction first began. Land animds like birds, mammas and
reptiles, on the other hand, cannot afford this kind of externa
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fertilization, because their sex cdlls are too vulnerable to drying-up.
The gametes of one sex—the mae, since sperms are mobile—are
introduced into the wet interior of a member of the other sex—the
femde. So muchisjust fact. Now comes theidea. After copulation,
theland-dwelling femdeisleft in physica possesson of theembryo.
It is insde her body. Even if she lays the fertilized egg dmost
immediately, the mae gill has time to vanish, thereby forcing the
femde into Triverss ‘cruel bind'. The mde is inevitably provided
with an opportunity to take the prior decision to desert, closing the
femdes options, and forcing her to decide whether to leave the
young to certain death, or whether to day with it and rear it.
Therefore, maternd careismore common among land animasthan
paternal care.

But for fish and other water-dwelling animas things are very
different. If the mae does not physcdly introduce his sperms into
the femae's body there is no necessary sense inwhich the femde is
left "holding the baby'. Either partner might make a quick getaway
and leave the other onein possession of the newly fertilized eggs. But
thereiseven apossible reason why it might often bethemaewho is
most vulnerable to being deserted. It seems probable that an
evolutionary battle will develop over who sheds their sex cells fird.
The partner who does so has the advantage that he or she can then
leave the other onein possession of the new embryos. On the other
hand, the partner who spawnsfirst runstherisk that his prospective
partner may subsequently fal to folow suit. Now the mde is more
vulnerable here, if only because spermsarelighter and morelikdy to
diffusethan eggs. If afemde spawnstoo early, i.e. beforethemaeis
ready, it will not gregtly matter because the eggs, being rdatively
large and heavy, are likdy to Say together as a coherent clutch for
some time. Therefore a female fish can aford to take the 'risk’ of
spawning early. The mae dare not take thisrisk, since if he spawns
too early his sperms will have diffused avay before the femde is
ready, and she will then not spawn hersdlf, because it will not be
worth her whileto do so. Because of the diffuson problem, themde
must wait until the femae spawns, and then he must shed his sperms
over the eggs. But she has had a precious few seconds in which to
disappear, leaving the mae in possession, and forcing him onto the
horns of Triverss dilemma. So this theory neetly explains why
paternal care is common inwater but rare on dry land.

Leaving fish, | now turnto the other main femde srategy, the he-
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mean drategy. In specieswherethis policy is adopted the femades, in

effect, resgn themsalves to getting no help from the father of their

children, and go al-out for good genesingtead. Once again they use
their wegpon of withholding copulation. They refuse to mate with

just any male, but exercise the utmost care and discrimination before
they will adlow amaleto copulate with them. Some maes undoubt-

edy do contain a larger number of good genes than other males,

genes that would benefit the survival prospects of both sons and

daughters. If a femde can somehow detect good genes in males,

using externdly visble clues, she can benefit her own genes by

adlying them with good paterna genes. To use our andogy of the
rowing crews, afemae can minimize the chance that her genes will

be dragged down through getting into bad company. She can try to

hand-pick good crew-mates for her own genes.

The chances are that mogt of the femaes will agree with each
other on which are the best males, since they dl have the same
information to go on. Therefore these few lucky maeswill do most
of the copulating. Thisthey are quite cgpable of doing, sincedl they
must give to each femde is some cheap sperms. Thisis presumably
what has happened in elephant seds and in birds of paradise. The
femdes are dlowing just a few maes to get avay with the ided
sdfish-explaitation srategy which al maes aspire to, but they are
making sure that only the best maes are dlowed this luxury.

From the point of view of afemaetrying to pick good geneswith
whichto dly her own, what is shelooking for? Onething shewantsis
evidence of ability to survive. Obvioudy any potential mate who is
courting her has proved his ability to survive at least into adulthood,
but he has not necessarily proved that he can survive much longer.
Quite a good policy for a femde might be to go for old men.
Whatever thelr shortcomings, they have at least proved they can
aurvive, and she is likdy to be dlying her genes with genes for
longevity. However, there is no point in ensuring that her children
live long lives if they do not dso give her lots of grandchildren.
Longevity is not primafacie evidence of virility. Indeed along-lived
mae may have survived precisaly because he does not take risksin
order to reproduce. A femde who sdects an old mde is not
necessarily going to have more descendants than ariva femde who
chooses ayoung one who shows some other evidence of good genes.

What other evidence? There are many possibilities. Perhaps
strong muscles as evidence of ability to catch food, perhapslong legs
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as evidence of ability to run away from predators. A femde might
benefit her genes by dlying them with such traits, sncethey might be
ussful qualities in both her sons and her daughters. To begin with,
then, we have to imagine femdes choosng maes on the bass of
perfectly genuine labds or indicators which tend to be evidence of
good underlying genes. But now here is a vay interesting point
redized by Darwin, and clearly enunciated by Fisher. In a socigty
where maes compete with each other to be chosen as he-men by
femdes, one of the best things a mother can do for her genesisto
make ason who will turn out in histurn to be an attractive he-man. If
she can ensure that her son is one of the fortunate fev maes who
winsmog of the copulationsin the society when he grows up, she will
have an enormous number of grandchildren. The result of thisis
that one of the most desirable quaitiesamae can haveinthe eyes of
afemde is, quite Imply, sexud attractiveness itsdf. A femde who
mates with a super-attractive he-manis morelikdy to have sonswho
are dtractive to femdes of the next generation, and who will make
lots of grandchildren for her. Origindly, then, femdes may be
thought of as sdecting males on the basis of obvioudy useful quali-
tieslike big muscles, but once such quaities became widdy accepted
as atractive among the femdes of the species, natural sdlection
would continue to favour them smply because they were dtractive.
Extravagances such as the tals of mde birds of paradise may
therefore have evolved by akind of unstable, runaway process.* In
the early days, adightly longer tail than usua may have been sdlected
by femdes as a dedrable qudity in maes, perhaps because it
betokened afit and hedthy condtitution. A short tail on amae might
have been an indicator of some vitamin deficiency—evidence of poor
food-getting ability. Or perhaps short-tailed maes were not very
good a running avay from predators, and o had had their tails
bitten off. Notice that we don't have to assume that the short tail was
in itsdf gendticdly inherited, only that it served as an indicator of
some genetic inferiority. Anyway, for whatever reason, let us suppose
that femdes in the ancestral bird of paradise species preferentidly
went for males with longer than average tails. Provided there was
some genetic contribution to the naturd variation in maetail-length,
this would in time cause the average tail-length of maes in the
population to increase. Femaes falowed asmple rule: look dl the
maes over, and go for the onewith the longest tail. Any femae who
departed from this rule was pendized, even if tails had dready
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become s0 long that they actudly encumbered maes possessing
them. Thiswas because any femaewho did not producelong-tailed
sons had little chance of one of her sonsbeing regarded asattractive.
Like afashion in women's clothes, or in American car design, the
trend toward longer tail stook off and gathered its own momentum. It
was stopped only when tals became so grotesquely long thet their
manifest disadvantages started to outweigh the advantage of sexud
attractiveness.

Thisisahard ideato swalow, and it has attracted its sceptics ever
since Darwin firg proposed it, under the name of sexua selection.
One person who does not believe it is A. Zahavi, whose 'Fox, fox'
theory we have dready met. He puts forward his own maddeningly
contrary "handicap principle' as arivd explanation.* He points out
that the very fact that femdes are trying to sdect for good genes
among males opens the door to deception by the males. Strong
muscles may be a genuindy good quality for afemde to select, but
then what is to stop maes from growing dummy muscles with no
morereal substance than human padded shoulders?If it costssamae
less to grow fdse muscles than redl ones, sexud sdection should
favour genes for producing fadse muscles. It will not be long,
however, before counter-salection leads to the evolution of femdes
cagpable of seeing through the deception. Zahavi's basic premise is
that fase sexud advertisement will eventudly be seen through by
femdes. He therefore concludes that redly successful males will be
those who do not advertise fasdy, those who pa pably demondtrate
that they are not deceiving. If it is strong muscles we are taking
about, then maleswho merdly assumethevisua appearance of strong
muscles will soon be detected by the femdes. But a mae who
demondtrates, by the equivaent of lifting weights or ogtentatioudy
doing press-ups, that he redly has strong muscles, will succeed in
convincing the femaes. In other words Zahavi bdieves that a he-
man must not only seemto beagood qudity mae: hemust redly bea
good qudity male, otherwise he will not be accepted as such by
sceptical femaes. Displayswill therefore evalve that only a genuine
he-man is cgpable of doing.

So far so good. Now comesthe part of Zahavi'stheory that realy
dicksinthethroa. He suggeststhat thetalis of birdsof paradise and
peacocks, the huge antlers of deer, and the other sexuadly-sdected
featureswhich have dways seemed paradoxica because they appear
to be handicapsto their possessors, evave precisdly becausethey are
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handicaps. A mde bird with along and cumbersometail is showing
off to femdesthat heis such astrong he-man that he can survivein
spite of histail. Think of awoman weatching two men run arace. If
both arive a the finishing post a the same time, but one has
deliberatdly encumbered himsdf with asack of cod on hisback, the
women will naturdly draw the conclusion that the man with the
burden is redly the fagter runner.

I do not believethistheory, dthough | am not quite so confident in
my scepticism as | waswhen | firgt heard it. | pointed out then that
thelogicd concluson to it should be the evolution of maleswith only
one leg and only one eye. Zahavi, who comes from Isragl, ingtantly
retorted: 'Some of our best generds have only one eye!’ Neverthe-
less, the problem remainsthat the handicap theory seemsto contain
abasic contradiction. If the handicap is a genuine one—and it is of
the essence of the theory that it has to be a genuine one—then the
handicap itsdf will pendize the offsoring just as surdy as it may
attract femaes. It is, in any case, important that the handicap must
not be passed on to daughters.

If we rephrase the handicap theory in terms of genes, we have
something like this. A gene that makes males develop a handicap,
such asalongtail, becomes more numerousin the gene pool because
femaes choose maes who have handicaps. Females choose maes
who have handi caps, because genesthat make femaes so choosedso
become frequent in the gene pool. This is because femdes with a
taste for handicapped maes will automaticaly tend to be sdlecting
maes with good genes in other respects, since those maes have
aurvived to adulthood in spite of the handicap. These good 'other’
geneswill benefit the bodies of the children, which therefore survive
to propagate the genesfor the handicap itsdf, and aso the genesfor
choosng handicapped males. Provided the genes for the handicap
itself exert their effect only in sons, just as the genes for a sexud
preference for the handicap afect only daughters, the theory just
might be made to work. So long asitisformulated only in words, we
cannot be sure whether it will work or not. We get a better idea of
how feasble such a theory is when it is rephrased in terms of a
mathematical model. So far mathematica geneticistswho havetried
to make the handicap principle into a workable modd have failed.
This may be because it is not a workable principle, or it may be
becausethey are not dever enough. One of them isMaynard Smith,
and my hunch favours the former possibility.
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If amale can demondtrate his superiority over other maesinaway
that does not involve ddiberately handicapping himsdf, nobody
would doubt that he could increase his genetic success in that way.
Thus dephant sedls win and hold on to their harems, not by being
aesheticdly attractive to femaes, but by the smple expedient of
besting up any mae who tries to move in on the harem. Harem
holders tend to win these fights againgt would-be usurpers, if only
for the obvious reason that that is why they are harem-holders.
Usurpers do not often win fights, because if they were capable of
winning they would have done so before! Any femaewho mates only
with aharem holder istherefore dlying her geneswithamaewhois
srong enough to beat off successve chdlenges from the large
surplus of desperate bachelor males. With luck her sonswill inherit
their father's ability to hold a harem. In practice a femde eephant
sedl does not have much option, because the harem-owner beats her
up if shetriesto stray. The principle remains, however, that femaes
who choose to mate with maes who win fights may benefit their
genes by 0 doing. As we have seen, there are examples of femdes
preferring to mate with maes who hold territories and with males
who have high status in the dominance hierarchy.

To sum up this chapter so far, the various different kinds of
breeding sysem that we find among animas—monogamy, promis-
cuity, harems, and so on—can be understood in terms of conflicting
interests between maesand females. Individuals of either sex 'want'
to maximize their totad reproductive output during their lives.
Because of afundamenta difference between the Sze and numbers
of spermsand eggs, maesarein generd likdy to be biased towards
promiscuity and lack of paternal care. Femaes have two main
avalable counter-ploys, which | have cdled the he-man and the
domestic-bliss strategies. The ecologica circumstances of a species
will determine whether the femaes are biased towards one or the
other of these counter-ploys, and will also determine how themales
respond. In practice dl intermediates between he-man and
domedtic-bliss are found and, as we have seen, there are casss in
which the father does even more child-care than the mother. This
book is not concerned with the details of particular animals species,
<0 | will not discuss what might predispose a species towards one
form of breeding system rather than another. Instead | will consider
the differences that are commonly observed between maes and
femdesin genera, and show how these may be interpreted. | shdl
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therefore not be emphasizing those species in which the differences
between the s=xes are dight, these being in generd the ones whose
femdes have favoured the domestic-bliss drategy.

Firdly, it tends to be the maeswho go in for sexudly attractive,
gaudy colours, and the femaes who tend to be more drab. Individu-
ds of both sexes want to avoid being eaten by predators, and there
will be some evolutionary pressure on both sexes to be drably
coloured. Bright colours attract predators no less than they attract
sexud partners. In gene terms, this means that genes for bright
coloursare more likely to meet their end in the somachs of predators
than are genes for drab colours. On the other hand, genes for drab
colours may be less likdy than genes for bright colours to find
themsealves in the next generation, because drab individuds have
difficulty in attracting a mate. There are therefore two conflicting
sdection pressures. predators tending to remove bright-colour
genes from the gene pool, and sexud partners tending to remove
genes for drabness. As in S0 many other cases, effident survivd
machines can be regarded as a compromise between conflicting
sdection pressures. What interests us at the moment is that the
optima compromise for a mae seems to be different from the
optima compromise for afemde. Thisis of course fully compatible
with our view of maes ashigh-risk, high-reward gamblers. Because
amae produces many millions of spermsto every egg produced by a
femde, sperms heavily outnumber eggsin the population. Any given
egg istherefore much morelikdly to enter into sexud fuson than any
given spermis. Eggsare ardaivey vauable resource, and therefore
afemde does not heed to be so sexudly attractive as amde doesin
order to ensure that her eggs are fertilized. A mae is pefectly
capable of dring dl the children bom to a large population of
femdes Evenif amdehasashort life because hisgaudy tail attracts
predators, or getstangled in the bushes, he may have fathered avery
large number of children before he dies. An unattractive or drab
maemay live even aslong asafemde, but he hasfew children, and
hisgenes are not passed on. What shdl it profit amdeif he shdl gain
the wholeworld, and lose hisimmorta genes?

Another common sexud difference is that femaes are more fussy
than maes about whom they mate with. One of the reasons for
fussness by an individud of either sex is the need to avoid mating
with a member of another species. Such hybridizations are a bad
thing for a variety of reasons. Sometimes, as in the case of a man
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copulating with a sheep, the copulation does not lead to an embryo
being formed, so not muchislost. When more dosdy related species
like horses and donkeys cross-breed, however, the cod, at least to
thefemde partner, can be considerable. An embryo muleislikdy to
be formed and it then clutters up her womb for deven months. It
takesalarge quantity of her total parental investment, not only in the
form of food absorbed through the placenta, and then later in the
form of milk, but aove al in time which could have been spent in
rearing other children. Then when the mule reaches adulthood it
turns out to be sterile. Thisis presumably because, athough horse
chromosomes and donkey chromosomes are aufficiently smilar to
cooperate in the building of a good strong mule body, they are not
smilar enough to work together properly in meiosis. Whatever the
exact reason, the very considerable investment by the mother in the
rearing of amuleistotally wasted from the point of view of her genes.
Female horses should be very, very careful that the individud they
copulatewith isanother horse, and not adonkey. In geneterms, any
horse gene that says 'Body, if you are femde, copulate with any old
male, whether he is adonkey or ahorse, isagenewhich may next
find itsdlf in the dead-end body of amule, and the mother's parental
investment in that baby mule detracts heavily from her capacity to
rear fertile horses. A male, on the other hand, haslessto loseif he
mates with a member of the wrong species, and, although he may
have nothing to gain either, we should expect maesto belessfussy in
their choice of sexud partners. Wherethishasbeen looked &, it has
been found to be true.

Even within a species, there may be reasons for fussness,
Incestuous mating, like hybridization, is likely to have damaging
genetic consequences, in this case because lethal and semi-lethal
recessve genes are brought out into the open. Once again, femdes
have moreto losethan males, sncether investment in any particular
child tends to be greater. Where incest taboos exist, we should
expect femaesto bemorerigid in their adherenceto the taboosthan
males. If we assumethat the older partner in an incestuous rel ation-
shipisredativey likdy to betheactiveinitiator, we should expect that
incestuous unionsin which the maeis older than the female should
be more common than unions in which the female is older. For
instance father/daughter incest should be commoner than mother/
son. Brother/sister incest should be intermediate in commonness.

In general, maes should tend to be more promiscuous than
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femdes. Since a femde produces a limited number of eggs a a

relaively dow rate, she haslittle to gain from having alarge number

of copulations with different males. A mae on the other hand, who

can produce millions of sperms every day, has everything to gain

from as many promiscuous matings as he can snaich. Excess

copulations may not actudly cost a femae much, other than a little

logt time and energy, but they do not do her postive good. A maeon
the other hand can never get enough copulations with as many

different femdes as possible: the word excess has no meaning for a

male.

| have not expliditly talked about man but inevitably, when we
think about evolutionary arguments such asthose in this chapter, we
cannot help reflecting about our own species and our own experi-
ence. Notions of femaes withholding copulation until amae shows
some evidence of long-term fiddity may strikeafamiliar chord. This
might suggest that human femdes play the domestic-bliss rather
than the he-man drategy. Many human societies are indeed mono-
gamous. In our own society, parental investment by both parents is
large and not obvioudy unbaanced. Mothers certainly do more
direct work for children than fathers do, but fathers often work hard
in amore indirect sense to provide the materia resources that are
poured into the children. On the other hand, some human societies
are promiscuous, and many are harem-based. What this astonishing
vaigly suggeds is tha man's way of life is largdy determined by
culturerather than by genes. However, it isstill possblethat human
maesin generd have atendency towards promiscuity, and femaesa
tendency towards monogamy, as we would predict on evolutionary
grounds. Which of these two tendencies winsin particular societies
depends on details of culturd circumstance, just as in different
anima speciesit depends on ecologicd details.

Onefeature of our own society that seems decidedly anomaousis
the matter of sexud advertisement. Aswe have seen, itissrongly to
be expected on evolutionary grounds thet, where the sexes differ, it
should be the males that advertise and the femdes that are drab.
M odern western man is undoubtedly exceptiona in thisrespect. Itis
of coursetrue that some men dress flamboyantly and some women
dressdrably but, on average, there can be no doubt that in our society
the equivaent of the peacock'stall isexhibited by thefemde, not by
the male. Women paint their facesand glue on fase eydashes. Apart
from specid cases, like actors, men do not. Women seem to be
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interested in their own personal appearance and they are encouraged
in this by their magazines and journals. Men's magazines are less
preoccupied with mae sexud attractiveness, and a man who is
unusudly interested in hisown dress and gppearanceis apt to arouse
suspicion, both among men and among women. When awomean is
described in conversation, it isquite likey that her sexud attractive-
ness, or lack of it, will be prominently mentioned. This is true,
whether the spesker isaman or awoman. When amanisdescribed,
the adjectives used are much more likdy to have nothing to do with
EX.

Faced with these facts, abiologist would be forced to suspect that
he was looking a a society in which femades compete for maes,
rather than vice versa. In the case of birds of paradise, we decided
that femdes are drab because they do not need to compete for males.
Maes are bright and ogtentatious because femdes are in demand
and can aford to be choosy. Thereason femde birds of paradise are
indemand isthat eggs are amore scarce resource than sperms. What
has happened in modern western man? Has the mae redly become
the sought-after s=x, the one that is in demand, the sex that can

aford to be choosy? If so, why?



YOU SCRATCH MY BACK,
I'LL RIDE ON YOURS

We have consdered parental, sexual, and aggressive interactions
between surviva machinesbel onging to the same species. Thereare
sriking aspects of anima interactions which do not seem to be
obvioudy covered by any of these headings. One of these is the
propendty that so many animads have for living in groups. Birds
flock, insects swarm, fish and whales school, plains-dwelling mam-
mas herd together or hunt in packs. These aggregations usudly
cons st of membersof asingle species only, but there are exceptions.
Zebras often herd together with gnus, and mixed-species flocks of
birds are sometimes seen.

The suggested benefits that a sdfish individua can wrest from
living in agroup congtitute rather amiscellaneouslist. | am not going
to trot out the cataogue, but will mention just afew suggestions. In
the course of this | shdl return to the remaining examples of
apparently dtruistic behaviour that | gave in Chapter 1, and which |
promised to explain. Thiswill lead into a consideration of the socid
insects, without which no account of animd atruism would be
complete. Findly in this rather miscelaneous chapter, | shdll
mention the important idea of reciprocal dtruism, the principle of
'Y ou scratch my back, I'll scratch yours.

If animals live together in groups their genes must get more
benefit out of the association than they put in. A pack of hyenas can
catch prey so much larger than alone hyena can bring down that it
pays each Hfish individud to hunt in a pack, even though this
involves sharing food. It is probably for smilar reasons that some
spiders cooperate in building a huge communa web. Emperor
penguins conserve heat by huddling together. Each one gains by
presenting a smdler surface areato the elements than he would on
hisown. A fishwho snvims obliquely behind another fishmay gaina
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hydrodynamic advantage from the turbulence produced by the fish
in front. This could be partly why fish school. A related trick
concerned with air turbulenceisknown to racing cydligs, and it may
account for the V-formation of flying birds. There is probably
competition to avoid the disadvantageous position &t the head of the
flock. Possibly the birdstake turns as unwilling leede—aform of the
delayed reciprocal-altruism to be discussed at the end of the chapter.

Many of the suggested benefits of group living have been con-
cerned with avoiding being eaten by predators. An degant formula
tion of such athe6ry was given by W. D. Hamilton, in apaper called
Geometry for the selfish herd. Lest thislead to misunderstanding,

I must dress that by 'sdfish herd he meant 'herd of sdfish
individuals.

Onceagain we start with asmple 'model* which, though abstract,
hel ps usto understand the real world. Supposeaspeciesof animd is
hunted by a predator that dways tends to attack the nearest prey
individua. From the predator's point of view this is a reasonable
drategy, snce it tends to cut down energy expenditure. From the
prey'spoint of view it hasan interesting consequence. It meansthat
each prey individua will congtantly try to avoid being the nearesttoa
predator. If the prey can detect the predator a a distance, it will
damply run away. But if the predator is apt to turn up suddenly
without warning, say it lurks concedled in long grass, then each prey
individua can Hill take steps to minimize its chance of being the
nearest to a predator. We can picture eech prey individud as being
surrounded by a'domain of danger'. Thisis defined as that area of
ground inwhich any point isnearer to that individud thanitisto any
other individual. For instance, if the prey individuas march spaced
out in a regular geometric formation, the domain of danger round
each one (unless he is on the edge) might be roughly hexagond in
shape. If apredator happensto belurking in the hexagond domain of
danger surrounding individud A, then individud A is likdy to be
egten. Individuas on the edge of the herd are especidly vulnerable,
since their domain of danger is not a rdatively smal hexagon, but
includes awide area on the open side.

Now dearly a sensble individud will try to keep his domain of
danger assmdl aspossible. In particular, hewill try to avoid being on
the edge of the herd. If he finds himself on the edge he will take
immediste seps to move towards the centre. Unfortunately
somebody has to be on the edge, but as far as each individud is
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concerned it is not going to be him! There will be a ceasdess
migration in from the edges of an aggregation towards the centre. If
the herd was previoudy loose and straggling, it will soon become
tightly bunched asaresult of theinward migration. Even if we Start
our modd with no tendency towards aggregetion &t al, and the prey
animds gtart by being randomly dispersed, the sdfish urge of each
individua will beto reduce hisdomain of danger by trying to position
himsef in agap between other individuas. Thiswill quickly lead to
the formation of aggregations which will become ever more densdly
bunched.

Obvioudy, in red life the bunching tendency will be limited by
oppasing pressures. otherwise dl individuas would collgpse in a
writhing heap! But Hill, the modd is interesting as it shows us that
even vary smple assumptions can predict aggregation. Other, more
elaborate modds have been proposed. The fact that they are more
redigtic does not detract from the vaue of the smpler Hamilton
modd in helping us to think about the problem of animd
aggregation.

The sdfisrherd modd in itsdf has no place for cooperative
interactions. There is no dtruism here, only sdfish exploitation by
each individua of every other individud. But in red life there are
cases where individuals seem to take active steps to preserve fdlow
members of the group from predators. Bird darm cals spring to
mind. These cartainly function as darm sgnds in that they cause
individualswho hear them to takeimmediate evesve action. Thereis
no suggestion that the caler is 'trying to draw the predator's fire
avay from his colleagues. He is amply informing them of the
predator's exigence—warning them. Neverthelessthe act of caling
seems, at least at firgt Sght, to be dtruigtic, becauseit hasthe effect of
cdling the predator's attention to the caller. We can infer this
indirectly from a fact which was noticed by P. R. Marler. The
physcd characteristics of the calls seem to be idedlly shaped to be
difficult to locate. If an acoudtic engineer were asked to design a
sound that a predator would find it hard to approach, he would
produce something very likethereal darm cdls of many smdl song-
birds. Now in nature this shaping of the cdls must have been
produced by natural sdlection, and we know what that means. It
means that large numbers of individuas have died because their
dam cdls were not quite perfect. Therefore there seems to be
danger atached to giving darm cdls. The sdfish gene theory hasto
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come up with aconvincing advantage of giving darm cadlswhichis
big enough to counteract this danger.

Infact thisisnot very difficult. Bird darm callshave been held up
S0 many times as 'awkward' for the Darwinian theory that it has
become a kind of sport to dream up explandtions for them. As a
result, we now have so many good explandions thet it is hard to
remember what dl the fusswas about. Obvioudy, if thereisachance
that the flodk contains some closere atives, agenefor giving anadarm
cdl can prosper in the gene pool because it has a good chance of
being in the bodies of some of the individuals saved. Thisis true,
even if the caller pays dearly for his dtruism by attracting the
predator's attention to himsdf.

If you are not satisfied with thiskin-selection idea, there are plenty
of other theoriesto choose from. There are many waysin which the
cdler could gain Hfish benefit from warning his fdlows Trivers
fedsoff five goodideas, but | find the following two of my own rather
more convincing.

Thefirst | cdl the cave theory, from the Latin for 'beware’, 4ill
used (pronounced 'kay-vee) by schoolboys to warn of approaching
authority. Thistheory is suitable for camouflaged birds that crouch
frozen in the undergrowth when danger threatens. Suppose a flock
of such birdsisfeeding in afield. A hawk flies past in the distance.
He has not yet seen the flodk and he is not flying directly towards
them, but there is adanger that his keen eyeswill spot them at any
moment and he will race into the attack. Suppose one member of the
flock sees the hawk, but the rest have not yet done so. This one
sharp-eyed individua could immediately freeze and crouch in the
grass. But thiswould do him little good, because hiscompanionsare
dill waking around conspicuoudy and noisily. Any one of them
could attract the hawk's attention and then thewhole flock isin peril.
From apurdly sdfish point of view the best policy for theindividua
who spotsthe hawk firgt isto hissaquick warning to hiscompanions,
and 0 shut them up and reduce the chance that they will
inadvertently summon the hawk into his own vicinity.

Theother theory | want to mention may be caled the 'never bresk
ranks theory. This one is suitable for species of birds that fly off
when a predator approaches, perhaps up into atree. Once again,
imagine that one individud in aflock of feeding birds has spotted a
predator. What is heto do? He could smply fly off himsaf, without
warning his colleagues. But now he would be a bird on his own, no
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longer part of a rdatively anonymous flock, but an odd man out.
Hawks are actudly known to go for odd pigeons out, but even if this
were not S0 there are plenty of theoretical reasons for thinking that
bresking ranks might be a suicidal policy. Even if his companions
eventudly fallow him, theindividua who firg flies up off the ground
temporarily increases his domain of danger. Whether Hamilton's
particular theory is right or wrong, there must be some important
advantage in living in flocks, otherwise the birds would not do it.
Whatever that advantage may be, theindividua who leavestheflock
ahead of the otherswill, a least in part, forfdt that advantage. If he
must not break ranks, then, what isthe observant bird to do? Perhaps
he should just carry on as if nothing had happened and rely on the
protection afforded by his membership of the flock. But this too
carriesgraverisks. Heis dill out in the open, highly vulnerable. He
would be much safer up in atree. The best policy isindeed to fly up
into atree, but to make sure everybody el se doestoo. That way, hewill not
become an odd man out and he will not forfat the advantages of
being part of acrowd, but hewill gain the advantage of flying off into
cover. Once agan, uttering awarning cal is seen to have apurey
«fish advantage. E. L. Charnov and J. R. Krebs have proposed a
smilar theory inwhich they go so far asto use the word 'manipula
tion' to describewhat the calling bird doesto therest of hisflock. We
have come along way from pure, disinterested dtruism!

Superficidly, thee theories may seem incompatible with the
statement that the individud who gives the darm cdl endangers
himsdf. Redly there is no incompatibility. He would endanger
himsaf even more by not caling. Some individuds have died
because they gave darm cdls, especidly the oneswhose cdls were
essy tolocate. Other individuas have died because they did not give
dam cdls. The cavetheory and the 'never bresk ranks theory are
just two out of many ways of explaining why.

What of the gtotting Thomson's gazelle, which | mentioned in
Chapter 1, and whose gpparently suicidd atruism moved Ardrey to
state categoricaly that it could be explained only by group sdection?
Here the sdfish gene theory has a more exacting challenge. Alam
cdls in birds do work, but they are dearly designed to be as
inconspicuous and discreet as possible. Not so the stotting high-
jumps. They are ostentatiousto the point of downright provocation.
The gazdles look as if they are ddiberatdy inviting the predator's
attention, amog asif they areteasing the predator. Thisobservation
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has led to a ddightfully daring theory. The theory was originaly
foreshadowed by N. Smythe but, pushed toitslogica conclusion, it
bears the unmistakable signature of A. Zahawi.

Zahavi's theory can be put like this. The crucid bit of lateral
thinking isthe idea that sotting, far from being agnd to the other
gazelles, isredly amed a the predators. It is noticed by the other
gazdles and it affects their behaviour, but thisisincidental, foritis
primarily selected asasgnd to the predator. Trandated roughly into
English it means: 'Look how high | can jump, | am obvioudy sucha
fit and hedlthy gazdle, you can't catch me, you would be much wiser
to try and catch my neighbour who is not jumping so high!" In less
anthropomorphic terms, genes for jumping high and ostentatioudy
are unlikdy to be eaten by predators because predators tend to
choose prey who look essy to catch. In particular, many mammd
predators are known to go for the old and the unhedthy. An
individua who jumps high isadvertisng, in an exaggerated way, the
fact that heisneither old nor unhealthy. According to thistheory, the
digolay isfar fromdtruigtic. If anything it issdfish, snceitsobjectis
to persuadethe predator to chase somebody else. Inaway thereisa
competition to seewho can jump the highest, theloser being the one
chosen by the predator.

The other example that | said | would return to is the case of the
kamikaze bees, who gting honey-raiders but commit dmogt certain
suicidein the process. The honey beeisjust one example of ahighly
social insect. Others are wasps, ants, and termites or ‘white ants.. |
want to discuss socid insects generdly, not just suicidal bees. The
exploits of the socid insects are legendary, in particular their
astonishing fegts of cooperation and apparent atruism. Suiciddl
gtinging missions typify their prodigies of self-abnegation. In the
'honey-pot' antsthereisacaste of workerswith grotesquely swollen,
food-packed abdomens, whose sole function in life is to hang
moationless from the celling like bloated light-bulbs, being used as
food stores by the other workers. In the human sensethey do not live
asindividuds at dl; their individudity is subjugated, apparently to
the wefare of the community. A society of ants, bees, or termites
achieves a kind of individudity at a higher level. Food is shared to
such an extent that one may speak of acommuna stomach. Informa:
tion is shared so effidently by chemica sgnds and by the famous
‘dance’ of the beesthat the community behavesalmog asif it werea
unit with a nervous sysem and sense organs of its own. Foreign
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intruders are recognized and repelled with something of the selec-
tivity of a body's immune reaction sysem. The rather high
temperature indde abeehive is regulated nearly as precisdly asthat
of the human body, even though an individua bee is not a ‘warm
blooded' animd. Findly and most importantly, the andogy extends
to reproduction. The mgority of individuasin asociad insect colony
are derile workers. The 'germ lineé—the line of immortal gene
continuity—flows through the bodies of a minority of individuas,
the reproductives. These are the and ogues of our own reproductive
cdlsinour testesand ovaries. The serileworkersarethe andogy of
our liver, muscle, and nerve cdlls.

Kamikaze behaviour and other forms of atruism and cooperation
by workers are not astonishing once we accept the fact thet they are
gerile. The body of a norma animd is manipulated to ensure the
aurvivd of its genes both through bearing offspring and through
caring for other individuas containing the same genes. Suicide in
the interests of caring for other individuas is incompeatible with
future bearing of one's own offspring. Suicidal sdf-sacrifice there-
fore seldom evolves. But a worker bee never bears offpring of its
own. All its efforts are directed to preserving its genes by caring for
relatives other than its own offgoring. The death of a Sngle serile
worker beeis no more serious to its genes than is the shedding of a
leef in autumn to the genes of atree.

Thereisatemptation to wax mydticd about the socia insects, but
there is redly no need for this. It is worth looking in some detail at
how the sdfish gene theory dedls with them, and in particular a
how it explains the evolutionary origin of that extreordinary
phenomenon of worker sterility from which so much seemsto follow.

A socid insect colony isahuge family, usudly al descended from
the same mother. The workers, who sddom or never reproduce
themsdves, are often divided into a number of distinct castes,
including smdl workers, large workers, soldiers, and highly spe-
cidized castes like the honey-pots. Reproductive femdes are caled
queens. Reproductive males are sometimes cdled drones or kings.
In the more advanced societies, the reproductives never work at
anything except procreation, but at this one task they are extremdy
good. They rdy ontheworkersfor their food and protection, and the
workersare dso responsblefor looking after the brood. In some ant
and termite gpecies the queen has swollen into agigantic egg factory,
scarcely recognizableasaninsect a dl, hundreds of timesthe sze of
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aworker and quite incapable of moving. Sheis congtantly tended by
workerswho groom her, feed her, and transport her ceasdessflow of
eggsto the communal nurseries. If such amonstrous queen ever has
to move from the royd cdl she rides in state on the backs of
sguadrons of toiling workers.

In Chapter 7 | introduced the distinction between bearing and
caring. | sad that mixed drategies, combining bearing and caring,
would normdly evolve In Chapter 5 we saw that mixed evolution-
aily gable srategies could be of two generd types. Either each
individud in the population could behave in a mixed way: thus
individuas usudly achieve ajudicious mixture of bearing and caring;
or, the population may be divided into two different types of
individua: thiswas how wefirg pictured the balance between hawks
and doves. Now it istheoreticaly possiblefor an evolutionarily stable
bal ance between bearing and caring to be achieved in the latter kind
of way: the population could be divided into bearers and carers. But
thiscan only be evolutionarily sableif the carersare dosekinto the
individuas for whom they care, at least as dose asthey would be to
their own offgaring if they had any. Although it is theoreticdly
possiblefor evolution to proceed in thisdirection, it seemsto be only
in the socid insects that it has actualy happened.*

Socid insect individua s are divided into two main classes, bearers
and carers. The bearers are the reproductive maes and femaes.
The carers are the workers—infertile maes and femdes in the
termites, infertile femdesin dl other socid insects. Both types do
their job more efficiently because they do not have to cope with the
other. But from whose point of view is it efident? The question
which will be hurled a the Darwinian theory is the familiar cry:
'What'sin it for the workers?

Some people have answered 'Nothing.' They fed that the queenis
having it dl her own way, manipulating the workers by chemicd
means to her own fish ends, making them care for her own
teeming brood. Thisisaverson of Alexander's'parental manipula-
tion' theory which we met in Chapter 8. The opposteideaisthat the
workers 'farm’ the reproductives, manipulating them to increase
their productivity in propagating replicas of the workers genes. To
be sure, the survivd machinesthat the queen makes are not offspring
to the workers, but they are close reatives nevertheless. It was
Hamilton who brilliantly redlized that, at least in the ants, bees, and
wasps, theworkersmay actudly be more dosdy related to the brood
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than the queen hersdf isl Thisled him, and later Triversand Hare,
on to one of the most pectacular triumphs of the sdfish genetheory.
The reasoning goes like this.

Insects of the group known as the Hymenoptera, including ants,
bees, and wasps, have a very odd sysem of sex determination.
Termites do not belong to thisgroup and they do not sharethe same
peculiarity. A hymenopteran nest typicaly has only one mature
queen. She made one mating flight when young and stored up the
sperms for the rest of her long life—ten years or even longer. She
rationsthe spermsout to her eggs over the years, dlowing the eggsto
be fertilized asthey pass out through her tubes. But not dl the eggs
are fertilized. The unfertilized ones develop into males. A mde
therefore has no father, and dl the cdlls of his body contain just a
single set of chromosomes (dl obtained from hismother) instead of a
double sat (one from the father and one from the mother) as in
oursalves. In terms of the andogy of Chapter 3, a made hymenop-
teran has only one copy of each 'volume' in each of hiscells, instead
of theusual two.

A femde hymenopteran, on the other hand, is normd in that she
does have afather, and she hasthe usua double set of chromosomes
ineach of her body cells. Whether afemde deve opsinto aworker or
a queen depends not on her genes but on how she is brought up.
That is to say, each fende has a complete st of queen-making
genes, and acomplete set of worker-making genes (or, rather, setsof
genes for making each specidized cagte of worker, soldier, etc.).
Which st of genes is 'turned on' depends on how the femde is
reared, in particular on the food she receives.

Although there are many complications, this is essentialy how
things are. We do not know why this extreordinary system of sexud
reproduction evolved. No doubt there were good reasons, but for the
moment we must just treet it as a curious fact about the Hymenop-
tera. Whatever the origina reason for the oddity, it plays havoc with
Chapter 6's nest rulesfor caculating relatedness. It means that the
sperms of asngle mae, ingead of dl being different asthey arein
oursalves, are dl exadtly the same. A mde has only a single set of
genesin each of hisbody cells, not adouble set. Every sperm must
therefore recaive the full set of genes rather than a 50 per cent
sample, and dl spermsfrom agiven mae arethereforeidentical. L et
usnow try to caculate the rel atedness between amother and son. If a
mae is known to possess a gene A, what are the chances that his
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mother sharesit? The answer must be 100 per cent, since the male
had no father and obtained al his genes from his mother. But now
suppose a queen is known to have the gene B. The chance that her
son shares the gene is only 50 per cent, since he contains only half
her genes. Thissoundslikeacontradiction, but itisnot. A maegets
all hisgenesfrom hismother, but amother only gives half her genes
to her son. The solution to the apparent paradox liesin thefact that a
mae has only half the usua number of genes. Thereisno pointin
puzzling over whether the'true’ index of relatednessis1/2 or 1. The
index is only a man-made measure, and if it leads to difficultiesin
particular cases, we may have to abandon it and go back to first
principles. From the point of view of agene Ainthe body of aqueen,
the chance that the gene is shared by ason is /2, just asitisfor a
daughter. From a queen's point of view therefore, her offspring, of
either s2x, areasdosdy related to her ashuman children areto their
mother.

Things gtart to get intriguing when we cometo sisters. Full ssters
not only share the same father: the two sperms that conceived them
wereidenticd in every gene. The sigters are therefore equivaent to
identica twins as far as their paternal genes are concerned. If one
femdehasagene A, shemust have got it from either her father or her
mother. If she got it from her mother then there is a 50 per cent
chance that her sgter sharesit. But if she got it from her father, the
chances are 100 per cent that her Sster shares it. Therefore the
rel atedness between hymenopteran full sstersis not \ asit would be
for norma sexud animdls, but 3/4.

It fdlows that a hymenopteran femae is more closdy related to
her full sgtersthan sheisto her offgoring of either sex.* AsHamilton
redized (though he did not put it in quite the same way) this might
well predispose a femde to fam her own mother as an efficient
sster-making machine. A genefor vicarioudy making sistersrepli-
cates itsdf more rapidly than a gene for making offspring directly.
Hence worker gerility evolved. It is presumably no accident that true
socidity, with worker gerility, seemsto have evolved no fewer than
eeven timesindependently in the Hymenopteraand only oncein the
whole of the rest of the animd kingdom, namdly in the termites.

However, thereis acatch. If the workers are successfully to fam
their mother as a sster-producing machine, they must somehow
curb her natural tendency to give them an equa number of little
brothers as well. From the point of view of awaorker, the chance of
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any one brother containing a particular one of her genesisonly 1/4
Therefore, if the queen were dlowed to produce mae and femde
reproductive offgpring in equal proportions, the farm would not
show aprofit asfar astheworkers are concerned. They would not be
maximizing the propagation of their precious genes.

Triversand Hareredized that theworkers must try to biasthe sex
ratio in favour of femaes They took the Fisher caculaions on
optimal sx ratios (which we looked at in the previous chapter) and
re-worked them for the specid case of the Hymenoptera. It turned
out that the gtable ratio of investment for amother is, asusud, 1:1.
But the stable ratio for asister is 3:1 in favour of sisters rather than
brothers. If you are a hymenopteran femde, the most efficient way
for you to propagate your genesisto refrain from breeding yoursdf,
and to make your mother provide you with reproductive ssters and
brothersintheratio 3: 1. But if you must have offspring of your own,
you can benefit your genes best by having reproductive sons and
daughtersin equa proportions.

Aswe have seen, the difference between queens and workersis
not a genetic one. As far as her genes are concerned, an embryo
femae might be destined to become either aworker, who ‘wants a
3:1 sex ratio, or aqueen, who 'wants a1:1 ratio. So what doesthis
‘wanting' mean? It means that a gene that finds itsdlf in a queen's
body can propagate itsdf best if that body invests equdly in
reproductive sons and daughters. But the same genefinding itsdlf in
aworker's body can propagate itsdlf best by making the mother of
that body have more daughters than sons. There isno real paradox
here. A gene must take best advantage of the levers of power that
happento be at itsdigposdl. If it findsitsdf in apogtion to influence
the devdlopment of a body that is destined to turn into a queen, its
optimal drategy to explait that control isonething. If it findsitsdlf in
apaosition to influence the way aworker's body develops, its optimal
Srategy to exploit that power is different.

This meansthereis aconflict of interests down on the farm. The
queenis'trying toinvest equaly in malesand femades Theworkers
aretrying to shift the ratio of reproductives in the direction of three
femdesto every one male. If we areright to picture the workers as
the farmers and the queen as their brood mare, presumably the
workers will be successul in achieving their 3:1 ratio. If not, if the
queen redly lives up to her name and the workers are her daves and
the obedient tenders of the roya nurseries, then we should expect
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the 1:1 ratio which the queen 'prefers to preval. Whowinsin this
specid case of abattle of the generations? Thisisamatter that can be
put to the test and that is what Trivers and Hare did, using alarge
number of speciesof ants.

The sex ratio that is of interest is the ratio of mae to femae
reproductives. These arethelarge winged formswhich emergefrom
the ants' nest in periodic bursts for mating flights, after which the
young queens may try to found new colonies. It isthesewinged forms
that have to be counted to obtain an estimate of the sex ratio. Now the
mae and femaereproductivesare, in many species, very unequa in
sze. This complicates things since, as we saw in the previous
chapter, the Fisher cd culations about optimal sex ratio grictly apply,
not to number sof malesand femades, but to quantity of investment in
maes and females. Trivers and Hare made dlowance for this by
weighing them. They took 20 species of ant and estimated the sex
ratio in terms of investment in reproductives. They found a rather
convincingly closefit to the 3:1 femdeto maeratio predicted by the
theory that the workers are running the show for their own benefit.*

It seems then that in the ants studied, the conflict of interestsis
‘won' by theworkers. Thisisnot too surprising snceworker bodies,
being the guardians of the nurseries, have more power in practica
terms than queen bodies. Genes trying to manipulate the world
through queen bodies are outmanoeuvred by genes manipulating the
world through worker bodies. It is interesting to look around for
some specid circumstancesin which we might expect queensto have
more practical power than workers. Trivers and Hare redized that
there was just such a circumstance which could be used asa critical
test of thetheory.

This arises from the fact that there are some species of ant that
take daves. The workers of a dave-making species either do no
ordinary work e dl or are rather bad &t it. What they are good &t is
going on daving raids. Truewarfarein which largerivd armiesfight
to the death is known only in man and in socid insects. In many
species of ants the specidized caste of workers known as soldiers
have formidable fighting jaws, and devote their time to fighting for
the colony againgt other ant armies. Saving raidsarejust aparticular
kind of war effort. The davers mount an attack on a nest of ants
belonging to a different species, attempt to kill the defending
workersor soldiers, and carry off the unhatched young. These young
oneshatch out in the nest of their captors. They do not 'realize' that
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they are daves and they sat to work following their built-in nervous
programs, doing al the duties that they would normally perform in
their own nest. The dave-making workers or soldiers go on further
daving expeditions while the daves say & home and get on with the
everyday business of running an ants' nest, cleaning, foraging, and
caring for the brood.

The daves are, of course, blissully ignorant of the fact that they
are unrelated to the queen and to the brood that they are tending.
Unwittingly they are rearing new platoons of dave-makers. No
doubt natural selection, acting on the genes of the dave species,
tends to favour anti-davery adaptations. However, these are
evidently not fuly effective because davery is a wide spread
phenomenon.

The consequence of davery that is interesting from our present
point of view isthis. The queen of the dave-making speciesisnow in
apostion to bend the sex ratio in the direction she 'prefers. Thisis
because her own true-born children, the davers, no longer hold the
practica power in the nurseries. This power is now held by the
daves. Thedaves'think' they arelooking after their own sblingsand
they are presumably doing whatever would be appropriatein their own
nests to achieve their desired 3:1 bias in favour of sisters. But the
queen of the dave-making speciesis able to get avay with counter-
measures and there is no sdection operating on the daves to
neutrdize these counter-measures, since the daves are totdly
unrelated to the brood.

For example, suppose that in any ant species, queens 'attempt’ to
disguise mae eggs by making them amel like femde ones. Natura
sdection will normdly favour any tendency by workers to 'see
through' the disguise. We may picture an evolutionary bettle in
which queens continualy ‘change the code', and workers 'bresk the
code'. Thewar will be won by whoever managesto get more of her
genes into the next generation, via the bodies of the reproductives.
Thiswill normdly be the workers, as we have seen. But when the
gueen of aslave-making species changesthe code, the dave workers
cannot evalve any ahility to bresk the code. Thisisbecause any gene
in a dave worker ‘for bresking the code' is not represented in the
body of any reproductive individua, and so is not passed on. The
reproductives dl belong to the dave-making species, and arekin to
the queen but not to the daves. If the genes of the daves find their
way into any reproductivesat dl, it will beinto the reproductivesthat
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emerge from the origina nest from which they werekidnapped. The
dave workers will, if anything, be busy breaking the wrong code!
Therefore, queens of a dave-making species can get avay with
changing their code fredy, without there being any danger that
genes for bresking the code will be propagated into the next
generation.

The upshot of thisinvolved argument isthat we should expect in
dave-making speciesthat the ratio of investment in reproductives of
the two sexes should approach 1:1 rather than 3:1. For once, the
queenwill haveit dl her ownway. Thisisjust what Triversand Hare
found, athough they only looked a two dave-making species.

| must stressthat | havetold the sory in anidedlized way. Red life
isnot so neat and tidy. For instance, the most familiar socid insect
speciesof dl, the honey bee, seemsto do entirely the ‘wrong' thing.
There is a large surplus of invesment in maes over queens—
something that does not appear to make sense from either the
workers or the mother queen's point of view. Hamilton has offered a
possible solution to this puzzle. He points out that when aqueen bee
leavesthe hive she goeswith alarge swarm of attendant workers, who
help her to start anew colony. These workers arelost to the parent
hive, and the cogt of making them must be reckoned as part of the
cogt of reproduction: for every queen who leaves, many extraworkers
have to be made. Investment in these extra workers should be
counted aspart of theinvestment in reproductive femaes. Theextra
workers should be weighed in the balance againgt the maleswhen the
X ratio is computed. So this was not a serious difficulty for the
theory after dl.

A more awvkward spanner in the elegant works of thetheory isthe
fact that, in some species, the young queen on her mating flight
mateswith severd maesingtead of one. Thismeansthat the average
relatedness among her daughters is lessthan 3/4,and may even
approach\ in extreme cases. It istempting, though probably not very
logicd, to regard this as a cunning blow struck by queens againgt
workerd Incidentaly, this might seem to suggest that workers
should chaperone a queen on her mating flight, to prevent her from
mating more than once. But thiswould in no way help the workers
own genes—only the genes of the coming generation of workers.
Thereisno trade-union spirit among theworkersasaclass. All that
each one of them 'cares’ about is her own genes. A worker might
have 'liked' to have chaperoned her own mother, but she lacked the
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opportunity, not having been conceived in those days. A young
queen on her mating flight is the sister of the present generation of
workers, not the mother. Thereforethey are on her Sderather than
on the Sde of the next generation of workers, who are merely their
nieces. My head is now spinning, and it is high time to bring this
topicto aclose.

| have used the andogy of farming for what hymenopteran
waorkers do to their mothers. The fam is a gene farm. The workers
use their mother as a more efficient manufacturer of copies of their
own genes than they would be themselves. The genes come dff the
production line in packages cdled reproductive individuals. This
farming andogy should not be confused with a quite different sense
in which the sodd insects may be sad to fam. Socid insects
discovered, as man did long after, that settled cultivation of food can
be more efficient than hunting and gathering.

For example, saverd species of antsinthe New World, and, quite
independently, termites in Africa, cultivate ‘fungus gardens. The
best known are the so-called parasol ants of South America. These
are immensdy successful. Single colonies with more than two
million individuas have been found. Their nests consgst of huge
spreading underground complexes of passages and galleries going
down to a depth of ten feet or more, made by the excavaion of as
much as 40 tons of soil. The underground chambers contain the
fungus gardens. The ants ddiberatdy sow fungus of a particular
species in specid compost beds which they prepare by chewing
leavesinto fragments. Instead of foraging directly for their own food,
the workers forage for leaves to make compog. The 'appetite’ of a
colony of parasol ants for leaves is gargantuan. This makesthem a
mgor economic pest, but the leaves are not food for themsalves but
food for their fungi. The ants eventudly harvest and eat the fungi
and feed them to their brood. The fungi are more efficient a
bresking down lesf materia than the ants' own stomachs would be,
which is how the ants benefit by the arrangement. 1t is possible that
the fung benefit too, even though they are cropped: the ants
propagate them more efficdently than their own spore dispersa
mechanism might achieve. Furthermore, the ants ‘weed' the fungus
gardens, keeping them clear of dien species of fungi. By removing
competition, thismay benefit the ants' own domestic fungi. A kind of
relationship of mutua dtruism could be said to exist between ants
and fungi. It is remarkable that a vary dmilar sysem of fungus-
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farming has evolved independently, among the quite unrelated
termites.

Antshavethelr own domestic animasaswdl astheir crop plants.
Aphids—greenfly and smilar bugs—are highly specidized for suck-
ing the juice out of plants. They pump the sap up out of the plants
veins more efficently than they subsequently digest it. The result is
that they excrete a liquid that has had only some of its nutritious
vaue extracted. Droplets of sugar-rich 'honeydew' pass out of the
back end at a greet rate, in some cases more than the insect's own
body-weight every hour. The honeydew normaly rains down on to
the ground—it may well have been the providentia food known as
'manna inthe Old Testament. But ants of severd speciesintercept it
as oon asit leaves the bug. The ants 'milk’ the aphids by stroking
their hind-quarters with their feders and legs. Aphids respond to
this, in some cases gpparently holding back their dropletsuntil an ant
strokesthem, and even withdrawing adroplet if an ant isnot ready to
accept it. It has been suggested that some aphids have evalved a
backsde that looks and feds like an ant's face, the better to attract
ants. What the aphids have to gain from therel ationship is apparently
protection from their natural enemies. Like our own dairy cattle they
lead a sheltered life, and gphid species that are much cultivated by
ants have lost their normal defensive mechanisms. In some cases
ants carefor the gphid eggsinside their own underground nests, feed
the young aphids, and finally, when they are grown, gently carry
them up to the protected grazing grounds.

A reationship of mutua benefit between members of different
species is cdled mutudism or symbioss. Members of different
species often have much to offer each other because they can bring
different 'skills to the partnership. This kind of fundamenta
asymmelry can lead to evolutionarily stable drategies of mutud
cooperation. Aphids have the right sort of mouthparts for pumping
up plant sap, but such sucking mouthparts are no good for sdf-
defence. Ants are no good at sucking sap from plants, but they are
good at fighting. Ant genesfor cultivating and protecting aphidshave
been favoured in ant gene-pools. Aphid genes for cooperating with
the ants have been favoured in gphid gene-pools.

Symbictic relationships of mutual benefit are common among
animasand plants. A lichen appears superficidly to beanindividud
plant like any other. Buit it is redly an intimate symbiotic union
between a fungus and a green dga Neither partner could live
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without the other. If their union had becomejust abit moreintimate
wewould no longer have been adleto tell that alichen was a double
organism a dl. Perhaps then there are other double or multiple
organisms which we have not recognized as such. Perhaps even we
oursves?

Within each one of our cdllsthere are numeroustiny bodiescaled
mitochondria. The mitochondriaare chemicd factories, responsible
for providing most of the energy we need. If welost our mitochondria
we would be dead within seconds. Recently it has been plausibly
argued that mitochondria are, in origin, symbiotic bacteria who
joined forces with our type of cdl very early in evolution. Smilar
suggestions have been made for other small bodies within our cells.
Thisisoneof thoserevolutionary ideaswhichit takestimeto get used
to, but it is an ideawhose time has come. | speculate that we shdl
come to accept the more radica ideathat each one of our genesisa
symhictic unit. We are gigantic colonies of symhictic genes. One
cannot really spesk of ‘evidence for thisidea, but, as| tried to suggest
in earlier chapters, it isredly inherent in the very way wethink about
how geneswork in sexud species. The other sde of this coin is that
viruses may be geneswho have broken loose from ‘colonies such as
oursalves. Viruses consst of pure DNA (or ardated sdlf-replicating
molecule) surrounded by aprotein jacket. They aredl parasitic. The
suggedtion isthat they have evalved from ‘rebel’ geneswho
and now travel from body to body directly through theair, rather than
viathe more conventiona vehicles—sperms and eggs. If thisistrue,
we might just aswell regard oursalves as colonies of viruses! Some of
them cooperate symbicticaly, and travel from body to body in sperms
and eggs. These are the conventiond 'genes’. Others live parasiti-
cdly, and trave by whatever means they can. If the parasitic DNA
travelsin spermsand eggs, it perhapsformsthe ‘paradoxical’ surplus
of DNA which | mentioned in Chapter 3. If it travelsthrough the air,
or by other direct means, itis caled 'virus in the usua sense.

But these are speculations for the future. At present we are
concerned with symbiogs a the higher levd of relationships
between many-cdled organisms, rather than within them. Theword
symhiogs is conventiondly used for associations between members
of different species. But, now that we have eschewed the 'good of the
species view of evolution, there seems no logica reason to dis-
tinguish associations between members of different speciesasthings
gpart from associations between members of the same species. In
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generd, asociations of mutual benefit will evolveif each partner can
get more out than he putsin. Thisistruewhether we are spesking of
members of the same hyena pack, or of widdy distinct creatures such
asantsand aphids, or beesand flowers. In practiceit may be difficult
to distinguish cases of genuine two-way mutual benefit from cases of
one-sded explaitation.

The evolution of asociations of mutua benefit is theoretically
essy to imagineif the favours are given and received smultaneoudly,
as in the case of the partners who make up alichen. But problems
aise if there is a dday between the giving of a favour and its
repayment. This is because the firgt recipient of a favour may be
tempted to cheat and refuseto pay it back when histurn comes. The
resolution of this problem is interesting and is worth discussing in
detail. | can do thisbest in terms of a hypotheticad example.

Supposeagpeciesof birdis parasitized by aparticularly nasty kind
of tick which carries a dangerous disease. It is very important that
these ticks should be removed as soon as possible. Normdly an
individud bird can pull off its ownstickswhen preening itsdf. There
is one place, however—the top of the heed—which it cannot reach
with its own hill. The solution to the problem quickly occursto any
human. An individud may not be able to reach his own head, but
nothing is easer than for afriend to do it for him. Later, when the
friend is parasitized himsdlf, the good deed can be paid back. Mutual
grooming is in fact very common in both birds and mammals.

This makes immediate intuitive sense. Anybody with conscious
foresght can see that it is sendble to enter into mutual back-
scratching arrangements. But we have learnt to beware of what
seemsintuitivey sensible. The genehas no foresight. Can thetheory
of sfish genes account for mutual back-scratching, or ‘reciprocal
atruism', wherethereisadday between good deed and repayment?
Williams briefly discussed the problem in his 1966 book, to which |
have dready referred. He concluded, as had Darwin, that delayed
reciprocal dtruian can evolve in species that are cgpable of
recognizing and remembering each other asindividuas. Trivers, in
1971, took the matter further. When he wrote, he did not have
avalable to him Maynard Smith's concept of the evolutionarily
gable drategy. If he had, my guessisthat hewould have made use of
it, for it provides anatural way to express hisidess. Hisreferenceto
the 'Prisoner's Dilemma—a favourite puzzle in game theory-
shows that he was dready thinking along the same lines.
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Suppose B hasaparasite on thetop of hishead. A pullsit off him.
Later, the time comes when A has a parasite on his head. He
naturaly seeksout B in order that B may pay back hisgood deed. B
smply turns up hisnose and waks off. Bisacheat, an individud who
accepts the benefit of other individuals atruism, but who does not
pay it back, or who pays it back insufficiently. Cheets do better than
indiscriminate atruists because they gain the benefitswithout paying
the costs. To be sure, the cost of grooming another individua's heed
seems smdl compared with the benefit of having a dangerous
parasite removed, but it isnot negligible. Some valuable energy and
time hasto be spent.

Let the population condst of individuals who adopt one of two
strategies. Asin Maynard Smith's analyses, we are not talking about
conscious strategies, but about unconscious behaviour programslad
down by genes. Cdll the two strategies Sucker and Cheat. Suckers
groom anybody who needsit, indiscriminately. Cheets accept altru-
ism from suckers, but they never groom anybody else, not even
somebody who has previoudy groomed them. Asin the case of the
havks and doves, we arhitrarily assign pay-off points. It does not
matter what the exact vaues are, so long as the benefit of being
groomed exceeds the cogt of grooming. If the incidence of parasites
ishigh, any individua sucker in a population of suckers can reckon
on being groomed about as often ashe grooms. The average pay-off
for a sucker among suckers is therefore pogtive. They dl do quite
nicdy in fact, and the word sucker seems inappropriate. But now
suppose achest arisesin the population. Being the only chest, hecan
count on being groomed by everybody else, but he pays nothing in
return. His average pay-off is better than the average for a sucker.
Cheat genes will therefore start to spread through the population.
Sucker geneswill soon be driven to extinction. Thisis because, no
meatter what the ratio in the population, cheatswill aways do better
than suckers. For instance, consider the case when the population
condsts of 50 per cent suckers and 50 per cent cheats. The average
pay-off for both suckers and cheats will be less than that for any
individua in a population of 100 per cent suckers. But ill, cheats
will be doing better than suckers because they are getting dl the
benefits—such as they are—and paying nothing back. When the
proportion of cheats reaches 90 per cent, the average pay-off for dl
individuaswill bevery low: many of both types may by now be dying
of theinfection carried by theticks. But dill the cheatswill be doing
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better than the suckers. Even if thewhole population declinestoward
extinction, there will never be any time when suckersdo better than
chesats. Therefore, aslong aswe consder only these two Strategies,
nothing can stop the extinction of the suckersand, very probably, the
extinction of the whole population too.

But now, suppose there is a third drategy cdled Grudger.
Grudgers groom strangers and individuas who have previoudy
groomed them. However, if ay individua cheats them, they
remember the incident and bear a grudge: they refuse to groom
that individud in the future. In a population of grudgers and
suckers it is impossible to tell which iswhich. Both types behave
dtruigtically towards everybody else, and both earn an equa and
high average pay-off. In a population conssting largely of cheats, a
single grudger would not be very successful. He would expend a
great ded of energy grooming most of the individuas he met—for
it would take time for him to build up grudges againg dl of them.
On the other hand, nobody would groom him in return. If grudgers
arerare in comparison with cheats, the grudger gene will go extinct.
Once the grudgers manage to build up in numbers so that they
reach a critical proportion, however, their chance of meeting each
other becomes aufficently great to off-set their wasted effort in
grooming cheats. When this critical proportion is reached they will
start to average a higher pay-off than cheats, and the cheats will be
driven a an accelerating rate towards extinction. When the cheats
are nearly extinct their rate of decline will become dower, and they
may urvive as aminority for quite along time. Thisis because for
any one rare cheet there is only asmdl chance of his encountering
the same grudger twice: therefore the proportion of individuas in
the population who bear a grudge againgt any given chesat will be
smdl.

| havetold the sory of these strategies asthough it were intuitively
obviouswhat would happen. Infactitisnot al that obvious, and | did
take the precaution of smulating it on a computer to check that
intuition wasright. Grudger doesindeed turn out to be an evolution-
aily sable drategy againgt sucker and chest, in the sense thet, in a
population conggting largdy of grudgers, neither cheat nor sucker
will invade. Chest is ds0 an ESS, however, because a population
condgting largdy of cheatswill not be invaded by either grudger or
sucker. A population could Sit at either of thesetwo ESSs. Inthelong
term it might flip from one to the other. Depending on the exact
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vaues of the pay-offs—the assumptions in the smulation were of
course completdy arbitrary—one or other of the two dable states
will have alarger 'zone of attraction' and will be more likdy to be
attained. Noteincidentally that, although apopulation of cheats may
be morelikdy to go extinct than a popul ation of grudgers, thisin no
wey afectsits statusasan ESS. If apopulation arrives at an ESSthat
drivesit extinct, then it goes extinct, and that isjust too bad.*

Itis quite entertaining to watch a computer smulation that starts
with a strong mgority of suckers, aminority of grudgersthat isjust
above the critical frequency, and about the same-szed minority of
cheats. The firgt thing that happens is a dramatic crash in the
population of suckers as the cheats ruthlessdy exploit them. The
chests enjoy asoaring population explogon, reaching their pesk just
asthe last sucker perishes. But the cheats ill have the grudgersto
reckon with. During the precipitous decline of the suckers, the
grudgers have been dowly decreasing in numbers, taking abattering
from the prospering cheats, but just managing to hold their own.
After the last sucker has gone and the chesats can no longer get away
with sdfish exploitetion so easly, the grudgers dowly begin to
increase at the cheats expense. Steadily their population rise gathers
momentum. It accelerates steeply, the cheat population crashes to
near extinction, then levels out as they enjoy the privileges of rarity
and the compardive freedom from grudges which this brings.
However, dowly and inexorably the chests are driven out of
exigence, and the grudgersareleft in sole possession. Paradoxicaly,
the presence of the suckers actudly endangered the grudgers early
on in the gory because they were respongble for the temporary
prosperity of the chedts.

By the way, my hypotheticd example about the dangers of not
being groomed is quite plausible. Mice kept in isolation tend to
devedlop unpleasant sores on those parts of their heads that they
cannat reach. In one study, mice kept in groups did not suffer in this
way, becausethey licked each others heads. It would be interesting
to test the theory of reciprocd atruism experimentdly and it seems
that mice might be suitable subjects for the work.

Trivers discusses the remarkable symbiods of the cleaner-fish.
Somefifty species, including smdl fish and shrimps, are known to
makether living by picking parasites off the surface of larger fish of
other species. The large fish obvioudy benefit from being cleaned,
and the cleaners get a good supply of food. The relaionship is
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symbiatic. In many casesthelarge fish open their mouthsand dlow
cleanersright ingdeto pick their teeth, and then to swim out through
the gills which they dso clean. One might expect that a large fish
would craftily wait until he had been thoroughly cleaned, and then
gobble up the cleaner. Yet instead he usudly lets the cleaner snvim
off unmolested. This is a condderable feat of apparent dtruism
because in many cases the cleaner is of the same Sze as the large
fish'snormd prey.

Cleaner-fish have specid dripy patterns and specia dancing
digplayswhich labe them ascleaners. Largefishtend to refrain from
edting smdl fish who have the right kind of stripes, and who
approach them with the right kind of dance. Instead they go into a
trance-like state and dlow the cleaner free access to their exterior
and interior. Sdfish genes being what they are, it is not surprising
that ruthless, exploiting cheats have cashed in. There are species of
amadl fish that look just like cleaners and dance in the same kind of
way in-order to secure safe conduct into the vicinity of large fish.
When the large fish has gone into its expectant trance the chedt,
ingtead of pulling off a parasite, bites a chunk out of the large fish's
fin and beats a hadty retreat. But in spite of the chesats, the
relationship between fish cleaners and their clientsis mainly amic-
able and gtable. The profession of cleaner playsan important partin
the daily life of the cord reef community. Each cleaner has his own
territory, and large fish have been seen queuing up for attention like
customers at a barber's shop. It is probably this ste-tenacity that
makes possible the evolution of ddayed reciprocd-dtruismin this
case. Thebenefit to alargefish of being ableto return repestedly to
the same 'barber's shop', rather than continually searching for anew
one, must outweigh the cogt of refraining from esting the cleaner.
Sincedeanersaresmadl, thisisnot hard to believe. The presence of
cheating cleaner-mimics probably indirectly endangers the bona-
fide cleaners by setting up aminor pressure on largefish to eat Stripy
dancers. Ste-tenacity on the part of genuine cleaners enables
customers to find them and to avoid chests.

A long memory and a capacity for individua recognition are well
developed in man. We might therefore expect reciprocd dtruismto
have played an important part in human evolution. Trivers goes so
far as to suggest that many of our psychologica characteristics—
envy, guilt, gratitude, sympathy etc—have been shaped by natura
sdlection for improved ability to chest, to detect cheats, and to avoid
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being thought to be achest. Of particular interest are 'subtle cheats
who appear to be reciprocating, but who consstently pay back
dightly less than they receive. It is even possible that man's swollen
brain, and his predisposition to reason mathematicaly, evolved asa
mechanism of ever more devious chegting, and ever more penetrat-
ing detection of chesting in others. Money is a formd token of
delayed reciproca dtruism.

There is no end to the fascinating speculation that the idea of
reciproca atruism engenders when we gpply it to our own species.
Tempting asitis, | am no better at such speculation than the next
man, and | leave the reader to entertain himsdf.



MEMES. THE NEW REPLICATORS

Sofar, | have not talked much about manin particular, though | have
not ddliberately excluded him either. Part of the reason | have used
theterm 'surviva machine isthat 'animal’ would have left out plants
and, in some people's minds, humans. The arguments | have put
forward should, primafacie, goply to any evolved being. If aspecies
is to be excepted, it must be for good particular reasons. Are there
any good reasons for supposing our own Species to be unique? |
bdieve the answer isyes.

Most of what is unusua about man can be summed up in one
word: ‘cultur€e’. | use the word not in its snobbish sense, but as a
scientist uses it. Cultura transmisson is andogous to genetic
trangmission in that, although bascdly conservative, it can giverise
to aform of evolution. Geoffrey Chaucer could not hold aconversa:
tion with amodern Englishman, even though they arelinked to each
other by an unbroken chain of some twenty generations of English-
men, each of whom could spesk to hisimmediate neighboursin the
chain as a son gpeeks to his father. Language seems to 'evolve by
non-genetic means, and at arate whichisorders of magnitude faster
than genetic evolution.

Cultural transmissionisnot uniqueto man. The best non-human
examplethat | know has recently been described by P. F. Jenkinsin
the song of a bird cdled the saddleback which lives on idands off
New Zedand. On the idand where he worked there was a tota
repertoire of about ninedistinct songs. Any given mae sang only one
or afew of these songs. The maes could be dassfied into didect
groups. For example, one group of eight males with neighbouring
territories sang a particular song called the CC song. Other diaect
groups sang different songs. Sometimes the members of a didect
group shared more than one distinct song. By comparing the songs
of fathers and sons, Jenkins showed that song patterns were not
inherited geneticaly. Each young mde was likdy to adopt songs
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from his territorial neighbours by imitation, in an analogous way to
human language. During most of the time Jenkins was there, there
wasafixed number of songson theidand, akind of 'song pool’ from
which each young mae drew hisown small repertoire. But occasion-
dly Jenkins was privileged to witness the 'invention’ of anew song,
which occurred by amigtake in theimitation of an old one. Hewrites:
‘New song forms have been shown to arise varioudy by change of
pitch of a note, repetition of a note, the dison of notes and the
combination of parts of other exising songs ... The appearance of
the new form was an abrupt event and the product was quite Sable
over aperiod of years. Further, in anumber of casesthe variant wes
transmitted accuratdly in its new form to younger recruits so that a
recognizably coherent group of like singers developed.' Jenkins
refersto the origins of new songs as "cultural mutations.

Song in the saddleback truly evolves by non-genetic means. There
are other examples of cultura evolution in birds and monkeys, but
these are judt interesting oddities. It is our own species that redly
showswhat cultural evolution can do. Languageisonly one example
out of many. Fashionsin dressand diet, ceremoniesand customs, art
and architecture, engineering and technology, dl evolvein higtorica
timein away that looks like highly speeded up genetic evolution, but
has redly nothing to do with genetic evolution. As in genetic
evolution though, the change may beprogressive. Thereisasensein
which modern science is actudly better than ancient science. Not
only doesour understanding of the universe change asthe centuries
go by: it improves. Admittedly the current burst of improvement
dates back only to the Renai ssance, which was preceded by adisma
period of stagnation, in which European scientific culture wasfrozen
a the level achieved by the Greeks. But, as we saw in Chapter 5,
genetic evolution too may proceed asaseries of brief spurts between
gable plateauix.

The andogy between culturd and genetic evolution has
frequently been pointed out, sometimes in the context of quite
unnecessary mydicd overtones. The andogy between scientific
progress and genetic evolution by natural selection hasbeenillumin-
ated especidly by Sir Karl Popper. | want to go even further into
directions which are ds0 being explored by, for example, the
geneticist L. L. Cavdli-Sforza, the anthropologist F. T. Cloak, and
the ethologist J. M. Cullen.

As an enthusagtic Darwinian, | have been dissatisfied with
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explanations that my felow-enthusiasts have offered for human
behaviour. They have tried to look for ‘biologicd advantages in
various attributes of human civilization. For instance, triba religion
has been seen asamechaniam for solidifying group identity, vauable
for apack-hunting species whose individuas rely on cooperation to
caich large and fadt prey. Frequently the evolutionary preconception
in terms of which such theories are framed is implicitly group-
sdectionidt, but it is possble to rephrase the theories in terms of
orthodox gene selection. Man may well have spent large portions of
thelast severd million yearsliving in amdl kin groups. Kin selection
and sdection in favour of reciprocd dtruism may have acted on
human genes to produce many of our basic psychologicd attributes
and tendencies. Theseideassare plausble asfar asthey go, but | find
that they do not begin to square up to the formidable chalenge of
explaining culture, cultural evolution, and the immense differences
between human cultures around the world, from the utter sdfish-
ness of the Ik of Uganda, as described by Colin Turnbull, to the
gentle dtruism of Margaret Mead's Arapesh. | think we have got to
start again and go right back to firgt principles. The argument | shall
advance, surprising as it may seem coming from the author of the
earlier chapters, is that, for an understanding of the evolution of
modern man, we must begin by throwing out the gene as the sole
basis of our ideas on evolution. | am an enthusiastic Darwinian, but |
think Darwinism is too big a theory to be confined to the narrow
context of the gene. The gene will enter my thess as an andogy,
nothing more.

What, after dl, is so gpecia about genes? The answer is that they
arereplicators. The laws of physics are supposed to be true all over
the accessible universe. Are there any principles of biology that are
likdy to have smilar universal vdidity? When astronauts voyeage to
distant planets and look for life, they can expect to find creaturestoo
srange and unearthly for us to imagine. But is there anything that
must betrue of dl life, wherever it isfound, and whatever the basis of
its chemigry? If forms of life exig whose chemidry is based on
dlicon rather than carbon, or ammonia rather than water, if
crestures are discovered that boil to deeth at -100 degrees centi-
grade, if aform of lifeisfound that isnot based on chemigtry at dl but
on eectronic reverberating circuits, will there ill be any generd
principlethat istrue of al life? Obvioudy | do not know but, if | had
to bet, | would put my money on one fundamenta principle. Thisis
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the law that dl life evolves by the differentid survivad of replicating
entities* The gene, the DNA molecule, happensto be the replicat-
ing entity that prevails on our own planet. There may be others. If
there are, provided certain other conditions are met, they will dmost
inevitably tend to become the basis for an evolutionary process.

But do we have to go to distant worlds to find other kinds of
replicator and other, consequent, kinds of evolution? | think that a
new kind of replicator has recently emerged on thisvery planet. It is
garing us in the face. It is Hill inits infancy, gill drifting dumdly
about in its primeva soup, but dready it is achieving evolutionary
change at arate that leaves the old gene panting far behind.

The new soup is the soup of human culture. We need a name for
the new replicator, a noun that conveys the idea of aunit of cultural
tranamisson, or aunit of imitation. 'Mimeme' comesfrom asuitable
Greek root, but I want amonasyllable that soundsabit like 'gene'. |
hope my dasscig friends will forgive meiif | abbreviate mimemeto
meme* If it isany consolation, it could dternatively be thought of as
being related to 'memory’, or to the French word meme. It should be
pronounced to rhyme with ‘cream’.

Examples of memes are tunes, ideas, catch-phrases, clothes
fashions, ways of making pots or of building arches. Just as genes
propagate themsdlvesin the gene pool by leaping from body to body
via perms or eggs, S0 memes propagate themsdves in the meme
pooal by legping from brain to brain viaa processwhich, in the broad
sense, can be cdled imitation. If a scientist hears, or reads about, a
good idea, he passes it on to his colleagues and students. He
mentionsit in hisarticlesand hislectures. If theideacatcheson, it can
be sad to propagate itsdf, spreading from brain to brain. As my
colleagueN. K. Humphrey neatly summed up an earlier draft of this
chapter:'... memes should beregarded asliving structures, not just
metagphoricaly but technicaly.* When you plant a fertile meme in
my mind you literaly parasitize my brain, turning it into avehiclefor
the memé's propagation in just theway that avirus may paradtizethe
genetic mechanism of a hogt cdl. And this isn't just a way of
talking—the meme for, sy, "belief in life after death” is actudly
redized physcdly, millions of times over, as a structure in the
nervous systems of individua men the world over.

Consider the idea of God. We do not know how it arose in the
meme pool. Probably it originated many times by independent
'mutation’. In any case, it is very old indeed. How does it replicate
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itsdf? By the spoken and written word, aided by great music and
great art. Why doesit have such high surviva vaue? Remember that
‘surviva value' here does not mean value for agene in agene pool,
but value for a meme in a meme pool. The question redly means.
What is it about the idea of a god that gives it its gahility and
penetrance in the cultural environment? The survivd vaue of the
god meme in the meme pool results from its great psychologicd
apped. It provides a supeficidly plausble answer to deep and
troubling questions about existence. It suggeststhat injusticesinthis
world may be rectified in the next. The 'everlagting arms’ hold out a
cushion againgt our own inadequacieswhich, like adoctor's placebo,
is none the less efective for being imaginary. These are some of the
reasons why the idea of God is copied 0 readily by successive
generations of individud brains. God exidts, if only in theform of a
meme with high surviva value, or infective power, in the environ-
ment provided by human culture.

Some of my colleagues have suggested to me that this account of
the survivd vaue of the god meme begs the question. In the last
andyss they wish dwaysto go back to ‘biologicd advantage. To
them it is not good enough to say that the idea of a god has 'great
psychologica appedl’. They want to know why it has great psycho-
logicd apped. Psychologica apped means apped to brains, and
brains are shaped by natural selection of genesin gene-poals. They
want to find someway in which having abrain like that improves gene
surviva.

| havealot of sympathy with thisattitude, and | do not doubt that
there are genetic advantagesin our having brains of thekind that we
have. But nevertheess | think that these colleagues, if they look
carefully at the fundamentas of their own assumptions, will find that
they are begging just asmany questionsas| am. Fundamentally, the
reason why it is good policy for us to try to explain biologica
phenomenain terms of gene advantage isthat genesarereplicators.
As s00n as the primeva soup provided conditions in which mo-
lecules could make copies of themsdlves, the replicators themsdves
took over. For more than three thousand million years, DNA has
been the only replicator worth talking about intheworld. But it does
not necessarily hold these monopaly rights for dl time. Whenever
conditions arisein which anew kind of replicator can make copies of
itsdlf, the new replicatorswill tend to take over, and start anew kind
of evolution of their own. Oncethisnew evolution begins, it will inno
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necessary sense be subservient to the old. The old gene-selected
evolution, by making brains, provided the soup' in which the firg
memes arose. Once sdf-copying memes had arisen, their own,
much fader, kind of evolution took off. We biologists have
assimilated the idea of genetic evolution so deeply that we tend to
forget that it is only one of many possible kinds of evolution.

Imitation, in the broad sense, ishow memes canreplicate. But just
asnot dl genesthat can replicate do so successully, S0 ome memes
are more successful in the meme-pool than others. This is the
andogue of naturd selection. | have mentioned particular examples
of qualities that make for high survival vaue among memes. But in
generd they must be the same as those discussed for the replicators
of Chapter 2: longevity, fecundity, and copying-fiddity. The
longevity of any one copy of amemeis probably rdaively unimport-
ant, asit isfor any one copy of a gene. The copy of the tune 'Auld
Lang Syne' that exigs in my brain will lagt only for the rest of my
life* The copy of the sametunethat is printed in my volume of The
Scottish Sudent's Song Book is unlikely to last much longer. But |
expect therewill be copies of the same tune on paper and in peoples
brains for centuries to come. As in the case of genes, fecundity is
much more important than longevity of particular copies. If the
memeisascientificidea, its spread will depend on how acceptableit
is to the population of individud scientists; a rough measure of its
aurviva vaue could be obtained by counting the number of timesitis
referred to in successve yearsin scientific journas* If it isapopular
tune, its soread through the meme pool may be gauged by the
number of people heard whigtling it in the streets. If it is a syle of
women's shoe, the population memeticist may use sales datigtics
from shoe shops. Some memes, like some genes, achieve brilliant
short-term success in spreading rapidly, but do not last long in the
meme pool. Popular songs and Hiletto heds are examples. Others,
such as the Jewish rdigious laws, may continue to propagate
themsdves for thousands of years, usudly because of the grest
potentia permanence of written records.

This brings me to the third generd qudlity of successful replic-
ators. copying-fiddity. Here | must admit that | am on shaky
ground. At firg sght it looks as if memes are not high-fiddity
replicatorsat al. Every timeascientist hearsanideaand passesit on
to somebody e se, heislikdy to changeit somewhét. | have made no
secret of my debt inthisbook totheideasof R. L. Trivers. Yet | have
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not repested them in his own words. | have twisted them round for

my own purposes, changing the emphasis, blending them with ideas
of my own and of other people. The memes are being passed on to

you in dtered form. Thislooks quite unlike the particulate, all-or-

none qudity of gene transmission. It looks as though meme trans-

mission is subject to continuous mutation, and aso to blending.

It is possible that this appearance of non-particulateness is
illusory, and that the andogy with genes does not break down. After
al, if welook a the inheritance of many genetic characters such as
human height or skin-colouring, it does not look like the work of
indivishle and unblendable genes. If a black and a white person
mate, their children do not come out either black or white: they are
intermediate. This does not mean the genes concerned are not
particulate. It isjust that there are so many of them concerned with
skin colour, each one having such a smdl effect, that they ssam to
blend. Sofar | havetaked of memesasthough it was obviouswhat a
sngle unit-meme conssted of. But of courseit isfar from obvious. |
have said atuneis one meme, but what about a symphony: how many
memes is tha? Is each movement one meme, each recognizable
phrase of melody, each bar, each chord, or what?

| apped to the sameverbd trick as | used in Chapter 3. There |
divided the ‘gene complex’ into large and amdl genetic units, and
unitswithin units. The 'gene’ was defined, not in arigid all-or-none
way, but asaunit of convenience, alength of chromosome with just
aufficient copying-fiddity to serve as a viable unit of natural selec-
tion. If asngle phrase of Beethoven's ninth symphony is sufficiently
digtinctive and memorable to be abstracted from the context of the
whole symphony, and used as the cal-sgn of a maddeningly
intrusve European broadcasting Stetion, then to that extent it
desarves to be cdled one meme. It has, incidentally, materidly
diminished my capecity to enjoy the origind symphony.

Smilarly, when we say thet dl biologists nowadays believe in
Darwin'stheory, we do not mean that every biologist has, gravenin
his brain, an identical copy of the exact words of Charles Darwin
himsdf. Each individud has his own way of interpreting Darwin's
ideas. He probably learned them not from Darwin's own writings,
but from more recent authors. Much of what Darwin sad is, in
detail, wrong. Darwin if he read this book would scarcely recognize
his own origind theory in it, though | hope he would like the way |
put it. Y, in spite of dl this, there is something, some essence of
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Dawinism, which is present in the head of every individud who
understands the theory. If this were not so, then dmost any
satement about two people agreeing with each other would be
meaningless. An 'idea-meme’ might be defined as an entity thet is
capable of being transmitted from one brain to another. The meme
of Darwin'stheory istherefore that essentid bads of theideawhich
is hed in common by dl brains that understand the theory. The
differencesin thewaysthat people represent thetheory arethen, by
definition, not part of the meme. If Darwin's theory can be sub-
divided into components, such that some peopl e believe component
Abut not component B, while others believe B but not A, then Aand
B should be regarded as separate memes. If dmost everybody who
bdievesin Ads bdievesin B—if thememesare dosdy 'linked' to
usethe genetic term—then it is convenient to lump them together as
one meme.

Let us pursue the andogy between memes and genes further.
Throughout thisbook, | have emphasized that we must not think of
genes as conscious, purposeful agents. Blind natural selection,
however, makesthem behaverather asif they were purposeful, and it
has been convenient, asashorthand, to refer to genesin the language
of purpose. For example, when we say 'genes are trying to increase
their numbers in future gene pools, what we redly mean is 'those
genes that behave in such a way as to increase their numbers in
future gene pools tend to be the genes whose effects we see in the
world'. Just aswe have found it convenient to think of genesasactive
agents, working purposefully for their own surviva, perhapsit might
be convenient to think of memes in the same way. In neither case
must we get mydtica about it. In both cases the idea of purpose is
only ametaphor, but we have dready seen what afruitful metaphor it
isin the case of genes. We have even used words like 'sdfish’ and
‘ruthless’ of genes, knowing full wel itisonly afigure of speech. Can
we, in exactly the same spirit, look for sdfish or ruthless memes?

There is a problem here concerning the nature of competition.
Wherethereis sexud reproduction, each geneis competing particu-
laly with its own dldes—rivds for the same chromosomd dot.
Memes seem to have nothing equivalent to chromosomes, and
nothing equivadent to dleles. | suppose there is a trivid sense in
which many ideas can be sad to have 'opposites. But in generd
memes resemblethe early replicating molecules, floating chaoticaly
free in the primeva soup, rather than modern genes in their neatly
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paired, chromosomd regiments. In what sense then are memes
competing with each other? Shoul d we expect them to be'selfish’ or
‘ruthless, if they have no dldes? The answer is that we might,
because there is a sense in which they must indulge in a kind of
competition with each other.

Any user of adigital computer knows how precious computer time
and memory storage Space are. At many large computer centresthey
areliterally costed in money; or each user may bedlotted aration of
time, measured in seconds, and a ration of space, measured in
‘words. The computers in which memes live are human brains.*
Timeispossbly amoreimportant limiting factor than storage space,
anditisthe subject of heavy competition. The human brain, and the
body that it controls, cannot do more than one or a few things a
once. If a meme is to dominate the attention of a human brain, it
must do so at the expense of 'rival’ memes. Other commodities for
which memes compete areradio and televison time, billboard space,
newspaper column-inches, and library shelf-space.

In the case of genes, we saw in Chapter 3 that co-adapted gene
complexes may ariseinthegenepool. A large set of genes concerned
with mimicry in butterflies became tightly linked together on the
same chromosome, o tightly that they can betreated asonegene. In
Chapter 5 we met the more sophigticated idea of the evolutionarily
gable set of genes. Mutudly suitable teeth, daws, guts, and sense
organsevolved in carnivore gene pools, while adifferent stable set of
characteristics emerged from herbivore gene pools. Does anything
andogous occur in meme pools? Has the god meme, say, become
associated with any other particular memes, and does this associa-
tion assigt the surviva of each of the participating memes? Perhaps
we could regard an organized church, with its architecture, rituals,
laws music, art, and written tradition, as a co-adapted sable set of
mutualy-assisting memes.

To take a particular example, an aspect of doctrine that has been
vay effective in enforcing religious observance is the threat of hell
fire. Many children and even some adults believe that they will suffer
ghadlly torments after degth if they do not obey the priestly rules.
This is a peculiarly nasty technique of persuasion, causing grest
psychologica anguish throughout the middle ages and even today.
But it is highly effective It might dmos have been planned
deliberately by a machiavelian priesthood trained in deep psycho-
logicd indoctrination techniques. However, | doubt if the priests
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were that dever. Much more probably, unconscious memes have
ensured ther own survivd by virtue of those same qudities of
pseudo-ruthlessness that successful genes display. The idea of hdll
fire is, quite amply, self perpetuating, because of its own deep
psychologica impact. It has become linked with the god meme
because the two reinforce each other, and asss each other'ssurviva
in the meme pooal.

Ancther member of the rdigious meme complex is cdled faith. It
means blind trugt, in the absence of evidence, even in the teeth of
evidence. The gory of Doubting Thomasistold, not so that we shall
admire Thomas, but so that we can admire the other gpogles in
comparison. Thomas demanded evidence. Nothing is more lethd
for certain kinds of meme than atendency to look for evidence. The
other apostles, whose fath was so strong that they did not need
evidence, are held up to us as worthy of imitation. The meme for
blind faith secures its own perpetuation by the Smple unconscious
expedient of discouraging rationa inquiry.

Blind faith can judtify anything.* If a man believes in a different
god, or even if he uses a different ritua for worshipping the same
god, blind faith can decree that he should die—on the cross, at the
gake, skewered on a Crusader's sword, shot in a Beirut street, or
blown up in abar in Bdfas. Memes for blind faith have their own
ruthlessways of propagating themsdlves. Thisistrue of patriotic and
political aswel asreigious blind faith.

Memes and genes may often reinforce each other, but they
sometimes come into opposition. For example, the habit of cdibacy
is presumably not inherited geneticdly. A gene for cdibacy is
doomed to falure in the gene pool, except under very specid
circumstances such aswefind in the socid insects. But still, ameme
for cdibacy can be successful in the meme pool. For example,
supposethe success of ameme depends criticaly on how much time
people spend in actively transmitting it to other people. Any time
spent in doing other things than attempting to transmit the meme
may be regarded astime wagted from the meme's point of view. The
meme for cdibacy is transmitted by priests to young boys who have
not yet decided what they want to do with their lives. The medium of
trangmisson is human influence of various kinds, the spoken and
written word, persona example and so on. Suppose, for the sake of
argument, it happened to be the case that marriage weskened the
power of a priest to influence his flock, say because it occupied a
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large proportion of his time and attention. This has, indeed, been
advanced as an offidd reason for the enforcement of celibacy among
priests. If this were the case, it would fdlow that the meme for
cdibacy could have grester survivd vaue than the meme for
marriage. Of course, exactly the opposite would betruefor agenefor
cdibecy. If apriest is a survivd machine for memes, cdibacy is a
useful attributeto build into him. Cdibacy isjust aminor partnerina
large complex of mutually-assisting religious memes.

| conjecture that co-adapted meme-complexes evolvein the same
kind of way as co-adapted gene-complexes. Sdlection favours
memes that exploit their cultura environment to their own advan-
tage. Thiscultural environment consists of other memeswhich are
aso being selected. The meme pool therefore comes to have the
attributes of an evolutionarily stable set, which new memes find it
hard to invade.

| have been a hit negdive about memes, but they have their
cheerful ddeaswdl. When wediethere aretwo thingswe can leave
behind us: genes and memes. We were built as gene machines,
crested to pass on our genes. But that aspect of uswill beforgottenin
three generations. Your child, even your grandchild, may bear a
resemblance to you, perhaps in fadd features, in atalent for music,
in the colour of her hair. But as each generation passes, the
contribution of your genes is halved. It does not take long to reach
negligible proportions. Our genes may beimmorta but the collection
of genesthat isany one of usisbound to crumble avay. Elizebeth 11 is
a direct descendant of William the Conqueror. Yet it is quite
probable that she bears not a single one of the old king's genes. We
should not seek immortdity in reproduction.

But if you contribute to the world's culture, if you have a good
idea, compose atune, invent a sparking plug, write a poem, it may
live on, intact, long after your genes have dissolved in the common
pool. Socrates may or may not have agene or two divein theworld
today, as G. C. Williams has remarked, but who cares? The meme-
complexes of Socrates, Leonardo, Copernicus and Marconi are dill
going strong.

However speculative my development of the theory of memes may
be, there is one serious point which | would like to emphasize once
again. Thisisthat when welook & the evolution of cultural traitsand
at their surviva vaue, we must be clear whose survival we aretaking
about. Biologigs, as we have seen, are accustomed to looking for
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advantages a the gene levd (or the individud, the group, or the
species leve according to taste). What we have not previoudy
conddered isthat acultural trait may have evolved in the way thet it
has, Imply becauseit isadvantageoustoitself.

We do not have to look for conventiond biological survive vaues
of traits like religion, music, and ritual dancing, though these may
adso be present. Once the genes have provided their surviva
machineswith brainsthat are capable of rapid imitation, the memes
will automaticaly take over. We do not even have to posit agenetic
advantage in imitation, though that would certainly help. All that is
necessary isthat the brain should be capabl e of imitation: memeswill
then evolve that exploit the cgpability to the full.

I now close the topic of the new replicators, and end the chapter on
anote of qudified hope. One unique festure of man, which may or
may not have evolved memicdly, is his capacity for conscious
foresight. Sdfish genes (and, if you dlow the speculation of this
chapter, memestoo) have no foresight. They are unconscious, blind,
replicators. Thefact that they replicate, together with certain further
conditions means, willy nilly, that they will tend towards the evolu-
tion of quditieswhich, in the specid sense of thisbook, can be caled
«fish. A smple replicator, whether gene or meme, cannot be
expected to forgo short-term sdfish advantage even if it would redly
pay it, in the long term, to do so. We saw this in the chapter on
aggression. Even though a 'conspiracy of doves would be better for
every singleindividual than the evolutionarily stable strategy, natural
seection is bound to favour the ESS.

It is possible that yet another unique qudity of man is a cgpacity
for genuine, disnterested, true atruism. | hope so, but | am not
going to argue the case oneway or the other, nor to speculate over its
possible memic evolution. The point | am making now isthat, even if
we look on the dark sde and assume thet individud maen is
fundamentdly sdfish, our conscious foresght—our capecity to
smulate the future in imagination—could save us from the worst
sdfish excesses of the blind replicators. We have at least the mentd
equipment to foder our long-term sdfish interests rather than
merely our short-term sdfish interests. We can see the long-term
benefits of participating in a 'conspiracy of doves, and we can St
down together to discuss ways of making the conspiracy work. We
have the power to defy the sdifish genes of our birth and, if necessary,
the sdlfish memes of our indoctrination. We can even discuss ways of
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deliberatdly cultivating and nurturing pure, disinterested atruism—
something that has no place in nature, something that has never
exiged beforeinthewhole higtory of theworld. Weare built asgene
meachines and cultured as meme machines, but we have the power to
turn againg our creators. We, done on earth, can rebel againg the
tyranny of the sdfish replicators.*



NICE GUYS FINISH FIRST

Nice guys finish last. The phrase seems to have originated in the

world of basebdl, dthough some authorities dam priority for an

aternative connotation. The American biologist Garrett Hardin

used it to summarize the message of what may be cdled 'sociobio-

logy' or 'sdfish genery'. It isessy to seeits aptness. If wetrandatethe
colloquid meaning of 'niceguy’ into its Darwinian equivaent, anice
guy isan individud that asssts other members of its species, & its

own expense, to pass their genes on to the next generation. Nice

guys, then, seem bound to decrease in numbers: niceness dies a

Dawinian death. But there is another, technical, interpretation of

the colloquid word 'nice'. If we adopt this definition, whichisnot too
far from the colloquid meaning, nice guys canfinishfirst. Thismore
optimigtic conclusion iswhat this chapter is about.

Remember the Grudgers of Chapter 10. These were birds that
helped each other in an apparently atruistic way, but refused to
help—bore a grudge againg—individuas tha had previoudy
refused to help them. Grudgers came to dominate the population
because they passed on more genesto future generationsthan either
Suckers (who hel ped othersindiscriminately, and were exploited) or
Cheats (who tried ruthlesdy to exploit everybody and ended up doing
each other down). The gory of the Grudgersillustrated an important
generd principle, which Robert Trivers cdled 'reciproca atruism'.
Aswe saw in the example of the cleaner fish (pages 186-7), reciproca
dtruismisnot confined to membersof asngle species. Itisat work in
al relationships tha are cdled symbictic—for instance the ants
milking their gphid 'cattle’ (page 181). Since Chapter 10 waswritten,
the American political scientist Robert Axdrod (working partly in
collaboration with W. D. Hamilton, whose name has cropped up on
S0 many pages of thisbook), hastaken theideaof reciproca atruism
onin exciting new directions. It was Axdrod who coined thetechnical
meaning of theword 'nice' towhich | dluded in my opening paragraph.
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Axdrod, like many politica scientists, economists, mathemat-
icians and psychologigts, was fascinated by asmple gambling game
cdled Prisoner's Dilemma Itis so Smple that | have known dever
men misunderstand it completely, thinking that there must be more
to it! But its mplicity is deceptive. Whaole shdves in libraries are
devoted to the ramifications of thisbeguiling game. Many influentia
people think it holds the key to strategic defence planning, and that
we should study it to prevent athird world war. Asabiologi<, | agree
with Axdrod and Hamilton that many wild animds and plants are
engaged in ceasdless games of Prisoner's Dilemma, played out in
evolutionary time.

In its origina, human, verson, here is how the game is played.
There is a 'banker', who adjudicates and pays out winnings to the
two players. Suppose that | am playing againgt you (though, as we
shall see, 'againgt' is precisely what we don't haveto be). Thereare
only two cards in each of our hands, labeled COOPERATE and
DEFECT. To play, we each choose one of our cards and lay it face
down on thetable. Face down so that neither of us can beinfluenced
by the other'smove: in effect, we move smultaneoudy. We now wait
in sugpense for the banker to turn the cards over. The suspense is
because our winnings depend not just on which card we have played
(which we each know), but on the other player's card too (which we
don't know until the banker reveds it).

Sincethereare 2 x 2 cards, there are four possible outcomes. For
each outcome, our winnings are as fallows (quoted in dollars in
deference to the North American origins of the game):

Outcome |: We have both played cOOPERATE. The banker pays
each of us $300. This respectable sum is caled the Reward for
mutual cooperation.

Outcomel1: We have both played DEFECT. The banker fineseach
of us $10. Thisis cdled the Punishment for mutua defection.

Outcomell1: You have played COOPERATE; | have played DEFECT.
The banker pays me $500 (the Temptation to defect) and finesyou
(the Sucker) $100.

OutcomeV: You have played DEFECT; | have played COOPERATE.
The banker pays you the Temptation payoff of $500 and fines me,
the Sucker, $100.
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Outcomes 111 and 1V are obvioudy mirror images: one player
doesvery well and the other doesvery badly. In outcomes| and 11 we
do aswdl as one another, but | is better for both of usthan I1. The
exact quantities of money don't matter. It doesn't even matter how
many of them are pogtive (payments) and how many of them, if any,
are negdive (fines). What matters, for the game to qudify as atrue
Prisoner's Dilemma, is their rank order. The Temptation to defect
must be better than the Reward for mutual cooperation, which must
be better than the Punishment for mutuad defection, which must be
better than the Sucker's payoff. (Strictly spesking, there is one
further condition for the game to qudify as a true Prisoner's
Dilemma the average of the Temptation and the Sucker payoffs
must not exceed the Reward. The reason for this additional condi-
tion will emerge later.) The four outcomes are summarized in the
payoff matrix in Figure A.

What you do
Cooperate Defect
Fairly good Very bad
Cooperate REWARD SUCKER'S PAYOFF
(for mutual cooperation)
e.g. $300 e.g. $100 fine
What | do
Very good Fairly bad
Defect TEMPTATION PUNISHMENT
(to defect) (for mutual defection)
e.g. $500 e.g. $10 fine

AGURE A. Paydifs to me fram various outcomes of
the Prisoner's Dilemma game

Now, why the 'dilemma? To seethis, look a the payoff matrix and
imagine the thoughtsthat might go through my head as| play againgt
you. | know that there are only two cards you can play, COOPERATE
and DEFECT. Let's condder them in order. If you have played
DEFECT (this means we have to look at the right hand column), the
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best card | could have played would have been DEFECT too. Admit-
tedly I'd have suffered the pendty for mutua defection, but if I'd
cooperated 1'd have got the Sucker's payoff which is even worse.
Now let'sturn to the other thing you could have done (look at the left
hand column), play the COOPERATE card. Once again DEFECT isthe
best thing | could have done. If | had cooperated we'd both have got
the rather high score of $300. But if 1'd defected I'd have got even
more—$500. The conclusion is that, regardless of which card you
play, my best moveis Always Defect.

So | haveworked out by impeccablelogic that, regardless of what
you do, | must defect. And you, with no less impeccable logic, will
work out just the same thing. So when two rationa players mest,
they will both defect, and both will end up with a fine or a low
payoff. Yet each knows perfectly well that, if only they had both
played cooPERATE, both would have obtained the rdatively high
reward for mutual cooperation ($300 in our example). That iswhy
the game is cdled a dilemma, why it seems so maddeningly para-
doxicd, and why it has even been proposed that there ought to be a
law againg it.

'Prisoner' comes from one particular imaginary example. The
currency in thiscaseisnot money but prison sentences. Two men—
cdl them Peterson and Moriaty—are in jail, suspected of col-
laborating in acrime. Each prisoner, in hisseparate cell, isinvited to
betray his colleague (DEFECT) by turning King's Evidence againgt
him. What happens depends upon what both prisoners do, and
neither knowswheat the other has done. If Peterson throwsthe blame
entirdly on Moriarty, and Moriarty renders the sory plausible by
remaining silent (cooperating with hisergwhileand, asit turnsout,
treacherous friend), Moriarty gets a heavy jal sentence while
Peterson gets off scot-free, having yielded to the Temptation to
defect. If each betraysthe other, both are convicted of the crime, but
receive some credit for giving evidence and get asomewhat reduced,
though 4ill Hiff, sentence, the Punishment for mutua defection. If
both cooperate (with each other, not with the authorities) by refusing
to speek, thereisnot enough evidenceto convict either of them of the
main crime, and they receive a smdl sentence for a lesser offence,
the Reward for mutua cooperation. Althoughit may seem odd to call
ajal sentence a'reward’, that is how the men would see it if the
dternative was a longer spdl behind bars. You will notice that,
athough the 'payoffs are not in dollars but in jail sentences, the
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essentia features of the game are preserved (look at the rank order
of dedirability of the four outcomes). If you put yoursdf in each
prisoner's place, assuming both to be mativaied by rationd df-
interest and remembering that they cannot talk to one another to
make apact, you will seethat neither hasany choice but to betray the
other, thereby condemning both to heavy sentences.

Is there any way out of the dilemma? Both players know that,
whatever their opponent does, they themsalves cannot do better than
DEFECT; yet both aso know that, if only both had cooperated, each one
would have done better. If only... if only... if only there could be
someway of reaching agreement, someway of reassuring eech player
that the other can be trusted not to go for the sdfish jackpot, some
way of policing the agreement.

In the dmple game of Prisoner's Dilemma, there is no way of
ensuring trust. Unless at least one of the players is aredly saintly
sucker, too good for thisworld, the gameis doomed to end in mutual
defection with its paradoxicaly poor result for both players. But
there is another verson of the game. It is cdled the 'Iterated’ or
'Repeated’ Prisoner's Dilemma. The iterated game is more
complicated, and in its complication lies hope.

The iterated game is dmply the ordinary game repeated an
indefinite number of timeswith the same players. Once again you
and | face each other, with abanker gtting between. Once again we
each have ahand of just two cards, labelled COOPERATE and DEFECT.
Once again we move by each playing oneor other of these cardsand
the banker shells out, or levies fines, according to the rules given
above. But now, instead of that being the end of the game, wepick up
our cards and prepare for another round. The successve rounds of
the game give us the opportunity to build up trust or mistrugt, to
reciprocate or placate, forgive or avenge. In an indefinitdy long
game, the important point is that we can both win at the expense of
the banker, rather than a the expense of one another.

After ten rounds of the game, | could theoretically have won as
much as $5,000, but only if you have been extraordinarily slly (or
santly) and played COOPERATE every time, in spite of the fact that |
was condgtently defecting. Moreredidicdly, it iseasy for each of us
to pick up $3,000 of the banker's money by both playing COOPERATE
on dl ten rounds of the game. For this we don't have to be
particularly saintly, because we can both see, from the other's pagt
moves, that the other isto be trusted. We can, in effect, police each
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other'sbehaviour. Another thing that is quite likdy to happenisthat
neither of ustruststhe other: we both play berecT for dl ten rounds
of the game, and the banker gains $100 in fines from each of us.
Most likdy of dl isthat we partidly trust one another, and each play
some mixed sequence of cooPERATE and DEFECT, ending up with
some intermediate sum of money.

The birds in Chapter 10 who removed ticks from each other's
featherswere playing an iterated Prisoner's Dilemmagame. How is
this 0? It isimportant, you remember, for abird to pull off hisown
ticks, but he cannot reach the top of his own head and needs a
companion to do that for him. It would seem only fair that he should
returnthe favour later. But this service cogtsabird time and energy,
abet not much. If abird can get avay with cheating—with having
hisown ticks removed but then refusing to reciprocate—hegainsal
the benefitswithout paying the costs. Rank the outcomes, and youl
find that indeed we have a true game of Prisoner's Dilemma. Both
cooperating (pulling each other'sticks off) is pretty good, but there
is gill atemptation to do even better by refusing to pay the costs of
reciprocating. Both defecting (refusing to pull ticks off) is pretty bad,
but not so bad as putting effort into pulling another's ticks off and
dill ending up infested with ticks onesdf. The payoff matrix is
Figure B.

What you do
Cooperate Defect
Fairly good Very bad
Cooperate REWARD SUCKER'S PAYOFF
| get my ticks removed, | keep my ticks, while
thou?h | also pay the also paying the costs
costs of removing yours. of removing yours.
What | do
Very good Fairly bad
Defect TEMPTATION PUNISHMENT
| get my ticks removed, | keep my ticks with the
and | don't pay the costs small consolation of not
of removing yours. removing yours.

AGURE B. The bird tick-removing game:
paydfs to me fram vaious airgxrles
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But this is only one example. The more you think about it, the
moreyou redizethat lifeisriddied with Iterated Prisoner's Dilemma
games, not just human life but animd and plant life too. Plant life?
Yes, why not? Remember that we are not talking about conscious
drategies (though at times we might be), but about srategiesin the
'‘Maynard Smithian' sense, strategies of the kind that genes might
preprogram. Later we shal meet plants, various animals and even
bacteria, dl playing the game of lterated Prisoner's Dilemma
Meanwhile, let's explore more fully what is so important about
iteration.

Unlike the dample game, which is rather predictable in that
DEFECT istheonly rationa drategy, theiterated verson offers plenty
of drategic scope. In the Smple game there are only two possible
strategies, COOPERATE and DEFECT. Iteration, however, dlows|ots of
concalvable drategies, and it is by no means obvious which one is
best. The fdlowing, for instance, is just one among thousands:
‘cooperate mogt of thetime, but on arandom 10 per cent of rounds
throw in adefect'. Or strategies might be conditiona upon the past
higtory of thegame. My 'Grudger' isan example of this; it hasagood

for faces, and dthough fundamentally cooperative it defects
if the other player has ever defected before. Other strategies might
be more forgiving and have shorter memories.

Clearly the drategies avaldde in the iterated game are limited
only by our ingenuity. Can we work out which is best? This wes
the task that Axdrod set himsdf. He had the entertaining idea of
running a competition, and he advertised for experts in games
theory to submit dtrategies. Strategies, in this sense, ae
preprogrammed rules for action, o it was appropriate for con-
testants to send in their entries in computer language. Fourteen
drategies were submitted. For good measure Axdrod added a
fifteenth, cdled Random, which smply played cOoPERATE and
DEFECT randomly, and sarved as a kind of basdine 'non-
drategy’, if a drategy can't do better than Random, it must be
pretty bad.

Axdrod trandated dl 15 drategies into one common program-
ming language, and st them agang one another in one big
computer. Each strategy was paired off in turn with every other one
(including a copy of itsdf) to play Iterated Prisoner's Dilemma
Since there were 15 drategies, there were 15 x 15, or 225 separate
games going on in the computer. When each pairing had gone
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through 200 moves of the game, the winnings were totalled up and
the winner declared.

We are not concerned with which drategy won agang ay
particular opponent. What matters is which srategy accumulated
the most ‘money’, summed over dl its 15 pairings. ‘Money' means
dmply 'points, awarded according to the fallowing scheme: mutud
Cooperation, 3 points;, Temptation to defect, 5 points; Punishment
for mutua defection, 1 point (equivaent to alight finein our earlier
game); Sucker's paydff, O points (equivaent to a heavy finein our
earlier game).

What you do
Cooperate Defect
Fairly good Very bad
Cooperate REWARD SUCKER'S PAYOFF

for mutual cooperation

3 points 0 points
What | do
Very good Fairly bad
Defect TEMPTATION PUNISHMENT
to defect for mutual defection
5 points 1 point

AGURE C. Axdrod's computer tournament:
paydifs to me from various outcomes

Themaximum possible score that any Strategy could echievewas
15,000 (200 rounds at 5 points per round, for each of 15 opponents).
The minimum possible scorewas 0. Needlessto say, neither of these
two extremeswasredized. The mogt that astrategy canredigticaly
hopeto win in an average one of its 15 pairings cannot be much more
than 600 points. Thisiswhat two playerswould each receiveif they
both consgtently cooperated, scoring 3 points for each of the 200
rounds of the game. If one of them succumbed to the temptation to
defect, it would very probably end up with fewer points than 600
because of retdiation by the other player (mog of the submitted
srategies had some kind of retdiatory behaviour built into them).
We can use 600 asa kind of benchmark for agame, and expressdl
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scores as a percentage of this benchmark. On this scde it is
theoretically possibleto score up to 166 per cent (1,000 points), but
in practice no strategy's average score exceeded 600.

Remember that the players in the tournament were not humans
but computer programs, preprogrammed strategies. Their human
authors played the samerole as genes programming bodies (think of
Chapter 4's computer chess and the Andromeda computer). You
can think of the strategies as miniature 'proxies for their authors.
Indeed, one author could have submitted more than one drategy
(athough it would have been chesting—and Axdrod would presum-
ably not have dlowed it—for an author to "pack’ the competition with
strategies, one of which received the benefits of sacrificid coopera
tion from the others).

Some ingenious strategies were submitted, though they were, of
course, far lessingenious than their authors. The winning Strategy,
remarkably, was the Smplest and superficidly least ingenious of dl.
It was cdled Tit for Tat, and was submitted by Professor Anatol
Rapoport, a well-known psychologis and games theorist from
Toronto. Tit for Tat begins by cooperating on the first move and
thereafter Smply copies the previous move of the other player.

How might agame involving Tit for Tat proceed? As ever, what
happens depends upon the other player. Suppose, fird, that the
other player is dso Tit for Tat (remember that each Strategy played
againg copies of itsdlf aswdl as againg the other 14). Both Tit for
Tats begin by cooperating. In the next move, each player copies the
other's previous move, which was COOPERATE. Both continue to
COOPERATE until the end of the game, and both end up with the full
100 per cent 'benchmark' score of 600 points.

Now suppose Tit for Tat plays againgt a drategy cdled Nave
Prober. Nave Prober wasn't actudly entered in Axelrod's competi-
tion, but it isingtructive nevertheless. It is badcdly identicd to Tit
for Tat except that, once in awhile, say on a random one in ten
moves, it throws in a gratuitous defection and dams the high
Temptation score. Until Naive Prober tries one of its probing
defections the players might aswell be two Tit for Tats. A longand
mutualy profitable sequence of cooperation seems set to run its
course, with a comfortable 100 per cent benchmark score for both
players. But suddenly, without warning, say on the eighth move,
Naive Prober defects. Tit for Tat, of course, has played COOPERATE
on thismove, and s0 is landed with the Sucker's payoff of O points.
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Naive Prober appears to have done well, since it has obtained 5
pointsfrom that move. Butinthenext move Tit for Tat 'retaliates. It
plays DEFeCT, Smply falowing its rule of imitating the opponent's
previous move. Naive Prober meanwhile, blindly following its own
built-in copying rule, has copied its opponent's COOPERATE maove.
So it now collects the Sucker's payoff of O points, while Tit for Tat
gets the high score of 5. In the next move, Naive Prober—rather
unjustly one might think—'retaliates againgt Tit for Tat's defection.
And so the dternation continues. During these dternating runsboth
playersrecaive on average 2.5 points per move (the average of 5and
0). Thisislower than the steedy 3 points per movethat both players
can amassinarun of mutua cooperation (and, by theway, thisisthe
reason for the ‘additional condition’ left unexplained on page 204).
So, when Naive Prober playsagaing Tit for Tat, both do worsethan
whenTit for Tat playsagaing another Tit for Tat. And when Naive
Prober plays againg another Naive Prober, both tend to do, if
anything, even worse still, sinceruns of reverberating defection tend
to get Sarted earlier.

Now condder another drategy, cdled Remorseful Prober.
Remorseful Prober is like Naive Prober, except that it takes active
stepsto break out of runs of aternating recrimination. To do thisit
needs a dightly longer ‘'memory’ than either Tit for Tat or Naive
Prober. Remorssful Prober remembers whether it has just spon-
taneoudy defected, and whether the result was prompt retaiation. If
90, it 'remorsefully’ dlows its opponent ‘one free hit' without retali-
ating. This meansthat runs of mutua recrimination are nipped in the
bud. If you now work through an imaginary game between Remorseful
Prober and Tit for Tat, youll find that runs of would-be mutud
retdiation are promptly scotched. Most of the gameis spent in mutua
cooperation, with both players enjoying the conseguent generous score.
Remorseful Prober does better againg Tit for Tat than Naive Prober
does, though not aswdl asTit for Tat doesagaing itsdf.

Some of the drategies entered in Axdrod's tournament were
much more sophigticated than either Remorseful Prober or Naive
Prober, but they too ended up with fewer points, on average, than
smple Tit for Tat. Indeed the least successful of dl the dtrategies
(except Random) wasthe most elaborate. It was submitted by 'Name
withheld—aspur to pleasing speculation: Someeminencegriseinthe
Pentagon? The head of the CIA? Henry Kissinger? Axdrod him-
«f? | supposewe shdl never know.
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Itisn't dl that interesting to examine the details of the particular
srategiesthat were submitted. Thisisn't abook about the ingenuity
of computer programmers. It ismoreinteresting to dassfy Strategies
according to certain categories, and examine the success of these
broader divisons. Themaost important category that Axelrod recog-
nizesis'nice’. A nice drategy isdefined asonethat isnever thefirst
to defect. Tit for Tat is an example. It is capable of defecting, but
it does s0 only in retdiation. Both Naive Prober and Remorseful
Prober are nadty strategies because they sometimes defect, however
rarely, when not provoked. Of the 15 drategies entered in the
tournament, 8 were nice. Significantly, the 8 top-scoring strategies
were the very same 8 nice drategies, the 7 nadiies trailing wel
behind. Tit for Tat obtained an average of 504.5 points: 84 per cent
of our benchmark of 600, and agood score. The other nice Srategies
scored only dightly less, with scores ranging from 83.4 per cent
downto 786 per cent. Thereisabig gap between thisscore and the
66.8 per cent obtained by Graaskamp, the most successful of dl the
nesty strategies. It seems pretty convincing that nice guys dowdl in
this game.

Another of Axdrod's technica terms is ‘forgiving. A forgiving
drategy isonethat, dthough it may retaliate, hasashort memory. It
isawift to overlook old misdeeds. Tit for Tat isaforgiving Srategy. It
raps a defector over the knuckles ingantly but, after that, lets
bygones be bygones. Chapter 10's Grudger istotaly unforgiving. Its
memory lasts the entire game. It never forgets a grudge againg a
player who has ever defected agang it, even once. A draegy
formdly identical to Grudger was entered in Axelrod's tournament
under thename of Friedman, and it didn't do particularly well. Of dl
the nice drategies (notethat it istechnicaly nice, dthoughit istotaly
unforgiving), Grudger/Friedman did next to worst. The reason
unforgiving strategies don't do very well isthat they can't bresk out
of runs of mutual recrimination, even when their opponent is
‘remorseful’.

It is possble to be even more forgiving than Tit for Tat. Tit for
Two Tats dlows its opponents two defections in a row before it
eventudly retaiates. This might seem excessvdy santly and
magnanimous. Neverthdess Axdrod worked out that, if only
somebody had submitted Tit for Two Tats, it would have won the
tournament. Thisis becauseit is so good at avoiding runs of mutual
recrimination.
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So, we have identified two characterigtics of winning strategies:
niceness and forgivingness. This dmog utopian-sounding conclu-
son—tha niceness and forgivingness pay—came as a surprise
to many of the experts, who had tried to be too cunning by submit-
ting subtly nasty drategies, while even those who had submit-
ted nice drategies had not dared anything so forgiving as Tit for
Two Tats.

Axdrod announced a second tournament. He received 62 entries
and again added Random, making 63 in dl. This time, the exact
number of moves per game was not fixed at 200 but wasleft open, for
agood reason that | shal cometo later. We can Htill expressscoresas
a percentage of the 'benchmark’, or ‘aways cooperate’ score, even
though that benchmark needs more complicated caculation and is
no longer afixed 600 points.

Programmers in the second tournament had dl been provided
with the results of the fird, including Axelrod's andyds of why Tit
for Tat and other nice and forgiving strategies had done so wdll. It
was only to be expected that the contestants would take note of this
background information, in one way or another. In fact, they split
into two schools of thought. Some reasoned that niceness and
forgivingnesswere evidently winning qualities, and they accordingly
submitted nice, forgiving Strategies. John Maynard Smith went sofar
asto submit the super-forgiving Tit for Two Tats. The other school
of thought reasoned tha lots of their colleegues, having read
Axdrod's andyss, would now submit nice, forgiving Strategies.
They therefore submitted nasty Strategies, trying to exploit these
anticipated softied

But once again nadtiness didn't pay. Once again, Tit for Tat,
submitted by Anatol Rapoport, was the winner, and it scored a
massve 96 per cent of the benchmark score. And again nice
grategies, in genera, did better than nasty ones. All but one of the
top 15 drategieswere nice, and dl but one of the bottom 15 were
nasty. But dthoughthe saintly Tit for Two Tatswould havewon the
first tournament if it had been submitted, it did not win the second.
Thiswas because thefidd now included more subtle nasty Strategies
capable of preying ruthlesdy upon such an out-and-out softy.

This underlines an important point about these tournaments.
Success for a strategy depends upon which other strategies happen
to be submitted. Thisis the only way to account for the difference
between the second tournament, in which Tit for Two Tats was
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ranked wdl down the ligt, and the first tournament, which Tit for
Two Tats would have won. But, as | said before, this is not a book
about the ingenuity of computer programmers. |s there an objective
way inwhichwe can judgewnhichisthetruly best Srategy, inamore
generd and less arbitrary sense? Readers of earlier chapters will
dready be prepared to find the answer in the theory of evolutionarily
dable drategies.

| was one of those to whom Axdrod circulated his early results,
with an invitation to submit a drategy for the second tournament. |
didn't do so, but | did make another suggestion. Axdrod had dready
begun to think in ESS terms, but | fdt that this tendency was so
important that | wrote to him suggesting that he should get in touch
with W. D. Hamilton, who was then, though Axdrod didn't know it,
in a different department of the same university, the University of
Michigan. He did indeed immediaidy contact Hamilton, and the
result of their subsequent collaboration was a brilliant joint paper
published in the journa Science in 1981, a paper that won the
Newcomb Clevdand Prize of the American Assodigtion for the
Advancement of Science. In addition to discussing some ddightfully
way-out biologicd examples of iterated prisoner's dilemmas,
Axdrod and Hamilton gave what | regard as due recognition to the
ESS gpproach.

Contrast the ESS gpproach with the 'round-robin’ sysem that
Axdrod'stwo tournamentsfollowed. A round-robinislike afootball
league. Each drategy was matched againg each other srategy an
equa number of times. Thefina score of a Srategy was the sum of
the pointsit gained againg dl the other strategies. To be successtul
in around-robin tournament, therefore, a srategy has to be a good
competitor againg al the other Strategiesthat people happen to have
submitted. Axdrod's name for a dtrategy that is good againgt awide
vaidy of other strategiesis 'robust’. Tit for Tat turned out to be a
robust grategy. But the set of srategies that people happen to have
submitted is an arbitrary set. This was the point that worried us
above. It just so0 happened that in Axelrod's origind tournament
about hdf the entrieswerenice. Tit for Tat won in this climate, and
Tit for Two Tats would have won in this dimate if it had been
submitted. But supposethat nearly al the entries had just happened
to be nagty. This could very essly have occurred. After al, 6 out of
the 14 drategies submitted were nagty. If 13 of them had been nagty,
Tit for Tat wouldn't havewon. The'climate’ would have been wrong
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for it. Not only the money won, but the rank order of successamong
grategies, depends upon which srategies happen to have been
submitted; depends, in other words, upon something as arbitrary as
human whim. How can we reduce this arbitrariness? By 'thinking
ESS.

The important characterigtic of an evolutionarily stable strategy,
you will remember from earlier chapters, is that it carries on doing
well whenit isalready numerousin the population of strategies. To
sy that Tit for Tat, say, isan ESS, would be to say that Tit for Tat
doeswell in adimate dominated by Tit for Tat. Thiscould be seen
asagpecid kind of 'robustness. As evolutionists we are tempted to
seeit asthe only kind of robustnessthat matters. Why doesit matter
s0 much? Because, in theworld of Darwinism, winningsare not paid
out as money; they are paid out as offgring. To a Darwinian, a
successul drategy is one that has become numerousin the popula-
tion of strategies. For agtrategy to remain successtul, it must do well
pedificdly when it is numerous, that is in a climate dominated by
copiesof itsdf.

Axdrod did, as a matter of fact, run a third round of his
tournament as natural selection might have run it, looking for an
ESS. Actudly he didn't cdl it athird round, since he didn't solicit
new entries but used the same 63 asfor Round 2. | find it convenient
totreat it as Round 3, because | think it differs from the two ‘'round-
robin' tournaments more fundamentaly than the two round-robin
tournaments differ from each other.

Axdrod took the 63 drategies and threw them again into the
computer to make 'generation 1' of an evolutionary succession. In
‘generation 1, therefore, the 'climate condsted of an equd
representation of dl 63 drategies. At the end of generation 1,
winnings to each drategy were paid out, not as 'money’ or 'points,
but asoffspring, identicd totheir (asexud) parents. Asgenerations
went by, some Srategies became scarcer and eventudly went extinct.
Other drategies became more numerous. As the proportions
changed, so, consequently, did the'climate' in which future moves of
the game took place.

Eventudly, after about 1,000 generations, there were no further
changesin proportions, no further changesin climate. Stahility was
reached. Before this, the fortunes of the various Strategies rose and
fdl, just asin my computer smulation of the Cheats, Suckers, and
Grudgers. Some of the strategies started going extinct from the start,
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and most were extinct by generation 200. Of the nasty strategies, one
or two of them began by increasing in frequency, but their pros-
perity, likethat of Cheeat in my smulation, was short-lived. The only
nasty srategy to survive beyond generation 200 was one cdled
Harrington. Harrington's fortunes rose steeply for about the firgt
150 generations. Theresfter it declined rather gradudly, approach-
ing extinction around generation 1,000. Harrington did well
temporarily for the same reason as my origind Cheat did. It
exploited softies like Tit for Two Tats (too forgiving) while these
were dill around. Then, as the softies were driven extinct, Har-
rington followed them, having no easy prey left. The field was free
for 'nice’ but 'provocable drategies like Tit for Tat.

Tit for Tat itsdf, indeed, came out top infive out of Sx runs of
Round 3, just as it had in Rounds 1 and 2. Fve other nice but
provocable strategies ended up nearly as successful (frequent in the
population) as Tit for Tat; indeed, one of themwon the sixth run.
When dl the nagties had been driven extinct, there was no way in
which any of thenice strategies could be distinguished from Tit for
Tat or from each other, because they dl, being nice, Smply played
COOPERATE againg each other.

A consequence of thisindigtinguishability isthat, although Tit for
Tat seemslike an ESS, itis drictly not atrue ESS. To be an ESS,
remember, agrategy must not beinvadable, whenitiscommon, by a
rare, mutant drategy. Now it is true that Tit for Tat cannot be
invaded by any nagty drategy, but another nice srategy isadifferent
matter. Aswe have just seen, in apopulation of nice strategies they
will dl look and behave exactly like one another: they will dl
COOPERATE dl thetime. So any other nice srategy, like the totally
santly Always Cooperate, dthough admittedly it will not enjoy a
postive sdective advantage over Tit for Tat, can nevertheless drift
into the population without being noticed. So technicaly Tit for Tat
isnot an ESS.

Y ou might think that since the world Saysjust asnice, we could as
well regard Tit for Tat asan ESS. But aas, look what happens next.
Unlike Tit for Tat, Always Cooperate is not stable againg invason
by nasty strategies such as Always Defect. Always Defect does well
againg Always Cooperate, Snce it gets the high "Temptation’ score
every time. Nadty strategies like Always Defect will comein to keep
down the numbers of too nice drategies like Always Cooperate.

But dthough Tit for Tat is srictly spesking not atrue ESS, itis
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probably far to treat some sort of mixture of badcaly nice but

retaiatory 'Tit for Tat-like' strategies as roughly equivaent to an

ESSin practice. Such amixture might include asmal admixture of

nastiness. Robert Boyd and Jeffrey Lorberbaum, in one of the more
interesting follow-ups to Axerod'swork, looked a a mixture of Tit
for Two Tats and a srategy cdled Suspicious Tit for Tat. Suspi-

cious Tit for Tat is technicaly nasty, but it is not very nasty. It

behaves judt like Tit for Tat itsdlf after the first move, but—this is
what makesit technically nasty—it does defect on the very firg move
of the game. In a climate entirdy dominated by Tit for Tat,

Suspicious Tit for Tat does not prosper, becauseitsinitia defection

triggers an unbroken run of mutua recrimination. When it meets a
Tit for Two Tats player, on the other hand, Tit for Two Tats's
greater forgivingness nipsthisrecrimination in the bud. Both players
end the game with a least the 'benchmark’, dl C, score and with

Suspicious Tit for Tat scoring abonus for itsinitia defection. Boyd

and Lorberbaum showed that a population of Tit for Tat could be
invaded, evolutionarily spesking, by a mixture of Tit for Two Tats
and Suspicious Tit for Tat, the two prospering in esch other's
company. This combination is dmog certainly not the only com-

bination that could invade in this kind of way. There are probably

lots of mixtures of dightly nady strategies with nice and very

forgiving Strategies that are together capable of invading. Some
might see this as amirror for familiar aspects of human life.

Axdrod recognized that Tit for Tat isnot grictly an ESS, and he
therefore coined the phrase ‘collectively stable strategy’ to describe
it. Asin the case of true ESSs, it is possble for more than one
Srategy to be callectivdy stable at the sametime. And again, itisa
matter of luck which one comes to dominate a population. Always
Defect isalso gable, aswell as Tit for Tat. In apopulation that has
aready come to be dominated by Always Defect, no other Srategy
does better. We can treat the sysem as bistabl e, with Always Defect
being one of the gable points, Tit for Tat (or some mixture of mogly
nice, retdiatory drategies) the other sable point. Whichever sable
point comes to dominate the population firgt will tend to day
dominant.

But what does 'dominate’ mean, in quantitative terms? How many
Tit for Tats must there be in order for Tit for Tat to do better than
Always Defect? That depends upon the detailed payoffs that the
banker has agreed to shell out inthis particular game. All we can say
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in generd isthat there is a critica frequency, aknife-edge. On one
dde of the knife-edge the critical frequency of Tit for Tat is
exceeded, and sdection will favour more and more Tit for Tats. On
the other dde of the knife-edge the critical frequency of Always
Defect is exceeded, and selection will favour more and more Always
Defects. We met the equivadent of this knife-edge, you will remem-
ber, in the gory of the Grudgers and Chests in Chapter 10.

It obvioudy matters, therefore, on which sde of the knife-edge a
population happens to start. And we need to know how it might
happen that a population could occasondly cross from one sde of
the knife-edge to the other. Suppose we dtart with a population
dready dtting on the Always Defect sde. The few Tit for Tat
individuals don't meet each other often enough to be of mutua
benefit. So natural sdection pushes the population even further
towardsthe Always Defect extreme. If only the population could just
manage, by random drift, to get itsdf over the knife-edge, it could
coast down the dope to the Tit for Tat Sde, and everyone would do
much better a the banker's (or 'nature's) expense. But of course
populations have no group will, no group intention or purpose. They
cannot drive to legp the knife-edge. They will cross it only if the
undirected forces of nature happen to lead them across.

How could this happen? One way to express the answer is thet it
might happen by ‘chance’. But 'chance’ is just aword expressng
ignorance. It means 'determined by some as yet unknown, or
unspecified, means. We can do alittle better than ‘chance’. We can
try to think of practical ways in which a minority of Tit for Tat
individuals might happen to increase to the criticd mass. This
amountsto aquest for possiblewaysinwhich Tit for Tat individuas
might happen to cluster together in sufficient numbersthat they can
al bendfit at the banker's expense.

Thisline of thought seemsto be promising, but it israther vague.
How exactly might mutualy resembling individuasfind themsdaves
clustered together, in local aggregations? In nature, the obviousway
isthrough genetic relatedness—kinship. Animas of most speciesare
likdy to find themsdlves living dose to their Ssters, brothers and
cousins, rather than to random members of the population. This
is not necessarily through choice. It folows automaticdly from
'viscogty' in the population. Viscodty means any tendency for
individuas to continue living close to the place where they were
born. For instance, through most of higtory, and in most parts of the
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world (though not, as it happens, in our modern world), individud
humans have sddom dtrayed more than a few miles from ther
birthplace. Asaresult, locd clusters of genetic rlativestend to build
up. | remember vidting aremoteidand off thewest coast of Ireland,
and being struck by the fact that dmost everyone on the idand had
the mogt enormous jug-handle ears. This could hardly have been
because large ears suited the climate (there are strong offshore
winds). It was because mogt of the inhabitants of the idand were
clos= kin of one another.

Genetic rdativeswill tend to bedikenot just in fadd features but
in dl sorts of other respects aswedl. For instance, they will tend to
resemble each other with respect to genetic tendencies to play—or
not to play—Tit for Tat. So even if Tit for Tat is rare in the
population asawhole, it may gill belocaly common. Inalocd area,
Tit for Tat individuas may meet each other often enough to prosper
from mutua cooperation, even though calculations that take into
account only the globd frequency in the total population might
suggest that they are below the 'knife-edge’ critical frequency.

If this happens, Tit for Tat individuals, cooperating with one
another in cogy little locd enclaves, may prosper so well that they
grow from amdl locd clustersinto larger locd clusters. These loca
clustersmay grow o largethat they spread out into other areas, areas
that had hitherto been dominated, numericaly, by individuas play-
ing Always Defect. In thinking of theseloca enclaves, my Irishidand
is a mideading pardld because it is phydcdly cut off. Think,
instead, of alarge population in which thereis not much movement,
50 tha individuds tend to resemble their immediate neighbours
more than their more distant neighbours, even though there is
continuous interbreeding dl over the whole area.

Coming back to our knife-edge, then, Tit for Tat could surmount
it. All that is required is alittle locd clustering, of a sort that will
naturally tend to arisein natural populations. Tit for Tat hasabuilt-
in gift, even when rare, for crossing the knife-edge over to its awn
dde. It is as though there were a secret passage undernesth the
knife-edge. But that secret passage containsaone-way vave: thereis
an asymmetry. Unlike Tit for Tat, Always Defect, though a true
ESS, cannot use locd clustering to cross the knife-edge. On the
contrary. Loca clusters of Always Defect individuas, far from
prospering by each other's presence, do especidly badly in each
other's presence. Far from quietly helping one another a the
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expense of the banker, they do one another down. Always Defect,
then, unlike Tit for Tat, gets no help from kinship or viscosty in the
population.

So, dthough Tit for Tat may be only dubioudy an ESS, it has a
sort of higher-order stability. What can this mean? Surdly, stableis
sable. Well, herewe are taking alonger view. Always Defect resists
invason for a long time. But if we wait long enough, perhaps
thousands of years, Tit for Tat will eventudly muster the numbers
requiredtotip it over theknife-edge, and the population will flip. But
the reverse will not happen. Always Defect, as we have seen, cannot
benefit from clustering, and o does not enjoy this higher-order
Sability.

Tit for Tat, as we have seen, is 'nice, meaning never the firg to
defect, and forgiving', meaning that it has a short memory for past
misdeeds. | now introduce another of Axelrod's evocative technical
terms. Titfor Tatisdso 'not envious. To beenvious, in Axdrod's
terminology, means to drive for more money than the other player,
rather than for an aosolutely large quantity of the banker's money.
To be non-envious means to be quite happy if the other player wins
just asmuch money asyou do, solong asyou both thereby win more
from the banker. Tit for Tat never actudly 'wins a game. Think
about it and you'll seethat it cannot score morethan its'opponent' in
any particular game because it never defects except in retaliation.
Themogt it can do isdraw with its opponent. But it tendsto achieve
each draw with ahigh, shared score. Where Tit for Tat and other
nice drategies are concerned, the very word 'opponent’ is inap-
propriate. Sedly, however, when psychologists set up games of
Iterated Prisoner's Dilemmabetween redl humans, nearly dl players
succumb to envy and therefore do relaively poorly in terms of
money. It seems that many people, perhaps without even thinking
about it, would rather do down the other player than cooperate with
the other player to do down the banker. Axerod'swork has shown
what amigakethisis.

It is only a migtake in certain kinds of game. Games theorigts
divide gamesinto 'zero sum' and 'nonzero sum'. A zero sumgameis
oneinwhich awinfor oneplayer isalossfor theother. Chessiszero
sum, because theam of each player isto win, and thismeansto make
the other player lose. Prisoner's Dilemma, however, is a nonzero
sum game. Thereisabanker paying out money, and it ispossible for
the two playersto link arms and laugh dl the way to the bank.
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This tdk of laughing al the way to the bank reminds me of a
deightful line from Shakespeare:

Thefirg thing wedo, let'skill dl thelavyers
2Henry VI

Inwheat are cdled avil 'disputes thereis often in fact greet scope for
cooperation. What looks like a zero sum confrontation can, with a
little goodwill, be transformed into a mutualy beneficid nonzero
sum game. Condder divorce. A good marriage is obvioudy a
nonzero sum game, brimming with mutual cooperation. But even
when it breaks down thereare dl sorts of reasonswhy acouple could
benefit by continuing to cooperate, and treating their divorce, too, as
nonzero sum. Asif child wafarewere not asufficient reason, thefees
of two lawyers will make a nasy dent in the family finances. So
obvioudy asensble and civilized couple begin by going together to see
onelawyer, don't they?

Well, actudly no. At least in England and, until recently, inal fifty
dtates of the USA, the law, or more drictly—and significantly—the
lawyers own professond code, doesn't dlow them to. Lawvyers must
accept only one member of acouple asaclient. The other personis
turned from the door, and either hasno legd adviceat dl or isforced
to go to another lavyer. And that iswhen the fun begins. In separate
chambers but with one voice, the two lavyers immediately start
referring to 'us' and 'them'. 'Us', you understand, doesn't mean me
and my wife; it means me and my lawyer againg her and her lawyer.
When the case comes to court, it is actudly listed as 'Smith versus
Smith'! It is assumed to be adversaria, whether the couple fed
adversarid or not, whether or not they have pecificaly agreed that
they want to be sensbly amicable. And who benefits from treating it
asan'l win, you lose tusde? The chances are, only the lawyers.

The hapless couple have been dragged into azero sum game. For
thelawyers, however, the case of Smithv. Smithisanicefa nonzero
um game, with the Smiths providing the payoffs and the two
professonasmilking their clients' joint account in e aborately coded
cooperation. One way in which they cooperate is to make proposals
that they both know the other side will not accept. This prompts a
counter proposal that, again, both know is unacceptable. And so it
goes on. Every letter, every telephone cal exchanged between the
cooperating 'adversaries adds another wad to the bill. With luck, this
procedure can be dragged out for months or even years, with cogts
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mounting in parallel. Thelawvyersdon't get together towork al this
out. On the contrary, it is ironicaly their scrupulous separateness
that isthe chief instrument of their cooperation at the expense of the
clients. The lawyers may not even be aware of what they are doing.
Like the vampire bats that we shdl meet in a moment, they are
playing to wdl-ritudized rules. The sysem works without any
conscious overseeing or organizing. It isdl geared to forcing usinto
zero sum games. Zero sum for the clients, but very much nonzero
sum for the lawyers

What isto be done? The Shakespeare option ismessy. It would be
cleaner to get the law changed. But mogt parliamentariansare drawn
from thelegd profession, and have azero sum mentdity. Itishard to
imagine a more adversarid amosphere than the British House of
Commons. (Thelaw courtsat least preserve the decencies of debate.
Aswdl they might, since 'my learned friend and I' are cooperating
vay nicdy dl theway to the bank.) Perhapswell-meaning legidators
and, indeed, contritelawyers should betaught alittle gametheory. It
is only fair to add that some lawyers play exactly the opposite role,
persuading clients who are itching for a zero sum fight that they
would do better to reach a nonzero sum settlement out of court.

What about other games in human life? Which are zero sum and
which nonzero sum? And—because this is not the same thing—
which aspects of life do we per ceive as zero or nonzero um?Which
agpects of human life foder 'envy’, and which foger cooperation
againg a 'banker'? Think, for instance, about wage-bargaining and
'differential's. When we negotiate our pay-rises, arewe motivated by
‘envy’, or do we cooperate to maximize our red income? Do we
assume, inred lifeaswdl asin psychologicd experiments, that we
are playing azero sum game when we are not? | smply pose these
difficult questions. To answer them would go beyond the scope of
this book.

Football isazero sum game. At least, it usudly is. Occasiondly it
can become a nonzero sum game. This happened in 1977 in the
English Football League (Asociation Football or 'Soccer'; the other
games cdled footbal—Rugby Football, Augtrdian Football, Ameri-
can Footbal, Irish Footbal, etc., are dso normaly zero sum games).
Teams in the Footbdl League are split into four divisions. Clubs
play againg other clubs within their own divison, accumulating
pointsfor each win or draw throughout the season. To beinthe First
Divisonis prestigious, and aso lucrative for aclub since it ensures
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large crowds. At the end of each season, the bottom three clubsin the
First Divison are relegated to the Second Divison for the next
season. Relegation seems to be regarded as a terrible fate, worth
going to grest efforts to avoid.

May 18th 1977 wasthelast day of that year'sfootbal season. Two
of the three relegations from the First Divison had aready been
determined, but the third relegation was gill in contention. 1t would
definitdy be one of three teams, Sunderland, Bristal, or Coventry.
Thesethreeteams, then, had everything to play for on that Saturday.
Sunderland were playing againg afourth team (whosetenurein the
Firgt Divison was not in doubt). Bristol and Coventry happened to
be playing againgt each other. 1t was known that, if Sunderland lost
their game, then Bristol and Coventry needed only to draw againgt
each other in order to day in the First Divison. But if Sunderland
won, then the team relegated would be either Bristol or Coventry,
depending on the outcome of their game againg each other. Thetwo
crucid games were theoreticaly smultaneous. As a matter of fact,
however, the Bristol-Coventry game happened to be running five
minutes late. Because of this, the result of the Sunderland game
became known before the end of the Bristol-Coventry game.
Thereby hangs thiswhole complicated tale.

For mogt of the game between Bristol and Coventry the play was,
to quote one contemporary news report, ‘fast and often furious, an
exciting (if you like that sort of thing) ding-dong battle. Some
brilliant gods from both sdes had seen to it that the score was 2-dl
by the eightieth minute of the match. Then, two minutes before the
end of the game, the news came through from the other ground that
Sunderland had lost. Immediately, the Coventry team manager had
the newsflashed up on the giant e ectronic message board at the end
of the ground. Apparently al 22 players could read, and they dl
redized that they needn't bother to play hard any more. A draw was
al that either team needed in order to avoid relegation. Indeed, to
put effort into scoring gods was now positively bad policy since, by
taking players avay from defence, it carried the risk of actudly
losng—and being relegated after al. Both Sdes became intent on
securing a draw. To quote the same news report: 'Supporters who
had been fierce rivas seconds before when Don Gillies fired in an
80th minute equaliser for Bristol, suddenly joined in a combined
ceebraion. Referee Ron Chdlis watched hdpless as the players
pushed the bdl around with little or no chalenge to the man in
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possession.” What had previoudy been a zero sum game had
suddenly, because of apiece of newsfrom the outside world, become
anonzero sum game. In theterms of our earlier discussion, itisasif
an externa 'banker' had magicaly appeared, making it possible for
both Brigtol and Coventry to benefit from the same outcome, a
draw.

Spectator sports like footbal are normaly zero sum games for a
good reason. Itis more exciting for crowds to watch players striving
mightily against one another than to watch them conniving amicably.
But redl life, both human life and plant and animd life, isnot set up
for the benefit of spectators. Many Stuations in red life are, as a
matter of fact, equivaent to nonzero sum games. Nature often plays
the role of 'banker’, and individuds can therefore benefit from one
another's success. They do not have to do down rivas in order to
benfit themsdves. Without departing from the fundamentd laws of
the sdfish gene, we can see how cooperation and mutua assistance
can flourish even in a badcdly sdfish world. We can see how, in
Axelrod's meaning of the term, nice guys may finish fird.

But none of thisworks unless the game is iterated. The players
must know (or 'know") that the present game is not the last one
between them. In Axdrod's haunting phrase, the ‘shadow of the
future’ must be long. But how long mugt it be? It can't be infinitdy
long. From atheoretical point of view it doesn't matter how long the
gameis; theimportant thing isthat neither player should know when
the game is going to end. Suppose you and | were playing againgt
each other, and suppose we both knew that the number of roundsin
the game was to be exactly 100. Now we both understand that the
100th round, being the last, will be equivdent to a Smple one-off
game of Prisoner's Dilemma Therefore the only rational Strategy
for either of usto play on the 100th round will be bEFECT, and we can
eaech assume that the other player will work that out and be fully
resolved to defect on thelast round. Thelast round can therefore be
written off as predictable. But now the 99th round will be the
equivaent of a one-off game, and the only rational choice for each
player on this last but one game is dso DEFECT. The 98th round
succumbs to the same reasoning, and so on back. Two drictly
rationd players, each of whom assumes tha the other is drictly
rationa, can do nothing but defect if they both know how many
rounds the game is destined to run. For this reason, when games
theorigts tak about the Iterated or Repeated Prisoner's Dilemma
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game, they dways assume that the end of the gameis unpredictable,
or known only to the banker.

Even if the exact number of roundsin the game is not known for
certain, inred lifeit is often possible to make agatistical guessasto
how much longer the game is likely to last. This assessment may
become an important part of srategy. If | notice the banker fidget
and look at hiswatch, | may well conjecture that the gameisabout to
be brought to an end, and | may therefore fed tempted to defect. If |
suspect that you too have noticed the banker fidgeting, | may fear
that you too may be contemplating defection. | will probably be
anxiousto get my defectionin first. Especidly since | may fear that
you are fearing that | . ...

The mathematician's dmple didtinction between the one-off
Prisoner's Dilemma game and the Iterated Prisoner's Dilemma
game s too smple. Each player can be expected to behave asif he
possessad a continuoudly updated estimate of how long the gameis
likely to go on. The longer his estimate, the more he will play
according to the mathematician's expectations for the true iterated
game: in other words, the nicer, more forgiving, less envious he will
be. The shorter his estimate of the future of the game, the more he
will be inclined to play according to the mathematician's expec-
tationsfor the one-off game: the nastier, and lessforgiving will he be.

Axdrod draws a moving illustration of the importance of the
shadow of the future from a remarkable phenomenon that grew up
during the First World War, the so-cdlled live-and-let-live system.
His source is the research of the higtorian and sociologis Tony
Ashworth. It is quite wdl known that & Christmas British and
German troops briefly fraternized and drank together in no-man's-
land. Lesswel known, but in my opinion moreinteresting, isthefact
that unofficid and unspoken non-aggression pacts, a 'live-and-let-
live system, flourished dl up and down the front linesfor at least two
years garting in 1914. A senior British officer, on a vidt to the
trenches, is quoted as being astonished to obsarve German soldiers
waking about within rifle range behind their own line. 'Our men
appeared to take no notice. | privatdy made up my mind to do avay
with that sort of thing when wetook over; such things should not be
dlowed. These people evidently did not know there was awar on.
Both sides gpparently believed in the palicy of "live-and-let-live".’

The theory of games and the Prisoner's Dilemma had not been
invented in those days but, with hindsight, we can see pretty clearly
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what was going on, and Axerod provides a fascinating andyss In
the entrenched warfare of those times, the shadow of the future for
each platoon was long. That isto say, each dug-in group of British
soldiers could expect to be facing the same dug-in group of Germans
for many months. Moreover, the ordinary soldiers never knew when,
if ever, they were going to be moved; army orders are notorioudy
arbitrary, capricious and incomprehensible to those receiving them.
The shadow of the future was quite long enough, and indeterminate
enough, to foder the development of a Tit for Tat type of coopera-
tion. Provided, that i s, that the Situation was equivalent to agame of
Prisoner's Dilemma

To qudify as a true Prisoner's Dilemma, remember, the payoffs
have to follow a particular rank order. Both Sdes must see mutual
cooperation (CC) as preferable to mutua defection. Defection while
the other side cooperates (DC) iseven better if you can get avay with
it. Cooperation while the other sde defects (CD) is wordt of al.
Mutua defection (DD) is what the generd gaff would like to see.
They want to see their own chaps, keen as mustard, potting Jerries
(or Tommies) whenever the opportunity arises.

Mutual cooperation was undesrable from the generds point of
view, because it wasn't heping them to win the war. But it was highly
desirablefrom the point of view of theindividud soldierson both Sdes.
They didn't want to be shot. Admittedly—and this tekes care of the
other payaff conditions needed to make the Stuation a true Prisoner's
Dilemma—they probably agreed with the generdsin preferring towin
the war rather than lose it. But that is not the choice thet faces an
individud soldier. The outcome of the entire wer is unlikdy to be
materidly afected by what he, asanindividud, does. Mutua coopera
tion with the particular enemy soldiersfacing you across no-man's-land
mog definitdy does afect your own faie, and is greatly preferable to
mutud defection, even though you might, for patrictic or disciplinery
reasons, margindly prefer to defect (DC) if you could get avay withit. It
seamsthat the Stuation was atrue prisoner's dilemma Something like
Tit for Tat could be expected to grow up, and it did.

Thelocdly stable srategy in any particular part of thetrenchlines
was not necessarily Tit for Tat itsdf. Tit for Tat isone of afamily of
nice, retdiatory but forgiving drategies, dl of which are, if not
technicaly gtable, a least difficult to invade once they arise. Three
Titsfor aTat, for ingtance, grew up in onelocd areaaccording to a
contemporary account.
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We go out a night in front of thetrenches... The Garman working
aedout, v Itisnot conddered ethuettetoflre Theredlyrastythré.;?
arenflegrenades They can kill ssmary aseght or nine menif they

fdl into a trench ... But we never use ours unless the Gamans
particular misy,asmtheirsystemdretdiaimtheefcre/ayone ours
oome bedk.

Itisimportant, for any member of the Tit for Tat family of Strategies,
that the players are punished for defection. The threat of retdiation
must dways be there. Displays of retdiatory capability were anotable
feature of the live-and-let-live system. Crack shots on both sdes
would digplay their deadly virtuogty by firing, not a enemy soldiers,
but at inanimatetargets close to the enemy soldiers, atechniqueaso
used in Western films (like shooting out candle flames). It does not
seem ever to have been satisfactorily answered why the two firgt
operationd atomic bombs were used—againg the strongly voiced
wishes of theleading physcigsresponsiblefor devel oping them—to
destroy two cities instead of being deployed in the equivadent of
spectacularly shooting out candles.

An important feeture of Tit for Tat-like Srategiesisthat they are
forgiving. This, aswe have seen, helps to damp down what might
otherwise becomelong and damaging runs of mutual recrimination.
The importance of damping down retdiation is dramatized by the
following memoair by a British (as if the firs sentence left us in any
doubt) officer:

| was having teawith A comperly when we heard alot of shouting and wert
IOV peis Skl 2 Arived o i o Camr: el
repective pargpets y asdvo ariv no Naturdly
both sdes gat down and our men arted sveating a the Germans, when dl
a once abrave Gaman gat on to his pargpet and shouted out We arevay
oy ebout that; we hape no one wis hurt. It is not our fault, it is thet
damned Prussan attillery.!

Axdrod comments that this gpology ‘goes well beyond a merely
insrumental effort to prevent retaliation. It reflects mord regret for
having violated a gStuation of trust, and it shows concern that
someone might have been hurt.' Certainly an admirable and very
brave German.

Axdrod dso emphasizes the importance of predictability and
ritud in maintaining a sable pattern of mutud trust. A pleasing
example of this was the 'evening gun'’ fired by British artillery with
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dockwork regularity a a certain part of theline. In the words of a
German soldier:

At sven it came—s0 regulaly thet you could set your watch by it..... It

dways had the same dyedtive, its ra'ﬁwas accurae, it never vaied

laterdly or wert bwond or fdl short of themark... There were even some

Lrt?ﬂstlvefdla/vsm/m aamMed out... alittle before seven, in order to seeit
.

The German atillery did just the same thing, as the following
account from the British Sde shows:

S0 regular were they [the Gamang) in their chaice of targets, times of
shoating, and number of roundsfired, that... Coond Jones... knrewtoa
minute where the next shdl would fal Hlscdajalorswerevery accurde,
and hewes adle to take what ssamed to uninitiated S Officarsbig risks,
S}I«g{\néjng thet the shelling would stop before he reached the place baing

Axdrod remarks that such 'rituals of perfunctory and routine firing
sent a double message. To the high command they conveyed
aggression, but to the enemy they conveyed peace.’

The live-and-let-live sysem could have been worked out by
verba negotiation, by conscious strategists bargaining round atable.
Infact it wasnot. It grew up asaseriesof locd conventions, through
people responding to one another's behaviour ; theindividud soldiers
were probably hardly aware that the growing up was going on. This
need not surprise us. The drategies in Axdrod's computer were
definitdly unconscious. It was their behaviour that defined them as
nice or nagty, asforgiving or unforgiving, enviousor thereverse. The
programmerswho designed them may have been any of thesethings,
but that isirrdlevant. A nice, forgiving, non-envious srategy could
eedly be programmed into acomputer by avery nasty man. And vice
versa A drategy's nicenessisrecognized by itsbehaviour, not by its
moatives (for it has none) nor by the persondity of itsauthor (who has
faded into the background by the time the program is running in the
computer). A computer program can behave in a strategic manner,
without being aware of its Srategy or, indeed, of anything at all.

We are, of course, entirdy familiar with the idea of unconscious
srategids, or a least of drategists whose consciousness, if ay, is
irrelevant. Unconscious strategists abound in the pages of thisbook.
Axdrods programs are an excdlat modd for the way we,
throughout the book, have been thinking of animalsand plants, and



Nice guys finish first 229

indeed of genes. So it is natura to ask whether his optimistic
conclusons—about the success of non-envious, forgiving nice-
ness—also goply intheworld of nature. Theanswer isyes, of course
they do. Theonly conditions are that nature should sometimes set up
games of Prisoner's Dilemma, that the shadow of the future should
be long, and that the games should be nonzero sum games. These
conditions are certainly met, al round the living kingdoms.

Nobody would ever dam that a bacterium was a conscious
srategis, yet bacteria parasites are probably engaged in ceasdess
games of Prisoner's Dilemmawith their hosts and thereisno reason
why we should not attribute Axdrodian adjectives—forgiving, non-
envious, and so on—to their strategies. Axerod and Hamilton point
out that normally harmless or beneficia bacteriacan turn nasty, even
causing lethd sepsis, inaperson who isinjured. A doctor might say
that the person's 'natural resistance’ is lowered by the injury. But
perhaps the real reason isto do with games of Prisoner's Dilemma
Do the bacteria, perhaps, have something to gain, but usualy keep
themsalvesin check? In the game between human and bacteria, the
‘shadow of thefuture' isnormally long since atypica human can be
expected to live for years from any given starting-point. A serioudy
wounded human, on the other hand, may present apotentialy much
shorter shadow of the future to his bacterial guests. The 'Temp-
tation to defect’ correspondingly startsto look like amore attractive
option than the 'Reward for mutual cooperation’. Needless to say,
thereisno suggestion that the bacteriawork dl thisout intheir nagty
little heads! Selection on generations of bacteria has presumably
built into them an unconsciousrule of thumb which works by purely
biochemica means.

Plants, according to Axdrod and Hamilton, may even teke
revenge, again obvioudy unconscioudy. Pig trees and fig wasps
sharean intimate cooperative relationship. Thefig that you eat isnot
redly afruit. Thereisatiny hole at the end, and if you go into this
hole (you'd have to be as smdl as afigwasp to do so, and they are
minute: thankfully too smdl to notice when you est afig), you find
hundreds of tiny flowers lining the wals. The fig is a dark indoor
hothouse for flowers, an indoor pollination chamber. And the only
agents that can do the pollinating are fig wasps. The tree, then,
benefits from harbouring the wasps. But what isin it for the wagps?
They lay their eggsin some of thetiny flowers, which thelarvaethen
eat. They pollinate other flowerswithin the samefig. 'Defecting’, for
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awasp, would mean laying eggsintoo many of theflowersinafig and
pollinating too fen of them. But how could a fig tree 'retdiate?
According to Axdrod and Hamilton, 'I't turns out in many casesthat

if afig wasp entering ayoung fig doesnot pollinate enough flowers
for seeds and instead lays eggs in dmogt dl, the tree cuts off the
developing fig a an early stage. All progeny of the wasp then perish.’

A bizarre example of what gppearsto beaTit for Tat arrangement
in nature was discovered by Eric Fischer in ahermaphroditefish, the
sea bass, Unlike us, these fish don't have their sex determined at
conception by their chromosomes. Instead, every individud is
cgpable of performing both femde and mae functions. In any one
spawning episode they shed either eggs or sperm. They form

amous pairs and, within the pair, take turnsto play the mae
and femderoles. Now, we may surmise that any individud fish, if it
could get awvay with it, would 'prefer’ to play the mde role dl the
time, because the mae role is cheaper. Putting it another way, an
individua that succeeded in persuading its partner to play thefemde
mogt of the time would gain dl the benefits of *her’ economic
investment in eggs, while 'he' has resources left over to spend on
other things, for ingtance on mating with other fish.

Infact, what Fischer observed wasthat thefishes operate asysem
of pretty strict alternation. Thisisjust what we should expect if they
areplaying Titfor Tat. And itisplausblethat they should, becauseit
does appear that the game is a true Prisoner's Dilemma, dbeit a
somewhat complicated one. To play the COOPERATE card means to
play thefemderolewhenitisyour turnto do so. Attempting to play
the male rolewhen it isyour turn to play the femde is equivaent to
playing the DEFECT card. Defection is vulnerable to retaliation: the
partner can refuse to play the femde role next time it is 'her' (his?)
turn to do so, or 'she’ can Smply terminate the whole relationship.
Fischer did indeed observe that pairs with an uneven sharing of sex
roles tended to bresk up.

A question that sociologigts and psychologists sometimes ask is
why blood donors (in countries, such as Britain, where they are not
paid) gve blood. | find it hard to bdieve that the answer lies in
reciprocity or disguised sdfishness in any smple sense. It is not as
though regular blood donors receive preferentia trestment when
they cometo need atransfusion. They are not evenissued with little
gold starsto wear. Maybe | am naive, but | find mysdf tempted to see
it asagenuine case of pure, disnterested atruism. Bethat asit may,
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blood-sharing in vampire bats seems to fit the Axdrod modd well.
We learn this from the work of G. S. Wilkinson.

Vampires, asiswdl known, feed on blood at night. It isnot essy for
them to get amedl, but if they do it islikely to be abig one. When
dawn comes, some individuas will have been unlucky and return
completely empty, while those individua s that have managed to find
avictim arelikdy to have sucked asurplus of blood. On asubsequent
night the luck may run the other way. So, it looks like a promising
cae for a bit of reciproca dtruism. Wilkinson found that those
individua swho struck lucky on any one night did indeed sometimes
donate blood, by regurgitation, to their lessfortunate comrades. Out
of no regurgitations that Wilkinson witnessed, 77 could eedly be
understood as cases of mothers feeding their children, and many
other ingtances of blood-sharing involved other kinds of genetic
relatives. There gill remained, however, some examples of blood-
sharing among unrelated bats, caseswherethe 'blood isthicker than
water' explanation would not fit thefacts. Significantly the individu-
dsinvolved here tended to be frequent roostmates—they had every
opportunity to interact with one another repestedly, as is required
for an Iterated Prisoner's Dilemma. But were the other require-
mentsfor aPrisoner's Dilemmame? The payoff matrix in Figure D
iswhat we should expect if they were.

What you do
Cooperate Defect
Fairly good Very bad
REWARD SUCKER'S PAYOFF
| get blood on my unlucky | pay the cost of saving
Cooperate nights, which saves me your life on my good
from starving. | have to night. But on my bad
give blood on my lucky night you don't feed me
nights, which doesn't cost and 1 run a real risk of
o g me too much. starving to death.
What | do Very good Fairly bad
TEMPTATION PUNISHMENT
You save my life on my 1 don't have to pay the
Defect | Poornight Butthenlget | slight costs of f_eedln%you
the added benefit of not onmy gqod nights. But |
having to pay the slight cost | run a real risk of starving on
of feeding youh?n my good my poor nights.
night.

AGURE D. Vampire bat blood-donor scheme:
paydts to me fram vaious outcomes
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Do vampire economics redly conform to this table? Wilkinson
looked at the rate a which sarved vampires lose weight. From this
he cdculated thetimeit would take a sated bat to sarveto death, the
timeit would take an empty bat to Sarveto death, and dl intermedi-
ates. Thisenabled himto cash out blood in the currency of hours of
prolonged life. He found, not redlly surprisngly, that the exchange
rate is different, depending upon how darved a bat is. A given
amount of blood adds more hours to the life of a highly starved bat
than to a less garved one. In other words, athough the act of
donating blood would increase the chances of the donor dying, this
increase was amdl compared with the increase in the recipient's
chances of surviving. Economicaly spesking, then, it seems plaus-
ible that vampire economics conform to the rules of a Prisoner's
Dilemma. The blood that the donor gives up isless precious to her
(socid groupsin vampiresare femde groups) than the same quantity
of blood isto the recipient. On her unlucky nights she redly would
benefit enormoudy from a gift of blood. But on her lucky nights she
would benefit dightly, if she could get away with it, from defecting—
refusing to donate blood. 'Getting awvay with it', of course, means
something only if the bats are adopting some kind of Tit for Tat
drategy. So, are the other conditions for the evolution of Tit for Tat
reciprocation met?

In particular, can these bats recognize one another asindividuas?
Wilkinson did an experiment with captive bats, proving that they can.
Thebasicideawasto take one bat avay for anight and garveit while
the others were dl fed. The unfortunate starved bat was then
returned to theroogt, and Wilkinson watched to seewho, if anyone,
gaveit food. The experiment was repeated many times, with the bats
taking turns to be the garved victim. The key point was that this
population of captive bats was a mixture of two separate groups,
taken from caves many miles apart. If vampires are cgpable of
recognizing their friends, the experimentally starved bat should turn
out to be fed only by those from its own origind cave.

That is pretty much what happened. Thirteen cases of donation
were observed. In twdve out of these thirteen, the donor bat was an
‘old friend' of the starved victim, taken from the same cave; in only
one out of the thirteen cases was the sarved victim fed by a 'new
friend', not taken from the same cave. Of course this could be a
coincidence but we can caculate the odds againg this. They cometo
lessthan onein 500. It is pretty safe to conclude that the bats redly
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were biased in favour of feeding old friends rather than strangers
from a different cave.

Vampiresare grest mythmakers. To devotees of Victorian Gothic
they are dark forces that terrorize by night, sapping vitd fluids,
sacrificing an innocent life merely to graify a thirs. Combine this
with that other Victorian myth, nature red in tooth and daw, and
aren't vampiresthe very incarnation of deepest fears about theworld
of the sdfish gene? Asfor me, | am scepticd of al myths. If wewant
to know where the truth lies in particular cases, we have to look.
What the Darwinian corpus gives us is not detailed expectaions
about particular organisms. It gives us something subtler and more
vauable: understanding of principle. But if we must have myths, the
real facts about vampires could tell adifferent mora tale. Tothe bats
themsealves, not only isblood thicker than water. They riseaovethe
bonds of kinship, forming their own lagting ties of loyd blood-
brotherhood. Vampires could form the vanguard of a comfortable
new myth, a myth of sharing, mutudistic cooperation. They could
herad the benignant idea thet, even with sdfish genes a the helm,
nice guys can finish firg.



THE LONG REACH OF THE GENE

An uneasy tension disturbs the heart of the sdfish gene theory. Itis
the tension between gene and individua body asfundamenta agent

of life. On the one hand we have the beguiling image of independent
DNA replicators, skipping like chamoais, free and untrammelled

down the generations, temporarily brought together in throwaway

survival machines, immortal coils shuffling off an endless succession
of mortd onesasthey forgetowardstheir separate eternities. On the
other hand we look & the individual bodies themsdlves and each

one is obvioudy a coherent, integrated, immensdly complicated

meachine, with a conspicuous unity of purpose. A body doesn't look

like the product of a loose and temporary federation of warring

genetic agents who hardly have time to get acquainted before

embarking in sperm or egg for the next leg of the great genetic

diaspora. It has one single-minded brain which coordinates a
cooperative of limbs and sense organsto achieve one end. The body
looks and behaves like a pretty impressive agent in its own right.

In some chapters of this book we have indeed thought of the
individual organism as an agent, striving to maximize its successin
passing on dl its genes. We imagined individua animals making
complicated economic ‘as if caculations about the genetic benefits
of various courses of action. Yet in other chapters the fundamentd
rational e was presented from the point of view of genes. Without the
gene's-eyeview of lifethereisno particular reason why an organism
should 'care’ about its reproductive success and that of its relatives,
rather than, for instance, its own longevity.

How shdl weresolve this paradox of the two ways of looking & life?
My own attempt to do so isspelled out in The Extended Phenotype, the
book that, more than anything else | have achieved in my professiona
life,ismy prideand joy. Thischapter isabrief ditillation of afew of
the themes in that book, but redly I'd dmogt rather you stopped
reading now and switched to The Extended Phenatype!
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On ay sendble view of the matter Darwinian selection does not
work on genes directly. DNA is cocooned in protein, swaddied in
membranes, shidded from theworld and invisble to natural selec-
tion. If selection tried to choose DNA molecules directly it would
hardly find any criterion by which to do so. All geneslook dike, just
asdl recording tapeslook dike. Theimportant differences between
genesemerge only intheir effects. Thisusualy means effectson the
processes of embryonic development and hence on bodily form and
behaviour. Successful genes are genes that, in the environment
influenced by dl the other genesin ashared embryo, have beneficid
effects on that embryo. Beneficid meansthat they make the embryo
likdy to develop into a successful adult, an adult likely to reproduce
and pass those very same genes on to future generations. The
technical word phenotype is used for the bodily manifestation of a
gene, the effect that agene, in comparison with itsalleles, hason the
body, via development. The phenotypic effect of some particular
gene might be, say, green eye colour. In practice most genes have
morethan one phenotypic effect, say green eye colour and curly hair.
Natural selection favours some genesrather than others not because
of the nature of the genes themsalves, but because of their conse-
quences—their phenotypic effects.

Dawinians have usudly chosen to discuss genes whose
phenotypic effects benefit, or penalize, the survival and reproduction
of whole bodies. They have tended not to consider benefits to the
geneitdf. Thisis partly why the paradox at the heart of the theory
doesn't normaly make itsdf fdt. For ingtance a gene may be
successtul through improving the running speed of a predator. The
whole predator's body, including dl its genes, is more successful
becauseit runsfagter. Its speed hel psit survive to have children; and
therefore more copies of dl its genes, including the gene for fast
running, are passed on. Here the paradox conveniently disappears
becausewhat is good for one geneis good for all.

But what if a gene exerted a phenotypic effect that was good for
itself but bad for therest of the genesin thebody? Thisisnot aflight
of fancy. Cases of it are known, for ingtance the intriguing
phenomenon caled meictic drive. Meiosis, you will remember, is
the specid kind of cdll dividon that halves the number of chromo-
somes and givesriseto sperm cdlsor egg cells. Norma melosisisa
completdy fair lottery. Of each pair of alees, only one can be the
lucky onethat entersany given sperm or egg. Butitisequaly likdy to
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be either one of the pair, and if you average over lots of sperms (or
eggs) it turns out that haf of them contain one dlee, haf the
other. Meiogsisfair, like tossng a penny. But, though we prover-
bidly think of tossing a penny as random, even that is a physcd
process influenced by a multitude of circumstances—the wind,
precisely how hard the penny is flicked, and so on. Meiodis, too, is
a physica process, and it can be influenced by genes. What if a
mutant gene arose that just happened to have an effect, not upon
something obvious like eye colour or curliness of hair, but upon
meiogs itsdf? Suppose it happened to bias meiogs in such away
that it, the mutant gene itsdf, was more likdy than its dldic
partner to end up in the egg. There are such genes and they are
cdled segregation distorters. They have a diabolical amplicity.
When a segregation distorter arises by mutation, it Will spread
inexorably through the population at the expense of its allele. It is
this that is known as meiotic drive. It will happen even if the effects
on bodily wdfare, and on the wefare of dl the other genesin the
body, are disastrous.

Throughout this book we have been dert to the posshility of
individual organisms ‘cheating’ in subtle ways againg their socid
companions. Here we are taking about Sngle genes chesting
againg the other genes with which they share a body. The geneti-
cist James Crow has cdled them 'genes that begat the system’. One
of the best-known segregation distorters is the so-called t gene in
mice. When a mouse has two t genes it either dies young or is
gerile, tistherefore sad to be 'lethal* in the homozygous State. If a
mae mouse has only onet geneit will be anormal, healthy mouse
except in one remarkable respect. If you examine such a malé's
sperms you will find that up to 95 per cent of them contain the t
gene, only 5 per cent the normd dlele. Thisis obvioudy a gross
digtortion of the 50 per cent ratio that we expect. Whenever, in a
wild population, at dlele happens to arise by mutation, it immedi-
atdy spreads like a brush fire. How could it not, when it has such a
huge unfar advantage in the meiatic lottery? It spreads so fagt that,
pretty soon, large numbers of individuas in the population inherit
the t gene in double dose (that is, from both their parents). These
individuds die or are sterile, and before long the whole locd
population is likey to be driven extinct. There is some evidence
that wild populations of mice have, in the past, gone extinct
through epidemics of t genes.
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Not dl segregation distorters have such destructive Sde-effects
as t. Neverthdess, most of them have at least some adverse con-
sequences. (Almog dl genetic Sde-effects are bad, and a new
mutation will normaly spread only if its bad effects are outweighed
by its good effect. If both good and bad effects goply to the whole
body, the net effect can till be good for the body. But if the bad
effects are on the body, and the good effects are on the gene aone,
from the body's point of view the net effect isal bad.) In pite of its
deleterious Sde-effects, if a segregation distorter arises by mutation
it will surdy tend to spread through the population. Natural selection
(which, after dl, works a the genie level) favours the segregation
digtorter, even though its effects a the leve of the individua
organism are likdly to be bad.

Although segregation distorters exig they aren't very common.
We could go on to ask why they aren't common, whichisanother way
of asking why the process of meiossisnormdly fair, as scrupuloudy
impartial as tossng agood penny. Well find that the answer drops
out once we have understood why organisms exist anyway.

The individud organism is something whose existence most
biologigs teke for granted, probably because its parts do pull
together in such a united and integrated way. Questions about life
are conventionaly questions about organisms. Biologists ask why
organisms do this, why organisms do that. They frequently ask why
organisms group themsalvesinto societies. They don't ask—though
they should—why living matter groups itsdf into organismsin the
firg place. Why isn't the sea dtill aprimordid battleground of free
and independent replicators? Why did the ancient replicators club
together to make, and residein, lumbering robots, and why are those
robots—individud bodies, you and me—so large and so com-
plicated?

It is hard for many biologists even to see that there is a question
hereat dl. Thisisbecauseit issecond nature for them to posetheir
questionsat theleve of theindividua organism. Somebiologissgo
<0 far as to see DNA as a device used by organiams to reproduce
themsdlves, just as an eye is a device used by organiams to see!
Readers of thisbook will recognize that this attitude is an error of
greet profundity. Itisthe truth turned crashing onits head. They
will dso recognize that the dternative attitude, the sdfish gene view
of life, has a deep problem of its own. That problem—amog the
reverse one—iswhy individua organisnsexis a dl, epecidly ina
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form so large and coherently purposeful asto midead biologigsinto
turning the truth upside down. To solve our problem, we have to
begin by purging our minds of old attitudes that covertly take the
individud organiam for granted; otherwise we shdl be begging the
question. The instrument with which we shdl purge our minds is
the ideathat | cdl the extended phenotype. It is to this, and what
it means, that | now turn.

The phenotypic effects of a gene are normaly seen as dl the
effectsthat it has onthebody inwhichit sits. Thisisthe conventiona
definition. But we shal now seethat the phenotypic effects of agene
need to bethought of asall the effectsthat it hason theworld. It may be
that agene's effects, asamatter of fact, turn out to be confined to the
succession of bodiesinwhichthegenesits. But, if so, it will bejust as
amatter of fact. It will not be something that ought to be part of our
vey definition. Indl this, remember that the phenotypic effects of a
genearethetoolsby which it leversitsdf into the next generation. Al
that | am going to add is that the tools may reach outside the
individua body wal. What might it mean in practice to gesk of a
gene as having an extended phenotypic effect on the world outside
the body inwhich it Sts? Examples that spring to mind are artefacts
like beaver dams, bird nests and caddis houses.

Caddis flies are rather nondescript, drab brown insects, which
mogt of usfail to notice asthey fly rather dumsly over rivers. That is
when they are adults. But before they emerge as adultsthey have a
rather longer incarnation as larvae waking about the river bottom.
And caddislarvae are anything but nondescript. They areamong the
most remarkable creatures on earth. Using cement of their own
manufacture, they skilfully build tubular houses for themsalves out
of materialsthat they pick up from the bed of the stream. The house
isamobile home, carried about asthe caddiswalks, likethe shdll of a
snal or hermit crab except that the animd builds it instead of
growing it or finding it. Some species of caddisuse sticksas building
materids, others fragments of dead leaves, others smal snail shells.
But perhaps the most impressive caddis houses are the ones built in
locd stone. The caddis chooses its stones carefully, rgjecting those
that are too large or too smal for the current gap in the wal, even
rotating each stone until it achieves the snuggest fit.

Incidentally, why doesthisimpress us 0?If weforced oursdvesto
think in adetached way we surely ought to be moreimpressed by the
architecture of the caddiss eye, or of its dbow joint, than by the
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comparatively modest architecture of its stone house. After all, the

eye and the dbow joint are far more complicated and 'designed’ than
the house. Y et, perhaps because the eye and dbow joint develop in

the samekind of way as our own eyes and elbows develop, abuilding
process for which we, insde our mothers, dam no credit, we are

illogicaly more impressed by the house.

Having digressed so far, | cannot resist going a little further.
Impressed aswe may be by the caddis house, we are nevertheless,
paradoxicaly, less impressed than we would be by equivaent
achievementsin animas closer to oursalves. Just imaginethe banner
headlinesif amarine biologist were to discover a species of dolphin
that wove large, intricately meshed fishing nets, twenty dolphin-
lengths in diameter! Yet we take a spider web for granted, as a
nuisancein the house rather than as one of the wonders of theworld.
And think of the furore if Jane Goodal returned from Gombe
sream with photographs of wild chimpanzees building ther own
houses, wdl roofed and insulated, of painstakingly selected stones
negtly bonded and mortared! Yet caddis larvae, who do precisdly
that, command only passing interest. It issometimes said, asthough
in defence of thisdouble standard, that spidersand caddises achieve
their feats of architecture by 'instinct'. But so wha? In away this
makes them dl the more impressive.

L et usget back to the main argument. T he caddis house, nobody
could doubt, is an adaptation, evolved by Darwinian sdection. It
must have been favoured by selection, in very much the sameway as,
say, thehard shell of lobsterswasfavoured. It isaprotective covering
for thebody. Assuchitisof benefit to thewhole organismand dl its
genes. But we have now taught oursalves to see benefits to the
organism asincidental, asfar as natural sdlection isconcerned. The
benefits that actudly count are the benefits to those genes that give
the shell its protective properties. Inthe case of thelobgter thisisthe
usua gory. The lobster's shell is obvioudy a part of its body. But
what about the caddis houss?

Natural sdection favoured those ancesiral caddis genes that
caused their possessorsto build effective houses. The genesworked
on behaviour, presumably by influencing the embryonic develop-
ment of the nervous system. But what ageneticist would actudly see
is the effect of genes on the shape and other properties of houses.
The geneticist should recognize genes 'for' house shapein precisaly
the same sense as there are genes for, say, leg shape. Admittedly,
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nobody has actudly studied the genetics of caddis houses. To do so
youwould haveto keep careful pedigreerecordsof caddisesbredin
captivity, and breeding them is difficult. But you don't have to study
gendtics to be sure that there are, or at least once were, genes
influencing differences between caddis houses. All you need isgood
reason to believe that the caddis houseisa Darwinian adaptation. In
that case there must have been genes controlling variation in caddis
houses, for sdection cannot produce adaptations unless there are
hereditary differences among which to sdlect.

Although geneticigs may think it an odd ides, it is therefore
sendble for us to gpesk of genes 'for' stone shape, stone size, stone
hardness and so on. Any geneticist who objects to this language
must, to be consistent, object to spesking of genes for eye colour,
genes for wrinkling in peas and so on. One reason the idea might
seem odd in the case of Sonesisthat sones are not living material.
Moreover, the influence of genes upon Stone properties seems
especidly indirect. A geneticist might wish to dlaim that the direct
influence of the genesis upon the nervous system that mediates the
stone-choosing behaviour, not upon the stones themselves. But |
invite such ageneticigt to look carefully at what it can ever mean to
pesk of genes exerting an influence on a nervous sysem. All that
genes can redly influence directly is protein synthess. A gene's
influence upon anervous system, or, for that matter, upon the colour
of an eye or the wrinkliness of a pea, is alwaysindirect. The gene
determines a protein sequence that influences X that influences Y
that influences Z that eventudly influences the wrinkliness of the
seed or the cdlular wiring up of the nervous system. The caddis
house is only a further extension of this kind of sequence. Stone
hardnessis an extended phenotypic effect of the caddissgenes. If itis
legitimate to gpeek of a gene as affecting the wrinkliness of apeaor
the nervous sysem of an anima (dl geneticigts think it is) then it
must dso be legitimate to gpeek of agene as afecting the hardness of
the stones in a caddis house. Startling thought, isn't it? Yet the
reasoning is inescapable.

We are ready for the next step in the argument: genes in one
organism can have extended phenotypic effects on the body of
another organism. Caddis houses helped us take the previous step;
snail shellswill help ustake thisone. The shell playsthe samerole
for asnal asthe stone house doesfor acaddislarva It is secreted by
the snail's own cells, so a conventiona geneticist would be hgppy to
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spesk of genes'for' shell qualitiessuch asshell thickness. But it turns
out that snails paraditized by certain kinds of fluke (flatworm) have
extrathick shells. What can thisthickening mean? If the parasitized
snails had had extrathin shells, weld happily explain this as an
obvious debilitating effect on the snail's congtitution. But a thicker
shdl? A thicker shell presumably protectsthe snail better. It looksas
though the parasites are actudly helping their host by improving its
shell. But arethey?

We haveto think more carefully. If thicker shellsareredly better
for thesnail, why don't they have them anyway? T he answer probably
lies in economics. Making a shdl is codly for a snail. It requires
energy. It requires cacium and other chemicds that have to be
extracted from hard-won food. All these resources, if they were not
spent on making shell substance, could be spent on something else
such asmaking more offsoring. A snall that spends|ots of resources
on making an extra-thick shell has bought safety for its own body.
But at what cog? It may live longer, but it will be less successful at
reproducing and may fail to passonits genes. Among the genesthat
fall to be passed on will bethe genesfor making extra-thick shells. In
other words, it is possible for ashdll to betoo thick aswell as (more
obvioudy) too thin. So, when afluke makes asnail secrete an extra-
thick shell, the fluke is not doing the snail a good turn unless the
fluke is bearing the economic cost of thickening the shell. And we
can sddy bet that it isn't being o generous. The fluke is exerting
some hidden chemica influence on the snail that forces the snail to
shift avay from its own ‘preferred' thickness of shell. It may be
prolonging the snail's life. But it is not helping the snail's genes.

What isinit for the fluke? Why doesit do it? My conjectureisthe
following. Both snail genes and fluke genes stand to gain from the
snail'sbodily survivd, dl other things being equal . But survivd isnot
the same thing as reproduction and there islikdly to be a trade-off.
Whereas snail genes gand to gain from the snail's reproduction,
fluke genes don't. Thisisbecause any given fluke has no particular
expectaion that its genes will be housed in its present host's
offgpring. They might be, but so might those of any of itsflukerivals.
Given that snail longevity hasto be bought at the cost of somelossin
the snail's reproductive success, the fluke genes are 'happy’ to make
the snail pay that codt, since they have no interest in the snail's
reproducing itsdf. The snail genes are not happy to pay that codt,
since their long-term future depends upon the snail reproducing.
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S0, | suggest that fluke genes exert an influence on the shell-
secreting cdls of the snail, an influence that benefits themsalves but
iscodly tothe snail'sgenes. Thistheory istestable, thoughit hasn't
been tested yet.

Wearenow in aposition to generdize the lesson of the caddises. If
I am right about what the fluke genesare doing, it followsthat we can
legitimately spesk of fluke genes asinfluencing snal bodies, in just
the same sense as snal genes influence snall bodies. Itis asif the
genes reached outside their ‘own' body and manipulated the world
outsde. As in the case of the caddises, this language might make
gendticists uneasy. They are accustomed to the effects of a gene
being limited to the body in which it Sits. But, again asin the case of
the caddises, a close look at what geneticists ever mean by a gene
having ‘effects showsthat such uneasinessis misplaced. Weneedto
accept only that the changein snal shell isafluke adaptation. If it s,
it hasto have come about by Darwinian selection of fluke genes. We
have demongtrated that the phenotypic effects of a gene can extend,
not only to inanimate objectslike stones, but to ‘other’ living bodies
too.

The gory of the snails and flukesis only the beginning. Peradites
of dl types have long been known to exert fascinaingly inddious
influences on their hosts. A gpecies of microscopic protozoan
parasite cdled Nosema, which infeststhe larvae of flour beetles, has
‘discovered' how to manufacture a chemicd that is very specid for
the bestles. Like other insects, these beetles have ahormone called
the juvenile hormone which keeps lavee as larvae. The norma
change from larvarto adult is triggered by the larva ceasing produc-
tion of juvenile hormone. The parasite Nosema has succeeded in
synthesizing (a close chemica andogue of) this hormone. Millions
of Nosema club together to mass-produce juvenile hormone in the
beetlelarvasbody, thereby preventing it from turning into an adult.
Instead it goes on growing, ending up asagiant larvamore than twice
the weight of anorma adult. No good for propagating beetle genes,
but acornucopiafor Nosema parasites. Giantismin beetlelarvaeisan
extended phenotypic effect of protozoan genes.

And hereisacase higory to provoke even more Freudian anxiety
than the Peter Pan beetles—paradtic cadration! Crabs are
parastized by a creature called Sacculina. Sacculina is related to
barnacles, though you would think, to look at it, thet it was aparaditic
plant. It drives an eaborate root sysem deep into the tissues of the



Thelong reach of the gene 243

unfortunate crab, and sucks nourishment from its body. It is
probably no accident that among the firg organs that it attacks are
thecrab'steticlesor ovaries; it sparesthe organsthat the crab needs
to survive—as opposed to reproduce—till later. The crab is effect-
ively castrated by the parasite. Like afattened bullock, the castrated
crab diverts energy and resources away from reproduction and into
its own body—rich pickings for the paradite at the expense of the
crab's reproduction. Very much the same tory as | conjectured for
Nosema in theflour beetle and for the flukein the snail. Indl three
cases the changes in the hog, if we accept that they are Darwinian
adaptations for the benefit of the parasite, must be seen as extended
phenotypic effects of parasite genes. Genes, then, reach outside
their ‘own' body to influence phenotypes in other bodies.

To quite a large extent the interests of parasite genes and host
genesmay coincide. From the sdifish gene point of view we can think
of both fluke genes and snail genes as 'parasites’ in the snail body.
Both gain from being surrounded by the same protective shell,
though they diverge from one another in the precise thickness of
shell that they 'prefer’. This divergence arises, fundamentdly, from
the fact that their method of leaving this snail's body and entering
another oneisdifferent. For the snail genesthe method of leavingis
via snail sperms or eggs. For the fluke's genes it isvery different.
Without going into the details (they are digtractingly complicated)
what mattersis that their genes do not leave the snail's body in the
snail's sperms or eggs.

| suggest that the mogt important question to ask about any
parasiteisthis. Areitsgenestransmitted to future generationsviathe
samevehiclesasthe host'sgenes? If they arenot, | would expect it to

the host, in oneway or another. But if they are, the parasite
will do dl that it can to help the host, not only to survive but to
reproduce. Over evolutionary timeit will ceaseto be aparasite, will
cooperate with the host, and may eventudly merge into the host's
tissues and become unrecognizeble asaparasite a al. Maybe, as|
suggested on page 182, our cellshave comefar acrossthisevolution-
ary spectrum: we are dl relics of ancient parasitic mergers.

Look a what can happen when parasite genes and host genes do
shareacommon exit. Wood-boring ambrosiabeetles (of the species
Xyleborusferrugineus) are parasitized by bacteriathat not only livein
their host'sbody but also usethe host'seggsastheir transport into a
new host. The genes of such parasites therefore stand to gain from
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amog exactly the same future circumstances as the genes of thelr
host. Thetwo sets of genes can be expected to 'pull together' for just
the same reasons as dl the genes of one individud organism
normaly pull together. It isirrdevant that some of them happen to
be 'beetle genes, while others happen to be 'bacterial genes. Both
setsof genesare'interested' in beetle surviva and the propagation of
beetle eggs, because both 'see’ beetle eggs as their passport to the
future. So the bacterid genes share a common destiny with their
host's genes, and in my interpretation we should expect the bacteria
to cooperate with their beetlesin dl aspects of life.

It turns out that ‘cooperate’ is putting it mildly. The service they
perform for the beetles could hardly be moreintimate. These beetles
happen to be haplodiploid, like bees and ants (see Chapter 10). If an
egg is fetilized by a mae, it dways devdops into a femde. An
unfertilized egg developsinto amale. Males, in other words, have no
father. The eggs that give rise to them develop spontaneoudly,
without being penetrated by a sperm. But, unlike the eggs of bees
and ants, ambrosia beetle eggs do need to be penetrated by something.
Thisiswhere the bacteriacomein. They prick the unfertilized eggs
into action, provoking them to develop into male beetles. These
bacteria are, of course, just the kind of parasites that, | argued,
should ceese to be paradtic and become mutudigtic, precisdly
because they are transmitted in the eggs of the host, together with the
host's 'own' genes. Ultimately, their 'own’ bodies are likely to
disappear, merging into the *host' body completdly.

A reveding spectrum can Hill be found today among species of
hydra—smadl, sedentary, tentacled animas, like freshweter sea
anemones. Thelr tissues tend to be parasitized by dgee. (The 'g’
should be pronounced hard. For unknown reasons some biologists,
not leest in America, have recently taken to saying Algy as in
Algernon, not only for the plurd ‘algae’, which is—jus—forgivable,
but d=o for the singular 'alga, which is not.) In the species Hydra
vulgaris and Hydra attenuata, the agae are red paradites of the
hydras, making themill. In Chlorohydra viridissima, on the other
hand, the agae are never absent from the tissues of the hydras, and
make a useful contribution to their well-being, providing them with
oxygen. Now hereistheinteresting point. Just aswe should expect,
in Chlorohydra the dgae transmit themselvesto the next generation
by means of the hydra's egg. In the other two species they do not.
Theinterests of dgagenesand Chlorohydra genescoincide. Both are
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interested in doing everything in their power to increase production
of Chlorohydra eggs. But the genes of the other two speciesof hydra
do not 'agree’ with the genes of their dgae. Not to the same extent,
ayway. Both sets of genes may have an interest in the surviva of
hydrabodies. But only hydra genes care about hydra reproduction.
So the dgae hang on as dehilitating parasites rather than evolving
towards benign cooperation. The key point, to repedt it, is that a
parasite whose genes aspire to the same destiny as the genes of its
host sharesdl theinterests of itshost and will eventualy ceaseto act
paragticaly.

Dedtiny, in thiscase, meansfuture generations. Chlorohydra genes
and aga genes, beetle genes and bacteria genes, can get into the
future only viathe host'seggs. Therefore, whatever 'calculations the
parasite genes make about optima policy, in any department of life,
will converge on exactly, or nearly exactly, the same optima policy as
similar ‘cal culations made by host genes. In the case of the snail and
its fluke parasites, we decided that their preferred shell thicknesses
were divergent. In the case of the ambrosia beetle and its bacteria,
host and parasite will agreein preferring the same wing length, and
every other feature of the beetle'sbody. We can predict thiswithout
knowing any details of exactly what the beetlesmight usetheir wings,
or anything else, for. We can predict it Smply from our reasoning
that both the beetle genes and the bacterial geneswill takewhatever
geps lie in their power to engineer the same future events—events
favourable to the propagation of beetle eggs.

We cantakethisargument toitslogica conclusonand apply it to
normd, 'own’ genes. Our own genes cooperate with one another, not
because they are our own but because they share the same outlet—
sperm or egg—into thefuture. If any genes of an organism, suchasa
human, could discover a way of spreading themsalves that did not
depend on the conventiona sperm or egg route, they would take it
and belesscooperative. Thisisbecausethey would standto gainby a
different set of future outcomes from the other genes in the body.
Welve dready seen examples of genesthat biasmeiogsin their own
favour. Perhaps there are dso genes that have broken out of the
sperm/egg 'proper channels atogether and pioneered a Sdeways
route.

There are fragments of DNA that are not incorporated in
chromosomes but float fredy and multiply in the fluid contents of
cdls, especidly bacteria cells. They go under variousnames such as
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viroids or plasmids. A plasmid is even smdler than a virus, and it
normaly consists of only afew genes. Some plasmids are cgpable of
splicing themsealves seamlesdy into achromosome. So smoothisthe
splice that you can't see the join: the plasmid is indistinguishable
from any other part of the chromosome. The same plasmidscan dso
cut themsealves out again. This ability of DNA to cut and splice, to
jump in and out of chromosomes &t the drop of a hat, is one of the
more exciting facts that have come to light since the firgt edition of
thisbook was published. Indeed the recent evidence on plasmidscan
be seen as beautiful supporting evidence for the conjectures near
bottom of page 182 (which seemed a bit wild & thetime). From some
points of view it does not redly matter whether these fragments
originated as invading parasites or breskaway rebels. Their likdy
behaviour will bethe same. | shal talk about abreskaway fragmernt in
order to emphasize my point.

Condder a rebd gretch of human DNA that is capable of
snipping itsdf out of its chromosome, floating fredy in the cell,
perhaps multiplying itsdf up into many copies, and then splicing
itself into another chromosome. What unorthodox aternative routes
into the future could such arebe replicator exploit? We are losing
cdls continudly from our skin; much of the dust in our houses
condgts of our doughed-off cells. We must be breathing in one
another's cdls dl the time. If you draw your fingernail across the
insde of your mouth it will come away with hundreds of living cells.
The kisses and caresses of lovers must transfer multitudes of cells
both ways. A stretch of rebel DNA could hitch aridein any of these
cells. If genes could discover achink of an unorthodox route through
to another body (dlongside, or instead df, the orthodox sperm or egg
route), we must expect natural sdection to favour their opportunism
and improveit. Asfor the precise methodsthat they use, thereisno
reason why these should be any different from the machinations—all
too predictable to a sdfish gene/extended phenotype theorist—of
viruses.

When we have a cold or a cough, we normdly think of the
symptoms as annoying byproducts of the viruss activities. But in
ome cases it seems more probable that they are ddiberatdly
engineered by thevirusto helpit to travel from one host to another.
Not content with Smply being breathed into the atmosphere, the
virus makes us sneeze or cough explosvey. The rabies virus is
transmitted in sdivawhen one animd bites another. In dogs, one of
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the symptoms of the disease is that normally peaceful and friendly
animas become ferocious biters, foaming a the mouth. Ominoudy
too, instead of gtaying within amile or so of homelike normal dogs,
they turn into restlesswanderers, propageting the virus far afield. It
has even been suggested that the well-known hydrophobic symptom
encouragesthe dog to shakethe wet foam from its mouth—and with
it the virus. | do not know of any direct evidence that sexudly
transmitted diseasesincreasethelibido of sufferers, but | conjecture
that it would be worth looking into. Certainly at least one dleged
aphrodisiac, Spanish Hy, issaid towork by inducinganitch... and
meaking peopleitchisjust the kind of thing viruses are good at.

The point of comparing rebel human DNA with invading parasitic
viruses is that there redly isn't any important difference between
them. Viruses may well, indeed, have originated as collections of
breskaway genes. If we want to erect any digtinction, it should be
between genesthat passfrom body to body viathe orthodox route of
sperms or eggs, and genes that pass from body to body via unor-
thodox, 'Sdeways routes. Both classes may include genes that
originated as ‘own' chromosoma genes. And both classes may
include genes that originated as externd, invading parasites. Or
perhaps, as | speculated on page 182, dl ‘own' chromosomal genes
should be regarded as mutudly parasitic on one another. The
important difference between my two classes of genes lies in the
divergent circumstances from which they stand to benefit in the
future. A cold virus gene and a breskaway human chromosoma gene
agreewith one another in 'wanting' their host to sneeze. An orthodox
chromosomd gene and aveneredly transmitted virus agree with one
another in wanting their host to copulate. It isan intriguing thought
that both would want the host to be sexudly attractive. More, an
orthodox chromosoma gene and avirusthat istransmitted insdethe
host's egg would agree in wanting the host to succeed not justinits
courtship but in every detailed aspect of itslife, down to being aloyd,
doting parent and even grandparent.

The caddislivesingdeits house, and the parasitesthat | have so
far discussed have lived inside their hosts. The genes, then, are
physcdly close to thelr extended phenotypic effects, as dose as
genesordinarily areto their conventiona phenotypes. But genescan
act at adistance; extended phenotypes can extend along way. One of
the longest that | can think of spans alake. Like a spider web or a
caddis house, abeaver damisamong the true wonders of theworld.
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It is not entirdy clear what its Darwinian purpose is, but it certainly
must have one, for the beavers expend so much time and energy to
build it. The lake that it creates probably serves to protect the
beaver's lodge from predators. It o provides a convenient water-
way for travelling and for transporting logs. Beavers use flotation for
the same reason as Canadian lumber companies use rivers and
eighteenth-century cod merchants used canals. Whatever its bene-
fits, abeaver lake is aconspicuous and characterigtic fegture of the
landscape. It is a phenotype, no lessthan the beaver's teeth and tail,
and it has evoved under the influence of Darwinian selection.
Darwinian sdlection has to have genetic variation to work on. Here
the choice must have been between good lakes and less good lakes.
Sdlection favoured beaver genesthat made good |akesfor transport-
ing trees, just asit favoured genes that made good teeth for felling
them. Beaver lakes are extended phenotypic effects of beaver genes,
and they can extend over severd hundreds of yards. A long reach
indeed!

Parasites, too, don't haveto liveinsdetheir hogts; their genescan
expressthemsalvesin hogts at adistance. Cuckoo nestlingsdon't live
ingderobinsor reed-warblers; they don't suck their blood or devour
thelr tissues, yet we have no hesitation in labelling them as parasites.
Cuckoo adaptations to manipulate the behaviour of foster-parents
can be looked upon as extended phenotypic action at a distance by
cuckoo genes.

It is easy to empathize with foder parents duped into incubating
the cuckoo's eggs. Human egg collectors, too, have been fooled by
the uncanny resemblance of cuckoo eggsto, say, meadow-pipit eggs
or reed-warbler eggs (different races of femae cuckoos specidizein
different host species). What is harder to understand is the
behaviour of foster-parents later in the season, towards young
cuckoos that are dmogt fledged. The cuckoo is usudly much larger,
in some cases grotesquely larger, than its'parent’. | am looking at a
photograph of an adult dunnock, so smdl in comparison to its
monstrousfoster-child that it hasto perch onitsback in order to feed
it. Herewefed less sympathy for thehost. We marvd at itsstupidity,
its gullibility. Surdy any fod should be able to see that there is
something wrong with achild like that.

I think that cuckoo nestlings must be doing rather more than just
‘fooling' their hogts, morethan just pretending to be something that
they aren't. They seem to act on the host's nervous sysem in rather
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the same way asan addictivedrug. Thisisnot so hard to sympathize
with, even for those with no experience of addictive drugs. A man
can be aroused, even to erection, by a printed photograph of a
woman's body. He is not ‘fooled' into thinking that the pattern of
printing ink redlly isawoman. He knowsthat heisonly looking at ink
on paper, yet his nervous sysem responds to it in the same kind of
way asit might respond to areal woman. We may find the attractions
of aparticular member of the oppodite sex irresistible, even though
the better judgment of our better sdf tdlls usthat aliaison with that
personisnot in anyone's long-terminterests. The same can betrue
of the irresidible attractions of unhedthy food. The dunnock
probably has no conscious awareness of itslong-term best interests,
it is even easer to understand that its nervous sysem might find
certain kinds of stimulation irresistible.

So enticing is the red ggpe of a cuckoo nestling that it is not
uncommon for ornithologigts to see a bird dropping food into the
mouth of ababy cuckoo dttingin some other bird'snest! A bird may
be flying home, carrying food for its own young. Suddenly, out of the
corner of itseye, it seesthered super-gape of ayoung cuckoo, inthe
nest of abird of some quite different species. It is diverted to the
dien nest where it drops into the cuckoo's mouth the food that had
been destined for its own young. The ‘irresdtibility theory' fits with
the views of early German ornithologists who referred to foster-
parents as behaving like 'addicts and to the cuckoo nestling astheir
'vice'. Itisonly far to add that thiskind of language findslessfavour
with some modern experimenters. But thereé's no doulbt thet if we do
assume that the cuckoo's gape is a powerful drug-like super-
simulus, it becomes very much eassier to explain what isgoing on. It
becomes easier to sympathize with the behaviour of the diminutive
parent sanding on the back of its mongtrous child. It is not being
stupid. 'Fooled' isthewrong word to use. Its nervous sysemisbeing
controlled, asirresdtibly asif it were ahelplessdrug addict, or asif
the cuckoo wereascientist plugging dectrodesinto itsbrain.

But even if we now fed more personad sympahy for the
manipul ated foster-parent, we can till ask why natural selection has
dlowed the cuckoos to get avay with it. Why haven't host nervous
systems evalved resistance to the red gape drug? Maybe sdlection
hasn't yet had time to do its work. Perhaps cuckoos have only in
recent centuries started paraditizing their present hosts, and will ina
few centuries be forced to give them up and victimize other species.
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There is some evidence to support this theory. But | can't help
feding that there must be more to it than that.

In the evolutionary ‘arms race' between cuckoos and any host
species, thereisasort of built-in unfairness, resulting from unequal
cogsof falure. Eachindividua cuckoo nestling is descended from a
long line of ancestral cuckoo nestlings, every single one of whom
must have succeeded in manipulating its foster-parent. Any cuckoo
nestling that logt its hold, even momentarily, over its host would have
died asaresult. But eech individud foster-parent is descended from
along line of ancestors many of whom never encountered a cuckoo
in their lives. And those that did have a cuckoo in their nest could
have succumbed to it and il lived to rear another brood next
season. The point isthat thereis an asymmetry in the cost of failure.
Genes for falure to resst endavement by cuckoos can essly be

down the generations of robins or dunnocks. Genes for
falure to endave foster-parents cannot be passed down the genera-
tionsof cuckoos. Thisiswhat | meant by 'built-in unfairness, and by
‘asymmetry in the cost of failure. Thepoint issummed up in one of
Aesop's fables: 'The rabhit runs fagter than the fox, because the
rabbit is running for his life while the fox is only running for his
dinner." My colleague John Krebs and | have dubbed this the 'life/
dinner principle’.

Because of the life/dinner principle, animals might a times
behave in ways that are not in their own best interests, manipulated
by some other anima. Actudly, inasensethey areactingin their own
best interests: the whole point of thelife/dinner principleisthat they
theoreticaly could resist manipulation but it would be too codly to
do so0. Perhaps to resist manipulation by a cuckoo you need bigger
eyesor abigger brain, which would have overhead costs. Rivaswith
a genetic tendency to resist manipulation would actudly be less
successful in passing on genes, because of the economic costs of
ressting.

But we have once again dipped back into looking &t life from the
point of view of theindividua organism rather than itsgenes. When
we talked about flukes and snails we accustomed oursalves to the
idea that a paradite's genes could have phenotypic efects on the
host's body, in exadtly the same way as any animd's genes have
phenotypic effectson its‘own' body. We showed that the very idea of
an‘own’ body was aloaded assumption. In onesense, dl thegenesin
abody are 'parasitic’ genes, whether we like to cdl them the body's
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‘own' genes or not. Cuckoos cameinto the discusson asan example
of paraditesnot living ingdethe bodies of their hosts. They manip-
ulate their hostsin much the same way asinterna parasites do, and
the manipulation, as we have now seen, can be as powerful and
irresstibleasany interna drug or hormone. Asinthe case of internal
parasites, we should now rephrase the whole matter in terms of
genes and extended phenotypes.

In the evolutionary arms race between cuckoos and hosts,
advances on each ddetook the form of genetic mutationsarising and
being favoured by naturd sdection. Whatever it is about the
cuckoo's gape that acts like a drug on the host's nervous system, it
must have originated as a genetic mutation. This mutation worked
via its effect on, say, the colour and shape of the young cuckoo's
gape. But even this was not its mos immediate effect. Its most
immediate effect was upon unseen chemica happeningsinsdecells.
Theeffect of geneson colour and shape of gapeisitsaf indirect. And
now hereisthe point. Only alittle moreindirect is the effect of the
same cuckoo genes on the behaviour of the besotted host. In exactly
the same sense aswe may pesk of cuckoo genes having (phenotypic)
effects on the colour and shape of cuckoo gapes, so we may ek
of cuckoo genes having (extended phenotypic) effects on host
behaviour. Paradite genes can have effects on host bodies, not just
when the paradite lives inside the host where it can manipulate by
direct chemical means, but when the paradite is quite separate from
the host and manipulatesit from adistance. Indeed, aswe are about
to see, even chemicd influences can act outside the bodly.

Cuckoos areremarkable and ingtructive creatures. But dmogt any
wonder among the vertebrates can be surpassed by theinsects. They
have the advantage that there are just so many of them; my colleague
Robert May has aptly observed that 'to a good approximetion, dl
species are insects.' Insect ‘cuckoos ddy listing; they are so
numerous and their habit has been reinvented so often. Some
examples that well look at have gone beyond familiar cuckooism to
fulfil the wildest fantadesthat The Extended Phenotype might have
inspired.

A bird cuckoo deposits her egg and disappears. Some ant cuckoo
femdes make their presence fdt in more dramatic fashion. | don't
often give L atin names, but Bothriomyrmex regicidusand B. decapitans
tell agtory. Thesetwo speciesare both parasites on other speciesof
ants. Among dl ants, of course, the young are normally fed not by
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parents but by workers, so it is workers that any would-be cuckoo

must fool or manipulate. A useful first step is to digpose of the
workers own mother with her propensty to produce competing

brood. In these two speciesthe parasite queen, dl done, gedsinto

the nest of another ant species. She seeks out the host queen, and

rides about on her back while she quietly performs, to quote Edward
Wilson's artfully macabre understatement, ‘the one act for which she
is uniquely specidized: dowly cutting off the head of her victim'.

The murderess is then adopted by the orphaned workers, who

unsuspectingly tend her eggs and larvae. Some are nurtured into

workersthemsdlves, who gradudly replacethe origind speciesinthe
nest. Others become queens who fly out to seek pastures new and

royd headsyet unsevered.

But sawing off heads is a bit of a chore. Parasites are not
accustomed to exerting themsdvesif they can coerceastand-in. My
favourite character in Wilson's The I nsect SocietiesisMonomorium
santschii. This species, over evolutionary time, has lost its worker
cagte dtogether. The host workers do everything for their parasites,
even the mog terrible task of al. At the behest of the invading
parasite queen, they actudly perform the deed of murdering their
own mother. The usurper doesn't need to use her jaws. She uses
mind-control. How she doesitisamygery; she probably employsa
chemicd, for ant nervous sysems are generdly highly attuned to
them. If her wegpon isindeed chemicd, thenitisasinsdiousadrug
asany known to science. For think what it accomplishes. It floodsthe
brain of the worker ant, grabs the reins of her muscles, woos her
from deeply ingrained duties and turns her againg her own mother.
For ants, matricide is an act of gpecid genetic madness and
formidable indeed must be the drug that drives them to it. In the
world of the extended phenotype, ask not how an anima's behaviour
benefits its genes; ask instead whose genesiit is benefiting.

Itishardly surprising that ants are exploited by parasites, not just
other ants but an astonishing menagerie of gpecidist hangers-on.
Worker ants sweep arich flow of food from awide catchment area
into acentra hoard which isagitting target for fred oaders. Antsare
aso good agents of protection: they are well-armed and numerous.
The gphids of Chapter 10 could be seen as paying out nectar to hire
professond bodyguards. Severd butterfly species live out ther
caterpillar stage indgde an ants nest. Some are sraightforward
pillagers. Others offer something to the antsin return for protection.
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Often they bristle, literaly, with equipment for manipulating their
protectors. The caterpillar of abutterfly called Thisbeireneahasa
sound-producing organ in its head for summoning ants, and apair of
tel escopic spouts near itsrear end which exude seductive nectar. On
its shoulders stands another pair of nozzles, which cast an dtogether
more subtle spell. Their secretion seemsto be not food but avolatile
potion that has a dramatic impact upon the ants' behaviour. An ant
coming under the influence leaps clear into the air. Its jaws open
wideand it turns aggressive, far more eager than usual to attack, bite
and ging any moving object. Except, sgnificantly, the caterpillar
respongible for drugging it. Moreover, an ant under the sway of a
dope-peddling caterpillar eventudly enters a state called 'binding/,
inwhich it becomes inseparable from its caterpillar for aperiod of
many days. Like an aphid, then, the caterpillar employs ants as
bodyguards, but it goes one better. Whereas aphidsrely on the ants
normal aggresson againg predators, the caterpillar administers an
aggresson-arousing drug and it seems to dip them something
addictivdy binding aswell.

| have chosen extreme examples. But, in more modest ways,
nature teemswith animals and plants that manipulate others of the
same or of different species. In dl casesin which natural selection
hasfavoured genesfor manipulation, it islegitimate to spesk of those
same genes as having (extended phenotypic) effects on the body of
the manipulated organism. It doesn't matter in which body a gene
physcdly sits. Thetarget of its manipulation may be the same body
or a different one. Natural sdection favours those genes that
manipul ate the world to ensure their own propagation. Thisleadsto
what | have called the Central Theorem of the Extended Phenotype:
An animal'sbehaviour tendsto maximizethe survival of thegenes 'for' that
behaviour, whether or not those geneshappen to bein the body of the
particular animal performingit. | waswriting inthe context of animal
behaviour, but the theorem could apply, of course, to colour, size,
shape—to anything.

Itisfindly timeto return to the problem with which we started, to
the tension between individual organism and gene asriva candidates
for thecentrd rolein natura selection. In earlier chapters| madethe
assumption that there was no problem, becauseindividua reproduc-
tion was equivaent to gene survivd. | assumed there that you can say
either 'The organism worksto propagate dl itsgenes or 'Thegenes
work to force a succession of organisms to propagate them.' They
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seemed like two equivalent ways of saying the samething, and which
form of words you chose seemed amatter of taste. But somehow the
tenson remained.

One way of sorting this whole matter out is to use the terms
‘replicator’ and 'vehicle. The fundamentd units of natural selec-
tion, the basic thingsthat survive or fall to survive, that form lineages
of identical copies with occasond random mutations, are caled
replicators. DNA molecules are replicators. They generdly, for
reasons that we shal come to, gang together into large communal
survivd machines or 'vehicles. The vehides that we know best are
individua bodieslikeour own. A body, then, isnot areplicator; itisa
vehicle. | must emphasize this, snce the point has been misunder-
stood. Vehides don't replicate themsalves; they work to propagate
their replicators. Replicatorsdon't behave, don't perceivetheworld,
don't catch prey or run away from predators; they make vehiclesthat
do dl thosethings. For many purposesit is convenient for biologists
tofocustheir attention at the levd of the vehicle. For other purposes
it is convenient for them to focus their attention &t the levd of the
replicator. Gene and individua organism are not rivas for the same
garring role in the Darwinian drama. They are cagt in different,
complementary and in many respects equaly important roles, the
role of replicator and the role of vehicle.

Thereplicator/vehicle terminology is helpful in various ways. For
ingtance it clears up atiresome controversy over the leve a which
natura sdlection acts. Superficidly it might seem logicd to place
‘individua selection' on a sort of ladder of levds of sdection, hdf-
way between the 'gene selection’ advocated in Chapter 3 and the
‘group selection'’ criticized in Chapter 7. 'Individual selection’ seems
vagudy to be a middie way between two extremes, and many
biologists and philosophers have been seduced into this facile path
and treated it as such. But we can now seethat it isn't likethat at all.
We can now see that the organism and the group of organisms are
truerivasfor thevehiclerolein thegtory, but neither of themiseven
a candidate for the replicator role. The controversy between
‘individud sdlection’ and 'group selection' is a red controversy
between dternative vehicles. The controversy between individua
sdection and gene sdection isn't a controversy & all, for gene and
organism are candidates for different, and complementary, rolesin
the story, the replicator and the vehicle.

Therivary between individua organism and group of organisms
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for thevehiderole, being ared rivary, can be settled. Asit happens
the outcome, in my view, is a decisve victory for the individud
organism. Thegroup istoo wishy-wadhy an entity. A herd of deer, a
pride of lions or a pack of wolves has a certain rudimentary
coherence and unity of purpose. But thisis patry in comparison to
the coherence and unity of purpose of the body of anindividud lion,
walf, or deer. That thisistrueis now widdy accepted, but why isit
true? Extended phenotypes and parasites can again help us.

We saw that when the genes of aparasitework together with each
other, but in opposition to the genes of the host (which al work
together with each other), it is because the two sets of genes have
different methods of leaving the shared vehicle, the host's body.
Snail genes leave the shared vehicle via snall sperm and eggs.
Because dl snail genes have an equa stakein every sperm and every
€gg, becausethey dl participate in the same unpartisan meiosis, they
work together for the common good, and therefore tend to make the
snail body a coherent, purposeful vehicle. The red reason why a
flukeisrecognizably separate from itshost, the reason why it doesn't
mergeits purposes and itsidentity with the purposes and identity of
the hog, isthat the fluke genes don't share the snail genes method of
leaving the shared vehicle, and don't share in the snail's meiotic
lottery—they have alottery of their own. Therefore, to that extent
and that extent only, the two vehiclesremain separated asasnail and
arecognizably distinct fluke insideit. If fluke genes were passed on
in snail eggsand sperms, the two bodies would evalve to become as
oneflesh. We mightn't even be able to tell that there ever had been
two vehicles.

'Single’ individua organisms such as oursaves are the ultimate
embodiment of many such mergers. The group of organisms—the
flock of birds, the pack of wolves—does not merge into a single
vehicle, precisdy because the genes in the flock or the pack do not
share acommon method of leaving the present vehicle. To be sure,
packs may bud off daughter packs. But the genesin the parent pack
don't passto the daughter pack inasinglevessd inwhich al havean
equa share. The genesin a pack of wolves don't al stand to gain
from the same set of eventsin the future. A gene can fogter its own
futurewdfare by favouring its own individua wolf, at the expense of
other individud wolves. An individua walf, therefore, is avehicle
worthy of the name. A pack of wolvesis not. Genetically speaking,
the reason for thisisthat dl the cdlls except the s cdlsin awoalf's
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body have the same genes, while, as for the sex cdlls, dl the genes
have an equa chance of being in each one of them. But thecdlsina
pack of wolves do not have the same genes, nor do they havethe same
chance of being in the cdls of sub-packs that are budded dff. They
have everything to gain by struggling againg rivas in other wolf
bodies (dthough the fact that a wolf-pack islikely to be akin group
will mitigate the struggle).

The essentid quality that an entity needs, if it is to become an
effective gene vehicle, is this. It must have an impartia exit channel
into thefuture, for dl the genesingdeit. Thisistrueof anindividud
wolf. The channd is the thin stream of sperms, or eggs, which it
manufactures by meiogs. It isnot true of the pack of wolves. Genes
have something to gain from sdfishly promoting the welfare of their
own individua bodies, at the expense of other genesin thewalf pack.
A bee-hive, when it swvarms, gppearsto reproduce by broad-fronted
budding, likeawolf pack. But if welook more carefully wefind that,
asfar asthe genesare concerned, their destiny islargely shared. The
future of thegenesinthesvarmis, at least to alarge extent, lodged in
the ovaries of one queen. This is why—it is just another way of
expressing the message of earlier chapters—the bee colony looks
and behaveslike atruly integrated single vehicle.

Everywhere we find that life, as a matter of fact, is bundled into
discrete, individualy purposeful vehicles like wolves and bee-hives.
But the doctrine of the extended phenotype has taught us that it
needn't have been so. Fundamentally, dl that we have a right to
expect from our theory is a battleground of replicators, jostling,
jockeying, fighting for afuturein the genetic hereafter. Theweapons
in the fight are phenotypic effects, initialy direct chemica effectsin
cdlsbut eventudly festhers and fangs and even moreremote effects.
It undeniably happens to be the case that these phenotypic effects
have largely become bundled up into discrete vehicles, each with its
genesdisciplined and ordered by the prospect of a shared bottleneck
of spermsor eggs funndling them into the future. But thisisnot afact
to be taken for granted. It isafact to be questioned and wondered at
in its own right. Why did genes come together into large vehicles,
eech with asingle genetic exit route? Why did genes choose to gang
up and makelarge bodiesfor themselvesto livein?In The Extended
Phenotype| atempt to work out an answer to thisdifficult problem.
Herel can ketch only apart of that ansver—although, as might be
expected after seven years, | can dso now takeit alittle further.
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| shdl dividethe question upinto three. Why did genesgang up in
cdls? Why did cdls gang up in many-celled bodies? And why did
bodies adopt what | shdl cal a'bottlenecked' life cyde?

First then, why did genes gang up in cdls? Why did those ancient
replicators give up the cavdier freedom of the primeva soup and
taketo swarming in huge colonies? Why do they cooperate? We can
see part of the answer by looking a how modern DNA molecules
cooperate in the chemicd factories that are living cells. DNA
molecules make proteins. Proteins work as enzymes, catdysng
particular chemicd reactions. Often a Sngle chemica resction is
not sufficent to synthesize a useful end-product. In a human
pharmaceutica factory the synthesis of a useful chemicd needs a
production line. The darting chemicad cannot be transformed
directly into the desired end-product. A series of intermediates
must be synthesized in dtrict sequence. Much of a research chem-
ist'singenuity goesinto devising pathways of feesble intermediates
between starting chemicals and desired end-products. In the same
way dngle enzymes in aliving cell usudly cannot, on their own,
achieve the synthesis of a useful end-product from a given starting
chemical. A whole set of enzymes is necessary, one to catdyse the
transformation of the rawv materid into the firg intermediate,
another to catdyse the transformation of thefirg intermediate into
the second, and so on.

Each of these enzymes is made by one gene. If a sequence of Sx
enzymesisneeded for aparticular synthetic pathway, dl sx genesfor
making them must be present. Now it isquitelikely that there aretwo
dternative pahways for ariving a that same end-product, each
needing Sx different enzymes, and with nothing to choose between
the two of them. This kind of thing happens in chemica factories.
Which pathway is chosen may be historical accident, or it may be a
matter of more ddliberate planning by chemigts. In nature'schemis-
try the choicewill never, of course, beaddiberate one. Instead it will
come about through natural selection. But how can natural selection
seetoit tha the two pathways are not mixed, and that cooperating
groups of compatible genes emerge? In very much the sameway asl
suggested with my andlogy of the German and Engllish rowers (Chap-
ter 5). Theimportant thing isthat agenefor astagein pathway 1 will
flourish in the presence of genes for other stagesin pathway 1, but
not in the presence of pathway 2 genes. If the population aready
happens to be dominated by genes for pathway 1, selection will
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favour other genes for pathway 1, and penalize genes for pathway 2.
Andviceversa Tempting asitis, it is pogtively wrong to spesk of the
genes for the 9x enzymes of pathway 2 being sdlected 'as agroup'.
Each oneis selected as a separate sdfish gene, but it flourishes only
in the presence of the right set of other genes.

Nowadays this cooperation between genes goes on within cels.
It must have darted as rudimentary cooperation between df-
replicating molecules in the primeva soup (or whatever primevd
medium there was). Cdl walls perhaps arose as a device to keep
ussful chemicals together and stop them lesking awvay. Many of the
chemicd reactions in the cdl actudly go on in the fabric of
membranes; amembrane acts as acombined conveyor-belt and test-
tube rack. But cooperation between genes did not say limited to
cdlular biochemistry. Cedlls cametogether (or failed to separate after
cdl divisgon) to form many-celled bodies.

Thisbrings usto the second of my three questions. Why did cdlls
gang together; why the lumbering robots? This is another question
about cooperation. But the domain has shifted from the world of
moleculesto alarger scale. Many-celled bodies outgrow the micro-
scope. They can even become el ephants or whales. Being big is not
necessarily a good thing: most organiams are bacteria and very few
are elephants. But when theways of making aliving that are opento
smal organismshave dl beentilled, there are till prosperouslivings
to be made by larger organisms. Large organisms can eat smaler
ones, for instance, and can avoid being eaten by them.

Theadvantages of beinginaclub of cdlsdon't sop with size. The
cdlsinthe dub can specidize, each thereby becoming more efficient
at performing its particular task. Specidist cdls sarve other cdlsin
the club and they dso benefit from the effidency of other specidids.
If there are many cells, some can gpecidize as sensorsto detect prey,
others as nerves to pass on the message, others as singing cdlsto
pardysethe prey, muscle celsto move tentacles and catch the prey,
secretory cdls to dissolve it and yet others to absorb the juices. We
must not forget thet, at least in modern bodieslike our own, the cdls
areaclone. All contain the same genes, dthough different geneswill
be turned on in the different specidist cells. Genesin each cdl type
are directly benefiting their own copies in the minority of cels
specidized for reproduction, the cells of theimmortal germ line.

S0, to the third question. Why do bodies participate in a 'bottle-
necked' life cyde?
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To begin with, what do | mean by bottlenecked? No matter how
many cells there may be in the body of an eephant, the elephant
began life as a dngle cdll, a fertilized egg. The fertilized egg is a
narrow bottleneck which, during embryonic development, widens
out into thetrillionsof cellsof an adult e ephant. And no matter how
many cells, of no matter how many specialized types, cooperate to
perform the unimaginably complicated task of running an adult
elephant, the efforts of dl those cdls converge on the find god of
producing sngle cdlls agan—sperms or eggs. The eephant not only
hasitsbeginninginasinglecell, afertilized egg. Itsend, meaning its
god or end-product, isthe production of sngle cdls, fertilized eggs
of thenext generation. Thelife cycle of the broad and bulky € ephant
both beginsand endswith anarrow bottleneck. Thisbottleneckingis
characteritic of the life cycles of dl many-celled animas and most
plants. Why?What isits dgnificance? We cannot answer thiswithout
considering what lifemight look likewithout it.

It will be hepful to imagine two hypothetical species of seaweed
cdled bottle-wrack and splurge-weed. Splurge-weed grows as a set
of draggling, amorphous branches in the sea. Every now and then
branches break off and drift avay. These breskages can occur
anywhere in the plants, and the fragments can be large or small. As
with cuttings in a garden, they are cgpable of growing just like the
origind plant. This shedding of parts is the speciess method of
reproducing. As you will notice, it isn't redly different from its
method of growing, except that the growing parts become physicaly
detached from one another.

Bottle-wrack looks the same and grows in the same draggly way.
Thereisone crucid difference, however. It reproduces by releasing
single-cdled spores which drift off in the sea and grow into new
plants. These spores are just cells of the plant like any others. Asin
the case of splurge-weed, no sex is involved. The daughters of a
plant conss of cdls that are clone-mates of the cdlls of the parent
plant. The only difference between the two speciesis that splurge-
weed reproduces by hiving off chunks of itsalf congsting of indeter-
minate numbers of cells, while bottle-wrack reproduces by hiving off
chunks of itsdf dways conggting of single cells.

By imagining these two kinds of plant, we have zeroed in on the
crucid difference between abottlenecked and an unbottlenecked life
cycde Bottlewrack reproduces by squeezing itsdf, every generation,
through a sngle-cdled bottleneck. Splurgeweed just grows
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and bregksin two. It hardly can be said to possess discrete 'genera-
tions, or to condst of discrete 'organisms, at all. What about bottle-
wradk? I'll spell it out soon, but we can dready see an inkling of the
answer. Doesn't bottle-wrack dready seem to have amore discrete,
‘organismy’ fed to it?

Splurge-weed, aswe have seen, reproduces by the same process
asit grows. Indeed it scarcdy reproducesat al. Bottle-wrack, onthe
other hand, makes aclear separation between growth and reproduc-
tion. We may have zeroed in on the difference, but so what? What is
the dgnificance of it? Why doesit matter?| have thought along time
about thisand | think | know the answer. (Incidentally, it was harder
to work out that there was a question than to think of the answer!)
The answer can be divided into three parts, the first two of which
have to do with the relationship between evolution and embryonic
development.

First, think about the problem of evolving acomplex organ froma
smpler one. We don't have to stay with plants, and for this stage of
the argument it might be better to switch to animds because they
have more obvioudy complicated organs. Again there is no need to
think in terms of sex; sexud versus asexud reproduction is a red
herring here. We can imagine our animals reproducing by sending
off nonsexua spores, single cdls that, mutations aside, are genetic-
dly identical to one another and to al the other cellsin the body.

The complicated organs of an advanced animd like ahuman or a
woodlouse have evolved by gradua degrees from the Smpler organs
of ancestors. But the ancestrd organs did not literdly change
themsalvesinto the descendant organs, like svords being beaten into
ploughshares. Not only did they not. The point | want to mekeisthat
in most cases they could not. There is only a limited amount of
change that can be achieved by direct transformation in the 'swords
to ploughshares manner. Redly radica change can be achieved only
by going 'back to the drawing board', throwing awvay the previous
design and starting afresh. When engineers go back to the drawing
board and create a new design, they do not necessarily throw away
the ideas from the old design. But they don't literdly try to deform
the dld physica object into the new one. The dd object is too
weighed down with the clutter of history. Maybe you can beat a
sword into a ploughshare, but try 'beating' apropeller engineinto a
jetengine! You can't doit. You have to discard the propdler engine
and go beck to the drawing board.
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Living things, of course, were never designed on drawing boards.
But they do go back to fresh beginnings. They make aclean startin
every generation. Every new organism begins as a sngle cdll and
grows anew. It inheritstheideas of ancestral design, in the form of
the DNA program, but it does not inherit the physica organs of its
ancestors. It doesnot inheritits parent'sheart and remoulditintoa
new (and possibly improved) heart. It startsfrom scratch, asasingle
cdl, and grows a new heart, usng the same design program as its
parent's heart, to which improvements may be added. You see the
concluson | am leading up to. One important thing about a
‘bottlenecked' life cyde is that it makes possible the equivaent of
going back to the drawing board.

Bottlenecking of thelife cyde has asecond, rel ated consequence.
It provides a'calendar’ that can be used to regulate the processes of
embryology. In a bottlenecked life cycle, every fresh generation
marches through agpproximately the same parade of events. The
organism begins as a sngle cell. It grows by cdl divison. And it
reproduces by sending out daughter cells. Presumably it eventudly
dies, but that is lessimportant than it ssemsto us mortals; asfar as
thisdiscussonisconcerned the end of the cydeisreached whenthe
present organism reproduces and a new generation's cycle begins.
Althoughin theory the organism could reproduce at any timeduring
itsgrowth phase, we can expect that eventualy an optimum timefor
reproduction would emerge. Organisms that released spores when
they were too young or too old would end up with fewer descendants
than rivas that built up their strength and then released a massive
number of sporeswhen in the prime of life.

The argument is moving towards the idea of a stereotyped,
regularly repesting life cycle. Not only does each generation begin
with a single-celled bottleneck. It aso has a growth phase—'child-
hood—of rather fixed duration. Thefixed duration, the Stereotypy,
of the growth phase, makesit possiblefor particular thingsto happen
at particular times during embryonic development, asif governed by a
grictly observed caendar. To varying extents in different kinds of
creature, cell divisons during development occur inrigid sequence, a
sequencethat recursin each repetition of thelife cycle. Each cdl has
itsown location and time of appearancein theroster of cdl divisons.
In some cases, incidentdly, thisis so precise that embryologists can
give anameto each cdl, and agiven cdl in one individua organism
can be said to have an exact counterpart in another organism.
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S0, the stereotyped growth cyde providesaclock, or calendar, by
means of which embryologica events may be triggered. Think of
how readily we ourselves use the cycles of the earth's daily rotation,
and itsyearly circumnavigation of the sun, to structure and order our
lives. In the same way, the endlesdy repeated growth rhythms
imposed by a bottlenecked life cyde will—it seems amogt inevit-
able—be used to order and structure embryology. Particular genes
can be switched on and off at particular times because the bottle-
neck/growth-cycle calendar ensures that there is such athing as a
particular time. Such well-tempered regulations of gene ectivity are
a prerequisite for the evolution of embryologies capable of crafting
complex tissues and organs. The precison and complexity of an
eagle's eye or aswdlow's wing couldn't emerge without clockwork
rules for what islaid down when.

The third consequence of a bottlenecked life higtory is a genetic
one. Here, the example of bottle-wrack and splurge-weed serves us
again. Assuming, again for amplicity, that both species reproduce
asexudly, think about how they might evolve. Evolution requires
genetic change, mutation. Mutation can happen during any cell
divison. In splurge-weed, cdl lineages are broad-fronted, the
opposite of bottlenecked. Each branch that bresks apart and drifts
away ismany-celled. It istherefore quite possiblethat two cellsina
daughter will be more distant relatives of one another than either is
to cdllsin the parent plant. (By 'relatives, | literally mean cousins,
grandchildren and so on. Cdls have definite lines of descent and
these lines are branching, so words like second cousin can be used
of cdls in a body without gpology.) Bottlewrack differs sharply
from splurge-weed here. All cdllsin adaughter plant are descended
from a single spore cdl, so dl cdls in a given plant are closer
cousns (or whatever) of one another than of any cdl in another
plant.

This difference between the two species has important genetic
consequences. Think of the fate of a newly mutated gene, firgt in
splurge-weed, then in bottlewrack. In splurge-weed, the new
mutation can arise in any cdll, in any branch of the plant. Since
daughter plants are produced by broad-fronted budding, lined
descendants of themutant cell can find themsalves sharing daughter
plants and grand-daughter plants with unmutated cells which are
relatively distant cousins of themselves. In bottle-wrack, on the other
hand, the most recent common ancestor of dl thecdlsinaplantisno
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older than the spore that provided the plant's bottlenecked begin-
ning. If that spore contained the mutant gene, al the cdlsof the new
plant will contain the mutant gene. If the spore did not, they will not.
Cdlsin bottle-wrack will be more geneticaly uniform within plants
than cdls in golurgesweed (give or take an occasond reverse-
mutation). In bottle-wrack, the individua plant will be aunit with a
genetic identity, will deservethe nameindividual. Plants of splurge-
weed will have lessgenetic identity, will belessentitled to thename
‘individud' than their opposite numbers in bottle-wrack.

Thisisnot just amatter of terminology. With mutations around,
the cells within a plant of splurge-weed will not have all the same
genetic interests at heart. A gene in a splurge-weed cell stands to
gain by promoting the reproduction of itscell. It does not necessarily
stand to gain by promoating the reproduction of its'individud' plant.
Mutation will make it unlikdy that the cdls within a plant are
geneticdly identical, so they won't collaborate wholeheartedly with
one another in the manufacture of organs and new plants. Natural
sdlection will choose among cdlls rather than ‘plants. In bottle-
wrack, ontheother hand, dl the cdlswithin aplant arelikely to have
the same genes, because only very recent mutations could divide
them. Therefore they will happily collaborate in manufacturing
effident surviva machines. Cdlsin different plants are more likely
to have different genes. After al, cdls that have passed through
different bottlenecks may be distinguished by dl but the most recent
mutations—and this means the mgority. Sdection will therefore
judgeriva plants, not riva cdllsasin splurge-weed. So we can expect
to see the evolution of organs and contrivances that serve the whole
plant.

By theway, drictly for those with aprofessond interest, there is
an andogy here with the argument over group selection. We can
think of anindividua organism asa'group’ of cells. A form of group
sdlection can be made to work, provided some means can be found
for increasing the ratio of between-group variation to within-group
variation. Bottle-wrack's reproductive habit has exactly the effect of
increasing this ratio; splurge-weed's habit has just the opposite
effect. Thereare also smilarities, which may berevealing but which
| shall not explore, between 'bottlenecking' and two other ideas that
have dominated this chapter. Firgly the idea that parasites will
cooperate with hogts to the extent that their genes pass to the next
generation in the same reproductive cdls asthe genes of the hosts—
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sgueezing through the same bottleneck. And secondly the idea that
the cdls of a sexudly reproducing body cooperate with each other
only because meiodsis scrupuloudy fair.

To sum up, we have seen three reasons why a bottlenecked life
history tendsto fogter the evolution of the organism asadiscreteand
unitary vehicle. Thethree maybe labelled, respectively, ‘back to the
drawing board', 'orderly timing-cycle, and ‘cdlular uniformity'.
Which came firg,, the bottlenecking of thelife cycle, or the discrete
organisn? 1 should like to think that they evolved together. Indeed |
suspect that the essential, defining feature of an individual organism
isthat itisaunit that begins and endswith asingle-celled bottleneck.
If life cydes become bottlenecked, living materid seems bound to
become boxed into discrete, unitary organisms. And the more that
living material isboxed into discrete survival machines, the morewill
the cdlls of those survival machines concentrate their efforts on that
specid dass of cdls that are destined to ferry their shared genes
through the bottleneck into the next generation. The two
phenomena, bottlenecked life cydes and discrete organisms, go
hand in hand. As each evolves, it reinforces the other. The two are
mutualy enhancing, like the spirdling fedings of a woman and a
mean during the progress of alove &fair.

The Extended Phenotypeisalong book and its argument cannot
easly be crammed into one chapter. | have been obliged to adopt
here acondensed, rather intuitive, evenimpressionistic syle. | hope,
nevertheless, that | have succeeded in conveying the flavour of the
argument.

L et me end with abrief manifesto, asummary of the entire sdfish
gene/extended phenotype view of life. It isaview, | maintain, that
appliestoliving things everywherein the universe. The fundamenta
unit, the prime mover of dl life, is the replicator. A replicator is
anything in the universe of which copiesare made. Replicators come
into existence, in thefirg place, by chance, by the random jostling of
smaller particles. Once a replicator has come into exigence it is
capable of generating an indefinitely large set of copies of itsdf. No
copying process is perfect, however, and the population of replic-
ators comes to include varieties that differ from one another. Some
of these varigties turn out to have lost the power of salf-replication,
and their kind ceases to exist when they themselves cease to exig.
Others can il replicate, but less effectivdy. Yet other varieties
happen to find themsel vesin possession of new tricks: they turn out
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to be even better self-replicators than their predecessors and con-
temporaries. It is their descendants that come to dominate the
population. Astime goes by, the world becomesfilled with the most
powerful and ingenious replicators.

Gradualy, more and more daborate ways of being a good
replicator are discovered. Replicators survive, not only by virtue of
their ownintrinsic properties, but by virtue of their consequenceson
the world. These consequences can be quite indirect. All that is
necessary isthat eventudly the consegquences, however tortuous and
indirect, feed back and affect the success of the replicator at getting
itself copied.

Thesuccessthat areplicator hasin theworld will depend onwhat
kind of aworld it is—the pre-existing conditions. Among the most
important of these conditions Will be other replicators and their
consequences. Like the English and German rowers, replicators
that are mutudly beneficia will cometo predominatein each other's
presence. At some point in the evolution of life on our earth, this
ganging up of mutualy compatible replicators began to be form-
dized in the creation of discrete vehidles—cdls and, later, many-
cdled bodies. Vehicles that evolved a bottlenecked life cyde
prospered, and became more discrete and vehicle-like.

This packaging of living materia into discrete vehicles became
such a sdlient and dominant feature that, when biologists arrived on
the scene and dtarted asking questions about life, their questions
were modlly about vehicdles—individua organisms. The individua
organism came firg in the biologist's consciousness, while the
replicators—now known as genes—were seen as part of the
machinery used by individua organisms. It requires a ddiberate
mental effort to turn biology the right way up again, and remind
oursalves that the replicators come fird, in importance aswell asin
higtory.

One way to remind oursalvesisto reflect that, even today, not dl
the phenotypic effects of agene are bound up in theindividual body
in which it sits. Certainly in principle, and aso in fact, the gene
reaches out through the individud body wal and manipulates
objectsin the world outside, some of them inanimate, some of them
other living beings, some of them along way away. With only alittle
imagination we can seethe gene as sitting at the centre of aradiating

web of extended phenotypic power. And an object intheworld isthe
centre of aconverging web of influences from many genes ditting in
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many organisms. The long reach of the gene knows no obvious
boundaries. The whole world is criss-crossed with causal arrows
joining genes to phenotypic effects, far and near.

It is an additiond fact, too important in practice to be cdled
incidenta but not necessary enough in theory to be caled inevitable,
that these causdl arrows have become bundled up. Replicatorsareno
longer peppered fredy through the sea; they are packaged in huge
colonies—individua bodies. And phenotypic consequences, instead
of being evenly distributed throughout theworld, havein many cases
congedled into those same bodies. But the individud body, so
familiar to us on our planet, did not have to exist. The only kind of
entity that has to exig in order for life to arise, anywhere in the
universe, istheimmortal replicator.



ENDNOTES

Thefdlowing notesrefer to the arigind deven chapters only. Although the
text of these cheptersisdmod identicd to thefirg edition, the pege numbars
are different asthe type has been completdy reset. Each note is referenced by
an agerisk in the mein text.

CHAPTER 1
Why are people?

p. 1 ... all attempts to answer that question before 1859 are
worthless...

Some people, even non-religious people, have taken offence at the quota-
tion from Simpson. | agree that, when you firgt reed it, it sounds terribly
Philistine and gauche and intolerant, a bit like Henry Ford's 'History is
more or lessbunk'. But, religious answers apart (I am familiar with them;
save your stamp), when you are actudly chalenged to think of pre-
Darwinian answers to the questions "'What is man? 'l's there ameaning to
life? 'What arewefor?, can you, asamatter of fact, think of any that are not
now worthless except for their (condderable) historic interest? There is
such athing as being just plain wrong, and that is what, before 1859, dl
answersto those questionswere.

p. 2 | am not advocating a morality based on evolution.

Critics have occasondly misunderstood The Selfish Geneto be advocating
sfishnessasaprinciple by which we should live! Others, perhaps because
they read the book by title only or never madeit past the first two pages, have
thought that | was saying that, whether welikeit or not, selfishnessand other
nasty ways are an inescapable part of our nature. This error is essy to fdl
into if you think, as many people unaccountably seem to, that genetic
'determination’ is for keeps—absolute and irreversible. In fact genes
‘determine’ behaviour only in agtatigtical sense(seedso pp. 37-40). A good
andogy isthewiddy conceded generdization that 'A red sky at night isthe
shepherd's delight'. It may be a datistica fact that a good red sunset
portends afine day on the morrow, but we would not bet alarge sum oniit.
We know perfectly well that the westher isinfluenced in very complex ways
by many factors. Any weather forecast is subject to error. It is a Satistical
forecagt only. We don't see red sunsets as irrevocably determining fine
westher the next day, and no more should we think of genes asirrevocably
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determining anything. Thereis no reason why theinfluence of genes cannot
eadly be reversed by other influences. For a full discussion of 'genetic
determinism’, and why misunderstandings have arisen, see chapter 2 of The
Extended Phenotype, and my paper 'Sociobiology: The New Stormin a
Teacup'. I've even been accused of daming that human beings are
fundamentally al Chicago gangsters! But the essentid point of my Chicago
gangster andogy (p. 2) was, of course, that:

knowledge about the kind of world in which aman has prospered tells
you something about that man. It had nothing to do with the particular
qualities of Chicago gangsters. | could just as wel have used the
andogy of aman who had risen to thetop of the Church of England,
or been eected to the Athenaeum. In any case it waas not people but
genes that were the subject of my andogy.

| have discussed this, and other over-literal misunderstandings, in my paper
'In defence of sdfish genes, from which the above quotation is taken.

| must add that the occasiond politicd asides in this chapter make
uncomfortable rereading for me in 1989. 'How many times must this [the
need to restrain sdfish greed to prevent the destruction of thewhole group]
have been said in recent yearsto theworking people of Britain? (p. 8) makes
me sound likea Tory! In 1975, when it was written, a socidist government
which | had helped to vote in was battling desperately againg 23 per cent
inflation, and was obvioudy concerned about high wage claims. My remark
could have been taken from a speech by any Labour minigter of thetime.
Now that Britain has a government of the new right, which has devaed
meanness and sdfishness to the status of ideology, my words seem to have
acquired akind of nastiness by association, which | regret. Itisnot that | take
back what | said. Sdfish short-sightedness gill has the undesirable con-
sequencesthat | mentioned. But nowadays, if onewere seeking examples of
fish short-sightednessin Britain, one would not look first at the working
class. Actudly, it is probably best not to burden a scientific work with
political asides at al, since it is remarkable how quickly these date. The
writings of politicaly aware scientigts of the 1930s—J. B. S. Haldane and
Lancelot Hogben, for instance—are today dgnificantly marred by their
anachronigtic barbs.

p. 5 ... it ispossible that the female improves the male's sexual
performance by eating hishead.

| first learned thisodd fact about maeinsects during aresearch lecture by a
colleague on caddisflies. He said that he wished he could breed caddisesin
captivity but, try as he would, he could not persuade them to mate. At this
the Professor of Entomology growled from the front row, as if it were the
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mogt obvious thing to have overlooked: 'Haven't you tried cutting their
heads off?

p. 11 ... the fundamental unit of selection is not the species, nor the
group, nor even, strictly, the individual. It is thegene...

Sincewriting my manifesto of genie selection, | have had second thoughts
about whether there may not dso be a kind of higher-level sdlection
occasondly operating during the long haul of evolution. | hasten to add
that, when | sy 'higher-level’, | do not mean anything to do with ‘group
selection'. | am talking about something much more subtle and much more
interesting. My feding now is that not only are some individua organisms
better at surviving than others; whole classes of organisms may be better at
evoking than others. Of course, the evolving that we are talking about hereis
il the same old evolution, mediated via sdlection on genes. Mutations are
dill favoured because of their impact on the survivd and reproductive
suceess of individuas. But a mgor new mutation in basic embryologica
plan can aso open up new floodgates of radiating evolution for millions of
yearsto come. There can beakind of higher-level sdlection for embryolo-
gies that lend themsdves to evolution: a sdection in favour of evolvability.
Thiskind of sdlection may even be cumulative and therefore progressive, in
waysthat group selectionisnot. Theseideasare spelt out in my paper 'The
Evolution of Evolvahility', which waslargdy inspired by playing with Blind
Watchmaker, a computer program simulating aspects of evolution.

CHAPTER 2
The replicators

p. 14 The simplified account | shall give [of the origin of life] is
probably not too far from the truth.

There are many theories of the origin of life. Rather than labour through
them, in The Selfish Genel chosejust onetoillugtratethemainidea. But |
wouldn't wish to give the impresson that this was the only serious
candidate, or even the best one. Indeed, in The Blind Watchmaker, |
deliberatdy chose a different one for the same purpose, A. G. Cairns-
Smith's day theory. In neither book did | commit mysdf to the particular
hypothesis chosen. If | wrote another book | should probably take the
opportunity to try to explain yet another viewpoint, that of the German
mathematica chemist Manfred Eigen and his colleagues. What | am dways
trying to get over is something about the fundamental properties that must
liea the heart of any good theory of the origin of life on any planet, notably
the idea of sdlf-replicating genetic entities.
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p. 16 'Beholda virgin shall conceive...'

Severd distressed correspondents have queried the mistrandation of
'young woman' into 'virgin' in the biblical prophecy, and have demanded a
reply from me. Hurting religious sensbilities is a perilous business these
days, s0| had better oblige. Actudly it isapleasure, for scientists can't often
get tidyingly dusty in the library indulging in a red academic footnote.
The point isin fact wel known to biblica scholars, and not disputed by
them. The Hebrew word in IsiB?¥ (almah), which undisputedly
means 'young woman', with no implication of virginity. If ‘virgin' had been
intended, A21N2 (bethulah) could have been usad instead (the ambi-
guous English word 'maiden'’ illustrates how essy it can beto dide between
the two meanings). The 'mutation’ occurred when the pre-Christian Greek
trandation known as the Septuagint rendered almah into mwagbévog
(parthenos), which redly does usudly mean virgin. Matthew (not, of course,
the Apostle and contemporary of Jesus, but the gospd-maker writing long
afterwards), quoted Isaiah in what seemsto be aderivative of the Septuagint
verson (al but two of thefifteen Greek words are identical) when he said,
‘Now dl thiswas done, thet it might be fulfilled which was spoken of the
Lord by the prophet, saying, Behold, avirgin shdl be with child, and shal
bring forth a son, and they shdl cal his name Emmanud' (Authorized
Englishtrandation). It iswiddy accepted among Christian scholarsthat the
gory of thevirgin birth of Jesuswasalate interpolation, put in presumably
by Greek-speaking disciples in order that the (mistrandated) prophecy
should be seen to befulfilled. M odern versons such asthe New English Bible
correctly give 'young woman' in Isaiah. They equdly correctly leave 'virgin'
in Matthew, since there they are trandating from his Greek.

p. 19 Now they swarmin huge colonies, safe inside gigantic lumbering
robots...

This purple passage (a rare—wdl, farly rare—indulgence) has been
quoted and requoted in glesful evidence of my rabid 'genetic determinism'.
Part of the problem lieswith the popular, but erroneous, associaions of the
word 'robot’. We are in the golden age of eectronics, and robots are no
longer rigidly inflexible morons but are capable of learning, intelligence,
and credtivity. Ironically, even aslong ago as 1920 when Karel Capek coined
the word, 'robots were mechanicad beings that ended up with human
fedings, like fdling in love. People who think that robots are by definition
more 'determinigtic' than human beings are muddied (unless they are
religious, in which casethey might congstently hold that humans have some
divine gift of freewill denied to mere machines). If, likemost of the critics of
my 'lumbering robot' passage, you are not religious, then face up to the
following question. What on earth do you think you are, if not arobot, abeit
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avery complicated one?| havediscussed dl thisin The Extended Phenotype,
pp. 15-17.

The error has been compounded by yet another telling ‘'mutation’. Just
asit seemed theol ogically necessary that Jesus should have been born of a
virgin, so it seems demonologicaly necessary that any 'genetic determinist’
worth his sdt must believe that genes ‘control’ every aspect of our
behaviour. | wrote of the genetic replicators: 'they created us, body and
mind' (p.20). This has been duly misquoted (e.g. in Not in Our Genes by
Rose, Kamin, and Lewontin (p. 287), and previoudy in ascholarly paper by
Lewontin) as Tthey] control us, body and mind' (emphasis mine). In the
context of my chapter, | think itisobviouswhat | meant by 'created’, and itis
vay different from 'control’. Anybody can seethat, asamatter of fact, genes
do not control their creationsin the strong sense criticized as'determinism’.
We effortledy (wdl, farly effortlesdy) defy them every time we use

contraception.

CHAPTER 3
Immortal coils

p. 24 ... impossible to disentangle the contribution of one gene from
that of another.

Here, and dso on pages 84-7, ismy answer to critics of genetic 'atomism'.
Strictly it isan anticipation, not an answer, since it predatesthe criticiam! |
am sorry that it will be necessary to quote mysdf so fully, but the relevant
passages of The Selfish Gene seem to be disquietingly essy to miss! For
example, in 'Caring Groups and Sdfish Genes' (in The Panda's Thumb),
S.J. Gould stated:

Thereisno gene 'for' such unambiguous bits of morphology asyour
left kneecap or your fingernail. Bodies cannot be atomized into parts,
each congtructed by an individua gene. Hundreds of genes con-
tribute to the building of most body parts...

Gould wrotethat in acriticism of The Selfish Gene. But now look a my actual
words (p. 24):

The manufacture of abody is a cooperative venture of such intricacy
that it isdmogt impossibleto disentangle the contribution of onegene
from that of another. A given genewill have many different effectson
quite different parts of the body. A given part of the body will be
influenced by many genes, and the effect of any one gene dependson
interaction with many others.
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And again (p. 37):

However independent and free genes may bein their journey through
the generations, they are very much not free and independent agents
in their control of embryonic development. They collaborate and
interact in inextricably complex ways, both with each other, and with
their externd environment. Expressions like 'gene for long legs or
‘genefor dtruistic behaviour' are convenient figures of speech, but it
isimportant to understand whet they mean. There is no gene which
sngle-handedly buildsaleg, long or short. Building alegisamulti-
gene cooperdive enterprise. Influences from the externd environ-
ment too are indispensable; after all, legs are actudly made of food!
But there may well beasinglegenewhich, other thingsbeing equal,
tends to make legs longer than they would have been under the
influence of thegene's dlele.

| amplified the point in my next paragraph by an andogy with the effects of
fertilizer on the growth of whest. It isalmost asthough Gould was so sure, in
advance, that | must be a naive atomigt, that he overlooked the extendve
passagesin which | made exactly the same interactionist point ashewas|later
toingst upon.

Gould goes on:

Dawkins will need another metaphor: genes caucusing, forming
aliances, showing deference for a chance to join a pact, gauging
probable environments.

Inmy rowing andogy (pp. 84-6), | had dready done precisaly what Gould
later recommended. Look at this rowing passage dso to see why Gould,
though we agree over so much, is wrong to assert that natural sdlection
‘accepts or reects entire organisms because suites of parts, interacting
in complex ways, confer advantages. The true explanation of the
‘cooperativeness of genesisthat:

Genes are selected, not as'good' in isolation, but as good at working
againg the background of other genesin the gene pool. A good gene
must be compatible with, and complementary to, the other geneswith
whom it has to share along succession of bodies. (p. 84)

| have written afuller reply to criticisms of genetic a@omism in The Extended
Phenotype, especidly on pp. 116-17 and 239-47.

p. 28 The definition | want to use comes from G. C. Williams.
Williamssexact words, in Adaptation and Natural Selection, are:

| use the term gene to mean 'that which segregates and recombines
with gppreciable frequency.'... A gene could be defined as any
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hereditary information for which there is a favorable or unfavorable
sdection bias equal to severd or many times its rate of endogenous
change.

Williamss book has now become widdy, and rightly, regarded asaclassic,
respected by 'sociobiologists and critics of sociobiology dike. | think it is
clear that Williams never thought of himsalf as advocating anything new or
revolutionary in his'genie sdectionism', and nomoredid | in 1976. We both
thought that we were Smply reasserting afundamentd principle of Fisher,
Haldane, and Wright, the founding fathers of 'neo-Darwinism' in the
1930s. Nevertheless, perhaps because of our uncompromising language,
some people, including Sewal Wright himsdlf, apparently take exception to
our view that 'the gene is the unit of selection’. Their basic reason is that
natural selection sees organisms, not the genes indde them. My reply to
views such asWright'sisin The Extended Phenotype, especidly pp. 238-47.
Williamss most recent thoughts on the question of the gene as the unit
of sdection, in his 'Defense of Reductionism in Evolutionary Biology', are
as penetrating as ever. Some philosophers, for example, D. L. Hull,
K. Sereny and P. Kitcher, and M. Hampe and S. R. Morgan, have
aso recently made usgful contributions to darifying the issue of the
‘units of selection’. Unfortunately there are other philosophers who have
confused it.

p. 34 ... the individual is too large and too temporary a genetic
unit...

Following Williams, | made much of the fragmenting effects of meiogsin
my argument that the individua organism cannot play therole of replicator
innatural selection. | now seethat thiswas only half the story. The other half
is spdlled out in The Extended Phenotype (pp. 97-9) and in my paper
'Replicators and Vehicles. If the fragmenting effects of meiogs were the
whole gory, an asexudly reproducing organism like a femde stick-insect
would be a true replicator, a sort of giant gene. But if a gick insect is
changed—say it loses a leg—the change is not passed on to future
generations. Genes a one pass down the generations, whether reproduction
issexud or asexud. Genes, therefore, redly arereplicators. Inthe case of an
asexud dick-insect, the entire genome (the set of dl its genes) is a
replicator. But the stick-insect itsdf is not. A stick-insect body is not
moulded asareplicaof the body of the previous generation. Thebody inany
one generation grows afresh from an egg, under the direction of itsgenome,
which is areplica of the genome of the previous generation.

All printed copies of thisbook will bethe same as one another. They will
be replicas but not replicators. They will be replicas not because they have
copied one another, but because dl have copied the same printing plates.
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They do not form a lineage of copies, with some books being ancestrd to
others. A lineege of copieswould exigt if we xeroxed a page of abook, then
xeroxed the xerox, then xeroxed the xerox of the xerox, and so on. In this
lineage of pages, there redly would be an ancestor/descendant rel ationship.
A new blemish that showed up anywhere dong the serieswould be shared
by descendants but not by ancestors. An ancestor/descendant series of this
kind has the potentia to evolve.

Superficidly, successve generations of stick-insect bodies appear to
congtitute a lineage of replicas. But if you experimentaly change one
member of the lineege (for instance by removing aleg), the change is not
passed on down the lineage. By contragt, if you experimentaly change one
member of thelineage of genomes (for instance by X-rays), the change will
be passed on down the lineage. This, rather than the fragmenting effect of
meiog's, isthe fundamenta reason for saying that theindividua organismis
not the 'unit of sdlection—not a true replicator. It is one of the most
important consequences of the universaly admitted fact that the 'Lamarck -
ian' theory of inheritanceisfdse.

p. 40 Ancther theory, due to Sr Peter Medawar .. .

| have been taken to task (not, of course, by Williamshimsdlf or even with his
knowledge) for attributing this theory of ageing to P. B. Medawar, rather
thanto G. C. Williams It istruethat many biologists, especidly in America,
know the theory mainly through Williamss 1957 paper, 'Pleiotropy, Natural
Sdection, and the Evolution of Senescence'. It isalso true that Williams
elaborated the theory beyond Medawar's trestment. Nevertheless my own
judgement isthat Medawar spelled out the essentia core of theideain 1952
in An Unsolved Problemin Biology and in 1957 in The Uniqueness of the
Individual. | should add that | find Williamss development of the theory
vay hepful, Snce it makes clear a necessary step in the argument (the
importance of 'pleiotropy’ or multiple gene effects) which Medawar did not
explidtly emphasize. W. D. Hamilton has more recently taken this kind of
theory even further in his paper, "The Moulding of Senescence by Natura
Sdlection'. Incidentaly, | have had many interesting | etters from doctors but
none, | think, commented on my speculations about ‘fooling' genesasto the
age of thebody they are in (pp. 41-2). The idea dtill doesn't strike me as
obvioudy dlly, and if it were right wouldn't it be rather important,
medically?

p. 43 What is the good of sex?

The problem of what sex is good for is il as tantdlizing as ever, despite
some thought-provoking books, notably those by M. T. Ghisdin, G. C.
Williams, J. Maynard Smith, and G. Bell, and avolume edited by R. Michod
and B. Levin. To me, the mogt exciting new idea is W. D. Hamilton's
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parasite theory, which has been explained in non-technical language by
Jeremy Cherfas and John Gribbinin The Redundant Male.

p. 45 ... the surplus DNA is... a parasite, or at best a harmless but
uselesspassenger... (see also p. 182)

My suggestion that surplus, untrandated DNA might be a self-interested
parasite has been taken up and developed by molecular biologists (see
papers by Orgel and Crick, and Doalittle and Sapienza) under the catch-
phrase'Sdfish DNA'. S.J. Gould, in Hen's Teeth and Hor se's Toes, hasmade
the provocative (to me!) claim that, despite the historical origins of theidea
of Hfish DNA, 'Thetheories of sdfish genesand sdfish DNA could not be
more different in the structures of explanation that nurturethem.’ | find his
reasoning wrong but interesting, which, incidentally, he has been kind
enough to tell me, is how he usudly finds mine. After a preamble on
‘reductionism’ and 'hierarchy' (which, as usual, | find neither wrong nor
interesting), he goes on:

Dawkinss sdfish genes increase in frequency because they have
effects on bodies, aiding them in their struggle for existence. Sdlfish
DNA increases in frequency for precisay the opposite reason—
because it has no effect on bodies...

| see the didinction that Gould is making, but | cannot see it as a
fundamentd one. Onthecontrary, | gill see sHfish DNA asagpecia case of
the whole theory of the sdfish gene, which is precisdy how the idea of
«fish DNA origindly arose. (Thispoint, that selfish DNA isagpecid case,
is perhaps even clearer on page 182 of thisbook than in the passage from
page 45 cited by Doolittle and Sapienza, and Orgel and Crick. Doolittle and
Sepienza, by the way, use the phrase 'sfish genes, rather than 'sdfish
DNA', in ther tide.) Let me reply to Gould with the following andogy.
Genes that give wasps their ydlow and black stripes increase in frequency
because this (‘warning’) colour pattern powerfully stimulates the brains of
other animas. Genesthat givetigerstheir ydlow and black stripesincrease
in frequency 'for precisdly the opposite reason—because idedly this
(cryptic) colour pattern does not stimulate the brains of other animalsat all.
There is indeed a didtinction here, dosdy andogous (at a different
hierarchicd levd!) to Gould's digtinction, but it is a subtle distinction of
detail. We should hardly wish to daim that the two cases'could not be more
different in the structures of explanaion that nurture them'. Orgd and
Crick hit the nail on the head when they make the andogy between sdfish
DNA and cuckoo eggs: cuckoo eggs, after al, escape detection by looking
exactly likehost eggs.

Incidentdlly, thelatest edition of the Oxford English Dictionary ligsanew
meaning of 'selfish’ as 'Of a gene or genetic materid: tending to be
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perpetuated or to spread athough of no effect on the phenotype.’ Thisisan
admirably concise definition of 'selfish DNA', and the second supporting
quotation actualy concerns sdfish DNA. In my opinion, however, thefind
phrase, 'dthough of no efect on the phenotype, is unfortunate. Sdfish
genes may not have effects on the phenotype, but many of them do. It would
be open to the lexicographers to dam that they intended to confine the
meaning to 'selfish DNA', which redlly does have no phenotypic effects. But
their first supporting quotation, which is from The Selfish Gene, includes
fish genesthat do have phenotypic effects. Far it be from me, however, to
cavil a the honour of being quoted in the Oxfor d English Dictionary!

| have discussed sdfish DNA further in The Extended Phenotype

(pp. 156-64)-

CHAPTER 4
The gene machine

p. 49 Brains may be regarded as anal ogousin function to computers.

Statements like thisworry literd-minded critics. They areright, of course,
that brains differ in many respectsfrom computers. Their internal methods
of working, for instance, happen to be very different from the particular kind
of computersthat our technology has developed. Thisin no way reducesthe
truth of my statement about their being analogousin function. Functionaly,
the brain plays precisdly the role of on-board computer—data processing,
pattern recognition, short-term and long-term data storage, operation
coordination, and so on.

Whilgt we are on computers, my remarks about them have become
oratifyingly—or frighteningly, depending on your vien—dated. | wrote
(p. 48) that ‘you could pack only a few hundred transgstors into a skull.'
Trangistors today are combined in integrated circuits. The number of
trang stor-equivaents that you could pack into a skull today must be up in
thehillions. | dso stated (p. 51) that computers, playing chess, had reached
the standard of agood amateur. Today, chess programsthet begt al but very
serious players are commonplace on cheap home computers, and the best
programs in the world now present a serious chdlenge to grand masters.
Here, for instance, isthe Spectator's chess correspondent Raymond K eene,
in the issue of 7 October 1988:

It is gill something of a sensation when atitled player isbesten by a
computer, but not, perhaps, for much longer. The mogt dangerous
metd mongter 0 far to chalenge the human brain is the quaintly
named 'Deep Thought', no doubt in homage to Douglas Adams.
Deep Thought'slatest exploit has been to terrorise human opponents
in the US Open Championship, held in August in Boston. | gill do
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not have DT's overall rating performance to hand, whichwill be the
acid test of itsachievement in an open Swiss system competition, but |
have seen a remarkably impressive win against the strong Canadian
Igor Ivanov, a man who once defeated Karpov! Watch closely; this
may be the future of chess.

There follows a move-by-move account of the game. This is Keene's
reaction to Deep Thought's Move 22:

A wonderful move... Theideaisto centralisethequeen... and this
concept leads to remarkably speedy success ... The startling out-
come ... Black's queen's wing is now utterly demolished by the
gueen penetration.

lvanov's reply to thisis described as:

A desperatefling, which the computer contemptuously brushesaside
.. The ultimate humiliation. DT ignores the queen recapture,
steering instead for a snap checkmate... Black resigns.

Not only isDeep Thought one of the world'stop chess players. What | find
almost more striking is the language of human consciousness that the
commentator feels obliged to use. Deep Thought ‘contemptuously brushes
aside' Ivanov's'desperatefling’. Deep Thought is described as'aggressive'.
Keene speaks of Ivanov as 'hoping' for some outcome, but his language
shows that he would be equally happy using a word like 'hope’ for Deep
Thought. Personally | rather look forward to a computer program winning
the world championship. Humanity needs alesson in humility.

p. 53 Thereis a civilization 200 light-years away, in the constellation
of Andromeda.

Afor Andromeda and its sequel, Andromeda Breakthrough, are inconsistent
about whether the alien civilization hails from the enormously distant
Andromeda galaxy, or anearer star in the constellation of Andromeda as |

said. Inthefirst novel the planetisplaced 200 light-years away, well within
our own galaxy. In the sequel, however, the same aliens are located in the
Andromedagalaxy, whichisabout 2 million light-yearsaway. Readersof my
page 53 may replace '200" with '2 million' according to taste. For my
purpose the relevance of the story remains undiminished.

Fred Hoyle, the senior author of both these novels, is an eminent
astronomer and the author of my favourite of all sciencefiction stories, The
Black Cloud. The superb scientific insight deployed in his novels makes a
poignant contrast to his spate of more recent books written jointly with
C. Wickramasinghe. Their misrepresenting of Darwinism (as a theory of
pure chance) and their waspish attacks on Darwin himself do nothing to
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as3g ther otherwise intriguing (though implausible) speculations on
interstellar origins of life. Publishers should correct the misgpprehension
that a scholar's digtinction in one field implies authority in another. And as
long asthat misgpprehenson exigs, distinguished scholars should resist the
temptation to abuse it.

p. 55 ... strategies and tricks of the living trade...
Thisgrategic way of taking about ananimd or plant, or agene, asif it were
conscioudy working out how best to increase its success—for ingtance
picturing ‘'maes as high-stake high-risk gamblers, and femdes as sofe
investors (p. 56)—has become commonplace among working biologigts. It
isalanguage of conveniencewhichisharmlessunlessit happenstofal into
the hands of those ill-equipped to understand it. Or over-equipped to
misunderstand it? 1 can, for example, find no other way to meke sense of an
article criticizing The Selfish Genein thejourna Philosophy, by someone
cdled Mary Midgley, which istypified by itsfirst sentence: 'Genes cannot
be «fish or unsdfish, any more than atoms can be jealous, eephants
abgtract or biscuitsteleological.' My oan 'In Defence of Sdfish Genes,ina
subsequent issue of the samejournal, isafull reply to thisincidentaly highly
intemperate and vicious paper. It seems that some people, educationaly
over-endowed with the tools of philosophy, cannot resist poking in their
scholarly apparatuswhereit isn't hepful. | am reminded of P. B. Medawar's
remark about the attractions of "philosophy-fiction' to 'alarge population of
people, often with well-developed literary and scholarly tastes, who have
been educated far beyond their capacity to undertake analytica thought'.

p. 59 Perhaps consciousness arises when the brain's simulation of the
world becomes so completethat it must includea model of itself

| discuss the idea of brains smulating worldsin my 1988 Gifford Lecture,
'Worldsin Microcosm'. | am gill unclear whether it redly can help usmuch
with the deep problem of consciousnessitsdf, but | confessto being pleased
that it caught the attention of Sir Karl Popper in his Darwin Lecture. The
philosopher Daniel Dennett has offered atheory of consciousnessthat takes
the metaphor of computer smulation further. To understand histheory, we
haveto grasp two technical ideasfrom theworld of computers: theideaof a
virtual machine, and the ditinction between serial and pardlel processors.
I'll have to get the explanaion of these out of thewey firg.

A computer is ared machine, hardware in abox. But at any particular
time it is running a program that makes it look like another machine, a
virtua machine. This has long been true of dl computers, but modern
‘user-friendly' computers bring home the point especidly vividly. At the
time of writing, the market leader in user-friendlinessiswiddy agreedto be
the Apple Macintosh. Its successis dueto awired-in suite of programsthat
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meake the rea hardware machine—whose mechanisms are, as with any
computer, forbiddingly complicated and not very compatible with human
intuition— ook like a different kind of machine: avirtua machine, specific-
dly designed to mesh with the human brain and the human hand. The
virtud machine known as the Macintosh User Interface is recognizably a
machine. It has buttonsto press, and dide controlslike ahi-fi set. Butitisa
virtual machine. The buttons and diders are not made of metd or plagtic.

They are pictures on the screen, and you press them or dide them by

moving avirtua finger about the screen. As a human you fed in control,

because you are accustomed to moving things around with your finger. |

have been an intendve programmer and user of awide veriety of digita

computers for twenty-five years, and | can tedtify that using the Macintosh

(or itsimitators) isaquditatively different experiencefrom using any earlier
type of computer. There is an effortless, naturd fed to it, dmogt asif the
virtual machine were an extenson of one's own body. To a remarkable
extent the virtua machine alows you to use intuition instead of looking up

the manual.

| now turn to the other background idea that we need to import from
computer science, theideaof seria and parallel processors. Today'sdigital
computers are mogly serid processors. They have one central calculating
mill, asingle eectronic bottleneck through which al datahaveto passwhen
being manipulated. They can create an illuson of doing many things
smultaneoudy because they are so fast. A serid computer is like a chess
maester 'smultaneoudy’ playing twenty opponents but actudly rotating
around them. Unlike the chess master, the computer rotates so swiftly and
quietly around itstasksthat each human user hastheillusion of enjoying the
computer's exdusve attention. Fundamentally, however, the computer is
attending to its users seridly.

Recently, as part of the quest for ever more dizzying speeds of perform-
ance, engineers have made genuindy parald-processing machines. One
such is the Edinburgh Supercomputer, which | was recently privileged to
vigit. It conggts of apardle array of some hundreds of ‘transputers), each
one eguivaent in power to a contemporary desk-top computer. The
supercomputer works by taking the problem it has been set, subdividing it
into smaller tasks that can be tackled independently, and farming out the
tasks to gangs of transputers. The transputers take the sub-problem away,
glve it, hand in the answer and report for a new task. Meanwhile other
gangs of transputers are reporting in with their solutions, so the whole
supercomputer gets to the final answer orders of magnitude fagter than a
norma seria computer could.

| said that an ordinary serid computer can create an illuson of being a
parale processor, by rotating its 'attention’ aufficiently fag around a
number of tasks. We could say that thereisavirtual parallel processor sitting
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atop serid hardware. Dennett's idea is that the human brain has done
exadtly thereverse. The hardware of the brain isfundamentaly parald, like
that of the Edinburgh machine. And it runs software designed to create an
illuson of serid processing: aseridly processing virtual machineriding on
top of pardle architecture. The sdient fegture of the subjective experience
of thinking, Dennett thinks, is the serid ‘one-thing-after-another’,
‘Joycean’. stream of consciousness. He bdieves that most animals lack this
serid experience, and usebrainsdirectly in their native, parallel-processing
mode. Doubtlessthe human brain, too, usesits pardld architecture directly
for many of the routine tasks of keeping a complicated survivd machine
ticking over. But, in addition, the human brain evolved a software virtud
mechine to mulate the illuson of a seriad processor. The mind, with its
serid stream of consciousness, isavirtud machine, a'user-friendly' way of
experiencing the brain, just as the 'Macintosh User Interface' is a user-
friendly way of experiencing the physical computer inside its grey box.

It is not obvious why we humans needed a sexia virtua machine, when
other pecies seem quite hagppy with their unadorned pardlel machines.
Perhaps there is something fundamentaly seriad about the more difficult
tasksthat awild humaniscaled uponto do, or perhaps Dennett iswrong to
sngleusout. Hefurther believesthat the development of the seria softwere
has been alargely cultura phenomenon, and again it is not obvious to me
why this should be particularly likdy. But | should add thet, at the time of my
writing, Dennett's paper is unpublished and my account is based on
recollections of his 1988 Jacobsen Lecture in London. The reader is
advised to consult Dennett's awn account when it is published, rather than
rely on my doubtless imperfect and impressonisic—maybe even embel-
lished—one.

The psychologist Nicholas Humphrey, too, has developed a tempting
hypothesis of how the evolution of a cgpacity to smulate might have led to
consciousness. In hisbook, The Inner Eye, Humphrey makesaconvincing
case that highly socid animds like us and chimpanzees have to become
expert psychologists. Brains haveto juggle with, and Smulate, many aspects
of theworld. But most aspectsof theworld are pretty Smplein comparison
to brainsthemsdlves. A socia animd livesin aworld of others, aworld of
potential mates, rivals, partners, and enemies. To survive and prosper in
such aworld, you have to become good at predicting what these other
individuds are going to do next. Predicting what is going to happen in the
inanimateworld isapiece of cake compared with predicting what isgoing to
happen in the socid world. Academic psychologists, working scientifically,
aren't redly very good at predicting human behaviour. Socia companions,
using minute movements of the fadd muscles and other subtle cues, are
often agtonishingly good a reading minds and second-guessing behaviour.
Humphrey bdievesthat this'natural psychologicd' skill hasbecome highly
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evoved in socid animas, dmog like an extra eye or other complicated
organ. The'inner eye' isthe evolved socid-psychological organ, just asthe
outer eyeisthevisud organ.

Sofar, | find Humphrey's reasoning convincing. He goeson to argue that
theinner eyeworks by sdlf-ingpection. Each anima looksinwardsto itsoan
fedings and emotions, as a means of understanding the fedings and
emotionsof others. The psychologica organ worksby self-ingpection. | am
not so surewhether | agreethat thishel psusto understand consciousness,
but Humphrey is a graceful writer and hisbook is persuasive.

p. 60 A gene for altruistic behaviour....

People sometimes get dl upset about genes for' dtruism, or other
gpparently complicated behaviour. They think (wrongly) that in Some sense
the complexity of the behaviour must be contained within the gene. How
cantherebeasngle genefor dtruism, they ask, when al that agenedoesis
encode one protein chain? But to speak of agene 'for' something only ever
meansthat achangein the gene causesachangein the something. A single
gendtic difference, by changing some detail of the moleculesin cells, causesa
differencein the dready complex embryonic processes, and hencein, say,
behaviour.

For instance, amutant genein birds 'for' brotherly atruismwill certainly
not be soldy responsiblefor an entirely new complicated behaviour pattern.
Instead, it will alter some dready existing, and probably aready compli-
cated, behaviour pattern. The most likdly precursor in this caseis parenta
behaviour. Birdsroutindy have the complicated nervous apparatus needed
tofeed and carefor their own offspring. Thishas, inturn, been built up over
many generations of dow, step-by-step evolution, from antecedents of its
own. (Incidentally, sceptics about genes for fraternd care are often incon-
sgtent: why aren't they just as sceptical about genesfor equaly complicated
parental care?) The pre-existing behaviour pattern—parenta care in this
case—will be mediated by a convenient rule of thumb, such as 'Feed dl
squawking, gaping things in the nest' The gene ‘for feeding younger
brothersand sisters could work, then, by accelerating the age at which this
rule of thumb matures in development. A fledgling bearing the fraterna
geneasanew mutation will Smply activateits'parental’ rule of thumb alittle
earlier than anorma bird. 1t will treat the squawking, ggping thingsin its
parents nes—itsyounger brothersand ssters—asif they were squawking,
gaping things in its oan nest—its children. Far from being a brand new,
complicated behaviourad innovation, ‘fraternal behaviour' would origindly
arise as a dight variant in the devdopmenta timing of aready-exigting
behaviour. Asso often, falacies arise when we forget the essentia gradual-
ism of evolution, the fact that adaptive evolution proceeds by small, step-by-
gep dterations of pre-existing structures or behaviour.



282 Endnotes to chapter 4

p. 61 Hygienic bees

If theorigind book had had footnotes, one of them would have been devoted
to explaning—as Rothenbuhler himsdf scrupuloudy did—that the bee
results were not quite so neat and tidy. Out of the many colonies that,
according to theory, should not have shown hygienic behaviour, one
neverthdess did. In Rothenbuhler's own words, 'We cannot disregard this
result, regardiess of how much we would like to, but we are basng the
genetic hypothesison the other data.' A mutation in the anomaous colony is
apossible explanation, though it is not very likdly.

p. 63 This is the behaviour that can be broadly labelled commun-
ication.

I now find mysdf disstisfied with thistreatment of anima communication.
John Krebs and | have argued in two articles that most anima sgnals are
best seen asneither informative nor deceptive, but rather asmanipulative. A
dgnd isameans by which one anima makes use of another animal'smuscle
power. A nightingale's song is not information, not even deceitful informa-
tion. It is persuasve, hypnotic, spelbinding oratory. This kind
of argument istakento itslogical concluson in The Extended Phenotype,
part of which | have abridged in Chapter 13 of this book. Krebs and |
arguetha dgnasevave from aninterplay of what we cal mind-reading and
manipulation. A dartlingly different approach to the whole matter
of anima dgnds is that of Amotz Zahavi. In a note to Chapter 9, |
discuss Zahavi's views far more sympatheticdly than in the firgt edition
of thisbook.

CHAPTER 5
Aggression: stability and the sdfish machine

p. 69 ... evolutionarily stable strategy. . .

I now like to express the essentia idea of an ESS in the following more
economical way. An ESSisadraegy that doeswell againgt copiesof itsdf.
The rationde for this is as fdlowns A successful drategy is one that
dominates the population. Therefore it will tend to encounter copies of
itsdf. Thereforeit won't day successul unlessit doeswdl againg copies of
itsdf. This definition is not o mathematicaly precise as Maynard Smith's,
and it cannot replace his definition because it is actudly incomplete. But it
does have the virtue of encapsulating, intuitively, the basic ESSidea.
The ESSway of thinking has become more widespread among biologists

now than when this chapter was written. Maynard Smith himsdf has
summarized developments up to 1982 in hisbook Evol ution and the Theory of
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Games. Geoffrey Parker, another of theleading contributorsto thefied, has
written adightly more recent account. Robert Axelrod's The Evol ution of
Cooperation makes use of ESStheory, but | won't discussit here, Snce one
of my two new chapters, ‘Nice guys finish fird, is largdy devoted to
explaining Axdrod's work. My own writings on the subject of ESS theory
dnce the firgt edition of this book are an article cadled '‘Good Strategy or
Evolutionarily Stable Strategy?, and the joint papers on digger wasps
discussed below.

p. 74 ... retaliator emerges as evolutionarily stable.

This statement, Unfortunatdy, was wrong. There was an error in the
origind Maynard Smith and Price paper, and | repeated it in this chapter,
even exacerbating it by making the rather foolish statement that prober-
retaliator is'almost’ an ESS (if adtrategy is'amost' an ESS, thenitisnot an
ESS and will be invaded). Retdiator looks supeficdly like an ESS
because, in a population of retaliators, no other strategy does better. But
dove does equdly well since, in a population of retaliators, it is indis-
tinguishable in its behaviour from retaliator. Dove therefore can drift into
the population. It iswhat happensnext that isthe problem. J. S. Galeand the
Revd L .J. Eaves did a dynamic computer Smulation in which they took a
population of mode animals through a large number of generations of
evolution. They showed that the true ESS in this game is in fact a stable
mixture of hawks and bullies. This is not the only error in the early ESS
literature that has been expased by dynamic treatment of thistype. Another
nice example is an error of my own, discussed in my notesto Chapter 9.

p. 75 Unfortunately, me know too little at present to assign realistic
number sto the costs and benefits of various outcomesin nature.

We now have some good field measurements of costs and benefitsin nature,
which have been plugged into particular ESS models. One of the best
examples comes from great golden digger waspsin North America. Digger
wagps are not the familiar socid wasps of our autumn jam-pots, which are
neuter femaesworking for acolony. Each femde digger wasp ison her own,
and shedevotes her lifeto providing shelter and food for asuccession of her
larvee. Typicdly, afemde beginsby digging along bore-holeinto the earth,
at the bottom of which isahollowed-out chamber. Shethen sets off to hunt
prey (katydids or long-horned grasshoppers in the case of the great golden
digger wasp). When she finds one she stings it to pardyse it, and drags it
back into her burrow. Having accumulated four or five katydids shelaysan
€egg on the top of the pile and sedls up the burrow. The egg hatchesinto a
larva, which feeds on the katydids. The point about the prey being pardysed
rather than killed, by theway, isthat they don't decay but are eaten diveand
are therefore fresh. It was this macabre habit, in the related Ichneumon
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wagps, that provoked Darwin to write: 'l cannot persuade mysdf that a
beneficent and omnipotent God would have designedly crested the Ich-
neumonidae with the express intention of their feeding within the living
bodies of Caterpillars ..." He might as wdl have used the example of a
French chef bailing lobsters dive to preserve the flavour. Returning to the
life of the femde digger wasp, it is a solitary one except that other femdes
are working independently in the same area, and sometimes they occupy
one another's burrows rather than go to the trouble of digging anew one.
Dr Jane Brockmann is a sort of wasp equivadent of Jane Goodal. She
came from America to work with me a Oxford, bringing her copious
records of dmog every event in the life of two entire populations of
individualy identified femae wasps. These records were so complete that
individua wasp time-budgets could be drawn up. Time is an economic
commodity: the more time spent on one part of life, the lessis avalable for
other parts. Alan Grafen joined the two of us and taught us how to think
correctly about time-costs and reproductive benefits. We found evidence
for atrue mixed ESSin agame played between femaewaspsin apopul ation
in New Hampshire, though we faled to find such evidence in another
population in Michigan. Briefly, the New Hampshire wasps either Dig thelr
own nedts or Enter a nest that another wasp has dug. According to our
interpretation, wagps can benefit by entering because some nests are
abandoned by their origind diggers and are reusable. It does not pay to
enter anest that is occupied, but an enterer has no way of knowing which
nests are occupied and which abandoned. Sherunstherisk of going for days
in double-occupation, a the end of which she may come home to find the
burrow sedled up, and dl her eforts in vain—the other occupant has laid
her egg and will reap the bendfits. If too much entering is going on in a
population, avalable burrows become scarce, the chance of double-
occupation goes up, and it therefore pays to dig. Conversdy, if plenty of
wagps aredigging, the high availability of burrowsfavoursentering. Thereis
a critical frequency of entering in the population at which digging and
entering are equaly profitable. If the actua frequency is below the critical
frequency, natural selection favours entering, because thereisagood supply
of available abandoned burrows. If the actud frequency is higher than the
critical frequency, there is a shortage of available burrows and natural
sdection favoursdigging. So abaanceismaintained in the population. The
detailed, quantitative evidence suggeststhat thisis atrue mixed ESS, each
individud wasp having a probability of digging or entering, rather than the
population containing amixture of digging and entering specidigts.

p. 79 The neatest demonstration | know of this form of behavioural
asymmetry.
An even clearer demondration than Tinbergen's of the ‘resident dways
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wins phenomenon comes from N. B. Davies's research on speckled wood
butterflies. Tinbergen's work was done before ESS theory was invented,
and my ESS interpretation in the firgt edition of this book was made with
hindsight. Davies conceived his butterfly study in the light of ESS theory.
He noticed that individua male butterfliesin Wytham Wood, near Oxford,
defended patches of sunlight. Females were attracted to sun patches, so a
sun patch was a vauable resource, something worth fighting over. There
were more maes than sun patches and the surplus waited their chance in
the leefy canopy. By catching maes and rel easing them one &fter the other,
Davies showed that whichever of two individuals was released first into a
sun patch wastreated, by both individuas, asthe 'owner'. Whichever mae
arrived second in the sun patch was treated as the 'intruder'. Theintruder
adways without exception, promptly conceded defeet, leaving the owner in
solecontrol. Inafinal coup de grace experiment, Daviesmanaged to 'fool'
both butterflies into ‘thinking' that they were the owner and the other was
the intruder. Only under these conditions did aredly serious, prolonged
fight bresk out. By the way, in dl those cases where, for smplicity, | have
spoken as though there was a Sngle pair of butterflies there was redly, of
course, agatisticad sample of pairs.

p. 81 Paradoxical ESS

Another incident that conceivably might represent a paradoxica ESS was
recorded in aletter to The Times (of London, 7 December 1977) fromaMr
James Dawson: 'For someyears| have noticed that agull using aflag poleas
avantage point invariably makesway for another gull wishing to alight onthe
post and this irrespectively of the sze of the two birds.’

The mogt stidying example of a paradoxicd drategy known to me
involves domestic pigs in a Skinner box. The srategy is stable in the same
sense as an ESS, but it is better cdled a DSS (‘developmentaly stable
Srategy’) because it arises during the animals own lifetimes rather than
over evolutionary time. A Skinner box is an apparatus in which an animd
learns to fead itsdlf by pressng a lever, food then being automaticaly
delivered down a chute. Experimental psychologigts are accustomed to
putting pigeons or rats in smal Skinner boxes, where they soon learn to
pressddicatelittleleversfor afood reward. Pigs can learn the samethingin
ascaled-up Skinner box with avery indelicate snout-lever (I saw aresearch
film of thismany yearsago and | wdl recall dmogt dying of laughter). B. A.
Bddwin and G. B. Meesetrained pigsin a Skinner gy, but thereisan added
twig to the tale. The snout-lever was a one end of the y; the food
dispenser at the other. So the pig had to pressthelever, then race up to the
other end of the gty to get the food, then rush back to the lever, and so on.
Thissoundsal very well, but Badwin and Meese put pairsof pigsintothe
apparatus. It now became possible for one pig to explait the other. The
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'dave' pig rushed back and forth pressing the bar. The'master' pig sat by the
food chute and ate the food as it was dispensed. Pairs of pigs did indeed
settle down into agtable 'master/dave’ pattern of thiskind, oneworking and
running, the other doing most of the eating.

Now for the paradox. The labels 'master' and 'dave’ turned out to be dl
topsy-turvy. Whenever apair of pigs settled down to astable pattern, the pig
that ended up playing the 'master’ or 'exploiting' rolewasthe pig that, in all
other ways, was subordinate. The so-cdled 'dave pig, the one that did dl
thework, wasthe pig that was usudly dominant. Anybody knowing the pigs
would have predicted that, on the contrary, the dominant pig would have
been the master, doing most of the eating; the subordinate pig should have
been the hard-working and scarcely-eating dave.

How could this paradoxicd reversd aise? It is essy to understand, once
you gtart thinking in terms of stable strategies. AH that we haveto doisscde
the idea down from evolutionary time to developmentd time, thetime-scale
on which ardationship between two individuas develops. The strategy 'If
dominant, St by the food trough; if subordinate, work the lever' sounds
sensble, but would not be stable. The subordinate pig, having pressed the
lever, would come sprinting over, only to find the dominant pig with its front
feet firmly in the trough and impossible to didodge. The subordinate pig
would soon give up pressing the lever, for the habit would never be
rewarded. But now consder the reverse strategy: 'If dominant, work the
lever; if subordinate, Sit by the food trough.” This would be stable, even
though it hasthe paradoxical result that the subordinate pig gets most of the
food. All that is necessary is that there should be some food left for the
dominant pig when he charges up from the other end of the Sy. Assoon as
he arrives, he has no difficulty in tossing the subordinate pig out of the
trough. Aslong asthereisacrumb left to reward him, his habit of working
the lever, and thereby inadvertently suffing the subordinate pig, will persist.
And the subordinate pig's habit of reclining idly by the trough is rewarded
too. Sothewhole'strategy’, 'If dominant behaveasa'"dave’, if subordinate
behave asa"master” . isrewarded and therefore stable.

p. 82 ... akind of dominance hierarchy [in crickets]. ..

Ted Burk, then my graduate student, found further evidence for thiskind of
pseudo-dominance hierarchy in crickets. He dso showed that a mde
cricket ismore likdy to court femdesif he has recently won afight against
another mae. This should be cdled the 'Duke of Marlborough Effect’,
after the fallowing entry in the diary of the first Duchess of Marlborough:
'His Grace returned from the wars today and pleasured metwicein histop-
boots.' An dternative name might be suggested by the following report from
the magazine New Scientist about changes in levels of the masculine
hormone testosterone: 'Levels doubled in tennis players during the 24
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hours before abig match. Afterwards, thelevelsin winners stayed up, but in
losersthey dropped.’

p. 84 ... the ESS concept as one of the most important advances in
evolutionary theory since Darwin.

Thissentenceisabit over thetop. | was probably over-reacting to thethen
prevaent neglect of the ESSideain the contemporary biological literature,
especidly in America Theterm does not occur anywherein E. O. Wilson's
massive Sociobiology, for instance. It isneglected no longer, and | can now
takeamorejudiciousand less evangdica view. You don't actudly haveto
use ESSlanguage, provided you think dearly enough. But itisagreat aid to
thinking clearly, especidly in those cases—whichin practiceismost cases—
where detailed genetic knowledge is not available. It is sometimes said that
ESS modds assume that reproduction is asexud, but this statement is
mideading if taken to mean a pogtive assumption of asexud as opposed to
sexud reproduction. The truth is rather that ESS models don't bother to
commit themsdlves about the details of the genetic sysem. Instead they
assume that, in some vague sense, like begetslike. For many purposesthis
assumptionisadequate. Indeed its vagueness can even be beneficid, sinceit
concentrates the mind on essentials and away from details, such as genetic
dominance, which areusudly unknownin particular cases. ESSthinking is
mogt ussful in a negative role; it helps us to avoid theoretical errors that
might otherwise tempt us.

p, 86 Progressive evol ution may be not so much a steady upward climb
asaseriesof discrete stepsfromstable plateau to stable plateau.

This paragraph is afar summary of one way of expressng the now well-
known theory of punctuated equilibrium. | am ashamed to say that, when |
wrote my conjecture, |, like many biologists in England at the time, wes
totaly ignorant of that theory, dthough it had been published three years
earlier. | have since, for instance in The Blind Watchmaker, become
somewha petulant—perhaps too much so—over the way the theory of
punctuated equilibrium has been oversold. If this has hurt anybody's
fedings, | regret it. They may liketo notethat, at least in 1976, my heart was
in the right place.
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CHAPTER 6
Genesmanship

p. 90 . .. | have never been able to understand why they have been so
neglected...

Hamilton's 1964 papers are neglected no longer. The higtory of their earlier
neglect and subsequent recognition makes an interesting quantitetive sudy in
itsonn right, acase sudy in theincorporation of a'meme' into the meme pool.
| trace the progress of this meme in the notes to Chapter 11.

p. 90 ... | shall assume that we are talking about genes that are
rare...

The device of assuming that we are talking about agene that israrein the
population as a whole wes a bit of a chest, to make the measuring of
relatedness easy to explain. One of Hamilton's main achievements was to
show that hiscondusionsfdlow regardless of whether the gene concernedis
rare or common. Thisturnsout to be an aspect of the theory that peoplefind
difficult to understand.

The problem of measuring relatedness trips many of us up in the
following way. Any two members of a species, whether they belong to the
same family or not, usudly share more than 90 per cent of their genes.
What, then, arewe talking about when we spesk of the rel atedness between
brothersasi, or between first cousinsasi? Theanswer isthat brothersshare
1/2 of their genesaver and above the 90 per cent (or whetever it is) that dl
individudssharein any case. Thereisakind of basdine rel atedness, shared
by dl membersof agpecies; indeed, to alesser extent, shared by members of
other species. Altruiam isexpected towardsindividualswhose relatednessis
higher than the basdline, whatever the basdline happens to be.

In the firgt edition, | evaded the problem by using the trick of talking
about rare genes. This is correct as far as it goes, but it doesn't go far
enough. Hamilton himsaf wrote of genes being 'identical by descent', but
this presents difficulties of its own, as Alan Grafen has shown. Other writers
did not even acknowledge that there was a problem, and Smply spoke of
absolute percentages of shared genes, which isa definite and positive error.
Such cardess tak did lead to serious misunderstandings. For instance a
distinguished anthropologigt, in the course of a bitter attack on 'sociobio-
logy' publishedin 1978, tried to argue that if wetook kin selection serioudy
we should expect dl humansto be dtruistic to one another, sncedl humans
share more than 99 per cent of their genes. | have given abrief reply to this
error in my Twelve Misunderstandings of Kin Sdection' (it rates as
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Misunderstanding Number 5). The other deven misunderstandings are
worth alook, too.

Alan Grafen gives what may be the definitive solution to the problem of
messuring relatednessin his'Geometric View of Relatedness, which | shdll
not attempt to expound here. And in another paper, ‘Natural Sdlection, Kin
Sdection and Group Sdlection’, Grafen clears up a further common and
important problem, namely the widespread misuse of Hamilton's concept of
‘inclusvefitness. Hedso tellsusthe right and wrong way to calculate costs
and benefits to genetic relatives.

p. 93 ... armadillos... it would be well worth somebody's while going
out to South America to have a look.

No developments are reported on the armadillo front, but some spectacular
new facts have come to light for another group of ‘cloning’ animas—
gphids. It haslong been known that gphids (e.g. greanfly) reproduce asexudly
aswdl ass=xudly. If you seeacrowd of gphids on aplant, the chances are that
they areal members of anidentical femde clone, while those on the next-
door plant will be members of a different clone. Theoreticdly these
conditions are idedl for the evolution of kin-sdected dtruism. No actua
ingtances of gphid atruism were known, however, until sterile 'soldiers
were discovered in aJapanese species of aphids by Shigeyuki Aoki, in 1977,
just too late to appear in thefirst edition of thisbook. Aoki has since found
the phenomenon in a number of different species, and has good evidence
that it has evolved at least four times independently in different groups of
aphids.

Briefly, Aoki's gory isthis. Aphid 'soldiers are an anatomicdly distinct
caste, just asdigtinct asthe castes of traditional socid insectslike ants. They
are larvee that do not mature to full adulthood, and they are therefore
gerile. They neither look nor behave like their non-soldier larva con-
temporaries, towhom they are, however, geneticallyidenticd. Soldiersare
typicdly larger than non-soldiers; they have extra-big front legswhich meke
them look amaost scorpion-like; and they have sharp horns pointing forward
from the head. They usethese wegponsto fight and kill would-be predators.
They often diein the process, but even if they don'tit istill correct to think
of them as gendticdlly 'altruistic’ because they are sterile.

Interms of sdfish genes, what is going on here? Aoki does not mention
precisdy what determines which individuals become sterile soldiers and
which become normal reproductive adults, but we can sefdy say that it must
be an environmentd, not a genetic difference—obvioudy, since the gerile
soldiers and the norma gphids on any one plant are geneticdly identical.
However, there must be genes for the capacity to be environmentaly
switched into either of the two developmenta pathways. Why has natura
sdection favoured these genes, even though some of them end up in the
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bodies of sterile soldiers and are therefore not passed on? Because, thanks
to the soldiers, copies of those vary same genes have been saved in the
bodies of the reproductive non-soldiers. Therationdeisjust the same asfor
al socid insects (see Chapter 10), except that in other socid insects, such as
ants or termites, the genes in the gterile 'atruists have only a statistical
chance of hel ping copies of themselvesin non-gterile reproductives. Aphid
atruistic genes enjoy certainty rather than statistica likelihood since gphid
soldiers are clone-mates of the reproductive sisters whom they benefit. In
some respects Aoki's gphids provide the neatest red-lifeillustration of the
power of Hamilton'sidess.

Should aphids, then, be admitted to the exdusve club of truly socid
insects, traditiondly the bagtion of ants, bees, wagps and termites?
Entomological consarvetives could blackbdl them on various grounds.
They lack a long-lived dd queen, for instance. Moreover, being a true
clone, the gphids are no more'socia’ than the cdlls of your body. Thereisa
sngle anima feeding on the plant. It just happens to have its body divided
up into phydcdly separate aphids, some of which play a specidized
defengve role just like white blood corpusclesin the human body. ‘True'
socid insects, the argument goes, cooperatein spite of not being part of the
same organism, whereas Aoki's gphids cooperate because they do belong to
the same 'organism’. | cannot get worked up about this semantic issue. It
seemsto me that, S0 long as you understand what is going on among ants,
gphids and human cells, you should be e liberty to cdl them socid or not, as
you please. As for my own preference, | have reasons for caling Aoki's
aphids socid organisms, rather than parts of a sngle organism. There are
crucid properties of a single organism which a sngle aphid possesses, but
which aclone of aphidsdoesnot possess. The argument isspdled out in The
Extended Phenotype, in the chapter cdled 'Rediscovering the Organism’, and
aso in the new chapter of the present book cdled 'The Long Reach of the
Gene'.

p. 94 Kin selectionisemphatically not a special case of group selection.

The confuson over the difference between group sdection and kin
sdection has not disappeared. It may even have got worse. My remarks
gand with redoubled emphasis except that, by a thoughtless choice of
words, | introduced a quite separate fdlacy of my own a thetop of page 102
of the firgt edition of thisbook. | sad in the origind (it is one of the few
things | have dtered in the text of this edition): "We dmply expect that
second cousins should tend to receive 1/16 as much dtruism as offpring or
sblings.' AsS. Altmann haspointed out, thisis obvioudy wrong. It iswrong
for areason that has nothing to do with the point | wastrying to argue at the
time. If an dtruistic animd hasacaketo giveto rddives, thereisno reason
at dl for it to give every relative adice, the size of the dices being determined
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by the closeness of relatedness. Indeed, thiswould lead to absurdity sncedl
members of the gpecies, not to mention other species, are at least distant
relativeswho could therefore each claim a carefully measured crumb! On
the contrary, if thereisacloserdative in the vicinity, thereisno reason to
giveadistant rlative any cake et al. Subject to other complicationslike lavs
of diminishing returns, the whole cake should be given to the closest rdldtive
avallable What | of course meant to say was 'We smply expect that second
cousins should be 1/16 aslikdly to receive dtruism as offspring or siblings (p.
94), and thisiswhat now stands.

p. 94 He deliberately excludes offspring: they don't count askin!

| expressed the hope that E. O. Wilson would change his definition of kin

sdectionin futurewritings, so asto include offpring as'kin'. | am hgppy to
report that, in his On Human Nature, the offending phrase, ‘other than

offsoring, has indeed—I am not claming any credit for this—been

omitted. He adds, 'Although kin are defined so as to include offspring,

theterm kin sdlectionisordinarily used only if at least some other relatives,

such asbrothers, sigters, or parents, are o affected.’ Thisisunfortunately
an accurate statement about ordinary usage by biologists, which Smply

reflects the fact that many biologists till lack a gut understanding of what

kin sdection is fundamentally dl about. They still wrongly think of it as

something extraand esoteric, over and above ordinary 'individua selection'.
It isn't. Kin sdection follows from the fundamenta assumptions of neo-

Darwinism as night follows day.

p. 96 But what a complicated calculation...

The fdlacy that the theory of kin selection demands unredlistic feats of
caculation by animas is revived without abatement by successve genera-
tions of students. Not just young students, either. The Use and Abuse of
Biology, by the distinguished socid anthropologist Marshall Sahlins,
could be left in decent obscurity had it not been hailed as a ‘withering
attack' on 'sociobiology’. The following quotation, in the context of
whether kin selection could work in humans, is amost too good to be
true:

In passing it needsto beremarked that the episgemological problems
presented by alack of linguistic support for calculating r, coefficients
of relaionship, amount to a serious defect in the theory of kin
sdection. Fractions are of very rare occurrence in the world's
languages, appearing in Indo-European and in the archaic civiliza:
tions of the Near and Far Eagt, but they are generdly lacking among
the so-cdled primitive peoples. Hunters and gatherers generdly do
not have counting systems beyond one, two, and three. | refrain from
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comment on the even greater problem of how animasare supposed to
figure out how that r [ego, first cousing = 1/8.

Thisisnot thefirst time | have quoted this highly reveding passage, and |
may as wel quote my own rather uncharitable reply to it, from Twelve
Misunderstandings of Kin Selection'.

A pity, for Sahlins, that he succumbed to the temptation to 'refrain
from comment' on how animals are supposed to ‘figure out' r. The
very absurdity of theidea he tried to ridicule should have set mentdl
darmbdlsringing. A snal shdll isan exquiditelogarithmic spird, but
where doesthe snail keep itslog tables; how indeed doesit read them,
sncethelensinitseyelacks'linguistic support' for calculating m, the
coefficient of refraction? How do green plants ‘figure out' the formula
of chlorophyll?

The fact is that if you thought about anatomy, physology, or dmost any
agpect of biology, not just behaviour, in Sahlinssway you would arriveat his
same non-existent problem. The embryologicd development of any hit of
an animd's or plant's body requires complicated mathematics for its
complete description, but this does not mean that the anima or plant must
itself beadever mathematician! Vey tal treesusudly have huge buttresses
flaring out like wings from the base of their trunks. Within any one species,
the taller the tree, the rdatively larger the buttresses. It is widdy accepted
that the shape and sze of these buttresses are close to the economic
optimum for keeping the tree erect, dthough an engineer would require
quite sophigticated mathematics to demongtrate this. It would never occur
to Sahlins or anyone else to doubt the theory underlying buttresses Smply
on the grounds that trees lack the mathematicad expertise to do the
cdculations. Why, then, raise the problem for the specid case of kin
sdected behaviour? It can't be because it is behaviour as opposed to
anatomy, because there are plenty of other examples of behaviour (other
than kin-selected behaviour, | mean) that Sahlins would cheerfully accept
without raising his 'epistemologica’ objection; think, for instance, of my
own illugtration (p. 96) of the complicated caculations thet in some sense
we dl must do whenever we catch abal. One cannot help wondering: are
there sodid scientists who are quite happy with the theory of natural
sHection generdly but who, for quite extraneous reasons that may have
roots in the higtory of their subject, desperately want to find something—
anything—wrong with the theory of kin sel ection specifically}
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p. 99 ... we have to think how animals might actually go about
estimating who their closerelations are... We know who our relations
are because we are told...

The whole subject of kin recognition has taken off in abig way since this
book waswritten. Animas, including oursalves, seem to show remarkably
subtle abilitiesto discriminate relatives from nonrdltives, often by smell. A
recent book, Kin Recognitionin Animals, summarizeswhat is now known.
The chapter on humans by Pamda Wells shows that the statement above
(‘We know who our relations are because we are told) needs to be
supplemented: there is at least circumgtantia evidence that we are cgpable
of using various nonverbd cues, including the smel of our relatives swest.
Thewhole subject is, for me, epitomized by the quotation with which she
begins:

al good kumradsyou can tell

by their dtruigtic smdll

e e aummings
Rdatives might need to recognize one another for reasons other than

atruism. They might aso want to strike abal ance between outbreeding and
inbreeding, aswe shdl see in the next note.

p. 99 ... the injurious effects of recessive genes which appear with
inbreeding. {For some reason many anthropologists do not like this
explanation.)

A letha gene is one that kills its possessor. A recessive letha, like any
recessive gene, doesn't exert its effect unlessit isin double dose. Recessive
lethals get by in the gene pool, because most individuas possessing them
have only one copy and therefore never suffer the effects. Any givenletha is
rare, becauseif it ever gets common it meets copies of itsalf and kills off its
carriers. There could nevertheless belots of different types of lethal, sowe
could ill al beriddled with them. Etimates vary asto how many different
onesthere arelurking in the human gene pool. Some books reckon as many
as two lethds, on average, per person. If a random mae mates with a
random female, the chances are thet hislethalswill not match hersand their
children will not suffer. But if abrother mateswith asister, or afether witha
daughter, things are ominoudy different. However rare my lethal recessives
may be in the population & large, and however rare my sister's lethd
recessives may be in the population at large, there is a disquietingly high
chancethat hers and mine arethe same. If you do the sums, it turns out that,
for every lethal recessvethat | possess, if | mate with my sister onein eight
of our offoring will be born dead or will die young. Incidentally, dying in
adolescenceiseven more'lethal’, gendticadly spesking, than dying at birth: a
dtillborn child doesn't waste so much of the parents vitd time and
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energy. But, whichever way you look at it, close incest is not just mildly
deleterious. It is potentidly catastrophic. Selection for active incest-
avoidance could be as strong as any sdection pressure that has been
measured in nature.

Anthropologigs who object to Darwinian explanations of incest-
avoidance perhaps do not redize what a strong Darwinian case they are
opposing. Their arguments are sometimes so week as to suggest desperate
specia pleading. They commonly say, for instance: 'If Darwinian selection
had redly built into us an inginctive revuldon againgt incest, we wouldn't
need to forbid it. The taboo only grows up because people have incestuous
lusts. Sotheruleagaing incest cannot have a"biologica" function, it must
be purdly "social”.' This objection is rather like the fallowing: 'Cars don't
need locks on the ignition switch because they have locks on the doors.
Thereforeignition locks cannot be anti-theft devices; they must have some
purely ritua significance!" Anthropologists are dso fond of stressing that
different cultures have different taboos, indeed different definitions of
kinship. They seem to think that this, too, undermines Darwinian aspira
tions to explain inces-avoidance. But one might as well say that sexud
desire cannot be a Darwinian adaptation because different cultures prefer
to copulatein different positions. It ssemsto me highly plausible that incest-
avoidance in humans, no less than in other animds, is the consequence of
strong Darwinian sdlection.

Not only isit abad thing to mate with those genetically too closeto you.
Too-distant outbreeding can aso be bad because of genetic incompatibi-
lities between different strains. Exactly where the ided intermediate fdlsis
not eesy to predict. Should you mate with your firgt cousin? With your
second or third cousin? Patrick Bateson has tried to ask Japanese quail
wheretheir own preferenceslie dong the spectrum. In an experimentd set-
up caled the Amsterdam Apparatus, birds were invited to choose among
members of the opposte sex arayed behind miniature shop-windows.
They preferred firg cousins over both full sblings and unrelated birds.
Further experiments suggested that young quail learn the attributes of their
clutch-companions, and then, later in life, tend to choose sexud partners
that are quite like their clutch-mates but not too like them.

Quall, then, s/em to avoid incest by their own internal lack of desire for
those with whom they have grown up. Other animds do it by observing
socid laws, soddly imposed rules of dipersd. Adolescent mae lions, for
ingtance, are driven out of the parental pride wherefemderdaivesremain
to tempt them, and breed only if they manage to usurp another pride. In
chimpanzee and gorillasocietiesit tendsto be the young femaeswho leave
to seek mates in other bands. Both dispersal patterns, as wel as the
quail's system, are to be found among the various cultures of our own

Species.
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p. 103 Since [ cuckoo hosts] are not in danger of being parasitized by
members of their own species...

Thisis probably true of most species of birds. Neverthel ess, we should not
be surprised to find some birds parasitizing nests of their own species. And
the phenomenon is, indeed, being found in an increasing number of
species. Thisisespecidly so now that new molecular techniquesare coming
in for establishing who isrelated to whom. Actudly, the sdifish gene theory
might expect it to happen even more often than we o far know.

p. 105 Kinselectionin lions

Bertram's emphasis on kin sdection as the prime mover of cooperation in
lions has been chdlenged by C. Packer and A. Pusey. They dam that in

many prides the two mae lions are not related. Packer and Pusey suggest
that reciprocd dtruismisat least aslikely askin selection asan explanation
for cooperation in lions. Probably both sdes are right. Chapter 12
emphasizes that reciprocation (‘Tit for Tat") can evalve only if a critical

quorum of reciprocators can initidly be mustered. This ensures that a
would-be partner has a decent chance of being a reciprocator. Kinship is
perhaps the mogt obviousway for thisto happen. Relatives naturaly tend to
resemble one another, so even if the critical frequency is not met in the
population a large it may be met within the family. Perhaps cooperation

in lions got its start through the kin-effects suggested by Bertram, and

this provided the necessary conditions for reciprocation to be favoured.

The disagreement over lions can be settled only by facts, and facts, as
ever, tdl us only about the particular case, not the general theoretical

argument.

p. 105 If C is my identical twin ...

Itisnow widdy understood that an identical twin istheoreticaly asvauable
to you as you are to yoursdf—as long as the twin redly is guaranteed
identical. What is not so widdy understood is that the same is true of a
guaranteed monogamous mother. If you know for certain that your mother
will continue to produce your father's children and only your father's
children, your mother isasgeneticaly vauableto you asanidentical twin, or
as yoursdf. Think of yoursdf as an offspring-producing machine. Then
your monogamous mother is a (full) sibling-producing machine, and full
shlings are as geneticaly vauable to you as your own offspring. Of course
thisneglectsall kindsof practica consderations. For instance, your mother
is older than you, though whether this makes her a better or worse bet for
future reproduction than you yoursdf depends on particular circum-
dances—we can't give agenerd rule.

That argument assumesthat your mother can berelied upon to continue
producing your father's children, as opposed to some other mal€e's children.
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The extent to which she can berelied upon depends upon the mating system
of the gpecies. If you areamember of ahabitually promiscuous species, you
obvioudy cannot count on your mother's offgpring being your full siblings.
Even under idedly monogamous conditions, there is one gpparently
inescgpable condderation that tends to make your mother aworse bet than
you are yoursdf. You father may die. With the best will in theworld, if your
father is dead your mother can hardly be expected to go on producing his
children, can she?

Well, asamatter of fact she can. The circumstances under which thiscan
happen are obvioudy of greet interest for the theory of kin selection. As
mammals we are used to the idea that birth follows copulation after a fixed
and rather short interval. A human mae can father young posthumoudy,
but not after he has been dead longer than nine months (except with thead
of deep-freezing in asperm-bank). But there are severd groups of insectsin
which afemde stores sperm ingde hersdlf for the whole of her life, eking it
out to fertilize eggs asthe years go by, often long years after the desth of her
mate. If you are amember of agpeciesthat doesthis, you can potentidly be
redly very sure that your mother will continue to be agood 'genetic bet'. A
femde ant mates only in asingle mating flight, early in her life. Thefemde
then loses her wings and never mates again. Admittedly, in many ant species
the femde mateswith severd maes on her mating flight. But if you happen
to belong to one of those species whose femaes are dways monogamous,
you redly can regard your mother asat least asgood agenetic bet asyou are
yoursdlf. The great point about being a young ant, as opposed to a young
mammadl, is that it doesn't matter whether your father is dead (indeed, he
amog certainly isdead!). You can be pretty surethat your father's sperm are
living on after him, and that your mother can continue to maeke full sblings
for you.

It follows that, if we are interested in the evolutionary origins of sbling
careand of phenomenaliketheinsect soldiers, we should look with specid
attention towards those speciesin which femdes store sperm for life. Inthe
cae of ants, bees, and wasps there is, as Chapter 10 discusses, a gpecid
genetic peculiarity—haplodiploidy—that may have predisposed them to
become highly socid. What | am arguing hereisthat haplodiploidy isnot the
only predisposing factor. The habit of lifetime sperm-storage may have
been &t least asimportant. Under ided conditionsit can make amother as
geneticaly vauable, and asworthy of ‘altruistic' help, asan identical twin.

p. 106 ... social anthropologists might have interesting thingsto say.

Thisremark now makes me blush with embarrassment. | have sincelearned
that socid anthropologists not only have things to say about the 'mother's
brother effect', many of them have for years spoken of little lse! The effect
that | 'predicted' is an empiricd fact in alarge number of culturesthat has
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been well known to anthropologists for decades. Moreover, when | sug-
gested the spedific hypothesisthat 'in asociety with ahigh degree of marital
infiddity, materna uncles should be more dtruigtic than "fathers’, snce
they have more grounds for confidence in their relatedness to the child'
(p. 106), | regrettably overlooked the fact that Richard Alexander had
dready made the same suggestion (a footnote acknowledging this was
inserted in later printings of the first edition of this book). The hypothesis
has been tested, by Alexander himsdf among others, using quantitetive
counts from the anthropologicd literature, with favourable results.

CHAPTER 7
Family planning

p. 110 Wynne-Edwards... has been mainly responsible for pro-
mulgating theidea of group selection.

Wynne-Edwards is generdly treated more kindly than academic heretics
often are. By being wrong in an unequivocd way, he is widdy credited
(though | persondly think this point is rather overdone) with having
provoked people into thinking more dearly about selection. He himsdlf
made a magnanimous recantation in 1978, when he wrote:

The generd consensus of theoretical biologigts at present is that
credible modd s cannot be devised, by which the dow march of group
sdection could overtake the much fagter spread of sdfish genes thet
bring gainsin individud fitness. | therefore accept their opinion.

M agnanimous these second thoughts may have been, but unfortunately he
has had third ones: hislatest book re-recants.

Group sdlection, in the sensein which we have dl long understood it, is
even more out of favour among biologigtsthan it was when my firg edition
was published. Y ou could be forgiven for thinking the opposite: ageneration
has grown up, epecidly in America, that scattersthe name'group selection’
around like confetti. It islittered over dl kinds of casesthat used to be (and
by the rest of us 4ill are) dearly and sraghtforwardly understood as
something else, sy kin sdlection. | suppose it is futile to become too
annoyed by such semantic parvenus. Nevertheless, thewholeissue of group
sdection was very satisfactorily settled adecade ago by John Maynard Smith
and others, and it isirritating to find that we are now two generations, aswell
as two nations, divided only by a common language. It is particularly
unfortunate that philosophers, now beatedly entering thefield, have started
out muddled by this recent caprice of terminology. | recommend Alan
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Grafen's essay 'Natural Sdlection, Kin Selection and Group Selection’ asa
clear-thinking, and 1 hope now definitive, sorting out of the neo-group-
sdection problem.

CHAPTER 8
Battle of the generations

p. 124 R. L. Trivers, in 1972, neatly solved the problem...

Robert Trivers, whose papers of the early 1970s were among the most
important inspirations for me in writing the firg edition of this book, and
whose ideas expedidly dominated Chapter 8, hasfindly produced his own
book, Social Evolution. | recommend it, not only for its content but for its
syle: clear-thinking, academicaly correct but with just enough anthropo-
morphic irrespongbility to tease the pompous, and spiced with persond
autobiographical asides. | cannot resist quoting one of theser it is so
characterigtic. Triversis describing his excitement on observing the rela
tionship between two rivd made baboons in Kenya "There was another
reason for my excitement and this was an unconscious identification with
Arthur. Arthur was a superb young mae in his prime ..." Triverss new
chapter on parent-offspring conflict brings the subject up to date. Thereis
indeed rather little to add to his paper of 1974, apart from some new factud
examples. Thetheory has sood the test of time. More detailed mathemat-
icd and genetic modds have confirmed that Triverss largdy verbd
arguments do indeed fallow from currently accepted Darwinian theory.

p. 135 According to him the parent will always win.

Alexander has generoudy conceded, in his 1980 book Darwinism and
Human Affairs (p. 39), that he was wrong to argue that parental victory in
parent-offspring conflict fallows inevitably from fundamenta Darwinian
assumptions. It now seems to me that his thess, that parents enjoy an
asymmetrical advantage over their offspring in the battle of the generations,
could be bolstered by adifferent kind of argument, which | learnt from Eric
Charnov.

Charnov waswriting about sodid insectsand the origins of sterile castes,
but his argument gpplies more generdly and | shdl put it in generd terms.
Consider a young femde of a monogamous species, not necessarily an
insect, on the threshold of adult life. Her dilemmaiswhether to leave and try
to reproduce on her own, or to Say in the parental nest and help rear her
younger brothers and sisters. Because of the breeding habits of her species,
she can be confident that her mother will go on giving her full brothersand
sgters for along time to come. By Hamilton's logic, these Sbhs are just as
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geneticaly 'valuabl € to her asher own offspring would be. Asfar asgenetic
relatedness is concerned, the young femde will be indifferent between the
two courses of action; she doesn't 'care’ whether she goes or stays. But her

parentswill be far from indifferent to which she does. Looked a from the

point of view of her old mother, the choice is between grandchildren or

children. New children are twice as vauable, geneticdly spesking, as new

grandchildren. If we spesk of conflict between parents and offspring over

whether the offoring leaves or saysand helpsat the nest, Charnov's point

isthat the conflict isawalk-over for the parents for the very good reason that
only the parents see it as a conflict at dl!

Itis ahit like a race between two athletes, where one has been offered
£1,000 only if he wins, while his opponent has been promised £1,000
whether he wins or loses. We should expect thet the firgt runner will try
harder and that, if the two are otherwise evenly matched, he will probably
win. Actudly Charnov's point is stronger than this andogy suggests,
because the costs of running flat out are not so greet asto deter many people,
whether they arefinancidly rewarded or not. Such Olympic idedlsaretoo
much of aluxury for the Darwinian games: effort in one direction isdways
paid for aslogt effort in another direction. It isasif the more effort you put
into any one race, the less likdy you are to win future races because of
exhaudtion.

Conditions will vary from speciesto species, so we can't dways forecast
the results of Darwinian games. Nevertheless, if we consder only closeness
of genetic rel atedness and assume amonogamous mating system (o that the
daughter can be surethat her sbsarefull sibs), we can expect an old mother
to succeed in manipulaing her young adult daughter into staying and
helping. The mother has everything to gain, while the daughter herself will
have no inducement to resist her mother's manipulation because she is
geneticdly indifferent between the available choices.

Once again, it is important to stress that this has been an 'other things
being equal’ kind of argument. Even though other thingswill usudly not be
equa, Charnov'sreasoning could gill be useful to Alexander or anyonedse
advocating aparental manipulation theory. Inany case, Alexander'spracti-
cd arguments for expecting parenta victory—parents being bigger,
stronger and so on—arewd| taken.
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CHAPTER 9
Battle of the sexes

p. 140 . .. how much more severe must be the conflict between mates,
who arenot related to each other?

As 0 dften, this opening sentence hides an implicit ‘other things being
equal’. Obvioudy mates are likdy to have a great ded to gain from
cooperation. This emerges again and again throughout the chapter. After
al, mates are likey to be engaged in anonzero sum game, agamein which
both can increase their winnings by cooperating, rather than one's gain
necessarily being the other'sloss (I explain thisideain Chapter 12). Thisis
one of the places in the book where my tone swung too far towards the
cynicd, Hdfish view of life. At the time it seemed necessary, since the
dominant view of anima courtship had swung far in the other direction.
Nearly universaly, people had uncriticaly assumed that mates would
cooperate undintingly with each other. The possbility of exploitation
wasn't even considered. In this historical context the apparent cynicism of
my opening sentence is understandable, but today | would adopt a softer
tone. Smilarly, at the end of thischapter my remarks about human sexud
roles now seem to me naively worded. Two booksthat go more thoroughly
into the evolution of human sex differences are Martin Day and Margo
Wilson's Sex, Evolution, and Behavior, and Donald Symonss The Evol ution of
Human Sexuality.

p. 142 ... the number of children a male can have is virtually
unlimited. Femaleexploitation beginshere.
It now seems mid eading to emphasize the disparity between sperm and egg
dze asthe bads of s roles. Even if one sperm issmdl and cheap, it isfar
from chegp to make millions of sperms and successully inject them into a
femde againg dl the competition. | now prefer the fallowing approach to
explaining the fundamental asymmetry between males and femdes
Suppose we start with two sexesthat have none of the particular attributes
of malesand femdes Cdl them by the neutral names A and B. All weneed
edify isthat every mating hasto be between an A and aB. Now, any animal,
whether an A or a B, faces atrade-off. Time and effort devoted to fighting
with rivals cannot be spent on rearing existing offspring, and vice versa. Any
anima can be expected to balance its effort between theseriva daims. The
point | am about to come to isthat the As may settle at a different balance
from the Bs and that, oncethey do, thereislikdy to be an escdaing disparity
between them.
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To seethis, supposethat the two sexes, the Asand the Bs, differ from one
another, right from the start, in whether they can mogt influence their
successby investing in children or by investing in fighting ('l use fighting'
to gtand for dl kinds of direct competition within one sex). Initidly the
difference between the sexes can be very dight, snce my point will be that
thereisan inherent tendency for it to grow. Say the Asstart out with fighting
meaking a grester contribution to their reproductive success than parental
behaviour does; the 5s, on the other hand, start out with parental behaviour
contributing dightly more than fighting to variaion in their reproductive
success. This means, for example, that dthough an A of course benefits
from parental care, the difference between a successful carer and an
unsuccessful carer among the As is smaler than the difference between a
uccessful fighter and an unsuccessful fighter among the As. Among the Bs,
just the reverseistrue. So, for a given amount of effort, an A can do itsdlf
good by fighting, whereas aB ismore likdy to do itsalf good by shifting its
effort avay from fighting and towards parental care.

In subsequent generations, therefore, the As will fight a bit more than
their parents, the 5s will fight a bit less and care a bit more than their
parents. Now the difference between the best A and the worst A with
respect to fighting will be even greeter, the difference between the best A
and theworst A with respect to caring will be evenless. Thereforean A has
even more to gain by putting its effort into fighting, even less to gain by
putting its effort into caring. Exactly the oppositewill betrue of the Bsasthe
generations go by. The key idea here is that a smdl initid difference
between the sexes can be salf-enhancing: selection can start with aniinitid,
dight difference and make it grow larger and larger, until the As become
what we now call males, the 5s what we now cdl femdes. The initia
difference can be smal enough to arise a random. After dl, the starting
conditions of the two sexes are unlikdly to be exactly identical.

Asyou will notice, thisisrather like thetheory, originating with Parker,
Baker, and Smith and discussed on page 142, of the early separation of
primitive gametes into sperms and eggs. The argument just given is more
general. The separdtion into sperms and eggsis only one aspect of amore
basic separation of sexud roles. Instead of treating the sperm-egg separa-
tion as primary, and tracing al the characterigtic attributes of maes and
femaes back to it, we now have an argument that explains the sperm-egg
separation and other aspects dl in the same way. We have to assume only
thet there are two sexes who have to mate with each other; we need know
nothing more about those sexes. Starting from thisminima assumption, we
positively expect that, however equa the two sexes may be at the start, they
will diverge into two sexes gpecidizing in oppodte and complementary
reproductive techniques. The separation between sperms and eggs is a
symptom of this more general separation, not the cause of it.
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p. 150 Let us take Maynard Smith's method of analysing aggressive
contests, and apply it to sex.

Thisidea of trying to find an evolutionarily stable mix of strategies within
one sx, balanced by an evolutionarily stable mix of strategies in the other
X, has now been teken further by Maynard Smith himsdf and,
independently but inasmilar direction, by Alan Grafen and Richard Sibly.
Grafen and Sbly's paper is the more technicdly advanced, Maynard
Smith'sthe easier to explain in words. Briefly, he begins by considering two
grategies, Guard and Desert, which can be adopted by either sex. Asinmy
‘coy/fast and faithful/philanderer' modd, the interesting question is, what
combinations of gtrategies among maes are stable againgt what combina-
tions of gtrategies among femaes? The answer depends upon our assump-
tion about the particular economic circumstances of the species.
Interestingly, though, however much we vary the economic assumptions, we
don't have a whole continuum of quantitatively varying stable outcomes.
The modd tendsto home in on one of only four stable outcomes. The four
outcomes are named after animal species that exemplify them. Thereis the
Duck (mde deserts, femae guards), the Stickleback (femde deserts, mae
guards), the Fruit-fly (both desert) and the Gibbon (both guard).

And here is something even more interesting. Remember from Chapter 5
that ESS modes can ettle at either of two outcomes, both equally stable?
Well, that is true of this Maynard Smith modd, too. What is especidly
interesting is that particular pairs, as opposed to other pairs, of these
outcomes are jointly stable under the same economic circumstances. For
instance, under onerange of circumstances, both Duck and Stickleback are
gable. Which of the two actudly arises depends upon luck or, more
precisealy, upon accidents of evolutionary history—initid conditions. Under
another range of circumstances, both Gibbon and Fruit-fly are stable.
Again, itishigtorica accident that determineswhich of the two occursin any
given species. But there are no circumstances in which Gibbon and Duck
arejointly stable, no circumstances in which Duck and Fruit-fly are jointly
gable. This 'stablemate’ (to coin a double pun) analyss of congenid and
uncongenial combinations of ESSs has interesting consegquences for our
reconstructions of evolutionary history. For instance, it leads us to expect
that certain kinds of tranditions between mating systems in evolutionary
history will be probable, othersimprobable. Maynard Smith exploresthese
historicd networks in a brief survey of mating patterns throughout the
animd kingdom, ending with the memorable rhetorical question: "Why
don't male mammals |actate?
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p. 153 ...it can be shown that really there would be no oscillation.
The systemwould convergeto a stable state.

| am sorry to sy that this statement iswrong. It iswrong in an interesting
way, however, s0 | have left the error in and shdl now take some time to
expoeit. It isactudly the same kind of error as Gale and Eaves spotted in
Maynard Smith and Price's original paper (see note to page 74). My error
was pointed out by two mathematica biologists working in Austrig,
P. Schuster and K. Sigmund.

| had correctly worked out theratios of faithful to philanderer males, and
of coy to fast femaes a which the two kinds of maes were equaly
successtul, and the two kinds of femaes were equaly successful. This is
indeed an equilibrium, but | faled to check whether it was a stable
equilibrium. It could have been aprecarious knife-edge rather than asecure
vdley. In order to check for ability, we have to seewhat would happenif we
perturb theequilibrium dightly (push abdl off aknife-edge and you loseit;
push it avay from the centre of avaley and it comesback). Inmy particular
numerical example, the equilibrium ratio for males was 5/8 fathful and 3/8
philanderer. Now, what if by chance the proportion of philanderersin the
population increases to a vaue dightly higher than eguilibrium? In order
for the equilibrium to qudify as stable and sdlf-correcting, it is necessary
that philanderers should immediady start doing dightly less well.
Unfortunately, as Schuster and Sigmund showed, thisis not what happens.
On the contrary, philanderers start doing better! Their frequency in the
population, then, far from being sdf-dabilizing, is sdf-enhancing. It
increases—not for ever, but only up to a point. If you smulate the modd
dynamicdly on a computer, as | have now done, you get an endesdy
repeating cycle. Ironicdly, this is precisdy the cyde that | described
hypotheticdly on page 152, but | thought that | was doing it purely as an
explanaory device, just as | had with hawks and doves. By andogy with
hawks and doves | assumed, quite wrongly, that the cyde was hypothetica
only, and that the sysem would redly settle into a stable equilibrium.
Schuster and Sigmund's parting-shot leaves no more to be said:

Briefly, then, we can draw two conclusions:

() that the battle of sexes has much in common with predation; and

(b) that the behaviour of lovers is oscillating like the moon, and
unpredictable asthe wegather.

Of course, people didn't need differential equations to notice this

before.

p. 155 ... cases of paternal devotion... common among fish. Why?

Tamsn Carlide's undergraduate hypothesis about fish has now been tested
compardivedy by Mark Ridley, in the course of an exhaudive review of
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paternal careintheentireanima kingdom. Hispaper isan astonishing tour
deforcewhich, like Carlide'shypothesisitsdlf, dso began asan undergrad-
uate essay written for me. Unfortunately he did not find in favour of the

hypothesis.
p. 158 . .. a kind of unstable, runaway process.

R. A. Fisher'srunaway theory of sexud selection, which he stated extremdy
briefly, has now been spdt out mathemdticdly by R. Lande and others.
It has become a difficult subject, but it can be explained in nonmathemat-
icd terms provided sufficent space is given over to it. It does need a
whole chapter, however, and | devoted onetoit in The Blind Watchmaker
(chapter 8), so I'll say no more about it here.

Instead, I'll ded with one problem about sexud selection that | have never
aufficiently emphagzed in any of my books. How is the necessary variation
maintained? Darwinian sdection can function only if thereis a good supply
of genetic varidion to work upon. If you try to breed, say, rabhbits for ever
longer ears, to begin with you'll succeed. The average rabhbit in a wild
population will have medium-sized ears (by rabbit standards;, by our
standards, of coursg, it will have very long ones). A few rabbits will have
shorter than average ears and a few longer than average. By breeding only
from those with the longest earsyou'll succeed in increasing the averagein
later generations. For awhile. But if you continueto breed from those with
the longest ears there will come atime when the necessary variation is no
longer available. They'll dl havethe 'longest' ears, and evolution will grind
to ahdt. In norma evolution this sort of thingis not a problem, because
mogt environments don't carry on exerting consstent and unswerving
pressure in one direction. The 'best' length for any particular bit of an
animd will normaly not be ‘a bit longer than the present average, whatever
the present average may be'. The best length is more likdly to be a fixed
quantity, say three inches. But sexud sdection redly can have the embar-
rassng property of chasng an ever-driving 'optimum'. Femae fashion
redly could desire ever longer mae ears, no matter how long the ears of the
current population might aready be. So variation redly could serioudy run
out. And yet sexud sdlection does seem to have worked; we do see absurdly
exaggerated ma e ornaments. We seem to have a paradox, which we may call
the paradox of the vanishing variation.

Lande's solution to the paradox ismutation. There will dways be enough
mutetion, he thinks, to fud sustained sdection. The reason people had
doubted this before was that they thought in terms of one gene a atime:
mutetion rates at any one genetic locus are too low to resolve the paradox of
vanishing variation. Lande reminded us that 'tails and other things that
sexud sdection works on are influenced by an indefinitey large number of
different genes—'polygenes—whose amd| effectsdl add up. Moreover, as
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evolution goes on, it will be ashifting set of polygenesthat are rlevant: new
geneswill be recruited into the set that influence variation in 'tail length',

and old ones logt. Mutation can affect any of thislarge and shifting set of

genes, so the paradox of vanishing variaion itself vanishes.

W. D. Hamilton'sanswer to the paradox is different. Heanswversitinthe
same way he answers most questions nowadays 'Parasites. Think back to
the rabhit ears. The best length for rabbit ears presumably depends on
various acoudtic factors. There is no particular reason to expect these
factorsto change in a consistent and sustained direction as generations go
by. The best length for rabbit ears may not be absolutdly constant, but till
sdection is unlikely to push so far in any particular direction that it Srays
outside the range of variation easily thrown up by the present gene pool.
Hence no paradox of vanishing variation.

But now look at the kind of violently fluctuating environment provided by
parasites. In aworld full of parasites there is strong selection in favour of
ability to resist them. Natural sdlection will favour whichever individua
rabbits are least vulnerable to the parasites that happen to be around. The
crucid point is that these will not dways be the same parasites. Plagues
comeand go. Today it may be myxomatoss, next year therabbit equivalent
of theblack death, the year after that rabbit AIDS and so on. Then, after say
a ten-year cyce it may be back to myxomatods, and so on. Or the
myxomatogsvirusitsaf may evolveto counter whatever counteradaptations
the rabbits come up with. Hamilton pictures cycles of counteradaptation
and counter-counteradaptation endlesdy ralling through time and forever
perversdly updating the definition of the 'best' rabbit.

The upshot of dl this is that there is something importantly different
about adaptations for disease-resstance as compared with adaptations to
the physcad environment. Whereasthere may be apretty fixed 'best’ length
for arabbit's legs to be, there is no fixed 'best' rabbit as far as disease-
resstanceis concerned. Asthe currently most dangerous disease changes,
sothe currently 'best’ rabbit changes. Are parasitesthe only sdlective forces
that work thisway? What about predators and prey, for ingance? Hamilton
agreesthat they are badcdly like parasites. But they don't evolve so fast as
many parasites. And parasites are more likdy than predators or prey to
evolve detailed gene-for-gene counteradaptations.

Hamilton takes the cydlicd chalenges offered by parasites and makes
them the basisfor an dtogether grander theory, histheory of why sex exists
at al. But here we are concerned with his use of paradites to solve the
paradox of vanishing variation in sexud sdection. He believesthat heredi-
tary disease-resistance among maes is the most important criterion by
which femdes choose them. Disease is such a powerful scourge that
femdeswill benefit greetly from any ahility they may have to diagnose it in
potential mates. A femde who behaves like a good diagnogtic doctor and
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chooses only the healthiest mae for mate will tend to gain hedlthy genesfor
her children. Now, because the definition of the 'best rabhit' is dways
changing, there will dways be something important for femdes to choose
between, when they look the males over. There will dways be some 'good'
maesand some'bad' males. They won't al become'good’ &fter generations
of sdlection, because by then the parasites will have changed and so the
definition of a'good' rabbit will have changed. Genesfor ressting onestrain
of myxomaviruswill not be good a resisting the next strain of myxomavirus
that mutates on to the scene. And so on, through indefinite cycles of
evolving pestilence. Paragitesnever let up, so femadescannot let up in their
relentless search for healthy mates.

How will the maes respond to being scrutinized by femdes acting as
doctors? Will genes for faking good health be favoured? To begin with,
maybe, but sdlection will then act on femaesto sharpen up their diagnostic
kills and sort out the fakes from the redly hedthy. In the end, Hamilton
believes, femdeswill become such good doctorsthat maeswill beforced, if
they advertise & dl, to advertise honedtly. If any sexud advertisement
becomes exaggerated in maesit will be because it isagenuine indicator of
health. Maeswill evolve 0 asto make it essy for femdesto seethat they are
hedthy—if they are. Genuinely hedthy maes will be pleased to advertise
the fact. Unhedlthy ones, of course, will not, but what can they do? If they
don't & least try to digplay a hedlth certificate, femdes will draw the worst
conclusons. By the way, dl this tak of doctors would be mideading if it
uggested that femdes areinterested in curing males. Their only interestis
diagnods, and it is not an dtruidtic interest. And I'm assuming that it is no
longer necessary to gpologize for metaphors like 'honesty' and 'drawing
conclusions.

To return to the point about advertising, it is as though males are forced
by the femaesto evalve dinicd thermometers permanently sticking out of
their mouths, dearly diglayed for femdes to read. What might these
‘thermometers be? Well, think of the spectacularly long tail of amaebird of
paradise. We have dready seen Fisher's eegant explanation for this elegant
adornment. Hamilton's explanation is atogether more down-to-earth. A
common symptom of diseasein abird is diarrhoea. If you have along tail,
diarrhoeaislikdy to messit up. If you want to conced thefact that you are
uffering from diarrhoea, the best way to do it would be to avoid having a
long tail. By the sametoken, if you want to advertisethe fact that you are not
auffering from diarrhoes, the best way to do so would beto have avery long
tail. That way, thefact thet your tail is clean will bethe more conspicuous. If
you don't have much of atail &t dl, femdes cannot seewhether itisclean or
not, and will conclude the worst. Hamilton would not wish to commit
himsdf to thisparticular explanation for bird of paradisetails, butitisagood
example of the kind of explanation that he favours
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| used the Smile of femdes acting as diagnostic doctorsand malesmaking
thelir task easy by sporting 'thermometers dl over the place. Thinking about
other diagnogtic standbys of the doctor, the blood pressure meter and the
sethoscope, led me to a couple of speculations about human sexud
sdection. 'l briefly present them, though | admit that | find them less
plausible than pleasing. First, atheory about why humans havelost the penis
bone. An erect human penis can be so hard and diff that people jokingly
express scepticism that there is no bone inside. As a matter of fact lots of
mammads do have a diffening bone, the baculum or os penis, to help the
erection dong. What's more, it is common among our relatives the
primates, even our closest cousin the chimpanzee has one, dthough
admittedly avery tiny onewhich may be on itsevolutionary way out. There
seems to have been atendency to reduce the os penisin the primates; our
species, dong with acouple of monkey species, haslogt it completely. So, we
have got rid of the bone that in our ancestors presumably made it essy to
have a nice Hiff penis. Instead, we rely entirdly on a hydraulic pumping
system, which one cannot but fed isacostly and roundabout way of doing
things. And, notorioudy, erection can fall—unfortunate, to say theleast, for
the genetic success of amale in the wild. What is the obvious remedy? A
bone in the penis, of course. So why don't we evalve one? For once,
biologigts of the 'genetic constraints brigade cannot cop out with 'Oh,
the necessary variation just couldn't arise.’ Until recently our ancestors
had precisdly such abone and we have actudly gone out of our way toloseit!

Erection in humans is accomplished purely by pressure of blood. It is
unfortunately not plausible to suggest that erection hardness is the
equivalent of adoctor'sblood pressure meter used by femdesto gaugemde
hedlth. But we are not tied to the metaphor of the blood pressure meter. If,
for whatever reason, erection fallure is a sendtive early warning of certain
kinds of ill health, physica or mental, averson of the theory can work. All
that femaes need is a dependable tool for diagnosis. Doctors don't use an
erection test in routine health check-ups—they prefer to ask you to stick out
your tongue. But erection falure is a known early warning of diabetes and
certain neurologica diseases. Far more commonly it results from psycho-
logical factors—depression, anxiety, stress, overwork, loss of confidence
and dl that. (In nature, one might imagine maes low in the ‘peck order'
being aflicted in this way. Some monkeys use the erect penis as a threst
dgnd.) It is not implaugible that, with natural sdection refining their
diagnogtic skills, females could glean dl sorts of clues about amal€'s hedlth,
and the robustness of his ability to cope with stress, from the tone and
bearing of hispenis. But abonewould get in theway! Anybody can grow a
bone in the penis; you don't have to be particularly hedthy or tough. So
sdection pressure from femaes forced males to lose the os penis, because
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then only genuindly hedlthy or strong males could present a redly diff
erection and the females could make an unobstructed diagnosis.

Thereisapossible zone of contention here. How, it might be said, were
the femdes who imposed the sdection supposed to know whether the
diffnessthat they felt was bone or hydraulic pressure? After al, we began
with the observation that ahuman erection can fed likebone. But | doubt
if the femdes were redly that essly fooled. They too were under
selection, intheir case not to lose bone but to gain judgement. And don't
forget, the femde is exposed to the very same peniswhen it is not erect,
and the contrast is extremely striking. Bones cannot detumesce (though
admittedly they can be retracted). Perhapsit is the impressive double life
of the penis that guarantees the authenticity of the hydraulic
advertisement.

Now to the 'stethoscope’. Consider another notorious problem of the
bedroom, snoring. Today it may bejust asocid inconvenience. Once upon a
time it could have been life or degath. In the depths of a quiet night snoring
can be remarkably loud. It could summon predatorsfrom far and wideto the
snorer and the group among whom he is lying. Why, then, do so many
people do it? Imagine a deeping band of our ancestors in some pleistocene
cave, maes snoring each on a different note, femdes kept awake with
nothing to do but listen (I supposeit istruethat males snorethe more). Are
the males providing the femaes with ddliberately advertised and amplified
gethoscopic information? Could the precise quality and timbre of your
snore be diagnogtic of the hedlth of your respiratory tract? | don't mean to
suggest that people snore only when they areill. Rather, the snoreislikea
radio carrier-frequency, which drones on regardless; it is a clear Sgnd
whichismodulated, in diagnodtically sendtiveways, by the condition of the
nose and throat. The idea of femdes preferring the clear trumpet note of
unobstructed bronchi over virus-blown snortsisal very well, but | confess
that | find it hard to imagine females positively going for asnorer at dl. Still,
persond intuition isnotorioudy unreliable. Perhaps at least thiswould make
aresearch project for aninsomniac doctor. Cometo think of it, shemight be
in agood position to test the other theory as well.

These two speculations should not be taken too serioudy. They will have
succeeded if they bring home the principle of Hamilton's theory about how
femdes try to choose hedthy males. Perhaps the mogt interesting thing
about them isthat they point up the link between Hamilton's paradite theory
and Amotz Zahavi's 'handicap' theory. If you fallow through the logic of my
penis hypothes's, maes are handicapped by the loss of the bone and the
handicap is not just incidental. The hydraulic advertisement gains its
effectiveness precisaly because erection sometimesfails Darwinian readers
will certainly have picked up this 'handicap’ implication and it may have
aroused in them grave suspicions. | ask them to suspend judgement until
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they have read the next note, on a new way of looking a the handicap
principleitsdf.

p. 159 ... [Zahavi'g]... maddeningly contrary 'handicapprinciple

Inthefirst edition | wrote: 'I do not believe thistheory, dthough | am not
quite so confident inmy scepticism as| waswhen | first heardit.' I'mglad |
added that "although’, because Zahavi's theory is now looking a lot more
plausible than when | wrote the passage. Severd respected theoreticians
have recently started taking it serioudy. Most worrying for me, theseinclude
my colleague Alan Grafen who, as has been said in print before, 'has the
mogt annoying habit of dways being right'. He has trandated Zahavi's
verbd ideasinto amathematica modd and dlaimsthat it works. And that it
isnot afancy, esoteric travesty of Zahavi such as others have played with, but
a direct mathematical trandation of Zahavi's idea itsdf. | shdl discuss
Grafen's origind ESS verson of his modd, athough he himsdf is now
working on afull genetic version which will in someways supersedethe ESS
mode. Thisdoesn't mean that the ESS mode! isactudly wrong. It isagood
gpproximation. Indeed, dl ESS models, including the onesin thisbook, are
gpproximationsin the same sense.

The handicap principle is potentidly relevant to dl Stuations in which
individuastry to judge the quality of other individuas, but we shall spesk of
maesadvertising to femaes. Thisisfor the sake of darity; itisoneof those
cases where the sexiam of pronouns is actudly useful. Grafen notes that
there are at least four approaches to the handicap principle. These can be
cdled the Qudlifying Handicap (any mae who has survived in spite of his
handicap must be pretty good in other respects, so femdes choose him); the
Reveding Handicap (males perform some onerous task in order to expose
their otherwise concedled ahilities); the Conditional Handicap (only high-
qudity males develop a handicap at al); and findly Grafen's preferred
interpretation, which he cals the Strategic Choice Handicap (maes have
private information about their own quality, denied to femaes, and use this
information to 'decide’ whether to grow ahandicap and how largeit should
be). Grafen's Strategic Choice Handicap interpretation lends itsdf to ESS
andyss. Thereis no prior assumption that the advertisements that males
adopt will be costly or handicapping. On the contrary, they arefreeto evolve
any kind of advertisement, honest or dishonest, cosly or cheap. But Grafen
shows that, given this freedom to start with, a handicap sysem would be
likely to emerge as evolutionarily stable.

Grafen's gtarting assumptions are the following four:

1. Maesvay inred qudity. Qudlity isnot some vagudy snobbish idealike
unthinking pridein one'sold college or fraternity (I oncereceived aletter
from areader which concluded: ‘| hope you won't think this an arrogant
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letter, but &fter dl | am aBdliol man’). Qudity, for Grafen, means that
there are such things as good maes and bad mdes in the sense that
femdes would benefit geneticdly if they mated with good maes and
avoided bad ones. It means something like muscular strength, running
speed, ahility to find prey, ability to build good nests. We aren't talking
about amaléesfina reproductive success, sincethiswill beinfluenced by
whether femaes choose him. Totak about that at this point would beto
beg thewhaole question; it is something that may or may not emerge from
themode.

2. Femdescannot perceive mae qudity directly but haveto rely upon mde
advertising. At this stage we make no assumption about whether the
advertissments are honest. Honesty is something ese that may or may
not emerge from the model; again that iswhat the modd isfor. A mde
could grow padded shoulders, for instance, to fake anilluson of sSzeand
grength. It is the business of the modd to tel us whether such a fake
dgnd will be evolutionarily stable, or whether natural sdection will
enforce decent, honest, and truthful advertising standards.

3. Unlike the femdes eyeing them, males do in a sense 'know' their own
quality; and they adopt a 'strategy’ for advertising, arule for advertisng
conditiondly in thelight of their quaity. Asusud, by 'know' | don't mean
cognitivey know. But males are assumed to have genesthat are switched
on conditionally upon the mal€e's onn qudity (and privileged access to
thisinformation is anot unreasonable assumption; amale's genes, after
al, areimmersed in hisinternal biochemistry and far better placed than
femde genes to respond to his quality). Different males adopt different
rules. For ingtance, one mae might fdlow the rule 'Display atall whose
dzeisproportiona to my true quality'; another might follow the opposite
rule. Thisgives natural selection achanceto adjust the rulesby sdlecting
among males that are gendticdly programmed to adopt different ones.
Theadvertisng leve doesn't haveto bedirectly proportiond to thetrue
quality; indeed amde could adopt aninverserule. All that werequireis
that males should be programmed to adopt somekind of rulefor 'looking
at' their true qudity and on the basis of this choosing an advertising
levd—dze of tail, say, or of antlers. Asto which of the possible ruleswill
end up being evolutionarily stable, that again is something that the model
amstofind out.

4. Femdeshaveapardld freedom to evaverulesof their own. Intheir case
the rules are about choosing maes on the bads of the strength of the
males advertisement (remember that they, or rather their genes, lack the
males privileged view of the qudity itsdf). For example, one femde
might adopt the rule: '‘Believe the maes totdly.' Another femae might



Endnotesto chapter 9 311

adopt the rule: 'Ignore mde advertising totdly.' Yet another, the rule:
'‘Assume the opposite of what the advertisement says.'

So, we have the idea of males varying in ther rules for relating qudity to
advertisng level; and femdesvarying in ther rulesfor relating mate choice
to advertisng level. In both cases the rules vary continuoudy and under
genetic influence. So far in our discussion, mades can choose ay rule
relating qudity to advertisement, and femaes can choose any rule relating
male advertisement to what they choose. Out of this spectrum of possible
mde and femderules, what we seek isan evolutionarily stablepair of rules.
Thisisabit likethe 'faithful/philanderer and coy/fast’ modd in that we are
looking for an evolutionarily stable mae rule and an evolutionarily stable
femderule, gability meaning mutua gability, each rulebeing stableinthe
presence of itsdlf and the other. If we can find such an evolutionarily stable
pair of ruleswe can examinethem to see whet lifewould belikein asociety
condgting of maesand femaes playing by theserules. Specificaly, would it
be aZahavian-handicap world?

Grafen sat himsdlf thetask of finding such amutudly stablepair of rules.
If | were to undertake thistask, | should probably dog through alaborious
computer smulation. I'd put into the computer arange of males, varyingin
their rulefor relating quality to advertisement. And I'd dso put in arange of
femdes, varying in their rule for choosing males on the besis of the males
advertising leves. 1'd then let the mades and femdes rush around indde the
computer, bumping into one another, mating if the femae choice criterion
ismet, passing on their male and femde rulesto their sons and daughters.
And of courseindividualswould survive or fail to survive asaresult of their
inherited 'quality’. Asthe generations go by, the changing fortunes of each
of themae rules and each of thefemde rules would appear as changesin
frequencies in the population. At intervals I'd look insde the computer to
seeif somekind of gtable mix was brewing.

That method would work in principle, but it raises difficultiesin practice.
Fortunately, mathematicians can get to the same conclusion asasimulation
would by setting up a couple of equations and solving them. This is what
Grafen did. | shdl not reproduce his mathematica reasoning nor spell out
his further, more detailed, assumptions. Instead | shal go directly to the
conclusion. He did indeed find an evolutionarily stable pair of rules.

S0, to the big question. Does Grafen's ESS condtitute the kind of world
that Zahavi would recognize as a world of handicaps and honesty? The
ansver isyes. Grafen found thet there can indeed be an evolutionarily stable
world that combines the following Zahavian properties:

1. Despite having afree strategic choice of advertisng level, maeschoosea
leve thet correctly digplays their true qudlity, even if this amounts to
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betraying that their true qudity islow. At ESS, in other words, maesare
honest.

2. Despite having afree strategic choice of response to mae advertisement,
femdes end up choosng the drategy 'Believe the males. At ESS,
femdes are judifigbly 'trusting'.

3. Advetidng is codtly. In other words, if we could somehow ignore the
effects of qudity and attractiveness, a mae would be better off not
advertiang (thereby saving energy or being less conspicuous to pred-
ators). Not only is advertising codtly; it is because of its cosllinessthat a
given advertisng sysem is chosen. An advertisng sysem is chosen
precisdy becauseit actudly hasthe effect of reducing the success of the
advertise—all other things being held equal.

4. Advetisng ismorecodly toworsemaes. The samelevd of advertisng
increases the risk for a puny mae more than for a strong mae. Low-
quaity maesincur amore seriousrisk from cogtly advertising than high-
qudity males.

These properties, espedidly 3, are full-bloodedly Zahavian. Grafen's
demondration that they are evolutionarily stable under plausible conditions
seemsvery convincing. But so aso did the reasoning of Zahavi's criticswho
influenced the firg edition of this book and who concluded that Zahavi's
ideas could not work in evolution. We should not be happy with Grafen's
conclusions until we have satisfied oursdlves that we understand where—if
anywhere—those earlier criticswent wrong. What did they assumethat led
them to adifferent concluson? Part of the answer seemsto bethat they did
not dlow ther hypothetica animas a choice from a continuous range of
drategies. This often meant that they were interpreting Zahavi's verbd
ideas in one or other of the firgt three kinds of interpretation listed by
Grafen—the Qudifying Handicap, the Revedling Handicap or the Condi-
tional Handicap. They did not congder any verson of thefourth interpreta
tion, the Strategic Choice Handicap. Theresult was either that they couldn't
meake the handicap principle work at dl, or that it worked but only under
specia, mathematicaly abstract conditions, which did not have the full
Zahavian paradoxica fed to them. Moreover, an essentia festure of the
Strategic Choice interpretation of the handicap principle is that & ESS
high-qudity individualsand low-qudity individuasaredl playing the same
drategy: ‘Advertise honestly'. Earlier moddlers assumed that high-quality
males played different Srategies from low-qudity maes, and hence devel-
oped different advertissments. Grafen, on the contrary, assumes thet, at
ESS, differences between high- and low-quality signallers emerge because
they are dl playing the same drategy—and the differences in ther
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advertissments emerge because their differences in qudity are being
fathfully rendered by the Sgndling rule.

We dways admitted that Sgnasasamatter of fact can be handicaps. We
dways understood that extreme handicaps could evolve, espedidly as a
result of sexud sdlection, in spite of the fact that they were handicaps. The
part of the Zahavi theory that we &l objected to was the idea that Sgnas
might be favoured by sdlection precisaly because they were handicapsto the
dgndlers. Itisthisthat Alan Grafen has apparently vindicated.

If Grafen is correct—and | think he is—it is a result of consderable
importance for thewhole sudy of anima signds. It might even necessitatea
radical changein our entire outlook on the evolution of behaviour, aradical
change in our view of many of the issues discussed in this book. Sexud
advertisement is only one kind of advertissment. The Zahavi-Grafen
theory, if true, will turn topsy-turvy biologists idess of relations between
rivals of the same sex, between parents and offpring, between enemies of
different species. | find the prospect rather worrying, because it means that
theories of dmog limitless craziness can no longer be ruled out on
common sense grounds. If we observe an animd doing something redly
dlly, like standing onits head instead of running avay from alion, it may be
doing it in order to show off to afemde. It may even be showing off to the
lion: 'l am such ahigh-qudity anima you would bewasting your timetrying
to catch me' (seep. 171).

But, no matter how crazy | think somethingis, natural selection may have
other ideas. An animd will turn back-somersaults in front of a davering
peck of predators if the risks enhance the advertissment more than they
endanger the advertiser. It isitsvery dangerousness that gives the gesture
showing-off power. Of course, naturd sdection won't favour infinite
danger. At the point where exhibitionism becomes downright foolhardly, it
will be penalized. A risky or cogtly performance may look crazy to us. But it
redly isn't any of our business. Natural sdlection doneisentitled to judge.

CHAPTER 10
You scratch my back, I'll ride on yours

p.173...it seemsto beonlyinthe social insectsthat [ the evolution of
sterileworkers] hasactually happened.

That is what we dl thought. We had reckoned without naked mole rats.
Naked moleratsareaspeciesof hairless, nearly blind little rodentsthat live
inlarge underground coloniesin dry areas of Kenya, Somalia, and Ethiopia.
They appear to be truly 'socid insects of the mammd world. Jennifer
Jarviss pioneering sudies of ceptive colonies a the Universty
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of Capetown have now been extended by the fidd observetions of Robert
Brett in Kenya, further studies of captive colonies are being made in
America by Richard Alexander and Paul Sherman. These four workers
have promised ajoint book, and |, for one, eagerly await it. Meanwhile, this
account is based upon reading what few papers have been published and
listening to research lectures by Paul Sherman and Robert Brett. | wasaso
privileged to be shown the London Zoo's colony of naked mole rats by the
then Curator of Mammals. Brian Bertram.

Naked mole rats live in extengve networks of underground burrows.
Colonies typicdly number 70 or 80 individuas, but they can increase into
the hundreds. The network of burrows occupied by one colony can be two
or threemilesin tota length, and one colony may excavate three or four tons
of soil annudly. Tunnelling isacommund activity. A faceworker digsat the
front with its teeth, passing the soil back through a living conveyor belt, a
seething, scuffling line of haf adozen little pink animals. Fromtimeto time
the face-worker is relieved by one of theworkers behind.

Only one femde in the colony breeds, over a period of severd years.
Jarvis, inmy opinion legitimately, adopts socid insect terminology and cals
her the queen. The queen ismated by two or three maesonly. All the other
individuas of both sexes are nonbreeding, like insect workers. And, asin
many socid insect species, if the queen is removed some previoudy Sterile
femdes start to come into breeding condition and then fight each other for
the position of queen.

Thederileindividudsare caled 'workers, and again thisisfar enough.
Workers are of both sexes, as in termites (but not ants, bees and wasps,
among which they are femdes only). What mole rat workers actudly do
depends on their size. The smalest ones, whom Jarvis cdls ‘frequent
workers, dig and transport soil, feed the young, and presumably free the
queen to concentrate on childbearing. She haslarger litters than isnormal
for rodents of her sze, again reminiscent of socid insect queens. The
largest nonbreeders seem to do little except deep and eat, whileintermedi-
ate-szed non-breeders behave in an intermediate manner: there is a
continuum as in bees, rather than discrete cagtes asin many ants.

Jarvis origindly called the largest non-breeders non-workers. But could
they redly be doing nothing? There is now some suggestion, both from
laboratory and field observations, thet they are soldiers, defending the
colony if it is threatened; snakes are the main predators. Thereisdso a
possihility that they act as food vats like 'honeypot ants' (seep. 171). Mole
rats are homocoprophagous, which isapolite way of saying that they egt one
another's faeces (not exdusively: that would run foul of the laws of the
universs). Perhaps the large individuds perform avauable role by storing
up ther faeces in the body when food is plentiful, so thet they can act asan
emergency larder when food is scarce—a sort of congtipated commissariat.
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Tome, the most puzzling feature of naked moleratsisthat, although they
arelike socid insectsin so many ways, they seem to have no equivaent caste
to the young winged reproductives of ants and termites. They have
reproductive individuas, of course, but these don't start their careers by
taking wing and dispersing their genesto new lands. Asfar as anyone knows,
naked mole rat colonies just grow a the margins by expanding the
subterranean burrow system. Apparently they don't throw off long-distance
dispersing individuas, the equivaent of winged reproductives. Thisis so
surprisng to my Darwinian intuition that it is tempting to speculate. My
hunchisthat one day we shal discover adispersa phase which hashitherto,
for some reason, been overlooked. It istoo much to hopetheat the dispersing
individuas will literdly sprout wings! But they might in various ways be
equipped for life above ground rather than underground. They could be
hairy instead of naked, for instance. Naked mole rats don't regulate their
individua body temperaturesin theway that norma mammalsdo; they are
more like 'cold-blooded' reptiles. Perhaps they control temperature
socidly—another resemblance to termites and bees. Or could they be
explaiting the well-known congtant temperature of any good cdlar? At dl
events, my hypothetical dispersing individuds might wel, unlike the
underground workers, be conventiondly ‘'warm-blooded'. Isit conceivable
that some aready known hairy rodent, hitherto dassfied as an entirdy
different species, might turn out to be the lost caste of the naked molerat?

There are, after dl, precedents for this kind of thing. Locusts, for
ingtance. Locugts are modified grasshoppers, and they normaly live the
solitary, cryptic, retiring life typica of a grasshopper. But under certain
gpeciad conditions they change utterly—and terribly. They lose their
camouflage and become vividly striped. One could dmog fancy it a
warning. If so, it is no idle one, for their behaviour changes too. They
abandon their solitary ways and gang together, with menacing results. From
the legendary biblica plagues to the present day, no animd has been o
feered as a destroyer of human prosperity. They swarm in their millions, a
combined harvester thrashing a path tens of miles wide, sometimes trav-
eling at hundreds of miles per day, engulfing 2,000 tons of crops per
day, and leaving awake of garvation and ruin. And now we come to the
possible andogy with mole rats. The difference between a solitary indi-
vidua and its gregarious incarnation is as greet as the difference between
two ant castes. Moreover, just aswe were postulating for the 'lost caste' of
the mole rats, until 1921 the grasshopper Jekylls and their locust Hydes
were dassfied as belonging to different species.

But das, it doesn't seem terribly likely that mamma experts could have
been so mided right up to the present day. | should say, incidentaly,
that ordinary, untransformed naked mole rats are sometimes seen above
ground and perhaps travel farther than is generdly thought. But before we
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abandon the 'transformed reproductive’ speculation completdy, the locust
andogy does suggest another possibility. Perhaps naked mole rats do
produce transformed reproductives, but only under certain conditions—
conditionsthat have not arisen in recent decades. In Africaand the Middle
Ead, locust plaguesare gtill amenace, just asthey werein biblical times. But
in North America, things are different. Some grasshopper pecies there
have the potentia to rum into gregarious locusts. But, apparently because
conditions haven't been right, no locust plagues have occurred in North
America this century (adthough cicadas, a totdly different kind of plague
insect, dill erupt regularly and, confusingly, they are caled 'locusts in
colloguia American speech). Nevertheless, if atrue locust plague were to
occur in Americatoday, it would not be particularly surprising: the volcano
isnot extinct; it is merdy dormant. But if we didn't have written historical
records and information from other parts of theworld it would be a nasty
surprise because the animaswould be, asfar asanyone knew, just ordinary,
solitary, harmless grasshoppers. What if naked mole rats are like American
grasshoppers, primed to produce adigtinet, dispersing caste, but only under
conditions which, for some reason, have not been redlized this century?
Nineteenth-century East Africa could have suffered swarming plagues of
hairy molerats migrating like lemmings above ground, without any records
aurviving to us. Or perhapsthey are recorded in the legends and sagas of
locd tribes?

p. 175. .. ahymenopteran femaleismoreclosely related to her sisters
than sheisto her offspring.

Thememorable ingenuity of Hamilton's'3/4 relatedness' hypothesisfor the
specia case of the Hymenoptera has proved, paradoxicdly, an embarrass-
ment for the reputation of his more generd and fundamentd theory. The
haplodiploid 3/4 relatedness story isjust easy enough for anyone to under-
gand with a little effort, but just difficult enough that one is pleased
with onesdf for understanding it, and anxious to pass it on to others. It
is a good 'meme. If you learn about Hamilton not from reading him,
but from a conversation in a pub, the chances are very high that youll
hear about nothing except haplodiploidy. Nowadays every textbook of
biology, no matter how briefly it covers kin selection, is dmost bound to
devote aparagraph to '3/4 relatedness.. A colleague, who is now regarded as
one of the world's experts on the socid behaviour of large mammas, has
confessad to me that for years he thought that Hamilton's theory of kin
sdection masthe £ rel atedness hypothesis and nothing more! The upshot of
al thisisthat if some new facts lead us to doubt the importance of the 3/4
rel atedness hypothes's, people are gpt to think that thisis evidence againgt
the whole theory of kin sdlection. It isasif agreat composer were to write
a long and profoundly origind symphony, in which one particular tune,
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briefly tossed out in the middle, isso immediatdly catchy that every barrow-

boy whistlesit down the streets. The symphony becomesidentified with this
onetune. If people then become disenchanted with the tune, they think that
they didike the whole symphony.

Take, for example, an otherwise useful article by Linda Gamlin on naked
moale rats recently published in the magazine New Scientist. It is serioudy
marred by theinnuendo that naked molerats and termites arein some way
embarrassing for Hamilton's hypothess, smply because they are not
haplodiploid! 1t is hard to believe that the author could possibly have even
seen Hamilton'sclassic pair of papers, since haplodiploidy occupiesamere
four of thefifty pages. She must have relied on secondary sources—I hope
not The Selfish Gene.

Another reveding example concernsthe soldier aphidsthat | described in
the notes to Chapter 6. As explained there, sSince aphids form clones of
identical twins, dtruistic self-sacrifice is very much to be expected among
them. Hamilton noted thisin 1964 and went to sometroubleto explain avay
the avkward fact that—as far as was then known—clond animals did not
show any specia tendency towards dtruigtic behaviour. The discovery of
soldier gphids, whenit came, could hardly have been more perfectly intune
with Hamilton's theory. Y et the origina paper announcing that discovery
treats soldier gphids as though they congtituted a difficulty for Hamilton's
theory, aphids not being haplodiploid! A niceirony.

When we turn to termites—a so frequently regarded as an embarrass-
ment for the Hamilton theory—theirony continues, for Hamilton himsdf,
in 1972, was responsible for suggesting one of the most ingenious theories
about why they became socid, and it can beregarded asaclever andogy to
the haplodiploidy hypothesis. Thistheory, the cydic inbreeding theory, is
commonly attributed to S. Bartz, who developed it seven years after
Hamilton origindly published it. Characteridticaly, Hamilton himself
forgot that he had thought of the 'Bartz theory' first, and | had to thrust his
own paper under hisnose before hewould believeit! Priority mattersaside,
thetheory itself issointeresting that | am sorry | did not discussit inthefirst
edition. | shall correct the omission now.

| sad that the theory was a dever andogue of the haplodiploidy
hypothesis. What | meant was this. The essentia feature of haplodiploid
animals, from the point of view of socid evolution, isthat anindividua can
be geneticdly closer to her sibling than to her offspring. This predisposes
her to gay behind in the parental nest and rear shlings rather than leaving
the nest to bear and rear her own offgpring. Hamilton thought of a reason
why, in termitestoo, sblings might be geneticaly closer to each other than
parents are to offgpring. Inbreeding provides the clue. When animads mate
with their siblings, the offspring that they produce become more genetically
uniform. Whiterats, within any onelaboratory strain, are geneticaly amost
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equivaent to identica twins. Thisis becausethey areborn of along line of
brother-sister matings. Their genomes become highly homozygous, to use
thetechnicd term: at dmost every one of their genetic loci thetwo genesare
identical, and dso identical to the genes at the samelocusin dl the other
individuasin the strain. We don't often seelong lines of incestuous matings
in nature, but there is one ggnificant exception—the termites!

A typicd termite nest isfounded by aroyd pair, theking and queen, who
then mate with each other exdusively until one of them dies. His or her
placeisthen taken by one of their offgpring who matesincestuoudy with the
aurviving parent. If both of the original roya couple die, they are replaced by
anincestuousbrother-sister couple. And so on. A mature colony islikdy to
have lost severd kings and queens, and the progeny being turned out after
someyearsarelikdy to bevery inbred indeed, just likelaboratory rats. The
average homozygosty, and the average coefficient of relatedness, within a
termite nest creeps up and up asthe years go by and royd reproductivesare
uccessively replaced by their offspring or thelr sblings. But thisis only the
first step in Hamilton's argument. The ingenious part comes next.

Theend product of any socid insect colony isnew, winged reproductives
who fly out of the parent colony, mate, and found anew colony. When these
new young kings and queens mate, the chances are that these matings will
not beincestuous. Indeed, it looks asthough there are specia synchronizing
conventions designed to see to it that different termite nests in an area dl
produce winged reproductives on the same day, presumably in order to
foder outbreeding. So, consider the genetic consegquences of a mating
between ayoung king from colony A and ayoung queen from colony B. Both
are highly inbred themsdves. Both are the equivaent of inbred laboratory
rats. But, Ssncethey arethe product of different, independent programs of
incestuous breeding, they will be geneticdly different from one another.
They will belikeinbred whiterats belonging to different |aboratory strains.
When they mate with each other, their offgoring will be highly heterozygous,
but uniformly so. Heterozygous meansthat et many of the genetic loci the
two genes are different from each other. Uniformly heterozygous means
that dmog every one of the offspring will be heterozygous in exactly the
same way. They will be geneticdly dmogt identical to their siblings, but at
the sametimethey will be highly heterozygous.

Now jump forward in time. The new colony with its founding royd pair
has grown. It has become peopled by a large number of identicaly
heterozygous young termites. Think about what will happen when one or
both of the founding royd pair dies. That old incest cyde will begin again,
with remarkable consequences. Thefirg incestuoudy produced generation
will be dramaticaly more variable than the previous generation. It doesn't
matter whether we condder a brother-sister mating, a father-daughter
mating or a mother-son mating. The principle is the same for al, but it
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is dmplest to consder a brother-sister mating. If both brother and sister
are identicaly heterozygous their offsoring will be a highly variable mish-
mash of genetic recombinations. This folows from dementary Menddian
genetics and would gpply, in principle, to dl animas and plants, not just
termites. If you take uniformly heterozygous individuals and cross them,
either with each other or with one of the homozygous parental strains, al
hell breaksloose, gendtically spesking. The reason can belooked upin any
elementary textbook of geneticsand | won't spdll it out. From our present
point of view, the important consequence is that during this sage of the
development of a termite colony, an individud is typicaly closer, geneti-
cdly, toitssblingsthantoitspotentia offspring. And this, aswe saw inthe
caxe of the hgplodiploid hymenoptera, is a likdy precondition for the
evolution of dtruidticaly sterile worker castes.

But even wherethereis no specid reason to expect individuasto be doser
to their sblings than to their offgpring, there is often good reason to expect
individuals to be as close to their sblings as to their offspring. The only
condition necessary for this to be true is some degree of monogamy. In a
way, the surprising thing from Hamilton's point of view isthat there are not
more speciesin which sterileworkers ook after their younger brothersand
ssters. What is widespread, aswe are increasingly redlizing, is a kind of
watered-down version of the sterile worker phenomenon, known as 'help-
ing & the nest'. In many species of birds and mammals, young adults, before
moving out to start families of their own, remain with their parents for a
season or two and help to rear their younger brothersand sisters. Copies of
genesfor doing this are passed on in the bodies of the brothersand sisters.
Assuming that the beneficiaries are full (rather than haf) brothers and
sigers, each ounce of food invested in a sbling brings back just the same
return on investment, geneticaly speaking, asit would if invested in achild.
But that isonly if dl other thingsare equal. We must look to theinequaities
if we are to explain why helping at the nest occurs in some species and not
others.

Think, for instance, about a species of birds that nest in hollow trees.
Thesetrees are precious, for only alimited supply isavailable. If you area
young adult whose parents are il dive, they are probably in possession of
one of the few available hallow trees (they must have possessed one  least
until recently, otherwise you wouldn't exist). So you are probably livingina
hallow treethat isathriving going concern, and the new baby occupants of
this productive hatchery are your full brothers and sisters, geneticaly as
close to you as your own offpring would be. If you leave and try to go it
aone, your chances of abtaining ahollow tree arelow. Even if you succeed,
the offgpring that you rear will be no closer to you, geneticdly, than brothers
and sgters. A given quantity of effort invested in your parents hollow treeis
better vaue than the same quantity of effort invested in trying to set up on
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your own. These conditions, then, might favour sbling care—helping at
the nest'.

In spite of dl this, it remains true that some individuds—or al indi-
viduds some of the time—must go out and seek new hollow trees, or what-
ever the equivdent is for their species. To use the 'bearing and caring'
terminology of Chapter 7, somebody hasto do some bearing, otherwisethere
would be no young to care for! The point here is not that ‘otherwise the
specieswould go extinct'. Rather, in any population dominated by genesfor
pure caring, genes for bearing will tend to have an advantage. In socid
insects the bearer roleisfilled by the queens and males. They are the ones
that go out into theworld, looking for new 'hollow trees, and that iswhy they
arewinged, even in ants, whose workers are wingless. These reproductive
cadtes are specidized for their whole lifetime. Birds and mammasthat help
at the nest doiit the other way. Each individual spends part of itslife (usudly
itsfirst adult season or two) asa'worker', helping to rear younger brothers
and dgters, while for the remaining part of its life it aspires to be a
‘reproductive.

What about the naked mole rats described in the previous note? They
exemplify the going concern or 'hollow tree' principleto perfection, though
their going concern does not literaly involve ahollow tree. Thekey to their
gory isprobably the patchy distribution of their food supply undernesth the
savannah. They fead mainly on underground tubers. These tubers can be
very large and very deeply buried. A single tuber of one such species can
outweigh 1,000 molerats and, once found, can last the colony for months or
even years. But the problem is finding the tubers, for they are scattered
randomly and sporadicaly throughout the savannah. For molerats, a food
source is difficult to find but wel worth it once found. Robert Brett has
cdculated that asingle molerat, working on its own, would haveto search so
long to find a single tuber that it would wear its teeth out with digging. A
large socid colony, with its miles of busly patrolled burrows, is an efficdent
tuber-mine. Each individua is economicdly better off as part of aunion of
fdlow miners.

A large burrow system, then, manned by dozens of cooperating workers,
is a going concern just like our hypotheticd ‘'hollow tree', only more so!
Given tha you livein aflourishing commund labyrinth, and given that your
mother is gill producing full brothers and Sgtersingdeit, the inducement
to leave and start a family of your oawn becomes very low indeed. Even if
some of the young produced are only haf-sblings, the ‘going concern'
argument can gill be powerful enough to keep young adults a home.

p. 177 They found a rather convincingly close fit to the 3:1 female to
male ratio predicted.. .

Richard Alexander and Paul Sherman wrote apaper criticizing Triversand
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Hare's methods and conclusion. They agreed that femae-biased sex ratios
are norma among sodid insects, but disputed the daim that thereisagood
fit to 3: 1. They preferred an dternative explanation for the female-biased
X ratios, an explanation that, like Trivers and Hare's, was firg suggested
by Hamilton. | find Alexander and Sherman's reasoning quite persuasive,
but confessto a gut feding that a piece of work as beatiful as Trivers and
Hare's cannot be al wrong.

Alan Grafen pointed out to me another and moreworrying problemwith
the account of hymenopteran sex ratios given in thefirgt edition of this book.
| have explained hispoint in The Extended Phenotype (pp. 75-6). Hereisa
brief extract:

The potential worker is4till indifferent between rearing sblings and
rearing offgporing a any concelvable population sex ratio. Thus
suppose the population s ratio is female-biased, even suppose it
conforms to Trivers and Hare's predicted 3: 1. Since the worker is
more dosdy related to her sister than to her brother or her offspring
of either sex, it might seem that shewould 'prefer’ to rear sblings over
offspring given such a femae-biased sex ratio: is she not gaining
modly vauable sisters (plusonly afew rdatively worthless brothers)
when she opts for sblings? But this reasoning neglects the relaively
great reproductive vaue of maes in such a population as a conse-
quence of thelr rarity. The worker may not be dosdly related to each
of her brothers, but if maesarerarein the population asawhole each
one of those brothers is correspondingly highly likdy to be an
ancegtor of future generations.

p. 186 If a population arrives at an ESSthat drives it extinct, then it
goesextinct, and that isjust too bad.

The digtinguished philosopher the late J. L. Mackie has drawn attention to
an interesting consequence of the fact that populations of my ‘cheats and
'grudgers can be smultaneoudy stable. 'Just too bad' it may be if a
population arrives a an ESS that drives it extinct; Mackie makes the
additiond point that somekinds of ESS are morelikdly to driveapopulation
extinct than others. In thisparticular example, both Cheat and Grudger are
evolutionarily stable: apopulation may stabilize at the Cheat equilibrium or
at the Grudger equilibrium. Macki€'s point isthat populationsthat happen
to stabilize at the Chesat equilibrium will be more likdy subsequently to go
extinct. There can therefore be a kind of higher-level, 'between ESS,
sdection in favour of reciprocd dtruism. This can be developed into an
argument in favour of akind of group sdection that, unlike most theories of
group sdlection, might actualy work. | have spdlled out the argument in my
paper, In Defence of Sdfish Genes'.
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CHAPTER 11
Memes: the new replicators

p. 192 | would put my money on one fundamental principle... all life
evolvesby thedifferential survival of replicating entities.

My weger that dl life, everywhere in the universe, would turn out to have
evolved by Darwinian means has now been spdled out and justified more
fully inmy paper 'Universal Darwinism' and in thelast chapter of The Blind
Watchmaker. | show thet dl the aternatives to Darwiniam that have ever
been suggested arein principleincgpable of doing the job of explaining the
organized complexity of life. Theargument isagenera one, not based upon
particular facts about life as we know it. As such it has been criticized by
scientists pedestrian enough to think that daving over ahot test tube (or cold
muddy boat) is the only method of discovery in science. One critic
complained that my argument was 'philosophical’, as though that wes
auffident condemnation. Philosophica or not, thefact isthat neither he nor
anybody dsehasfound any flaw inwhat | said. And 'in principl€ arguments
such as mine, far from being irrdlevant to the real world, can be more
powerful than arguments based on particular factud research. My reason-
ing, if itiscorrect, tellsus something important about life everywhereinthe
universe. Laboratory and field research can tell usonly about life aswe have
sampled it here.

p. 192 Meme

Theword meme seemsto beturning out to be agood meme. Itisnow quite
widdy used and in 1988 it joined the offidd list of words being consdered
for future editions of Oxford English Dictionaries. Thismakes methe more
anxiousto repest that my designs on human culture were modest dmogt to
vanishing point. My true ambitions—and they are admittedly large—lead in
another direction entirely. | want to daim amost limitless power for dightly
inaccurate sdf-replicating entities, once they arise anywhere in the
universe. This is because they tend to become the bads for Darwinian
sdection which, given enough generations, cumulaively builds sysems of
great complexity. | believe that, given the right conditions, replicators
automatically band together to create sysems, or machines, that carry them
around and work to favour their continued replication. The first ten
chapters of The Selfish Gene had concentrated exdusively on one kind of
replicator, the gene. In discussng memesin thefind chapter | westrying to
meke the case for replicatorsin general, and to show that geneswere not the
only membersof that important class. Whether the milieu of human culture
redly does have what it takes to get a form of Darwinism going, | am not
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sure. But in any casethat question issubsdiary to my concern. Chapter 11
will have succeeded if the reader closesthe book with the feding that DNA
molecules are not the only entities that might form the basisfor Darwinian
evolution. My purpose wasto cut the gene down to Size, rather than to scul pt
agrand theory of human culture.

p. 192 ... memes should be regarded as living structures, not just
metaphorically but technically.

DNA is a SHf-replicating piece of hardware. Each piece has a particular
structure, which is different from rival pieces of DNA. If memesin brains
are andogousto genesthey must be salf-replicating brain structures, actua
patterns of neurona wiring-up that recongtitute themsalves in one brain
after another. | had dways fdt uneasy spdling this out aoud, because we
know far less about brains than about genes, and are therefore necessarily
vague about what such abrain structure might actudly be. So | wasredieved
to receive recently avery interesting paper by Juan Delius of the University
of Kongtanz in Germany. Unlike me, Delius doesn't haveto fedl gpologetic,
because he is a disinguished brain scientist whereas | am not a brain
scientist a dl. | am delighted, therefore, that heisbold enough to ram home
the point by actudly publishing a detailed picture of what the neurona
hardware of amememight look like. Among the other interesting thingshe
does is to explore, far more searchingly than | had done, the andogy of
memes with parasites; to be more precise, with the spectrum of which
mdignant parasites are one extreme, benign ‘symbionts the other extreme.
| am particularly keen on this approach because of my own interest in
‘extended phenotypic' effects of parasite genes on host behaviour (see
Chapter 13 of this book and especidly chapter 12 of The Extended
Phenotype). Ddlius, by the way, emphasizes the clear separation between
memes and their (‘phenotypic’) effects And he reiterates the importance of
co-adapted meme-complexes, in which memes are sdected for their mutual

compatibility.

p. 194 'Auld Lang Syne

‘Auld Lang Syne' was, unwittingly, arevedingly fortunate example for me
to have chosen. Thisis because, dmogt universdly, it is rendered with an
error, amutation. Therefrainis, essentially dways nowadays, sung as 'For
the sake of auld lang syne', whereas Burns actudly wrote 'For auld lang
syne'. A memicaly minded Darwinian immediately wonderswhat hasbeen
the'surviva value of theinterpolated phrase, ‘the sake of'. Remember that
we are not looking for ways in which people might have survived better
through singing the song in atered form. We arelooking for waysin which
the ateration itself might have been good a surviving in the meme pool.
Everybody learns the song in childhood, not through reading Burns but
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through hearing it sung on New Y ear's Eve. Once upon atime, presumably,
everybody sang the correct words. 'For the sske of' must have arisen as a
rare mutation. Our questionis, why hastheinitidly rare mutation spread so
ingdioudy thet it has become the norm in the meme pool ?

| don't think the answer is far to seek. The ghilant 's' is notorioudy
obtrusve. Church chairs are drilled to pronounce V sounds as lightly as
possible, otherwise the whole church echoes with hissng. A murmuring
priest a the dtar of agrest cathedra can sometimes be heard, from the back
of the nave, only as a sporadic sussuration of 's's. The other consonant in
'sake!, 'k', is dmog as penetrating. Imagine that nineteen people are
correctly snging 'For auld lang syne' and one person, somewhere in the
room, dips in the erroneous 'For the sske of auld lang syne'. A child,
hearing the song for the first time, is eager to join in but uncertain of the
words. Although dmost everybody issinging 'For auld lang syne, the hiss of
an's' and the cut of a'k’ force their way into the child's ears, and when the
refrain comesround again hetoo sings'For the sake of auld lang syne'. The
mutant meme hastaken over another vehicle. If there are any other children
there, or adults unconfident of the words, they will be more likdy to switch
to the mutant form next time the refrain comes round. It is not that they
‘prefer' the mutant form. They genuindy don't know the words and are
honestly eager to learn them. Even if those who know better indignantly
below 'For auld lang syne' at the top of their voice (as | do!), the correct
words happen to have no conspicuous consonants, and the mutant form,
even if quietly and diffidently sung, isfer essier to hear.

A dmilar caseis'RuleBritannia. The correct second line of the chorusis
‘Britannia, rule the waves.' It is frequently, though not quite universaly,
sung as 'Britannia rules the waves' Here the ingstendy hissing 's' of the
meme is aided by an additiona factor. The intended meaning of the poet
(fames Thompson) was presumably imperative (Britannia, go out and rule
the waved) or possibly subjunctive (let Britannia rule the waves). But it is
upefiddly easer to misunderstand the sentence as indicative (Britannia,
asamatter of fact, does rule the waves). This mutant meme, then, hastwo
separate survivd vaues over the origind form thet it replaced: it sounds
more congpicuous and it is easier to understand.

The fina test of a hypothesis should be experimental. It should be
possible to inject the hissng meme, ddiberately, into the meme pool at a
very low frequency, and then watch it spread because of its own surviva
vaue What if just afew of uswereto start Snging 'God saves our gracious
Queen'?
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p. 194 If the meme is a scientific idea, its spread will depend on how
acceptable it is to the population of individual scientists; a rough
measur e of itssurvival val ue coul d be obtained by counting the number
of timesitisreferredtoin successiveyearsin scientificjournals.

I'd hateit if thisweretaken to mean that ‘catchiness wasthe only criterion
for acceptance of ascientificidea. After dl, some scientific ideas are actudly
right, others wrong! Their lightness and wrongness can be tested; their
logic can be dissected. They areredly not like pop-tunes, rdligions, or punk
hairdos. Neverthelessthereisasociology aswell asalogic to science. Some
bad scientific idess can spread widdly, at least for awhile. And some good
idess lie dormant for years before findly catching on and colonizing
scientific imaginations.

We can find a prime example of this dormancy followed by rampant
propagetion in one of themain ideasin thisbook, Hamilton's theory of kin
sdection. | thought it would be a fitting case for trying out the idea of
measuring meme spread by counting journal references. Inthefirst edition
| noted (p. 90) that 'Histwo papers of 1964 are among the most important
contributionsto socid ethology ever written, and | have never been able to
understand why they have been so neglected by ethologists (his name does
not even appear in the index of two mgor text-books of ethology, both
published in 1970). Fortunately there are recent sgnsof arevivd of interest
in hisideas.' | wrote that in 1976. Let us trace the course of that memic
revivd over the subsequent decade.

Science Citation Indexisarather strange publication in which one may look
up any published paper and see tabulated, for a given year, the number of
subsequent publications that have quoted it. It is intended as an ad to
tracking down the literature on a given topic. Univerdty gppointments
committees have picked up the habit of using it as a rough and ready (too
rough and too ready) way of comparing the scientific achievements of
applicantsfor jobs. By counting the citations of Hamilton's papers, in each
year since 1964, we can gpproximately track the progress of hisideasinto
the consciousness of biologigts (Figure 1). The initid dormancy is very
evident. Then it looks asthough thereisadramatic upturnininterestinkin
sdection during the 1970s. If there is any point where the upward trend
begins, it seems to be between 1973 and 1974. The upturn then gathers
pace up to apesk in 1981, after which the annual rate of citation fluctuates
irregularly about aplateau.

A memic myth has grown up that the upsurge of interest in kin selection
wasadl triggered by books published in 1975 and 1976. The graph, withits
upturn in 1974, seems to give the lie to this idea. On the contrary, the
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evidence could be used to support a very different hypothesis, namdy that

we are dedling with one of those ideasthat was'in the air', ‘whose time had

come'’. Those mid-seventies bookswould, on thisview, be symptoms of the
bandwagon effect rather than prime causes of it.
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FIGURE 1. Yealy citations of Hamilton (1964) in the Science Citation Index

Perhaps, indeed, we are dedling with a longer-term, dow-garting,
exponentidly accel erating bandwagon that began much earlier. Oneway of
testing this ample, exponentid hypothess is to plot the citations
cumulatively on a logarithmic scale. Any growth process, where rate of
growth isproportional to Sze dready attained, iscaled exponentid growth.
A typicd exponentia processisan epidemic: each person breathesthevirus
on severd other people, each of whom in turn breathes on the same number
again, 0 the number of victims grows at an ever incressing rate. It is
diagnogtic of an exponentia curve that it becomes a straight line when
plotted on alogarithmic scae. It is not necessary, but it is convenient and
conventiondl, to plot such logarithmic graphs cumulatively. If the spread of
Hamilton's meme was redly like a gathering epidemic, the points on a
cumulative logarithmic graph should fdl on asingle sraight line. Do they?

Theparticular linedrawnin Figure 2 isthe straight line that, Satigticaly
spesking, best fitsal the points. The apparent sharp rise between 1966 and
1967 should probably be ignored as an unreligble small-numbers effect of
the kind that logarithmic plotting would tend to exaggerate. Theresfter, the
graph is not a bad approximation to a sngle sraight line, athough minor
overlying patterns can aso be discerned. If my exponentid interpretationis
accepted, what we are dedling with is a Sngle dow-burning explosion of
interest, running right through from 1967 to the late 1980s. Individud
books and papers should be seen both as symptoms and as causes of this
long-term trend.
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Do not think, by the way, that this pattern of increaseis somehow trivid,
in the sense of being inevitable. Any cumulative curvewould, of course, rise
even if the rate of citations per year were constant. But on the logarithmic
scdeit would riseat agteadily dower rate: it would tail off. Thethick lineat

thetop of Figure 3 showsthetheoretical curvethat wewould get if every year

had a congtant citation rate (equa to the actua average rate of Hamilton
citations, of about 37 per year). This dying avay curve can be compared
directly with the observed straight line in Figure 2, which indicates an
exponentia rate of increase. We redly do have a case of increase upon

increase,
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compared with ‘theoretical’ curve for Hamilton (details explained in text)
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Sacondly, one might be tempted to think that there is something, if not
inevitable, at least trividly expected about an exponentid increase. Isn't the
wholerate of publication of scientific papers, and therefore opportunitiesto
cite other papers, itsdf increasing exponentialy? Perhaps the size of the
sdientific community is increesing exponentialy. To show that there is
something specia about the Hamilton meme, the easiest way isto plot the
same kind of graph for some other papers. Figure 3 dso shows the log
cumulative citation frequencies of three other works (which incidentally
were dso highly influentia on the first edition of this book). These are
Williamss 1966 book, Adaptation and Natural Selection; Triverss 1971
paper on reciprocd dtruism; and Maynard Smith and Price's 1973 paper
introducing the ESSidea. All three of them show curvesthat clearly are not
exponentid over the whole time-span. For these works too, however, the
annud citation rates are far from uniform, and over part of their range they
may even be exponentid. The Williams curve, for instance, is gpproximetely
adraight line on the log scale from about 1970 onwards, suggesting thet it,
too entered an explosve phase of influence.

| have been downplaying the influence of particular books in spreading
the Hamilton meme. Nevertheless, there is one apparently suggedtive
postscript to thislittle piece of memic analysis. Asin the case of ‘Auld Lang
Syne' and 'Rule Britannia, we have an illuminating mutant error. The
correct title of Hamilton's 1964 pair of paperswas'The genetica evolution
of socid behaviour'. In the mid to late 1970s, a rash of publications,
Soci obiology and The Selfish Gene among them, mistakenly cited it as'The
genetical theory of socid behaviour'. Jon Seger and Paul Harvey |ooked for
the earliest occurrence of thismutant meme, thinking that it would be anest
marker, dmogt like aradioactive labd, for tracing scientific influence. They
traced it back to E.O. Wilson'sinfluential book, Sociobiol ogy, publishedin
1975, and even found some indirect evidence for this suggested pedigree.

Much as | admire Wilson'stour deforce—I wish people would read it
more and read about it less—my hackles have dways risen at the entirely
fdse suggestion that his book influenced mine. Yet, snce my book aso
contained the mutant citation—the 'radioactive label'—it began to look
aarmingly as though at least one meme had travelled from Wilson to me!
This would not have been particularly surprising, since Sociobiology
arrived in Britain just as| was completing The Selfish Gene, thevery time
when | would have been working on my bibliography. Wilson's massive
bibliography would have seemed a godsend, saving hours in the library.
My chagrin turned to glee, therefore, when | chanced upon an old
stencilled bibliography that | had handed to the students at an Oxford
lecture in 1970. Large as life, there was 'The geneticd theory of socia
behaviour', awholefiveyears earlier than Wilson's publication. Wilson
couldn't possibly have seen my 1970 bibliography. There was no doubt
about it: Wilson and | had independently introduced the same mutant meme!
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How could such a coincidence have hgppened? Once again, asin the case
of 'Auld Lang Syne', aplausible explanation isnot far to seek. R. A. Fisher's
most famous book is caled The Genetical Theory of Natural Selection. Sucha
household name hasthistitle becomein the world of evolutionary biologists,
itis hard for usto hear its firg two words without autometicaly adding the
third. | suspect that both Wilson and | must have done just that. Thisisa
happy conclusion for al concerned, since nobody minds admitting to being
influenced by Fisher!

p. 197 The computersin which memes liveare human brains.

It was obvioudy predictable that manufactured eectronic computers, too,
would eventudly play host to sdf-replicating patterns of information—
memes. Computers are increasingly tied together in intricate networks of
shared information. Many of them are literaly wired up together in
electronic mail exchange. Others share information when their ownerspass
floppy discs around. It is a perfect milieu for self-replicating programs to
flourish and spread. When | wrote the firgt edition of this book | was naive
enough to supposethat an undesirable computer memewould haveto arise
by aspontaneouserror in the copying of alegitimate program, and | thought
this an unlikely event. Alas, that was a time of innocence. Epidemics of
'viruses and ‘worms, deliberately released by mdlicious programmers, are
now familiar hazards to computer-users dl over the world. My own hard
disc has to my knowledge been infected in two different virus epidemics
during the past year, and that is a farly typicd experience among heavy
computer-users. | shal not mention the names of particular virusesfor fear
of giving any nagty little sstisfaction to their nadty little perpetrators. | say
'nasty’, because their behaviour seemsto me moraly indistinguishable from
that of atechnicianin amicrobiology laboratory, who deliberately infectsthe
drinking water and seeds epidemicsin order to snigger at peoplegettingill. |
sy 'little', because these people are mentdly little. Thereis nothing clever
about designing a computer virus. Any hdf-way competent programmer
could do it, and hdf-way competent programmers are two-a-penny in
the modern world. I'm one mysdf. | shan't even bother to explain how
computer viruseswork. It's only too obvious.

What is less easy isto know how to combat them. Unfortunately some
vary expert programmers have had to wagte their vaduable time writing
virus-detector programs, immunization programs and o on (the andogy
with medical vaccination, by the way, is astonishingly close, even down to
theinjection of a‘weskened strain' of thevirus). The danger isthat anarms
race will develop, with each advance in virus-prevention being matched by
counter-advancesin new virus programs. So far, most anti-virus programs
arewritten by atruistsand supplied free of chargeasaservice. But | foresee
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the growth of awhole new professon—splitting into lucrative specidisms
just likeany other profess on—of'software doctors, on call with black bags
full of diagnogtic and curative floppy discs. | usethe name'doctors, but real
doctorsare solving natural problemsthat are not deliberately engineered by
human malice. My software doctors, on the other hand, will be, like lawyers,
solving man-made problems that should never have exiged in the first
place. In so far as virus-makers have any discernible mative, they presum-
ably fed vagudly anarchigtic. | apped to them: do you redlly want to pavethe
weay for anew fat-cat professon?If not, stop playing at slly memes, and put
your modest programming talents to better use.

p. 198 Blind faith can justify anything.

| have had the predictable spate of letters from faith's victims, protesting
about my criticisms of it. Faith is such a successful brainwasher in its own
favour, especidly abrainwasher of children, that it ishard to break itshold.
But what, after dl, isfath? It is a state of mind that leads people to beieve
something—it doesn't matter what—in the total absence of supporting
evidence. If there were good supporting evidence then faith would be
superfluous, for the evidence would compd usto believeit anyway. Itisthis
that makesthe often-parroted claim that ‘evolution itsalf isamatter of faith'
0 slly. People bdieve in evolution not because they arbitrarily want to
bdieve it but because of overwheming, publicly available evidence.

| sad 'it doesn't matter what' the faithful believe, which suggests that
people have faith in entirely daft, arbitrary things, like the eectric monk in
Douglas Adamssddightful Dirk Gently'sHolistic Detective Agency. Hewas
purpose-built to do your bdieving for you, and very successful a it. On the
day that we meet him he unshakesbly believes, againg dl the evidence, that
everythingintheworld ispink. | don't want to arguethat thethingsinwhich
aparticular individua has faith are necessarily daft. They may or may not
be. The point isthat thereis no way of deciding whether they are, and no
way of preferring one article of faith over another, because evidence is
explicitly eschewed. Indeed the fact that true faith doesn't need evidenceis
held up asits grestest virtue; this was the point of my quoting the story of
Doubting Thomas, the only redlly admirable member of the twelve apostles.

Faith cannot move mountains (though generations of children are
solemnly told the contrary and believeit). But it is capable of driving people
to such dangerousfaly that faith seemsto meto qudify asakind of mental
illness. It leads peopleto bdieve in whatever it is so Srongly that in extreme
casesthey are prepared to kill and to die for it without the need for further
judtification. Keith Henson has coined the name 'memeoids for ‘victims
that have been taken over by a meme to the extent that their own survivd
becomes inconsequential ... You see lots of these people on the evening
news from such places as Bdfagt or Beirut.' Faith is powerful enough to
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immunize people against all appeal sto pity, to forgiveness, to decent human
feelings. It even immunizes them against fear, if they honestly believe that a
martyr's death will send them straight to heaven. What aweapon! Religious
faith deserves a chapter to itself in the annals of war technology, on an even
footing with the longbow, the warhorse, the tank, and the hydrogen bomb.

p. 201 We, alone on earth, can rebel against the tyranny of the selfish
replicators.

The optimistic tone of my conclusion has provoked scepticism among
criticswho feel that it isinconsistent with therest of the book. In some cases
the criticism comes from doctrinaire sociobiologists jealously protective of
theimportance of genetic influence. In other casesthe criticism comesfrom
aparadoxically opposite quarter, high priests of the left jealously protective
of afavourite demonological icon! Rose, Kamin, and Lewontinin Not in Our
Geneshaveaprivate bogey called 'reductionism’; and all the best reduction-
istsare also supposed to be 'determinists, preferably 'genetic determinists'.

Brains, for reductionists, are determinate biological objects whose
properties produce the behaviors we observe and the states of thought
or intention we infer from that behavior ... Such a position is, or
ought to be, completely in accord with the principles of sociobiology
offered by Wilson and Dawkins. However, to adopt it would involve
them in the dilemma of first arguing the innateness of much human
behavior that, being liberal men, they clearly find unattractive (spite,
indoctrination, etc.) and then to become entangled in liberal ethical
concerns about responsibility for criminal acts, if these, like all other
acts, are biologically determined. To avoid this problem, Wilson and
Dawkinsinvoke afreewill that enables usto go against the dictates of
our genesif wesowish... Thisisessentialy areturn to unabashed
Cartesianism, adualistic deus ex machina.

| think that Rose and his colleagues are accusing us of eating our cake and
having it. Either we must be 'genetic determinists' or we believe in 'free
will', we cannot have it both ways. But—and here | presume to speak for
Professor Wilson aswell asfor myself—it isonly in the eyes of Rose and his
colleagues that we are 'genetic determinists'. What they don't understand
(apparently, though it is hard to credit) is that it is perfectly possible to hold
that genes exert a statistical influence on human behaviour while at the same
time believing that thisinfluence can be modified, overridden or reversed by
other influences. Genes must exert a statistical influence on any behaviour
pattern that evolves by natural selection. Presumably Rose and his col-
leagues agree that human-sexual desire has evolved by natural selection, in
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the same sense as anything ever evalves by natural selection. They therefore
must agree that there have been genes influencing sexud desire—in the
same sense as genes ever influence anything. Y e they presumably have no
troublewith curbing their sexua desireswhen it is socidly necessary to do
s0. What isdudlist about that? Obvioudy nothing. And no moreisit dualist
for me to advocate rebelling 'againg the tyranny of the sdfish replicators.
We, that isour brains, are separate and independent enough from our genes
to rebel againg them. As dready noted, we do so in asmall way every time
we use contraception. Thereis no reason why we should not rebel inalarge
way, too.
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EXTRACTS FROM REVIEWS

Pro bono publico
Peter Medawar in The Spectator, 15 January 1977

When confronted by what is ostensbly atruistic or anyhow non-
sdfish behaviour in animals, amateurs of biology, a class that includes
an increasing number of sociologigts, are very easly tempted to say that
it has evolved 'for the benefit of the species.’

Thereisawdl known myth, for example, that lemmings - evidently
more conscious of the need for it than we are — regulate population
size by plunging over diffs by the thousand to perish in the sea. Sure-
ly even the most gullible naturalist must have asked himself how such
altruism could have become part of the behavioura repertoire of the
species, having regard to the fact that the genetic make-ups conducive
to it must have perished with their possessors in this grand demo-
graphic auto-da-fe. To dismiss this as amyth is not to deny, however,
that genetically sdfish actions may sometimes 'present’ (as clinicians
say) as disinterested or atruistic actions. Genetic factors conducive to
grandmotherly indulgence, as opposed to callous indifference, may
prevail in evolution because kindly grandmothers are sdfishly pro-
moting the survival and propagation of the fraction of their own genes
that are present in their grandchildren.

Richard Dawkins, one of the most brilliant of the rising generation
of biologists, gently and expertly debunks some of the favourite illu-
sions of socid biology about the evolution of altruism, but this is on
no account to be thought of as a debunking kind of book: it is, on the
contrary, amost skilful reformulation of the central problems of socid
biology in terms of the genetical theory of natural selection. Beyond
this, it islearned, witty and very well written. One of the things that
attracted Richard Dawkins to the study of zoology was the 'general
likeableness of animals - a point of view shared by al good biologists
that shines throughout this book.

Although The Selfish Gene is not disputative in character, it was a
very necessary part of Dawkins's programme to deflate the pretensions
of such booksasL orenz'sOn Aggression, Ardrey's The Social Contract,
and Eibl-Eibesfeldt's Love and Hate: 'the trouble with these books is
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that their authors got it totally and utterly wrong... because they mis-
understood how evolution works. They made the erroneous assump-
tion that the important thing in evolution is the good of the species
(or the group) rather than the good of the individual (or the gene).'

There is indeed truth enough for a dozen sermons in the school-
boy aphorism that 'a chicken is the egg's way of making another egg.'
Richard Dawkins puts it thus:

The argument of this bodk isthat we, and dl other animds, are machines cre-
aed by our genes... | shdl argue that a predominant qudity to be expected in
aucoesul gareisruthless Hfishness This gene Hfishness will usudly give
rise to sHfishnessin individud behaviour. However, as we shdl see there are
gedd drcumgances in which a gene can achieve its own sdfish gods best by
fodering a limited form of dtruism et thelevd of individud animas 'Specid’
and 'limited' areimportant wordsin the lagt sentence. Much as we might wish
to bdieve othewise, universd love and the wefare of the gpedies as awhde
are concepts which amply do not meke evolutionary ssnse

We may deplore these truths, Dawkins says, but that does not make
them any less true. The more clearly we understand the selfishness of
the genetic process, however, the better qudified we shdl be to teach
the merits of generosity and co-operativeness and dl ese that works
for the common good, and Dawkins expounds more clearly than most
the special importance in mankind of cultural or 'exogenetic’ evolution.

In his last and most important chapter, Dawkins challenges himself
to formulate one fundamental principle that would certainly apply to
al evolutionary systems - even perhaps to organisms in which silicon
atoms took the place of carbon atoms, and to organisms like human
beings in which so much of evolution is mediated through non-
genetic channels. The principle is that of evolution through the net
reproductive advantage of replicating entities. For ordinary organisms
under ordinary circumstances these entities are the singularities in
DNA molecules known as 'genes.' For Dawkins the unit of cultural
transmission is that which he cals the ‘meme’ and in his last chapter
he expounds what is in effect a Darwinian theory of memes.

To Dawkins's exhilaratingly good book | will add one footnote: the
idea that the possession of a memory function is a fundamentd attri-
bute of dl living things was first propounded by an Austrian physiol-
ogist Ewad Hering in 1870. He spoke of his unit as the 'meme,’ a
word of conscious etymologica rectitude. Richard Semon's exposition
of the subject (1921) is naturally enough completely non-Darwinian,
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and cannot now be regarded as anything except a period piece. One of
Hering's ideas was held up to ridicule by arival nature philosopher,
Professor J. S. Haldane: the idea that a compound must exist having
exactly the properties we now know to be possessed by deoxyribo-
nucleic acid, DNA.

© The Spectator, 1917

The Play by Nature

W. D. Hamilton in Science, 13 May 1977 (extract)

Thisbook should beread, can beread, by amost everyone. It describes
with great kill a new face of the theory of evolution. With much of
the light, unencumbered style that has lately sold new and sometimes
erroneous biology to the public, it is, in my opinion, a more serious
achievement. It succeeds in the seemingly impossible task of using
simple, nontechnical English to present some rather recondite and
quasi-mathematical themes of recent evolutionary thought. Seen
through thisbook in their broad perspective at last, these will surprise
and refresh even many research biologists who might have supposed
themselves already in the know. At least, so they surprised this re-
viewer. Y, to repeat, the book remains easily readable by anyone with
the least grounding in science.

Even without intention to be snobbish, reading a popular book in a
field closeto one's research interests almost forces one to tally errors:
this example misapplied, that point left ambiguous, that idea wrong,
abandoned years ago. This book had an almost clean sheet from me.
Thisis not to say that there are no probable errors- that could hardly
be the casein awork where speculation is, inasense, the stock intrade
- but its biology as a whole is firmly the right way up and its ques-
tionable statements are at least undogmatic. The author's modest as-
sessment of hisown ideastendsto disarm criticism, and here and there
the reader finds himself flattered by a suggestion that he should work
out a better model if he doesn't like the one given. That such an in-
vitation can be made serioudy in a popular book vividly reflects the
newness of the subject matter. Strangely, there are indeed possibilities
that simple ideas as yet untested may shortly resolve some old puzzles
of evolution.
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What, then, is this new face of evolution? To a certain extent it is
like a new interpretation of Shakespeare: it was dl in the script but
somehow it passed unseen. | should add, however, that the new view
in question was latent not so much in Darwin's script of evolution as
in nature's and that our lapse of attention is more on the scale of 20
years than of a hundred. Dawkins starts, for example, from those vari-
able helical molecules that we now know fairly wel; Darwin knew not
even about chromosomes or their strange dance in the sexua process.
But even 20 years is quite long enough to cause surprise.

The first chapter broadly characterizes the phenomena the book
seeksto explain and shows their philosophica and practical importance
to human life. Some intriguing and alarming anima examples catch
our attention. The second chapter goes back to the first replicatorsin
their primeval soup. We see these multiply and elaborate. They begin
to compete for substrates, to fight, even to lyse and eat one another;
they hide themselves and their gains and weapons in defensive stock-
ades; these come to be used for shelter not only from the tactics of rivals
and predators but from the physical hardships of the environments that
the replicators are increasingly enabled to invade. Thus they maobilize,
settle, throw up bizarre forms, pour over the beaches, across land, and
right on to deserts and eternal snows. Between such frontiers, beyond
which, for long, life cannot go, the soup is poured and repoured mil-
lions of times over into an ever-stranger diversity of molds; at length
it is poured into ant and elephant, mandrill and man. This second
chapter concludes, concerning some ultimate descendant coalitions of
these ancient replicators: "Their preservation is the ultimate rationale
of our existence... Now they go by the name of genes and we are their
survival machines.”

Forceful and provocative, the reader may think, but is it very new?
Well, so far perhaps not, but of course evolution has not ended with
our bodies. More important still, the techniques of survivd in a
crowded world turn out to be unexpectedly subtle, much more subtle
than biologists were prepared to envisage under the old, departing
paradigm of adaptation for the benefit of the species. It is this subtlety,
roughly, that is the theme of the rest of the book. Take a smple exam-
ple, birdsong. It seems a very inefficient arrangement: a naive materi-
alist looking for the techniques by which a species of Turdus survives
hard winters, food shortages, and the like might wel find the flam-
boyant singing of its males asimprobable as ectoplasm at a seance. (On
further thought he might find the fact that the species has maes at dl
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equally imprabable, and thisindeed is another major topic of the book:
aswith that of birdsong, the function of sex has been rationalized much
too facildly in the past.) Yet within any bird species a whole team of
replicators has concerned itsdlf to lay down an elaborate outline for this
performance. Somewhere Dawkins cites the even more extraordinary
song of the humpback whale, which may make itself heard over awhole
ocean; but of this song we know even less than with Turdus what it is
about and to whom directed. So far as the evidence goes it might ac-
tually be an anthem for cetacean unity against mankind - perhaps well
for whales if it were. Of coursg, it is other teams of teams of replicators
that now turn out symphony concerts. And these certainly do some-
times cross oceans - by reflection from bodiesin space which themsdves
were made and orbited according to plans from even more complex
teams. What conjurers do with mirrors is nothing to what nature, if
Dawkins is right, does with no more promising a starting material than
congedled primeval soup. It will serve to characterize the new look that
biology has in this and some other recent books (such asE. O. Wilson's
Sociobiology) to say that it shines with a hope that these farthest exten-
sions of life may soon fit more comprehensibly, in essence if not in some
details (religious persons and Neo-Marxists may reverse that phrase if
it suits them better), into a genera pattern that includes the simplest
cdl wall, the smplest multicell body, and the blackbird's song.

The impression should be avoided, however, that this book is some
sort of layman's or poor man's Sociobiology. First, it has many original
idess, and second, it counterweights a certain imbalance in Wilson's
massive tome by strongly emphasizing the game-theoretic aspect of
socia behavior, which Wilson hardly mentioned. ‘Game-theoretic' is
not quite the right word, especidly in the context of lower levels of
socia evolution, since the genes themselves don't rationalize about
their methods of operation; nevertheless, it has become clear that at
all levelsthere are useful similarities between the conceptual structures
of game theory and those of socid evolution. The cross-fertilization
implied hereis new and is till in progress: only recently, for example,
| learned that game theory had aready given a name ("Nash equilibri-
um") to a concept that corresponds roughly to the "evolutionarily
stable strategy.” Dawkins rightly treats the idea of evolutionary stabil-
ity as al-important for his new overview of socia biology. The game-
like element in socia behavior and socia adaptation comes from the
dependence, in any socid situation, of the success of one individual's
strategy on the strategies used by his or her interactants. The pursuit
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of adaptation that gets the most out of a given situation regardless of
the overall good can lead to some very surprising results. Who would
have supposed, for example, that the weighty matter of why in fish,
contrary to the case in most other animals, it is the mae that usualy
guards the eggs and young if either sex does, might depend on such a
trivia detail as which sex is constrained to release its gametes into the
water first? Yet Dawkins and a co-worker, pursuing an idea of R. L.
Triverss, have made a fair case that such a detail of timing, even if a
matter of seconds, could be crucia for the whole phenomenon. Again,
would we not expect that females of monogamous birds, blessed with
the help of a mate, would lay larger clutches than femaes of polyga
mous species? Actually the reverse is true. Dawkins, in his somewhat
alarming chapter on the "battle of the sexes," applies once more the
idea of stability against exploitation (by the mae in this case) and
suddenly makes this odd correlation seem natural. His ides, like most
of his others, remains unproven, and there may well be other, more
weighty reasons; but the ones he gives, which are seen so easily from
his new vantage point, demand notice.

In atextbook of game theory one sees no more of games than one
sees of circles and triangles in a textbook of modern geometry. At a
glance dl is just algebra: game theory is a technical subject from the
start. Thusitis certainly aliterary feat to convey as much as this book
does of even the outward fed and quality, let aone inward details, of
game-theoretic situations without recourseto formulas. R. A. Fisherin
his introduction to his great book on evolution wrote, "No efforts of
mine could avail to make the book easy reading.” In that book, under a
rain of formulas and of sentences as profound as terse, the reader is
soon battered into acquiescence. Having read The Selfish Gene | now
fed that Fisher could have done better, although, admittedly, he would
have had to write a different kind of book. It looks as though even the
formative ideas of classic population genetics could have been made
much more interesting in ordinary prose than they ever were. (Indeed,
Haldane did manage somewhat better than Fisher in this, but weas less
profound.) But what is redly remarkable is how much of the rather
tedious mathematics that comes in the mainstream of population genet-
ics following the lead of Wright, Fisher, and Haldane can be bypassed
in the new, more socia approach to the facts of life. | was rather sur-
prised to find Dawkins sharing my assessment of Fisher as "the great-
et biologist of the twentieth century” (arare view, as | thought); but |
was dso surprised to note how little he had to reiterate Fisher's book.
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Finally, in his last chapter, Dawkins comes to the fascinating sub-
ject of theevolution of culture. He floats the term "meme" (short for
"mimeme") for the cultural equivaent of "gene." Hard as this term
may be to delimit - it surely must be harder than gene, which is bad
enough - | suspect that it will soon be in common use by biologists
and, one hopes, by philosophers, linguists, and others as well and that
it may become absorbed as far as the word "gene" has been into

everyday speech.
Excerpted with permission from W. D. Hamilton, SCIENCE
196:757-59 (1977). © 1977 AAAS
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Genes and Memes
John Maynard Smith in The London Review of Books, 4-18
February 1982. (Extract fromreview of The Extended Phenotype.)

The Selfish Gene was unusua in that, although written as a popular
account, it made an original contribution to biology. Further, the con-
tribution itself was of an unusual kind. Unlike David Lack's classic The
Life of the Robin - dso an origina contribution in popular form - The
Sifish Gene reports no new facts. Nor doesit contain any new mathe-
matical models— indeed it containsno mathematicsat all. What it does
offer is anew world view.

Although the book has been widdy read and enjoyed, it has aso
aroused strong hodtility. Much of this hogtility arises, | believe, from
misunderstanding, or rather, from several misunderstandings. Of
these, the most fundamental is a failure to understand what the book
is about. It is a book about the evolutionary process - it is not about
morals, or about politics, or about the human sciences. If you are not
interested in how evolution came about, and cannot conceive how
anyone could be serioudly concerned about anything other than human
affairs, then do not read it: it will only make you needlessly angry.

Assuming, however, that you are interested in evolution, agood way
to understand what Dawkins is up to is to grasp the nature of the de-
bates which were going on between evolutionary biologists during the
1960s and 1970s. These concerned two related topics, ‘group selection’
and 'kin selection’. The 'group selection' debate was sparked off by
Wynne-Edwards [who suggested that behavioura adaptations] had
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evolved by 'group selection' - i.e. through the survival of some groups
and the extinction of others. . .

At dmost the same time, W.D. Hamilton raised another question
about how natural selection acts. He pointed out that if a gene wereto
cause its possessor to sacrifice its life in order to save the lives of sev-
eral relatives, there might be more copies of the gene present afterwards
than if the sacrifice had not been made ... To model the process
quantitatively, Hamilton introduced the concept of ‘inclusive fit-
ness. . . which includes, not only an individual's own offspring, but
any additional offspring raised by relatives with the help of that
individual, appropriately scaed by the degree of relationship. . . .

Dawkins, while acknowledging the debt we owe to Hamilton,
suggests that he erred in making a last-ditch attempt to retain the
concept of fitness, and that he would have been wiser to adopt a full-
blooded 'gene's eye' view of evolution. He urges us to recognise the
fundamental distinction between 'replicators - entities whose precise
structure is replicated in the process of reproduction - and 'vehicles:
entities which are mortal and which are not replicated, but whose
properties are influenced by replicators. The main replicators with
which we are familiar are nucleic acid molecules - typically DNA
molecules - of which genes and chromosomes are composed. Typical
vehicles are the bodies of dogs, fruitflies and people. Suppose, then,
that we observe a structure such as the eye, which is manifestly adapted
for seeing. We might reasonably ask for whose benefit the eye has
evolved. The only reasonable answer, Dawkins suggests, is that it has
evolved for the benefit of the replicators responsible for its
development. Although like me, he greatly prefers individual to group
advantage as an explanation, he would prefer to think only of replicator
advantage.

©John Maynard Smith, 1982
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