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FOREWORD

According to a Gallup poll taken in 2009 on thereproductive benefit of this characteristic. Manolo
birthday of Charles Darwin, fewer than 40 percenBoler and his colleagues have developed several
of my fellow Americans accept the reality ofsuch ideas based on a Darwinian foundation. They
evolution. The situation in Spain is somewhahave then evaluated each possible adaptive
similar, although here slightly more than 60function of this strange behavior using each
percent of the population “believes in” evolution.hypothesis to produce testable predictions. The
Of course, this means that more than 30 percent ifsearch team has subsequently hunted for the
all Spaniards do not think that evolution by nalturaevidence for or against the predictions they have i
selection has occurred, and even this is hand and in this manner, they reached the
discouraging figure. conclusion that the males were demonstrating their
Moreover, many of those in Spain and thehysical condition (a trait related to their capgaci
United States who say that they believe ito bring food eventually to their nestlings). The
evolution do not really have a sufficientfemales use the information they receive about
understanding of Darwinian theory, much less amale parental quality to adjust their reproductive
appreciation of the way in which moderninvestment in eggs. Thus the rock-carrying males
biologists use the theory to conduct their researchenefit by getting more eggs to fertilize if thegnc
Manolo Soler has recognized this reality, a poinlemonstrate that they are able to fully provision
that led him to write this magnificent book to helptheir youngsters when these hatch from the eggs in
members of the general public to advance thea nest. Without an evolutionary foundation, the
comprehension of a scientific concept of greabiologists involved and the rest of us would have
importance. Dr. Soler is perfectly suited tonot understood why male black wheatears behave
undertake this task because he has utilizetie way they do.
Darwinian theory as a foundation for his elegant The same applies to many other puzzles
studies of animal behavior. He is part of a grofip eexplored in the pages of this book. Why do so
Spanish ornithologists who have experienced greatany animals reproduce sexually instead of
success in their investigations of the adaptiveeal asexually? Why are the eggs of any number of bird
of bird behavior. As a result, Dr. Soler has thepecies bright blue? Why do females and males of
necessary background with which to explain thenany species that appear to be monogamous
value of evolutionary theory for scientific resdarc actually mate on the side with their neighbors?
As Dr. Soler explains, Darwinian theory hasWhy are altruistic acts extremely rare in the ratur
two components. One part is the theory of naturaorld? Manolo Soler presents the most recent
selection, which helps provide a way for biologistscientific answers to these questions and many
to identify the adaptive value or function of themore.
characteristics of living things that interest them The author also demonstrates the utility,
By “function”, we scientists know, thanks toindeed the necessity, of an evolutionary focus if
Darwin, that we are talking about the role thettraiwe are going to really understand the behavior of
plays in enabling individuals to reproducehuman beings. In the last few decades, some
successfully. The first part of this book provides biologists and psychologists have made
accessible account of this point with manyremendous progress in applying Darwinian theory
examples drawn from fascinating recent studie® key elements of human behavior. In this book,
conducted by biologists in Spain, Europe and thgou will encounter a clear and convincing
United States of America. All of these topsummary of this work. After having read the
researchers have made important discoveries ttatidence, | believe that you will conclude that we
were dependent upon an understanding of naturedn learn much about the adaptive value of our
selection theory. actions if we accept the possibility that we, ltke
This theory guides the investigator when hélack wheatear and all other animal species, have
or she is trying to develop hypothesesvolved under the influence of natural selection.
(explanations) for some intriguing aspect of the  There is another component to Darwinian
natural world. A wonderful example of science intheory and this element deals with “descent with
action that you will encounter in this book invatve modification.” Darwin knew that there is a long
the behavior of the black wheatear, whose maldsstory behind each and every aspect of living
carry many rocks to places where their mates withings. We need to take this history into accofint i
build their nests. Why do the males behave thise wish to construct a complete picture of the
way? The first step toward a solution is to depelobehavior of all animals, includinglomo sapiens
one or several hypotheses on the possibMe can gain a part of this picture if we realizatth



the adaptive characteristics of living things haveertain key attributes. Thanks to this point, wa ca
changed little by little over time from a distantput to the test ideas about such things as therfist
starting point. According to Darwin and his fellowof the capacity for language and the cognitive
evolutionists, each modern species has ancestastitude of our own species.
that are now extinct. Some of these ancestral Readers of this book will learn that the
species gave rise to a cluster of descendent speaswolutionary theories of Darwin even today have
alive today and in these cases, we can predict thgrieat significance not only for persons who study
these organisms will exhibit similar attributesaas birds, insects and reptiles but also for those
result of having inherited them from a commorresearchers that search for answers to questions
ancestor no long with us. about the function and history of our own species’
The last chapters of this book present theehavior. Evolutionary biology is not a discipline
results of comparative studies of closely speciesf the past but a vibrant, useful and immensely
studies done to reconstruct the history of compleproductive field of research today. We thank
traits in various animals, including our ownManolo Soler for having written a comprehensive
species. Just as Darwin and others have predictedticount that demonstrates the power and
animals derived from a common ancestomodernity of the ideas of Charles Darwin.
sometimes have maintained elements exhibited by
this ancient species. In certain primate specie®ohn Alcock
closely related to us we can see traces of thArizona State University
species that preceded us and that endowed us with



PREFACE

| took on the task of writing this book, the secanda The layout of all chapters is similar. Initially |
series sponsored by the Spanish Evolutionary Biologgresent what the science of ethology has reveaigtie®
Society (Sociedad Espafiola de Biologia Evolutivasubject in other animals followed by its applicatito
SESBE), early in 2008. After delivering eighteenhuman beings. Often, and as | like to do during my
lectures on ‘Ethology’ at Granada University, | idecd  classes to assist my students’ comprehensionrt lveith
the time was opportune to write a book on animatxamples that illuminate the theoretical basisroisaue.
behaviour based on my approach to the subject in Mith respect to the numerous studies describedén t
classes. In these, where | try to encourage stadent book, those which are discussed in detail havebreh
think and participate, | pose questions on adaptati taken from other works but are based on original
animal behaviour which include examples from thesources, often recently published novel research.
human species. | noticed from the start that posing  All chapters are designed with a view to being
questions on human behaviour led to an immediatentirely comprehensible without having to have rdw
increase in students’ interest and in their diggmsito  preceding ones, allowing those who are especially
take part in class discussions. Nevertheless, doiows interested in particular subjects to start the batlere
and complex reasons which | consider in Chapter they please. With this in mind, scientific name® ar
ethology texts do not usually cover human behavieur given the first time a species is mentioned in pver
though some of them include one isolated chapteutab chapter. Similarly, theories and scientific terms eited
this subject. For these reasons | decided to diee tin inverted commas on first mention in each chapter
human species particular prominence in this bodkchv  Although | am aware that scientific names and
considers the principal themes of animal behavioubibliographical references interrupt the flow oé ttext |
Furthermore, this decision was supported by thbave decided to include them since they are
enormous advances seen in recent years in relevantiispensable to those readers seeking a deeper
fields such as molecular biology, evolutionaryunderstanding of the subjects treated. | expect tha
psychology and neurobiology. The sequencing of theeaders who are less interested in the more skgenti
genome of various species and the impressivaspects will soon get used to ignoring these imsest
development of evolutionary psychology, togethethwi which always appear in parentheses. In any event, |
the identification of numerous genes, neural ctecand  believe that the scientific name of a species meydry
hormones responsible for many behaviours, have venseful for enquiring readers since it allows easgreh
clearly shown that the fundamentals of human behavi for images or additional information on any exampie
do not differ from those of other animals. particular interest of them. Thus, searching foe th
Eleven themes comprise this book. After justifyingscientific name on Google and clicking on ‘Imagesly
in Chapter 1 the inclusion of the human species in @eveal impressive photographs of many of the desdri
book on animal behaviour, Chapter 2 coverdehaviours. Readers are, for example, invited tamo
fundamentals such as the scientific method and thmage search for the parasitic louSgmothoa exigua
‘theory of evolution by natural selection’, which that destroys the tongue of its fish host andeseitl its
underpins the scientific study of behaviour. Chager place, or the marine racing stripe flatworRseudoceros
summarises the history of ethology and gives abifurcus which engage in fencing combat with their
overview of current trends in this science. Thee¢hr enormous erect penises, each attempting to pemét@at
following chapters (4-6) deal with reproductiveother. You may also wish to search for image$an
behaviour, following the logical sequence of thepaniscuswhich will lead to video images of the frontal
reproductive process: finding a mate, fertilisatéod, in  copulation in which bonobos indulge.
species with parental care, looking after the yoimg Separate text boxes are used to present the most
order to increase their chances of survival. Chapter specialised theoretical knowledge. These are
studies gregariousness in individuals that livenore or independent of the text and are not necessary for
less permanent groups, which at times form verunderstanding the chapters. They need concern only
complex societies, as seen in social insects arttieén those interested in acquiring more specialised
human species. Groups and societies in all specidgiowledge.
including our own, persist as a consequence of the
benefits which individuals obtain through livinggether ~ Acknowledgements
and helping each other. One form of helpful behawis

known as altruism, the theme of Chapter 8. Chapter fhis hook is not just the result of having a yeewhich
studies the I’elatlonshlps between individuals ffedent to write it but is instead the fruit of my entire

species which, although sometimes resulting in fitsne professional career, during which | have been leged

to both parties, most often serve the needs ofane to |earn what so many scientists have previously
them. Chapter 10 deals with the fascinating subgéct giscovered. | am indebted to numerous persons,
animal communication leading to an analysis oflbe jnstitutions and, indeed, learning experiences thair
less compelling subject of human language. Finallyassistance and for their influence on me duringtad
Chapter 11 deals with the study of cognitive skillsgime. | will try to summarise them briefly.

dealing with topics such as problem-solving ahility From a professional standpoint, and as a small
planning for the future and tool use. In additithis tripute to Darwin in this year 2009, in which we
final chapter considers more rarefied matters sash commemorate the 200th anniversary of his birth thed

Cuguref conscience, emotions, sense of justicealityy  150th anniversary of the publication of his famboesk
and religion.
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Chapter 1

Should human behaviour be studied from a biologicaperspective?

1.1. Introduction owners attribute moral virtues to them, as did the
watchers of the elephant programme. Often too #rey
We humans have always been fascinated by tHegarded as possessing the highest cognitive ¢&saci
behaviour of other animals and we have had a cloda any event, without paying much heed to owners’
relationship with many animal species throughouepinions of their pets, which tend to be very uestific,
history. Some have been our enemies, others oyr prave can ask ourselves ‘is human behaviour very reiffe
Some have been our competitors and others, a few, drom that of other animals?’ In particular, since thave
allies. Since time immemorial this close relatidpdfias mentioned parental care, ‘is the behaviour of a dum
obliged us to know them well. For our ancestoringa mother so different from that of any other typdeshale
as much as not being eaten, often depended on beimgmmal who is caring for her young?' Surely not,
aware of and being able to predict the behaviouhef fundamentally. The preoccupation with her offspring
other animals that shared their habitat. We havedha the effort to provide it with all that it needs atiie
some species; others we have loved, but nearlyyalwareadiness to take any risk to save it from danger a
we have admired other animals, recognising thabme common to mothers of all species in which there is
ways they are superior to ourselves. Some cultuags parental care. Why then are there no books that tre
even idolised some animals and venerated themdss go human behaviour and the behaviour of nonhuman
Sometimes we have even regarded other animaiglimals similarly?
as role models and not only in antiquity becaugsestil That is the principal objective of this book, to
happens today. We just have to observe (evenyfvial tackle the study of human behaviour and that oérth
television documentaries) the dedication andnimals simultaneously and with the same apprddgh.
perseverance of birds caring for a nest full otkbj the intention, however, is not just to describe beharsp
great tenderness and affection with which mammajut also to try to understand why they arise, bking
mothers care for their young, or the courage thatse of the only theoretical framework that makes th
individuals of many species display in risking, angn possible: Charles Darwin's ‘theory of evolution by
losing, their lives to save those of their compagicOn  hatural selection’ (Darwin 1859). There is an intpot
occasions such as these we can be overwhelmed bgreditary component to behaviour and it is theome
emotion and attribute the purest and most sublimef evolution. Evolutionary theory allows us to aptie
sentiments to animals such as these. | recallamgt 4go ~ scientific method, that is to say to suggest hypsgls
a group of people who were watching a Tvand put their predictions to the test to see wheth@ot
documentary on elephants. The story told how amrouhey are fulfilled (see Chapter 2). This is the ¢gbi
of females with some young were migrating during &cientific focus of studies of animal behaviour.
time of drought and scarcity. They were crossing &urthermore, during recent decades it has also been
desert area in an apparent attempt to reach afoode applied with success to the study of human behasu
rich region. The star of the documentary was aliagyy ~much by evolutionary psychologists as by etholagist
elephant that was in quite a weak state. After eteh  (biologists who concern themselves with animal
its mother and the other females helped it to geand behaviour).
pushed it so that it would resume walking. When the | think it is important, indeed necessary, to jiysti
little one died, the group stayed by the dead infard  from the start the validity of studying human bebav
its mother for a considerable time. Eventually, allas if we are an animal species with an evolutionary
elephants apart from the mother resumed theirdrede  history, as this book does. Is it acceptable tadystu
again. The mother, although she had not eatenlfimga  human behaviour together with that of other animals
time, remained for two days, preventing the vukurefrom the same biological perspective? Many
from devouring the corpse. At the end of thephilosophers, anthropologists, psychologists and
documentary, a lady rose from her armchair wipingociologists would answer this question with a
away her tears and said ‘that was more unbearahtea resounding ‘No’ for two main reasons, each in turn
weepy soap opera’. associated with two highly controversial matterse(s
The elephants’ behaviour revealed in théBox 1.1 for a detailed explanation). Neverthelesanyn
documentary was not a confection of special effdtts biologists and also some professionals of the pliseis
was real. Infancy in elephants is very lengthy @#mel mentioned above would give an equally resounding
mother and the other females, who are also retatdie  ‘Yes’ to the same question. In this case the jigstifon
young, really are extremely solicitous. People vwsagy  for their reply is simple and direct: for sciertifieasons.
the documentary said such things as ‘they feeldten On the one hand, we actually are animals, more
than many people do’ or ‘they are better than mangpecifically, a vertebrate, a mammal, a memberhef t
people’. By ‘better’ they clearly imply ‘better pdep order Primates. Behavioural researchers have
and it is curious to hear elephants described &sybe demonstrated, without any doubt — as we shall binge
better people than many real people! throughout this book — that the fundamentals of &wum
We humans enjoy making comparisons of thidehaviour do not differ from those of all otherraals.
sort. One need only spend a few minutes listening fFurthermore, applying the evolutionary perspecidie
someone talking about his or her pet. Sometimepéhe behavioural ecology to studies of human beings has



produced a flood of ideas that have led to novabimts
into our behaviour. This is reflected in a largenter of
scientific studies that have been published duthmng
past twenty years and that have illuminated topigsh
as finding a partner and falling in love, conflitween
partners, the sharing (or not) of parental resymlitgs,
social relationships, altruistic acts and many tieake

more sense when seen from

the viewpoint

10

nature. It is unsurprising that this idea appeaisesit
implies that we are superior to all other animalbich
gratifies our egos and offer us the hope of frde wi

But can we still insist upon the uniqueness of
human nature given what we now know? We are
certainly different in some ways from other animals
including our closest relatives, the other primafBse

othief difference, biologically-speaking, is ourately

evolutionary biology. Although such a focus remaéns large brain, three times larger than that of anothe
minority view in some disciplines, such as anthtogyp,
it is enjoying considerable success in others, @alhe
in psychology. Here the science of evolutionanjinterconnections.
psychology has forged ahead. It is rooted in thdysbf
the psychological mechanisms that underlie evatuéie

the discipline looks to find biological similariehat are

common to all human beings.

Should human behaviour be studied from the same bio
perspective as for all other animals?

NO

1.

YES

Box 1.1. Possible replies, with their corresponding
arguments and associated controversial aspects, to the
question of the validity of studying human behaviour
alongside that of all other animals.

logical

Because many social science professionals suppose that our culture,
intelligence and consciousness have liberated us from our instincts
(genetic predispositions) and hence from evolutionary forces. In
contrast, biology rests on the theory of evolution by natural selection,
which is based on genes (see Chapter 2).

Related controversial aspects

a. The uniqueness of human nature (which makes us different
from other animals).

b. The nature—nurture debate (is human behaviour determined
by genes or by the environment?).

Because many people believe that such a viewpoint implies justifying
reprehensible behaviour. For example, they think that if violence is
genetically determined, even if only partly, then murder is justifiable
because it is something natural.

Related controversial aspects

a. The naturalistic fallacy: Assumes that what is natural is good
and hence is morally acceptable.

b. Social Darwinism: Proposes applying to human societies the
idea that those who have triumphed are the ‘most fit' and hence that
the ‘less fit' should not be helped to overcome their situation.

For scientific motives exclusively:

a. Because we are animals (vertebrates and mammals of the order
Primates).

b. Because applying evolutionary methodology has generated
significant advances in our understanding of ourselves.

We shall now examine in detail the three argumétrds
are used to justify a negative response: the unieggeof

human nature,

historical problems, namely the naturalistic fajlaand
social Darwinism.

1.2. The uniqueness of human nature

the nature-nurture debate and two

primate of equivalent size, which implies a large
increase in the number of neurons and neural

However, although we may not like to be
reminded of this very much, there are many impartan
similarities between ourselves and other animals.afé
clearly mammals and share a great many mammalian
characteristics. It is also apparent that we aienas
that share many features with all members of thean
kingdom. For example, as in all other cellular
organisms, our cells possess a genome, the getieaset
instructs the development and function of each ahe
us. It has always been clear that if it were pdesib
analyse and compare the genomes of different specie
including our own, this would be the key to deterimg
the genetic differences between human beings dret ot
animals. Such an idea was science fiction untit ps
couple of decades ago, but it has now been achigyed
molecular biology, undoubtedly one of the brancbes
biology that has advanced the most in recent y&fles.
now know that the human genome comprises some
3,000 million base pairs, which may be likened hie t
‘letters’ of an encyclopaedic instruction book that
contains the information needed for our constructio
These 3,000 million letters are grouped into some
25,000 genes. This result came as a big surprisaukse
bearing in mind that since the genomenbsophila
fruit-flies was already known to include about 180
genes, it had been assumed that the human genome
would have at least 100,000 genes. Humans areadfter
far more complex than fruit flies and endowed with
vastly greater cognitive capacities. Clearly, the
discovery that we have ‘only’ 25,000 genes raisades
doubt about the idea that we are on a higher léhasi
all other living beings. The surprise was still ajer
when it was found that the human genome is almost
identical (by 98.76%) with that of the chimpanz@eaurg
troglodyte3. Moreover, the chimpanzee genome was
closer to our own than to the gorill&drilla gorilla).
These findings have been taken as a personal affson
some, since they show that not only are we aniimads
also that we are very similar indeed to our clotestg
relative.

Nonetheless, although such similarities are the
most striking feature of all this information, thigsnot to
say that the differences are unimportant. As thiliamt
communicator Matt Ridley (2004) has emphasised, the
difference of about 1.5% from the chimpanzee genome
is equivalent to no fewer than 45 million lettenghich

We humans have always liked the notion that we afould amount to 75 Bible-length books filling a ekr

different from other animals. Most philosophersoasr

metre-long shelf. So, the difference may be muds le

history have defended the idea that although oth&f@n was expected, butis still very significant.

animals have instincts human beings do not. Such an

What about human behaviour? It is curious (and

opinion insists upon the uniqueness of human nature contradictory I would say in passing) that although
maintains that each and every animal species iasvit

characteristic nature, all except the human spebtss ; - -~
not subject to the dictates of genes and instiros, 9€Nes influence our behaviour and mental abilities.

rather disposes of complete liberty to forge itsnow

nobody denies the role of heredity in matters asxhye
colour or height, many people refuse to accept tliat

human behaviour inherited and so in some extent
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genetically determined as in other animals, or dibes other brood, she essentially force him to concéntoa
depend exclusively on conscious decisions basealion feeding her chicks. As a result the killer will ' eamore

high mental capabilities? descendants now that all the food obtained by tale m
In answering this question we shall analyse @ destined for her own chicks.
behaviour that is generally considered abhorreathfa The second type of infanticide, the one carried out

moral standpoint: infanticide in which an individkélls by parents, is less easily explained. Natural selec
an infant of its species whether through violence openalises individuals that leave fewer descendaots
simply through abandonment. Infanticide is verythat killing one’s own offspring would seem to be a
common in many animal groups, from invertebrates tevolutionary mistake. We shall describe several
mammals, via fish and birds. We can distinguish twexamples before asking what possible benefits could
types: infanticide committed by individuals unreldtto arise from kiling or abandoning one’s own young.
the victims and that carried out by the victims’ row Infanticide by parents occurs in two types of dituzs.
parents. First, parents become infanticidal when they lack
The former type is quite frequent in many speciegnough resources to raise their young. This isequit
and has been much commented upon in the casensf lidrequent among mammals where, if food suddenly runs
(Panthera lep. When a group of young male lionsshort, a suckling female may abandon her young.
succeeds in taking over a pride, the males accopmman Second, parents may kill their young if they are
the females are driven away and most cubs arelkife deformed, injured or seriously diseased, that isap,
the newcomers. Something similar is seen in mahgrot when the chances that they will live to reproduztage
mammals, not just among carnivores, but also in thare low. In such instances they too may be abamtone
primates and even birds. For example, in the banrematurely.
swallow Hirundo rusticd unpaired males may destroy One of the best studies of this type of infantid&le
the broods of established pairs. Also in polygynouby Dieter Mahsberg, of Wirzburg University, Germany
species, those where a male may pair with severalho worked on scorpions, invertebrates that ard wel
females, a female may break the eggs or kill tieksh known for their parental care. As is also true $ome
of another female paired with her male. A well-kmow spiders, scorpions carry their young on their baakd
study of this involves a small marsh bird, the greed protect them from any enemy or danger. A female
warbler @Acrocephalus arundinaceusStaffan Bensch scorpion does not lay eggs. The live-born youngrgme
and Dennis Hasselquist, of Lund University, Swederfrom her body and climb on her back unaided. Thia i
studied a population of this species for seven syeardifficult task and only strong, healthy young caanmage
during which they obtained data from 279 nestst. After a couple of days the mother eats any gpwho
Females could be classified as monogamous (the sdlave failed to climb onto her and from then on she
mate of a given male), first polygynous (the fiesnale devotes all her efforts to caring for the remaining
to pair with a polygynous male) or second polygy¢a healthier individuals (Mahsberg 2001). The key goes
female paired with a polygynous male who hads whether those young who are incapable of mattieg
previously paired with another female). As would beclimb are malformed or diseased. Mahsberg answered
expected, first polygynous females began to lapdld this question by collecting scorpion young, botbsth
the second polygynous females. The investigatarado that had climbed on to their mothers and those lhat
that during the egg stage, nests of first polyggnounot, and keeping them together in captivity under t
females were three times more likely to be desttdye same conditions. Most of those that had succeeded i
predators than those of monogamous or secordimbing up developed into healthy adults but the
polygynous females (Bensch & Hasselquist 1994).eSinanajority of those that had failed to do so eithexddor
all nests were in the same environment, exceptliose grew into weak or deformed adults. Therefore, young
of first polygynous females were in territoriesvinich  that fail to climb on their mothers, and so arendwally
other females were still nest building, the invgstdbrs devoured by them, would have had very little chapice
suspected that it might have been the second pobygy reaching adulthood.
females and not predators that were responsiblé¢héor Why has natural selection favoured this type of
destroyed clutches. They tested this hypothesis bgfanticidal behaviour? The answer is that it ist no
putting plasticine eggs, of the same size, shapk asufficient simply to have many offspring, these mbs
colour as great reed warbler eggs, in the nests.idén of good quality so that when they grow up they can
was to detect marks left by individuals that ateatikhe compete with rivals successfully and reproduceunm.t
false eggs indeed, when they compared the beaksmarkoung that have been underfed during development or
on the plasticine eggs with those made by diffebérit  that are born with serious defects will not growoin
species in the area, the impression matched tHoge o healthy adults and their chances of reproducing
great reed warbler, confirming that the seconduccessfully will be very low. Natural selectioetéfore
polygynous females were the egg destroyers. favours infanticide in circumstances where food is
This kind of infanticide can easily be explained inscarce or the young are defective since investirguch
evolutionary terms. The behaviour has evolved bezauoffspring is a waste of effort and resources andg ma
its perpetrators leave more descendants since ahatuprejudice the survival of siblings and even theurfet
selection favours those that practice infanticidero reproduction of the parents.
those that do not. Lionesses that lose their celoause We said that the phenomenon of infanticide would
the males have killed them are ready to produce neallow us to draw some conclusions about the
cubs with the infanticidal males within a few mosittut  relationship between the behaviour of other aniraal$
they would not be ready to do so for a couple afrye that of human beings. Infanticide is quite frequent
had the cubs not been killed. The infanticidal fema primates. Does it take place in humans? The ansger
warblers also benefit since they increase theiresounding ‘Yes' and a great deal of informatiovesds
reproductive success. When a female destroys asmal¢his. Without going into detail, | will list four fothe
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many studies described by the anthropologist Marvitheir neglect of their step-children should alwagsdue
Harris (1997): (1) Australian aborigines used lbup  exclusively to conscious decisions.
to 50% of newborn babies; (2) during the 19th centu Although some of the instances described above
the Chinese killed between 10% and 80% of girl kmbiecan be considered to be culturally-acquired learnt
(3) in India, also during the 19th century and agionbehaviour (given that cultures may reinforce comduc
particular castes, censuses showed men to beifoes t that benefits individuals in terms of their reprotive
more numerous than women as a result of selectiwiccess; see Chapter 8), the fact that infantiqigpears
infanticide of girls; and (4) European parents alsin a great diversity of cultures, and always iuaitons
disposed of many unwanted children, chieflywhere resources are scarce, suggests that it may be
abandoning them in hospices, which often amourded adaptation.
killing them since between 80% and 90% of childesh Therefore, most behavioural biologists and
by their parents died before they were one yearfdd evolutionary psychologists have concluded thatsit i
example, 336,297 children were legally abandoned impossible nowadays to maintain that human natuie i
France in just a single decade (1824-1833). a category of its own and distinct from the natofe

It is certainly so that not all cases of humarother animals. Discoveries emerging from different
infanticide can be considered innate behaviour, budcientific perspectives, especially biological aqnes
neither can they be regarded exclusively as theoowt indicate precisely the opposite. Human beings dee ha
of premeditated, conscious decisions. As usual ffsee many species-specific characteristics, which aesgmt
nature—nurture debate below) they probably involvén all societies and cultures, and such charatiesiare
both. Nevertheless, there is some evidence supgortithe outcome of the evolutionary processes that gaee
that human infanticide is part of a reproductivatslgy to our species and that define and set the bowexlafi
shaped by natural selection. For example, the Bighehuman nature. As Jeslis Mosterin, one of the most
percentages of infanticide in China occur in pood anprestigious Spanish philosophers has said, contaary
unproductive regions. Here, if the first baby igid it some of his colleagues: ‘in our times, the only
was nearly always killed. This has a clear adaptivintellectually honest way of regarding the topid (o
explanation. Bearing in mind that those who labaur ihuman nature) is with an evolutionary focus’ (Mofste
the fields are all men, it is obvious that wherotegses 2006).
are scarce it is important that a first child sliobk a
boy, who can work and contribute to increasing food .3. The nature-nurture debate
availability for the family. When the first childag a
girl it meant another mouth to feed from the sam@he famous nature—nurture debate, also known as the
resources obtained by her father, so that the begllg nature—environment or the inheritance—environment
of the whole family would be reduced. debate, is intimately related to the subject of Aom

Another fact that supports the finding thatnature. This debate started off as a discussioweest
infanticide is at least partly the result of a @ictive scientists and, as tends to happen in such magack,
strategy is the high rate of mortality suffereddijidren  side pushed the other to take up ever more extreme
raised by their mother and a stepfather, compaiiél w positions. The most radical geneticists maintaitteat
that occurring when children are raised by theip tw all behavioural traits are genetically determined that
natural parents. For example, among the Achéba i iving things are puppets directed by their genes.
hunter-gatherers in Paraguay, 43% of children daise Conversely, the most extreme environmentalists
their stepfather die before they reach the age %f 1maintained that human beings are ‘blank slatesin bo
whereas only 19% of those who live with their fathe with nothing predetermined, and that the brairikis &n
die (Hill & Hurtado 1996). Proportionally similarath  empty book that is gradually filled by our day-tayd
exist for our own societies. Thus Daly & Wilson §8)  experiences and it is these which forge our charsct
showed that child mortality was very low when chéid  (see Pinker (2003) for a convincing argument agaires
are raised by their biological parents (fewer than blank slate idea). Such extreme ideas now receiaets
children under two years old per million). But, whame  support but, nevertheless, the debate continues,
parent was replaced by a stepfather or a stepmtither especially fanned by the media since journaliske ta
mortality rose to nearly 650 children per million.advantage of any news that may generate sensasional
However, Daly & Wilson (1988) suggested theheadlines, and, unfortunately, as a result, mamplge
possibility that step-father infanticide is a malptive reject the idea that genes could play an imporiaatin
side-effect of a generally psychological mechanismhuman behaviour, for the simple reason that if thése
namely the neural circuitry that causes peopleawoidr so instincts that could provoke morally unaccemtabl
their own genetic offspring and to feel far les®iast in  behaviour, such as selfishness, violence, sexisinsan
the offspring of others. Anyhow, the psychologicalon, would have to be accepted since they would be
mechanisms involved in this process that obviouslinbuilt and unavoidable.
require genes for their development, and thus our  This debate is pointless and scientists rarelydyoth
behavior, have been shaped by natural selection. with it today. Most ethologists accept that behaviis

Evidently, in the remote past, men who did nothe developmental result of a complex interaction
concern themselves with previous children of theibetween both genes and environment. | have noestter
mates, and allowed (or caused) these to die, lefem in taking this debate forward since not only hgsritved
descendants than those that did not behave invys  to be one of the most sterile in the history of lanm
The former ensured that all the pairs’ resourceseweknowledge, but it has also given rise to disastrous
dedicated to their joint offspring and so natuedestion consequences when attempts have been made to apply
would favour this behaviour. There is no reason whijts most extreme proposals. We have for example Pol
step-parents should always by chance be ‘worsel@eopPot, leader of the Khmer Rouge regime that governed
than true parents, thus there is no reason to tthiak Cambodia between 1975 and 1979. He studied in France
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and there accepted the notion that the human Isan circumstances in the same way. Some are highly
blank slate on which experience is written. Onrbtsirn  sensitive, and may even be depressed by relatively
to his country he succeeded in taking power andnset minor matters, whereas others seem unaffected éy ev
motion a plan to create ‘a new society’. He shut ofthe most serious situations. Why do people resgond
Cambodia from all external influences and took @ser adversity in such different ways? In order to triyda

of drastic measures. Among others, he forced thenswer this question Avshalom Caspi, of King’'s Ggdle
population to abandon the cities and he forbadeuiee London, UK, and his co-workers conducted a stuady th
of money, schools, religions and all manifestatiofis involved monitoring 1,037 children, who were evaadh
culture. His aim was to produce more obedientevery two years from birth until the age of 26 wear
cooperative and austere citizens. Between 1.5 and TBey analysed the relationship between the number o
million people died, according to different sourcesstressful episodes they experienced and any dépmess
(nearly a third of the Cambodian population!). suffered during that period, taking particular aowoof

At the opposite extreme, the viewpoint that genethe form of the 5-HTT gene that each individual
are all that matter, is linked to the eugenics moset, possessed. This gene has two alternative forms, or
whose advocates wanted to improve the human race beles, one short (s) and the other long (I). €hateles
controlling who is able to reproduce. Hence, forcode for the synthesis of a single protein, one tha
example, in the 1920s, government officials in USA  regulates levels of the neurotransmitter serotonin
many European countries, starting from the basi threaching the neurons. Without getting bogged down i
intelligence is heritable, began a program of ksation details that are not essential for comprehendirig th
of the mentally retarded to prevent them fromstudy, the research demonstrated that individualls f
reproducing. into three groups according to the types of 5-Hll@les

Setting aside these historical aspects of the eaturthat they possess: two short alleles (ss), onadi €sl)
nurture debate, in which it is clear that there everor two long alleles (Il). Why was this gene invgatied
neither winners nor losers, let us consider theecir and not some other one? This was because the 5-HTT
situation. Both viewpoints have received importangene had already been discovered to have an inmporta
support in recent years. On the one hand it has bemle in stress resistance in rhesus macagMexdca
demonstrated that not only does the environmeng lbav mulattg).
great and direct influence on certain aspects @agh The results of the human study proved very
intelligence, but also it may affect others thatntany interesting. Individuals who possessed the shdeieal
seemed to be principally determined by geneti¢ss or sl) suffered more depressive episodes aniiau
inheritance. For example, a suitable environmeny mathoughts the more stress they had during the canfrse
encourage an athletic child to take up sport dudisus their lives. Only 10% of those who did not sufferya
child to read and practice other intellectual atés, in  stressful experiences developed depression, whereas
both cases because these will be most rewarding f88% of those who experienced four or more stressful
them. On the other hand, studies comparing thepisodes became clinically depressed. In contilagse
behaviour of identical twins, who share the saneege who lacked the short allele (genotype Il) were not
raised together or separately, have shown thatynalar affected by the number of stressful episodes they t
personality traits have a significant inherited poment, encountered and only 10%-17% of them suffered any
even such culturally-influenced ones as the degfee depression, irrespective of whether or not they had
religiosity or political affiliation. any stressful experience.

However, it has also been revealed that personality =~ What do these results mean? Clearly the short
does not derive from genetic determinism, in whictallele does not by itself cause depression —onfp 88
there are specific genes for every aspect. For pleam carriers were affected at worst. But likewise notihg
there is an important inheritable component tdhe short allele did not exempt people from depoess
criminality, but this is not to say that murdereary since at least 10% of such individuals became dspre
one or more genes that are responsible for thisnical What the data do show is that a person whose genome
behaviour. What happens is that there are persigsali includes the short allele is much more likely tdfesu
with a greater disposition to get into trouble wiltle law  depression, but only in an environment in which
and such personalities are inheritable since tlesylr stressful episodes are frequent. This gene affanth
from variation in how many genes interact. In otheresponses by interacting with very many other gelmats
words, geneticists were correct when they asséftad the difference between alleles is enough to infieetne
genes are determinant and the environmentaliste weputcome of such interactions.

also right in saying that the environment is de€isbut The overall conclusion from this and many other
both were mistaken when they maintained that therot similar recent studies is that ‘innate’ does notame
component was unimportant. ‘inevitable’, what means that the genetic programime

More recently, and especially thanks toflexible. There is ever more evidence that gendmbe
developments in molecular biology, there have beeas if designed to be guided by the environment. &Som
important advances which reveal that, the better wgenes act by activating other genes, and whethaobor
know the genome, the more susceptible genes angl fouthey do so may depend on environmental circumssance
to be to environmental influences. By way of anin conclusion therefore we can say that both gemes
example we shall consider an interesting study dhe environment have an important part to play.Nafee
depression, a common and widespread psychologicab need to fear genes. We are not their puppets but
condition that is provoked by seriously stressfukequally neither are we inevitably subject to thenaghof
circumstances and may even drive some people twr environmental circumstances.
suicide. However, not all people respond to sftes
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1.4. Historical problems: the ‘naturalistic Nobody denies that differences exist, often very
fallacy’ and ‘social Darwinism’. considerable ones, between the males and the fenmale
most other animal species. The difficulty is thdiew
As we said earlier, a second reason that expldias tmen and women are considered, a controversy arises
traditional opposition to studying human behavisom  that may have social repercussions, since speaking
a biological viewpoint is the belief that this amgl such differences is not considered politically eotrin
justifies morally unacceptable conduct. It is regisle Some circles. There is a widespread and mistaken
that such an idea is still quite widespread in soménpression that to speak of such differences is to
intellectual circles, notably among humanists andhghlight male superiority, although there is nagen
students of social sciences, because it is rootedrors Why that should be so. The existence of differerises
of interpretation of evolutionary theory that hayigen not to say that men are superior to women, or women
rise to social problems across history. These grape Superior to men, it only means that they are net th
known as the ‘naturalistic fallacy’ and ‘social S&me. _ _ _
Darwinism’. The former maintains that what is nattis The existence of important differences between
good and thus morally acceptable. Such a persgectifn€n and women is so obvious that you would hawzeto
leads to the conclusion that natural tendenciesh s Plind not to accept it or, more to the point, resal not
personal effort, will power and the drive to overe (0 do so. Apart from the sexual organs and otheareal
adversity, bring about the social advancement ef thsexual characteristics that distinguish the setkese are
individual and human progress in general. If tihese Many other important differences, notably the ptejsi -
who triumph are the fittest and, conversely, tthatse  Psychological and hormonal ones. For example, with
who are less fit should not be assisted. This iatvin ~espect to external morphology, men are largernaoie
known as social Darwinism, an argument advanced HJ_'US_CUW as well as having distinctive patternhaif
Herbert Spencer, a 19th century philosopher whot mu istribution and body fat. There are also clear and
have possessed great powers of conviction since gignificant differences in characters associatedh wi
succeeded in getting many of his contemporaries fgcundity and lifespan. Men have higher juvenile
accept his ideas. In reality, however, the bekeftthe ~mortality and they die younger than women. Women
socially triumphant are the fittest has nothingltowith ~ réach puberty ahead of men. There are also genetic
Darwinism, since what is achieved by effort is nogdifferences, males have two different sex chromasm
encoded in the genes and thus cannot be transrittedX and Y; women have two X chromosomes. The key
descendants and be subject to evolution. It shoufiermonal difference is that men have higher
perhaps be known as ‘social Spencerism, nevegoncentrations of testosterone in the blood whereas
Darwinism, since it runs contrary to Darwin's thgor Women have more oestrogen. These hormonal
(Moreno 2007). Evolutionary fithness means somethinglequalities are responsible for important aspeafts
quite different from social Darwinists meant by'‘fi ehaviour. Testosterone makes men more competitive,
Natural phenomena and behaviour need not LMbitious and aggressive on average than women, as
ethically acceptable. In fact, in most cases (lethavell as being responsible for the generally largee
competition, predation, parasitism and many othters) and greater muscle.poyver of men. '
conclusion may be the opposite —what is naturaftan ~ Also, and this is what is most controversial,
ethically repugnant. If infanticide is adaptive andmportant differences exist in brain anatomy and in
natural, this does not mean that infanticide is athpr ~cognitive abilities. There are many differencesbrain
desirable! Natural selection itself is neither nfigrgood ~ @natomy but among the most important are that the
nor bad nor does it pursue any particular objective ~ @mygdala (the region responsible for impulsive
Despite being mistaken, the naturalistic fallacgt anresponses such as fear, anger and aggression)res mo
social Darwinism have profoundly influenced humarfiéveloped in men, whereas the prefrontal cortexdfwh
thinking and historically they have been used tify ~ controls emotions) is more developed in women.fahs
the unjustifiable. The horrors caused by Hitler &talin @S cognitive abilities are concerned we shall noenti
are extreme and opposite examples. What is worse §8ly three of the most important that distinguisicte
that these ideas continue to be used to justifietits of ~S€x. Males tend to do better at mathematics (agthou
some pseudo-intellectual and social circles, iriogd ot at arithmetic), have a better sense of diractiod
ultra-feminists, assorted progressives, some celigi &ré better at solving spatial problems than wonGm.
representatives and extreme right groups, amongrath the other hand, women have greater linguistic ftyen
Nevertheless, as we have said, both the natucalisi'e better at tasks involving precise manipulatiod do
fallacy and the misnamed social Darwinism ar@ better job than men at detecting and evaluating
erroneous and they cannot be the basis of any valtpgative emotions (see Brizendine (2006) for a etai
reasoning. A further problem is that both leadspteto ~ account of the subject).

reject evolutionary thought unnecessarily. Clearly what we have given are general
tendencies, not absolute differences. For exampée,

1.5. Another controversial matter: the have said that men are taller than women but, aallwe

differences between men and women know, there are many women who are taller than many

men. The same may be said of all the charactevigtat

we have mentioned, but the statistical trends &rarc

r%nd significant. A statistical difference cannotdenied

Py anecdotes and exceptions, as some seem todoeliev
Clearly, the idea that men and women are equal is

mistaken. This is not however a case of one semgbei

better than the other, but simply a biological itgal

Biology, like evolution, is not guided by any moral

Let us conclude this chapter with another issustedlto
human nature, the possibility that the sexes a
behaviourally different in our species. Since thyloout
this book we shall often refer to men and womehink

it is as well to clarify some aspects of sexualedénces
from the start.
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imperative. However, the biological differencesrio  genes. Indeed, one of the things that sets us &pant
way justify any social discrimination. Proving thiite  other animals — and | think that it is the most amant
sexes differ does not imply that one has more sigiin  difference — is that we are the only species that h
the other. The historical discrimination to whickmen proved capable of rebelling against the evolutipnar
have been subjected is properly rejected in modeimperative that drives individuals to produce theagest
society and evolutionary biologists applaud thesland possible number of high quality descendants. Baths
regulations necessary to do away with sexn many developed countries are now well below
discrimination. Social equality does not requirattthe replacement levels. For example in Spain the ste3

sexes be the same biologically. children per couple. This shows that we can comnfoom
instincts and overcome them. Genetic predispostion
1.6. Conclusions favour the expression of particular behaviours, they

can never obstruct the mind to the extent thatingth

We need to forget the sterile nature—nurture detiade  can be done to counter an innate tendency.
while also accepting our evolved human nature. Vée al am sure that we stand to learn a great deal about
mammals of the order Primates and we have much furselves the day that we come to accept our animal
common with these our closest relatives. Naturally, nature. It will allow us to see some problems fdratv
also have some peculiarities of our own that make uhey are, problems of evolutionary biology. Many
different. Many such have been proposed, among theaspects of our societies, including violence, pair
language, intelligence, culture, our complex séeset formation, caring for  children,  parent—child
and so on, although most of these characteristies aelationships, altruism and social relationshipsuld be
present in other species, even if only in an irsipform ~ easier to understand were they analyzed from an
(see Chapters 10 and 11). evolutionary viewpoint (see Chapter 2). This is wivat

As we have emphasised, accepting our animahall do throughout this book and it is my hopet tha
condition does not mean that we are enslaved by ouill serve to open the eyes of some of my readers.
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Chapter 2

The scientific method, natural selection and othefundamental matters

2.1. Introduction Box 2.1 outlines the usual steps of the scientific
method. Starting from existing knowledge, scieastist
As the title indicates, this book covers the studfy propose hypotheses to explain new phenomena, draw
animal, including human, behaviour. This is theagon  predictions arising from these hypotheses and fpernt
of several sciences and ethology is one of there (s¢o the test, to establish whether or not they alelvA
Chapter 3). As with any other science, it employs thgiven hypothesis may generate a variety of premfisti
scientific method and requires an appropriate #i@al and the more of these that are not refuted the rhere
framework, permitting investigators to make predics  hypothesis is sustained. In any case, new questioses
that may be tested to check their hypotheses. fidgmry  continually and generate new hypotheses that may
that supplies such a framework and makes scientificomplement or improve upon their predecessors. ,Thus
advances in ethology possible is the ‘theory ofigian ~ when a hypothesis is sustained in many different
by natural selection’, the very same theory thatewlies ~ situations it may come to be known as a theorghduld
all the biological sciences. Given their importgnites ~ be added, however, that some theories arose asafjene
chapter examines these two fundamentals: the gwent models that had great predictive value from thet,stiae
method and the theoretical framework in which it istheory of universal gravity’ and the theory of dwiion
applied. by natural selection are examples.

22 The SCIentIfIC methOd THE SCIENTIFIC METHOD: The collection of techniques,
methodologies and analyses that enables the science to advance.
Although less evident than fire, writing and theeegh
the scientific method may be said to be one of the
greatESt_ human discoveries. It has C_erta_lnly beg nHYPOTHESIS: Proposed possible explanations for a phenomenon of
responsible for the enormous scientific and interest
technological advancements of recent centuriesciwhi a
have enabled an incredible improvement in the statsd
of living of human beings, at least in the indusizied
countries. Nevertheless, this is not to say thhtital
OUtcome_S have been p(})SItIVE. I Cann_Ot aV_OId _pcﬂntm TESTING: Carrying out the necessary tests to see whether or not the
out that it has also provided our species with riresh | predictions are met
and technologies that are highly effective in reseu | yeryops For TESTING A HYPOTHESIS
exploitation and in large-scale destruction, to é¢xtent - Comparison betwhee; (indi\r/\idlfals| . | )
B B : . - Comparative method (at the level of species, populations, etc.
that it has given humankind enormous power, Seffici - Experimental method
to exterminate all life on earth in the short term o . | X
f f : : : THE EXPERIMENTAL METHOD: Consists of manipulating the
Humamty IS becommg aware, little by Ilttle’ ofeth characteristic responsible for producing the behaviour (according to the
danger that our development poses for the plaretrel initial hypoth?sis) without z:\jféecting anythingI else. Thfis wo#ldhinvolhve the
H ‘ H ‘experimental group’. In addition, a ‘control group’ for which nothing is
is more and more talk of sus@alnable developmand manipulated is also considered. The hypothesis is considered
ye’[ for those in gOVernment this Concept may bewoe demonstrated if significant differences are found between the results
than a Slogan to employ when Seeking to jUStif\ obtained for the experimental and control groups.
continuous economic growth, which each country RECOMMENDATIONS ) - o
WiShe.S to achieve as rapidl_y as pqssible: The naifo - ;!r{g\?vﬁziz? must be based exclusively on existing scientific
sustainable deve|0pment is utopian, given a g|0b al - Hypotheses should be based on an adequate theoretical framework
: . . : and thus cannot employ supernatural causes, religious doctrines,
economy based on Irratlonal Consum?”sm and qngonng traditions, philosophical standpoints, political ideologies etc.
economic growth. Controlling population growth i®th
sole measure that would allow us to continue taliith __ N
this bl tf | ti . trul tainah Box 2.1. Definition and usual stages of the scientific
IS plane O_r a _c_)ng ime in a truly sustainalveey. . method, testing methods and some important
The scientific method may be broadly defined as recommendations.
the collection of techniques, methodologies andyara
that allows puzzling phenomena to be explainednfeo ) o ) ] )
starting point of previous scientific knowledge. We will consider in detail a very interesting exdenpf
Applying the method makes scientific advancegnimal behaviour which will help us to understahe t
possible. This definiton may seem obvious bugcientific method better. It involves a study of a
achieving the acceptance of the scientific methasifot remarkable behaviour of a passerine bird, the black
been easy. The tendency throughout most of humauheatear @enanthe leucua In this species, the pair,
history has been (and continues to be except artieng but mainly the male, has the curious habit of dagy
educated and scientifically literate) to explairtunal ~ Stones in its beak which are then dropped usualtije
phenomena and to answer all sorts of questiorﬂ'mst base of the nest but sometimes elseWhere, evdrofar
of supernatural causes, religious doctrines, imtitand the nest. This activity is clearly very costly. @verage

malevolent powers, and the like, which are? bird weighing only 40g carries 300 stones, a &oirof
fundamentally anti-scientific. nearly two kilogrammes! The reproductive behaviotir

Phenomenon requiring explanation

PREDICTIONS: Outcomes or results that must be obtained if the
hypothesis is correct
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this species was little known until recently but,analyses of the outcome of 167 nests for which ag h
nevertheless, the stone-carrying habit drew thenitth  complete data showed that none failed for weather-
of ornithologists and was described early in th&' 20related reasons.
century. The obvious question posed by this observa The fourth hypothesis (defence from predators),
is ‘why do black wheatears carry pebbles?’ Theytmusvhich suggested that the stones would difficulidpter
derive some benefit from it to make the high energst access to the nest, also generated various piascti
of flying when carrying pebbles in the beak wortlileh  The principal of these was that successful nestsldvo
Five of us formed a research team to study stonéave more stones than predated ones. Neither this n
carrying by the black wheatear in Guadix districthe other predictions were met so this hypothesis t
(Granada province, Spain), an area where this apégi was rejected.
relatively abundant. We devoted the first year to The fifth and final hypothesis (sexual display)
gathering detailed information on the reproductivproposed that stone carrying enables a male tdegisp
biology and stone-carrying behaviour of the wheateaa female his good physical condition and readirtess
since the existing data was merely anecdotal. ifiitisl ~ work during the breeding period, which would lehd t
study allowed us to establish certain relevantmpatars female to adjust her reproductive output (the nundie
which were important in answering our originaleggs laid). Given females of similar reproductive
question. The principal ones were: (1) birds carrgapacity, those whose mates brought many pebbles
pebbles at the start of the nest building stagepébble (showing that they were strong enough to bring much
carrying chiefly involves the males (sex that @sri food to the chicks) would lay more eggs than those
approximately 87% of pebbles), (3) only some of thepaired with males that carried few stones. This
pebbles (about a third) are deposited at the reesst,l{4) hypothesis is based on the ‘theory of sexual sel#ct
pebbles sometimes form a wall at the entrance ¢o tifsee Chapter 4), but it should be noted that stone-
nest cavity, (5) pebble size is fairly uniform bygen carrying is unrelated to courtship, given that $ i
nest (some nests have large pebbles and some haveceded by pair-formation. This hypothesis predict
smaller ones), (6) the number of pebbles transpdge that various parameters related to reproductiveessc
highly variable, ranging from 0 to 1,300, and flggl7) would increase as the number of stones carriechéy t
pebble carrying takes place during short periods ahale increased. By applying the ‘comparison between
intensive work. individuals’ method of testing a hypothesis (see Box
Based on this information, we proposed five2.1) we established that several predictions wee¢ m
hypotheses to explain pebble carrying (Moreno et aFor example, pairs that transported more pebblies la
1994), all of them based on the theory of naturainore eggs and raised more chicks, that is to say th
selection, which we will now consider briefly. Tfiest proved more effective at leaving descendants, in
hypothesis (nest support) proposed that the stanes accordance with the hypothesis. The comparison
used to provide a solid nest-base. This explanatidmetween individuals method is insufficiently rigasoto
generates various predictions, principally that thestablish hypotheses. These results did not allewou
number of pebbles brought would depend on howonsider it demonstrated but they encouraged statd
irregular the surface was on which the nest wabeto an experimental study (see Box 2.1), a much more
built. However, neither this nor other predictionsreliable approach.
relating to this hypothesis were met, there beilmg n Wheatear territories hold a variable number of old
relationship between pebble numbers and nest-basests that contain pebbles transported in earbeirsy
condition. Furthermore, nests were sometimes lilt We were able to show in a previous analysis thattmo
sites to which no pebbles at all were transported a pebbles were carried during each breeding evethibise
sometimes the stones were carried to places wheste nterritories that contained more ‘old’ stones. Itswtaus
construction was not possible. This hypothesis igecessary to clarify the effect of those ‘old’ stersince
therefore probably invalid. it was possible that the best males preferred the
The second hypothesis (thermoregulatoryerritories with most ‘old’ pebbles, because thesze
function) suggests that the pebbles could play abetter territories. We began with three distinct
important part in moderating broad temperaturdnypotheses: females could be evaluating male gualit
fluctuations that could prove prejudicial duringaccording to the pebbles transported, accordinthéo
incubation. Four predictions were derived from thigjuantity of ‘old’ pebbles present in the territaoy by
hypothesis but, again, none of them was met. Thet maaking both these variables into account. Two
important of these was that the pebbles would help experiments were designed to test these hypothiees,
reduce the cooling rate of the nest. We testedithian first of these to determine the role of ‘old’ sterend the
experiment using old nests. We inserted a plasticdf second to determine the effect of pebbles transgort
warm water and a temperature sensor and recorded hprior to a given breeding attempt (Soler et al.6)9%n
long it took for the water to cool from 40°C to 30%e the first experiment we started by manipulating the
then removed the pebbles and repeated thmumber of ‘old’ stones present in the territorieffdoe
measurement. The stones had no effect on coolieg,ra the breeding season began. All the territories were
and thus, this hypothesis too was invalid. randomly divided into two groups. In the first one
The third hypothesis (climatic protection) took away all the ‘old’ stones from the experiménta
proposed that the pebbles serve to protect thefrtest group and in the other group we left all the nestsve
wind and rain. The most important of the predicsionfound them for the control group (see Box 2.1). Our
generated by this hypothesis was that the stonesdwo prediction was that if ‘old’ stones played an impot
reduce the negative effects of adverse weatheole in affecting female egg laying decisions, regmng
conditions both on the eggs during incubation amthe them would have a negative effect on the reprodecti
brood during its stay in the nest. This predictiaas not success of the pairs that used the experimental
fulfilled, nor were others based on this hypothesisce territories. Instead removing ‘old’ pebbles hadeffect
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on the number of stones transported or on the nuofbe the hypothesis that males have evolved a largeg win
eggs laid or young raised by the various pairs. Tharea as an adaptation to pebble carrying.

prediction was not fulfilled and thus it may be cluded The experimental method — in conjunction with
that stones from former years have no effect oeding the comparative method — is the most powerful and
behaviour in the wheatears. reliable when it comes to testing hypotheses, bhas

We carried out another experiment to test théhe problem that the individuals in the experimenta
hypothesis that what is important is the transpdrt group have to be manipulated, which may affectrthei
pebbles before each nesting attempt. All nests wetehaviour. The problem is solved by consideringlaero
randomly divided into three groups. We added asymargroup, the control group, in which the manipulatien
stones as had been transported by the breedinggairfaked. For example, if paint is being used to cleating
the nests of the first group. We removed half af thcolour of some part of the bodies of the experimlent
transported stones from the second group. We meithgroup, a control for this handling would be to paime
added nor removed stones from nests of the thodmr same part of the bodies of another group usingthest
although we visited them with the same frequencywas solvent of the paint used, i.e. without changingirth
did the others (every two days). More stones wereolour. If this faked manipulation affects the bebar
transported in the territories from which we rentbve of the control individuals, the experiment canna b
pebbles than in the other two groups, indicatireg the regarded as valid.
birds tend to replace the lost stones. On the dthad, Another problem with experimental handling is
those nests to which most stones were transpotsed athat it may harm the subjects of the study, raisimng
had greater breeding success, pairs at these nagstd  ethical matter that must always be taken into actou
nearly twice as many chicks as did the pairs inatfier  The ethical problem particularly applies to humaas,
two nest groups. These results support the iddattiea species in which no experiments involving eithedilyo
female black wheatear adjusts her reproductiverteffoor mental manipulations can be performed, so thagtm
according to the number of stones that the malexperiments are carried out by employing photogsaph
transports in her presence, and not according ¢o tlor images after which the subjects are asked cunssti
number of stones previously accumulated in the nestat will provide the desired information.
cavities. This finding is further supported by thet that We will now examine a type of experiment with
on all the occasions in which we saw males carryinpuman subjects that, thanks to its ingenious
pebbles, not only were the females always presetit aconstruction, succeed in testing a hypothesis which
attentive, but also we sometimes saw them pickipg ucould not be explored previously in any other spedor
some of the pebbles that the male had broughff, tas i ethical and experimental design reasons. Stayirth wi
judge the weight of the stones that he had deliere the sexual selection theme on which the wheatealy st

This example clearly demonstrates the process @fas based, it is frequently the case in many specie
generating alternative hypotheses and derivinhumans included) that males and females performe mo
predictions, as well as some of the testing meshasi or less complex dances during courtship. A hypashes
the steps which comprise the distinct phases of thaerived from this observation is that if the darceased
scientific method (see Box 2.1). However, this isthe in mate selection, it should convey some important
end of the matter. The scientific method contineesn  information about individual quality. Since it isiégwn
after a hypothesis has been sustained as new tegasth that the degree of symmetry is an indicator ofdmatal
and related predictions are proposed and put tdeite quality (known as ‘fluctuating asymmetry’, see Cleapt
A new hypothesis arose in this manner from thd), it is possible that dancing allows the evalatof a
wheatear study: if most pebbles are carried by snal@artner’'s symmetry. This hypothesis had never been
then it may be predicted that, since a larger vanga tested because it seemed impossible to separate the
would make carrying them easier, natural selecg@e effects of the dance from the physical appearamce a
below) would favour a greater wing area in malemth other morphological features of the participantijciv
in females. We found in an earlier investigatiomtth would provide direct information on symmetry. WAifn
males do have a wing area (taking body size intBrown, of Rutgers University, USA, and his
account) which is significantly greater than thdt ocollaborators found a way to test this hypothesisi
females. Moreover, we obtained another interestinguman population. It consisted of evaluating thecitzg
result that also supported the hypothesis. We fdabat ability of different persons to see afterwards wieetit
the greater the males’ wing loading (the mass stpgo was related to their fluctuating asymmetry indicés.
per unit area of the wing) the fewer stones itiedrto  do this they filmed numerous people while they d@aihc
the nest. Having obtained these supportive findimgs under special conditions. They attached markerdlto
the method of comparison between individuals (Bokey body points (hands, feet, shoulders, elbowsstsvr
2.1), we began another experimental study to test tetc.) of each subject and filmed them with eighecsal
hypothesis that males have evolved a larger wieg as  ‘motion capture’ cameras, which only record signals
an adaptation for stone carrying (Mgligral. 1995). We from the markers. The cameras were set up to cover
proceeded as follows. Males were randomly assigoed entirely the eight cubic metres (2x2x2m) within aHni
either of two groups. Two feathers were cut frora ththe subjects had to dance. The images thus obtained
wings of males in the experimental group. Maleshia resemble indistinct dancing robots, which therefore
control group were captured and measured, as \Wwere tavoids transmitting any information on physical
experimental birds, but no feathers were removéuk T appearance, as was intended. As predicted, Brown's
most evident predictions were that, since cutteggtiers team found a significant relationship between sytnyne
would increase wing loading, the experimental maleand dancing ability and this was greater in mem tina
would carry fewer and lighter pebbles than the i@nt women (Brown et al. 2005).
males. Both predictions were fulfilled so we accdpte
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2.3. Biological evolution directly helped us to increase our understandinthef
world around us and indeed of ourselves. Furthezmor
With the exception of those religious fundamentslis these methods, together with the resulting knoweedg
who interpret the Bible literally, nowadays nobodyare contributing decisively to advances in applied
seriously denies that all life on earth has chanpest science in fields as diverse as the conservation of
time and that all living things are derived from aendangered species, the management of natural zones
common ancestor. Biological evolution is a fact. 8omand hunting reserves, medicine, agriculture, animal
80 million years ago our planet was overrun byikeqt husbandry and biotechnology, among others.
large mammals did not exist (although there werayma
small species) nor did human beings. Now, in cettra 2.4. Natural selection
reptiles are relatively scarce and mammals, esibecia
humans, abound. Nowadays series of fossil remainslow is the change that we have described above and
very complete for some groups, are available to usvhich is the key to the evolutionary process pradifc
These clearly record changes over time and thegyadw In reply to this question, Charles Darwin (1859)
reveal a perfect relationship between the sequerce proposed the most celebrated of his ideas, a marhan
appearance and a logical process of structuréthat he called ‘natural selection’. This is relativ
development in organisms. For example, jawlessimple and easy to understand if we follow the step
vertebrates appear earlier than jawed fish, whictuin  proposed by Darwin himself (Box 2.2).
appear in the fossil record before terrestrialelmates.
Many biological sciences, and not only the study
evolution. This book'sobjectives do_not_includear', L penalises ih ess it and o cresses e proporion
presentlng all the evidence in favour of eVOlUtﬂyna survival or in enhanced reproductive output.
theory. However, | wish to point out that not dilet
evidence favouring evolution is of a historical urat | 1) The individuals that comprise a population differ among
N . . .. themselves (variation ).
There are also robust indications that evolutioadtve 2) Some of the characteristics responsible for individual
today, even in our own daily activity. For exampis variation may be transmitted from parents to offspring, i.e.
all readers are surely aware, many bacteria hasenbe 3)trr$ci/ivailéi:§riit1aa?/ls (ehneorirtrigitlji;yrg roductive potential and each
resistant to a. dlversny of anthIOtICS., pos!ng g generation gives rise to mapny descen%ants that never
threat to public health. How has this resistancenbe succeed in breeding as a resuit of competition for limited
acquired? When a genetic mutation arises in| aavailable resources (competition ).
bacterium, which allows it to resist the effect af | 4 Survival and reproduction are not chance events. Those
. ! S e . . individuals that possess the most favoured characteristics will
particular antibiotic, it will survive exposure tb and survive better and leave more descendants than those which
will produce many copies of itself that are alssis&@nt. lack these features. Hence a higher proportion of the
Its non-resistant companions die when we use thefavoured characteristics will pass to the following generation.
antibiotics so that quite soon most of the badterliaBox 2.2, Definition and summary of the mechanism of
population is resistant, the non-resistant onesingav natural selection
died off. This is clear evidence of natural sekattin
action. For all intents and purposes, the datavodr of
evolution are so numerous and compelling thatvhat is natural selection and how does it operate®
biological evolution may now be regarded as a sifien superb studies carried out by Peter Grant and Rogema
fact, as demonstrable as the existence of the atdlee  Grant, of Princeton University, USA, will help ue t
orbit of the Earth around the Sun. understand the process. These biologists haveestudi
What is evolution? In Darwin’s own words it is the Galapagos finches for over 30 years on th¢ dsle
‘descent with modification’ and this is a good défon.  Daphne Major (0.34 kfi and have obtained conclusive
To be a little more specific, it may be said tosbehange proof of the evolutionary effects of natural seleatin
in the characteristics of populations of organismasr those populations. There were only two finch speoie
the course of successive generations. But whatges@n the island when they began their study: the common
The reply might be that what changes are the diversactus-finch Geospiza scandensand the medium
morphological characteristics or behaviours ofjyround-finch G. fortis. A third species, the large
individuals. Nevertheless, this reply would not beground-finch G. magnirostriy colonised the island in
entirely correct because it describes only what 4982 and these three species remain there today. Th
apparent (the phenotype) and natural selectionecausommon cactus-finch feeds on the pollen and frofts
evolutionary change when acting upon geneticallgacti but the other two species are seed-eaterghwh
determined characteristics, which are what arerush seeds in their beaks, and they are potential
transmitted to the next generation and can bringuab competitors since their diets overlap. The medium
evolutionary change. Evolution only occurs whernré¢he ground-finch feeds on smaller seeds but the larger
is a change in the gene frequencies (the genotyfes) individuals also take the seeds ®fibulus cistoides
population. which are larger and comprise the favourite foodhef
All organisms and their characteristics are thdarge ground-finch. Upon the arrival of the largeund-
outcome of evolutionary changes. The processes bfich, which logically was expected to eat the ¢ty
natural selection (see below) are not the only dhas seeds — those dfribulus—, the investigators predicted
can produce evolutionary changes but they are degar that an evolutionary change in the medium groundki
as the most important. Evolutionary theory may bevould result. They supposed that there would be
applied to any biological discipline, certainly inding  selection for a smaller beak in the medium groundH,
the science of animal behaviour (Soler 2002). Thwhich would reduce competition with the other speci
methods and analyses of evolutionary science hawnd at the same time would increase their effigienc
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exploiting medium-sized seeds. That is to say, thevolution of characteristics by natural selectisnnit
consequence of the larger-beaked invaders exmoitiralways adaptive in the sense of improving the
large seeds better than the indigenous speciesdvimul effectiveness of the characters under selection.
that those natives that specialised on medium-sizesbmetimes it simply acts to conserve what is useful
seeds (those with smaller beaks) would leave mor@ince the development of many characteristics requi
descendants than those specialising on larger.seeds time and energy, i.e. is costly, if a feature inggrved it

The investigators were able to detect thés because it is necessary or is not costly. Otiseni
evolutionary change that they had predicted in 2094 would be eliminated by natural selection. Individua
which time the two species had coexisted for 22s/ea that did not waste time and energy developing
By then the population of the large ground-finchswaunnecessary characteristics would be able to ddkate
sufficiently large to reduce the availability of. time and energy to producing more descendants,hwhic
cistoidesseeds considerably. Both species suffered great turn would displace individuals which continuéal
mortality after a severe drought in 2003 and 20@%#ch  maintain costly characteristics from which theyidka
brought about a reduction in seed availability. Nao advantages.
significant difference was observed between thek bea There are the numerous well known instances of
sizes of those large ground-finches that died &ode cave-dwelling animals which have lost their sense o
that survived. However, there was selective maytalf  vision. Another fascinating example is provided thg
those medium ground-finch individuals that had éarg giant tube worms (genuRiftia) of the undersea thermal
beaks. As the observers had predicted, this resiitan vents. These vents comprise a very peculiar degp-se
evolutionary change in that mean beak size declined habitat where hot sulphurous emissions provide an
the medium ground-finch population. It was on agera additional source of energy. The worms and other
11.2mm before 2003 and 10.6mm in 2005 (Grant &nimals of these vents have developed special
Grant 2006): a 5% reduction in just two years! adaptations permitting them to live off these sulplus

This is a very specific study but it can help us temissions.Riftia worms that obviously evolved from
understand the mechanism of natural selectiongikes  ancestral species with mouths and anuses may t&ach
rise to evolutionary change, as set out in Box Zi&e metres in length but possess neither mouths naesnu
first point, the existence of variation, is fundar@ to Instead they harbour great numbers of symbiotic
the finch study and takes the form that in eaclttisge bacteria that metabolise the sulphur and provide th
there are individuals with small, medium-sized amge  worms with all their requirements.
beaks. The second point, the heritability of be&le,s
had previously been demonstrated by Grant & GranR.4.1. Natural selection in modern human societies
They found that small-beaked individuals had small-
beaked offspring and large-beaked ones producgd-lar Does natural selection act upon human beings inenmod
beaked offspring. These two points together inditat  industrialised societies? This is a very importand
there is genetic variation in beak size. This ikey highly topical question for two reasons. Firstlgchuse
finding since, as we have pointed out, evolutiotyon many people maintain that the important advances in
occurs if genetic variation exists. The third ppitite  medicine have reduced mortality and have prevented
deduction that many more individuals are born thanatural selection from operating. Secondly, because
succeed in reproducing, was not investigated irsehe some professionals in the field, after having earrout
finches but it is a general finding across the ahim studies intended to check adaptive hypotheses and
kingdom. Numerous studies of different species havieaving reached negative or conflicting results, ehav
shown that up to 70% of the individuals that arenldie ~ suggested that in human societies, people do ravee
without leaving any descendants (the percentageich in accordance with Darwinist predictions.
higher still in species where there is no parecaat, as With respect to the first of these, although meddica
occurs in most fish and marine invertebrates). Witladvances and the decline in mortality are certaieg},
respect to the fourth point, which affirms that ¢ho they need not impede the operation of natural Sefec
individuals that survive to reproduce are thosgiven that this acts principally on differential
possessing the most favoured characteristics, ittod f reproduction, i.e. if a feature makes reproducticore
study demonstrated that this was the case since thHective in those individuals who possess it, dmat
medium ground-finches which survived to reproducérait is heritable, it will become more frequent time
were principally those with smaller beaks. population generation after generation.

Although the finch study did not collect data on The second question is much more worrying since
subsequent breeding, to have a complete view of thbe criticism is based on situations in which feasuthat
more or less stable evolutionary effects of naturathould result in larger numbers of descendants,
selection we would need to take note of the lomgte according to Darwinist theory, not only do not aobsit
consequences of the process. It is evident thgedar may even have the opposite effects. We shall examin
biled medium ground-finches would leave fewthis problem further because critics of the appilicaof
descendants in future years since the majorityhefmt natural selection to human behaviour have made much
had died. This would mean that smaller-billed mediu of it.
ground-finches would predominate in the next A clear prediction of Darwinist theory (for reasons
generation, the type which would continue to exploithat we treat further in Chapter 4) is that people
medium-sized seeds, those of optimum size for thepossess more resources (wealth) should leave more
beaks. descendants than poorer people. This prediction has

Natural selection is enormously powerful and itbeen found to be met in numerous studies of exgistin
may give rise to important evolutionary change in dunter-gatherer societies, especially those whidwa
population in a short period, as we have seen thi¢h polygamy, and in pre-industrial societies. Nevddbs,
finch study. Nevertheless, caution is needed sthee conflicting results have been found in some modern
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societies, i.e. in these cultures richer peopleetfawer the ability of organisms to survive and to produce
offspring than poorer ones. Nevertheless, varioudescendants that are efficient in their environm&he
recently published studies have identified soméeak sizes and seed-crushing behaviour of Darwin’s
procedural problems in certain earlier studies @y finches which we studied above are clearly adapiati
have also found that adopting more rigoroughat increase individuals’ chances of survival, ehhin
methodology does vyield the results predicted byurn enables them to reproduce and pass on the dene
Darwinism. a particular beak size. The pebble-carrying behavid
Among the principal problems that have stood oublack wheatears is also an adaptation that, althaug
are, firstly, that the analysed samples have tertded does not increase survival chances, does serve to
include young men in the middle of their reprodueti augment the fitness of individuals that carry many
lives. Secondly, these studies use socioeconoratasst stones, when it comes to leaving descendants.
as a measure of wealth, making no distinction betwe It is easy to imagine the process which has given
richness and cultural attainment, parameters they mrise to the adaptation in these and in many otheex
have contradictory effects. Thirdly, it is also essary Consider the eye. A cell —or a group of cells- tizat
to consider the economic attainment of men and womesensitive to ambient light may be considered a
separately, since these two may have opposingteffac rudimentary eye. Nevertheless, in comparison with
good example of a recent study that confirms Daemin individuals which lacked such an eye, an individilnalt
predictions is that by Rosemary Hopcroft, of UNC-had one would derive many advantages, not only in
Charlotte, USA. After analysing data from a Unitedfinding food but also in avoiding being eaten. Any
States sample between 1989 and 2000, she found sommgprovement that might be produced in such an organ
compelling and very interesting results. On the lbmed would bring the same advantages, so that it woald b
it is true that both men and women of higher edanat  expected that individuals that inherited these
attainment produce fewer children but, on the qottrem  improvements would leave more descendants in tarn.
with higher salaries not only indulge in sexualthis way, natural selection will have benefited o
relationships more often but also leave more offfgpr individuals with more highly developed vision asmdter
that do those whose salaries are lower (Hopcrdf620  millions of generations, will give rise to the high
Another study whose results confirm andefficient eyes that have evolved independently in a
complement the previous one was carried out by iMartvariety of animal groups. Then, why there exist som
Fieder and Susanne Huberc, of the University ofiWée organisms with simple eyes? The answer to thistmures
Austria. They worked with a Swedish population skmp is that only when the benefits of improved visioceed
and found that with less marked distinctions bath ithe costs will a fancier eye to spread through a
levels of salaries achieved and educational attaiym population.
when both parameters rose there was an increase in Imagining the evolutionary process which has
number of offspring left by men (though the numbegiven rise to an adaptation is not always so simple
declined in the case of women; Fieder & Huberc 2007There are many existing bizarre adaptations whose
(See also the more comprehensive study by Nettle &volution is a genuine enigma. A remarkable exangple

Pollet 2008, described in Chapter 4). a parasitic crustacealymothoa exigua a fish louse
that replaces the tongue of its host. It enterwvitim
2.5. Adaptation through the gills when it is very small, attachiself to

the tongue with its three pairs of anterior legd #men

The word ‘adaptation’ has a starring role in thedestroys the principal tongue artery. The tongue
vocabulary of evolution. Probably everyone hasdeai gradually atrophies through lack of blood and the
of what it means but, unfortunately, that idea @ n parasite replaces it with its own body, attachisglf to
always correct. Hence it is worth clarifying that,the muscles that remain of the appendage. Fromahen
although an adaptation may arise during developmerthe fish uses the parasite as if it was its owrgtenand
this is not true evolutionary adaptation. An exaenplll it suffers no further damage. The parasite feeds
explain this. An individual who has practised swimgn ~ whenever the fish does so and it grows as its grosts
from a young age for several hours a day may b@Alvarez & Flores 1997). It is hard to imagine the
capable of swimming fast and far and might be $aid adaptive process by which the parasite became
be adapted to swimming. Another individual who hagonverted into a tongue. Perhaps it originally divgd
similarly from a young age dedicated many hours tén the fishes’ mouth and the tongue-replacemeatesy
playing computer games may come to be an expegmerged little by little.
player, although he well not be a great swimmer.
Improvements that are acquired through lifelongfica 2.6. The adaptationist method
have no effect on the evolutionary process siney th
cannot be transmitted to offspring. Hence, althotigh Most of the complex features of living organisms to
word adaptation may be correctly used linguisticall  which a task or function may be assigned are censitl
the sense of becoming accustomed to new be potential adaptations and one of the priricipa
circumstances, this meaning does not corresponid witictivities of evolutionary biology has been, and is
the idea of evolutionary adaptation. In evolutighar showing what these are. This type of investigati®n
terms an adaptation is not the same as ‘adaptébilit termed the ‘adaptationist method’. It consists of

What then is an adaptation from an evolutionarproposing a hypothesis regarding the benefits
standpoint? It may be defined as any charactetiistit supposedly conferred by a characteristic and then
increases the biological efficiency (fitness) ofdemonstrating that individuals that possess itdeaore
individuals that possess it and which is developedescendants than those which do not.
through natural selection, and thus is the restlt o The adaptationist method is sometimes criticised
genetic changes. Biological or Darwinian efficierisy for being, on occasions, over-speculative. Cauti®n i
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called for and at least three considerations meididitne Box 2.3 but we shall only comment briefly on the

in mind. Firstly, an ingenious idea, however enidi
may seem, proves nothing by itself but has to btete
(there are three methods of testing hypothese
comparison between individuals,

method and by experiment. See Box 2.1). Secondl

alternative hypotheses must always be considerdd an

different possibilities need to be analysed critjca
Finally, not all the characteristics of an organieged
be adaptations —some may be by-products of oth
adaptations-, and neither need all adaptationsslfeqs,
they may be in the process of refinement.

Another matter regarding the adaptationist metho

the comparative

important ones.

mos

2]

ERRORS

SOLUTIONS

v, Natural selection acts for the good
of the species.

The species does not come into
it. Natural selection acts mainly
at the level of the individual.

It is possible to produce
adaptations to prevent future
e rconditions.

Natural selection is ‘blind’. It
never acts towards a particular
end, let alone that of solving
future problems.

Natural selection acts to produce
d improvements and to increase
complexity.

It only improves adaptation to
the environment. Although it
may well produce an increase

needs to be considered and is important, althoelgtes
more to the terminology than to its substance. Our
language is intrinsically anthropomorphic, i.e.terd to
attribute purpose and intention to animal and et@n
plants. Students of animal behaviour often use s@sra
such as ‘by allowing himself to be devoured by thée
female’, the male mantis succeeds in fertilisingreno
eggs and thus in leaving more descendants. Budldigis
not mean that the male has consciously evaluated |t
behaviour to achieve its end and that it finallys ha
decided to allow itself to be eaten. This is simply
linguistic shortcut. Such language has the advantaat
it is very useful. The correct way to describe the
behaviour of the male mantis to avoid
anthropomorphism might be something along the liN€SThe fuman being is the most
of: ‘the male mantis is devoured by the female miyri | evolved species.
copulation because during the course of evolution,
natural selection has favoured those males thataten
over those that succeed in escaping, given that the Box 2.3. The most frequent misinterpretations of
former leave more descendants because they aréoable the theory of natural selection and their
copulate for longer and therefore to fertilise meggs’. corrections.
In other ways, without using some anthropomorphi
language, a sentence becomes a paragraph. ) ) )
Although a little anthropomorphism is both One of the most frequent errors (which is still
inevitable and useful, it is necessary to be vemtious Unfortunately widespread in many countries evenrggno
and always to make clear to one's audience and Riologists) is the belief that individuals act file good
oneself that it is only a manner of speaking arad you  Of the population or the species (what is known as
are not implying that animals are making consciougfoup selection’, see Chapter 8). For exampleether
decisions. Rather, there are instinctive behaviaurs the idea that the members of a pack of wolves mide
adaptive strategies that have been selected faubec Of lions do not fight among themselves for the gabd
they confer advantages, because they increasevaurvithe species, since they would injure themselvesisgly

chances or because they increase reproducti®® kill each other and the species could becommaxt
efficiency. This has been shown to be incorrect. Natural delect

favours individuals which behave in ways that magem
their reproductive success, no the group’s chamdes
survival. Those contests involving threats and ldigp
between males are the result of natural selectioces
both contenders benefit if conflicts can be resblve
without serious cost to the participants (see @vaji).
Another frequent error, which occurs frequently in

in complexity this is not always
its outcome.

Natural selection may provide an
organism with the adaptations that
it needs.

Adaptations are the outcome of
selective processes but
selection can only act on
existing variation, with no
ultimate aim.

Vertebrates are more ‘evolved’
than invertebrates

Organisms cannot be said to be
more or less evolved. All
existing species are well
adapted to life on our planet.
Degree of evolution should not
be confused with degree of
complexity.

Evolutionary trees indicate levels
of perfection.

Evolutionary trees only show
the phylogenetic relationships
between different groups.

Evolution is not a ladder with
human beings at the top but
rather a pattern of branches in
which we occupy a particular
position.

7

2.7. Evolutionary theory: its importance and
some errors of interpretation

The theory of evolution brought about a great retioh
in biology, thanks to its enormous range of appilica

and predictive capacity. Prior to Darwin, the bzl . . ;
P pacity ! o televised nature documentaries, is to assume Htatal

sciences were largely descriptive. It was the thedr selection generates progress and increases cotyplkexi
evolution by natural selection (Darwin 1859) which: ng progres: i iyp
5 certainly true that evolution produces improvatee

provided an adequate theoretical framework thd ffici hich " tend to i
permitted hypotheses to be produced and predictioﬁ% etciency which, ~over time, tend 1o Increase

made that could then be tested (Box 2.1). All thi qmplexity. This is.logical since the earliest tigi
converted biology into a true science. hings were very simple and thus any changes that

Although, as we have seen, evolution by naturaﬁgm\ée%rwglg? t.tg::%ntlo fg]%kiss.ﬁqecr'gseéngéz igmrgalex.
selection is not an excessively complex idea, ihas thewer\: 'r,on\r/neL:ltl Henyce \;thelar% %an o gm les of
easily understood and as a result misinterpretsitare Vi : y examp

widespread not only within the general popuiation of 72 R0 A UL R0 IR e e
among enthusiasts of natural history but also —tarsd h 9 .
that results in a loss of complexity. For exampiany

is more serious — among teachers and professiamals arasitic species have lost the digestive Systdias t
biology. The most frequent errors are summarised . P 9 y
heir ancestors possessed; snakes and cetaceanie$tav
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their limbs and birds have lost their teeth, ameagy as a linear ascent to reach our species but rathibe

many other examples. form of a tree. It is a series of branches, natialér.
Another very similar error is to believe that the Following this introduction to the scientific

human being is the most highly evolved speciesnethod and to evolutionary theory, which underpin

Evidently this idea is highly comforting to our egbut  biology and hence also the science of animal belayi

it is nonetheless false since evolution has nogmessed we are now ready to begin our study of ethology.
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Chapter 3

The science of ethology

However, as happened with many other sciences,
the quest for knowledge then faded for many ceesuri
Behaviour is characteristic of animals and it pregid This was especially the case with the study of ahim
them with a host of adaptive responses to theff€haviour since in the 17th century, when otheersms
environment.In its simplest form it merely involves €xperienced a resurgence, the influential French
movement, although a lack of movement _indudin@)hllosopher René Descartes, came up with a disastrou

resting or even sleeping- may also be regarded &8tion that succeeded in destroying any intereshén
behaviour. In essence, really the only time an ahis1 Subject. Descartes maintained that animals funeticas

not behaving is when it is dead. machines and therefore that knowing the machire (it
There are many definitions of animal behaviourmorphology) and its workings (its physiology) left
One of the most widely accepted, although it is to@othing further worth studying. This view retarded
simple and mechanistic, is ‘the response of anrasga  €thology for two hundred years. It is a pity thabody
to a stimulus’. It may also be said to be the aktege 9gave Descartes a dog when he was a child; had they
of mechanisms and strategies that living beingstase done so perhaps he would not have come up with his
resolve the problems that confront them duringrtfilei ~ unhelpful conclusion. _ _ _
cycles. Behaviours range from very simple and  Virtually nobody took an interest in studying
predictable to highly complex and unpredictable@nimal behaviour until the 19th century, when Clearle
Animal behaviour, and thus also human behaviour, arwin, in his famous worlOn the origin of species
highly varied and may be studied from a diversify oused numerous examples of animal behaviour to

viewpoints that are the province of various scien@ee advance his theory on evolution by natural selectio
Box 3.1). particular, he proposed hypotheses to explain

behavioural evolution, which led to enormous adeanc
not only in ethology, but also in biology in gerlera

3.1. Introduction

Ethology (behavioural biology): Mainly concerns the behaviour of
animals in their natural habitats. This field, the science that is most
directly associated with animal behaviour, may also include humans as
an object of study.

Anthropology: Deals with the behaviour of present day human beings.
The most important of its various branches are cultural anthropology,
which studies human cultures that may have promoted the same lifestyle
for hundreds of years, and physical anthropology, which is concerned
with how humans evolved.

Psychology: Aims to understand the mental processes of humans and
other animals, and why they behave as they do. Chiefly, deals with the
mechanisms responsible for behaviour. Studies that employ animals
other than humans are usually laboratory-based instead of observed
under natural conditions.

Sociology: Sociologists study human societies, how humans manage to
conduct social life and the cultural basis for human social behaviour.

Sociobiology: Deals with animal social behaviour, analysing the causes
underlying the evolution of animal societies. Has since broadened its
scope to encompass an adaptationist focus on animal behaviour, which
means that it now also comprises what it known as behavioural ecology.

Box 3.1. Sciences whose objective is the study of
animal behaviour, including that of human beings.

3.2. Ethology: a brief historical overview

(Darwin 1859).

The study of animal behaviour developed greatly
in Europe during the first half of the 20th centtimanks
to the impetus given by Darwin’'s work. Following
studies by Whitman and Heinroth, there emerged the
personalities of Konrad Lorenz, Karl von Frisch and
Niko Tinbergen, who received the Nobel prize in 397
for having essentially created a new science: ethol
That ethological school was based on studying asima
under natural conditions while giving maximum
importance to the analysis of instinctive behavjour
which ethologists regarded as distinct from leagnift
the same time, in the United States, a school aight
emerged known as comparative psychology (also known
as ‘conductism’ or ‘behaviourism’), which was oppds
to ethology and maintained that what mattered was t
study the mechanisms of learning under laboratory
conditions. Its leading advocates, chiefly Thormdik
Watson and, in particular, Skinner, maintained trady
reflexes are innate (the ‘classical conditioningatty’
developed by Pavlov) and that all else is learngd b
animals based on the rewards and setbacks thelyeece
from the environment. The dispute between both samp
was very fierce at times, but gradually their diffieces

Human interest in animal behaviour is long standingessened, both regarding their methodology (fietd o
During the Greek classical period, Aristotle dedot®0  |ahoratory) and their theoretical frameworks. Nopod
volumes of his famous workistoria animaliumto the  nowadays maintains that animal behaviour is congbose
subject. Among others, he gave detailed accountseof entirely of instincts or learned behaviours; afiaogists
contests between courting wild boars, the incuatoragree that every behaviour is the outcome of a very
behaviour of pigeons and the reproductive strately complex interaction between genetic and environedent
the common cuckooQuculus canorys a bird that factors.
builds no nest but instead lays eggs in the néstmall Without a doubt, the most important revolution in
bird species, which then take on the task of rgishe, ethological belief came when ethologists accephed t
for them, gigantic cuckoo chicks. behaviour depends upon the expression of an omanis
genes, and hence heritable and subject to natural
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selection. This means that behaviours of individweill  chick of the common cuckoo and other parasitic
have been optimised by natural selective processes cuckoos. The common cuckoo does not build a nebt an
maximise their reproductive success. It is thisnstead, as we have noted, the females lay anregg i
adaptationist approach that dominates ethologyytodanest of another bird species, which not only incebat
and it has given rise to the discipline known adut also cares for the parasitic chick. Shorthemthe
behavioural ecology, which may be defined as thehick hatches it sets about lifting all the othe¥sin
branch of ethology that studies behaviour from aontents onto its back, be they eggs or other sh@k%
evolutionary viewpointand that maintains a close of the time they are eggs since the cuckoo chicid¢o
relationship with both ecology and genetics. Int,fac hatch ahead of the eggs of the host species), ipad t
behavioural ecology has achieved such prominerate ththem one by one out of the nest. Marcel Honzahef t
it may be considered to be modern ethology, smgiitit Czech Institute of Vertebrate Biology, and his co-
a distinguishing name no longer makes much sense. workers have made a detailed study of this behaviou
(Honzaet al. 2007), using continuous filming at nests,
3.3. Behaviour is heritable and the following account is based on their workegt
where indicated. This egg-eviction behaviour, which
Before going any further it is important to have ongnay even take place in the presence of the adoptive
point clear: behaviour has a genetic basis. Take, fparents without their doing anything to intervens,
example, the case of web-spinning spiders. Theemia responsible for the typical image of a cuckoo-pitiszsi
will have disappeared by the time they are born yenest: it contains only one chick, the cuckoo. It is
despite being alone, they know how to build thestbes important to note that such behaviour may be vesglg
perfectly well, from scratch and without being tatg to the cuckoo chick, not only in terms of the tianed
However, this is not to say that there exists aagena energy expended but also because it may be darsgerou
group of genes, responsible for web building, gemdg  The cuckoo chick’s determination to do a thorougih j
direct protein synthesis and do not cause behaviogometimes results in it too falling from the neaty(lie
directly. The fact that an individual may carry thene 1981).
or genes responsible for a particular behaviournsiea

only, that the individual possesses the hereditary (1) Causal
information needed for the development of the What causes an animal to behave in a particular way?
behaviour, but it is not certain that it will carthe .
. N (2) Ontogenetical or developmental
behaviour out (see Chapter 1). Two circumstances may How does behaviour change as an individual grows and
intervene: either the environmental conditions ssagy develops?
for the development of that behaviour may not arise (3) Historical or phylogenetic
one or more of the genes may not be expressed What is the evolutionary history of this behaviour?
adequately. Behaviour, as we have said, is the mgco (4) Functional or adaptive
of the interaction between genes and the envirohmen How does this behaviour influence the chances of
) A survival and effective reproduction by individuals?
and neither of these components can be said théde t
most impqrtant. Ir!varie}bly, the matu.ri.ty, develqpme Box 3.2. Tinbergen’s four questions
and experience of individuals are decisive whemwihes

to performing a behaviour.

The development of a particular behaviour ha:
been compared to baking a cake and this is quiszful
analogy. The outcome depends on two things: thpeec
(equivalent to genetic information) and the temper
and baking time (the environmental conditions)aif

lsnegvrg?;;:égniiggnls cr)r;lisnlggofy?#egniz); (ijr;:feétretr;t;?; environmental conditions and about the internakestd
g P the individual. So, when we ask, what is the phajsic

zll:;séergtet;}? gnﬂ;c?g:ethn;aénbﬁ ﬁ'ss?;g:l:gb Tgﬁgcglf m(‘?yuse of behaviour, one answer foc_uses on the mervo
briefly in the oven, or is baked at too high or tow a system qnd .hormonf.al system, which ta!<e .charge of
temperature ’ coordinating information received and bringing abou

’ the appropriate behavioural response. The resulting
L - ,_ behaviour is actually performed by the locomotor
3.4. The ,ObJeCt'VeS of ethology: Tinbergen's system, both muscular and skeletal, and a greatsity
four questions of structures that make specific behavioural paster

possible. This, in summary, is the basic machinery
Ethology considers all possible approaches to stady responsible for behaviour. The nervous system
and why animals interact with each other and wiih t integrates and coordinates both external stimuli an
environment in which they live. Niko Tinbergen, liis  internal drives and thus oversees different behawaio
classic and influential work published in 1963,possibilities, giving priority to some over others.
considered that there are four principal factomived  Hormones affect motivation, among other things, and
in the study of behaviour: causal, developmentamay increase or reduce the chances that a particula
evolutionary and functional or adaptive. These ban pehaviour will occur.
expressed in what have come to be known as  Questions associated with the cause of a particular
Tinbergen's four questions (see Box 3.2). behaviour may be considered from a diversity of
We shall consider each of these questions aboufewpoints, depending on what is of greatest irstet® a

behaviour by making use of a particular example, gesearcher. Thus, for example, in the cuckoo case a
striking and spectacular behaviour that has ofteenb neurobiologist would study the nervous system when
commented upon: the egg-eviction behaviour by thexploring the relationship between the cause of the

3.4.1. The causal approach

Animal behaviour is highly complex and hence densand
high levels of control and coordination as well ingk
use of a great deal of information both about ewter
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behaviour and its effect (how the chick receivémli  impeccably from the first attempt and, furthermavith
and what changes occur in the nervous system t@® ma&normous dedication. Nevertheless, although tha ter
the chick empty the nest of its competitors). Arfinstinct’ was highly important during the periodf o
endocrinologist would study the hormonal changes th classical ethology, it is practically never usedriadern
happen in the young cuckoo before it performs itgethology since even behaviours that have a marked
behaviour. A cognitive psychologist would try topéain  genetic basis need suitable environmental conditfon
the mental processes responsible for egg-evicdan. them to be carried out and their performance may va
experimental psychologist, after identifying whichaccording to such conditions.
stimuli provoke the behaviour (detecting via thesgeof
touch that there is something else in the nest)ldvbe 3.4.2.2. Learning
interested in obtaining more information on thensii
and mechanisms that result in the egg-eviction.oHe Learning may be described as the modification of
she would design experiments that would establishehaviour through experience. Very many behaviours,
exactly which stimuli are effective and which am.in  among them foraging for food and nest building, ehav
contrast, an ethologist might attempt to inveségaich been shown to increase in effectiveness througttipea
aspects as the influence of time and temperatdiryeo All animals are capable of learning. An example
presence or otherwise of the adoptive parenthe$ize that illustrates this unequivocal statement conemfr
of the eggs requiring expulsion (which varies adetg  studies of the nematode wo@aenorhabditis elegans.
to host species) and of the depth of the nest thal very simple organism that lacks a brain. It hasnbee
needs to be climbed. studied very thoroughly and its nervous systermisan
to be comprised of exactly 302 neurons, intercotatec
3.4.2. The ontogenetical or developmental approach in a pattern that seldom varies. Marie Gomez, @f th
Central Nervous System department of the Swiss

The cuckoo chick does not set about expelling @stn company F. Hoffmann-La Roche, and her eight co-
companions the moment it hatches. Most authors sayorkers, showed that these worms were nonetheless
that it only does so some hours later, but Hoeizal. capable of learning to find foodC. elegansis able to
(2007) have found that starts even later, aftehd@rs move around guided by the temperature of its medium
on average. All observers agree however that tHé was shown that when the worms found food
difficult task of climbing the nest wall with ang@@n its somewhere which was at a specific temperature, they
back is performed with considerable effectivengesnf remembered it and thereafter showed a preference fo
the first attempt. Moreover, once the chick begins environments that were at the same temperatuithelf
works obsessively, hardly pausing even to eatgdfseor  situation was altered and food ceased to appetraat
host chicks are repeatedly replaced in the nesy, #ne temperature and was presented at another temperatur
ejected time and again, the cuckoo chick continaing the worms progressively forgot the first temperatand
work until it may even die of exhaustion. Howewre  starting preferring the new one. This whole process
drive to perform this behaviour does not persisinvolving both memory and learning, is regulatedthy
throughout the cuckoo chick’'s development in thetne NCS-1 gene (Gomeet al. 2001). This illustrates what
but tends to disappear after seven or eight days. we have previously pointed out, that neither geaiese

Several important points can be derived from th@or the environment produce a behaviour. The lagrni
above information. The nervous and locomotor systenprocess associated with specific environmental
must be sufficiently developed to make the behaviowconditions is also regulated by a gene (or genes).
possible. Also the fact that the cuckoo chick camryc Animals are capable of learning the most
out the task highly effectively from its first attpt, extraordinary behaviours (just see the videos ohals
without prior learning, implies that the behavioisr on You Tubg but learning requires some prior
innate, that is to say it is instinctive. This istrio say capabilities. There is a widespread myth that the
that the behaviour is genetically determined ingbese learning capacity of humans is greatly superiahtt of
of depending solely on the genes within the cuckoather animals but, this is not entirely true. Fraraple,
Rather, it means that the gene - environment irtierex  rats are better than we are at avoiding poisorrjecar
that occur during the development of the chick &néb pigeons navigate in wide open spaces much betser th
to carry out a complex task the first time the khic we do, and few people can match the ability of lees
responds to particular stimuli in the nest. In gahaghis remember a wide range of food sources that theg hav
is not always the case since behaviours often requionly just discovered. In any event, it is importdat
prior learning before they can be carried out ailye realise that each species has evolved to learn sl

The developmental approach to behaviour gaveehaviours as will tend to advance its reproductive
rise to three key concepts that mark the scientifichances in its environment. Natural selection doats
beginnings of ethology: instinct, learning andfavour individuals with excess learning capacitgdiese

imprinting. We shall now consider these briefly. the running costs of a nervous system are very, high
both in terms of energy and nutrition. Rats do eatm
3.4.2.1. Instinct to search for nectar nor bees to avoid poisonsuseca

such abilities do not benefit them in their enviremts
Behaviour is heritable, as noted above. An instiecti (see Chapter 12 for a more detailed treatment &f thi
behaviour is one that is genetically determined large topic).
extent and that does not require learning in orol&e
performed to perfection. The spiders’ web exampl8.4.2.3. Imprinting
above is a classic case. The egg-eviction behawbur
the cuckoo chick also clearly illustrates the natof an  In those vertebrate species in which the youngared
innate behaviour: a very complex process is camigtd for by their parents the general rule is that theng do
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not immediately know to which species they belond a cuckoos need to undergo imprinting in order torthe#o
they must learn this during their earliest hoursdays. which species they belong (Soler & Soler 1999).
They possess a special sensitivity during this fbrie
period during which they tend to regard whoever 08.4.3. The evolutionary approach (phylogenetic or
whatever they see as their parents. The mechanysm bhistorical)
which animals ‘learn’ to what species they belosg i
known as ‘imprinting’. This type of learning wasidied Behaviour evolves, as does every other characteosti
in detail by Konrad Lorenz, who collected eggs ofiving beings. Hence a key question that etholsgisay
greylag geese Ahser anser and kept them in an ask of any behaviour is how it began and how has it
incubator. When the goslings hatched they followed changed; in other words, ‘what is its evolutionary
as if he were their mother. In addition, Lorenz vabte  history?’ A generalized starting point is that cdexp
to show that such imprinting could be achieved witthehaviours, for example the songs of modern birdge
whatever sort of object (a box, a ball and evelashfng evolved from the simpler behaviours of their an@dst
light) the goslings first saw during a relativelyidf  species.
period after hatching. He also discovered that once  There are two distinct ways of studying the
imprinting has occurred, and the ‘sensitive peribds evolutionary history of behaviour: by examiningtabie
passed, it becomes irreversible. Lorenz used the$essils or by means of a comparative study of tvin
findings to present imprinting as proof that what i species. The former has fairly limited applicat&nce,
innate predominates over what is learned. strictly speaking, behaviours do not fossiliseteasl, on
However, such reasoning proved to be neither s@re occasions, structures associated with behaxiay
straightforward nor so clear. When Lorenz repediied do so. For example, the origin and evolution ajttiin
work with another species of waterfowl, the mallarcbirds has been studied by examining fossil wingd an
(Anas platyrhynchgs he was surprised to find that feathers of avian ancestors. The other way of daduc
mallard ducklings would not follow him. After much history, the comparative method, involves analysing
further experimentation he found that for imprigtito  specific behaviour in living species that displayand
occur in mallard ducklings they not only have t@ secomparing it with the behaviour of related spedhest
something that moves but also they have to heagalie do not exhibit the trait in question. Some general
note specific to their kind. assumptions tend to be made; for example, thatdf t
We now know that the phenomenon of imprintingbehaviour is very widespread then it was probably
is much more complex and flexible than was firspresentin an ancestral species of all the cumees. On
thought. Studies of brood parasites, to which vierred  the other hand, if the behaviour is found in onte @r a
previously in this chapter, whose young are raisgd few species in a genus this probably means thalit
individuals of a different species, have yieldedyve evolved relatively recently. In this way it is pise to
interesting information on imprinting. For example, reconstruct the evolutionary history of a behavioua
has been found that not all stimuli are equalledfffe group of related species. Even ancestral statesbean
(those offered by the true parents are far morecffe  reconstructed from the behaviour of current speaieb
than those provided by the adoptive parents), that the phylogenetic relationships.
sensitive period may be delayed considerably armh ev A comparative study in relation to our example of
that re-imprinting on the correct species may otatar, egg-eviction behaviour by cuckoo chicks would besmo
even during the juvenile period. Another membethef interesting but the problem is that we lack enough
cuckoo family, the great spotted cucko€@lgmator information. Most genera of the subfamily Cuculinae
glandariug, is also a brood parasite like the commor(parasitic cuckoos) are known to show this behaviou
cuckoo. It lays its eggs in the nests of memberthef but it is not displayed by at least two of the@iagmator
crow family, which then raise the parasitic chicks. andScythrops Unfortunately, no reliable information is
studies of this species by my own research groupame available on the situation in many of the otheregarof
that adult great spotted cuckoos sometimes visitezlickoos.
parasitised nests and they were also seen with the
juveniles once the latter had flown. We interpredadh  3.4.4. The functional or adaptationist approach
behaviour as being a necessary mechanism enabling
imprinting by young great spotted cuckoos. It appea As we have seen, the evolution of different behargas
that, contrary to the belief that brood parasitess @an the result of the process of natural selection. Wan
exception and have innate knowledge of which sgecidehaviours thus comprise adaptations that have been
they belong to, juvenile great spotted cuckoos neesklected since they provide reproductive advantémes
contact with their own kind to help them to impromt  the individuals that perform them. Thus, the
their own species. We tested this hypothesiadaptationist approach (see Chapter 2) is based on
experimentally by placing great spotted cuckoolkio  asking what these reproductive advantages actasdly
the nests of magpieica picg in areas where the As noted previously, there are two principal apphes
cuckoos did not occur (chiefly in Freneusse, Frare® to answering these questions: the experimental adeth
as to avoid any contact between the young birds armhd the comparative method. Both involve proposing
adults of their own species. As we predicted, othee hypotheses that are then put to the test, in thedo
cuckoo nestlings fledged from the French magpig¢snescase through suitable experiments and in the layer
they behaved as did the magpies’ own young (rem@ini means of an appropriate comparative study.
in the territory of the pair that raised them),t@sal of Returning to the egg-eviction behaviour of the
behaving as do cuckoo nestlings in places wherg theommon cuckoo, the key question would be: ‘What
normally occur (here they form groups independdnt cadvantage does the cuckoo chick get from behaving i
the territories of the adoptive parents). This expent this way?’ The benefit must be significant since,vae
showed that despite being brood parasites, gredtesp have noted, the behaviour is very costly. The henef
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seems obvious, by ejecting its nest companions, theen identified. We now also know that the basiedse
cuckoo gets all the food brought by its adoptiveepts  of animals are more than simple physical requirdmen
and does not have to share it. This benefit may el such as water, food and a suitable temperatuie also
decisive. The host species are small in size aed th essential to bear their ethological needs in mindito
capacity to bring food to the nest is limited. Theleast to provide them with an adequate environnent
parasitic chick may grow to be ten times heaviantlis which they can perform all their basic behaviours.
hosts. It also needs much more food than the hostRecent studies have made it clear that animals do no
chicks would require. It is thus easy to imagine thhave to be able to carry out all types of behavibut
scenario in which egg-eviction behaviour may haveéhey need to be able to perform those for whicly dre
evolved. The survival of the chicks of an ancestrainotivated at a particular time.

cuckoo species that used small-sized host species,

offering limited food-provision ability, may not ha 3.5.2. Conservation

been very high. As soon as there emerged a rudament

form of a behaviour, such as egg-eviction, whicHJntil quite recently, ethology was hardly involvatall
resulted in the parasitic chick receiving mostref food in programmes for conserving endangered specigs. Th
brought by its hosts, the survival chances of chitiat was because ethologists have traditionally showie li
displayed it would increase. Such chicks would éeavinterest in taking part in such programmes and
more descendants than those that lacked the bemmavioconservationists have been little concerned with
so egg-eviction would rapidly spread throughout thethology. The situation has changed sharply and
population. Natural selection would gradually fawou knowledge of animal behaviour is now considered so
individuals that improved the effectiveness of thismportant that conservation programmes cannot gnor
mechanism and in this way the current situatiorive it. Awareness of territoriality, foraging behavipunate-

so that now all common cuckoo chicks hatch capable seeking strategies and suchlike is indispensabté bo
ejecting all their nest companions. In other wortl& when designing conservation action plans and when
behaviour is now universal within the common cucko@redicting the possible effects of any measuresrtak

for a simple reason: all cuckoo chicks are desasisdaf The following example illustrates the importance
cuckoos who were capable of eliminating all possiblof keeping behaviour in mind in what is currentiycls
competitors when they themselves were chicks. an important field of knowledge as conservation
biology. A group of investigators led by Isabellet€of
3.5. Applied ethology the University of East Anglia, UK, were studyingeth

conservation problems of a small European rivdr &6

To end this chapter on the science of ethologpdutd  the blenny family, the river blennysélaria fluviatilis),

be emphasised that the study of animal behavionoiis With & view to proposing measures to halt the curitig
only important for its contributions to knowledgeitb decline of its populations (Cot al. 1999). The most
also that it has made valuable inputs to such stsogs important problem confronting this species is atbit
animal welfare, neuroscience, psychology, psychiatr0ss due to rgmoval of. stones and sanpl from rifars
resource management, environmental management a#ef as building materials. Male blennies set upsnes
the study of human behaviour. We shall consider th@eneath stones and attract females to spawn thes.
application of ethology to three of the most impattof ~females lay their eggs under the stones and thesmal

these. protect the eggs from predators and oxygenate them
until they hatch. The investigators devised a madkat
3.5.1. Animal welfare simulated stone extraction, using data on stone

distribution from affected (extracted) and unaféett
The concept of animal welfare has changed a gt d areas. Without considering data on stone seledtipn
over recent decades. Formerly it was thought thdpales, no minimum size limit of stones was included
animals were fine as long as they were neithengii and the conclusion of applying the model was thanes
injured. However, the drastic changes wrought by thextraction had no effect. However, when the
emergence of modern systems of farming industrgh(su reproductive behaviour of these fish was borne indm
as overcrowding, confinement and social isolation) (males prefer to select the largest stones assites) the
rich countries have revealed the serious problgms t conclusion reached by the investigators was _very
may affect animals when they are kept in extremelglifferent. Reducing mean stone basal area from 260cm
unnatural circumstances. There have also been trecéf 50cnf would lead to a 47% reduction in nest density
increases in biomedical investigations in whickrfly ~and a 75% fall in egg production. By comparing fish
millions of animals, most of them mammals, are used reproduction in extracted and non-extracted zohey t
experimental subjects. These two developmentéound that extraction had an even more negativeceff
together with greater social concern for animafesirfg, than the second, more realistic model predicted.
have encouraged a modification of our concept of
animal welfare. It is no longer considered to refelely ~3.5.3. Human societies

to physical health but also involves an animal peaihle )
to experience a suitable environment. Many of the prOblemS of human SOClety are related t

These new concerns led to the emergence of tﬁae intel’action betWeen Conduct and enVirOnmemm,
science of animal welfare, whose chief aim ighis amounts to the same thing, between genetids an
diagnosing the physica| and menta| heaith of arﬂrﬂai behaV|OUr, Wthh are the fundamentals Of behavloura

order to do this, indicators of physical health antider €cology. It is thus to be expected that ethological
aspects of animal welfare, based on physiologicdn€thods can be employed when studying social
parameters that quantify stress, have been de\ibkme problems and human behaviour in general (see Chapter
behaviours associated with pain, fear or frustratiave 1)- Thus, for example, the adaptationist approaah h
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given interesting results in studies of murder iiman  how chimpanzees and other primates engage in
societies, and hypotheses developed in studies wmdconciliation after a dispute have helped in the
infanticide in other species have been applied witdevelopment of new treatments and strategies ashed
considerable success to understanding the malteeatm reducing aggression between children in establisitsne
and abuse of children (see Chapter 1). The availabseich as orphanages and schools for disruptiverehild
statistical data have been found to correspond witht ~where this is a particular problem. Another examiple
has been observed in other animals. For examplee maeen in the classic works on social development in
child abusers are most often the current partnetheo rhesus macaques in which it was shown that, gitien t
mothers and not the genetic fathers of the childrechoice, baby macaques preferred to cling to a terry
involved. cloth-covered metal doll than to an uncovered one

In other cases the results obtained from studyingearby even though this mannequin offered the trdan
the behaviour of different animal species have beemilk bottle. Studies such as this proved to be itdlv
applied successfully to understanding some of thienportance in advancing ideas on child developraent
problems of human societies. For example, studies o for psychiatry in general.
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Chapter 4

Reproduction, finding a mate and sexual selection

4.1. Introduction

Human beings, and all the living organisms on Eath
the descendants of individuals which succeeded
reproducing themselves, thus passing their gene® on

succeeding generations. This means that the mg

effective reproductive strategies have been unter t
influence of natural selection since the beginrofdhe
evolutionary process.

When we speak of reproduction we immediately
think of sex, of sexual reproduction, but not all

organisms reproduce in the same way, other forms
leaving descendants exist. Reproduction is quite
complex process which, in one way or another, ®dxe

in transmitting an organism’'s genes to the nex

generation. Different species pass on their gefiesav
range of mechanisms (see below), sexual reproduigio
the best known of these simply because it is thewa
employ. From an ethological viewpoint and in a tagi
sequence, sexual reproduction comprises variogesta
finding a mate, fertilisation and care for the ygukach
of these receives a chapter in this book. Heragdtition

to the different reproductive methods, we shalldgtu
mate-seeking and the evolutionary mechanism th
directs the process, which is sexual selection.

4.2. Reproductive methods

Living beings have developed many
methods

reproductive
in order to produce descendants, who

differences from their parents will be more or less

considerable according to the method used. Box 4
summarises the principal methods and the genet
changes in descendants to which they give rise.bbxe

that almost every individual is genetically unigd&ere
are somespecies in which both types of reproduction
alternate, for example, the aphids (Sinedal. 2002).

n

Mitotic parthenogenesis:  Females produce diploid eggs by mitosis,
Stich give rise to offspring genetically identical to their parent.

Meiotic parthenogenesis: Females produce haploid eggs by meiosis that
develop directly without needing to be fertilised by a male gamete. The
offspring are nearly genetically identical to their parent.

Hermaphroditism:  Individuals produce male gametes with which they
fertilise their own female gametes. The offspring are nearly genetically
identical to their parent.

(=]
=

exual hermaphroditism:  Each individual produces both male and

male gametes but there is no self-fertilisation: the male gametes fertilise
the ova of another individual. The offspring are substantially different
tgenetically from their parents.

Sexual isogamy: Males and females produce gametes of equal size that
combine to give rise to fertilised eggs in which both parents have invested
equally. The offspring are substantially different genetically from their
parents.

Consanguineous sexual anisogamy:  Males and females are related to a
greater or lesser extent and produce gametes of unequal size that
combine to produce fertilised eggs. Females invest much more than
males, since ova are much larger than spermatozoa. The offspring are
substantially different genetically from their parents, but less so than in the
following method.

Allon-consanguineous sexual anisogamy: Males and females are
unrelated, produce gametes of different sizes and have descendants that
are significantly different genetically from their parents.

Box 4.1. Some of the most important reproductive
methods, indicating their consequences for the genetic
pdifferences between parents and offspring. Haploid:
seells containing half the genetic complement of a
particular species. Diploid: cells containing the full
enetic complement of a particular species. Mitosis:
sexual cellular replication. Meiosis: cell division giving
iGise to haploid gametes (two successive divisions result
in four haploid gametes).

only outlines the topic since it is incomplete.

Furthermore, a species may use more than one method

For example, many plants and animals can reprodu&?

both sexually and asexually.

Different reproductive methods have evolved
different species according to their habitats aagsnof
life, which is to say,
adaptations that enable effective reproduction
particular conditions. This explains why such aedsity

male aphids, which feed by sucking plant sap,
reproduce asexually in spring and summer, laying

inunfertilised eggs that give rise solely to daughtehich

also reproduce the same way. This reproductive

they may be considered g@rrangement yields a rapid increase in numbers when
igonditions are favourable. The ability to producgyo
daughters, which in turn are capable of reproducing

of methods exists, something that may seem strmﬂgequickly themselves, allows a female to give riseato

us. Thus, for example, there are species in which gnuch greater number of grandchildren and great-
individuals are both male and female at the same;ti 9randchildren than would have been possible by
others in which sex changes (individuals staremsales Producing both males and females through sexual
and later change into males), and vice-versa: sthrer reproduction. Furthermore, since such daughters are

which males are virtually non-existent and evererth 9enetically identical to their mother, they sha®% of
in which there are more than two sexes. their genes with her, and not 50% as would be #se c

In general, all types of reproduction may peWith sexual reproduct?qn. Hence, asexgal reprodacti
considered to come under either of two major typedenerates greater efficiency in producing descesdan
asexual and sexual. The main difference is thaetie and in transmitting one's own genes to the next
no genetic exchange during production of descesdari€neration. Sexual reproduction lacks these two
by asexual reproduction unlike sexual reproductiorfdvantages and has a third important disadvantige:
Hence individuals resulting from asexual reprochrcti @nd energy must be expended in finding a mate and
are genetically identical to their parents, whertmse achieving fertilisation, which is also risky sinde
produced sexually bear new and unique genotypek, suNCreases the probability of attracting predatorsob
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contracting infectious diseases (see Box 4.2. foremoor less adaptive depending on environmental caiti
detail). and on the demographic characteristics of each
Why then does sexual reproduction exist? lbrganisms’ population. Secondly, maintaining sexual
clearly must confer some advantage in order togkev reproduction is not the consequence of a singléorfac
despite the described costs. However, before amsyver but rather of a number of factors, so that some
this question (in the next section) we shall camin hypotheses may be valid for some organisms and
describing the aphid life-cycle, which will alsovgius different hypotheses for others. Nearly all hypstse
some insight into these foreseeable advantages. Thefer to an advantage of sexual reproduction which,
aphid reproductive system changes with the armdfal theory, amounts to an important disadvantage for
autumn, when the females lay eggs that now givetds asexual reproducers. Nevertheless, these latter haw
both sexes. These males and females pair-up andly not died out but also, in many cases, theyen;j
produce a new generation of eggs by sexual megiss. | considerable evolutionary success, although leas th
these eggs which overwinter and hatch early in thiéhat of sexually reproducing species. Asexualitydte
following spring. not to spread since asexual species rarely gieetads
new species. Furthermore, it is very difficult fisexual
reproduction to reappear once sexual reproductas h
evolved. The definitive answer to the enigma pasgd

the existence of sex still seems remote and muatk wo
remains to be done on the problem.

COSTS BENEFITS
The chance of transmitting
gene copies to the next
generation is reduced by 50%.
Finding a mate requires time | It gives rise to genetic variation
and energy. upon which natural selection can
act.
3| Courtship and pairing | New gene combinations are
increases risks of injury and | created, which may enable
predation. solutions to environmental
problems.
4| Sexually-transmitted infections | It permits harmful DNA mutations
may be contracted during | to be countered.
copulation.
5| It provokes fierce inter-male
competition.
6| It provokes major and costly
conflict between males and
females.

Box 4.2. The most important costs and benefits of
sexual reproduction when compared with asexual
reproduction.

4.3. Why does sexual reproduction exist?

Contrary to what many may believe, sexual reproducti
is not a relatively recent evolutionary development
Although the earliest organisms undoubtedly repcedu
asexually, the appearance of descendants bearing
genome resulting from an
material between two or more reproducing indivigual
arose very early in the history of life on Earthuah

earlier than the emergence of the first eukaryoélts

(those enclosing their genetic material in a nuleu
Currently, and again contrary to what many may think
sexual reproduction is not restricted to multiceltu

interchange of genetic -

GENETIC HYPOTHESES

- Miller's ratchet: Harmful mutations will accumulate inexorably where
reproduction is asexual but will be eliminated, thanks to recombination,
by sexual reproduction. The latter will give rise to individuals with
various mutations, which may be less successful and leave fewer
descendants, but it will also result in descendants free of such harmful
mutations, and these will produce a greater number of descendants.

- Kondrashov's hatchet:  The accumulation of mutations does not have
a progressive effect but instead once their number reaches a certain
level they become intolerable and individuals which pass this threshold
die. In sexual reproduction, the elimination of harmful mutations is
more effective since recombination spreads such mutations among all
descendants and those that exceed the threshold die without leaving
offspring.

- Accumulation of advantageous mutations hypothesis : Helpful
mutations are much less frequent than harmful ones. In asexual
organisms, for a helpful mutation to benefit descendants, it must arise
in individuals with few harmful mutations, which is improbable. Also,
for two advantageous mutations to coincide in the same asexual
individual, they must have been produced in the same lineage. In
contrast, in sexual organisms, thanks to genetic recombination such
helpful mutations are as likely to coincide as to be separated from
harmful ones.

ENVIRONMENTAL HYPOTHESES

- The lottery hypothesis: It is in the interest of reproducing individuals
to produce variable offspring (especially when the environment is itself
variable). Such variation, which is the consequence of sexual
reproduction, increases the chances that some descendants may bear
suitable genes to survive in the environment into which they are born.

The Red Queen hypothesis: In antagonistic systems (those in which
two species are mutually inimicable, e.g. parasite-host relationships),
the variation resulting from sexual reproduction favours the emergence
of new defences in the attacked party and new weapons in the
attacking party (see Chapter 9).

Box 4.3. The principal hypotheses explaining the
evolution of sexual reproduction, one of the great
enigmas of evolutionary biology.

organisms but also occurs in some bacteria.
Given its widespread occurrence, it is evident that

sexual reproduction has been an important evolation Both in this chapter, and in the two that follow, igih

success. Nevertheless, the existence of sex igfothe

deal with reproductive behaviour, we shall focus on

great paradoxes of evolutionary biology, given that Sexual reproduction, which is the richer and maeed

has numerous and conspicuous disadvantages wher@fgrnative

regarding the behavioural strategies

its advantages are fewer and less obvious (see Byx 4 employed. We shall begin with its two protagoniste
Some twenty hypotheses have been proposed to expl&vo sexes: male and female.

the benefits of sexual reproduction and these ifed

two categories: genetic and environmental. The mo.4. What is the main difference between males
important are defined in Box 4.3 but we shall notand females?

explore the matter too deeply since, highly impairta
though it is from the viewpoint of evolutionary gy,
it is not so relevant to the behavioural aspecthvhre
the theme of this book. It is enough to highlightoaiple
of conclusions. Firstly, sexual reproduction maynre

In most species, males are quite different fromdies

in various respects (in morphology, in reproductive
organs and in hormonal make-up, among other things)
Every year, when we reach the topic of sexual
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reproduction | ask my students ‘what is the maireven this total is very low compared with the otitpfi
difference between males and females'? After dsioms male domestic pigs, which transfer nearly halftie lof
between themselves they tend to come up with twenty semen per copulation, containing some 750,000 anilli
so differences but they usually fail to agree whickhe sperm! Considering these figures, it is an undarstant
most important (although from time to time somevete to say that males can produce astronomical quesfiti
individual who knows the answer pipes up and stiflesperm.

the debate). The following example will help us to Another important distinction between the gametes
answer the question in the manner of evolutionaris in their size, which also presents overwhelming
biologists. differences. In our species, whereas an ovum i®stim

The anglerfish llophius piscatorius is highly visible to the naked eye since it measures oné tEha
esteemed for its flesh, sold as monkfish, which may millimetre across, a spermatozoan only measure® som
found at fishmongers all year round. It has an moais  twenty-five thousandths of a millimetre in length,
head with large jaws and pointed teeth, lacks scatel despite having a very long tail. In volume terntse t
may be a metre long. This description matches tboase ovum is a million times larger than the sperm.
the fishmonger’s slab but it is not a complete dpson The difference in the sizes and numbers of
of the species since all those on sale are fem@iles. gametes produced by males and females is the most
males are very different, they are much smallerufpyo important one between the two sexes, not only Isecdu
forty times) and they live attached to the femalben applies very generally and is seen in nearly adicgs
a male encounters a female it bites through orbbly, but also because it determines the reproductive
penetrates beneath the skin and takes up residegiee  behaviour of both males and females and has very
Little by little he degenerates until he is littieore than important implications. It means that, from the wer
a pair of testes. His circulatory system connedtis that  start, females invest more than males in reprodngctd
of the female, so that he can obtain all necessamhich we may add that females also invest signifiga
nutrients from her bloodstream. In short, the ntaftes more than males in the subsequent stages of the
into a small lump in the female, ready to fertiliser reproductive process. This is evident in mammals bu
eggs when she decides to lay them. He is a trussipar also in most other animal. Very often, the males’
and was regarded as exactly that for a long tinfereét  involvement in reproduction does not extend beyond
was discovered that he was the male of the spegies.fertilising the eggs. They could be said to be gitea,
similar reproductive arrangement is found in thé@-20 not in such a literal sense as in anglerfish males
plus species of this family (Lophidae). The diffeces because, as a general rule, they deliver littleenitban
between males and females are seldom so exaggeratirbir diminutive and insignificant-looking gamet&&ry
Normally there are many similarities between thenirequently it is the females who have to providetlad
although, however similar they may be, they alwaysecessary resources for the development of the
differ in ways that vary from one species to annthe offspring.

Nevertheless, there is one difference that neveeva

(except in very rare examples) and this distinctios.5. Seeking a mate

applies also to most plants: the type of gametedheh

sex produces. Typically females produce a limitedsexual reproduction generally does not allow antvi
quantity of large gametes, the eggs or ova, whicbeing to reproduce all by itself, it requires thisibn of
contain significant amounts of nutrients for thebeyo. two gametes, each donated by an individual of a
In contrast, males produce motile spermatozoalifferent sex. Hence, males and females are obliged
consisting of littte more than DNA and a store ofengage with each other if they wish to leave
sufficient energy to move. However, since spermnate  descendants. Finding a suitable mate is not atasly
costly to produce they are generated in astrondmicand the matter raises numerous questions. Among the
quantities. This last is no exaggeration. For eXemp most important of these are: is mate-finding a§cdilt
according to the most conservative estimates, humdgr males as for females?, do males and femalesogmp
males release some 180 million sperms per ejaonlatithe same strategies?, and are the priorities tme $ar
(they are produced at a rate of some twelve milpen both sexes? As a way to introduce these questioas,
hour), whereas human females produce a fixed numbgill consider the case of the pied flycatch@icgdula

of ova during their lives, some 400 of them. Alisth hypoleucd, one of the best studied bird species.

means that just 20 ejaculations release 3,600 omilli The males arrive first at the start of the breeding
sperm, more than enough to impregnate all the womeseason. They choose and occupy territories and sing
of reproductive age currently existing on Earthm8o frequently to advertise their possession, actively
simple calculations have suggested that during thgefending their space against other males if nacgss
course of his life a single man may produce enougihen the females arrive they immediately begineteks
sperm to impregnate all the women who have evef mate by visiting a number of different territs;i@nd
existed throughout history. hence males. When a female hears a song thattsittrac

On the other hand, it should be borne in mind thaier she approaches the male, who escorts her ‘wile
the males of our species are not especially peolifien  courts her, indicating the cavity that he has chasea
it comes to sperm production. Far from it! Many@pe nest site and showing her around his territory. The
far outstrip us. For example, our closest relatile female may choose to remain with a male or to leave
chimpanzee Ran troglodytes produces some 600 and find another. Should she decide to stay the mdl
million sperm per ejaculation (and it copulates muc have succeeded in finding a mate, but he may nite se
more frequently that human males do), but it toais for just her. Many males try to acquire a secondemna
from the most sperm-productive species. Male fairyalthough only 10-15% succeed. A few even obtaieethr
wrens, small Australian birds (genMalurus) produce females (Lundberg & Alatalo 1992).
no fewer than 8,000 million sperm per ejaculatiBot
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Having described mate-seeking in a species whosery often the second is the direct consequendief
behaviour is typical we may now address the threfirst. In many species in which the males play ad n
questions that we raised previously. Clearly, thenen raising the young, the female pairs with the malow
to all three is ‘no’. Males find it harder to obtah mate succeeds in expelling any rivals. When a femalécafr
than do females. They must arrive earlier, compétie  elephantl(oxodonta africangis in heat she emits a loud
other males for territories and then perform costlyrumpeting that attracts all the adult males in the
displays (in this case song which precludes feedimdj vicinity. The largest and strongest male will siemtén
may attract predators) until a female accepts thendriving away the competition and it is he who mates
Moreover, the two sexes do not use the same sieateg with the female.
males must attract females and the females theaseho
their males. Finally, the sexes differ in theirgpities:
for females the priority is to find an adequate eng@r
territory), but males are concerned with attractamy
many females as possible.

SEXUAL SELECTION: that which acts on characters that affect the
pairing-success and the numbers of descendants produced.

Intrasexual selection: competition between males for females.

- It acts by favouring the ability of one sex (normally the male) to
compete for matings.

- Such competition may be direct (by fighting), or may be more subtle
(for example defending a territory, defending resources needed by
females or creating a social hierarchy).

- It is responsible for the emergence and evolution of weapons used
by males in fights with other males (antlers, horns, tusks, spurs etc.)

- Where it is intense it often results in males evolving a larger size
than females.

Intersexual selection:  choosing of males by females.

- Acts to favour the characteristics of one sex (usually the males) that
are effective in attracting individuals of the other sex (usually the
females).

- Promotes (chiefly among males) the emergence and evolution of
adornments that tend to be exaggerated and extravagant.

- Is much less evident than intrasexual selection and is much harder
to explain (see Box 4.5).

4.6. Sexual selection: competition between
males and mate-selection by females

Why are there such clear differences in the mat&isg
behaviour of male and female pied flycatchers?slt i
because the reproductive potential of males andlfesn
differs. As we have already highlighted, the geharke
is that females produce only a limited number of
nutrient-rich ova and, furthermore, it is they whg
normally care for and feed the young. In Short’ the - Females may base their choices on several secondary sexual
number of descendants that females leave depends characteristics at once.
above all on their CapaCity to raise them. As aemn Pofnl;tl)?hngll;és of selection often act simultaneously.
rule, males invest little or nothing into raisingeh’ - It is not always the males who compete and the females who
descendants (althOUQh this is not so in the piEd - g;?s?-spi\'iring sexual selection may also occur when some
flycatcher, where male parental investment i$ characteristic of a pair member may influence future investment by
considerable), and, as we have also pointed oay; th the other.
make enormous quantities of relatively cheaply
produced sperm. The males’ situation is thus ve
different, their reproductive success depends alzdive
on the number of females that they are able tdiert
In addition to the males’ greater reproductive
potential, another extremely important factor ekpa post-pairing sexual selection may also exist (Ba¥.4.
why males compete for mates and females choose thepyan Moreno, of the Museo de Ciencias Naturales in
The sex ratio, that is the proportion of femalesnales, Madrid, Spain, and José Luis Osorno, of the Uniders
is generally 1:1, one female per male. Clearlyhdré  Auténoma de México, have suggested that the blue
were several females to every male then competiion colour of her eggs may provide a signal indicating
mates between males would not be so intense. whether a female is in good physical condition,
Darwin proposed his ‘theory of sexual selection’information that the male uses to adjust his patent
to account for the showy and extravagant ornamenigvestment in his mate’s offspring. This idea resishe
shown by males of many species (the ‘secondaryasexiact that biliverdin, the pigment responsible fiuebegg
characteristics’, which we will deal with later)nse  colour, is a powerful antioxidant. That a femalaildo
these could not be explained by his ‘theory of ratu take on the handicap (see the ‘handicap princifeX
selection’, given that many of these adornment®@os 4.6) of using this costly substance to colour hggse
survival problems. He started from the premise thahstead of retaining it within her body to combae free
males compete among themselves for females wteéle thadicals responsible for oxidation, may indicatat tshe
latter choose among the former. However, Darwirenev js in such good condition that she can afford teasmler
fully understood why this was so. It is explaingdthe this valuable pigment for such a purpose. Henagslbl
arguments that we have previously expounded, whickggs will indicate to the male that the eggs laiel af

D

chief characteristics of

yBox 4.4, Definition and
selection, the two

intrasexual and intersexual
components of sexual selection.

are the basis of the theory of sexual selectioxu&e
selection may be defined as the selection predbate
acts upon characteristics that are solely related
increasing success in pair and the numbers
descendants that result. The intensity of sexuatsen

is determined by the relative investment of eitbex in

the reproductive process. It is strongest in the that

invests least in raising the offspring.

high quality and merit parental investment, fromickh
it may be predicted that males paired with suchalem
Will work harder at feeding and caring for the disic
@han would those paired with females who had niot la
such blue eggs (Moreno & Osorno 2003).

4.6.1. Competition for females among males

The flycatcher example clearly shows how then general males have to compete among themsaives t

process of sexual selection has two distinct coraptm

obtain females, although there are exceptionsudicy

competition between males (intrasexual selection) a species in which the opposite applies. Such cortipeti

mate choice by females (intersexual selection) &®e

may take a considerable diversity of forms: fromeci

4.4). However, it must be emphasised that these twyhting over females to trickery and the most teibt
processes are not independent of each other. Indeg@ceptions (such as joining forces with other mides
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order to steal the females of the most dominards many wives and three times as many childrehcaet
individuals or even disguising themselves as fesjalemen who have never killed (Chagnon 1988). Our
see Chapter 5). Western society is no exception here, it is welbwn
Two of the most frequent forms of competitionthat a high proportion of murders are inspired éyusl
include the defence of resources or territoriescwkhe jealousy.
females need in order to raise their offspring, #mel Competition to acquire resources or to acquire a
establishment of dominance hierarchies, which glpic high position in the social hierarchy is also irmpat in
occurs in social animals that live in groups, idahg our own species. Strong competition exists among me
many mammal species, especially the primates. Males— more so than among women — for resources and for
gregarious species habitually weigh each otherngh a social status. A positive relationship has been
as an outcome of these aggressive interactiond) eademonstrated between wealth, or social status,tlaad
learns from whom they must withdraw, since direchumber of children produced, both in traditionahtes-
conflict would lead to defeat, and whom they couldyatherer societies and in pre-industrial ones.
subjugate. This gives rise to a society with a rcleaNevertheless, some studies have found that thier lat
hierarchy in which the most dominant individualséa relationship does not apply in various modern smse
preferential access not only to food but also te thHowever, methodological problems inherent in such
females. studies have been identified recently and firm Itesu
Susan Alberts of Duke University in Nairobi, have been obtained in favour of a positive linknzen
Kenya, and her co-workers have shown, in a fairlyvealth and number of offspring (see Nettle & Pollet
recent study of a wild yellow baboonPdpio 2008 and Chapter 2 for a detailed account).
cynocephaluspopulation in east Africa, which not only A study that has yielded particularly clear and
do the higher ranking males copulate with more fema convincing results was conducted by Daniel Nettid a
but they also father most of the babies whose metheThomas Pollet of Newcastle University, UK. They
were in heat when those males were present. Whenanalysed a sample of almost 20,000 people born in
female is in heat her genital area begins to sarell so England during the week of 3-9 March 1958. They
becomes very visible to all males in the troop. Tilet  examined educational attainment, salary and nurober
males to notice are displaced by more powerful oneshildren at age 46. They found that men with higher
until the only one left is the most dominant indival salaries had more children that those with lowéariess,
who does not happen to be occupied with anotheal'em and a higher percentage of the latter had no @ildit
at that particular moment. He remains close to thall. Also, as in other recent studies (see Chapteth2y
female (mate guarding, see Chapter 5) copulatinipund opposite results for women: those with higher
frequently with the result that he fathers hermrfisg in  salaries had fewer children than the lower-earners.
a high proportion of cases. DNA samples were taken = They also carried out a comparative study in
from 213 babies born during the study period aothfr which they calculated an index termed the ‘standact
most of the males and females in the troop, inotde linear selection gradient’, which allowed the irgiy of
test this direct effect of the hierarchical rank omatural selection on a character to be estimatedhi®
paternity. Molecular analysis, which is highly eddle, English population and seven other human societies.
established who was the father of each baby babochhey found that the selection gradient for weatttmien
The results were very clear (Albers$ al. 2006): top- was lower in modern industrialised societies arghéi
ranking dominant males had 60% more offspring tham subsistence societies (hunter-gatherers, farmers
the second ranked male, and three times more ttean therders and fishermen), especially in those wherama
third ranked individual (thirteen levels could becould marry with several women. Nevertheless, they
distinguished in the hierarchy, without includinget emphasise that even the lowest selection gradients
juveniles). Males of the sixth rank or lower proddc obtained for this character were similar to tholsaimed

practically no offspring at all. in field studies of other animal species (NettleP&llet
2008). That is to say, natural selection has alveaysd,
4.6.1.1. Competition between human males and will continue to act, penalising those men vahe

ineffective accumulators of resources or wealth.
Our own species also provides examples of all nranne With respect to competition, the strategy of
of male-male competitions. Thus, direct competitioralliance formation is frequent among male primgtes
involving violent conflict, which may even end ihet Chapter 7). In these cases, several males coopterate
death of one of the rivals, has been very frequemvercome another male and acquire his resources or
throughout human history. At other times compatitio females. Without doubt, such alliances are mosfuieat
among men is indirect. History books are full ofes and large-scale in the human species. Throughauahu
where the powerful disposed of their rivals in ortte  history, wars between settlements, tribes or natitave
usurp their women. Surely the most notorious case been provoked, more or less deliberately, to depriv
that of King David who, the Bible tells us, wasneighbours of their resources. The anthropologist
captivated by the beauty of Bathsheba, wife of th&larvin Harris provides much relevant informationhiis
soldier Uriah, whom he sent to the most dangeraus p recent book (Harris 2006). Such conflict not onlgsy
of the battlefield. Uriah died and thus the kingeseeded and remains, the norm: whole societies specialiging
in acquiring Bathsheba. Such violent mating comipetit this system of pillage have existed as demonstrayed
among men remains common today in hunter-gathéhne Vikings and the Iroquois. In many cases tooflzr
communities as well as in modern societies. Famportant motivation for conflict has been to stda
example, some 40% of Yanomami males havadversaries’ young women, still habitual among the
participated in at least one murder and these twice Yanomami today.
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4.6.2 Male selection by females have to rely on less direct and more subtle panidren
assessing territory quality. A very interesting repde is
The female of most species invests much more in herovided in a study by Susan Walls and her
offspring than the male does, as we have indicatedollaborators of the University of Southwest Loais,
Because the female is going to devote much time andSA, of the red-backed salamandelPlethodon
many resources to caring for her offspring, we cawginereu3. Walls and her team showed by experiment
expect that she should choose her mate with cardhat females of this species are capable of denémmi
Making the right choice will determine her reprotive  the quality of a male’s territory by inspecting his
success to a large extent. For this reason, fenodtes excrement. If the remains of poor quality prey,hsas
spend much time in finding a suitable male, irrespe  ants (which have too much exoskeleton and produce
of the energy cost and the risk incurred in movindormic acid), abound in these deposits the femalidls
around to visit several males. Evidence of suclivact move on. However, if they find a male’s excremeithw
mate-seeking by females occurs in groups as diwasse remains of more appetising prey, offering more ipats
insects, fish, amphibians, birds and mammals. and fewer toxins, they remain and look for theitery
A study by Patricia Backwell and Neville owner (Wallset al. 1989).
Passmore, respectively of Natal and Witwatersrand
Universities, South Africa, provides a good examplg ) o ,
. . . Direct benefits: Those that bring immediate advantage to the female,
They studied the mate-seeking behaviour of femafes | such as obtaining resources that she may use to improve her physical
the fiddler crab l(JC& annu”pe)s The males live in condition or her own survival chances or those of her offspring.
N . Lo - A good territory offering abundant resources.
burrows and the investigators found that femalesit vi - Asecure breeding site.
several males before making their choice. On aeerag - Nuptial gifts.
.. . - Parental care by the male.
each female visited 7.5 males, although one visiéd - Fertile sperm.
different males (Backwell &Passmore 1996). Indirect benefits:  Those obtained on a genetic level when the genes of
L . the chosen male are passed to the female’s offspring which benefit from
But on what do females base their choice of their father's ‘good genes’. Known as good gene selection.
mates? We shall deal with this question in the ne - An attractive father who will be chosen by a female and who will
pass his attractive qualities on to his offspring.

—

section. However, it must be stated that although - A father of quality, who will be good at competing, avoiding
females often do the Choosing it is not alwaysdmae. predators and obtaining food, who will pass these qualities to his
. ! . offspring.
There are instances where males also are selediouat - A disease-resistant father, who will pass such resistance to his
their mates and even examples in which the males offspring. o
. - A male whose genes complement those of the female, which will
choose and the females compete for them. When might increase the viability of the offspring.

such a situation arise? Following on from the earli
argument, it Is to be_ EXpeC_tEd _that the_ male vl b Box 4.5. Females choose males according to the
choosy when he too invests in his offspring and tha benefits that they may obtain from them (which does
those species where males care for their younge(ire not imply a conscious decision) and these benefits
some, though not many) the females will compete fqr may be direct (resources needed to raise the young)
males and the latter will choose their mates (setion or indirect (good genes).

4.6.2.3).

If females choose males according to the resoutws
they value, it follows that males will compete argon

. themselves to secure those resources, since these a
Blackwell & Passmore (1996) found that, in the cafe what will allow them to obtain mates and leave

females quca annulipesthat we have jyst despribed, descendants. The females lafmprologus ocellatysa
mate choice has two stages. Females first decidehwh a1 cichiid fish that inhabits Lake Tanganyikaedds
male to approach according to his size (they préffer p, 1aving her eggs inside snail shells on the lake.
larger ones). They then decide whether or not &y st g,ci’shells are the most important resource foakesn

according to the quality of the male’s burrow. ThiS,hereas the food they eat consists of current-borne
example demonstrates the two types of features thalicies that are equally abundant everywhere.sThu
females tend to consider when choosing males (s& Bfjies strive to obtain shells. Bernhard Walter aritt F
4.5): resources (the burrow in this case) and @B®S  Tjmich  of the University of Bielefeld, Germany,

(male size here). Therefore, we can answer OMIQUE ¢, that each male defends a small territorybui a
question in few words. Females base their choicthen square metre. He chooses shells and buries them

benefits that they may obtain (which does not in@ly o tiaily i : : o
. A y in the sand with the openings pointingvapds.
conscious decision; see Chapter 2) and these t®nei, - male endeavours to acquire more shells to ibury

may be direct (material) or indirect (genetic). his territory. When an egg-laden female arriveskiog

for a shell to move into and a male to fertilise #ggs
when she lays them, the male unearths one of kitssh

. i .. and invites the female to stay. If she accepts,nstees
Females looking for a mate could benefit from aiggi  jy¢g the shell and lays her eggs several days tater
any of the direct benefits specified in Box 4.5¢csi@ll 4 oca are fertilised by the male. A male that owns
of them may increase the number of descendants thalyera| shells can continue courting more females.
they cpntnbute to the next generatlon..A.terrltdmt IS Hence, a fortunate male who owns several shells may
food-rich and that offers abundant hiding placesl antgijize the eggs of several females (Walter &lffiiich
suitable breeding sites will be a good choice. Ror 1994).

female bird, such as the pied flycatcher, evalgatin Another type of direct benefit arises when males
territory quality can be quickly achieved, but amsly oo fo0d or another type of nutritive resource to
this will not always be the case. There are mam®Lies  tomajes during pairing (Box 4.5). Bengt Karlsson, of
whose capacity for movement is limited and thesé Wi giqckhoim University, Sweden, studied copulatiothie

4.6.2.1 What is it about males that females select?

4.6.2.1.1 Direct benefits: resources
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green-veined white butterfly Pleris nap) and faster the nestlings grow before fledging (Green &
discovered that a virgin male of this species caliver  Krebs 1995).
a highly protein-rich ejaculate to a female, whish Courtship feeding does not occur in all bird
energetically equivalent to the seventy or so e@hags species but recently another way in which a femzdy
she lays. He was also able to show that the ntsrienevaluate a male’s paternal qualities has beenifaht
delivered by the male were used by the female tnamely the nest-building behaviour of the male.ighh
produce a larger number of eggs (Karlsson 1998)h Sulevel of involvement in nest building by a maleigood
nutrient delivery, a kind of ‘nuptial gift’, is comon in indicator to the female of his predisposition tedst in
many insect species. Because the nutrients deliterad caring for the chicks (Solest al. 1998). A bulkier nest
female in the ejaculate tend to be used by heradyze will result if the male works a great deal at nest
additional eggs, the male investment not only b&nef construction, and its size may act as a signalahaivs
the female but also to the generous donor. He tgets the female to adjust her investment in reproduct{®uar
fertilise more eggs than he would if he did not maks research group showed in an experimental study that
nutrient donation. after manipulating the size of the nests of mag(hésa

Nuptial gifts may sometimes be more substantigbica), the females laid fewer eggs in nests which we ha
than nutrients transferred during or just beforegeduced in size and more eggs in those which we had
copulation. For example, in some spiders anénlarged or in the control (unmodified) nests. &isid
scorpionflies, courting males present themselves teuch as this show that females judge the males’
females bearing the largest and most appetising prelisposition to work at caring for the young, andyttay
possible. After capturing a good prey item, malethe  more or fewer eggs according to this evaluation.
black-tipped hanging-fly Rittacus apicali} a
scorpionfly, hang from a twig by their first paif legs, 4.6.2.1.2 Indirect benefits: good genes
holding the prey in their third pair. They emit a
pheromone, a chemical signal, to communicate theConceptually the differences between both direct and
readiness to mate to nearby females that approagh andirect benefits are clear but it is worth notititat,
inspect the prey. As shown by Randy Thornhill,fef t when it comes to selecting a mate, a female wiriye
University of New Mexico, USA, a male may copulatealways base her choice on a mixture of the twodype
for as long as a female keeps eating, which depends For example, given that males compete among
the size and quality of the prey item. The morghemselves for territories and, in general, for the
prolonged the copulation, the larger the quantify oresources needed by the females, high quality males
sperm transmitted —and therefore the greater thebeu genetically speaking, may be expected to acquiee th
of eggs fertilized. However, when the prey is éarg best territories and the best resources. It ietbez very
enough, once the mating has lasted for the optimudifficult to conclude that a female has based Heriae
period to fertilise the eggs, the male tries to enakf only on direct benefits. The salamandetethodon
with what remains of the prey. The female does natinereusoffers a good example. We have used it as a
cooperate and tries to keep it, leading to a steuggcase of how females obtain direct benefits, which i
(Thornhill 1976). certainly is, but it was no simple matter to dentrate

In some vertebrate species, especially birds, malékis. The straightforward observation of males bein
share in caring for newly-born young (see Chapteh6) chosen through their excrement was not convincing
such cases it is clear that it will benefit a feen&b proof since these waste material also contain hneso
choose a male who is disposed to invest much timde athat could serve as indicators of male quality #mel
effort in caring for their offspring. That is to ysa female could in fact have been choosing a malenir
selection involves choosing a good father and theregood genes. The investigators carried out an iogeni
lies the problem: how can a female know whethearair experiment on captive salamanders that allowed tioem
a male will be a good father? This is very diffictd  conclude that mate choice was based on direct itenef
evaluate, but females have shown themselves capfbleThe same males were offered ants for a while ared la
doing so on many occasions. The selective pressrge termites over another period. The resulting faegese
is very strong since females who are capable dfiqgc collected and presented to females in pairs: otie avit
out and pairing with a good father will leave moreremains and one with termite remains, both from the
descendants than those who choose a father wlkame male. In this way male quality assessment fhem
subsequently contributes little to caring for theugg. faeces was controlled. The females still preferred
Thus, in monogamous species in which both parenexcrement with termites, showing that their choi@es
invest in feeding and caring for the young, beharab based on direct benefits (Wadisal. 1989).
norms have developed which inform the female during As defined in Box 4.5, indirect benefits are those
courtship of the predisposition of a male to beepal. that females obtain through mating with their clmose
The nuptial gifts that we have mentioned aboveaamre males, whose genes are passed on to the females’
example. In birds the male frequently brings foodhte descendants. Such indirect benefits are less appare
female during courtship and it has been shownttiiat than direct ones. Can a female really derive genetic
does not solely benefit her nutritionally but alHtows  benefits depending on which male she chooses? The
her to evaluate the male’s disposition to feed e t fundamentals of genetics tell us that the offsprafg
chicks afterwards. For example, David Green andexually reproducing species receive on average &0%
Elizabeth Krebs, of Simon Fraser University, Canadaheir genes from their father and 50% from theittimeo.
showed that the frequency with which fishes araighdt  Hence, if the female succeeds in being fertilisgdab
by male ospreysRandion haliaetusto females when strong, fast, agile male who is a strong competitor
courting correlate with their qualities as fathefhe successful forager and good at evading predatars, a
greater the rate of prey delivery to the femalé® t well as being attractive, then such characteristiag be
greater the subsequent delivery rate to the clainklsthe passed on to the female’s offspring, which in twit
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have increased chances of survival and reprodyctiohave been published supporting one or other of the
thus resulting in numerous grandchildren for thedke.  various proposals. Still, none is generally aplieait
In contrast, were she to be fertilised by a dudemtide is difficult to distinguish between them and the
chances of her offspring surviving and reproducingnechanisms are not incompatible i.e. several cbeld
successfully would be much reduced and she quitecting at the same time in a given species. Thevioig
probably would have no grandchildren. two sections are devoted to these two problems. We
In many species the males supply no direcshall first consider the secondary sexual charisties
benefits to a female or her offspring but, nevdetss it themselves and then the mechanisms proposed to
is well known that the females do not pair with flmst  explain the selection of good genes and hence the
male they meet but rather that they devote time arebolution of those secondary sexual characteristics
effort visiting several various males, in orderctmose
the best one. Since such males only donate sperm 4d.2.2.1 Secondary sexual characteristics
fertilise the female, her choice must be based batw
the males’ genes may contribute to supporting hdfor many species it is easy to tell males from fema
descendants. But do females really choose malesewhasince they do not look alike. These differences riay
genes result in higher-quality offspring? The pe#co the outcome of natural selection, sexual selection
(Pavo cristatuy has a starring role in debates abouboth. Few distinguishing features are solely due to
sexual selection. Peacock males provide nothing thaatural selection. An example might be the broadipa
might appear to benefit a female: they only donhér the bare belly region that female birds develop (in
sperm. Their sole preoccupation is showing off bypecies in which incubation is done solely by ferspl
spreading their spectacular trains when courtingefes when incubating to allow their eggs to be in direct
and then to fertilize as many as possible. In thdye contact with their skin. Differences due to bothey of
1990s Marion Petrie of Oxford University, UK, cadi selection acting together are more numerous. For
out various studies of sexual selection in peafthat example, the body size difference between sexes tha
were living under semi-natural conditions in a pafler exists in many species, symmetry and motor
studies revealed that the males with the most isgve  coordination are as much due to natural selectiotoa
trains mated with a greater number of females. In sexual selection. Undoubtedly, however, most
follow-up study, she showed that males whose fathedifferences and especially the obvious ones are due
had the most striking trains — with a greater nuntdfe almost exclusively to sexual selection. These ae t
eye-spots — grew and survived better than the sbns typical secondary sexual characteristics which uidel
males with less showy trains. She reached thiweaponry (horns, enlarged mandibles, tusks etc.)
conclusion by isolating single males and femalesleveloped by males in many species for inter-male
together at random, thus compelling some females tmntests; structural ornaments (tail ornamentsiidsb
pair with showy males and others to do so with lesn ornaments in fish, crests in amphibians) amikisg
attractive ones. To ensure that female quality rduri coloration that may or may not accompany these
brooding had no effect, the eggs were placed in astructural features. Secondary sexual charactisti
incubator and once they had hatched all the chigke  based on auditory and olfactory signals have dgeslo
raised in captivity under the same conditions. Tit/e  in numerous animal groups. Auditory signals are
interesting result was that the sons of males witist especially developed in insects, birds, some figd a
elaborate trains grew more rapidly than those dema many amphibians and mammals, whereas olfactory
with less spectacular trains. Once the chicks hatig  signals are more often exhibited by male reptiled a
she released some of them into the free-living fadfmmmn  mammals (see Chapter 11).
in the park. She monitored each of them and fohadl t A final group of secondary sexual characteristics,
the sons of the showy males survived better thaseth those based on behavioural displays, is also worth
of the less attractive ones (Petrie 1994). Thidysthus highlighting. These often accompany structural

demonstrated female mate choice for good genes. ornamentation and striking coloration since maliésno
perform dances, leaps and other movements, which
4.6.2.2. How do females choose good genes? serve to display their adornments in all their sgtaur.

Sometimes, however, such secondary sexual
The peacock example that we have studied in distail characteristics may solely comprise an exaggerated
only one of many recent studies which have showt thextravagant behaviour without accompanying strestur
females choose males on the basis of their genes.good example is provided by the black wheatear
Nevertheless, although the idea of obtaining genet{Oenanthe leucuda a bird species in which females
benefits seems quite reasonable, clearly femalesota base their investment in reproduction on the qtaofi
inspect the males’ genome directly in order to ihe&  pebbles that males are capable of transportindéir t
decision on actual genetic information. We candfiee  presence (see Chapter 2).
ask two questions: ‘what do females go on when The most exaggerated and extravagant secondary
selecting good genes?’ and ‘what mechanisms diresexual characteristics occur in species in whica th
such choices?’ The answer to the first questiothés males invest nothing in parental duties whereas in
females base their choice on adornments, the oftenonogamous species, where males collaborate in
striking and extravagant structures displayed blesmaf feeding and caring for the young, secondary sexual
many species — which go under the name of secondasiaracteristics are much more discreet. Furthermore
sexual characteristics (see below). The secondtignes those species where the males invest in paren@lacal
is very difficult to answer given that it deals in are themselves selective in mate choice, the feniate
highly complex and controversial topic. A long list may develop more or less exaggerated ornamentation.
mechanisms has been suggested and the results Wiy do females select males according to the latter
numerous studies, both observational and experahentsecondary sexual characteristics? In the casesdiflttk
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wheatear above, it is evident that the male dematest overshadows the rest but sometimes there may be
his physical fitness and disposition to work througs several highly developed types. The most extreme
pebble-carrying display. More generally, secondargxample is surely the Iyrebird Menura
sexual characteristics are indicators of fitnesquality. novaehollandiag a large Australian passerine bird. The
Most studies show that females choose them becausele has a majestic lyre-shaped tail formed byt
they are honest indicators, which implies that theyst  external tail feathers and twelve central ones ac@imy
be costly to produce and maintain. Clearly pebblea fine tracery. He also has a very showy appeanaithe
carrying is costly for the male black wheatear sific grey, brown and white markings. Male lyrebirds dax n
requires considerable energy consumption. But whabntribute at all to caring for the young and iaste
about brightly coloured and extravagant ornaments®edicate all their efforts to attracting and pajrimith as
They too are costly and in more ways than onet,Firsmany females as possible. They establish a sneal@m
they may make an individual more conspicuous tthe forest floor which they keep clear of leavesl an
predators. Also, developing such adornments malwigs and where they perform their displays. When a
consume essential nutrients that have other specifiemale appears they raise their tails so that ¢la¢hers
functions, for example in defence against diseagk aform a lacy veil over their heads. They then bein
parasites (see ‘the immunocompetence handicagerform an elegant dance, all the while emittirg st
hypothesis’ in Box 4.6). varied vocal repertoire, which includes imitationg

A relationship between exaggerated ornamentatiomany of the sounds of the forest, from the songtbér
and reduced survival chances is to be expectee #iec  species to the sound of a chainsaw.
former poses problems of camouflage and escape from  Since an ornament may be an honest indicator of
predators. Nevertheless, where this has been dtiidie male quality, why have multiple ornaments? We ¢&ite s
has been found that within a given species thodesnafar from answering that question but three pogsisl
with the most highly developed ornaments are thodeave been proposed to date. Firstly, perhaps gpehof
which survive best (Jennionst al. 2001). This is ornament provides information on a different atitéof
because secondary sexual characteristics are honts male. Secondly, different secondary sexual
indicators of quality and hence individuals witle ttnost  characteristics may provide redundant informatiat b
extreme ornaments are also the best survivors téespimay enable the honest signal to be evaluated namily e
producing a trait that is costly to make and mamnta by the female. Finally, some of the characteristiasy
Thus, the only way to demonstrate that ornamergs aprovide no relevant information at all about thderand
indeed costly and have a negative effect on vighidi instead may be evolutionary relicts of ornaments th
by an experiment in which individual quality can bewere functional in the past.
controlled.

Anders Mgiller of Pierre et Marie Curie University 4.6.2.2.3 Mechanisms proposed to explain mate
of Paris, France, and Florentino de Lope of thehoice for good genes
University of Extremadura, Spain, carried out an
ingenious experimental study on the barn swalloWhe topic of mate choice for good genes has agtact
(Hirundo rusticg, in which they demonstrated the costanuch investigation and various alternative hypatkes
associated with the exaggerated tail shown by nfles Nevertheless, although all these explanations have
this species whose tail is some 20% longer than iattracted some support, none so far has been sallipro
females. Earlier studies by Anders Mgller and his c applicable as to be regarded as definitive. Attémgypto
workers had already shown the importance of tHertai analyse the various ideas by commenting on exangples
the context of sexual selection. Thus, for examplahe experimental studies supporting each of the
longer-tailed males succeeding in pairing earlied a hypotheses would lengthen this chapter excessively.
with higher quality females and, in addition, thegre Thus | have opted for Box 4.6, where the theorktica
the ones who most often indulged in extra-paibackground is treated in more detail than usual,lass
copulations (i.e. mating with females other tharirth attention is given to the topic in the text.
mates. See Chapter 5). To determine whether the long Fisher's runaway selection model suggests that a
tail incurred a significant cost independently oélen female will select a very attractive male simplchease
quality, they manipulated tail length. Males wereher offspring will then also be attractive and wile
divided into three groups: the tails of one grouprav selected by many females and leave her many
shortened, those of another group were lengthendd agrandchildren. The alluring character need not be a
those of the third group were untouched. Thus nfadels indicator of anything, it need only be attractive t
tail lengths that were unrelated to their own dyali females. In contrast, models based on mechanisms
since the type of treatment received by each iddafi indicating good genes assume that the offspring of
was decided at random. Once the experiment hadsun female who has been fertilised by an attractiveermall
course they found that males with lengthened tald not only be themselves more attractive but they aldlo
less chance of being alive the following year ttlamse  have inherited other advantageous characteristias t
whose tail had been shortened. They concludedahatwill allow them to enjoy greater chances of surliva
longer tail is costly for male swallows (Mgller &d
Lope 1994). 4.6.2.3. It is not always the males who compete and

the females who choose
4.6.2.2.2 Why have multiple adornments?
Since we began considering sexual selection we have

Males of different species very frequently exhilibore  been applying the general arguments that are tsis ba
than one type of ornament. An exaggerated strudsure the theory. For example, females invest more thalesn
usually accompanied by striking colours and sonmel ki in reproduction and males may increase the numntddfers
of acoustic signal. One of the ornaments normallyheir descendants by mating with more females, edzer
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females can only increase their reproductive siscbgs predictions derived from it. Secondly, because ndge
choosing higher quality males and securing the bepublished studies have shown that, contrary to the
resources. standard view, both competition between females for

The runaway selection model:  This model, proposed long ago by
Ronald Fisher, suggests that females select attractive males, that is
those with highly developed secondary sexual characteristics, not
because these are indicators of good genes but simply because they are
attractive. He proposed the existence of a genetic relationship between
the genes that determine the preference of a character by females and
those genes that determine the development of that character by males.
This genetic relationship would be mutually self-reinforcing, favouring
very rapid evolution (which is why it is described as ‘runaway’).
Mechanisms indicating good genes: This group includes various
models whose starting point is that features which make males attractive
are indicators of genetic quality (see the peacocks' train example in
section 4.6.2.1.2). In order to be honest indicators such features must be
costly to develop and/or maintain. An important theoretical problem here
is that such mechanisms imply very strong directional selection, which is
to say, if males with the most exaggerated characters are always
selected, genetic variability will soon disappear, which would mean that
females gain nothing by being choosey. This has been termed the ‘lek
paradox’ since it is especially striking in species that pair at leks (see
Chapter 6).
- The handicap principle: Amoth Zahavi proposed that the most
exaggerated ornaments are burdens that reduce the survival of the
males which bear them. Hence, a male whose ornamentation is more
exaggerated than that of other males is indicating that he is very fit
since he is capable of surviving despite the handicap of his ornaments.
- The parasite-resistance model: ~ William Hamilton and Marlene Zuk
suggested that attractive adornments and showy colours indicate the
absence of parasites to the female and hence that the male has
parasite resistance that he may transmit to his descendants. This
model offers a possible solution to the lek paradox given that parasites
differ each year and in each area and so resistance to them would not
be uniform.
- The immunocompetence handicap hypothesis: This proposes
that since the development of ornamentation is under the influence of
the endocrine system, investing heavily in such adornments may
prejudice the immune system. There are two important versions of this
hypothesis. One is related specifically to testosterone, a hormone that
has the effect of exaggerating sexual display behaviour while also
having a negative influence on the immune system. The other is
related to carotenes, the pigments responsible for structures coloured
yellow or red. Carotenes are not manufactured in the body but have to
be ingested in the diet, thus an important trade-off exists between
dedicating these chemicals to sexual signals or to their important role
as antioxidants.
- The fluctuating asymmetry model: ~ Many studies, both descriptive
and experimental, have shown that in a great diversity of organisms
(insects, fish, birds and mammals) the females select symmetrical
males (those with a low level of variable asymmetry) and hence the
greater the symmetry of a male, the greater his attractiveness, and
consequently the higher his reproductive success. The biological
justification for the preference for symmetry is that, in theory, an
individual who has grown up in perfect conditions should be entirely
symmetrical. Hence any deviation from perfect symmetry would be the
outcome of problems encountered during development and indicate
that a potential partner could be defective in some way.
Genetic compatibility mechanisms: It has been demonstrated in
diverse organisms, humans included, that females may select males on
the basis of their genetic complementarity (the match between the male
and female genomes) because this brings advantages in the form of
greater fertility and increased viability of progeny. The clearest results
have been obtained in studies of the Major Histocompatibility Complex
(MHC), a group of linked genes strongly associated with the immune
system and resistance against disease.

ORIGIN

Direct phenotypic effects: As Fisher suggested, females may begin
choosing a male adornment because, at first, this structure could offer a
direct benefit. For example, in a bird a slightly longer tail might
experience some advantage in flight. Also an ornament could indicate
certain abilities of a male when the time came for it to carry some
material benefit.

Exploitation of female sensory biases: A male ornament may confer
an advantage simply because it offers something that females already
tended to seek. That is to say, if for whatever reason females prefer
some existing characteristic, be it for its form or colour or whatever, that
males with that character will be preferred as soon as they happen to
acquire it.

Box 4.6. Some of the most important mechanisms
proposed to explain the selection of males by females
based on genetic benefits. Two hypotheses that may
explain the origin of secondary sexual characters are
also included.

access to males and mate-selection on the paratefsm
are more frequent than was supposed (Clutton-Brock
2007).

An impressive study relating to the second point is
the work by Leah Domb and Mark Pagel, of Harvard
University, USA, and Reading University, UK,
respectively, on sexual selection in the yellow dmb
In this species, as noted earlier in this chajieenales in
heat develop a striking pink genital swelling. The
authors thought that this could comprise an ornamen
indicating female quality, similar to the very difént
ornaments exhibited by males. They found that the
females with the largest swellings began breedarties
and their offspring had better survival prospettant
those of females with less developed swellings.yThe
therefore concluded that the swelling is a sexual
ornament that indicates a female's reproductive
potential. Accordingly they also found that maleaght
longer over the females with the most prominent
swellings. An important question is ‘why do females
develop a costly ornament — it may amount to 14% of
their body mass — that indicates their quality tsblyeas
do those of males, if it is the females who do the
selecting? The answer suggested by the authotsmis t
given that contests between males are costly, such
signal serves to motivate a dominant male who may
already be with a female in heat. A female who ldigp
her greater reproductive value may ensure thabése
males compete for her and that her offspring’s qtare
will be the fittest male of all (Domb & Pagel 2001)

In accordance with the first reason given above,
there are important exceptions to the general thge
males compete and females select, which nevertheles
do not contradict sexual selection theory. It igaialy
the case that when males make a significant pdrenta
investment, it may be predicted that such malekneil
accept just any female. We can also predict thauih
circumstances it will be the females who will fight
among themselves to acquire a preferred partnés Th
most extreme case of this sort is known as ‘sex-rol
reversal’. A particularly striking example is prded by
the jacanas, members of the bird family JacaniSaa-
role reversal has been documented in seven ofigihe e
jacana species. In these the males perform alintere
care, including incubation and care of the chickise
females, who are substantially larger than the spale
fight among themselves and defend large, food-rich
territories. Within a female’s territory, the maldsfend
their own territories against other males. If a &tafs
territory is sufficiently large and rich in resoascit may
include up to four male territories, that is to st
female possesses a ‘harem’ of four males. She will
copulate with one of them and lay a clutch for hon
care for. She will then lay another clutch into taee of
another male, and so on successively (an instafce o
polyandry; see Chapter 6).

The above examples allow us to draw a very
important general conclusion: although normally esal
compete and females select this is not always o0 bu
rather depends on the parental investment of egteer
If males invest more than females, it is the mal®

These are general rules but it is important to enjsie
that they do not always apply, for two reasonssthir
there are exceptions that do not contradict sexu
selection theory but instead support it, since thufy

will be selective and if it is the males alone wdawe for
ng young, they will be as selective as the females
ose species where care for the offspring is aafem
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responsibility. In such cases it will be the maM® are even the most preconsidered decisions are baskshsat
selective and the females who compete for mates, tipartly, on evolved psychological mechanisms that
opposite of the more general situation. Nevertiselessupply adaptive solutions for the problems implicit
where both males and females invest in parenta, careproduction.
both sexes may evolve mate choice behaviour arfd bot After all, today’s humans are the descendants of
may evolve appropriate secondary sexual charatitstis ancestors who were successful when it came to
producing surviving offspring. Leaving progeny is n
4.6.3 Mate selection in humans easy matter since, among other things, it reqiineing
a suitable mate, competing with same-sex rivals and

This topic is highly controversial. The approachensuring that conditions are right for raising pffag
presented here may even damage romantic sensiiviti successfully. Therefore, the selective pressurshiive
Therefore | want to begin by clarifying two poinErst, acted over the long period of human evolution sthoul
mate-seeking in our own species, both in the shodt have given rise to numerous psychological and
long terms, is not wholly a conscious decision.ddety  behavioural adaptations that shape how we behaea wh
nobody should take what we conclude in this sectiopairing off and reproducing.
personally; although we make generalisations here, In order to understand human pair-selection
remember that they are always from the point ofndé  strategies we need to bear in mind the theoretical
statistical tendencies and there may be many ercept considerations emphasized throughout this chaptee s
to the general rule. these explain a large part of the strategic diffees

The first point, that not all human decisions needetween men and women. For example, in accordance
be conscious ones, needs to be clearly understubésa with the general rule, since human males, alondn wit
worth dwelling on briefly. To make this point, whall  those of most other species, produce large amafnts
examine a now famous study that was carried out bgperm, they could increase the number of their
Claus Wedekind and his co-workers at the Univeisity descendants by impregnating more women. In contrast
Berne, Switzerland, who examined the influence ef thwomen produce a limited number of ova and cannot
Major Histocompatibility Complex (MHC; see Box 4.6) increase the numbers of their offspring by incnegshe
on pair formation in humans. Couples with varied MHOhumber of men with whom they have sexual relations.
genes are capable of producing children who have Iastead, ours is a species in which the females, in
greater diversity of defences against parasites ttm accordance with the general rule, invest considgrab
those whose genes are more similar. Hence, if alf'em more than the males in producing descendants,wtho
were able to choose a male with an MHC distinct fronmuman males, unlike those of most other mammals do
her own, she would tend to have children who wergarticipate in parental care.
more resistant to diseases and parasites. Thishidda The theoretical considerations highlighted above
received strong support from a study of mice (Pettsl.  indicate that although natural selection will favdlose
1991), and Wedekind and his team designed amen and women who leave most descendants, the two
experiment to see whether there was a similar effec sexes should have different strategies for achigtiis
humans. since they are subject to different selective pness

The study was carried out on students of their owldVomen may attain this outcome if they choose mea wh
university. Males were given a T-shirt which thegree make an effective contribution to parental carevbose
asked to wear for two consecutive nights and dutiigy  genetic contribution is of high quality. Men, oretbther
period they were not to wear either deodorant onand, will maximise their reproductive success by
perfume nor were they allowed to drink alcohol orimpregnating as many fertile women as possible.
smoke, or do anything else that could mask their Applying this evolutionary theoretical framework
personal body odour. After this the members ofaugr has reshaped the intellectual and scientific emvirent
of females were each given six of the T-shirts i@y  of the academic discipline of psychology. It hasuted
were asked to rank them according to how attractivim hundreds of hypotheses and predictions that have
they found their odour. The investigators found th@ been translated into thousands of papers in sjsedal
most attractive T-shirts to those females who wese scientific journals, which are making a major
taking contraceptive pills were those worn by malesontribution to helping us to know ourselves much
whose MHCs were most different from their own.better. This new approach has given rise to theplise
Moreover, the odour of males whose MHC was mosgtnown as ‘evolutionary psychology’. Before studying
different resembled that of the female’s currentqp@ human pair selection, the most interesting aspéct o
more closely than that of males whose MHC was morgexual selection, we shall examine one of the most
similar. This finding provides quite strong suppofrthe general predictions that arise from the theory \aeeh
fact that the MHC can also influence unconsciousemattudied. It may be predicted that, as with mostesalf
choice by women today. other species, men will have a greater predisposit

What | wish to emphasise after describing thidhave sexual relations with many women, whereas this
example is that the women who took part in the iftsh promiscuous tendency will be much less marked in
odour study were unaware of both the identity dmel t women. Is this prediction fulfilled? The answer ds
appearance of the T-shirt wearers, still less vikey resounding yes and many studies support it.
able to compare the MHCs of the latter with thathefir One of the most conclusive was an experimental
current partner. This example thus allows us tackate study published by Russell Clark of Florida State
that even in our own species, which we like to régegs  University, USA, and Elaine Hatfield of Hawaii
intelligent and conscious of everything we do andJniversity, USA. They enlisted a group of attraetiv
decide, in these matters —as in many others- wg veyouths of both sexes to act as lures. Each of theseg
often take decisions that are not entirely based qgpveople, very smartly dressed, would approach anothe
reasoned evaluations and conscious reflection. nOfteyoungster of the opposite sex who happened todresal
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After an opening line of ‘Hello, I've been seeinguwy of the brain are responsible for lovers feelinggapnd
around the campus and | find you very attractitlety  besotted with one another.
would ask one of the following three questions: (1) What makes one fall in love? | doubt that anyone
‘Would you like to go out with me?’, (2) ‘Would you believes in Cupid’s arrow, but when you ask peogig w
like to come to my apartment?’, or (3) ‘Would ydkel they have fallen in love with their chosen partttezy
to have sex with me?’. There were no differenceare uncertain and find it very hard to reply.
between boys and girls in the replies to the fitgtstion furthermore they are asked why they fell in lovehwi
(50% said yes in both cases). However, the resgdiese this particular person and not with one of the many
the other two questions were very different, inothers whom they knew at the time when they will be
accordance with our initial prediction. Only 6% thie  unable to answer — each of you can try this exewith
young women answered yes to the invitation to theespect to your partner. True love, in which onespe
apartment and none at all (0%) accepted the diféet rather than another bowls us over at a particular
of sex. In contrast, 69% of boys accepted the affer moment, is chiefly an instinctive response to a glem
accompanying the girl to her apartment and 75%eajre series of stimuli provided by the beloved.
probably enthusiastically, to have sex with her (& We can nonetheless study pair-seeking strategies
Hatfield 1989). These results clearly support thén both sexes. These are highly diverse and theynat
prediction that men are always more inclined thawnly between men and women but also according to
women to have sexual relations. whether a companion is being sought for a long-term
relationship or for a casual sexual encounterdufitaon,
4.6.3.1 What do women and men choose when various factors influence the selective behaviduvath
looking for a permanent partner? sexes: nationality or culture, the sex ratio (tbenber of
women divided by the number of men who are seeking
Mate-seeking strategies are complex in human beingsates), the richness in resources of the areatendsk
but in general both men and women exhibit two disti of contracting infectious diseases. None of thisamse
types, those culminating in long-term relationshgpsl  however that it is impossible to generalise sin@nyn
those leading to brief sexual encounters. We stedl clear strategies are detectable in all human ptipaks
with the former in this section, those strategiest give  independently of geography, culture and other facto
rise to more lasting relationships within which maily A great deal of information exists on mate-choice
children are born and raised. Such lasting relatigge in humans. The abundant published studies generally
may begin as a result of what we call ‘falling avé’, a involve either circulating questionnaires with aie® of
favourite theme that has inspired poets and aréists questions comprising the object of study or analyske
one long regarded as among the most sublimmate-wanted advertisements in newspapers or on the
sentiments of the human soul. Internet or statistical studies of some aspects or
We may, however, need to lower the concept oéxperimental studies such as the one in the prsviou

If

love to a less sublime and more earthly level tiifsll,
what does falling in love entail? No doubt mostyofi
have been in love and you will have your own patéic
answers to this question — all of which will be reat.

section.

Box 4.7 sets out ten characteristics that stand out
as the most important for mate-selection in botm me
and women, specifying their relative importance to

For two people to fall in love means: attaining theeither sex and the degree of their universalitg, i.

seventh heaven, living in a permanent state of eugh

whether or not they figure in all cultures. We $liaén

unleashing a tempest that disrupts and upturng theixamine one of the most interesting aspects fram th

lives, a rebirth of youth (in more mature couplem),
avalanche of joy and enthusiasm, and so on. Htillis

examine it coolly from a more distant viewpointattis
to say, without reference to ourselves but ratlsewa
see others who are in love. We tend to say that th
seem crazy and that they neither know nor care wh
they do, although we also tend to add that theynseeg

very happy. How would an impartial observer deserib
love? Imagine an extraterrestrial scientist whe seit to

observe human couples in love. After studying @acquiring resources

sufficient number of cases over a long-enough pene
would no doubt describe their state as a transito

deviation from the norm characterised by a veryhhig
frequency of copulation, a certain generalise

hyperactivity and a reduced need for sleeping ar

eating, all worthy of psychiatric investigation.

With that | think we have lowered love from its
romantic pedestal but we can lower it still furtlifewe
ask ourselves what are the physiological causehisf
state of mind. Neuroendocrinology has made enormo
advances in this field and without going into tredails,
we can say that falling in love is chiefly directeg
neural pathways  whose  principal  chemica
neurotransmitter is dopamine. This is to say thet t
pathways involved are those of the brain’s graifimn

box.
CHARACTERISTIC | IMPORTANCE | IMPORTANCE | ISIT
TO MEN (0-3) | TO WOMEN UNIVERSAL?
b 0-3) (YES IF
FOUND IN
at MORE THAN
95% OF
CULTURES)
Wealth and 1 25 YES
resources
Possibilities for 1 25 YES
Ambition and 0.5 25 YES
,competitiveness
Height and strength | 0 25 YES
Beauty and physical | 2.8 15 YES
Hattractiveness
Youth 3 0 YES
Wirginity or chastity 1.6 1.3 NO
Intelligence 2 2 YES
Likeability and 2 2 YES
understanding
Being a good person | 2.3 2.3 YES
ysBox 4.7. Characteristics used in mate-selection by
women and men. The relative importance of each
characteristic when choosing a mate is specified (on a
scale of 0-3). The universality of that characteristic, i.e.
whether or not it applies generally and arises
independently of culture, is also given. Information
based on diverse sources but principally on the study of
37 different cultures by Buss et al. (1990).

systems (Tobefia 2006). Hence the adaptive mechsinistn
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All the characteristics display the trends andtieta was the optimum age difference since it implied #ra
importance predicted by evolutionary theory, bath f older man, with accumulated wealth and the expeeen
males and for females. Before going into details, aeeded to be a good hunter and fisherman, who edarri
general finding is that all those characteristelated to a very young woman was able to enjoy a long
the selection of direct benefits (resource avdilgbi reproductive life with his youthful partner (Helé al.
possibility of acquiring resources, the ambitiondan 2008).
competitive of a potential partner) are much maghly Another noteworthy feature of the information in
regarded by women than by men, whereaBox 4.7 relates to the final three characteristi®sth
characteristics related to physical attractiveragesnore sexes prefer intelligent, likeable and compass®nat
highly valued by men than by women (Box 4.7). Dozenpeople with a well developed moral sense; in other
of published studies support these general tremdish  words, good people. These characteristics were not
apply to all nations and in those indigenous conitresn  greatly considered by early studies on human mate
where they have been studied. By way of example w&hoice but they have gained importance in morentece
will consider a study by I. A. Greenlees of Stigin work, so that it is now suggested that both irgelice
University, UK, and William McGrew of Miami and cognitive capacity (Miller 2000) and moral ves
University, USA, based on an analysis of the ‘lgnel (Miller 2007) have evolved as a consequence of
hearts’ advertisements of a newspaper. They fobat t selective pressures arising from the need to finthge.
women sought financial security more often than men There are two particularly enigmatic and
did (33% of women v. 9% of men) and that in theino controversial aspects of mate selection in humé@ms
advertisements men offered financial security mores the fact that men choose beauty and the othar th
often than women did (69% v. 43%). Physicawomen sometimes accept (and sometimes seek) sexual
attractiveness was sought by 49% of men and 33% oflationships without a long-term commitment. Walkh
women but was offered by 71% of women and 50% afonsider the first of these here and the secotigeimext
men (Greenlees & McGrew 1994). This study thushapter.
shows that not only are resources more important to  Why do men choose beautiful women? Clearly
women than to men, and physical attractiveness motkis preference is more than a whim. If it is thecome
important to men than to women, but also that esch of selective processes it implies that men who eeddn
offers what the other chooses with greater frequenc  pairing with beautiful women derive reproductive
The two characteristics in the summary in Box 4. benefits. And what exactly do we mean by a bedutifu
which differ most in the preferences of men and wom woman? This is hard to sum up in a few words bat th
are height and strength, which women clearly séfect fact is that all men know a beautiful woman wheeyth
a women the ideal mate is a man taller than hersedbe one, without any need for instruction. Diverse
where for a man a shorter woman is preferred), argtudies, both geographically and culturally, hakeven
youth, which only men select preferentially. Heigimd  that men need no more than a brief glance to asisess
strength offer both direct and indirect benefits tdeauty of a face or a figure and they do so witkigh
women. A tall strong man would bring her moredegree of concordance. What is most remarkableais t
effective protection against enemies and predatats the evaluations are highly similar irrespectiveta race
in addition, would bring her genetic benefits sifer  of either the men doing the assessing or of the evom
offspring could inherit these positive attributes. being assessed. Hence, contrary to the assertibns o
All studies also show clear differences between theome anthropologists, the concept of beauty doés no
two sexes regarding the preferred age of their sngfe seem to differ significantly between cultures.
woman prefers a man older than herself but a man  The principal features highlighted by different
chooses younger women. Both tendencies are directiyudies as the components of the general concept of
predicted by evolutionary theory. Women prefer oldebeauty are fleshy lips, a small chin, soft and
men because these already have the experiencags statnblemished skin, lustrous hair, white teeth, firm
and accumulated wealth that permits them to providereasts, symmetrical features, a feminine aspedtaan
greater resources for their children. Men prefarnger low waist-hip ratio of about 0.7 (i.e. a narrow staand
women since these are more fertile and hence atgre wider hips). What do all these features have inroomr?
reproductive value. They are all indicators of good health or youthd an
Several studies have supported these predictiorthese together imply a high reproductive value. &em
A recent work by Samuli Helle of Turku University, beauty is thus not defined by an arbitrary coltattof
Finland, and his collaborators has produced verfeatures but instead beautiful women are potentiall
convincing results. They analysed the registers ahore fertile and may give a man more children than
weddings, births and deaths in the Lutheran chsrciie would less attractive women.
northern Finland, a region inhabited by the Sami, a These general strategies of mate-choice in humans
people that lived from their reindeer herds, huntamd which, as we have seen are clearly predicted by
fishing. They were monogamous since they werevolutionary theory, in turn explain many typical
prohibited by law from remarriage except after auge phenomena of human societies. For example, asu#t res
died. The researchers analysed the data for 708leou of men seeking health and beauty, women spendaa gre
who had only married once. Each couple produced 5deal of money on anti-wrinkle treatments, collagen
children on average, with a range from one to fmmt injections and cosmetic surgery, among othershake
The most fertile couples were those where the mas wamounting to an industry worth many millions in dhar
about 15 years older than the woman. This is aurrency in the industrialised countries. Men inntu
substantially greater difference than that founatimer have developed an instinctive ambition that drithe=m
similar studies, where the range is from two toy&ars, to accumulate wealth and resources, since thesglete
probably because of the special characteristicthef women have looked for in them over thousands of
Sami population. The authors concluded that 15syear
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generations. As a general rule, men are much mo#e6.3.3 Human secondary sexual characteristics
ambitious and avaricious than women.

All these are general rules but it is indeed treeca As we have already mentioned, human males also
that there has been a recent upsurge in ambit@ualé participate in mate choice since they too contabiat
executives and in those males known as ‘metrosgxual parental care or at least provide some family ressu
who also spend large sums on cosmetic treatmerits. | Secondary sexual characteristics may therefore be
too soon to analyse these phenomena from the pbint predicted to occur in both sexes, although theyldvou
view of mate selection but they may be currentlynot be expected to be as spectacular as thosele$ wia
adaptive cultural modifications in which economigal more polygynous species.
independent women may be choosing male beauty The differences between males and females are

instead of resources (see Section 4.6.3.4). certainly varied and important and some could be
considered sexual ornaments. The principal canedat
4.6.3.2 Casual sexual relationships are the penis and the high waist—shoulder ratimém,

and the breasts and low waist-hip ratio in womere T

As we have already emphasised, given that males hagxistence of secondary sexual characteristics mams
much more to gain than females from copulating witlis not at all clear given that the features thathaee
many individuals, evolutionary theory predicts thia¢ studied and which tend to be the basis of mateteate
former should be much more promiscuous than thiey women, such as greater height and a combinafion
latter. This is indeed what occurs in the humarcigse broad shoulders and narrow waists, are neither
For women, as for females of other animals, inéngas ornamental nor still less costly but instead adicators
the number of mates does not increase the number aff strength, which have evolved through natural
offspring, yet casual sexual relationships aretirgdly  selection. The human penis may be a secondary Isexua
frequent in our species (see Chapter 5). Suctharacteristic since it is very large relative tatt of
relationships were obviously advantageous for meather primates —about twice as large as in the
during the Stone Age, given that raising a childésy = chimpanzee and four times larger than in the redfti
costly (nine months of pregnancy are followed by ammense gorilla. The penis might be a costly orname
minimum of 12-15 years feeding and caring for it)since the larger the penis, the more blood neemledetct
Promiscuous males may avoid this costly investmenit. However, most authors do not regard the largeip
However, it is hard to understand why women congent as a secondary sexual characteristic given thadizes
casual sex with a nonpaternal male. and other features may be explained by the other

Several hypotheses have been advanced to expldianefits that they may bring with respect to fesailion
why women have casual sexual relationships, all aind sperm competition. Hence we shall defer outystu
which have some substance and explain some case.it to the next chapter where we examine those tw
There are four principal explanations. The ‘deampti topics.
hypothesis’ suggests that women accept a casuahlkex There is more evidence for regarding the two
relationship because they are tricked by men witfemale features mentioned as secondary sexual
promises of long-term commitment that are nevecharacteristics. The broad hips — narrow waist
fulfilled. The ‘additional resources hypothesisggests relationship may be considered a sexual ornamenesi
that such copulations allow women to obtain add#lo it leads to the curvy figure and distinctly femiaimalk
resources from men, which occurs today in huntemhich so appeal to men. Wide hips do not indicatdes
gatherer societies, such as the Aché, of Paraglag. birthing. Indeed they may be a costly attributesithey
‘mate-change hypothesis’ suggests that such copugat make rapid movement more difficult, making it harde
are an attempt by a woman to change her currere mab escape certain predators.
for a better one. Finally, the ‘good gene search Female breasts are unanimously regarded as a
hypothesis’ maintains that such sporadic sexuaecondary sexual characteristic. They are veryelarg
relationships, when a women already has a mateg brirelative to those of females of other primate spgcand
her the opportunity to have more diverse offsprafig they remain much the same size throughout the
higher genetic quality, which is advantageous as weproductive cycle whereas in other species they ar
have seen. only prominent during lactation. They do not briagy

Women give more importance to physicalother type of advantage but rather incur a costesihey
attractiveness for casual sexual relationships they make running harder. Thus wide hips — narrow waists
do when they are looking for long-term relationshfm and prominent breasts may act as secondary sexual
accordance with the final hypothesis above), prigfgr characteristics, indicating youth and a high repotide
men with more masculine features such as tall, broapotential. Is there any scientific support for thést
shouldered, narrow-waisted and muscular. This meam@ssertion?
that such men should be more involved in such ¢asua  Several studies do indeed support this hypothesis,
relationships, something that has been confirmed bsspecially with regard to breasts. Anders Mgller of
other studies. For example, Gillian Rhodes anddemnt Pierre et Marie Curie University, Paris, France; @®an
at the University of Western Australia studied engle  Thornhill of New Mexico University, USA, and my$el
of 166 men and 196 women. They found that the morteave shown that women with more symmetrical breasts
attractive men had more casual sex but not morg-lonhave more offspring and similar results have been
term relationships. For their part, the more ativac obtained from two very different populations, in
women had more long-term relationships but not mor€ranada in southern Spain and in New Mexico in the
casual ones (Rhodes et al. 2005). This shows tat teouthern USA (Mglleret al. 1998). The relationship
women who permit casual sexual relationships ate nbetween symmetry and fertility indicates that breas
the more attractive ones. may serve as honest indicators of good genes. These

results have been confirmed and extended in a later
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study by Grazyna Jasiska of the Jagiellonian 40.1%. However, 50.7% of women under 40 seek
University, Poland, and her collaborators, who yeed  attractive men and they give less importance tanfoml
the relationship between the dimensions of varlmady status, required by only 46.4%.
parts and fertility. The latter was measured frdme t
daily concentration of two hormones in the saliva4.7 Male-female conflict in mate choice
whose link to the success of pregnancy had preljious
been shown. They found that women who had botlelargve have already highlighted that males and femades
breasts and slim waists had a higher concentraifon not invest equally in reproduction, it pays males t
both hormones, 26% and 37% higher respectively) thaledicate their efforts to acquiring as many mates a
other women, indicating that the former are morélée possible, whereas parental investment is the tresegy
(Jasi@éskaet al.2004). for females since they have little to gain from iéiddal
To end this section on human secondary sexuakxual partners. This implies that the selectiesgures
characteristics | would like to suggest one thaty maaffecting each sex are different and thus that the
apply to both sexes but that | have never seeniom®tt  evolutionary interests of males and females aréilfig
in the literature: the growth of long hair on thead by distinct. As a result, it is increasingly evideriat
both men and women and, in addition, beard growth iintersexual conflict is the norm and not the exiept
men. These characters meet all the requirements @hd that such conflict gives rise to ‘antagonistic
sexual ornaments. Long hair is an exaggerated amdevolution’ (see Chapter 9) between males and
extravagant adornment that may reveal the quafitiso females. This coevolution has led to the emergénce
bearer (high quality individuals have more preseleta each sex of defensive evolutionary strategies again
hair since they can spend more time looking affer i potentially harmful members of the opposite sex.aAs
Furthermore, as with typical secondary sexuajeneral rule we can say that in most species tHesma
characteristics, it is costly to maintain. Not onlges it develop strategies to deceive the females and the
take longer to look after but it can also amountato females develop strategies to prevent themselvieg be
handicap since it may shelter more parasites anyl mgaken-in by deceptive males.
also prove a problem both when trying to escape  Conflicts between males and females are
predators and during fights with rivals of the saag. numerous and occur at various levels. The most
widespread cause is that when it comes to findintate
4.6.3.4 Sexual selection in modern industrialised not all individuals will be able to pair with thetner of
societies their choice. Not all males can pair with highealify
females nor can all females pair with the best male
As we have already emphasised in this book, humaind/or those who control more resources. This mnfl
behavioural evolution took place during the tens ofesolves itself in nature, in species that forntitaspair-
thousands of years that comprised the Stone Agéyglu bonds, through what is termed ‘assortative matitigs
which time our ancestors lived as hunter-gathefis. is to say there is a tendency for males and females
society currently typical of industrialised couefiis pair off with mates of similar quality, and humaare no
very recent indeed in evolutionary terms and peshagexception here.
there has not been enough time for adaptationauto o One of the extreme consequences that may arise
present living conditions to emerge. Thus the d@dept from intersexual conflict is that large males may to
significance of the human sexual behaviour compleforce smaller females to mate with them. Such gitem
must be sought in the ecological environments that are quite frequent in the animal kingdom and inelud
ancestors lived in. such behaviours as bullying, intimidation, kidnaygpi
One of the adaptations that has frequently beeand forced copulation (rape). Forced copulatiors ar
demonstrated is the flexibility of mate-seekingcomparatively rare but they occur in diverse spedie
strategies. When seeking a partner, males as msich ducks and geese, and in some insect, fish, ampisibia
females, adapt their requirements to the prevailingnd mammals, including a number of primate speoies
circumstances. For example, an individual’s conadpt addition to humans. Undoubtedly the fullest study o
his or her own worth as a mate has been seenvere rape is that by Randy Thornhill, of the University o
influential. The number of potential mates availabbs New Mexico, USA, on scorpionfliesPanorpa spp.).
also been shown to be equally important. This adapt The males of these predatory insects tend to court
flexibility should allow us to predict that changesght females with a nuptial gift, which may be a pregnitor
to be detectable in pair-selection strategies ia secretion from their salivary glands. Nevertrgles
industrialised societies, which have seen enormougale will sometimes approach a female without affer
changes in the living conditions of both sexesa gift. When he is close to her he leaps on hertaes
particularly with respect to the high percentage ofo secure her with his abdominal pincer. Femaletdry
women who are economically independent. Have anavoid males of this sort by fleeing when a giftlesale
such changes been detected? They have indeeduf graipproaches and, if held fast, they struggle vibjetd
of Spanish investigators, Carlos Gil-Burmann and higy and escape. If the male succeeds in holdintp dris
co-workers at the Universidad Auténoma de Madridyictim he will try to grip his genital pincer againthe
have come up with some very interesting resultsutn  female’s genitalia in order to begin copulation,icih
an analysis of ‘lonely heart’ advertisements image of may last for several hours in some species.
Spanish periodicals. They have uncovered an agéetkl Such forced copulations were observed in nearly
difference in the advertisements that are publisbed all of the 18 scorpionfly species that Thornhilidied in
women looking for a mate. In keeping with the gaher the laboratory but it is not solely a phenomenon
rule, 52.3% of women over 40 seek a partner of higkesulting from the conditions of captivity, since hlso
socioeconomic status and they attach less impa@ttmc observed it in seven species under natural comditio
physical attractiveness, which is specified by onlyThornhill 1980). The strategy of these males &ady
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prejudicial to the females but it does benefit thales of women develop strategies to reduce the riskapér
since their way of finding gift food consists ofmeving  For example they avoid going out alone at night and
prey from spiders’ webs, a very risky business esincthey avoid the most dangerous parts of town. Mageov
approximately 65% of males get trapped in websn&y they take greater precautions during their fegieiods.
presenting a female with a gift the male lesseress tht is also the case that some male rapists areithdils
chance of dying in a web. If therefore simply grialgba  of low socioeconomic status, and are also, althdogh
female is much less costly to a male, why do théesser extent, unattractive, which means that sneh
majority court females and only a few carry outckt  have little success when trying to find a partnerai
copulations? Probably because forced are usualhormal way.
ineffective. Because females control fertilisatidchey Thus, rape in humans is a behaviour that may
have developed defensive mechanisms to avoid @nprove the reproductive success of some males in
reduce the chance that a rapist's sperm will beoties certain conditions, specially when the costs ofrape
that fertilise her eggs (see Chapter 5). That bemgt low to the rapist. As in other species, including
may be predicted that the rapists are males of lomammals and our closest relatives the primates rap
quality, those who are incapable of providing atimip may be an adaptive strategy. However, attemptaps r
gift adequate to attract a female. have been described in some species in which males
Rape is widespread in the human species, but moattack young, non-breeding individuals who may not
frequent in some societies than in others. For @l@m even be females. One of the best examples is & biud
rape is very rare in Norway but more frequent ie th Christopher Somers and his co-workers of Regina
United States (with 60,000 instances reportedsome  University, Canada, who observed 56 attempted rapes
ethnic groups, such as the Aché of Paraguay and the colony of American white pelicansPdlecanus
Yanomami and the Mehinaku of the Amazon jungleerythrorhynchoy all of which were directed at well
rape is very common (Buss 2007). Although there argrown, feathered chicks whose parents were temiporar
important inter-cultural differences in the frequgrof  absent from the nests. They were especially freicpiesa
rape, no culture has been found in which rape se@ b time when there was a spate of late matings withén
Even the Bible is laden with accounts of men rapingolony, as a result of which the males were highly
women. Rape has been studied from many viewpointaotivated to copulate (Someet al. 2007). Examples
(anthropological, psychological, sociological andsuch as this also suggest that, at least sometiraps,
biological), and various ideas have been advanoed may not be the outcome of a reproductive stratagy b
explain why it occurs. Some have argued that rapg mrather a consequence of the fact that males, whih
simply be a way in which a male obtains sexuahccess to females, may become so highly sexually
gratification. Others claim that sexual violencalgles a aroused that they direct their sexual impulses tdsia
man to impose his will on a woman. Alternatively toinappropriate individuals.
those proximate hypotheses, it may be an adaptive Anyway, even if there exists a genetic
behaviour, an outcome of biological evolution, whic predisposition to rape under certain environmental
may improve the reproductive success of the rapistircumstances, this is not to say (as we have dyjrea
Although rape certainly involves the sexual gratifion seen in Chapter 1) that rape is either good or ryoral
of the rapist, and forced copulation implies coasidble acceptable. Natural selection, and hence natucks la
violence that, from a psychological viewpoint, maymoral sense. If it did the imperatives of our cotre
promote feelings of dominance in a man, much datsociety would be very different. For natural setact
supports the last hypothesis (extracts from Thdir@hi something ‘good’ is any characteristic that leads t
Palmer 2000; Buss 2007). increased reproductive success, so that practicds as
Some data indicate that rape is adaptive for megelibacy, chastity and contraception would be
For example, throughout history rape has been vegonsidered bad if natural selection could consider
frequent in wartime, when the possibility of pumsnt anything, which it cannot. This means that althotlgh
is low. Most victims are in their twenties and 7@¥% existence of genes that predispose men to becqissa
them are between 16 and 35 years old, which seemsrhay be demonstrated one day, in no way would this
indicate that women are selected for rape durirgy th discovery provide a justification for the offende.is
most fertle ages. In addition, the frequency ofundoubtedly the case that our reason and our moral
pregnancy as an outcome of rape is 2% greater thaintues set us apart from all other animal specéss,
recorded during consensual copulation. Other dataost philosophers have maintained throughout histor
indicate that there may be adaptations for rapgsee Chapter 1), but this does not mean that we lack
avoidance in women. In particular, studies cardatlin  instincts, as they suggested, but rather that wst ine
a range of major cities have found that a high pridgn  capable of overcoming them.
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Chapter 5

Sex, fertilisation, sperm competition and cryptic €male choice

5.1. Introduction Santa Barbara, USA, found that, although copulating
couples do occur, more often chains of four to tigh
As we saw in the previous chapter, finding a mate iindividuals (sometimes twelve or more) form. Indbe
highly important since failure to do so means failto chains each individual is acting as a male and
reproduce. However, there is much more to it thas t inseminating the animal in front and, at the same tis
Producing descendants demands successful feitiligat acting as a female and receiving sperm from the
which is not at all straightforward. Although othgpes individual behind. These copulating chains may igers
of fertilisation exist (external fertilisation and for days and sometimes for over a week, although th
spermatophore transfer — passing a package of ypersame individuals are not always involved since some
we shall concentrate on internal fertilisation, ethiis leave and others join the chain at times (Penri9gd).
the most interesting in terms of its consequences f We do not know whether any of the three species
animal behaviour. Before and during copulation (sedescribed above can be said to ‘enjoy sex’ but are c
section 5.3) some forms of sexual behaviour takeepl Say that they perform sexual behaviour for longguksr
that serve to stimulate the pair to prepare them fa@nd sometimes in company, circumstances that a@re no
fertilisation. Even once a male has succeeded imecessary for achieving fertilisation. Such sexual
depositing his sperm within the genital apparathis o behaviours have probably evolved on account ofr thei
female he still cannot claim success since mangffectiveness, ensuring fertilisation by guardirfgttee
obstacles still remain to be overcome. A secone typp female or through sperm competition (see below).
sexual selection may occur within the female inalihi Nevertheless, there are species apart from our iawn
sperm of different males, should they coexist wittiie ~ which the practice of sex that is unrelated tailfsation
female genital apparatus, compete to fertilise dne has been demonstrated. They include bonotiten (
(‘sperm competition’), and the female or her ovaymapaniscuy, chimpanzees Pan troglodyte other
select the most suitable sperm (‘selection by arypt primates such as the white-faced capuch@ebus
female choice’). This chapter considers all theggeats capucinus)as well as various species of dolphins. We

of fertilisation in the order in which they happen. shall deal with the sexual behaviour of the fivgd since
I think it will convince even the most scepticahthwe
5.2. Sexual behaviour are not the only species to practice sex purely for

pleasure and without a reproductive purpose.

Not all sexually reproducing species perform sexual _ 1h€ bonobo, —or pygmy chimpanzee, is
antics during the act of fertilisation. Not only eso Phylogeneticially very close to the chimpanzee. Both

reproduction without sex exist but there is alsa sediSPlay many similarities in such diverse aspeds a
without reproduction, as we humans well know. Amongl©"Phology, diet, way of life and breeding systdrath

the many claims to exclusivity that we have asgigre '€ Promiscuous). However, they are very differient
ourselves, one of the most often made is that wetiae their social organisation (see Chapter 8) and girth

only animal that has sex for pleasure’. In commath w sexual behaviour. Regarding the latter, bonobosifive
many such claims, this one too is false. more or less large groups of males, females and
Plecia nearcticais a dipteran, a member of theluveniles of both sexes. Sexual relations are very
order of true flies, known as the lovebug. The malefféduent within these groups, not only in captivimyt
perform courtship displays in flight while flyingiia 2!S0 in the wild. We shall summarise the sexuat{ies
compact group (a lek-type pairing system, see Chapth bonobos briefly, mainly following De Waal (1997)
6). Females that approach the group to copulateogen | "€ females show genital swelling when in heatthey
competition between the males as these try to grab’®Main sexually active not only during those fertil
mate. When one succeeds the pair falls to the gremn Periods but also throughout their cycles. Sexualions
copulate, a process that in this species — hercaame a7€ Very frequent but, in addition to typical hetaxual

- may last for as long as three days (Thornhill &dkk copulation, many other sexual practices occur ving|
1983). all possible sex combinations: male—female, female—

In the prairie vole Nlicrotus ochrogastgr once a female and male-male. Moreover, it is not justatelts
pair is formed, the male and female enter inteeady of who are involved. Juveniles that have not yet redch

sexual activity and may remain together copulating€Xu@l maturity also participate. For example, geni
frequently for long periods, sometimes for as lasgi0 contacts between juvenile males and mature fenaates
hours (Carter & Getz 1993). more common than copulation between adult males and
The California sea hare\plysia californica is a adult females (Hashimoto 1997). Sexual practices
shell-less marine mollusc. It is hermaphrodite, éach Nclude genital contact unrelated to copulatiomige
individual has both male and female sexual orgdns. CONtact using positions similar to those employad i

has a curious form of reproductive behaviour thafoPulation and copulation proper. Actual copulatien
perhaps cannot be correctly described as ‘sex 'p|a)most frequent during the females’ fertile periodl dhe

particularly since its nervous system is very sempl ace-to-face ‘missionary position’ is not uncommon,
What is undeniable though is that, to human eyémtw deSPite often being cited as unique to humans.riitet
occurs amounts to an orgy of unbridled sex. A tistai frequent sexual contact is genital rubbing between

study by Steven Pennings, of California University females, which occurs independently of the oestrous
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cycle. This is not seen in chimpanzees but itpécgl of  specially developed for the purpose. One of thetmos
bonobos. Female bonobos have a highly developeaxirious examples of this latter type of copulatimas
clitoris shaped as a half-moon and prominently gdlac been described by Nicolaas Michiels, of the MaxaBlka
which no doubt facilitates this behaviour. Genitalinstitute in Germany and L. Newman, of Queensland
rubbing between females plays a very important imle University, Australia, in a study of an hermaphtedi
social relationships within the group (see Chapjebidt marine flatworm Pseudoceros bifurcisthat lacks a
clitoral stimulation almost certainly produces naltu female genital orifice. Being hermaphrodites, all
sexual pleasure, as with other typical sexual astof individuals possess both male and female sex orgains
bonobos. they prefer to perform as males, since the female r
Sexual relations are very frequent in both bonoboisvolves being penetrated through the body wallictvh
and chimpanzees. In the former both males and &smalentails wounding and the risk of infection. Wherotw
may perform sexual activities as often as thirtgets a  breeding individuals meet they rear up and engage i
day. Female chimpanzees are likewise sexuallyort of fencing contest with their erect penisasyhich
promiscuous but only when in heat. For exampleg Jareach tries to penetrate the other without itseiihdpe
Goodall describes how one such female copulateld wipenetrated. The loser plays the female role in the
eight males in just fifteen minutes and how anothat copulation (Michiels & Newman 1998).
she followed copulated 84 times in eight days with
seven different males (Goodall 1986). To concluud, 5.4 Sex and copulation in humans: male and
only are we not the only species to practice seRoMt  female orgasms
having an interest in procreation, but also attless

species, the bonobo, leaves us standing, not anly some of you may be disappointed but this sectiarots
terms of frequency but also in terms of varietysexual dedicated to describing the sexual behaviour ofdum

activity. Another human myth bites the dust. couples. More than enough has been written on that
] subject in an ever increasing series of publicatisince
5.3. Copulation Alfred Kinsey published his own studies, on human

male sexual behaviour, in 1948, and on that of the

In most species with internal fertilisation, malegist human female, in 1953. This is not to say that the
deposit sperm within the females’ reproductivesubject is irrelevant. On the contrary it is highly
apparatus, which they do via copulation. This défitaiimportant to many aspects associated with mate-
introducing a penetrative organ, or penis, into thgelection and pair-maintenance. For example, Susan
female’s genital orifice, to release sperm withinmost  Sprecher, of lllinois State University, USA, hassh
such species, humans included, sperm is deposititei that sexual satisfaction during premarital relatups is
vagina but in others (e.g. horse, dogs, pigs aeid #ild  associated with the degree of love and commitment
relatives) penetration is deeper and sperm is d&gos declared by both members of a couple. There is
directly within the uterus. furthermore a relationship between the degree af th

Copulation is not always so conventional. Insatisfaction and the duration of a relationship,icivh
diverse animal groups, such as the platyhelminthgnds to lasts longer when premarital sexual matare
(flatworms), leeches, molluscs and insects, theee amore satisfactory (Sprecher 2002).
species in which sperm is injected directly inte@ th This section will only deal with three questions of
female through the body wall. For example, in th¢human sexual behaviour that are important from an
bedbug Cimex lectulariu} well-known worldwide as a evolutionary viewpoint: (1) ‘Why does sexual desire
parasitic feeder on human blood, a male deposéstsp happen?’ (2) ‘Why do we enjoy sex?’ (with special
inside the female but not in her genital orificestead reference to differences between men and women) and
he makes a slit in her cuticle using a sickle-sdape(3) ‘What do the male and female orgasms signify?’.
appendage at the tip of his abdomen. Once theleutic
has been cut, his penis emerges from a penile groos.4.1. Why does sexual desire happen?
and releases sperm within the female’s body. Tleensp
then swim to find the ovaries where they fertilise ova Some months ago, while chatting with some non-
(Stutt & Siva-Jothy 2001). biologist friends, | was told that the reason wiexusal

Copulation tends to be a collaborative act betweeglesire occurs is obvious. Animals seek mates and
both sexes. This is especially necessary in thpseiess copulate because they enjoy it, just as we do. Some
that have internal fertilisation but whose maleskla species have indeed been shown to show apparent
penetrative organ, as in most birds. One of thetmopleasure while having sex but such an answer is not
common questions that my non-scientific friends andompletely satisfactory intellectually since whadttars
acquaintances ask me is ‘How do birds copulathef/t is why the act has evolved to be pleasurable. Whyel
don't have a penis?. They are surprised by mynjoy activities that are important for survivalich as
explanation. Males and females align their cloati#s, eating, or for reproduction, such as having sex, @ot
common orifice shared by the gut and the genitoanyi  scuffing our shins or being in danger? In otherdsoa
apparatus. For a brief period, often less thansaeend, satisfactory answer must explain why we enjoy saix b
the female partly protrudes her oviduct. The maleéot some other experiences. The ideal is to uratmist
deposits his ejaculate on it and, when the ovidsct what fires sexual desire and why we enjoy sexual
withdrawn, the sperm is carried into the female. relations. Both of these questions have two types of

Nevertheless, copulation does not always implanswers: causal and functional (see Chapter 3).
cooperation. The exceptions are not just casesyud, r In terms of physiological causes, sexual desire is
the absence of cooperation is also conspicuoyseicias  produced via a complex neuro-hormonal mechanistn tha
such as the bed bug mentioned above, where the m@dnfluenced by many factors. In brief, we can #at it
penetrates the female’s body wall with an instrumerarises in the brain on account of testosterone, the
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principal driver of sexual desire in both men andetween the male and female orgasm and, abovall,
women. In women oestrogen too plays an importargvolutionary explanations for female orgasm.
part, although this hormone does not heighten dexua  Although sexual pleasure without orgasm exists,
desire but it makes women more receptive to sexitandthe orgasm is the climax of sexual pleasure. Itheen
is essential for vaginal lubrication. This is orsuse for defined in a number of different ways but a valitda
sexual activity, but what then is the functional orquite simple definition is: successive waves ofaplae
adaptive reason for sexual desire? (see Chaptéri8). and of tension, increasing in intensity to a cliti@c
the same as we noted in Chapter 4 when studying pgioint, after which there follows a marvellous sditsa
selection and falling in love. Sexual desire is arof relaxation.
adaptation that emerges when a suitable mate rsdfou The first interesting question is whether or not
whether for an enduring relationship or for a casuamales and females of other species enjoy orgasnes. W
sexual encounter (see below). can answer this question because orgasm produces a
series of observable responses, the main ones being
5.4.2. Why do we enjoy sex? muscular contractions and spasms, a fixed ancadistt
gaze and a series of specialised and characteristic
The causal answer to the second question is vewpcalisations. These signals are sometimes seen in
complex since the neuro-physiological mechanismeopulating animals and may be interpreted as orgasm
involved are not entirely clear and the roles dfedént The evidence is clearer in primates given that such
hormones are equivocal. In general, according torgasms have been seen both during copulation and
Panksepp (1998), oxytocin plays the major partinied  during masturbation. Manipulation of the genitalg b
responsible for the sensations of affection andhales results in ejaculation and the other symptoms
satisfaction that are felt during sexual activityassive orgasm mentioned above. The subject has always been
doses of oxytocin are liberated at orgasm and theseore controversial where females are concernece sinc
produce the feelings of tenderness and sharddmale orgasm is not accompanied by ejaculatiorbgor
involvement that overwhelm lovers during the peraddd any other easily detectable signal. Nevertheldshas
relaxation that follows moments of intense sexuabeen noted that in females of various species
pleasure. Dopamine (the substance responsiblehtor tmanipulation of the genital area and the clitoeigher
pleasure felt by many people when playing or drugby rubbing against objects or manually, produces
taking) also has an important influence in both raed indications of orgasm such as an increased heeraral
women, and it drives sex-addiction in some persons. contractions of the uterus and peri-anal region.

One of the most informative studies on the roles of One of the studies that most clearly showed the
hormones in sexual relations was carried out by @ S existence of the female orgasm in a non-human speci
Carter, of the University of Maryland, USA, and lter  was carried out by Alfonso Troisi and Monica Cara$i,
workers. They studied the prairie vole, the speaies Rome University, Italy, who worked with captive
which we earlier noted that the male and femaldapanese macaqueblacaca fuscatp They assumed
copulate very frequently. They found that oxytogn that an orgasm occurred when a copulating femaéavth
released during those prolonged bouts of sexualitgct her neck backwards and held on to the male’s futewh
and it is responsible for establishing the pairsundergoing muscle spasms and (sometimes) emitting
relationship (Carter & Getz 1993). They also fouhdtt distinctive cries. After observing 240 copulations,
in males, pair-bonding and pair-maintenance, wiaigh involving 16 males and 26 females, they found that
very strong in this species, depend on the actibn demales ‘enjoyed’ an orgasm in 33% of cases. The
vasopressin. They were able to show experimentadly frequency of orgasms was unrelated to the femalgés
it is this latter hormone that makes a male prefeown or to her dominance rank but was higher when
female, even when other females are provided te giwopulation lasted longer. After controlling for dtion
him a choice (Winslovet al. 1993). of copulation and other parameters of physical

What is the functional or adaptive answer to thistimulation, the most striking finding was that asgs
second question? As my friends remarked, we ergay swere more frequent when copulation was between a
and, when all is said and done, those pleasurabttominant male and a low-ranking female and was less
feelings increase sexual desire and bring abouglzeh common when high-ranking females were mounted by
frequency of copulation. If we consider the scemami  low-ranking males (Troisi & Carosi 1998).
which this behavioural trait evolved in our ancesto Such studies thus reveal that orgasms are not
those males and females (men and women) who mastclusive to humans and that both male and female
enjoyed sex would have had more sexual activityprgasms exist in at least some other primatesoudn
increasing the possibility of pregnancies. They Mou apparently (given the behaviour of the sexuallyivact
thus have left more descendants than those indilddu individuals) they are not as intense as those $een
who either did not enjoy sex or enjoyed it lesse Thhumans.

offspring of the former would have inherited the With respect to our own species, comparisons
capacity to enjoy sex that would thus be passedoon between the male and female orgasm have changad fro
following generations. that promoted by male chauvinists in the past. The

female orgasm was formerly considered a by-prodfict
5.4.3. What do the male and female orgasms signify? the male orgasm or an imperfect version of it (Sigth
Freud maintained that clitoral orgasm represented a
We shall now consider a phenomenon that is intilpateimmature state of development in the woman). itas
related to sexual satisfaction: the orgasm. Thiictbas viewed as a highly intense neuro-physiological
given rise to much controversy about whether orgasnphenomenon that is very different from the maleasrg
occur in primates and other animals, the differencein both its physiological characteristics and ire th
duration of its various phases.
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What is the evolutionary explanation for orgasms®table relationship who enjoy a higher number of
The answer is clearer regarding the male orgasce $sin orgasms claim to be happier with their marriage or
is linked with ejaculation and hence with fertitism. relationship than those who have fewer orgasms. (3)
As we said when explaining sexual pleasure, malé/omen who experience fewer orgasms say that they ar
orgasm promotes the chances of leaving mormore eager to have sexual relations with other than
descendants. Men whose orgasms were most interd@ women who enjoy orgasms more frequently. (4)
would have a greater propensity to copulate andldvouWomen whose partners are more attractive and more
leave more offspring. However, there is no diréck | symmetrical (indicators of higher genetic qualisge
between fertilisation and the female orgasm. A womaChapter 4) say that they have more orgasms than do
may become pregnant without ever experiencing awomen paired with less attractive and less symuatri
orgasm. Moreover, a female’s orgasm is most closelypen. (5) Women in stable relationships who have
associated with the clitoris, which receives littleextramarital affairs are more than twice as likédy
stimulation during copulation since it is outsideet achieve orgasm with their lovers than with their
vagina. Also, no relationship has been shown betwedwusbands. This is also quite a reliable result tres
frequency of orgasms and numbers of pregnancies been confirmed in a diversity of studies, perhaps
descendants. For these reasons, the female orgabetause women are very selective about having-extra

remains a controversial
hypotheses have been advanced to explain its pgéste
The most important of these are included in Box 5.1.

1

2)

3)

4)

5)

6)

7

8)

Box 5.1.
human female orgasm.

Female orgasm plays an important role in pair bonding. It
contributes to strengthening the links between a man and a woman
in the monogamous long-term pairings that predominate in our
species.

An orgasm informs a woman of a man’s disposition to satisfy her
desires and her needs in future. An attentive man who takes trouble
to give her sexual satisfaction may be a good candidate for a long-
term partner because he would also be disposed to invest his
resources in her and her offspring.

Female orgasm favours sexual relations with males of higher
genotypic quality. This hypothesis emerged when it was found that
females were more likely to achieve orgasm with more symmetrical
men.

Female orgasm increases a man’s confidence in his paternity. If a
woman is satisfied sexually she will not need to seek such
satisfaction with other men.

The sexual satisfaction that it produces results in an increased
frequency of copulation throughout the whole sexual cycle, leading
to a higher probability of pregnancy.

The sexual satisfaction that female orgasm produces induces
women to have promiscuous sexual relations with diverse men. In a
scenario where infanticide is a possibility (see Chapter 1), female
orgasm reduces the chances that other males may kill her child
later on.

The relaxation that follows orgasm causes a female to remain lying
down, which reduces sperm loss and so increases the chances of
fertilisation. Given the position of the vagina, which is perpendicular
to the ground when the woman stands, most of the semen would be
lost if a woman got up and started walking immediately after
copulation.

The vaginal and uterine contractions that occur during orgasm may
assist uptake of semen, increasing the chances of fertilisation.

Different adaptive explanations for the

topic and over a dozemarital affairs with men of high quality (see bejow

The matter of female orgasm remains an
evolutionary enigma that we are far from solving,
especially when we consider two further problems to
which we have not yet referred. Firstly, the freqmeof
orgasms differs greatly between cultures, orgasras a
quite common in some and practically unknown in
others (at any rate according to information gaatien
interviews by anthropologists, which is not always
reliable). Secondly, adaptationist theory predibtst, if
the female orgasm is an adaptation, the male should
have developed strategies to exploit it. For exampé
should be keen to ensure that his partner reached
orgasm, he should ejaculate at the same time baftes
she did so, or he should have developed a capgrity
detect the female orgasm so that the female coald n
easily fake it. The first of these predictions islyo
sometimes fulfilled, given that only some men are
concerned about promoting orgasm in their partrimrs,
the other two predictions are rarely met.

We have seen that orgasms also occur in other
animals, at least in some primate species. Why hiewe
are orgasms more intense in humans? | wish toestigg
a reason that seems quite plausible to me: it has
developed as an evolutionary response to human
resistance to conception. We know that diverse
contraceptive methods have been developed by all
people and all cultures, given that conceptionaistlyg
(especially in particular circumstances such asnwhe
food is short or another small child is still beiragsed).
Human intelligence has been used to avoid pregnancy

As can be seen, some of the hypotheses aegpecially by abstinence from sex and by withdrawal
contradictory. Many are supported by some particulgprior to ejaculation. This would engender signifita
study but the methodology of some of thesaelective pressures that may have favoured the
investigations leaves much to be desired and has of development of more powerful orgasms, given that a
been criticised. higher degree of sexual satisfaction would encaurag
Which of these hypotheses are most convincingRasty and unintended encounters that would rechee t
Answering this question is not at all straightfordvand effectiveness of conscientiously employed contricep
certainly several of the ideas proposed have a mpre measures. Despite the latter, individuals with more
less significant role in the evolution of the hunfamale  intense orgasms would leave more descendants.
orgasm. To allow you to draw your own conclusioms,
shall summarise some of the most important findolys 5.5 Male/female conflict in sexual relations
a variety of studies based on interviewing womelme T
information given here is drawn from several sosrceconfiict between the sexes is a significant phenamen
but chiefly from Buss (2007): (1) Female orgasm isrhe most widespread aspect, which has been detiected
more frequent when sexual relations occur in th#exd  most species, relates to avoiding extra-pair mafig
of a stable, long-term relationship. Married won®n motives vary a great deal according to speciesifbut
those with a steady partner have more orgasms thgBneral it is not in the interest of a male forfeimale to
unmarried ones or those without a steady partrfés.i§  copulate with other males and similarly is not fre t
quite a reliable result since it has emerged iriovar interest of a female for her male to copulate vaither
studies in different parts of the world. (2) Woriena  females. We shall consider the sperm competitiahith
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associated with extra-pair mating in the next secti the man and his partner, in which case the womaadbste
Here we focus on conflict associated with the fesqry to conclude that her mate no longer loves her. As
of sexual relations. promoters of pair stability, sex is most importanta
This type of sexual conflict is very common inman but to a woman what matters most is feelingdov
humans and quite rare in other animals but an eleampgetting a lot of consideration and not having tormyo
from the insects illustrates it perfectly. | spedkvater- More than this, if such conditions are not met anao
striders, aquatic hemipteran insects that walk @tewwv may come to lose all interest in sex. Although résdity
surfaces. As a result of the conflict between aenaald a may seem harsh, available data suggest that a woman
female about when to copulate and for how longemal offers affection and sex in exchange for love, ehsra
have developed structures for grasping females amdan offers affection and love for sex. Of course,ane
females have developed structures to prevent frales talking about general ‘rules’, statistical averages
capturing them and to make escape from graspingsmalbehaviour, for which there will always be lots of
more easy. In these insects, as with most othariepe exceptions.
males are nearly always ready to copulate (see €hapt I think it quite probable that a coevolutionary arm
4). They try to seize a female with their frontdeand race, as has occurred with the water-striders, atsy
climb onto her back in order to mate. Furthermtiney have happened with human females — of course in an
try to remain on the female as long as possibleesihis  entirely unconscious manner given that we are spgak
increases the chances that their sperm will feetiier of evolutionary strategies. Bearing in mind thatmem
eggs. Such pairings are costly to females sincg théend to lose sexual interest when in unsatisfactory
increase the risks of predation considerably. Thus relationships, they may have succeeded in obtaining
significant conflict exists between the sexes. benefits, such as additional resources for the Ijami
Goran Arnqvist, of Uppsala University, Sweden,more care for the young, in exchange for providing
and Locke Rowe, of Toronto University, Canada, havgreater sexual pleasure for a partner.
shown in a study of fifteen water-strider specieatt Anyone reading these lines may well conclude that
both males and females have developed morphologidaam a highly unromantic person. This is not sohRat
structures for use during pairing. Males have & use an evolutionary approach because it allowsous
specialised structure within their genital appasator understand the biological basis of conflict behawjo
attaching to females, but females have developaghich might even help us to resolve relationship
abdominal spines that may be pushed downwards problems in our daily lives. Just this once | anmgdo
interrupt copulation. Strong evidence regarding thelay the part of a sex counsellor and say that many
function of these structures comes from Arnqvistl anrelationship breakdowns would be avoided if both
Rowe’s comparative study, which showed that the monearties were aware that most such problems derora f
highly developed the males’ attachment structuresew the differences between men and women described
the more highly developed the females’ anti-mal@bove. These differences can generate a viciocle dir
spines. This is a clear demonstration that thesetstes which a reduction in the frequency of sexual reladi
have evolved in both sexes as a result of aannot be solved without increased communicatiah an
coevolutionary arms race (see Chapter 9) betweeasmaldemonstrations of affection, which will not occur
and females for control of copulation (Arnqvist &R®  without an increase in sexual activity.
2002).
In human beings, as in water-striders, there alsg.6. Male and female genitalia
exists an important inter-sexual conflict regardihg
number and duration of sexual relations, once aipai Males of those species in which fertilisation iseimal
established. In all interview-based studies, mepequire an intromittent organ to release their sper
complain that they have less sex than they woltel & within the female’s genital apparatus. This strugtihe
finding that is repeated across all cultures. Meinkk  penis, is extremely variable among species, ndtijus
about sex much more often than women do and agize and shape but also in how it is employed. Some
always more disposed than women to feel sexuatedesispecies with internal fertilisation lack a penis,ig true
and to indulge in sexual activity (see Chapter 4)isT for most birds. Nevertheless, some birds do haveris
should come as no surprise to anybody since men n@td some, such as ostriches, swans and ducksphave
only have much higher blood testosterone levels theaof considerable size. An extreme case is the Amgent
women (ten to 100 times higher) but also the neur@lue-bill (Oxyura vittatd, a small duck in which males
centres associated with sexual activity in the rbaéén, have a penis 20cm in length (McCracken 2000).
located in the hypothalamus, are twice the sizthose Although males with penises typically have just
in the female brain. In contrast, women think abge® one, some male lizards and snakes have two peaises,
less often than men do and they tend to be mucte mogertain marine platyhelminths have more than a mloze
sentimental and emotional. The prefrontal cortdse t The shape of the penis varies from species to apelti
cerebral structure that is responsible for emotidas most cases, the device resembles a tub, but it beay
much more highly developed in the female brain timan corkscrew-shaped, as in domestic and wild pigs, or
that of the male (Brizendine 2006). blade-shaped, as in certain squirrels. In addifiomay
These physiological differences may explain théde accompanied by a great variety of structures
fact that men and women have different preoccupatio including lumps, filaments, spines, hooks or ewajn
when it comes to their feelings about their refaglips. most primates, a bone.
A woman is little affected when the frequency ofiss Penis size is also very variable. Some barnacles
activity declines but a man will be very concerrsedl  (hermaphrodite crustaceans that live permanently
will think that his woman no longer loves him orsha attached to their substrate) have penises thatmaywo
taken a lover. However, the opposite happens br three times the length of their owners’ bodies,
communication and signs of affection decline betweeallowing them to reach and fertilise neighbouring
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individuals. They are, however, not the record aoddn To return to the human penis, why should our
terms of penis size since some slugs have extremepecies have evolved such a large penis relatitbatio
long penises. The champion in this respect is gurebf the other primates? There is no clear answehit
Limax rediiwhose body is some 12cm long but whichquestion although various hypotheses have been
has a penis longer than 80cm (Birkhead 2007),ésers advanced. For example, it may be a visible sighat t
times longer than its body! What about primates?aAs can be employed in sexual selection or it may exee
general rule, male primates have small penisesateat the chances of women achieving orgasms. One of the
kept permanently rigid thanks to the presence ef thmost accepted ideas is that a longer penis is droai
penis bone or baculum. This is not the case inosur fertilisation since it deposits semen closer todhe.
species, not only in that the human penis lacks a  The key question with respect to all that we have
baculum, but also because it is relatively lardee €rect dealt with in this section is ‘Why is there so much
human penis is some 15cm long, whereas that of thariability in penile structures?’ Two hypothesé®impt
chimpanzee and bonobo is 7cm long, the orangutdn answer this: the ‘lock-and-key hypothesis’ ahé t
penis measures 4cm and the mighty gorilla has & perisexual selection hypothesis’. The former suggésit
only 3cm long. Such great variation between speicies the high degree of variation is because the prenateh
both the shape and size of the penis had led soroé the penis to the female genital orifice prevents
evolutionary biologists to suggest that it may hatleer  interspecific mating, which would amount to a greas
important functions apart from inserting sperm e t of time and energy since hybrid matings rarely piazd
female genital apparatus (see below). viable offspring. The sexual selection hypothesis
The female genital apparatus also varies accordirgyggests that the evolution of both the male amd th
to species, which is to be expected since in ofder female sexual apparatus is governed by two powerful
copulation to be possible the penis must be adagted influences that we studied in the previous chapter:
penetrate the female orifice and the latter must beompetition by males and female choice, only thi t
adapted to receive the penis of males of the santiene they operate within the female’s body (se@Wwl
species. This much refers to the vagina but other, The lock-and-key hypothesis is the older of the
external, structures of the female genital apparatie two and is the choice of classical zoology, butgbrual
also very varied where they exist. For example, ragno selection hypothesis has received powerful suppore
anthropoids, female chimpanzees have a very longgcently, in particular Goéran Arnqvist's comparativ
straight clitoris, female bonobos also have a largstudy of insects (Arngvist 1998), which tested sarhe
clitoris but shaped like a half-moon and human fesya the predictions that arise from each hypothesise On
have quite a small clitoris that is some distamoenfthe prediction is that since the lock-and-key hypotbési
vagina. The clitoris is also very variable amongeot thought to prevent errors in species-choice whetinga
primates. In many lemur species and also in spidérwould be expected that monogamous species, iohwh
monkeys (American monkeys of the subfamilyfemales only mate with one male so that mistakesldvo
Atelinae), the females have enormous, pendulouse disastrous, would have the most complex geaithi
clitorises. contrast, the sexual selection hypothesis preditas
Zoologists have known for centuries that thegreater male genital complexity would be found in
genital organs differ greatly among species, solmaec  polyandrous species. In these a female mates with
that, in many groups of insects and other invediss; several males and competition between the sperm of
precise identification of individuals of closelylated these (selection by sperm competition among maiegd)
species is only possible by removing and examiningny choice the female may make of the most adequate
their genitalia. Species that are so similar asbé sperm (selection by cryptic female choice) are the
inseparable on the basis of external morphologgnoft decisive factors. Both these concepts are studied in
possess different genitalia that allow them to beletail below.
correctly and speedily identified. Why should this? Arngvist analysed the morphological complexity
The evolutionary explanation is quite clear. Theof the genitalia and other characters in monogaraods
selective pressures that favour both those malesama polyandrous insect species. He found no significant
effective at fertilising females and those femaldso differences between these two groups in morphoébgic
succeed in being fertilised by the best males are <haracters other than in the genitalia, where the
strong that they bring about rapid evolutionaryrdeaof differences were very clear. The genitalia of malés
their genitalia that gives rise to new speciesdrjence) polyandrous species were almost always much more
that differ in their genital morphology. Goran Arist, complex than in males of monogamous species
the Swedish investigator to whom we referred eantie (Arnqvist 1998). These results amount to resounding
this chapter, carried out a comparative study @& thsupport for the sexual selection theory as opptsdie
genital apparatus and external morphology of issdnt lock-and-key hypothesis.
accordance with what we have just said, he foumad th
divergence between species was much greater irsterf®.7. Sperm competition
of genital morphology than with respect to all athe
morphological characters (Arnqgvist 1998). Thesen the early 1970s Geoffrey A. Parker made a
findings strongly support the idea that sexualai@a fascinating scientific contribution when he provet
(see Chapter 4) acts on the genitalia of differpec®s competition between males does not end with cojonlat
in a direct manner. In the same way, among primatesput instead, that when a male’s ejaculate coexiitts
has been found that males of species with promisuothat of another male within the female genital trac
females have longer and more complex penises than gompetition to fertilise the ova continues betwéeka
males of monogamous or polygynous species (Dixsosperm. This phenomenon is termed sperm competition
1987). and the discovery introduced a revolution in theddfiof
reproductive biology. A multitude of studies hawecs
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revealed that sperm competition is a very signifiGend young in other nests, had larger tarsi, sang losgag

widespread force in evolution. phrases and also survived better. Chicks who weze th
Molecular studies of paternity have revealed thabutcome of extra-pair copulations tended to be snale

females often copulate with more than one malenduri and survived better than those fathered by the nest

the same fertile period. This even happens in speci owners (Kempenaers et al. 1997). Such data thus

such as birds, which have previously been congidere supports the idea that females paired with males of

be monogamous, a realisation that has made it seges lower biological quality seek extra-pair copulatomnith

to distinguish between social monogamy and genetioetter males, which allows them to improve the igual

monogamy. By definition, monogamous species aref certain of their offspring.

those in which a male and a female form a pait,itht Such extra-pair copulations are responsible for

say, an association that endures throughout thediomg many socially monogamous species being polyandrous

season. Nevertheless, genetic monogamy, in which dtom a genetic viewpoint (all the young belong ke t

the offspring are those of the male and the ferttedé mother but they are the product of several fathers)

comprise the pair, is very rare. This is becausewa These findings make clear that sperm competition

have noted, females very frequently copulate orsitie  imposes very strong selective pressures. Males baist

with additional males, so that some of their offisgrare  effective not only at securing mates but also augng

not those of the ‘social father'. that it is their sperm that fertilises the eggstlobse
Since males may increase their reproductivéemales. As a result of such selective pressurdssma

success considerably by inseminating a larger nuwibe have evolved a large array of adaptations, behealias

females (as mentioned in Chapter 4), it is unssimgi well as structural, to reduce the chances thasgeem

that males court females who are already pairetder of another male may fertilise the eggs and to msedhe

to obtain extra-pair copulations. A spectacularnegle chances that it is their own sperm which succe®@ds.

involves a small, beautifully coloured Australiairdy shall consider these adaptations by classifyingnthe

the superb fairy-wrenMalurus cyaneus In this species according to the advantages that they confer (see Bo

a male and a female form a long-standing relatipnsh5.2).

that may endure for several breeding seasons.

Nonetheless, a very high percentage of nests iactud

. . . . [1. PREVENTING THE FEMALE FROM COPULATING WITH ANOTHER
chick that is not the offspring of the incumbentlea MALE
Raoul Mulder, Of Me|b0urne University, Australia, a. Female guarding : In most species this involves the male remaining by

. . the female after copulation, so delaying any possible copulation b
studied male behaviour and, remarkably, he fourd th| anomer maie. " ving any p P Y

when a male courts a female who is not his own thate b. Blocking the female's genital orifice : Along with the ejaculate,
. . . males of many species inject a sticky substance that forms a stopper
employs a different approach. After finding a feenial a closing the female’s genital orifice after copulation.

neighbouring territory, he presents her with a Ipetaa c. Frfeventin?(the f:emla)lle from being attractive to o ther males : This is
. .| infrequent (see text).

flower (Mulder 1997). On 97% of occasions when thi$ q. innibition of female sexuality : The male ejaculates of some insect

behaviour was seen the male was Courting a ferhate t species contain anti-aphrodisiacal substances that reduce the

was not his. The ‘wife’ never gets any flowers! propensity of the females to copuiaie again-

Since males have most to gain from extra_pa?. PREVENTING SPERM PREVIOUSLY INTRODUCED BY OTHER
MALES FROM FERTILISING THE EGGS

copulations there has been a widespread beliefittigt a. Increasing copulation frequency : This is entirely a behavioural
they that are principally responsible for |n|t|eg|mem adaptation. Copulation is much more frequent in species in which

. a female cannot be guarded effectively and in which extra-pair
However, many observers feel that females do rit ju copulations are common.

accept extra—pair copulations but actively seekmthe b. Increasing the sperm density of the ejaculate  : In many species
exposed to high levels of sperm competition, the testes are larger

PrObany the most conclusive StUdy of this is btha' and produce more copious ejaculates, containing a larger
Kempenaers and his coworkers of Anwerp University, number of sperm. ) .

. . h c. Removing semen that has been previously inoculat ed by
Belgium, who made detailed observations of the another male . In many insect species the male genital

behaviour of male and female blue titﬁyenistes apparatus includes structures that are used to remove semen

caeruleu} during the fertile periods of the latter. They) stored within the female gental tract.

found that it was the females who chose malestﬂw B. TAKING ADVANTAGE OF WORK DONE PREVIOUSLY BY OTHER
. . MALES (see text)

preferred for extra-pair copulations (Kempenaetrsl.

1992).

If females actively seek out such copulations wit
other males, what benefits do they derive? As
pointed out in Chapter 4, a female cannot increhse
number of chicks that she raises by increasing the
number of males that she mates with, but by domg 5.7 1. preventing the female from copulating with
she might increase the quality of her offspringisTis  snother male
the principal hypothesis explaining extra-pair
copulations: females choose the best availablesttale once a male has succeeded in being accepted by a
achieve offspring of higher genetic quality. Anathe female and in copulating with her, any strategy thay
study of blue tits by Bart Kempenaers and his teagontribute to reducing the chances that she care mat
provides a good example. When they examinegith another male could be adaptive, since then his
instances of extra-pair paternity they found thit14%  sperm will not have to compete with that of othts
of chicks were not offspring of the male nest-owaed fertilise the eggs. Four types of such strategiey tve
paternity due to other males affected a high prigor  gjstinguished (Box 5.2 - 1), and we shall now cdasi
of nests (31-47%). Paternity was established bynmeathem in turn.
of highly reliable molecular analyses. They fouhatt Mate guarding is quite frequent in birds and in
the most successful males, those whose nests gedtai jnsects and other arthropods. Before the discowéry
only their own young but who also had fathered somgperm competition, the frequent observations ofemal

Box 5.2. The principal sperm-competition strategies
employed by males of different species
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birds remaining close to their females were regaatea species, as in many others, the male’s sperm fams
way of strengthening the pair-bond. We now knowt thaplug at the entrance to the female’s genital arifid/hat
the motive is less romantic. The male stays closeis is unusual is that dominant males sometimes ‘cagula
female to prevent her from copulating with othetesa  with rival males and seal their genital orifices the
More drastic evolutionary strategies have evolvedame way, preventing them from transferring spesm t
in cases where the males do rather more than merdgmales (Abele & Gilchrist 1977).
staying close to their females. For example, maajem As we indicated in Box 5.2, another mechanism
insects tend to remain on top of the female for esomfor avoiding insemination of a female by other rsaile
time after copulation has ended. For example, imyma to ensure, after copulation, that she becomesnactitte
dragonflies and damselflies such as the azure déiynse to them. This is uncommon since it is not easy to
(Coenagrion puella the male guards the female untilachieve (except in humans, see below) but a good
she has laid her eggs, and he does it by holdimg hexample is provided by the butterflyeliconius erato
thorax with a pincer at the tip of his abdomen.sThiGilbert (1976) found that females smelt oddly after
strategy is costly for the females since it rendbessn  copulation. He later found that it was not the feavaho
less mobile and so more vulnerable to predatiorproduced a malodorous substance. The male depsits
Females have thus tended to develop mechanisms fiuring copulation and this serves as a powerfuhteu
ridding themselves of males and the latter havephrodisiac against even the most determined males.
developed counter-adaptations that allow themnane Another possibly way of avoiding copulation
attached for longer. between a female and another male is to inhibit her
Surely one of the most extreme strategies evolveceptiveness. This too is uncommon but in someciss
by males to guard their females is seen in carid#) it has been shown that the males’ ejaculate comntaiti-
wild and domestic. The male and female remaimphrodisiacal substances that reduce the females’
attached after copulation by the swelling of thaipe disposition to copulate. A well known case involies
which does not allow them to disengage. This ifghlip  housefly Musca domestida Rieman et al. (1967)
effective mate guarding strategy. Since the femalshowed that a substance transferred with the spetm
cannot copulate again until the pair separategiviess only delayed searching for new males by females, bu
the male’s sperm an advantage over that of hi¢srasad  quite often led to females not copulating again tfor
increases his chances of fertilizing her eggs. rest of their lives.
The advantages of mate guarding have been
analyzed in some studies. For example, Helen Chuan§-7.2. Preventing sperm previously inoculated by
Dobbs, of New York State University and her co-other males from fertilising the eggs
workers performed an observational and experimental
study of a small bird, the black-throated blue Werb Despite the adaptations described above, males
(Dendroica caerulescehs in  which molecular often cannot prevent a mate from mating again with
techniques were used to establish paternity aftatlks. another male. Where there is a high chance thar oth
They found that males who guarded their femalest momales have copulated previously with a given female
closely had less chance of having chicks fathenged atural selection favours those individuals thatedtsp
others in their nests. Also, when a male was reghovenechanisms that prevent or reduce the likelihoat th
and kept isolated from his female for an hour,éhgas previous ejaculates fertilise the eggs. A wide eanf
an increased chance that one of the chicks in & n strategies to achieve this adaptive goal existsaiture.
was fathered by another male (Chuang-Dokbsal. One way in which a male can succeed is to ensate th
2001). his sperm are in the majority within the female&nigal
Another effective strategy for preventing a femaleapparatus, simply because this increases the ddds t
from mating with another male is to block her gehit some of his sperm will fertilise the eggs. Thisufesan
orifice. This tactic has been described from a watege be achieved either by increasing the numbers céla’m
of animal groups, including worms, spiders, insectssperm present or by removing those previously
snakes, rodents and bats. On the face of it, suchirgroduced by other males (see Box 5.2).
‘chastity-belt’ would seem to be a very effectivaynof Another obvious fertilization tactic is to increase
stopping another male from mating with a femalecopulation frequency. Many examples demonstrate tha
However, it is not always so. As a result of thecopulations are very frequent in those specieshittwva
evolutionary mechanisms of sperm competition, malefemale habitually mates with several males. Thial$®
of many species have developed ways, and evéhe case in those where a female cannot be guarded
structures, that allow them to remove the plug fram effectively, as happens with raptors and seabistigre

female’s genital orifice. one member of the pair remains to guard the nedewh
Some species have evolved a truly dramatic wathe other seeks food.
of producing the genital stopper. For example, hip t One such species is the goshawkcdipiter

European honey be&pis mellifera once a drone has gentili. The male cannot guard the female and
finished copulating with the queen he explosivehg f copulation correspondingly occurs very frequently.
his genital apparatus into the female’s genitalnimgg ~ According to a study by Anders Mgller, then at Asrh
which plugs her orifice (Gary 1963). This actiorlki University, Denmark, goshawks copulate astoniskingl
him but no matter because he has achieved histolgiec often for an average of 518 times per clutch. Mahy
of inseminating her and in this way he is incregdime these copulations take place when the male refuons
chances that it will be his sperm that fertilisent bggs.  a foraging trip to the nest. Males copulated witBh
Another convoluted and Machiavellian way ofminutes of their return on 20 out of 52 occasioms did
making use of the genital plug has been found ifesna so, on average, after 72.8 minutes (Mgller 198He T
of the spiny-headed wornMoniliformis dubius an high frequency of copulations on return in spedies
acanthocephalan intestinal parasite of rats. Irs thiwhich the male cannot guard his female effectively
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offers evidence of the close relationship betwelyh h species are highly promiscuous (see Chapter 6) and
copulation frequency and sperm competition arisingnales have developed a famous behavioural adaptatio
from extra-pair copulations. in response. Nick Davies, of Cambridge Universitig, U
Another mechanism that may confer a spernmoted that the males peck at the female’s cloatarde
competition advantage is to produce ejaculates with copulating. He showed that this induces the fenale
high sperm density. Under conditions of spermexpel sperm inserted during earlier copulationshwit
competition, the greater the number of sperm teansfi  other males (Davies 1983).
by a male, the higher the chances that the offgpaiitl
be his. Numerous studies have established that tBe7.3. Taking advantage of work done previously by
greater the level of female promiscuity, the largee other males
testes and the larger the number of sperm prodbged
the males. We have now seen some truly surprising adaptations
Nevertheless, following a rule of ‘transferring theresulting from sperm competition. In this sectioe w
maximum possible number of sperm’ is not alwayshall consider two further remarkable examples, the
adaptive because although sperm are cheap to modwecond of which borders on the incredible.
their cost is not negligible. The rate of spermdurction Fertilisation in many tailed amphibians (urodeles)
is limited in males of all species. It may thus bds via a spermatophore that the male deposits en th
predicted that the number of sperm transferred s&vbel ground after courtship. He then has to ensure tthat
adjusted according to the reproductive benefitg¢ tha female lowers her cloaca on to it and presses dowih
male can obtain on each occasion, at least inepéci the spermatophore passes into her body. Sperm
which copulations are frequent. A series of fingdss competition arises in the spotted salamander
by Tim Birkhead of Sheffield University, UK, and his (Ambystoma maculatymsince some males (satellite
co-investigators have shown that at each copulatiamales, see below) watch those that are courting and
domestic fowl cockerels Gallus gallus domesticis when these have dropped their spermatophoresiveie r
transfer a variable number of sperm to hens, tlaatify males deposit their own spermatophores on top. Thus
depending as much on the male’s status as on thden the female lowers her cloaca she takes irthsot
female’s quality and her level of promiscuity. Dovaint spermatophore of the male that courted her, butaha
cocks, which have preferential access to henssatje the opportunistic satellite male (Arnold 1976).
quantity of sperm transferred according to the nema$ We have already seen how fertilisation in some
hens in their flock. On the other hand, subordinatepecies does not occur via the female genital ogeni
cocks, whose copulatory activity is restricted Ie t but through the body wall, within which sperm are
dominant males, always transfer a high number efrap liberated to swim freely to reach the ova and Ife€i
(Cornwallis & Birkhead 2006). Both dominant andthem. In the cave bat bugylocoris maculipennjs a
subordinate males reduce the number of sperimemipteran insect, dominant males may behave B thi
transferred to a given hen in successive copulation, way not only with fertile females but also with msl
nevertheless, if they are then presented with amenv weaker than themselves. In the latter case, spem f
they are capable of increasing the sperm densitgedf the dominant male swim to the testes of the suhatdi
ejaculate immediately (Pizzari et al. 2003). Femalenales and enter within. In this way, when a ‘rapadle
quality is another factor that influences the qitgraf  mates with a female, he also introduces the spétimeo
sperm ejaculated significantly, in accordance witk dominant male (cited by Krebs & Davies 1993).
idea that sperm donations are adjusted in reldtiahe
benefits associated with the male’s investment.elal 5.7.4. Human sperm competition
ejaculate a larger quantity of sperm into highealiy
females, namely those whose secondary sexulk a general rule, we humans belong to a species in
characteristics are more developed, since thesg &iren  which one male and one female form an enduring
the ones that most invest in caring for the chi€&gzari relationship within which children are born andseal.
et al.2003). These circumstances are very like those seen irt mos
Another strategy that would be very effective ifbirds, a group in which there is often a predispasito
possible would be to remove sperm that another maétra-pair copulations and hence to sperm comeetiti
has previously inseminated (see Box 5.2.). A vergda The intensity of sperm competition in humans is
number of mechanisms evolved for this purpose hawntroversial since experts disagree. Without gaimg
been described, especially in insects. Krebs andeBa detail, we shall simply quote some figures. For one
(1993) give two highly instructive examples invalgi thing, studies on conjugal infidelity in different
dragonflies, which we will now consider. Males bkt populations have found that 40-50% of men and 18-
black-tailed skimmer @rthetrum cancellatuinhave a 26% of women have had at least one extra-pair $exua
structure consisting of a dense group of filamehtt adventure. In addition, paternity studies have akag
they insert into the female’s genital orifice befor that the social father is not the genetic parentain
beginning to transfer their sperm. When they witlndr variable percentage of cases, ranging from 1-30%
the filaments these are laden with any sperm tttetro among populations with a mean of 10% of children
males may have inserted earlier. Males of the etcarl(Buss 2007). Nevertheless, not all of the studies on
darter Crocothemis erythraga possess a type of conjugal infidelity and paternity reviewed by Buss
‘inflatable horn’ that they insert into the femaled that, employed reliable methodology. According to Simmons
once inflated, displaces any stored sperm to hessor et al. (2004), if only the most rigorous studies are
to the exterior. included, the mean percentage of people who hagle ha
A fascinating example of sperm competitionextra-pair relationships varies from 2-27%, andaext
involving sperm withdrawal has been reported imals pair paternity is approximately only 2%. Whereas th
bird, the dunnockRrunella modulariy. Females in this data in Buss (2007) imply the existence of stropers
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competition, those presented by Simmetsl. (2004) that are more effective in preventing other mermfro
suggest that such competition is quite limitedshort, fertilising one’s partner. We need therefore not be
the argument goes on. surprised by the great diversity of ‘anti-cuckold’
Criticisms of those who maintain that a high levektrategies, both biological and cultural, which énddeen
of sperm competition exists in humans are well ttech  developed by human males. In men we can find nearly
since some studies of the subject are not highlyrous. all the behavioural mechanisms of sperm competition
Indeed, the famous results obtained by Baker & Bellithat we earlier described for animals in genefabsé
have not been repeated by others using the sarigted in Box 5.2.
methodology. Nevertheless, sperm competition in As in many species, female guarding is
humans may be greater than critics maintain, far twwidespread and takes many forms (see also the next
reasons. Firstly, in hunter-gatherer communitiebene  section, on cultural ‘adaptations’). In additiorgnee
effective modern contraceptive methods are not ,usefindings indicate more subtle mate guarding. For
quite a few children are said not to belong to rtheiexample, a man guards his partner more carefulignwh
‘official’ fathers (about 10% according to the mostthere is a greater risk that an extra-pair copaatnay
conservative data in Simmonet al. (2004)). This produce a pregnancy, i.e. when his wife is yourdyraot
suggests that sperm competition may well have begmwegnant (see Box 5.3a).
considerable during our evolutionary history. Alsb, Other adaptations that were described for animals
this is so, both men and women would be expected to general and that are also seen in the humarespec
possess adaptations related to sperm competitiba. Twhen the risk of extra-pair copulation is high urdé
second reason why | believe that such competispor increasing copulation frequency and increasing the
at any rate has been, more intense than somescritigperm concentration of the ejaculate (Points 3, 8 i&

suggest has to do with the many physiological an
psychological attributes of men and women that onl

Box 5.3a).

make biological sense in the light of sperm contiosti
We shall consider them in the next two sections.

Another important fact supports my conclusion
the relative size of the testes in relation to madely
size in our species. It is well known from a widage
of animals (insects, fish, reptiles, birds and maatsin
that relative testis size is a good indicator ef ititensity
of sperm competition. Males in which such competiti
is intense have larger testes, enabling them tduyo®
more sperm, than those in which there is littlerspe
competition. A. H. Harcourt of Cambridge University,
UK, and his co-workers conducted a comparativeystud
of testis size in primates. They found that malés ¢
species in which females are promiscuous and ctipula
with all the males in the group (which are therefor
exposed to strong sperm competition) have sigmiflga
larger testes in relation to body size than do male
monogamous species (where one male pairs with o
female) or polygynous ones (where one male paitis wi
several females). In a graph of relative testie sizthe
genera studiedslomo falls between the chimpanzee, in
which males and females live in groups, and thdlgpr
in which one male controls several females, whih a
unlikely to engage in extra-pair copulation (Hantoet
al. 1981). This finding supports the idea that sper
competition exists in our species, although to aenate
extent, and that the typical human pairing arrareggm
would comprise a male paired with one female wiilyo
a modest risk of extra-pair copulation occurringe(s
Chapter 6).

5.7.4.1. Biological and psychological adaptationsot
sperm competition in humans

The most important of these are given in Box 5.3
separately for men and women.
With respect to human beings, in many culture

a) Adaptations in men

1. Guarding of mates is widespread in men.

2. Men guard their partners more closely when these are young and
not pregnant than when they are older or pregnant.
Men increase the frequency of copulation when there is a greater
risk of extra-pair copulation.
The longer a man is separated from his partner since their last
copulation, the more attractive she becomes to him and the
greater his desire to have sexual relations with her.
A greater number of sperm is transferred per ejaculation in relation
to the length of the period that a man is separated from his woman
since their last copulation.
Some authors have interpreted the shape of the human penis as
an adaptation for displacing sperm deposited by another man
during an earlier mating.
A man who suspects infidelity exacts significant costs from his
partner, such as physical and psychological abuse, rape and
divorce.
Men find the odour of women more agreeable when these are in
their fertile period.
Men guard their partners more closely during their fertile periods
than during the rest of the menstrual cycle.
Men are more attentive and more possessive towards their women
during their fertile period.

3.

4.

9.

10.

’]Q)) Adaptations in women

1. Women select more attractive and more symmetrical men (with

good genes) for casual sexual relations.

2. Women in stable relationships who have extramarital sexual
relations are more than twice as likely to have orgasms and to
become pregnant with their lovers than with their husbands.

A woman’s interest in her partner does not increase during her
fertile period but her attraction to other men does so.

During their fertle periods women find the odour of more
symmetrical males more attractive.

During their fertile periods women find males with more masculine
faces (indicating higher testosterone levels) more attractive than at
other times.

During their fertile periods women prefer men whose actual or
potential genetic quality is greater than that of their partner.

During their fertile periods women prefer men who appear more
confident and competitive in the presence of other men.

During their fertile periods women alter their behaviour to reduce
the risk of rape and thus of impregnation by an undesired male.

c) General adaptations of both sexes
1. Pair disruption strategies
2. Pair maintenance strategies: courtship

Box 5.3. Adaptations of men and women that support
the existence of sperm competition. From various
| sources but chiefly after Gangestad et al. (2002) and

P Shackelford & Pound (2006).

the man makes a sizeable investment by providieg th
necessary resources for raising the children. #& very

costly business for a man if his woman is impregdat There has also been an attempt to explain the shiape
by another man since, from an evolutionary point ofhe human penis as a tool to withdraw sperm degmsit
view, his investment is wasted since it does ndby other males during recent copulations. We hatech
contribute to perpetuating his genes. Natural fielec how anatomical adaptations have quite frequently
may therefore be assumed to have favoured strategi®,olved for this purpose in different animal groups
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no attention was given to this matter in relatian t endure in modern societies but very often the women
human males until Gordon Gallup, of New York Stateemploy contraception, even more carefully than when
University, and his co-workers, performed anhaving sexual relations with their regular partpers
investigation. They used liquids to simulate semén because of the risk of pregnancy or of acquiring a
different densities and artificial vaginas and pesj sexually transmitted disease. The use of contraeept
such as may be obtained from sex shops. They vaége amethods clearly amounts to a behavioural revoluttia

to demonstrate that the shape of the human pemis, will do away with current adaptations and may
particular the widening at the base of the glarakes it eventually lead to the development of new oness Thi
quite effective at withdrawing sperm that has ppesly though is another matter and many generations must
been deposited in the vagina (Galktmal. 2003). pass before we can know what transpires.

In most species, males and females maintain | do not want to end this topic without making one
sexual relations only during the breeding seasdrerw point clear. The changes mentioned in relationh® t
the females are fertile. In humans, in contrastma® woman'’s fertile period do not mean that she has a
are potentially sexually receptive at all times.u¥h general interest for men other than her husbanthglur
since extra-pair copulations by the woman are onlthis time. What happens is that when such an isttere
costly for her man during the fertile period, sélmt arises it is highly selective so that women tendbéo
will have favoured adaptations that enable matattracted to men who display signs of high genetic
guarding during that fertile period, which takesalpput  quality.
seven days each month (from th&té the 14' day of With respect to adaptations common to both sexes,
the menstrual cycle). As seen in Box 5.3a, thaBox 5.3 notes the tendency of some to disrupt
prediction is fulfilled. Men find their wives more established pairs in order to acquire a partner taed
attractive and find their odour more agreeablerduthe role of jealousy. David Schmitt, of Bradley Univigys
fertile period than at other stages of the menktryae, USA, and David Buss, of Texas University, USA, ie th
and they guard them more intensely and behave mdiiest serious study on the frequency with which pleo
attentively and possessively towards them at tinie t try to attract an already-paired person as a partne
(Points 8,9 & 10 in Box 5.3a). revealed that such behaviour is very common. They

Two adaptations associated with long-term andound that 60% of men and 53% of women admitted
short-term pair selection have been detected inemom having tried on some occasion to lure away someone’
We considered these in Chapter 4 and they comprigartner with a view to having a long-term relatioips
points 1 and 2 in Box 5.3b. There are also othewith them. However, when people were asked about
adaptations that refer to changes in behavioutrategly doing so with only short-term sexual relations imanp
according to whether or not a woman is in her lferti the percentage of men who admitted doing so rerdaine
period or at another stage of the menstrual cymdinfs high (60%), but the percentage of women so engaged
3-7 in Box 5.3b). In particular, her attraction tther was much lower (38%) (Schmitt & Buss 2001).
men increases during her fertile period, when dbe a Jealousy is a much more frequent and well-studied
finds the odour of more symmetrical men and thogle w phenomenon, and infamous for giving rise to a great
more masculine faces more alluring as well as miefp  deal of violence. Many men have perished acrogerkis
men who show themselves to be more self-assured aimdfights (or duels) driven by jealousy. Many women
competitive in the presence of other men. All thesbave also died for the same reason at their own
tendencies show that during the fertile period womehusbands’ hands and some men too have also been
prefer mates whose actual or potential geneticityual killed by their wives. For example, in Canada, o281
high, as occurs with female blue tits, somethingt th women murdered by their husbands between 1974 and
does not occur at other stages of the menstrudé.cjjc 1983, 195 (24%) died because of the husbands’ kexua
is curious to see that these changes arise only wilealousy. Of 248 men killed by their wives durirtget
respect to casual sexual relations and no significasame period, jealousy was the motive on 7.7% of
trends arise when a woman is selecting a long-termccasions (Daly & Wilson 1988).
partner. Jealousy has been interpreted by some

This data on changes in preference during thevolutionary biologists as an adaptation that redube
fertile period support the idea that women arehances of extra-pair copulation. A jealous womeaa o
particularly predisposed to selective extra-paitings jealous man may be expected to keep a close eye on
at that time, which leads to sperm competition. sehe partner. As evolutionary theory predicts, the mediv
changes allow women to obtain genetic benefits bthat give rise to jealousy differ between men and
means of extra-pair copulations. This is not sgipg women. Bearing in mind that certainty of materngy i
because, at least during most of our evolutionstoly  always absolute, whereas certainty of paternityeis/
as hunter-gatherers, most women will have beeregairfar from being so, suspicion of infidelity may be
with men of medium or low genetic quality. They lbu predicted to be the chief provoker of jealousy ianm
therefore obtain significant genetic benefits fteit  but not in women. For women the most important enatt
offspring by having occasional sexual relationshwit is ensuring that a pair's resources are suppligilegn
men of high genetic quality. Nowadays, at leasbim for herself and for her children, as happens wéthdles
industrialised western societies, this tendency rhay in most other species in which males also invest in
concealed by the widespread use of effectivparental care (see Chapter 6). It may thus be peebic
contraception. The drive to produce better qualitghat what concerns a woman most will be the suspici
children through copulating with men of higher géme that her husband may have become involved in a-long
quality would not have involved a conscious decisioterm extramarital relationship that will oblige hito
(any more than it is among female blue tits). luldobe  divert resources to another woman. In accordantle wi
the outcome of evolved psychological mechanisms. #ese predictions, David Buss and his co-workekeds
preference for such men during the fertile periogym interviewees to imagine that their partners wereating
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them and were having sexual relations and emotionher husband’s property, making him the victim oé th
involvement with another person. When asked which arime. In most modern societies, there are grodads
these two aspects of the relationship most conderneélivorce if a woman is caught in adultery but if her
them, 60% of men and 13% of women responded thatspouse is the offender this is not necessarilycése. Of
was the sexual relations, whereas emotional relatio course, any case of adultery involves one woman and
were much more worrying to the women (87%) than tone man, but always along human history, women have
the men (39%) (Busst al. 1999). been punished much more than men.

These results have emerged from a large number
of studies carried out in different countries, simes 5.8, Sexual selection by cryptic female choice
with different methodologies. For example, in one
experiment persons were seated in a comfortablé chas we have noted, the process of sexual selechiah t
and were connected to sensors measuring sugle studied in Chapter 4 continues after copulation
parameters as heart rate and skin conductance. Thgithin the female reproductive tract. Competition
were asked to imagine various scenarios related ietween males continues as sperm competition and
jealousy. These sensors, and others indicatingegnxi selection by females continues in the form of sperm
and stress, recorded maximum levels in women whegelection. The latter comprises not permitting jasy
emotional infidelity was raised. The sensors reedrd sperm to fertilize an egg, but instead selectirgsperm
maximum levels in men when different sexual posgio most likely to generate superior development of the
employed by their wives and lovers were mentionedffspring. This process is known as sexual seladtiyp

(Pietrzaket al. 2002). cryptic female choice, cryptic since it is not ridad
detectable.
5.7.4.2. Cultural ‘adaptations’ The ingenious idea that females, after copulating

with several males, may be able to select the spétim
Human societies, nearly all of which are dominatgd the best genes to fertilise their eggs was pomeerby
men, have promulgated a great variety of regulationyiliam Eberhard, of Costa Rica University. In his
and laws and have developed many taboos all wih tthook, Eberhard (1996) highlights that inseminatono
ultimate aim of guarding women against extra-pai.s guarantee that eggs will be fertilised and he dessr
The chastity belt, a massive iron device employethé some 20 mechanisms by which females may control
Middle Ages, is perhaps the method that we mosirocesses associated with fertilisation. Some, sagh
associate with mate guarding. On reflection, thie ise deciding when copulation ends or expelling the spef
but a crude imitation of the plugs employed by malé some males, are directly observable. Others, howeve
many species, to which we referred above. Otheemogre invisible. These include whether or not spefra o
subtle ‘customs’ related to sperm competition sfji#s particular male is transported to sperm storage
are the veils, burkas and other body and faciatdngs structures, selecting sperm and favouring or blugkhe
of women, whose purpose is to render them lessevelopment of a fertilised egg. These remain
attractive to men. It is instructive that such aiivgs are  speculative possibilities without direct supporting
only obligatory for women of reproductive age.evidence, since sperm that succeed in fertilising t
Furthermore, in countries where such customs applgvailable ova may be those that succeeded in
women normally seldom leave the house and are alwagompetition between spermatozoa, or that were tselec
accompanied when they do so. criptically by the female, or both of these at qreit is

Another ‘tradition’ favoured by female guarding, very difficult to know.
although a much more drastic one, is female At any rate, there are some findings supporting the
circumcision or clitorectomy. This inhuman pract{se idea that a female may select between sperm in some
cruel that it is confined to our own species) sedsein  way, even if the mechanism is unknown. For example,
diminishing or nearly eliminating a woman’s sexualMats Olsson, of Gothenburg University, Sweden, and
desire (something that male houseflies achieve in His co-workers studied genetic similarity, an iradi of
much more subtle way). Another very exaggerateé typrelatedness, and paternity in the sand lizdracérta
of genital mutilation is infibulation, which contgsof agilis). This species is highly promiscuous and females
sewing up both sets of vulval labia, leaving arficgi  will even mate with close relatives. The researsher
only large enough to permit the passage of uringé arfound that the more closely related males fathexed
menstrual flow. In this way, which is truly wortlof the  smaller proportion of the offspring than did more
script of a horror film, a woman is guaranteed @& distantly related males (Olsson et al. 1996). These
virgin when she marries. results show that selection of sperm was occurring
Undoubtedly, the preoccupation with guardingwithin the female reproductive tract.

women is most evident in the mass of laws estaddish Another study, this time experimental, has shown
by nearly all cultures to punish adultery, thesating it the existence of cryptic selection in the small red
as an offence against a man’s most valued propieity: damselfly Ceriagrion tenelluy a member of the order
woman. Hence, adultery has often been punished lydonata. In this insect group, males have beerrdeda
death. For example, according to Marco Schwartz, thas dominating fertilisation on account of their qoex
Bible is full of stories of adultery and of edictsat reproductive apparatus, which includes a diversity
forbid it. It is the seventh commandment of thedaren  structures adapted to withdrawing the sperm of rothe
in the book of Deuteronomy, the punishment for botfinales that have copulated previously. Some exanuples
parties being death, in ancient times by burning ldter  these adaptations were discussed earlier. Conslderab
by stoning (Schwartz 2008). It is striking that mgall  variation is known to exist in the duration of ctgtion
known legal codes, from the code of Hammurabi (18tih this damselfly, which may last from 30 minutes t
century BC) to the most recent, include articleshree hours. José Andrés and Adolfo Cordero Rivdra, o
condemning adultery and all consider the womaneto bvigo University, Spain, carried out a series of
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experiments under laboratory conditions to testr fou5.9. Fertilisation without courtship: alternative
hypotheses that might account for this high valigbi  strategies
The two hypotheses that are most related to thgesiub
of this chapter were, firstly, that the longer alena Before closing this chapter we shall consider a
copulates the more effective he is at withdrawihg t topic of great interest to behavioural ecologishst of
sperm of rival males that preceded him, and, sdgond giternative strategies. The term refers to the tfzat not
that lengthy copulation favours preferential seteciof || individuals of a given species behave in thmea
the sperm by the female, i.e. cryptic selection.hBotyay. Each may employ different ways to solve thaesa
hypotheses predicted that the longer the duratibn @roblem. We could have studied this topic in other
copulation, the more eggs would be fertilised, Whi@s  chapters since it also applies to other aspects of
indeed the case. However, laboratory tests est@dlis pehaviour. However, | have decided to deal witheite
that males only need ten minutes to withdraw rivakince competition to fertilise eggs offers partly
sperm from the spermathecae, the female’s spergbundant and peculiar examples of alternative matin
storage organs. Thus sperm withdrawal could nQdenaviours.
explain the lengthy duration of copulation. The We have seen that, as a general rule, before a male
conclusion reached was that prolonged copulatiogan fertilise a female he has to succeed in befected
fertilises more eggs because cryptic selectiorebyales py her and, after copulating, he must ensure thiattiis
favours the ejaculates of those males that havetsp&perm that fertilises her eggs. Both these stagedyi
longest in the act (Andrés & Cordero Rivera 2000). ~ competition, the former between males and the skcon
Only one study so far has shown one of thgetween ejaculates. As we humans well know, toavin
mechanisms of cryptic selection that takes plad@iwi competition it is very important to have some swiit
the female reproductive apparatus. Daniele Carré anghvantage over one’s rivals. Animals do not basir th
her collaborators at Pierre et Marie Curie Univgreit  pehaviours on premeditated decisions but rather on
Paris, France, studied a comb jellefoe ovaty a eyolutionary strategies, which are transmitted from
marine animal of the phylum Ctenophora, whose egggeneration to generation when they are effectivé an
are transparent and large (Imm in diameter), afigwi provide benefits to the individuals that employ rthe

the process of fertilisation to be observed dijeittithe  The following example will help us to understane th
laboratory. It was found that once several sperveha topic better.

attached to the ovum a series of changes occunen t In many animal species in which the males attract

ovum membrane near each sperm leading to, amofgmales by means of sounds, as happens with frogs a
other things, gatherings of mitochondria around th@ther tail-less amphibians, there often exist iitiials,
pronucleus of each sperm. The pronucleus of thenovugnown as ‘satellite males’, that do not call. Thedent
next moves quickly straight the egg cytoplasm itvi satellites take up positions close to singing mates
one or more of the attached male pronuclei. Sonestimorder to intercept females that the latter attrddtis
the ovum’s pronucleus returns to a sperm pronucleyehaviour seems sensible when we consider what the
that it has already visited in order to fuse withThis  song signifies and that not all individual males ar
seems to be a clear demonstration of an ovum Beect equally dominating or attractive. When a male toad
which spermatozoan will fertlllse it (Careé a|1991) frog sings during the courting season he is sentlieg
Although scant proof exists of the importance ofgllowing message to both males and females of his
cryptic sperm selection by females, this is ncgay that species: ‘Hear my song; it shows that | am a large,
this is an unlikely evolutionary phenomenon or thaktrong male’. The song nonetheless has different
generalisations cannot be made. The lack of pm#tfie  sjgnificance to either sex. To females he is sajéngie
inevitable consequence of the lack of suitableriggies a3nd mate with me’, but to males he means ‘this isite
for investigating a process that occurs conceal#éti'w  occupied and if you come near you will have to figh
the female genital tract. In addition to what evice we  me’. |magine now a small weak male who is also keen
have described, other data support the idea thett®® o reproduce. Would it be wise for him to take up a
by cryptic female choice is an evolutionary phenoare  position and sing? In this case, as pointed o@tiapter
of great relevance, as is sperm competition. Firstle 4 the song is an honest signal of his physicatiitimm
female genital apparatus shows great morphologicahd all he would be doing is indicating his low lifya
variation and complexity in most species, especialljis song would serve to advise females not to aamro
regarding the route that sperm must travel. Theafem him and would inform males that his site is occdpiy
reproductive tract usually consists of a tube présg  an easily displaced rival. Clearly the best thinghsa
numerous obstacles, which zoologists and doctore hamale can do is to keep quiet. This then is whylliate
considered to be a surprisingly hostile environmfent majes keep silent, because when a male with a more
the sperm. A logical explanation is that the femaleyttractive voice than theirs is near it pays thelts to
reproductive tract amounts to a selective mediuat th keep quiet and to try to intercept females thaspas
eliminates the less competent sperm. A second &gum headed for the singing male.
in favour of cryptic selection is that although man These sorts of strategies are very widespreacein th
sperm, which may derive from different males, retieh  animal kingdom, raising the key question ‘how can
ovum, only one of them actually fertilises it. Féesa gjternative strategies exist?'. It might be supposeat
would gain an advantage by being able to select thfie |ess effective alternatives would be eliminabsd
sperm that bear the best (or most compatible) gemes natural selection. There are three possible ansteers
fertilise the egg since this would increase thencka thijs question and we shall consider each in turn.

that the fertilized egg would develop into an offsp of 1. Often, juvenile individuals, whose development
higher quality, which might itself survive to be ajs not yet complete, are not ready to compete ith
breeding adult. larger and more experienced adults. It is thus tadap

that they should avoid direct confrontations arstéad
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employ alternative tactics. This may apply in thseof lay their eggs in the nests that the males builtthat
the satellite male frogs described above, as thaldde instant the male fertilises the eggs and from therhe
young individuals that will engage in direct comflet  dedicates himself to his charges. As it happens,
by song when they have grown. however, an alternative strategy has been desciibed
Another example involving individuals that haveover 100 fish species that have this reproductive
not yet developed fully has given rise to a fadiiimpa arrangement; the alternative is employed by smaller
behavioural adaptation in the marine iguananales known as ‘sneaks’. The sneaks do not confipete
(Amblyrhynchus cristats Martin Wikelski and Silke territories but instead hide near territory holdéthen
Béurle studied their mating system and found thdesna they see a territorial male courting a female tiwajt
gather in groups in which each iguana defends dl smantil the moment when she lays her eggs. They thsm
territory. Females visit the group in order to mafith  out of hiding and release their sperm over the eggse
one of the males (an example of a lek mating systemsame time as the nest owner.
see Chapter 6). Copulation takes about three minutes The issue is complicated further by a second
and competition between males is very strong, s thalternative strategy in some species. For exanplie
when one is mating those nearby attempts to digplabluegill (Lepomis macrochirys a freshwater fish, in
him. Dominant males perform most of the copulationaddition to sneaks there are also males that lneveize
since the females prefer them and they are able #md morphology of females (employing the ‘transitest
complete copulation successfully on 95% of alimale strategy’. See Chapter 10 for a detailed treatin
occasions, despite disturbance by other males. |&malGiven that males using different strategies aleasé
males initiate fewer copulations, but in additiarther sperm at the same time, sperm competition must be
males succeed in displacing them 29% of the timestense and natural selection will have favoureds¢h
before they have had time to ejaculate. In thesedividuals capable of producing a larger quantfy
circumstances, young male iguanas have developedsperm. The enormous sexual dimorphism that exists
satellite behaviour, they wait around the boundadé between territorial males and sneaky males in thema
the territories of the dominant males and try tericept toadfish Porichthys notatusis surely the result of such
approaching females. None of this is particularlysperm competition. According to a study by R. Brantle
unusual and similar satellite behaviour is common iand A. Bass of Cornell University, USA, territorial
many species. What is surprising is that, whennzafe males are eight times larger than the sneaks kit th
appears, these satellite male iguanas masturbate steeaks have enormous testes, seven times bigger tha
ejaculation before she approaches. They retain thbose of the territory holders (Brantley & Bass 1994)
viscous mass of semen at the entrance to the ckmacalndeed, the sneaks could be called swimming testes.
that if they succeed in mounting a female they can A different tactic, the ‘pirate’ male, has been
transfer their sperm immediately, in much less tthen described in other species. Pirates are larger than
three minutes that it normally takes. This tactioves territorial males and their strategy consists ¢dcking
them a chance to fertilise the female before thmidant males when these are guarding their nests, fartlithe
males intervene to separate them. This behaviouraggs and then leaving so as to return the nesetadre
option increased the reproductive success of ttedlism  of its proprietor (van den Berghe 1988).
males by up to 41% (Wikelski & Baurle 1996). Two or more of these strategies (sneaks,
2. Two or more evolutionary strategies maytransvestites and pirates) can coexist in a popualat
coexist because each is effective depending onl loctey are in an evolutionary equilibrium, in whichse
environmental conditions. The American cricket gtor the reproductive success of each kind of male bell
described in Chapter 10 is a good example. Songethimbout the same. This outcome results from ‘frequenc
similar applies in the case described above alependent selection’, which favours the strategy lias
amphibians in which some males are vocal but otherelatively fewer practitioners. For example, in a
satellite males, keep silent. Here the short-terrpopulation in which territorial males and sneakyleasa
reproductive success of vocal males is greatly sope coexist, both strategies will have similar repraéec
to that of the silent ones but the former also auinigh  success if they are in evolutionary equilibrium.isTh
risk of being parasitized by a fly that kills thef®ee equilibrium persists because if for some reason the
Chapter 10). Which of these two strategies will beroportion of territorial males increases, the &seaill
favoured by natural selection? It depends. If fllee have more chances to fertilise eggs and so willdea
scarce, the vocal males mate the most. Howevtdreie more (sneaky) descendants, which restores the
are many flies, the best tactic is that of thensilmales proportions to equilibrium. If, in contrast, theoportion
because as they may attract fewer females theyotlo rof sneaks increases, there will be more competition
attract the killer flies. between them and territorial males will become more
3. Two or more strategies may coexist if they areigilant, leading to the sneaks leaving fewer dedeats
in an evolutionary equilibrium, and this is theand returning their numbers to a proportion thhives
commonest explanation for the alternative tactltat t an approximately equal reproductive success to both
we observe in nature. For example, there are mighy f strategies. This then is frequency-dependent sefect
species in which the males defend a small territomyld ~ which is responsible for maintaining evolutionary
a nest and care for the eggs and later for the grounequilibrium.
Males of such species court females to induce tteem
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Chapter 6

Parental care and mating systems

6.1 Introduction rarely, some molluscs, polychaete worms, echinogderm
and even sponges.

We have previously studied problems associated with ~ Parental care is highly varied both in the degrfee o
mate seeking (Chapter 4) and fertilisation (Chapjer 5development that it attains in different groups anthe
This third chapter on the theme of reproductiofange of care provided. The main types and the @nim
examines the strategies associated with parentalazai  9roups in which they occur are summarised in Box 6.1
goes on to consider different mating systems, which ~ The great diversity of types of pa.renta.l care in
differ according to the number and sex of individua groups often thought to be non-parental is strikiBgx
that make up a reproductive unit. These two topies 6.1 is only a general summary and does not go into
closely related but we shall study parental carst fi details but some of the ways in which parental ¢tere
since it is then easier to understand the evolutibn €volved deserve particular attention. For examie,
mating systems. classic scenarios of a bird carrying food to it&ck$ in

Robert Trivers (1972) pointed out the inversdtS beak, or of a carnivorous mammal carrying prey
relationship between effort devoted to mating anat t home in its mouth, have only rare equivalents among
devoted to parental care. His ‘parental investmerfither animal groups. Much more unusual adaptations
theory’ rests on some of the arguments that Wgave.developed in some cases. For example, parental
considered in Chapter 4, for example that males hagare is common among frogs of the geBesdrobates
much higher reproductive potential than females an@nd after the females have laid their eggs in tassggthe
tend to invest less than their mates do on pareara. adults care for the young and carry them to podls o
The theory is also based on the idea that whilenaafe ~ Water. In one species, the strawberry poison fidg (
(or pair) is caring for a group of offspring, fueth pumilio), the female feeds the tadpoles when they hatch,
offspring cannot be produced. but what is unusual is that she uses unfertilisggs ¢o

In terms of evolution, reproduction is one of thedo so. In other words, she produces special eggs th
most important activities of any living being. Hovee, —have no reproductive purpose and uses them tostouri
the time and resources available for this taskieniéed ~ her young (Weygoldt 1980). Another example of
and must be employed effectively. The sum of theeti feeding the young goes a good deal further. Theaem
and resources that an individual dedicates t8f the spideStegodyphus lineatwpens the egg capsule
reproduction is its ‘reproductive effort. This, in thirty days after the eggs have been laid and hedps
accordance with parental investment theory, has tw¢ung to emerge. These are not yet completely
components, ‘mating effort’ (an individual's lifelg developed and depend entirely on her care. Shes feed
investment in seeking mates), and ‘parental effts them for two weeks by regurgitating a liquid feed.
investment in caring for its descendants). Repradeict Thereafter she allows them to feed off her own body
effort is thus the sum of mating effort and parenta@nd, before long, the young have devoured theiherot
effort. Hence, if an individual devotes a greatldefa entirely, leaving only her empty husk (Schneide93)9
time to parental care, it will spend little time omate- Development of the young within the mother’s
seeking, and vice-versa. In this respect the sdiftes ~ body, as is typical of mammals, is a highly compige
because females devote most of their reproducffeete Of parental care that keeps the young secure fibm a
to parental care and males mainly invest in mafitege  types of external dangers during their development,
lies the key to the link between parental carerating Which is when they are most vulnerable. The
system. Both sexes in monogamous species inve®@mmalian arrangement is not unique and many
highly in parental care and little in mating. Howevin ~ Variations of this adaptation have been descritsee (
polygynous species, in which a male mates with éve Box 6.1). For example, there are several frog speoie
females, the typical male invests very little irquaal which development occurs \_Nlthln _skln folds or wiithi
care and devotes practically all his reproductifereto  the males’ mouth, but there is a still more unusaaie.

mating with as many females as possible. In the southern gastric-brooding frdgheobatrachus
silus the female swallows fertilised eggs or recently
6.2 Parental care hatched tadpoles, whose development occurs entirely

within her stomach. She eats nothing throughous thi
period and the stomach stops producing gastric
secretions, until the well-developed young emerge
through her mouth after several days (Tyler & Carter
1981).

Even more extreme parental adaptations exist. In

Parental care comprises behaviour that paren
undertake, at some cost to themselves, which tonés

to increasing the survival chances and reproduation
their offspring. Parental care is very lengthy aodtly

in our own species, as in most mammals, but thiets - X v
the general rule. Most species are concerned oiily w the miteAcarophenax mahunkeaa parasitoid of the eggs

laying as many eggs as possible and these are theha certain beetle, the young females remain engiet

abandoned to their fate. Parental care is chaisiiteof ~MOther. The mite’s life cycle is quite complex, ias
mammals and birds, but it is also observed in ardigy  ©ften the case with parasites. Steinkraus & Cro8s3)L
of other groups. These do not just include fishfound that a female mite that get to introduce iato

amphibians, reptiles and insects, but also, muchemoPeetle egg starts to eat it and grows fatter. Withér
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body some 30 of her own eggs develop, most of theeggs, and care continues after the fry hatch inyman
giving rise to females (27.2 females and 1.7 males species. In the well-known case of seahorses (agid t
average). Once the eggs hatch inside the mother, tblose relatives) females lay their eggs in the siale
females are fertilised by their brothers. The whol@bdominal brood pouch, where they hatch and thegou
process takes four days during which the mothestiyb develop. There are other less familiar examples daha

swells to twenty times its original size. She themsts,
releasing the young. The male young then die, hat t
females set off to find a female beetle laden \eitiys,

in order to repeat the process.

nutrients
and/or food

Main Specific types Occurrence
category

Provision of Direct provision of food Some arthropods and
chemical (prey) and/or water fish. Many birds and
energy, mammals.

External provision of
epidermal or other
glandular secretions.
Delivered via the mouth
or anus.

Some arthropods, fish
and birds. All mammals.

Internal delivery of
secretions of the ovary,
reproductive apparatus or
special cells

Some sponges. Some
arthropods, fish,
amphibians and reptiles.

A placenta or similar
system connected to the
maternal circulation

Some arthropods, fish,
amphibians and reptiles.
Most mammals.

Nutrients delivered
directly by the maternal
circulation

Some insects

Supply of maternal or
sibling tissue

Some molluscs,
arthropods, fish and
amphibians.

Supply of
warmth that
favours the
growth and
survival of
offspring

Directly from the parental
body (nearly always by
the mother)

Some reptiles. Many
birds and mammals.

By means of nests that
the parents build of
decomposing vegetation

Some crocodiles and a
few birds.

Protection of
offspring from
predators and
inclement
weather.

Keeping offspring in
hidden places or
constructing or making
use of refuges (nests,
holes and burrows).

Some polychaete
annelids, octopuses and
arthropods. Many
vertebrates.

Carrying offspring
externally on the parents’
bodies

Some rotifers,
arthropods,
echinoderms, fish,
amphibians, birds and
mammals.

Carrying offspring within
the reproductive system,
the gut, the ovaries,
within special sacs or
within other spaces inside
the parents’ bodies

Many invertebrates and
vertebrates.

Guarding and defending
offspring

Some octopuses,
arthropods and
echinoderms. Many
vertebrates.

Retrieving lost young

Some arthropods, fish
and reptiles. Many birds
and mammals.

Care of nest
or offspring

Fanning or irrigating
offspring to aid
thermoregulation,
respiration, removal of
excreta and to reduce
infection risk.

Some leeches, insects,
octopuses and fish

Nest cleaning and/or
grooming the young to
reduce risks of parasitism
or disease

Some arthropods. Many
birds and mammals.

Provision  of
information
important  to
survival or
reproduction

By imitation of the
parents or direct
instruction by them.

Many birds and
mammals

animal
(2002).

groups

Box 6.1. The chief types of parental care and the
in which they occur.

After Glazier

Nearly all of these examples relate to parenta¢ dpr
females. However, it is not always so and malesome
groups often perform the task. Among fish, for egbam
it is common for males to guard, defend and ireghe

no less fascinating.

| was surprised by a television documentary that |
saw some time ago. It showed the process of |agimy
egg fertilisation in a small, freshwater fish. Thele
and female leapt out of the water almost in unigba,
female then laying her eggs on a leaf of some
overhanging plant and the male brushing them wigh h
sperm to fertilise them. These leaps went on fatequ
some time, given that the female could lay up t6 30
eggs. | noted the species’ name, the splash tetra
(Copeina arnoldj, and sought further information. |
discovered that apart from this being very rareavedur
among fish (which the documentary was highlighting)
males also perform unusual parental care in tresisp.
After laying they remain near the eggs for thregsdand
keeps on leaping, to brush them with water andgev
them from drying out (Krekorian 1976).

By way of a final example of parental care
performed by males we have the case of a frugiwrou
bat, the dyak fruit-bafDyacopterus spadicelsThis is
perhaps the most unusual of all, at least frompmint
of view as mammals, since here the males helpdkiesu
the young by producing milk of similar quality tioat of
the females. This seems to result from their egtingts
that contain chemicals that stimulate milk produmti
(Francis et al. 1994), but this proximate explanation
leaves unanswered why males in this species have
evolved the ability to be stimulated to producekmil

6.2.1. Evolution of parental care

We have seen that parental care presumably in@ease
the chances that offspring will survive to breed
successfully. The key question, therefore, is ‘Wias
parental care evolved in some species and not in
others?’. We can only give a very general answatraf
species are subject to the same selective presaies
cannot really be more precise but evolutionary theo
allows us to say that in species where parenta bas
evolved, the benefits obtained by the parents &ed t
offspring must be greater than the costs incurrethb
parents. That said, it is the case that the amofint
parental investment is very variable among speities
which it occurs and is also dependent on the oeiatiip
between the costs borne by parents and the benefits
obtained by offspring.

The selective pressures favouring the evolution of
parental care are also very variable. The most itapb
are surely associated with life in a hostile envinent
in which the living conditions are very difficulThe
outcome of such influences as adverse climate hed t
presence of numerous predators and/or parasites, fo
example. There are also other pressures assoeidtted
the biology and evolutionary history of species,ichih
may act at the same time as the environmental dnes.
any event, the chief compromise is between the ramb
of descendants produced and the degree of pacamtal
If the environment is favourable for the indepernden
development of the young, parental care declines.



6.2.2. Parental care by males: the importance of
certainty of paternity

Before addressing the conflict that exists betwealesm
and females with respect to parental care, it isttwo
highlighting a very important matter when it comntes
the evolution of male parental care: their certaiat
paternity (see Chapter 5). Given that parental dudie
costly to males, the behaviour will only evolvec#re is
actually directed at their own offspring (i.e., ithewn
genes). It may therefore be predicted that thel lefe
parental care offered by a male will be relatechi®
certainty of paternity. This idea has been testgith In
comparative studies and by means of experiment
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because biological, physiological and other factors
predispose females to be the carers (see Box 6.2).

Why is parental care in birds provided by both
sexes but solely by males in fish? Several factwayg be
involved and these give rise to various hypotheses.
Where birds are concerned there is a particular
hypothesis that applies quite generally althoughtoo
all species. The situation in fish is less cleagg(80ox
6.3).

In general, we can say that parental care is
provided by only one sex when it is not essential t
both should participate. In this circumstance, wbee
sex has the opportunity of finding another mate ahd
deserting, it will leave the other sex to care fobe

investigations with many species in which the malesoffspring.

confidence in paternity has been manipulated.

In one of these latter studies, Bryan Neff, of Wesg
Ontario University, Canada, carried out a brilliahidy
of a freshwater fish, the bluegillépomis macrochirys
whose males care for and defend the eggs and ydung
this species, in addition to males that court femal
there are ‘sneaky’ males (those that fertilise dggsby

a female who is being courted by another male; se¢e

Chapter 5), so that absolute certainty of pateristy
impossible. In one of Neff's experiments, the pnese
of a sneaky male near to an experimental nest w
simulated. In the another experiment, a third ef¢lggs
were exchanged with those from other nests, beaning
mind that male bluegills can distinguish eggs byelsm
Both experiments also employed unmanipulated nests
control groups. In order to quantify parental cardive
predator was presented within a transparent bagtend
nest owners’ behaviour was observed in order t
produce an index of their investment in defence. A

t

1. Biological and physiological factors predisposin
carers

a. Males have the possibility of deserting earlier in species with
internal fertilisation.

b. Where gestation is internal, as in mammals, females are
predisposed to provide parental care since the young develop
within them. This makes it easier for the male to abandon one
partner to seek other mates.

g females to be

D
2. Other factors

c. Males are much less certain of their paternity than females are of
their maternity.

d. Males have more opportunities than females to pair again and they
have more to gain from doing so.

e. The costs and benefits of parental care are not equal for males and
females. The costs are typically higher for males and the benefits
higher for females.

AS

8 Box 6.2. Factors that favour the evolution of
exclusive female parental care in most species.

0
datteo Griggio, of the Konrad Lorenz Institute of

predicted, both types of manipulation significantlyEthology, Austria, and Andrea Pilastro, of Padova

affected the intensity of the parental care perfm
Males were less defensive when they had observed
rival male near the nest when the eggs were laidatso
when they had detected strange eggs in the nest.

6.2.3. Which sex provides parental care? The conftic
between males and females

By definition, parental care can help offspringwue to
reproduce, and thus contributes to the geneticesscof
both parents, the male as much as the female. HaweV,
such success arises independently of who proviges t
care. Natural selection does not favour the mo
successful pair, but rather the individual who &=av
most descendants. It is therefore unsurprising tthexe

is significant conflict between males and fematggen
that selection will favour the individual who ispable
of getting its mate to invest more in parental dhaem it
does itself. That individual can then invest more i
seeking more mates and thus will leave mor
descendants.

A review of different animal groups reveals
enormous variation regarding which sex cares fer th
young. For example, it is usually provided by thalen
in those fish in which there is parental care. Irdd
usually both sexes participate, whereas in maminas
nearly always just the female who cares. This tiana

is the outcome of the evolutionary conflict between

males and females in which each sex tries to erthate
it is the other that provides parental care. Whyeha
males won this conflict in most species? Perhap

University, Italy, have published several studies o
parental care in the rock sparroRefronia petroniq
Both sexes in this species apparently have oppdigani
to desert their partners because some nests aralett
by the male only, others by the female only, arlil st
others by both sexes jointly. This species thuvides
an interesting model for trying to understand hdw t
division of parental care between both sexes egolve

Why is parental care in birds provided by both sexs?

- Influencing factors: Parental care in birds is highly elaborate
costly. It involves building a nest, incubating teggs for 24 hours
day and then feeding the chicks, which grow vepjdig and thus have
voracious appetites.

- Conclusion The most widely accepted hypothesis is that lip
care has evolved in birds because the investmeniregl by the|
offspring is so large that both parents are ne¢d@dovide it.

D

t

Why is parental care in fish provided by the male?

- Influencing factors:

o Fertilisation is external, not internal, so the &enhas the firs
opportunity to desert, leaving the male holdingebgs.

o The female lays her eggs in a nest built by theemal his
territory. The male continues to defend the teryitand the nes;
while trying to attract more females so performpagental dutieq
that only consist of defending and oxygenating ¢gegs is lesq
costly for the male than for the female.

- Conclusion Three explanatory hypotheses have been suggeEted.
carers are the males because (i) they have a kigairty of paternity,
(i) they release their gametes after the femalkesashd (iii) they are
physically more closely related to the embryos. Tiied hypothesig
has attracted most support.

1%}

Box 6.3. Influencing factors and hypotheses
explaining the distribution of parental care in birds and
Sfish. After Krebs & Davies (1993).
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In the rock sparrow, as with most species, male@lthough if only one offspring has been left with
desert more often than females. The investigatommother the latter is much more indulgent).
identified the principal reasons why. The females This independence conflict of offspring is not
incubate the eggs and brood the chicks during thefonfined to mammals, but is widespread throughloert t
earliest days, so the males are the first to have animal kingdom. Another good example comes from a
opportunity to desert (Griggio & Pilastro 2007). ¥vh study of a predatory bird, Montagu’s harrieZircus
either sex deserts, a new breeding attempt witltheno pygargu3 by Beatriz Arroyo (then of the Centre for
partner begins. Thus the benefits of desertiodimnieed  Ecology and Hydrology at Banchory, UK), and her co-
by the availability of individuals of the opposi&ex with ~ workers. In this species, as with other birds inctihe
which to pair. The investigators found that femaleghicks develop within a nest, the young are attdrige
desert more often when there are more availabl@snaltheir parents for a more or less prolonged periber a
(Pilastroet al. 2001). Finally, they found that desertionthey have fledged, until they become independené T
is costlier for females than for males since, whanale investigators found that the young attempted tdom@
deserts the female compensates for his absence ttwe period of dependence on their parents, especial
increasing the number of feeds brought to the ypsnog when the food supply was scarce. As time went en th
favouring the survival of the entire brood. Howeveryoung improved their flying and hunting ability, tbu
when a female deserts the male only partly compessakept on soliciting food from their parents. Nevef#ss,
for her absence and therefore some of the chicks ahe parents eventually reduced the frequency adsfee

likely to die (Griggio & Pilastro 2007). provoking more aggressive demands for food from the
young, even though their parents had stopped fgedin
6.2.4 Parent-offspring conflict and sibling confli¢ them some days later (Arroy al. 2002).

Given that for each offspring the optimum

The ‘parent—offspring conflict theory’ that Robertsituation is to receive more resources than itings,
Trivers (1974) proposed, maintains that althouglparent—offspring conflict predicts that the Ilattenl
survival is what matters to offspring and that pfisg have to compete among themselves in order to secure
survival is vital to their parents, the interestsboth larger share of what the parents provide. This lairi§
parties do not completely coincide. Trivers argtieat seen very clearly in birds, especially in thosewimich
the optimal strategy for parents is to invest elgualall  hatching is asynchronous because the female begins
their offspring, including those that have yet ®himrn, incubation before the clutch is complete. In syobcges
since all of them share 50% of the parental gg@agshe some chicks hatch earlier than others and, beimggia
other hand, the optimal strategy for each of tHepoing have an advantage when competing for food. Such
is to receive more parental investment than theitompetition often leads to the death of one or naifre
siblings, given that an individual is obviously 200 the smallest chicks. Sibling conflict is most sevém
related to itself, but shares only 50% of its gemigk its some species with asynchronous hatching where the
brothers and sisters. This implies that naturatctein  older sibling itself often kills the younger one.
can favours offspring that demand and receive great Sibling conflict has been studied in other animal
parental investment from their parents than thiedare groups, particularly in mammals. Fritz Trillmich dan
disposed to provide. It also implies that selectwii ~ Jochen Wolf, respectively of Bielefeld and Cologne
have favoured those parents that have developéthiversities, Germany, carried out an exemplarygtu
counter-adaptations to avoid blackmail by selfistof this conflict in two marine mammal species, the
offspring, given that parents who give in to indival Galapagos fur sealA(ctocephalus galapagoenyiand
offspring at the expense of the others will leage/dr the Galapagos sea liorzdlophus wollebaeki The
descendants than those that distribute resouraeglyg females of both species do not wean their young unt
In other words, offspring have evolved to demandemo these are two years old, by which time they thevesel
from their parents than these have been selected rmay have given birth again. In about 23% of cases a
provide; and parents have developed counter-adapsat female finds herself caring for a two-year-old adlwas
to resist such demands so as not to endanger tigadu for a newborn offspring. In such cases sibling tonf
of the remainder of their young as well as not liagn reveals itself in various ways. For example, thanger
their own reproductive future. sibling weighs less at birth and grows more slothign

One of the best-studied aspects of this conflicchose whose mothers are not also feeding a larger
concerns the duration of the period of parentak.carbrother or sister. Younger pups with siblings aséfer
Offspring prefer to prolong this period as much asigher  mortality, either through  competing
possible, but it is in the interests of parentgub short unsuccessfully for food or as a result of beingaked
their investment in offspring as soon as theseapable by the larger sibling. This was especially so wiferd
of fending adequately themselves, with a view tavailability was lower and also when the largetisth
beginning investment in further offspring. Thisatégy was a brother and not a sister (Trillmich & Wolf0&).
allows parents to increase the number of breeding The same study also revealed the conflict between
attempts that they can make throughout their littess the mother and her offspring. As parent-offspringary
leaving more descendants. A typical example of thpredicts, the mother served her own interests, by
conflict associated with the duration of parentatec defending the smaller pup against aggression by the
arises from the timing of weaning in mammals. Mafst larger one and, if the latter was sufficiently deped,
you who have bred dogs or cats will have noted thdtty ceasing to feed it and forcing it to become
once the puppies or kittens have grown, theyndependent. On the other hand, if the larger pap mot
nevertheless keep trying to suckle, while their eot yet capable of independence, the mother might abvand
makes it harder for them and allows them to doao f the smaller one, leaving it to die (Trillmich & Wol
progressively less time, until at last she stofgather  2008).
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6.2.5 Human parental care the first. Since my wife had to return to work aftesr
maternity leave we agreed that, at night, she wgeld

All of you will acknowledge that we humans care forup if the younger child cried and | would do so fhe
our own young, as do other animals. However, if Elder one. My wife had to wake me for the first few
maintain that Trivers’ parental investment theotyoa nights but, to our surprise, only two weeks latemaost
applies to human parental care, | am sure thatlhaf occasions each of us only woke up when ‘our’ baby
you will agree. We shall return to this matterta £nd cried and not when the ‘other one’ did so.
of this section.

Let us start by asking ourselves a question: ‘why

Changes in mothers

do we care for our children?” Most parents will 1. Dopamine (the substance responsible for pleasure and

immediately rep|y ‘because we love them’. However reward) levels rise due to the effect of oestrogen and oxytocin
. . (this is the same reward circuit activated during intimate

this does not resolve the matter from a scienpifint of communication and by female orgasm).

view since we need to consider the deeper signitﬁea 2. Oxytocin is released in great quantities during lactation (as it is
. , . S during orgasm) and causes the sensations of love that all

of ‘we love them’. Before answering the queS'ﬂOﬂl“ w mothers feel towards their babies and triggers protection and

put another that is fundamental to assessing the care of the young. ,

. . . 3. Breast-feeding reinforces maternal behaviour. When the baby
relatlonshlp between human behaviour and that fudrot starts suckling, great quantities of oxytocin, dopamine and
animals: ‘Is it a conscious decision, made because prolactin are released in the mother. The first two make her

. . . ’ feel loved, link her physically to her child and make her
are inclined that way by our intellect and by ounsin emotionally satisfied, so that sexual desire declines. Many of
sublime rationality, or is it in some way instin@ias in the emotional benefits that sexual relations used to provide

. y . are now provided by motherhood.
other animals?’ We shall examine the neurohormonal 4. Breast-feeding lowers blood pressure, tranquilises the mother,
changes that result from the birth of a Chi|d, fdey to makes her feel relaxed and stimulates an intense feeling of

. L love for the baby.
answer these two questions. The principal changes a Y

given in Box 6.4. If we look at these carefully wanc | Changes in fathers , N ,
1 Levels of prolactin (the child-raising and lactation hormone)

see that many of the changes that take place iherot ' increase by 20% during the weeks preceding the birth,
prepare them for enjoying the experience while they itimslating strong sensations of love for the child even before
. . itis born.

perform the heavy onerous tasks that caring foir the 2. Levels of cortisol (a stress-related hormone) may double,

babies involve. To illustrate the latter | can S‘Upﬁ zteigwulili?;ing sensitivity, alertness and concern for the baby's

little-known fact: first-time mothers lose 700 hsuof 3. Testosterone levels fal by a third and oestrogen levels rise

sleep on average during the baby’s first year. above normal. during the first fgw weeks after the birth.

. . . (Testosterone increases sexual drive and represses maternal

Moreover, bearmg in mind the neuro-hormonal behaviour). This reduces the need to have sexual relations
changes given in Box 6.4’ it is not Surprising llhmtlng and increases concern and affection for the baby.

and caring for a baby is so gratifying to motheiace
maternal love has much in common with romantic love Box 6.4. Neurohormonal changes that occur in the
(both activate the same parts of the brain). Argirea female and male brain towards the end of pregnancy
Bartels and Semir Zekiof, of University College nge;;tsr(zb(;ggj Chiefly after Brizendine (2006) and
London, UK, studied mothers who had recently given '

birth, using a modern scanner to record cerebtaligc

They presented the mothers in turn with photograhs The hormonal basis and the flexibility of the paaén
their own babies, of their romantic partners, ahdther  pehaviour that we have studied indicate that, aallin
babies and of friends, in order to compare theipther animals, parental care in humans is the tresul
responses. They found that both photos of own babi@atural selection. It thus supports the initialessen,

and of partners activated different parts of tharbbut  that human parental care may also be analysed tfiem

both of these, and not the control photos, activate evolutionary approach of Trivers' parental investine
same reward zones that comprise areas rich in Gixyto theory.

receptors, this being the hormone that produces st
feelings of satisfaction (Bartels and Zeki 2004). 6.2.5.1. The evolution of human parental care
Neurohormonal changes in fathers also increase
their willingness to care for and defend the basge( we shall now consider various matters arising from
Box 6.4). It appears that in men such changes afgivers’ theory that we studied earlier in otheiraals.
brought about by pheromones produced by pregnafy the first instance, we highlighted the importaraf
women. ) _ paternity certainty on the evolution of parentafeca
Box 6.4. provides the answers to our two earliegyidence suggests that certainty of paternity ates
questions. We certainly care for our children beeatle  decisions on parental care by we humans. A marsisve
love them but that ‘love’ is the outcome of anjess in parental care when he believes that hisireini
evolutionary process that has favoured both motaeds gre not his genetic offspring. For example, manyliss
fathers with the proximate neurohormonal systenas thhave revealed that men invest less in their stégtreini
encourage parents to take care of their offSprf.  than in their own children and that children livingth
example, the baby's cry provokes an immediat@n adoptive father are more likely to suffer maitreent
physiological response in its mother that alertstb¢he  and to die than those who live with their biologica
need to attend to it. Such a response depends Onfggher (see a detailed account in Chapter 1).
complex interaction between external stimuli, the These are cases in which certainty of paternity is
nervous system and hormonal influences and may thgpsolute and thus the behaviour may derive from a
be very flexible. That response may also operatién conscious decision. However, as in other animals,
father if he is conditioned to the need and maydwo$o positive or negative indicators of paternity haveei
in the mother if she thus feels liberated from theéd. found to be influential. A study by Coren Apicellada
A personal anecdote may illustrate this flexibility Frank Marlowe, Harvard University, USA, provides a
clearly. My second child was born thirteen montfisra good example. They investigated the influence on
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parental care on two factors associated with prtibab | believe that it is a most important topic andighly

of paternity. These were a man’s perception of howopical one.

much his children resemble him and also his permept As we all know, raising children properly is very

of his wife’s fidelity. A group of 144 men was pegged difficult. If we over-protect them they may become

with a questionnaire designed to evaluate each snarspoilt, demanding and impossible to satisfy. At the

view of three aspects important to the study: hi®pposite extreme, if we neglect them they may alien

resemblance to his children, his wife’s fidelitydahis for lack of love and companionship as has occuimed

investment in parental care. Each man was presentetphanages set up for foundlings and other abamtone

with a series of statements to which a value af 3 had children. For example, there is very clear andabad

to be assigned, on a scale ranging from ‘totalkgegto  data that reveals that in the United States, dutirgy

‘totally disagree’. An example of the statemenésating early 20th century, nearly all children taken in dnch

to the man’s resemblance to his children, was:‘l(a) orphanages died before they were two years old.

think my children resemble me more than their mothe Why is raising children so hard? The simple

(b) ‘I think my children have some of my personalit answer, without going into details, is because this

traits’, and (c) ‘many people think my childreneawle activity is fraught with conflict. There is conftic

me’. between the father and the mother (as in the caieeo
The predictions based on Trivers’ theory were alsbladza above), conflict between siblings and, most

met in this study. Men invested more in parenteéchy important of all, between parents and offspring.

paying more attention to the children and spendioge Does the parent-offspring conflict that we have

time with them, when these men thought that thdescribed for other animals also exist in humarefes

children resembled them and that their investmess w may not see this clearly but the answer is a retiogn

lower when they thought that there was not muchres’. It begins at the moment of conception and

resemblance. The second prediction was also &dfill continues throughout life (see Box 6.5).

men who were more confident of their wife’s fidglit By way of example, Box 6.5 presents some
dedicated more time to their children than did ¢hefio apparent examples of conflict between mother and
were less certain (Apicella & Marlowe 2004). foetus. This information, the fruit of modern mealic

We have also previously studied the relationshifnvestigations, should convince the most scepti€dhe
that should exist between parental effort and effor existence of such conflict. They reveal that thetds
secure mates, according to the parental investmehas evolved mechanisms to secure the greatesbfmossi
theory. This too has been demonstrated in humantk, b supply of resources from its mother, who in turrs ha
in modern developed societies and in hunter-gatherdeveloped mechanisms to avoid excessive explaitatio
societies, where investment by men in parentakdut by the foetus.
influenced by the availability of women as poteintia Mother-child conflict continues after birth. For
partners (as happens with the rock sparrow). Meno whexample, babies attempt to obtain as much milk as
consider themselves to be very attractive invess le  possible from their mother. In the face of excessiv
caring for their children and instead invest mone idemand she secretes benzodiazepine in her milk, a
seeking more partners, than do men who thinkubstance that has a sedative effect.
themselves less attractive. A good example was  Babies have been shaped by natural selection to
provided by Frank Marlowe, one of the investigators obtain what they need. On the one hand, their sry i
the previous study, who worked with the Hadza, #ighly effective in gaining the attention of the timer
hunter-gatherer people in Tanzania. He found thatnd father. On the other, their smiles and cuddijivg
adopted children received less care than biologic@reat pleasure to their parents, which help inthmethe
children, a finding confirmed by many other studids joys of parenthood exceed the disadvantages. laroth
also found that the more women of fertile age thegee ~ words, babies possess suitable adaptations forngnaki
in a village, the less time fathers spent with rtheithemselves loved, which are clearly worthwhile sinc
children (Marlowe 1999). This result shows thatr¢he only babies whose parents love and care for them ar
exists conflict between paired men and women (fathelikely to reach adulthood.
and mothers) regarding care for their children, &nd
supports Triver's general prediction that thereudtidoe 6.2.5.2.1 A warning about the parent-offspring
a negative correlation between parental effort andonflict
mating effort.
There is a very worrying side to parent-offspring
6.2.5.2. Human parent-offspring conflict relations in modern western societies. To explais we
shall first consider what may have been the relatip
In humans, as in other animal species, both pasrs between mothers and suckling babies during theeSton
offspring derive important evolutionary benefitorft  Age, based on what we know of the Bushmen and other
parental care. The offspring benefit since pareagaé modern hunter-gatherers. Mothers, with babies msar
improves their chances of survival to breeding agespent many hours searching for and collecting fddek
whereas the parents benefit since they increase thabies often cried and would be immediately suckled
chances of producing successful descendants. Qgte¢ miwhen they did so, three or four times an hour foe or
therefore expect both parties to facilitate pardeosae; two minutes at a time. Mothers did not have lamedf
the offspring should cooperate with their paremtsl a reserves but rather depended on what they gathered
should look after them in a way that would be optim daily. Moreover, mothers with babies very oftenoals
for both. Nevertheless, this cooperation does appken had an older child, some four years old, to carelfife
in humans any more than it does in other animals. Wwas very hard and there would have been periods of
shall consider what does occur in our own spedieses scarcity during which the children would have gone
hungry and been otherwise in need. The adaptatiis
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babies possess to make themselves loved and toesecthanged their begging strategies and continue tebe
the greatest parental investment possible evolvetich demanding. Parents tend to respond to all sigrialsex
circumstances. Mothers (and fathers) were alsotadap (cries) from their children but the latter have lged to

to respond quickly to their baby’'s begging criegsi in

beg and demand, which means that they will contioue

times of scarcity, descendants were only produced ko so even after their basic needs have been rhey T
those parents who were capable of meeting thenay be neither hungry nor ill or cold, the basiasss
children’s needs quickly and effectively.

A. Conflict in the mother
1.

Defective embryos are aborted (from 30% to 75% of embryos
are aborted spontaneously). Genetic studies of foetuses that
abort have shown that a high proportion have genetic defects.
It is thus best for the mother to abort rather than to continue
investing in an embryo with little chance of survival.

The greater the maternal blood flow to the placenta, the more
nutrients available to the foetus. The mother tends to reduce
her blood pressure, which prevents the foetus securing too
great a share of resources and so prejudicing her health.
When a non-pregnant woman consumes a carbohydrate-rich
meal her blood sugar level rises rapidly, and then falls on
account of insulin, which stimulates the conversion of sugar to
glycogen, which is stored in the liver. Pregnant women are
less sensitive to insulin and have to increase its levels in their
blood.

Some 70% of pregnant women suffer nausea and vomiting
during the first three months of pregnancy. This happens
precisely during the period when a foetus is most vulnerable
and, especially, in response to substances most likely to be
toxic to it (meat, eggs, strong-flavoured vegetables, coffee and
alcohol).

B. Conflict in the foetus
1.

High maternal blood progesterone levels help to sustain the
pregnancy. When the foetus is sufficiently developed it
releases gonadotropin, a hormone that stimulates maternal
progesterone production, and so contributes to this process.
From the moment of implantation, the foetus stimulates a
dilation of the maternal arteries and an increase in maternal
blood pressure, enabling it to secure a greater supply of
resources.

The placenta produces a hormone that reduces the mother’'s
sensitivity to insulin, thus ensuring a larger supply of glucose
to the foetus.

Box 6.5. Conflict between mother and foetus. The first
three points in both sections are matching adaptations
and counter-adaptations. Point 4 in section A may not
be a case of conflict since it may not be instigated by
the foetus, as it could be a response of the mother

since it increases the chances of a successful
pregnancy. After Cartwright (2000) and Barret et al.
(2002).

that made them cry in the Stone Age, but they lodiver
needs that come to acquire more importance for them
such as being picked up, being fed certain faveurit
foods or getting more toys, and they cry to obthise.
Parents may give in to all these whims but thedcbii

do not necessarily stop crying but rather cry toaled
less important ‘needs’. The conclusion is that dreih

will never stop crying however much some parents
respond by satisfying all their children’'s demands.
Children have evolved to be effective at begging and
they will continue crying and to be more demanding
with each passing day.

Parent-offspring conflict, with respect to the
period during which children remain dependent airth
parents, also arises as a consequence of modarg liv
circumstances in our opulent western societies.
Numerous studies have revealed that children become
independent much later than used to be the case. Fo
example, according to the Youth Institute (‘Indtitule
la Juventud’) in Spain, now only 23% of young peopl
have left home at the age of thirty. This dramatic
statistic reveals an enormous change since onfty thi
forty years ago children became independent ta star
their own families soon after they reached the afje
twenty. The reasons are various, but perhaps th& mo
important change is the same as we mentioned earlie
parents are disposed to invest more in their orldr
They give them every opportunity to stay and s it
much more convenient for them to do so instead of
becoming independent, especially considering the
difficulties mature offspring face in securing
employment in today’s economic environment.

6.2.5.3. Human sibling conflict

Things are very different in modern societies. WomeAs we have noted, Trivers’ parent-offspring cortflic

go out to work and can neither take their baby wigm
nor can they keep stopping to suckle it. Other qaroél
changes have also occurred. Abundant food resourd@sources.

theory also predicts conflicts between siblingssegi
that each may try to secure more than its fair estudr
Humans are no exception and conflict

are available. Women often wait until they are @arg between human siblings is widespread. The history
old before having their first child and the numldr books record numerous instances of competition
children born per woman has declined sharply (it i§etween siblings for rights of primogeniture, thesen
currently 1.3 per woman in Spain). We live undegnding in murder. Psychologists are also well famil
completely different conditions from those of ourwith problems of jealousy between small siblings.
ancestors, in which parents need not be oven@ffspring also sometimes feud over the distributadn
concerned with the survival of previous or futuretheir inheritance. This is not to say, however tte
offspring, nor with their own. This change betweergeneral rule is for human siblings to get on ba@ly.the
primitive and current living conditions may explaincontrary, they often collaborate and help eachrofitie
differences between the parental care strategiesuof reasons that we shall discuss in Chapter 8.
ancestors and those seen in modern industrialised Quite a few studies reveal the existence of sibling
societies. Human parents nowadays are inclined &nflict at various levels, although the topic Hzeen
invest much more in their offspring than was theecin  less studied that parent-offspring conflict. We lisha
Prehistory, when limited resources had to be stegt¢to examine an example that meets one of the mosticrast
keep themselves alive and to feed several childrefredictions of the theory, that having insufficigihe
There will often have been times when there wabetween successive births increases the chandesniha
insufficient food and breast-feeding mothers wchade Of the children will die. Noval Alam, of the Indian
had trouble producing sufficient milk. Centre for Population Studies, followed the lives of
The problem to which | drew attention in thenearly 4,000 children who were born in a rural prt
section heading is that, although modern pareni® haBangladesh between 1983 and 1984. He found that if

changed their parental care strategies since they no  two children were born less than 15 months apbé, t
longer face limits to investing more, children hawat survival of the elder child increased the chane the
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younger would die. However, if the elder died, themating system for females is generally that in Wwhic
interval between births did not influence the sumbiof males remain to deliver parental care, allowing the
the younger. These findings were significant aftefemales to devote all their effort entirely to pucthg
controlling statistically for gender, the motheagie and and laying more eggs, thus leaving a greater nummber
familial economic status, so the conclusion was tha descendants (polyandry).

mortality was due to competition between the sisin The study that best highlights the role of
for the available resources (Alam 1995). intersexual conflict in determining mating systeims
that by Nick Davies, of Cambridge University, UK, on
the dunnock Rrunella modulari}, a contemporary
classic of behavioural ecology. This small bird sloet
Different mating systems are defined in terms af thhave a fixed mating system. It is possible to firairs,
number of individuals of each sex that comprisarthe polygynous or polyandrous trios and polygynandrous
Box 6.6 gives the most usual classification, whish igroups (usually two males with two females), althivi
followed with minor variations by all textbooks. i& the same population. Nick Davies and his co-workers
undoubtedly useful but it must be emphasised frioen t employed molecular analyses to establish the fathdr
start that the limits between different systemsraveat mother of each chick. They found that reproductive
all clear-cut, and there may be considerable \ariat success was identical for both sexes in monogamous
even within a particular species. This is unsuipgis pairs (the male and female were each parents of an
since mating systems may be seen as the evolujiona@verage of 5 offspring). In the polygynous trioxlea
outcome of conflict between the sexes in specififemale was the mother of 3.8 chicks on average,
ecological scenarios. The particular ecologicawhereas the male was the father of all of them, an
conditions in each scenario will determine whatwéns average of 7.8 offspring. In polyandrous trios the
the conflict in those circumstances. In other wpttle  reproductive success of the males depended on their
evolution of mating systems is determined by edolg dominance status (3.7 offspring for dominants af@ 3
conditions because they directly affect the opputies  for subordinates), and the female was the mothexlof

for males or females to manipulate the oppositeosga  of them, an average of 6.7 offspring. Finally, et
escape manipulation by a partner. polygynandrous groups the two females had the same
reproductive success of 3.6 offspring each whetieais

of the males once again depended on their dominance

6.3 Mating systems

- Monogamy : One male and one female. Both sexes share parental
care. May be annual (a new pair forms each breeding season) or
permanent (pairing is lifelong). Relatively infrequent and only
predominant in birds.

- Polygamy: One member of one sex with several of the opposite sex.

- Polygyny: One male and several females. Females deliver parental
care. May be successive (one female follows another) or
simultaneous (several females at a time). This is the optimal system
for the reproductive success of the male. Occurs when males have
the chance to monopolise several females. May involve pair
formation but more usually the female is left alone after mating.

- Polyandry: One female and several males. Males deliver parental
care. May also be successive or simultaneous. This is the optimal
system for the reproductive success of the female. Occurs when
females are able to control access to themselves by males. This is
the most uncommon mating system and occurs only in a few
species of birds as well as a few species in other groups.

- Polygynandry: Several females and several males. Both sexes
share parental care but in mammals this is chiefly delivered by
the females. A mixture of polygyny and polyandry. Also quite rare
but less so in mammals, especially among primates.

(5.0 for dominants and 2.2 for subordinates). Thass,
we noted earlier, a male achieved maximum
reproductive success in polygyny whereas a femae d
so in polyandry. Bearing the above differences indni
intersexual conflict is revealed to be the consagaef
females trying to be polyandrous whereas malegestoi

be polygynous.

Indeed, Nick Davies and his co-workers proved
that once males have acquired their first femady tre
not content to remain monogamous, but continue to
court other females in order to become polygynous
males. Much the same occurs with females, whoaiso
not satisfied with just one male and try to attraitters
to mate with them in order to become polyandrous.
There is also significant conflict between same-sex

individuals, given that it is better for a male be
monogamous than polyandrous and also better for a
female to be monogamous than polygynous. Thus if a
male attracts another female, the first female tmllto
drive her away. Similarly, if a female succeeds in
attracting another male, the first male will attaukn
with a view to chasing him off. The resulting matin
) . system depends on the aggression and degree of
6.3.1. Mating system conflict between males and gominance of the females and males making up the
females group but it is also related to resource availgbilA

. . _male with a food-rich territory has a good chandée o
The key to understanding the evolution of matingracting a second female and becoming polygynous.
systems is conflict between the sexes. We will th”PIowever, if the territory is poor there is more Gbe

begin by recalling some general aspects of thaflicon ha¢ the female will acquire a second male, who aiiio
(see Chapter 4 for a more detailed account). Mades h help to feed the chicks (Davies 1992).

higher reproductive potential than females so their In general and as seen in the dunnock, polygyny is
optimal reproductive strategy is generally to fs#i as  he gutcome of a male’s victory in the inter-sexual
many females as possible and to leave them in efelrg cqnflict and polyandry represents the same fomaafe.

the offspring (polygyny). In contrast, females have \jonogamy and polygynandry occur when neither sex

limited number of ova that require considerable,oyes capable of manipulating the other to its own
investment, and they can only increase the'édvantage.

reproductive success by getting males to care Her t
young, or at least to help with raising them. Tteal

- Promiscuity: Males and females may mate with multiple partners
without bestowing parental care on offspring. No parental care.
Common in fish and in marine invertebrates.

Box 6.6. Classification and definitions of animal
mating systems.

What we have seen so far allows us to predict that
in polygynous species the reproductive succeshef t
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most successful males will be greater than thathef females has been recorded for few species but dédiat
most successful females, whereas the oppositeeappli exist support what we have just concluded. As aide
polyandrous species, where the success of the md®bx 6.7, in the kittiwake, a monogamous speciesh bot
successful females will be greater than that ofrtiost  sexes produce approximately equal numbers of young.
successful males. Reproductive success will be aimil The maximum number of young produced by a stag with
in both sexes in monogamous and polygynandrows harem of hinds at his disposal is nearly twicat th
species. It is important to emphasise that repridekic produced by each female (even though he is shorter-
success here refers to the success of individdalthe lived). The maximum number of young produced by a
population level, the number of descendants left bynale elephant seal, a highly polygynous species in
males is obviously exactly the same as that left bwhich only a few males reproduce and these hage lar
females. However, in polygynous species where a feharems, is much greater than the output of any one
males monopolise a larger number of females, thiemale. The data on the human species refer to &oul
weaker males fail to reproduce. The same appligken Ismael the bloodthirsty, emperor of Morocco, wha laa
case of polyandrous females. Thus, polygyny antarem of 500 women at his disposal and to Madalena
polyandry, the most successful systems for males arCarnauba, a Brazilian woman, who gave birth to 24 son
females respectively, are advantageous only for thend 8 daughters. The Guinness book of records aites
stronger individuals since competition is fiercétet 19th century Russian peasant who is said to havé&®ad
weaker leave few or no descendants. children from 27 births (Krebs & Davies 1993), e

The lifetime reproductive success of males and claim is regarded as unreliable by various experts.

Common name Scientific name Maximum lifetime reproductive output
Male Female

Black-legged Kittiwake Rissa tridactyla 26 28

Red Deer Cervus elaphus 24 14

Elephant Seal Mirounga augustirostris 100 8

Man Homo sapiens 888 32

Box 6.7. Maximum known lifetime production of offspring in several species
according to their mating system. Modified from Krebs & Davies (1993).

6.3.2. Monogamy do. Among females, those paired with short-tailedes
are most likely to take part in extra-pair copulat but
Monogamy is more typical of birds than of any othethose paired with long-tailed mates hardly evesdoln
animal group. Up to 90% of bird species were thotigh other words, the tail length of their males detewesi
be monogamous prior to the employment of moleculavhether or not females have extra-pair copulatidhss
analyses to determine paternity. However, as noted apart, instances of intraspecific nest parasitism
Chapter 5, such monogamy is not so clear-cut whesometimes occur, generally when there is a higlsitlen
examined at a genetic level. Extra-pair copulatimesan of breeding pairs. Here females lay some of thggisen
that some of the young in a nest have been fath®red the nests of neighbours that have started layirapatit
male other than the female’s social partner. Ptoor the same time.
drawing conclusions regarding the characteristifs o The swallow example, which may be typical of
monogamy we shall consider the case of the bammost monogamous passerine birds, reveals some
swallow (Hirundo rusticd, a species that has beenimportant matters, notably that avian monogamyds n
regarded as typically monogamous. This swalloweiyv based on mutual collaboration and fidelity, as some
well known thanks to the work of Anders Mgller, of people used to like to believe. In accordance with
Pierre et Marie Curie University of Paris, Frantée intersexual conflict theory, the male and femalendd
following account derives from Mgller (1994). have identical interests and individuals of eachtseto
Early each spring, the swallows return to Europenaximise its own reproductive success. This explain
from their African winter quarters to breed. As maed the existence of extra-pair copulations in malesaas
in Chapter 4, the males have somewhat longer tastrategy for increasing the number of their offsgri
streamers than the females and these ornamentsaerv Females take part in such copulations because, by
indicators of their quality. The longer-tailed mabarive  mating with males of higher quality than their owimey
and find mates earlier. The early-arriving femadge too improve their reproductive success, not by pcirty
also of higher quality than those that follow. Theger- more young but by raising young of higher quality.
tailed males pair with the earlier females, whiehdto Females of many species have also developed
be larger and are often capable of producing tvemtls intraspecific nest parasitism as a strategy thktwal
per season. Long-tailed males tend to invest less ¢hem to increase the number of offspring that they
parental care and females paired with them tend tontribute to the next generation.
invest more on parental duties than do those pairtd Bearing in mind that a male’s own nest often holds
shorter-tailed males. young fathered by other males, we can also drathano
Swallows are monogamous but this is not to sagonclusion, which we highlighted in Chapter 5, tihds$
that they are faithful. Both males and females mayem necessary to distinguish between social monogay (p
with other than their regular partners, although @ld formation to raise progeny) and genetic monogamy
individuals are equally successful in obtainingayiair (where all offspring are fathered by the incumbent
copulations. Longer-tailed males are more successfu male). The latter is much less common than wasghiou
mating with other females but short-tailed malegene  to be the case twenty years ago, given the frequefic
extra-pair copulations (see Chapter 5). Social
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monogamy is easily revealed but detecting genetimonogamy and will pave the way for studying human
monogamy —which furthermore may be highly variablemating systems.
in occurrence between different populations ofsame Campbell’'s dwarf hamsteiPbiodopus campbelli
species— requires molecular analyses. Thus, thmugh is a small monogamous rodent of the Russian steppes.
this chapter, references to monogamy mean sociklales take great interest in their offspring antbogll
monogamy, except where otherwise specified. kinds of parental care, other than providing mitkich
The rarity of genetic monogamy is unsurprisingthey cannot do. They even assist at birth, helpireg
given that each member of a pair strives to in@és young to emerge, cleaning them and eating the plase
own individual reproductive success and not thathef (this is the only known mammal to do this). The enal
pair. When all is said and done, what may seenmgtra spends a great deal of time with the young in tedov,
is that genetically monogamous species should exist which is very important since this hamster inhalgts
all, and they do! There are indeed species in witieh very cold, dry habitat. They keep the young warnilevh
partners pair for life and in which both males andhe female emerges to find moist food. Monogamy and
females remain faithful to each other. This is seeparental care by males are very rare in rodentenEv
particularly among some raptors, corvids and sdabir  congeneric species, such as the Djungarian hamster
A number of hypotheses have been offered t¢Phodopussungoruy do not behave like Campbell’'s
explain the evolutionary persistence of monogamy. Idwarf hamster. The Djungarian hamster lives in less
the above-mentioned groups, where such monogamydsld and dry areas, so that the female alone iabtamf
widespread, the species tend to be long-lived &ed tcaring for the young (Wynne-Edwards 1995; Jones &
males are considered to be indispensable for tteeacad  Wynne-Edwards 2000).
feeding of the young. The males incubate, or fdwd t Marmosets and tamarins are very small American
female while she does so, and later they bring balfi monkeys, many species of which are monogamous. The
of the food needed by the chicks during theicommon marmoseCallithrix jacchug, one of the best-
development. Monogamy makes sense in species suchstudied species (Evans & Poole 1983; Albuquergue
these where the needs of the young cannot be met &l 2001), lives in family groups composed of a male,
just one member of the pair and the collaboratiomoth ~ female and one or more young of various ages. The
is essential. This idea is supported by the faett thfemales generally give birth to twins, which areteu
reproductive success in many of these species éms b large at birth, around 23% of their mother’s weigdftte
shown to increase over time, as the partners gain males play an active role in caring for the young,
experience. watching over them and, especially, carrying thém.
Another group of birds in which extreme parentakhis species monogamy once again seems to be based
care is necessary is the hornbills (family Buceas)d the need for the male’s collaboration in raising th
large-billed, often frugivorous, birds whose reprotive  young but there are other factors that contribotéts
behaviour is unique. The female seals herselfantteft maintenance. Females live widely separated, se trer
in a tree trunk using mud initially and later fag@nd few opportunities for males to meet other femabdso
food residues, leaving only a small hole for vextitin  the females reproduce very rapidly (they can become
and for receiving food from the male. She laysdggs pregnant again only 20 days after giving birth)tHese
and does not leave the hole until the fully-devetbp circumstances, when a male finds a female, he pipba
chicks are ready to fledge. She takes advantagheof benefits by staying with her in order to guard against
opportunity to moult becoming naked and flightlesgival males. Monogamy is also favoured by the thet
during this time. Parental care is thus almostrelytthe  both males and females are very aggressive tovesryls
concern of the male and it is especially costlsihe same-sex individuals who approach their group.threio
must feed the female throughout and after incubadi® words, both sexes enforce monogamy on their partner
well as the chicks during the fledgling periodisithard These mammalian examples reveal that
to understand why male hornbills are prepared tmonogamy may evolve under specific ecological
perform such an arduous task, but we can imagime twconditions. As in birds, it is important that thesteould
evolutionary scenarios that may explain it. Firstlybe major benefits from parental care. Natural sielec
despite being incarcerated, the females must pfay anay favour monogamy if either sex cannot raise the
important part in ensuring the survival of the &8ic young unaided. The latter example also allows us to
Also, monogamy in such species must be genetic, noffer another hypothesis that explains why monogamy
just social, since natural selection would onlydiawv exists. It may evolve when it is very hard for nsate
such enormous investment in parental care by tHe mdind females, either because these are widely atgmhr
if it was for the benefit of his own young. Bothfrom each other or because they are very well gathrd
predictions are fulfilled. The narrowing of the ass by their males. Under such conditions the besbogfr
hole by the female is highly effective defence mghi a male is to remain with the first female he cagquare.
predation. Also, in some species at least, molecula
investigation of paternity confirms that the fensabre 6.3.3. Polygyny
entirely faithful and none of the chicks in hormipiests
are fathered by other males (Stanbeckl. 2002). This mating system in which one male pairs withesal
The earlier idea provided for explainingfemales (see Box 6.6) is the commonest in nature. It
monogamy in hornbills would not be valid for marigdb  predominates in mammals, 97% of which are
species in which the female alone is capable sfrrgiat  polygynous, but also in the great majority of other
least part of her brood, nor does it apply to nspsicies animal species. As we have observed, this is ghyera
of other animal groups. We shall go on to constder the most successful system for males but it is ikdsal
examples of monogamous mammals, members of far females, so that inter-sexual conflict tends b
group in which monogamy is very rare. These widlists significant. Polygyny only occurs in species in @i
us in examining other possible hypotheses thata@xpl resource distribution enables a dominant male to



70

monopolise several females. Its occurrence is thymlygynous male has a high quality territory. Thigl
chiefly determined by the distribution of resour@esl enable her to raise more offspring than she woalkh

of the females themselves. If resources are pgtchitione in the territory of the monogamous male despit
distributed, it becomes possible for a male to méfa her not receiving any assistance with parental ,care
rich patch and thereafter to mate with those femtilat  which the latter male would provide. This model has
come to use the resources that he owns. In conirést been found to have as wide an application as was fi
much harder for males to be polygynous if resousces believed, but it has played an important role i ou
highly scattered or are uniformly dispersed. Thmesa understanding of the evolution of polygyny and #@sh
applies to the distribution of females. If theseelin  received considerable support from some studies on
groups, whether in a particular territory or temgplio use birds.

predictable routes, it may become possible for ke rma
succeed in mating with several females. Such behavi

Polygyny with males providing parental care

becomes much more difficult where females are widel - Based on resource defence: the ‘polygyny threshold model
dispersed. - Based on deception of females
There are no grounds for believing that females  polygyny without males providing parental care
will make polygynous mating easy for the malescain - Based on resource defence
. . . . - Based on defence of females
this mating system is less productive for femald® - Based onleks

might rather predict that females will distribute
themselves according to resource distribution,sriek Box 6.8. Models explaining the existence of polygyny
predation and their own gregarious tendencies,owith in species in which the males provide parental care,
giving too much regard to where the males are émkat | and mechanisms used by them to achieve polygyny in
In contrast, males will decide their movements an{ Species in which they do not contribute to parental
distribution on the basis of female location. Thig C2re: See textfor more details.

prediction has been established for several mammat
species. For example, Johan Nelson, of Lund Urityers

Sweden, performed a detailed experimental invetstiga Iy : : .
into the effect of female distribution and densitythe tshtznir;ngw;?r(iagl b;i%kb'wiﬁgﬂaluss e aeg;)emgf l)llsvlki);mi

field vole (Microtus agrestix University, USA. Nesting success in this species

Female voles were placed in individual cages Wit@enerally depends on nests being sited over e
supplies of food and water. Each cage had a holeato over dry land usually being less successful. Thalitgu
males could enter but the females were prevented fr .~ o adjacent territories was manipulated

escaping by a plastic collar. This arrangement pesth experimentally during the breeding season, in otder

:jhe |_rt1vesft|]9ator| to n:ﬁd'nf/ bOtQ t_he Id'Str'bL:t'on:éan test the polygyny threshold model. In one territofy
ensily of females within fenced circular enclosu each pair, chosen at random, nest platforms wereegd|

tlr;O??h . FOng mal.?s’bf'tlted ;N'éh radlo-trlansgtt.ersh SOover water (the high quality territory) and a feemalas
atthey could easlly be located, were releasguanch o ,\veq to remain, so that the incumbent male raswhi

enclosure. As predicted, males distributed thenaselv aired. Nest platforms were placed over dry lanthin

according tq the d'St.”bUtlon of female_s. .AISO whe ther territory (the low quality territory) and afgmales
female density was high the males maintained sma"?)aired with the territory owner were removed, sat fhe
home ranges (Nelson 1995). was now unpaired. Fourteen such territory pairsewer

The vole exampt)le serve_tsh to |IIustrat_e}hth(? molsétudied. As the model predicted, in twelve cas&84)8
common arrangement seen with poygyny. 1he 1emalgRe first female to arrive settled in the high dpyal

conduct their lives without any regard for the rsaleut territory of an already paired male. Only two feesal

the males distribute themselves according to thg ,, : . :
disposition of females. No pairs form and malesndb uﬁntg)i)recdhg?;etczpifgitllzIQJZEBIIO;/\(/)&u)aIIty territarf/an

offer any parental care. Variations on this pattera Another reason why a female may prefer to pair

widespread_. For example, in_ polygynous birds a roore with a polygynous male has to do with deceptiorthzy
less enduring seasoqal pairing may occur betWeena"laready paired male, which convinces the secortiat
ma:e ‘;“\‘/r\]/ﬂ a femlale,dwnh torr1 V;"ﬂtlom par];enttil Carﬁf“%’ female into believing that he is actually unpair8dch

m”a ?h en ma ?S t(;]nof epl 0 carr]etr(])r (tehyo rng,t. deception has been reported in several specieshbut

a € same 1o 1he iemale whether the maligeq: oyample remains the classic study of the pied

arrangement is monogamous or polygamous as far ﬂ')?catcher Ficedula h
) ; ypoleucaby Rauno Alatalo and
reproductive effort is concerned. However, whereade i\ oo o o6 Uppsala University, Sweden. Cogrti

does assist with parental care he tends to dedidlatés males defend a suitable nest-cavity (a nestboxhén t

efftirts ttow?rdg Ts f'tLSt femlale WTIIetrI]t_eavmg anter study population) and sing to attract females. \tdtgn,
mates Oth etnb for LTmse Ves. n Itls (;aseuwtbemmughce a male has paired and the female has laid her
assume that being polygynous 1S costly for a clutch, the male finds another suitable cavity aid)s

favoured females. Why then, in species where mal 3 attract a second female. The observers noted tha

help with .parental care, do some females pair wit ese males did not choose a cavity near the rfigst,
already paired males when bachelor males are alefla but rather chose one some way off, some 200m away o

Two answers to this question have been proposexd (ngerage but over 3km away on occasion. Once the

Box 6.8). second female had completed her clutch, the male

By way of an answer Verner (1964) proposed @bandoned her to return to his first mate, whom he
model, later popularised by Orians (1969), knowtthas assisted in raising the chicks. The deceived second

“polygyny threshold model'. It proposes that when female was left to raise and feed her chicks alhen

female chooses to pair with an already paired maIS:Wn and, as a result, she fledged fewer than a
instead of with an unpaired one, ' '

it is because thr?mnogamous female would have done. However, the

One of the best of these was an experimental stfidy
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first polygamous female, given her mate's assigancaddition, it has been found that in the grey seal
fledged about the same number of chicks as diHalichoerus grypus a polygynous species in which
monogamous females (Alatadd al. 1981). males are much larger than females and compete for

Male deception is sometimes more blatant. Thbarems between themselves, in 30% of cases thegyoun
hen harrier Circus cyaneusis a polygynous raptor in born to a particular mother in successive year® el
which males may pair with up to five females.been fathered by the same male, who is not nedgssar
Deception by the males here consists of bringinthe harem master (Amast al. 1995). This means that
frequent and significant nuptial gifts (prey itente)all  despite a dominant male controlling his harem,raale
the females that they court, indicating to thent thay may give preference to another male, the fathenewf
are good hunters and will bring much prey to thigldh pups in earlier years.
(see Chapter 4). However, once the chicks have éatch The third polygynous system in situations where
the males no longer bring the same amount of f@aod males do not offer parental care is neither based o
each female. They mainly assist the first femaléhwi resource defence nor on female defence. This is lek
whom they paired. The second female gets lessdralp polygyny (see Box 6.9) in which groups of sexually
any others receive very little assistance (Simni@88). active males await visits from sexually receptive

Three types of polygyny figure among thosefemales.
mating systems in which the males do not deliver
parental care (see Box 6'8)' The polygyny may bedas Definition: A lek is a gathering of males that perform courtship displays
on resource defence, on direct defense of group Dfi females that visit the lek seeking males with whom to mate. Lek
females or via defense of a display territory dela polygyny is a rare but widespread mating system that has been

. |, described in groups as diverse as birds, mammals, insects, lizards,
although the boundaries between these are not alW‘=yamphibians (where they are known as choruses) and fish.
sharp, as we shall see. -
. . . Characteristics:

A QOOd Strategy for matlng with females, if the 1. Males defend small territories that do not contain any of the

males are not going to help with parental caretois resources that the females need.
. 2. Males do not deliver any form of parental care.

defend some resource that the females need in tvde 3. Males only provide females with their gene-containing sperm.
breed successfully. This may be a territory, foodao 4 Females have free access and may mate with whichever male

. . . th h .
breedlng Slte, for examp|e~ A male who is Capame q 5. Leelglr(r:]a(l)eossiave enormously variable reproductive success. A
securing possession of such a resource will be @ble few males fertilise nearly all the females and many males do

- . not fertilise any at all.

mate with females that come to exploit it. Resource
based polygyny is particularly common in the many Evolution:

. . . . Various models have been proposed to explain lekking. The chief ones
mammal species in which males play no part in gaten| ae.

care. For exampie in the pUkNdbUS vardor)i and the 1. The hot-spot model: males gather at places that females very
. . ! . . often visit.

topi (Damaliscus lunatys two medium-sized antelopes, 2. The hotshot of supermale model: males gather around a very

the distribution of females within the territoriesf aliractive male who may entice many females to come to or
. . . . . near his territory.

various males is explicable in terms of grass dyali 3. Female choice model: males are obliged to gather since

although there are two other influencing factofse t females need to make comparisons between them. Males

A . . . outside the lek are not visited by females.
males phy5|cal characteristics and prOtG‘Ctlon from 4. Kin selection model (see Chapter 8): if males are related, the

predators (Baimfor@t al. 1992) iess attractive individuals will also joirl a lek since ii helps to
. . increase the number of females that visit and hence increases
POlygyny based on defendmg femz_iles IS a.|SO very the reproductive success of relatives.
common in mammals. The gorillaG¢rilla gorilla) broblems:
provides a typical example. It lives in by groupstt '
contain one maie, usuaiiy three or four femalesj an 1 It is very h_ard to identify Whi(_:h_male chara\_cteristics influence
. . . . female choice. The characteristics responsible have not been
their OffSpl’lng (Gattlet al 2004) Male 90”“3-5 defend identified at all for some species and there are disagreements
their females and this strategy is easily undetsgince fegaafdingFOQiiieaf; choice is hiahiv complex and based on
they all feed on leaves and other abundant plant " multiple male pr s i
materiaL so that resource defence is pointiesgm b. Potentially the mos}important of such characteristics
. . . are: morphology (size, colour and other adornments
females do live together in defendable units. such as tail length), intensity of display (comprising
It is not always so easy to decide whether or not g tseortrli?grs wfhmxgfi;iﬂtzon%alilﬂéiﬁlepggifsﬂaanﬂdd size of
instance of polygyny is due to resource defenceéoor p,evioffs experience.
female defence. For exampie, in the northern ehﬁpha 2 ‘The lek paradox’ is a theoretical problem based on the
. . . following argument: if females always choose those males
seal Mirounga angustirostris the males arrive at the with the best developed features, natural selection will favour
breeding colony beaches ahead of the females and th the alleles that increase success and will eliminate those that
.o . reduce it. The point comes when there will be no genetic
|al'988t of them defend stretches of beach, I.gtaees. variation for those characters among males and then selection
Once the females arrive, these spread out acressda by females would confer little or no genetic benefit.

and territory-holding dominant males mate with them
while keeping other males away, i.e. they deferel thH Box 6.9. Lek polygyny. Definition, evolution and
females. This is one of the most polygynous specigsassociated theoretical problems.

known, some males acquiring harems of up to 100

females (Baldet al 1996). The first lek species to have been studied in Het@s

The females’ role in polygynous mating system )
has traditionally been seen as insignificant and thihe sage grous€gntrocercus urophasianuMale sage

striking and often noisy competition between mdlas grouse ha\_/e extremely showy plum_age and other
always been regarded as deciding who pairs withmvho ornamentation and they perform highly elaiborate
It is important to realise that this need not be tase. displays. They gather at dawn and dusk during the

Females often have a chance to choose the male Vﬁﬁeeding season in groups of sometimes more than 15

whom they mate. Moreover, in many species femal irds. I.Each. defends a_small territory aggressively
may often move from one harem into another. | reventlnglllts neighbours from coming too close.
emales visit the lek for two or three days before




72

deciding to copulate with one of the males (thejyyon eclectus parrotHclectus roratuy in which each female
choose one for each breeding event). They verynoftenay mate with up to seven males. Robert Heinsohn and
pick the same male given that only a few malesgoerf his co-workers from the Australian National Univgrs
most of the fertilisations. One study observed 10%ave studied this species for several years. Thegd
copulations and nearly half of these were perforimgd that the female defends a nest hole where shehand t
the same male. The next two males in the femaletgro chicks are fed by the males. Males compete aggedgsi
of preference were responsible for around 20% ef thfor females but sometimes successive copulations by
copulations each and the fourth male accountedi@®s. different males occur without any squabbling betwee
The remaining 5% of copulations were shared betweghem. An eight-year molecular genetic analysis of
the remaining males, six of whom did not mate &t alkclectus broods has shown that the two young that
(Wiley 1973). normally comprise a brood usually share the same
Clear distinctions between the three types ofather, but different broods involving the same #&en
polygyny do not always exist. For example, someemal are fathered by different males. Some males nestetog
of lek species instead defend larger territorieayafitom  be fathers at all (Heinsolat al. 2007).
the lek and others may not display any type of The rarity of social polyandry has always been
territoriality. Topis, the antelopes to which wdereed explained on the grounds of basic consideratioastie
above, sometimes defend very small territories imnd have noted several times (see Chapter 4). In s c
that case constitute a lek. In several speciesamaile they are that females have little to gain by mativith
different populations have been found to employnore than one male and also that, in mammals add,bi
different strategies. For example, males of mosthe males always have the first opportunity to cteemed
populations of red dee€érvus elaphysdefend harems so to leave the female caring for the young.
of females but in some parts of Spain they defermdl f Nevertheless, as indicated in Box 6.10, although
resources for females, whereas they have been ktmwncopulating with several males does not increase a
form leks in Italy. Manipulating the environmental female’s reproductive success, she may obtain both
conditions experimentally has been shown to brindirect benefits (to herself) and indirect ones (Far
about a change from defending harems to defendiraffspring).
resource-containing territories. Juan Carranza asd h Social polyandry is certainly rare. Nevertheless, a
co-workers of Extremadura University, Spain, predd noted earlier and in Chapter 5, studies based oatigen
food in areas in which red deer stags defend har€hes analyses reveal that genetic polyandry is much more
change was immediate. That same day the hindsequent. A further good example of this is proddey
remained near the food for most of the time and &#vo two Australian workers, Phillip Byrne of Monash
the stags switched to defending those areas. Fher o University and J. Scott Keogh of the Australian ibiaal
stags also switched to defending territories rathan  University, with their work on a small amphibiamet
groups of female during the next few days (Carratza brown toadlet Pseudophryne bibronii As often

al. 1995). happens with fish, male toadlets build and defeastsn
in which females lay their eggs. Observation amkgje
6.3.4. Polyandry analysis has shown that the female toadlet dighber

eggs between the nests of up to eight males. Taam

This mating system, in which a female pairs seyuallthat the mating system is polygynous from the males
with several males, either at the same time ostandpoint, but is polyandrous from that of the déa
sequentially, is regarded the rarest in nature.igboc (Byrne & Keogh 2009).
polyandry, in which a female associates with sdvera
males.' has been re.porteq In very fEW’SpE‘CIES: Mho 1. Direct benefits : those obtained by the female herself
genenC p0|yandfy, in which a female’s Oﬁsprmg\/ea a. Fertvilisationv is assured. Copulating W[th more than one male
more than one father, is quite common (see Chapter avoids the risk that a male might be sterile. y

. . . . . Extra food is obtained. Mating sometimes involves receiving
social p0|yandry IS Only known for a few bird S nuptial gifts or nutrient-rich ejaculates. Either may help a female

and in a few mammals, such as the saddle-back to produce more descendants. ) )
Obtaining more parental care by the male. Exchanging sex with

19% ot
o
o

o

tamarin Gaguinus fuscicoll}s whose family groups males for parental duties may benefit the female since the
most often contain one fema|e, two males and their additional help may allow her to raise more offspring.
. . d. Avoiding harassment by males. Where such harassment is
offspring (Goldizeret al. 1999). common (as in some ducks where a female may even be
Sequential polyandry is most usual in polyandrous drowned as a result), it may be a good strategy to copulate with
. . . . another male who may protect her, or even to accept the
birds, in which the male alone provides parentak.ca aggressor male rather than to resist futilely.

The female mates with one male, lays her clutch and
leaves it in the care of that male while she deptot
repeat the process with another male. Such class

2. Indirect (genetic) benefits : those obtained for her descendants

. Increasing the genetic diversity of the offspring. This increases
c the chances that some at least may survive.

Achieving genetic complementarity. The availability of sperm

o ®

polyandry is typical among several shorebird syeoie from several males makes possible selection by cryptic female
the family Charadriidae. In this group when one memb choice (selecting the best sperm, see Chapter 5) in which

. o females may select the sperm that best complements their own
of a pair deserts it is usually the female. In $petted genetic constitution.

o

Obtaining genes that render the offspring more attractive, in
accordance with Fisher’s runaway selection model (see Box 4.6).
. Obtaining the best genes for increasing the chances that the

sandpiper Actitis macularid, females may mate with up
to four males in succession. This species, as with

[=%

jacanas, shows ‘sex-role reversal’ (see Chapteth4); gzzggggarm“ be good at surviving, competing and leaving

females are larger and compete for males among '

themselves. ) ] ]
An alternative termed ‘cooperative polyandry’ alsg Box 6.10. Possible benefits that females may derive

L . from mating with several males. After Birkhead
occurs in birds but even less often. Here the fesmpéir (2007). g

with several males at one time and the latter jperfo
most parental care. An interesting example is the
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6.3.5. Polygynandry and promiscuity average 76% of the chicks in the nest have not been
fathered by any of the males in her family (Muldeal.
As defined in Box 6.6, these mating systems ar&994).
characterised by individuals of both sexes matiriilp w What then happens in polygynous species, in
several or many of the opposite sex. Polygynandmwhich the prejudiced sex is supposed to be thel&ha
involves parental care but promiscuity does not. Il brief summary of an outstanding study of the grea
polygynandry not all individuals are involved inreed warbler Acrocephalus arundinaceusy Dennis
copulation at the same time but this is more uswal Hasselquist and his co-workers of Lund University,
promiscuous systems, which tend to occur amon§weden, will help to provide an answer. This is a
species with external fertilisation. In many fishdain  polygynous species in which females choose those
marine invertebrates, males and females may aseemihales with the most diverse vocal repertoires @mebt
in very large groups and when the time comes thiey andicator of male quality as noted in Chapter 4) and
release their gametes into the water at the same 80 whose territories are most rich in resources. It is
that fertilisation happens on a vast scale. certainly the case that the male provides littlép hia
Polygynandry is very rare. It is somewhat morecaring for the young, but, does this mean that de i
frequent in mammals, especially among primates artdking advantage of the females? Molecular analgées
rodents, but it is very uncommon in other groupspaternity revealed that females have extra-pair
Smith’s longspur Calcarius pictuy is one of the very copulations with males whose song is more elaborate
few bird species that employs polygynandry, in wwhic than that of their own partner. Moreover, the stalvbf
females copulate with various males in turn dutimgir  the chicks after fledging is related to the sizethadir
fertile period, and a male may copulate with sdverdather’s repertoire (Hasselquist al. 2002). In short,
females. Subsequently, the male longspurs colltdana females choose the male who can best provide a food
bringing food to the nests owned by females wittomeh rich territory. If he is not one of the highest géa
they copulated. Interestingly, male longspurs haeen quality, the female will copulate with others ofghéer
shown to be capable of ‘calculating’ how many ckigk quality who will pass their good genes on to her
a nest may be theirs and they bring food to thé imes offspring —see also the blue ti€yanistes caerulelis
accordance with this estimate. What is truly rerabi&  study in Chapter 5. From a genetic viewpoint, polygy
is that the feeds brought by a male to a nest am& m becomes polyandry if there is a high rate of epaa-
closely correlated with the number of chicks he hasopulations by females.
fathered (established by molecular analyses ofpiayge Evidently some of the concepts relating to mating
than with the time he spent with the female duttiey systems need modifying. | agree with Marlene Zuk
fertile period (Briskieet al. 1998). On what can Smith’'s (2002) that nowadays we have more than enough
longspur males base such an exact calculation?a¥e h information to know that what is observed on a &boci

yet to find out. level rarely matches what is going on at a gerietiel.
The high frequency of extra-pair copulations meiuas
6.3.6. Conclusions on classifying mating systems the commonest mating system is in fact polyandhe T

Australian toadlet mentioned above provided an

Box 6.6 presents a traditional classification of in@t example of a species thought to be typically pohays,
systems and we have seen that polygyny has alwagmce each male pairs with several females thatHay
been regarded as the most frequent arrangemeertigs in his nest, but that has been found to be
Nevertheless, evidence has been accumulating owveolyandrous from the females’ standpoint on theéshais
recent years that females play a much greateripart the more precise information supplied by molecular
mate choice than has normally been attributed émnth analyses. However, we may still have to wait a vhil
Most previous investigators were men and thisilistise  before revising the classification of mating systeam
case, so it is not surprising that the issue haayad been the basis of genetic analyses of paternity. Thiesause
studied from a male viewpoint. such analyses have as yet been performed on few

We noted in Chapter 5 that extra-pair copulationspecies and also because significant differences
are most often initiated by the females and alsbttiey sometimes exist between different populations & th
happen in most monogamous species. Thus, althoughme species.
90% of bird species are considered monogamous, on a
genetic level and from the females’ point of vidwey 6.3.7. Human mating systems
may be considered polyandrous, since several males
may have fathered the young in a nest. Also, ihis section heading is not an error. | have wmitte
polyandrous species, where the female is the saix tHsystems’' since one cannot speak of a sole mating
benefits from multiple mating, females have severadystem in the human species. Although monogamy
males to help them care for their young. They ae n predominates in our western industrialised sodetigs
necessarily satisfied with just a few partners and not the case among other cultures. As with other
sometimes continue seeking more-attractive males wiprimates, our mating system is variable and flexibl
also will father some of their offspring. The super since, as we have seen, ecological conditions hese
fairy-wren (Malurus cyaneus provides an extreme direct influences on such systems. The human spéie
example. This small Australian passerine does formo exception and, since we inhabit a great diveisit
pairs but the commonest reproductive unit compraes habitats across nearly the entire planet, instarofes
female, a dominant male and several subordinateanal practically all possible mating systems have been
Nevertheless, despite possessing a harem of nfedes tdescribed (see Box 6.6). Despite this diversity,sivall
will later collaborate in raising the chicks, thenfale end the chapter by trying to determine which mating
often also copulates with the most attractivesystem may be considered more widespread among our
neighbouring male (see Chapter 5), so much so thnat gpecies.
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According to an analysis of a large number osome of them die. As a result, many children are
ethnicities and non-western cultures, i.e. thogeunder orphaned and this considerably reduces their cisaoice
the strong religious or state influences that ssurvival, from 86% for children with a father to%Cfor
characterise our own civilisation, the majority ofthose without. The investigators found that Achénsa
societies are polygynous (83.4%), although monogantgnd to live with two men, one as the primary partn
is also well represented (16.1%) while polyandrguge and another with whom sporadic sexual relations als
unusual (0.5%) (Cartwright 2000). We shall consitter occur, so that he too has a chance of fathering her
different mating systems in the reverse order to oichildren. They interpreted this hierarchical polganas
earlier review, with a view to dealing last wittetimost an adaptive strategy that allows women to achieve
interesting, monogamy. protection for their children in the event thatithfest

spouse dies.
6.3.7.1. Polygynandry and polyandry

6.3.7.2. Polygyny
Polygynandry (see Box 6.6) is extremely rare in husna
Setting aside the social experiments of the hippiolygyny, as we have seen, is the most frequerihgat
communes of the mid 20th century, it can only seb#  system in cultures outside western influences. §her
found among the Inuit, and then in a very particulastrong evidence that it has always been widespiead.
form unlike that which we described for some birdla example, numerous passages in the Bible make it clea
mammal species. Two Inuit couples may have a mututiiat the Israelites, together with all other pespé the
arrangement to share hospitality and help thatnelstéo region, allowed a man to have as many wives and
sexual favours. When a man needs to leave hisfaife concubines as he could support. The custom is so
time and visits the igloo of the other couple tiy not  ancient that the first polygynous man mentioned is
only provide accommodation and assistance, butheso Lamec, son of a great-great-grandson of Cain, omfeeof
will be allowed to have sex with the woman, a favousons of Adam and Eve (Schwartz 2008).
that is reciprocated. Long absences of this type ar As happens in other species and also in polyandry,
uncommon which means that cross-copulation betwegyolygyny is influenced by environmental factorse(se
such ‘associated’ couples is also uncommon andigke Box 6.6). The relationship is a complex one. Accogdi
of extra-pair paternity is not very high. On théhet to a review by Bobbi Low (2000), the factors thatstno
hand, the arrangement confers very important besnefiinfluence polygyny are the risk of parasites, the
since under the harsh living conditions of the &r@ seasonality of the rains, irrigated agriculture and
spell of poor hunting could mean death and beidg @b hunting. Together these explain 46% of instances of
count upon the help of another couple (and a sesehd human polygyny. The most surprising and interesting
of relatives) is of inestimable value in times c&city. finding is that parasite abundance has the cleafstt.

Polyandry (see Box 6.6) is also very uncommon. It has been often maintained that polygyny is dhief
is only frequent among several Himalayan peoplesletermined by resource availability, as happenatter
Interestingly, instances of polyandry have two poin  animals (see Box 6.8). The thinking is that monogamy
common in all cultures where they occur: the lasd iwould predominate when resources were scarce and
resource-poor and the men who share a spousetare ofpolygyny would do so when they were abundant, for
brothers. These circumstances favour polyandrytif@n example in agricultural communities. However, the
one hand, polyandry occurs where living conditians  situation is far more complex and parasites instead
so poor that it is hard for one man alone to previte appear to be especially important because, for plam
resources needed to support a family and smonogamy is practically non-existent in areas with
collaboration between two men is what makes raising high incidence of pathogens nor does polygyny
child possible. Also, the fact that the two men arénvolving marrying two sisters occur in those
brothers diminishes the inevitable conflict asstla circumstances, unlike in other places where theee a
with sharing the same woman. For example, in a Skower risks of contagion. According to Low (200Bnth
Lankan population in which such husbands were ndindings suggest that polygyny increases the geneti
always brothers, it was shown that the marriagese wevariability of offspring and would thus increaseeith
more stable and lasting when they were brothers thaesistance to parasites. However, the main advaribg
when they were not (Birkhead 2007). The older bnothepolygyny is that it allows females to choose resist
enjoys more frequent sexual relations so it isnates (see Chapter 4).
unsurprising that the younger one leaves to fingifa Low's review did not take account of another
for himself when conditions permit. The joint factor that has been shown to influence the spodad
occurrence of the above two circumstances in apolygyny in humans: a shortage of men. It has been
cultures in which polyandry is practised suppotie t shown that polygynous trios often form after a \wad
idea that it is an adaptation that strengthensakocithese comprise a man and two sisters. The expiemisti
alliances that enhance reproductive success undée same as that offered for polyandrous trioslinmg
difficult conditions. This adaptive conclusion hlagen a woman and two brothers. The fact that the women a
criticised by some anthropologists but the evideimce sisters reduces possible conflict among them. An
favour of the hypothesis continues to accumulatsittS interesting anecdote may help us to understand this
1998). situation. During our study of the black wheatear

Kim Hill and Magdalena Hurtado, of the (Oenanthe leucufawhich is covered fully in Chapter 2,
University of New Mexico, USA, have described awe colour-ringed the adults at 200 nests but foamig a
special form of polyandry among the Aché, a huntersingle case of polygyny. Here there were two nesets,
gatherer people from Paraguay (Hill & Hurtado 1996)metres apart, in one male’s territory, a rare ewemthat
The men in this society are very violent and resolvis usually a totally monogamous species. We ndted t
problems by fighting with sticks, as a result ofieth the two females were ringed and when we re-trapped
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them we found that they were sisters from the sa@sé  regular fashion as in sailors having a wife in gveort.
This helped explain the polygynous trio becaus€ases are still reported from time to time, esphcial
normally one female would not tolerate a competitor now that information technology allows all those
her partner. Normally one of the factors that imgsed involved to keep in touch. For example, a recentsne
male mating with two females is competition betweerulletin told of a lorry driver who was arrestedr fo
the latter. Instead, as we saw in the case of th@ack, keeping two wives, each in a different Spanish. city
each female will try to drive away the other smasto Box 6.8 also gives three models that may explain
have to share the parental care offered by the.male polygyny in species in which the males do not
this case, by being sisters the conflict was legsst@th participate in parental care, based on resourcendef
accepted the situation. The same may happen amoagd female defence. Two possibilities are offered t
humans when few men are available. A woman mighgxplain why a woman might pair with an already-edir
not accept her husband taking a second wife bugérevh man in such circumstances: because she has debated
that wife is her sister, it is less out of the dimsgiven it is to her benefit or because she is obliged dosd,
the many genes shared by the two women. either by her own family or by the man himself.both
When speaking of human polygyny it is obligatorycases the men involved would probably have ressurce
to give special attention to the famous haremsweaie  with which to pay the woman’s family.
a common feature of the palaces of sultans, ekiirgs, The other model of polygyny given in Box 6.8 is
emperors and other rich and powerful leaders. Sudhe lek model, in which males display to attrachédes.
extreme harems comprise a very recent phenomenonDoes anything similar occur in humans? If you think
human evolution. Until the development of agrictdtu about it, a discotheque offers certain similarites lek.
made possible the accumulation of resources, iplgim Various women interact with various men and an
was impossible for a man to dispose of sufficienexchange of information takes place via a diversity
resources to be able to support several wives lagid t displays. Instances of violence between the men in
offspring. A review by Laura Betzig has revealedt thaquestion are not unusual. However, two differericas
harems were common among the great empires tdks proper arise. Copulation is not always beinggbt,
antiquity such as Babylon, Egypt, India, China, theas some of the participants are seeking a pair-bonded
and the Aztecs, and among all peoples ruled by ffalve partner. Also the females as well as the malesrtidee
kings. The harems of King David and King Solomoa artheir attributes. This last is unsurprising sines, we
particularly renowned. All these men acquired greatoted in Chapter 4, since the human male also iswest
riches and so were able to collect many spouses, wiparental care, he too is selective.
provided them with a large number of children (Bgtzi
1986). We have already mentioned Moulay Ismaek.3.7.3 Monogamy
emperor of Morocco from the late 17th century itite
early 18th century, who had 888 children from rasdm  This is the mating system of modern industrialised
of some 500 wives (Box 6.7). Very probably thesocieties and, as we have seen, of 16.1% of waditi
potentates of antiquity did even better since thanrems cultures. It is also always present among ethegith
were ever larger. The largest of all was perhaps ¢fi which polygyny or polyandry exist. Nevertheless, we
King Solomon who, according to several sources, hatust stress that monogamy in humans, as in other
1,200 wives. animals, does not imply fidelity. As we saw in Chapt
Returning to the more usual type of polygyny,5, extra-pair copulations are also common in oeciEs
involving a man with two or just a few women, jas and these may result in children by other than the
we did for animals in general we need to ask ouesel ‘official’ father. In other words, in the human spes
why a woman should pair with an already paired nan. too, social monogamy does not always mean genetic
our species, in which the man contributes to patentmonogamy.

care, two models may serve to explain this, thggoly Monogamy may seem entirely normal to us,
threshold model and the mate deception model (Boparticularly if we live in a country where it isetonly
6.8). legal option, but in comparison with other spedteis

Does it benefit a women to be polygynous if thdess usual. Only 3% of mammals are monogamous, so
man disposes of abundant resources, as propost by why are we among them? We have seen that one of the
polygyny threshold model? The answer is sometimesrcumstances driving the evolution of monogamthist
yes. A recent study by Mhairi Gibson and Ruth Made, the offspring require such demanding parental taae
Bristol University, UK, provides a good comparisonit is very hard for one parent to raise them alofts
between the reproductive success of a monogamossuation applies to humans. Our babies are baghli
woman and that of a polygynous one. The number afependent and incapable of doing anything for
children borne by a polygynous woman depends on h#temselves. Their long period of dependency onrthei
ranking within the man’s spouses, as happens bsbir parents makes severe demands of the mother tha mak
The first wife of a polygynous man has greateit almost indispensable for her to be able to caumthe
reproductive success than a monogamous woman éut flather's assistance in order to raise them suogkgsf
second and third wives do less well, and thisfieeeed  This is undoubtedly an important factor but it does
not so much in terms of the quantity of offspring bf  explain the differences that exist between oursehred
their quality. The children of the second and thiiges other primates since the females of our closeativels
tend to be thinner, weighing less relative to tingight, also give birth to offspring that require a greatldof
and so, probably having less chance of long li¢fsigh  parental care, but they are not monogamous.
competitive ability (Gibson & Mace 2007). The most widely accepted explanation (see the

There are no detailed studies of the deceptioreview by Buss 2007) is that the emergence of cdedea
model but this mating system may have been quitevulation in the human species is responsible for
common in situations where men had to travel in amonogamy having become the most appropriate mating
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system for our species, since it allows the wonman tbut un-quantified number of unmarried couples that
obtain more help with parental care and it provittes have separated unofficially. This high rate of
man with greater paternity certainty. The reasongngs relationship breakdown, which tends to be follovid
follows. Most female primates signal when they ire the establishment of a new relationship (more often
heat by changes in colour (and smell) and by smglli men than in women) does not permit us to consider
around the genital area. When males detect thatlésm monogamy as typical of modern human societiess It i
are in heat they can guard them and copulate Wwigint more accurate to speak of successive polygyny frem
during that period, deriving certain guarantees ofnan’s point of view or of successive polyandry from
paternity. At other times they can seek other femal that of the woman. This phenomenon is also known as
When the females in one of our ancestral specia@sece serial monogamy.
to signal when they were fertile and became paéinti
sexually available at all times, it became impdssfbr  6.3.7.3.2. What is the typical human mating system
a man to guard a woman effectively, which thu$rom a biological viewpoint?
enormously reduced his certainty of paternity. Tiefs
the man with two options. He could continue beingrhis question can only be answered by reference to
polygynous, with the risk that when he was with ondiological characteristics that are outside cultura
woman, another man could be with another of hisgjiv influences. Two meet this requirement: sexual size
thus reducing his assurance of paternity. Altemefiti dimorphism and relative testis size. With respecthie
he could become monogamous and remain together wiibrmer, a number of comparative studies have shawn
one woman, thus blocking access to her by other matirect relationship between the degree of polygsng
and so increasing his paternity certainty. His cleanof sexual size dimorphism (the size difference between
mating with other women would be reduced but henales and females of the same species). The more
would have a greater chance of being the fatheéhef polygynous the species, the greater the sexual size
children borne by his wife. It is also the caset tee  dimorphism. The explanation lies in that a higheleaf
monogamous tendency would have been favoured Ipplygyny implies greater competition between males
custom at a social and cultural level. Such ritageh that sexual selection would favour the larger males
existed in all known cultures and they served toveot  Sexual size dimorphism is moderate in humans, where
the union of a man and a woman into a publichhman is 8-10% taller and 20-40% heavier on average
acknowledged and respected partnership. The ingfact than a woman. This indicates that a moderate degfree
social norms, latterly including religion, becamepolygyny would be typical of our species. Compasativ
progressively stronger to the extent that monogény studies support this conclusion. For example, atingr
now imposed by law in many cultures. to data on anthropoid primates gathered by Cartwrigh
The idea that monogamy in the human species {2000), sexual size dimorphism in polygynous speise
an adaptive strategy that evolved long ago is stpgo greater than in other species. Thus, sexual size
by the fact that a mechanism exists that favouis padimorphism expressed as male weight divided by fema
maintenance, and reduces the chances of extra-paieight is 1.8 in the gorillGorilla gorilla) and 2.2 in
copulations: jealousy. This is a well establishedhn the orangoutanRongo pygmaes both of which are
adaptation, not only because it is common to dtlicels, polygynous. In the polygynandrous chimpanzéan(
but also because it occurs in both males and femaldroglodyte$ it is 1.3 and in human$ipmo sapiensit is
Moreover, the factors that provoke jealously differl.1.

between the sexes in accordance with the predgtdn With respect to relative testis size, as we saw in
evolutionary theory (see Chapter 5 for a detailembant Chapter 5, comparative studies have demonstrated tha
of jealousy). the greater the amount of sperm competition, thgela

the testes. Harcoumt al. (1981) showed that human
6.3.7.3.1 Is monogamy the typical mating system of males fall between polygynous species such as the
industrialised countries? gorila and polygynandrous ones such as the

chimpanzee. In the gorilla, one male has sevenaalies
Having more than one spouse at a time is prohillited and there is much inter-male competition but narspe
law in western industrialised countries. This cagts competition, whereas in the chimpanzee males and
monogamy, from a social standpoint. However, from &&males live in groups so there is much sperm
biological point of view it is not so for two reas competition, but less direct inter-male competitidhe
Firstly, the existence of extra-pair copulationplies a data thus suggest that according to relative testésthe
degree of polyandry. Secondly, monogamous unioas ahuman mating system would be moderate polygyny with
frequently broken by separation and divorce. an also moderate level of sperm competition.

Taking data supplied by the National Spanish Barret et al. (2002) provide additional evidence
Statistical Institute by way of example, 95,000-080 that supports the conclusion that moderate polyggny
marriage dissolutions have occurred in my countryhe standard mating system of our own species.
annually over the past ten years, taking divorced a Monogamy has to be imposed by law in modern western
separations together. In total nearly 1,200,000pkesu societies in order to be maintained, although keria
separated or divorced between 1998 and 2007, a vanpnogamy and other strategies can circumvent the la
high number even without including the ever inciegs
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Chapter 7

Gregariousness, groups and societies

7.1. Introduction necessary. They are able to communicate via certain
molecules that they use as indicators of population

Nearly all animal taxa include some species whos@ensity. This enables them to attack their hostthat
individuals are solitary, pairing up only to repume, ideal moment, precisely when their population dgnsi
and others that form more or less substantial stabhas reached a level likely to maximize the sucadss
groups. These groups may simply be seasonal gagseri individuals in reproducing or dispersing (Jutetsal.
to achieve some objectives, such as attractingsnpate 2005).
they may be permanent congregations within whi¢h al
activities, such as food-seeking and reproductime, 7.2. The costs and benefits of living in a group
performed. Gregarious species are those in which
individuals form temporary groups in which they ney Why are some species solitary and others gregadous
may not remain for long according to their intesest social? Before answering this question we shall éxam
This in turn will depend on the balance between thwhat happens among spiders, a group that includes
costs and benefits of being in a group. In sogakis gregarious and solitary species, taking advantdga o
the relationship between individuals is generalipter, review by Mary Whitehouse and Yael Lubin, of Ben
social groups often being composed of relatives. Gurion University, Israel. There are approximately

Edward Wilson published his famous book38,000 known species of spiders and the great ityajor
‘Sociobiology’ over 30 years ago. In it he defendee are solitary. Group living has been described folyo
need to apply biological methods to the study afido some sixty species, 23 of which form fairly complex
behaviour in all species, including our own (Wilsonsocieties. In some cases gregarious species fage la
1975). The book stirred up enormous controversygroups in which each spider builds its own web {was
particular on account of its final chapter, whiclasw its own prey and reproduces independently. Newalsi
devoted to the human species. Wilson was criticisstd are accepted readily, but there is no chance of
only as an inadequate scientist but also as arloigee cooperation between the group members since each
who was in effect defending racism, male dominancenaintains its own web. The colonies derive a clear
social inequalities, genocide and rape, among othé@dvantage when it comes to prey capture but social
unpleasantnesses. These criticisms were rebutted kghaviour yields no other reproductive benefit. éfiaal
Chapter 1 of this book, precisely because | wish tparental care is poorly developed in such speblese
justify, from a biological viewpoint, the joint iy of  highly social spiders on the other hand spend #&ire
human behaviour alongside that of all other animals  lives in communal webs and nests that, dependirntgen

In the year’s after Willson’s book was published,species, may include from a few individuals to
and although critics headed by Stephen Jay Gouwld dihousands. For example, Amelosimus eximiugebs up
not cease their attacks, sociobiologists contintieir  to 7.5m long, 2m wide and 1.5m high have been found
evolutionary work, which helped explain a great snan containing up to 50,000 spiders. These extraordynar
behavioural phenomena. After three decades of tiyrmosocial spiders cooperate in capturing prey that is
history has pronounced its verdict: sociobiologys hafrequently much larger than is caught by non-social
triumphed (see the book by John Alcock (2001) irspiders of the same size. They feed together, depe
which he applies lucid argument and crushing ldgic within the same web and may care for the young
justify this conclusion). communally. Each individual's success increases as

Alcock (2001) highlights that whereas criticismmore spiders join the web since the larger it &srifore
did not impede the advance of sociobiology, it liésim  effective prey capture becomes and the greater the
the development of other social sciences, whichehavumber of offspring produced (Whitehouse & Lubin
generally resisted the application of the theorpatrral ~ 2005).
selection to an analysis of human behaviour, thaoks Let us now return to our earlier question, but in a
the criticisms of Gould and others. Sociobiologists different form. Bearing in mind the advantages \ageh
the other hand have made notable progress, notionlymentioned, why are social spiders so uncommon? The
explaining the social behaviour of many speciesats ~ answer is because living communally not only canfer
by discovering a great variety of strategies an@dvantages, but also has its downside (see BoxThg).
behaviours that imply coordinated action by indixats 23 species of social spiders belong to seven difter
in groups in species in which this had never beefamilies and spider sociability has evolved
suspected. Thus, it has been shown that mangdependently at least 12 times (Avilés 1997). This
microorganisms have quite complex social behavioumeans that it must not be too difficult for soclapito
which not only includes cooperation between indigls  emerge when the benefits outweigh the costs bullysu
but also involves networks of communication thaphe the costs must exceed the benefits. Communal living
them seek, reproduce and disperse (see a review $9cial species is favoured by two factors: firstihen
Crespi 2001). For examplé?seudomonasand other all the individuals involved are related, which ueds
pathogenic bacteria have been shown to be capdbletbe costs of competition; and, secondly, when they
responding in unison in a coordinated way whersit i
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exhibit parental care, so that looking after theing@ capabilities of their component species. A wellakmo
provides an additional benefit (see Chapter 8). example is the association between impaksepyceros
Box 7.1 summaries the principal costs and benefitmelampu} antelopes with superb senses of hearing and
of living in groups. The benefits clearly predontméor smell, and olive baboon$épio anubiy which have
some species and the costs for others, but usaaily good eyesight. Both species are gregarious and they
form of gregariousness is the evolutionary outcarhe quite often form mixed groups that allow them taedée
the cost-benefit relationship. For example, in thand hence avoid predators at long range.
familiar case of African lionsRanthera led no single
benefit can be held as responsible for the soaibits of
this feline; instead, several are involved. Amorigeo
benefits, living in a relatively large pride lowsrs to  Given that group living involves significant cogsee
defend their territory against other prides andrtbebs Box 7.1), it may be predicted that as colonial liyin
against intruder males, makes hunting more effectivevolves from solitary existence adaptations willser
since it enables the group to encircle and surghie# that will smooth the transition. To illustrate such
prey, and makes it possible for large aggressiey,pr adaptations we will consider in detail one of thesm
such as Cape buffaloeSyncerus caffgrto be tackled.  universal costs that group living incurs: the geeatsk

7.3. Adaptations to living in a group

[

o

1. BENEFITS

. Obtaining food
i

Greater efficiency in finding food. Where the food sought is
localised but hard to find (e.g. carrion, seeds etc.) it is easier
to find it as a group so that when one individual locates it all
are able to feed. Fish, birds and mammals.

Information centres. Grouping allows those who may be
hungry, for example, to follow or join those who have already
found richer feeding areas. Known chiefly among birds.
Enabling the capture of large or difficult prey. Predators often
come together to tackle prey that would be impossible or very
costly to tackle unaided. Fish, terrestrial and marine mammals.
Defending resources against other groups of individuals of the
same species.

. Predator avoidance
i

The dilution effect. The fact that individuals are gathered in a
group reduces the chance that any one of them will be
captured. Insects, fish, birds and mammals.

The confusion effect. Members of group are harder to single
out by an attacking predator. Alarm calls provoke generalised
fleeing making prey capture harder. Fish, birds and mammals.
Vigilance is increased at a lower cost to each individual
because any one member of a group need not look around as
often given that flight by one vigilant individual will trigger
escape by all. Occurs very widely in many animal groups.
Group defence. Individuals combine forces to defeat
predators. Social insects, birds and mammals.

c. Others
i

Taking advantage of scarce refuges. Large groups of pairs or
breeding females may form when few suitable, predator-free
breeding sites are available. Seabirds, bats and marine
mammals.

Group modification of the environment. Typical of many social
insects, which together may construct large, secure and
comfortable nests.

Defence of resources from other groups of the same species.
Social insects and mammals.

Defence against infanticide. Groups of females may be able to
defend their offspring against infanticide by males. Lions,
primates and other mammals.

Thermoregulation. Coming together favours body temperature
maintenance at lower individual cost. Social insects, penguins
and communal roosts of some birds and mammals.

of transmission of infectious diseases and pasaslieis
effect has been demonstrated in many species,usbt j
by observation but also experimentally. A compasati
study by José Luis Tella, of the Estacion Biolégiea
Dofiana, Sevilla, Spain is convincing in this regaie
compared the quantity and diversity of blood paeasi
between closely related species-pairs usually mesmbe
of the same genus, each comprising a solitary and a
gregarious species. His results showed that the
gregarious species ran a higher risk of transrgitbilood
parasites to one another and they were attacked by
greater variety of these pathogens. By comparing
closely-related species-pairs it is possible toctate
that the evolutionary transition from solitary life
group living was accompanied by a high risk of
infection by blood parasites (Tella 2002).

Some blood parasites are quite virulent and bring
increased risk of host mortality. As the earlieamyple
shows, living in groups does not only increase the
numbers of parasites per individual but also their
diversity, making it more likely that a particubarl
dangerous one will be acquired. What adaptationghimi
colonial birds be expected to develop in orderamicat
blood parasites? Mgller & Erritzge (1996) propoteat
colonial birds should have a more highly developed
immune system than solitary species and they showed
that indeed the colonial species have larger organs
associated with the immune response (the spleethand
bursa of Fabricius) than do solitary bird species.

Parasites exert strong selective pressures on their
hosts that it is unsurprising that our earlier pron has
been confirmed in many species. One of the best
demonstrations is provided by a study by Kenneth

2. COSTS

a. Food requirements are increased. The general rule is that once
optimum group size has been reached the food ingestion rate per
capita decreases as additional individuals arrive. Occurs
generally.

b.  Competition increases. This is not just for food but also for
mates. Occurs generally.

c. Risks of extra-pair copulation and intraspecific brood parasitism
increase (see Chapters 5 and 6 respectively). Seen in birds.

d. Risks of transmission of infections, diseases and parasites
increase. Occurs generally.

e. Groups are more conspicuous to predators. Applies generally.

f. The risks of cannibalism and infanticide increase. Birds and
mammals.

Wilson, of Stirling University, UK, and his co-wagks

on the desert locusS¢histocerca gregarja This is an
acridid grasshopper that occurs in two phases:eangr
solitary phase when the population density is latpse
individuals match their background, and a striking
yellow and black gregarious phase when densities ar
high and the locusts gather in swarms. As the
investigators predicted, despite belonging to thmes
species, solitary phase individuals should havess |
developed immune system than gregarious phase
insects, given that investing in an improved immune
system is costly. In contrast, the gregarious itssec
should invest more in immune defences to countéhact
higher risk of infection associated with living atose
proximity to each other. The hypothesis was tested

Individuals of different species sometimes form eadix . all ¢ h of fortv inseets
species groups as in large African herbivores and expenmentally on two groups, each of forty inse

some bird groups, including crows, waders and fasch of Wh.i(?h were infected with a fungus that_ regularly
Such mixed groups benefit from the diﬂel,emparasmzes these locusts. A group of solitary phas

Box 7.1. Costs and benefits of living
Information chiefly after Alcock (1993),
Davies (1993) and Dockery & Reiss (1999).

in groups.
Krebs &
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individuals was kept under low-density conditiomsd a Many studies have shown that high ranking
gregarious phase individuals were kept in densepgo individuals have priority access to resources. Adjo
of many individuals. As predicted, gregarious phasexample is an experimental study under natural
locusts kept at high density proved more resisiatihe  conditions by Julia Stahl and her colleagues at
fungus than were the solitary phase insects (Wigta@l.  Groningen University, Holland. They set up four #ma
2002). areas of high quality grass, previously fertilisadd
If the risk of infection is so significant as tolige  fenced against other herbivores, in a pasture frsed
gregarious or colonial species to invest a great e feeding by barnacle geesBrénta leucopsis Many of
strengthening their immune systems, what is ththe geese were colour-ringed and recognisable as
situation with social species such as ants anditesm individuals. The observers recorded what took place
which live in great agglomerations within enclosedvhen the geese approached the high quality feeding
nests? They provide ideal conditions for parasitareas. The first arrival tended to be a subordinate
transmission by living at high density with freqtien individual but it was rapidly displaced upon theial
interactions between individuals of close kinshipof a dominant bird (Staldt al.2001).
However, it is also the case that such insect Hesie Dominants not only have priority access to
evolved many millions of years ago and thereforghdbu resources but also often punish subordinate indal&l
to have developed special adaptations to mitighée t when the latter behave in some way that is prejaidic
costs of living in crowded confinement. In facthias the former (Clutton-Brock & Parker 1995). These
been shown that the relationship between populatigmunishments compel the victims to avoid such behavi
density and parasite transmission in social insectse and instead to act in ways that benefit the donisdar
converse of what we described for birds and deseexample by remaining at the group periphery whbee t
locusts. William Hughes, of Copenhagen Universityrisk of predation is higher and the need for vigile is
Denmark, and his co-workers have shown that leafyreater.
cutter ants of the genuscromyrmexthat are infected A curious study of keas\stor notabiliy shows
with a parasitic fungus have a better chance ofigng  how a dominant individual may force a subordinate t
if they are with their companions than if they atene. behave in a way that benefits the former. The kea i
The investigators also showed that the effectivertds parrot of the New Zealand mountains, where it liires
disease transmission declines as the ant populatisncial groups. The bird is renowned for its maragiuée
density increases. How can we explain these paiealox abilities, so much so that a favourite entertaintmen
findings? They are actually the result of effectauti- visitors is to leave a closed backpack in reachhef
infection adaptations that have evolved in theglizi  birds. Having learnt that there is often food iesid
specialised ant societies. Two of the most imporéme  backpack, the keas cooperate in working it oveil unt
mutual grooming, an activity in which a caste ofaim they succeed in opening the pack.
worker ants plays an important role, and the prtdoc The study was carried out by Sabine Tebbich and
of antibiotic substances (see Chapter 8) that aed ts her co-workers at the Konrad Lorenz Institute, Aast
destroy pathogens. using seven captive keas. They designed an inggniou
apparatus that required two individuals to cooperat
7.4. Group structure: there are not always order to obtain food. However, the operator of ete
dominants and subordinates necessary to open the apparatus did not itself have
access to the food, which the other individual ingmk

Whenever a group of animals feeding together i§stead. Tebbich's team established several pabsds
observed closely it is evident that not all theivilials ~and it was always the case that the dominant iddali
behave in the same way. Some, the dominant membétggressively forced the subordinate to operatdeter,

of the band behave as if they have priority of asae SO that the former got the food. The subordinate go
valuable resources, and others, the subordinaftes; o nothing, its only reward being avoidance of puniehtn
give way to them. High ranking individuals in some(Tebbichet al. 1996). o _
species behave quite aggressively to maintain their ~ This |nequ_a||ty In resource explonatlo_n raises a
dominance and they often threaten or attack th@ouple of questions. Firstly, why do subordinatesnf
subordinates. However, this behaviour does notroiecu 9roups with dominant individuals? We can predittth
other species where the dominant individuals, rgvinthey should have evolved mechanisms allowing them t
battled to win their status, use psychologicaminimise the negative effects of being close to
intimidation to maintain it. A glance or a geststdfices dominants. Indeed, subordinates in various fistd and

for a subordinate to give way at once. Group lifeail mammal species simply move away from dominants
such species is based on a dominance hierarchy thwhen foraging for food. N

once established, contributes to the avoidance of The second question concerns recognition of
contests between group members, each individugfatus. Many bird species form large flocks in efrand
having previously learnt whom it can threaten aranf these combine |nd|V|dl_JaIs from many distant arsas,
whom it should withdraw. Dominants thus impose theithat they cannot possibly know each other. How then
wishes on the subordinates and enjoy priority @eas does a hierarchy arise? We can discard the passibil
to females, food and the safest positions withia ththat it is established through confrontations betwall
group. Such cases are termed ‘despotic’ societigsita the individuals, since then they would do nothing b
is assumed that group members enjoy the advartiage tfight. In reality, fighting rarely occurs in theflecks. A
comes from resolving disagreements through simpl@umber of studies published over the past thirtgrye
threat signals, thus avoiding costly contests dreot have shown that many gregarious species have rertai
violent interactions and permitting a more effeetiv markings that may act as indicators of dominanatust

exploitation of resources to the benefit of alle(seview Nonetheless, it remained uncertain whether thesbird
in Piper 1997). responded solely to these signals or to the modessr



aggressive behaviour of the individuals they men. A
experiment was needed to test which of thes
alternatives is correct, in which the markings @adiing
dominance could be manipulated. This is precisdiptw
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females. Hence it benefits a lioness that otherslidhbe

mising cubs at the same time as herself sincevitlis

increase the survival chances of her own young.
Egalitarian societies are relatively common among

was done by Juan Carlos Senar and Montse Camerimmijmates. As it happens, among the macaques (genus

of Barcelona Zoological Museum, Spain. Two smalle
cages, each containing a sisk@afduelis spinuswere

Macacg there are species with despotic societlds (
mulattg M. fuscataandM. fascicularig and those with

placed within a 2m x 1m aviary. The dominanceesgalitarian onesM. tonkeana M. arctoides and M.
markings of the siskins (bib size) were enlargedsylvanuy. Comparing the two species-groups may
removed or left untouched, according to the testeveal why differences exist between these twostygfe

involved. Some seeds were placed in the aviarycadja
to the small cages, such that a third bird releasedthe
aviary could feed either close to one caged indiaidr
to the other. In general, the third bird prefertedeed
from the seeds nearest to the individual with thalkest
dominance marking, irrespective of its true stafas
revealed by the size of its marking before manié.
These findings demonstrate convincingly that it wes

social organisation, which was the goal of Charlotte
Hemelrijk of Zirich University, Switzerland. The sto
important factors are given in Box 7.2, which resgeal
that group-life in despotic species is very différ&éom
that in egalitarian species. The differences aabse
aggression and nepotism (a tendency to favour
offspring) by females are much more intense in deésp
species (Hemelrijk 1999). Aggressive confrontations

dominance indicator and not the actions of the dagealso occur in egalitarian societies but they ares le

individual that indicated

Camerino 1998).

its dominance (Senar &violent and less frequent. Moreover, they are more

evenly distributed in that all individuals take fpiar such

Dominance is sometimes decided not on awgonfrontations more or less equally.

individual basis but through competition betweeirga
or families (or allied groups, see below). Thigyigical

of many birds of the order Anseriformes, especiall
among swans and geese, in which pairs are norma
dominant over solitary individuals and familiesrale,

a female and their young) are dominant over p&uvsh
family groups, as is true for many primate spediesie

a very marked tendency to defend their offspring.

Not all animal groups, however, are organised on
despotic basis. Sometimes, in ‘egalitarian’ soegeti
resources are distributed fairly equally among
individuals. These groups are much less common th
despotic societies but there are some genuine dgamp
of equitable sharing and peaceful coexistence. @fne
the best known of these involves lionesses. As Cra|

1) Individuals in despotic societies keep further apart and interact less
frequently than those in egalitarian societies.

2) The dominant males of despotic species tend to keep a central
location within the group, unlike those in egalitarian species.

3) Low-ranking individuals in the hierarchy may attempt to change
group, so emigration is more often observed in despotic species
than in egalitarian ones.

4) Adolescents in despotic societies take longer to raise their status to
the level of adult females than do those in egalitarian ones, the
outcome of point 5 below.

5) There is a higher degree of nepotism by females in despotic
societies than in egalitarian ones.

ly

an

Box 7.2. The principal differences between macaque
species that organise themselves as despotic
societies and those that have egalitarian societies.

9 After Hemelrijk (1999).

Packer and his co-workers of Minnesota University

USA, have shown, prides of lionesses are entire
egalitarian, both regarding access to food and when
comes to reproduction (Packefral. 2001). When a kill
is made the order of arrival is respected, thabisay
once a lioness has taken her place at the carcassils
snarl at any others who approach and the lattéhaile
to find another place at the kill or wait until pase
becomes free. This ‘respect for property’ is alsoven
by males with respect to females on heat. The fiae
to discover that a lioness is entering her fenpigziod
will remain next to her and other males will redpeis

y
7.5. How are group decisions made?

The animals that comprise a group must make many
decisions that involve all its members. For example
whether to go or stay, what direction to move ihatnto

do and when to do it. In African elephantoXodonta
africana), family groups comprising females and all the
young are led by the matriarch, the dominant female
who is normally also the eldest. She makes all the
decisions and leads the group relying on her memory

right to mate repeatedly with her. When it comes Qg experience, a pattern that differs from that in

reproduction in lions, all the lionesses in a pideduce
approximately the same number of cubs during the
lifetimes. Moreover, lionesses with cubs cooperiate
caring for those of other group members.

Reproduction involving the collaboration of group
members is known as ‘cooperative breeding’ (se
Chapter 8). In most mammal species, societies af th

jackdaws Corvus monedulaand most other gregarious
Birds. Many jackdaws from different and distant
foraging sites gather together to roost communatly
night. They begin to aggregate at a place whergdhn
make use of the last of the light to feed until thement
fhen they all fly to the roost. Who decides wheatth
homent comes? Individuals that are ready to rae t

type are despotic and the dominant female (or da_min flight making a rallying call, which is taken up byhers
pair) somehow prevents or reduces reproduction Ryjjiing to roost. This is taken up by others whe aiso

other females so that these instead cooperateringca

ready to roost and who also take flight. Howevér, i

for the young of the dominant female. Why do liongpese birds constitute a minority, the call fadesyaand

breed cooperatively but within an egalitarian sgéle
Packer and his co-workers (2001) offer at least twi
convincing suggestions. The first, is because aeks

the birds settle again. These events are repeatentad
fimes as the evening progresses until at last tidse
call and take flight comprise a majority. Only then

cannot control the reproduction of the others. Thgnen the majority view is clear, does the entire

second is that because those lionesses that doamnet

gathering take off and head to the roost to spéwd t

cubs do not take part in caring for those of othefight (Soler 2006). Thus jackdaws provide a clear



example of a democratic society in which decisiares
taken by a majority.

To summarise, there are two ways of decision
making within a group: imposition by one or a few
dominant individuals (despotism), or decision-makin
by the majority (democracy), (see Box 7.3).

IMPOSED DECISIONS (DESPOTISM): The decision is imposed on
others by one or a few dominant individuals in the group.

SHARED DECISIONS (DEMOCRACY): The decision is made by a
majority. It may be totally or partly shared, depending on whether all
group individuals take part or whether only some do so.

- Shared decisions are generally more advantageous for a group
(and for each individual) than imposed ones since (1) they tend
to be less extreme, and (2) they combine information derived
from different individuals.

- Shared decisions may be implemented without any need for
individuals to possess complex cognitive abilities.

- Combined decisions : Each individual makes its decision

depending on what the other group members do but without
the need for a preceding consensus.
- Some examples: (1) Joining or leaving a non-permanent
group, (2) deciding on individual tasks in social insects (see
Chapter 8), and (3) deciding whether to reproduce or be a
helper, in species with cooperative breeding.

- Consensual decisions : Decisions made jointly by the group

to arrive at a consensus that is accepted by all its
individuals.
- Some examples: (1) Choosing the direction and
destination of movements, (2) deciding when to perform an
activity, and (3) prey selection by cooperative hunters such
as lions.

Box 7.3. Different types of decision-taking in animal
groups. After Conradt & Roper (2005).

Decisions imposed by a leader are not always as ake
those described for elephants or those that oagur
mountain gorillas Gorilla gorilla beringe), a species in
which the male nearly always initiates movementthef

whole group. For example, the green wood-hoopoe
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or more nutritious pastures, and thus it was thép w
initiated moving to a new area (Fischlefal. 2007).

The zebra example allows us to distinguish betwe®en
quite different situations. When a group is smaitl a
permanent (a harem may persist over months or years
its individuals know each other and a decision rhay
taken by direct communication with each other. When
group is large and unstable each individual cary onl
communicate with its neighbours. Decisions within a
herd need not always be unanimous and, for example,
when one harem with lactating females decides teemo
off other harems may decide not to follow. However,
within a harem the decision is consensual. If tingt f
female to move off is not followed by the otherg s¥ill
return, to wait and try again later. This is a fex@ample

of a consensual decision, although by a small g(eap
Box 7.3).

7.5.1. Consensual decisions

We have previously described how jackdaws decide
when to fly to roost, a typical example of a demisi
made by consensus in a very large group, often
numbering thousands of individuals. This observatio
raises many interesting questions. Which individual
start the process? Are the ‘proposals’ of some
individuals more likely to succeed than those dieos?
Above all, how is a consensus reached? This toasc h
not received much attention from investigators lunti
recently, but there have been important advanceagiu
the past few years. Newer theoretical models hamjpe

Us to make some generalisations about consensual
decision-making (see Box 7.4 and the zebra example
above).

(Phoeniculus purpuredis is a hird that displays
cooperative breeding (see Chapter 8) and in whid
feeding groups comprise the breeding pair and uprto
helpers, who help to raise the young but do nd
themselves reproduce. Andrew Radford, of Cambridg
University, UK, was able to demonstrate that the
breeding individuals (the dominants) were the dhes
initiated most movements to new feeding areas. Th
male and female did not differ in this respect ang
moreover, movements initiated by either of themewer|
more likely to be followed than those started by af
the helpers (Radford 2004).

Often decisions are not imposed by a despot
leader but are taken by the group, as occurred thigh
jackdaws. We shall examine how displacements a
started in the common zebr&dquus burchelll, an

- Decisions of this sort not only occur in humans but are also frequent
among other animals.

- Cooperation when making decisions is normal, even when not all the
individuals in the group have the same interests.

- Consensual decisions fall into distinct categories depending on
whether or not there is a conflict of interests between individuals and
on whether or not communication within the group can be global
(between all group members) or is only local, between near
neighbours.

- Consensual decisions are achieved in two main ways: by a system of
self-organisation or by voting-type behaviour.

- The more individuals involved, the more information available to the
members of the group, and the lower the chance of error, allowing a
decision more beneficial to all to be made.

- There is a trade-off between how effective a decision is (based on
how many individuals participate) and how quickly action is taken
(when many individuals are involved, the time costs of decision-
making increase).

>
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Box 7.4. The most important general characteristics
eof consensual decisions. After Conradt & Roper
(2005).

al

example that allows us to draw some interestin
conclusions. Zebra groups may be small
composed of a stallion, his mares and their offgpror
large herds formed by the union of several or man
harems. llya Fischhoff, of Princeton University, AIS
and his co-workers studied which individuals werm@sm
influential in taking decisions. They found that time
harems it was the lactating mares that habituatiytexd
movements to new zones followed by other femates, t
stallion and the foals. Similarly, in herds, thdseems
that included mares with suckling foals were thtiss
initiated movements and the rest followed them
Lactating mares, as is true for all mammals, have

harems

The jackdaw case involves a very simple decision.
hen to start moving to a roost known to all ancereh
he birds sleep every night. For a more complex and
utterly fascinating case, consider how swarmingsbee
decide where they will construct their new hive. &lka
hive becomes overpopulated it is abandoned by the
queen and thousands of her workers in order todaun
new colony. Once the swarm has moved sufficieraty f
away from its original hive, all the individualstde
together somewhere, normally on a branch, forming a
fgotball-sized ball around the queen. Some of the

greater need for water and nutrients. The Stud\fyorkers then fly off to explore their surroundirtgsfind

concluded that the individuals with the greatestdse
are the first to change sites in order to go tcatevinole

a suitable place to set up the new hive. Theset $zms
return to the swarm and perform their figure-ofteig
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dance to inform others of what they have found (sefsee Box 7.4). In mammals, however, such alliances
Chapter 10). The scouts are numerous. There may have only been seen among cetaceans and primais. T
several hundred, some 5%, in the swarm; collegtivel formation of coalitions in primate bands is quiteguent
they may discover several dozen different sites tand is thought to be related to the evolution afmpte
advertise with their dances. How are they ableetzin a social organisation (Silkt al. 2004). Such coalitions or
consensus and decide unanimously in favour of dne alliances demand high cognitive ability (see Chapigr

the proposed sites? Thomas Seeley of Cornedliven that they require an ability to distinguisttween
University, USA, and his co-workers, have devotedpponents and allies and to remember who is whom.

many years to studying this matter
individuals, positioning potential hive sites okgter or
lesser suitability at variable distances and usigeras
to record the scouts’ dances when they return éir tl
swarms. These procedures have allowed them to n
some important discoveries. For example, accortting
Seeley & Buhrman (1999) and Seeley (2003), whe
scout returns its dance is more energetic the rotte
site it has found. Scouts that have found medibore-
sites dance with little enthusiasm on their retamd
may eventually stop dancing altogether, the eqaital
to withdrawing their ‘proposal’. Some of them wiifien
visit one of the sites advertised by a more anithaj
dancer and when they return they may announce
location of the new site via an altered dancehis way,
progressively fewer of the initial proposals remaittil
a point is reached when one site has majority supp
Then, although there may still be scouts suppouihgr
‘proposals’, some of those who favour the majori
decision begin to introduce into the swarm, whiobrs
stimulates the group to fly to the chosen site.

Various conclusions emerge from this descriptid
Note that only some 5% of the individuals shape

decision that affects the whole group; furthermor

communication between all the scouts is not geng
because each bee can only communicate its discéwe
a small group near it upon its return to the hivee
eventual decision is made without comparing différe
sites directly. It is based on the ‘proposals’ maael
although no one individual compares and makes
decision, all ‘proposals’ are taken into accoum.
conclusion, the decision is the outcome of a sd
organising system through which the scouts, opega

by marking

Coalitions : Temporary unions of two or more individuals that join forces to
attack one or more opponents from the same group.
n
Alliances : Lasting associations of two or more individuals who collaborate
ng aggressive encounters with opponents from within the same group.

GENERAL FEATURES

n a
1. Coalitions are commoner than alliances and, in general, the

supported individual is the victorious attacker in a confrontation.
Coalitions are commoner among relatives but may also arise
among unrelated individuals.
Alliances are commoner among relatives and chiefly arise between
females.
Alliances are highly variable: (1) Although they may be common
among the males in a population, there may exist males who
participate in none of them. (2) The size of alliances varies as much

2.
3.

4.
te

the within coalitions as between regions. (3) Alliances may occur
commonly in some populations and not at all in others of the same
species.
Functions :

o

Two or more males may associate to displace another male from a
female on heat in order to mate with her.

Two or three males may form an alliance to guard their own females
as reported among chimpanzees. Two or three high ranking males
form an alliance to prevent other males from copulating with the
females that they defend. The allies allow each other sexual access
to any of the females under their control.

Two or more males may form a coalition that may allow one or all of

ty

their number to improve their ranking in the group hierarchy. This
e, type of coalition may form among adults and also among young
L animals.
ral. Coalitions may arise between females, or between a female and a
y male, to defend a juvenile against attack by another adult. Such

cases nearly always involve defending an offspring or a near
relative (nepotism).

Two or more females may form a coalition to defend one of their
number against attack by an adult male.

ossible explanations : kin selection, reciprocity or obtaining of direct
thePossibl | i ki lecti i i btaini f di
I benefits by the helpers (see Chapter 8).

b[f-

i Box 7.5. Definitions and chief characteristics of

coalitions and alliances between members of the same

on very simple rules, progressively reject the riofe ) ,_ :
group. Chiefly after Hemelrijk & Steinhauser (2007).

options while the better ones attract more suppothis
way all the available information is integrated
permitting the most suitable decision to be takBife The functions of coalitions or alliances are var(ede
investigators were able to demonstrate this by nteki goy 7.5). Coalitionary attacks tend to be brief amend
available potential hive sites of different qualind \yhen the victim flees. However, prolonged and viole
seeing how the bees chose the best option. attacks by allied male chimpanzedzai troglodytek
have been reported. For example, David Watts, ¢¢ Ya
University, USA, describes how in Kibale Nationarle
in Uganda, where groups of male chimpanzees are
It is quite normal among many group living speciesparticularly numerous, a fatal attack against aentabk
individuals, most often males, form alliances tekse place, involving seven other males of the same grou
food, to defend their territory or other resourcesto  The attackers held the victim down to immobilisenhi
defend themselves against predators. These types (g6 they do with males of other groups when theghca
alliances are found in mammals such as primategaem. See below). They then hit him and bit himfiee
carnivores and cetaceans, but they are also commonminutes producing wounds from which the victim died
other groups, such as insects and birds and evengam several hours later (Watts 2004). The motive wasano
some fish. Such alliances are an integral partroiy dominance struggle since the attacked male was of
life and so will not be considered in this sectide  medium rank and the attackers included both higted-
shall deal instead with more temporary associationgwer-ranking individuals. The dominant male alsok
(coalitions) and more lasting ones (alliances prpfi&at  part although he was not the most vehement astailan
enable some members of a group to compete againsie victim was an unsociable male who was not well
other members of the same group (see Box 7.5). integrated into the group, given that he only psect
These types of coalitions or alliances are muckutual delousing with a few males. Watts (2004)
less common. Among birds, pairs or family groupsymasuggests two factors that may have influenced this
form alliances that endure outside the breedingmea attack: the large number of males in the group {mpk

7.6. Coalitions, alliances and superalliances
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competition for females very severe), and the faat

the victim was not well integrated into male SOﬁIEt 1. Avoidance: A mechanism used by the aggressee that consists of
keeping out of areas frequented by the aggressor.
the group. 2. Submission: A mechanism used by subordinates, which

Supera”iances that is to say the alliances formed comprises recognition of the aggressor's dominance and adoption
. ’ . . of appeasement postures.
by union of several groups, which are so charastteri 3. Comforting: A behaviour adopted by third parties, which approach

of our own species have 0n|y been reported for the the aggressee (mainly) and interact with it in some way, according
. ! . to species, providing him emotional support. Comforting is more
Indian Ocean bottlenose dolphifiufsiops aduncys In common when there is no reconciliation.

this cetacean. two or three males frequently form 4 Reconciliation:  Occurs when the two contenders come together
! after conflict. Is a demonstration of friendship between two previous

alliances with the ObJeCt of forcmg females to enafith opponents that serves to end a conflict, reduce tension, and enable

them. Richard Connor, of the University of the individuals involved to resume a peaceful relationship. More
. . effective the sooner it happens. Commonest between individuals

Massachusetts, USA: and his co-workers, Ina WGV who shared a close relationship before the conflict.

several years, found that superalliances existaHirwi
which alliances between individuals were unstallehe | Box 7.6. Post-aggression behavioural strategies
individual could vary its habitual alliance partagsut | developed to reduce the social costs of an aggressive
these were always males who belonged to heconfrontatlon between members of the same group.
superalliance. Connor's team observed four conflicts
between one of the male alliances with groups désna ) ) ] )
who were alien to the superalliance. They found iha Conflict resolution mechanisms post-aggression have
some cases other male members of the superalliarR@en extensively studied in primates but little kvon
travelled up to three kilometres at top speed &ohiehe this subject has been done with other animal groups
area of conflict. The superalliance groups emergefowever, Nobuyuki Kutsukake and Tim Clutton-Brock,
victorious in all instances (Connet al. 1999). of Cambridge University, UK, have recently published
an analysis of these mechanisms in meerkaisi¢ata
7.7. How are conflicts avoided and resolved? suricattd), small carnivorous mammals that live in
groups of up to 40, including a dominant pair that
Life in a group brings many advantages but thera is Produces around 80% of the pups in the band. Ther ot
significant downside: the emergence of intragrou§roUP members help to raise those pups and to keep
conflicts. Each individual has its own interestsl avhen ~ WalCh against predators. Post-aggression behawiasr
these conflict with those of other group membersStudied after more than S0 confrontations betweeny
competition arises between them and may lead to B8MPers. In this species, reconciliation did natuoc
confrontation. Some conflicts end quickly while et despite the negative effect that such conflicts bad
may become more and more aggressive until it leads SO¢ial refationships. The opponents almost nevereco
violence. Confrontations are obviously costly, natyo t09ether in_the minutes following an aggressive
physically but also socially, since they bring abau encounter. _Th_e post-aggression mechanisms employed
tense situation that may endure and affect socidf®'® submission (which did not reduce the chance of
relationships, which diminishes the advantagesrofig 2nother —aggressive  encounter) and  avoidance
living, especially for the loser. It may thus bepested ~(Kutsukake & Clutton-Brock 2008).
that mechanisms will have evolved that serve both t Although comforting behaviour has not been
avoid conflict and to lessen the social costs ofeported for meerkats, the behaviour has been faund

aggression. This is indeed the case and we ha{@® of the few studies on this topic involving Isi.rpl
described some of them earlier. For example, thémanda Seed and her co-workers at Cambridge
hierarchical organisation that is so widespreachamy ~ University, UK, studied a captive group of rooks
groups favours a reduction in aggression. The dpe (Corvus frugllegu)s markedly gregarious members of
‘private property’, seen in lions, is even moreeefive. the crow family. They found that there were no
Other specific mechanisms appear in some cases. H§FOnciliatory encounters between opponents foligwi
example, in various primate species adult femataeeh a0 aggressive encounter but instead both the aggres

sometimes been seen to form a coalition to preveA{'d the loser might contact a third individual. fihthe
attack by a male. one who is contacted and the third individual befdawn

Perhaps the most curious mechanism for avoiding Peculiar manner with the newcomer. They entwined
aggression to have been described involves bonobBir beaks while moving their wings and tails
(Pan paniscus a species in which, as we have seen (sé8Ythmically and making special vocalizations. The
Chapter 5), sexual relations are very frequent,amby authors of _thls_ study emphasise that desplt_e teatgr
heterosexual ones but especially homosexual onB§Ylogenetic distance between rooks and primales, t
involving females. Genital rubbing between femdkes Consolatory ceremonies in both groups are verylaimi
the commonest sexual activity and it has been sttown (Seedet al.2007). ,
play a very important role in social relationshigishin Many studies have been published on
the group. Female homosexuality contributes to thEeconciliation in primates, especially in variouacaque
formation of coalitions that allow them to dominabe SPecies and in chimpanzees. A study by Matthew
males. In bonobo societies it is the females wheand COOPer, of Georgia State University, USA, 'is
sex is used to resolve all sorts of conflicts. Tiisse ~Particularly interesting since he considered thiece$ of
relative of ours, quite unlike our other equallpss POth the sex of the contenders and their statenatty
relative, the common chimpanzee, has evidently &dbp on acts of reconciliation. His study of the bonnet

the old hippy mantra: make love not war. macaqueNlacaca radiatd demonstrated that the degree
The most important mechanisms used in conflicPf reconciliation was greater .when aggression aecur
resolution are given in Box 7.6. between females than when it occurred between a mal

and a female and it was shown that this was related
anxiety levels. When behaviour associated with etyxi



was quantified it was found that after a conflietveen
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development of this highly despotic and long emnutyri

females both showed signs of high anxiety, whictsociety dominated by the pharaohs (Allen 1997).

diminished considerably after reconciliation, an

d

moreover that such anxiety was higher in cases avher

reconciliation followed than when
These and other results thus showed that the gribete
level of post-conflict anxiety the greater the otmmhat
reconciliation would take place (Coopetral.2007).

7.8. Human societies

Without a shadow of a doubt, of all animal spedias
the human one that has the most complex socidties.
live in huge groups (there are already five captiés
that together with their satellite towns, exceediillion
inhabitants). Human societies also exhibit muclistbn
of labour, a great diversity of regulations anddaand
enormous cultural variation that exists betweefed#ht
societies, not only according to countries or aa but
also within particular countries and the occurrente
multiple societies actually within other societiés.the
following sections we will study human societiesstf
analysing whether they are despotic or egalitariaen
examining how they function and finally describitig
‘social intelligence hypothesis’, which proposeattthe
principal driving force behind the evolution of ham
intelligence has been our social way of life.

7.8.1. Despotism or egalitarianism?

Which predominates in human societies, despotism
egalitarianism? There is no easy answer to thistipre
Indeed, the history books are full of examples othb
types of human societies. Nevertheless, there aoe
ways of trying to arrive at an objective answersty
events throughout history, and especially during t
dawn of the human species in the Stone Age, may
analysed. Secondly the despotic or egalitarian \betia
of children during their development offers anotkierd
of information relevant to the issue.

The most important generalisations about hum
history are presented in box 7.7. Nowadays expe
agree that our forefathers in the Stone Stage lived
societies that were basically egalitarian. Theyretha
resources and very probably made decisions by camn
agreement. Democracy, then, did not begin in daksi

it did not occur.

a)
| The Stone Age

- Hunter-gatherer societies were quite egalitarian, judging from the fact
that existing hunter-gatherers form relatively egalitarian societies.

- This egalitarianism, which would have started at least 100,000 years ago,
would have been based on mutually beneficial relationships in which
resources, especially meat from the large prey animals that they hunted,
would have shared more or less equally.

- Egalitarianism would have been favoured by the nomadic lifestyle, since
nomadism impedes the accumulation of riches, and by the non-existence
of food preservation technologies.

- There would have been psychological mechanisms that contributed to
the maintenance of equality. First a ‘moral sense’, to encourage those
who behaved well, and second, a ‘sense of justice’, which would have led
to the imposition of sanctions on those who did not behave well.

From the Neolithic revolution to the industrial rev olution

- The discovery of agriculture and domestic herding some 10,000 years
ago resulted in food surpluses that could be stored. This brought about
sedentary living and a fundamental change to a society in which people,
instead of sharing resources, devoted themselves to accumulating
resources and riches, which were passed from parents to offspring
(inheritance).

- These changes brought about inequalities and the emergence of social
stratification, the basis for the first truly complex human societies
(villages, tribes, chiefdoms, states and, later on, kingdoms and empires)
that arose independently in many geographical regions.

- Sexual discrimination began with the appearance of these complex
societies since resources (and weapons) were under male control.

- The possibility of storing food and riches, and the emergence of more
complex societies, favoured wealth accumulation and resource control by
chieftains, allowing them to train and equip soldiers with whom to
suppress opponents. Despotism thus emerged.

- Powerful families competed for land. In order to conserve power it was
important than inheritances should not be divided, which led to the
institution of primogeniture in which only the eldest son inherited the
wealth of his parents.

- Dominant individuals controlled weapons whereas peasants and the rest
of the populace were denied access to them. There were practically no
revolutions during the period when this control was effective.

- The more complex the social system — the more stratified it was — the
stronger the repression and despotism, since the dominant classes
numbered more individuals.

- There has normally been a very clear relationship between despotism
and differential reproduction. Dominant chiefs used their power and
riches to favour their reproductive success and that of their relatives.

or

n From the industrial revolution to the present

- During modern times, principally since the discovery of firearms,
despotism has been declining in human societies.

- The manufacture of large quantities of firearms, which required no
special training to use, made repression of the populace harder and
revolutions became more frequent.

Aan

rt%ox 7.7. Some generalisations regarding the emergence
and development of human societies across history.
There are of course many exceptions but the general
notrends are given here. Chiefly after Betzig (1986),
Summers (2005) and Harris (2006).

Greece, as most history books would have it. Algiou

the Greeks formalized democracy, similar practice

began considerably earlier with our distant anessto
There is also unanimity of opinion that despotis

emerged with the development of agriculture, whic

produced surplus food that could be stored, so ttiat

owners of these resources could benefit and cdsta a

control those who were most in need, namely thegsio
in the population. In support of this position, exdhat

the most stratified and most despotic societiese ha
developed in regions where resources were diseibut

very unequally, i.e., where resource-rich and ressu

poor areas lay side by side. The clearest exarsptleat

of ancient Egypt, one of the first nation statesppear

after the discovery of agriculture. The differenc
between the extraordinarily fertile Nile valley atite
desert lands that nearby is extreme, which ledhto
population to settle populous cities within thelewlthat
made it easier for the dominant classes to coriteit
inhabitants and to extract substantial taxes froamt
These favourable conditions surely contributed He t

%’he most important aspect of despotic societiesnfa

rTpiological viewpoint, is the fact that the controf

fesources by dominant men led to control of
reproduction. The men used their power to obtaimemo
women and thus to have more offspring. Harems were
born under despotism. Men who belonged to the kighe
echelons of the hierarchy had multiple wives inedir
\proportion to their social status. The fact thaheamen
acquired many women implies that many low status me
went without any wives at all. Laura Betzig, of
Michigan University, USA, showed in her now famous
study of more than a hundred pre-industrial sozsetfiat
elevels in the social hierarchy were also expressed
reproductive hierarchy who controlled the most

{ resources also controlled the most women, acquiring

larger number of spouses and concubines (Betzig)1986

The fact that best explains the decline of
despotism in modern times is a general rule that ha
often been repeated throughout history: despotiam h
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been most severe the bigger the difference between society (clothing, linguistic jargon or bodily
despots’ capacity for struggle. An army paid fod an adornments) play such an important role in genagati
equipped thanks to the riches accumulated by thgroup solidarity that they become highly reliable
despots, and that of the dominated populace, neaiilydicators of the behaviour of those who displagnth
always landless peasants. For example, in varioEffersonet al.2008).
societies in antiquity, the discovery of armour atider
protective measures, such as shields and helreetdpl 7.8.2. How do human societies function?
an increase in despotism. On the other hand, the
discovery of bows that could drive arrows througbls As we have already mentioned, human societies are
armour led to greater levels of equality (see vy  enormously variable and making generalisationsam h
Summers 2005). In modern times the large-scaliney function is not easy. In this section we will
manufacture of firearms, which smugglers can skll ahighlight some of their characteristics that relateour
over the world, has made the fighting capabiliteds earlier analyses of other gregarious animal species
despots and their subjects more equal, and may have When it comes to decisions, these are taken in a
contributed to the greater equality within many ewd more or less egalitarian manner in most ‘voluntary’
states. As | see it, another important factor reenlthe human societies, that is to say those to which an
enormous increase in the human population since thedividual may choose or decline to belong. However
industrial revolution, which has strengthened thehere is a great deal of variation in ‘obligatosgcieties,
standing of the populace against that of the despothose to which one is compelled to belong through
Nonetheless, despotism endures today in many desntrhaving been born in a particular community. With
thanks to the complicity of a privileged upper-m&d respect to political organisation, an individual ymae
class that includes, in addition to people withborn in a country governed by a dictator, who mades
considerable economic resources and the uppeslebel the important decisions more or less discreetly.tign
religious hierarchies, the military and the poliso other hand, he or she may be born in a fully deatacr
control access to firearms. country, where decisions are made by persons dlégte
With respect to the behaviour of children, a superthe citizens, after these have examined the caredida
study by Ernst Fehr, of Ziurich University, Switzertl, proposed programmes. Such elections may be
and his co-workers has studied child behaviour iegalitarian to the extent that just a few votes mmeake
experimental games offering two mutually-exclusivethe differences between victory or defeat for aegiv
choices. Among other things, the experimental tesulcandidate. In religious societies, which traditibnhave
show that three- to four-year-olds tend to behavbeen ‘obligatory’ (nowadays they no longer areleast
selfishly but gradually, between the ages of thmed in states where there is religious freedom), deotsi
eight, they come to play in a more egalitarian wagt, tend to be taken despotically. There tends to foeraal
only when they personally benefit from their actidsut leader, or leadership group, making the decisions.
also when they do not (Feht al. 2008). The fact that a Throughout history there have been instances in
tendency towards egalitarianism emerges so widely ahich certain human groups, such as armies or &ign
such a young age raises the possibility that aditarg  have found themselves in a situation similar to the
basis for the behaviour exists (Wallageal 2007). swarm of bees mentioned above (7.5.1), and it is
Another important trend in the evolution of humanintriguing to note that they have resolved themhjpem
societies is the tendency of people to favour thein a very similar fashion. When armies had to trdse
relatives, mates and friends whenever possible. AlHicross unknown lands they sent scouts in all dinest
readers will surely agree since they have probablyhese later returned to report on what they hasdou
suffered, or know someone who has sufferedds with the bees, the decision was based on the
discrimination derived from this tendency (althoughinformation brought by the scouts but here thera is
when we ourselves are the beneficiaries we are lemdamental difference, the scouts themselves did n
aware of any unfairness and think that any bemwedit decide after comparing the advantages and
have received is our just desserts). Favouritismatds disadvantages of particular routes. Instead thédsig
those closest to us is very widespread and mawnking individual made the decision after having
sometimes be extended to include other membersirof oreceived reports from all the scouts and havinge@sk
group, society or culture. We all know, becaus¢onys pertinent questions.
reveals it, that people tend to favour membershefrt Coalitions and alliances are a constant finding
own society and may regard other groups or cultureemong human societies and they emerge at all levels
with indifference, hostility or, at times of cordij with  Even within a family group there may be member$ wit
aggression that may culminate in the most irrationashared interests who act together to achieve a comm
violence. goal. More frequently, there have been alliances
The tendency to favour members of one’s owrhroughout history between related family groups to
group, which in turn is one of the advantages oflefend their interests against other familieseast until
belonging to different groups or societies, hasnbeethe emergence of tribes. From that moment, alliance
extensively documented. For example, in the studietween societies that agreed on mutual defencedai
mentioned above, Fehr and his colleagues (2008) alsnportance and prominence. Our present-day sohgsy
found that children made decisions that tendecdvtodr a great diversity of alliances at the level of oatstates,
members of their own circle of friends andwhich may be highly complex. Nevertheless, however
acquaintances. Likewise, a recent study by Charlegructured and complex human societies may become,
Efferson of Zurich University, Switzerland, and histhe underlying relationships are characterised Imatw
collaborators has shown in an experiment that ptesno we may term human social capacities, which arease
the creation of societies that not only are grogmmners on feelings and emotions such as culpability, fyyal
favoured but also the identifying symbols of eachrengeance, gratitude and the sense of justiceneee
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section), to which we must add a moral sense arliy third parties. The intercession of a shared
religious belief. acquaintance may sometimes suffice but where
As societies became more complex it becamaecessary this is performed by a judge and itgalezed
harder to avoid conflict between their membersby the society’s laws to which we referred earlier.
However, for a society to work well it is necess&my Among children, however, such mechanisms are
reduce internal conflict to a minimum. Hence, frime  very similar to those described for other primatesr
immemorial, all societies have passed laws thabifav example a study of pre-school Japanese childred age
coexistence and avoid social conflict. For examfile, three to five years by Keiko Fujisawa and her co-
Code of Hammurabi, which existed as early as thh 18tworkers at Tokyo University, Japan, revealed that
century BC, was a highly complex body of law thatreconciliation is less common among the under-three
regulated coexistence in that epoch. but increases in both frequency and complexity with
As a general rule, most individuals in a societyage. When one of those involved in a confrontation
respect its norms. This is the outcome of threenmaioffered reconciliation to make up with the othed dhis
factors. Firstly, when infringements are not sesithere was accepted, signs of aggression diminished and a
is a tendency for those who breach social normseto return to play was promoted. As in other primates,
chastised or reproached. Other people will rematestr comforting was offered more often by other compasio
publicly against those responsible for antisocial owhen reconciliation did not occur, which suppotig t
unneighbourly behaviour; for example, parking wherédea that comforting acts as a substitute for
traffic is obstructed or failing to dispose of riglb reconciliation and that it contributes to reducitige
according to the community rules. This is what somstress experienced by the victim of aggressionig&wga
psychologists call ‘altruistic punishment’ andéntls to et al. 2006).
bring a more or less intense feeling of satisfactio
those who employ it. 7.8.3. The social intelligence hypothesis
Secondly, there are the severe punishments
imposed by law on the perpetrators of more seriou®ur brain gives us extraordinary cognitive cap#bdi
offences. In all societies such punishments areogag (see Chapter 11). The development of our great thenta
by persons appointed by the society itself andettags  abilities has traditionally been explained as almeém
invested with the authority and power to ensuréttney for resolving the ecological problems that have
are carried out. This arrangement has proved highkonfronted the human species, for example, forafing
effective in reducing conflict or, at least, avaoigithat food and hunting, which led to the making and uge o
conflict should be violent. There is abundant emime tools, the processing and preservation of the food
throughout history that the number of violent deaith obtained, and the adaptation to hostile and urstabl
much higher in societies that do not have this &rm environments. Nevertheless, these explanationsado n
system of imposing justice. seem to be sufficient. The social intelligence higpsis
Finally, the third factor that contributes to suggests that life in a society is the principatda that
compliance with social norms is that human beings ahas influenced the evolution of human intelligeacel
predisposed to comply with those norms. Such that of other primates. Coexistence in a societyoseg
predisposition should not surprise us since if @oci very significant selective pressures on individuals
norms benefit individuals, these will have develbpe favouring those capable of processing large questif
adaptive psychological mechanisms that favour nornsocial information. They benefit by knowing all H®
acceptance and that penalise their infringemeng (savith whom they have frequent interactions and from
Chapter 8). Respect for property is one of the modieing able to distinguish friends from enemies and,
important principles within the laws of all cultsteThis  furthermore, to remember all this information for a
is the same principle that regulated the livesioh | considerable period. Such knowledge allows decssion
prides, as described above. Ever since the emargefinc about whom to cooperate with and whom to avoid.
nation states, when a family owns a house and gooddoreover, competition with the other group members
their right of ownership has been respected unaler | also demands significant cognitive abilities inéhgl
Society would be reduced to chaos if a family tas  deceiving and uncovering possible deception, setijn
powerful enough could deprive another of its proper worthwhile alliances and, in general, anticipatitig
Respect for property operates constantly on a dalgyo social scheming of others.
basis in our modern cities: a ticket guaranteesaa in Such complex social relations favour a need for
the cinema, a number decides the order in whiclanse obtaining and storing an enormous quantity of data.
served at the supermarket, we can occupy a vaahblet t example, in various macaque species that live rigela
in a bar, and so on. Usually no one would considgroops, each individual has been shown to be able t
taking our cinema seat, our place in the supernarkescognise the cries of all its companions, andettmeay
queue or our table in the bar. be 80 of these! We humans cannot only remember
Mechanisms for conflict-resolution also existenormous numbers of people but also we are capéble
among humans and these are similar to those that weerpreting their states of mind rapidly and almos
have found in other animals as they involve conrigrt unconsciously. Sometimes, too, we can decipher
and reconciliation, albeit in a more complex forks.in  individuals intentions’ based on their faces, ahhig
other species, there may be acts of reconciliatiocomplex matter if we bear in mind that some 200
between adult human beings that restore relatiomauscles participate in creating the facial expoassihat
between the confronting individuals. At times, dmt$  signal emotional states.
are more complex and the contenders each consider The idea that the primate brain is an adaptation fo
themselves to be in the right. There then appeama resolving the problems of social living has recdive
reconciliation mechanism, evolutionarily speakingconsiderable support in recent years. For exanapkey
which has never been found in other animals: miediat prediction has been validated, namely that braie si
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should be correlated with group size in differgméces. psychologists nowadays assume that, compared to
However, this prediction was not fulfilled in all others, loners have more social and psychological
taxonomic groups so it has been suggested thayples problems (a tendency to depression), they feel
of social relationships and their stability may mere dissatisfied and they seldom enjoy success in life.
important than the numbers of individuals in a gro@ Here is a specific example. Daniel Kahneman, of
recent comparative study by Susanne Shultz and Robrinceton University, USA, and his co-workers
Dunbar, of Liverpool University, UK, which has interviewed a large number of people on their &ty
analysed data on brain size and social organisétion of the previous day. They found that social refaltps
birds and four mammalian orders, including thewere rated the second most gratifying, second tmly
primates, found that relative brain size is asgediavith  intimate relations. Another very striking result svat
stable and enduring social relationships in prismdtet the company of friends gave most satisfaction, dioéa
not in three other mammalian groups nor in birgs. Ithat of family members or partners (Kahnen&nal.
these, brain size is linked to the system of paimation 2004). Results such as these suggest that to fdlat vge
with larger brains occurring in species whose males important to improve social relationships and teale
females form long-lasting monogamous relationshipmore time to them. Widening the circle of ‘us’ and

(Shultz and Dunbar 2007). reducing the number of ‘them’ may be essential for
Are human relationships so much more complefeeling happier.
than those of other primates that they explaingvaater In any event, although the social intelligence

brain size relative to theirs? Apparently so. Esthehypothesis has received much support, in my opinion
Herrmann of the Max Planck Institute of Evolutiopar this does not mean that the selective pressuressiech
Anthropology in Leipzig, Germany, and her co-woeker by social relationships alone explain the great
designed an experiment to see if there was any cledevelopment of the brain and of the cognitive
fundamental difference between human social asliti capabilities of the human species. As we saw in @hnap
and those of other anthropoid primates. They seaup4, a complementary hypothesis is that the cognitive
series of tests including ten of physical abilitgldted abilities of the human mind have evolved as a tesiul
for example to spatial memory, judging quantitiesl a selective pressures arising from the need to fincage,
using a small stick to reach objects) and someoofaé  an idea that is also well supported (Miller 200B)is
skills (including some aspects of social learningsurely the case that human cognitive abilities e
understanding instructions, communicating intergionevolutionary outcome of selective pressures opegait
and the like). The same tests were given to 106wultiple levels, not only at a social level butcalat a
chimpanzees, 32 orangutaf®fgo pygmaeysand 105 sexual level and at others, including the ecolddezels
human babies aged 30 months. The researchers fouod which we have referred earlier and that were
that with respect to the physical abilities, themlam considered the most important several decades ago.
babies and chimpanzees scored very similarly, the In this chapter we have studied the most important
orangutans somewhat less well. However, in tests aSpects of group living, except for one, whichasgbly
social ability the babies achieved a much highethe most important of all —the evolutionary meckars
percentage of correct responses than the other twesponsible for the origin and maintenance of thestm
species managed (Herrmaginal. 2007). complex modern societies. An impermanent gathesfng
Social relationships are so important to our sggecidéndividuals or groups may have a simple explanation
that we have evolved many associated psychologictiat the benefits of staying in a group are gredtan
adaptations for social life, including a dependence the costs. But what occurs in the permanent agtmtsa
living and interacting with others. We descendeaminfr that exist in many species, including our own, \hic
other hominid species that were already socialtarea involve close relationships between group membérs w
several million years ago, and this long evolutigna may help others at a cost to themselves. Altruistic
history makes us dependent on our social networkbehaviour is the theme of the following chapter.
Thanks to several studies during the 1980s,
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Chapter 8

Altruistic behaviour

8.1. Introduction that affect survival or reproductive success, giteat
evolution acts on genetically determined charadieas

Ants, bees, termites and many other insectgass from generation to generation.

characteristically form collections of individuat®st of

whom leave no descendants. Instead they work ®.2. How may the existence of altruistic

benefit the queens, the males that fertilise thechtae behaviours be explained?

resulting offspring, which they care for, guard dadd

with great dedication and determination. Such $ocia\s we have noted, finding an evolutionary explaorati

insects provide the most familiar but striking exdenof  for altruism is not easy, although several proposed

altruism. The workers’ behaviour is enormously Bost models offer various solutions to the problem (Bes

for them since they dedicate their whole livesleit  8.1). The first two, kin selection and reciprocitge

labours on behalf of others. It is also highly Hama to  based on benefits being obtained in exchange for an

the queen who, thanks to the efforts of the wotkex@y  altruistic act. Such altruism would then be apptren

leave thousands of descendants, many of them malegher than real since, strictly speaking, a tritiiatic

and females that will have a chance to establish neact confers no benefit on the provider. The thirate,

reproductive colonies in their turn. group selection, may be able to explain acts ofigen

You may have noted that the previous paragrapéltruism, as we shall see.

runs counter to the rest of the book, in particukar

Chapter 2, in which we studied the ‘theory of eviolut o o - _

by natural selection’. The basis of this theoryd anrely | FEEAaT 2" oromms it (e donon, but that benefits one or more-other

the point made most frequently throughout this,téxt | individuals (the recipients). A genuine altruistic act confers no benefit upon

that natural selection penalises those individttals fail | ¥, 920%L (1 o iotterey setont, i o benetsrees

to maximise the number of descendants that the

contribute to the next generation. How then can thé(“’de's

behaviour of worker ants, bees and termites he

interpreted? This question is not easily answened a

1. Kin selection : Many examples of altruistic behaviour occur
between close relatives, which share a high proportion of their

Darwin himself recognised that the behaviour ofiaoc genes. The alleles responsible for altruistic acts would pass to the
f f : next generation not only via direct descendants (offspring) but also
Insects seems to pose an |nsuperable obstaclesto |hi via close relatives that are helped to breed by altruistic assistance

theory. (see Box 8..2)A Thus, acvcovrding to this m.odel, a!truistip acts that
Altruistic behaviour is moreover not exclusive to gﬁ";22;,’;;&;;;;5;3;:gtﬁg'jfgvj;g?;ta behavioural viewpoint but they
social insects. It is also frequent among otherigge . Reciprocity (reciprocal altruism) : This model has the broadest
H : . application when the cooperating individuals are not closely related.
Despltg appea”ng gomrary to nat'ural SEIGCUOB_' dht It implies an exchange of benefits in which an individual that helps
of helping other individuals, despite the costsuimed another will be helped in turn in future. This is not altruistic
. - behaviour, since the individuals involved obtain direct benefits, so it

by the helpers’ IS n.Ot uncommon in nature and ewen is better termed reciprocity. It is much more frequent in humans
own species prOVIdes many Comp|ex examples (S Pe than among other animals and may take various forms (see Box

. . 8.4).
Section 8-5)- HOWGVGF, it needs to be made cleat th . Group selection : If groups include a mix of altruistic and selfish

N

w

a|th0ugh altruistic behaviours may be hard to énpla in(ljli\lliduals, thosde grouzs that h:ve“a higher propor}ion of altruists
A : : o will leave more descendants and will ‘export’ more altruists to other

their _eXIStence IS not contrary to the predICtlme § groups. Although more and more authors accept this suggestion, it

evolutionary theory. The fact that genes are delfis is a possibility that remains without any clear empirical support.

(metaphorically-speaking) does not mean that
individuals must be selfish too. Natural selecfiavours | Box 8.1. Altruism defined and the chief models
the transmission to succeeding generations of thoseroposed to explain its existence.

genes that enable their bearers to leave the largées
number of high quality descendants possible. Noofal
the strategies employed in achieving this neecelisls, . .
some of them may be cooperative. For example, we s&-2-1- Kin selection
in Chapter 7 that coalitions and alliances may asee

the survival and reproductive success of the indiais 't 1S characteristic of many bee, ant and termieiesies
that participate in them. Thus what most benefiis t that all their members are close relatives, given, tas a

selfish interests of the genes that favour sucfle: all the workers are daughters of the samemue
cooperative behaviours is that an individual should€nce they are sisters of each other and of thefer
cooperate with and help others since these wip ftsh ~ Males and females that the queen also produceshwhi
turn, so increasing the chances that its genes beill Will found new colonies. This relatedness is thg ket
perpetuated in the next generation. |nsp|r(_ed W|II|arr’1 D. Hamilton to propose hls kin

Altruistic behaviour is generally defined as thatS€/€ction theory’. He suggested that an individuay
which acts to benefit other individuals at sometdos NCréase its fitness not only by investing in iteno
the provider (see Box 8.1). To address the problem &ffSPring but also by investing in close relativesth
altruism from an evolutionary viewpoint we mustrsta Whom it shares genes to a greater or lesser efgent
on the basis that altruistic acts imply costs aadefits Box 8.2).
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Hamilton’s idea is that fithess is better underdtooet al. 2002). It was thus shown that remaining to help is
by considering the number of copies of genesot genetically determined, at least in this specie
transmitted to the next generation instead of jhst How far then is kin selection important in the
number of offspring produced. From this standpaamt, evolution of cooperative breeding? Although kin
individual may improve its fitness by transmittiits  selection has been questioned in the past, retadies
genes to the next generation, whether directly bliave once again vindicated its importance. Ondese
investing in its own offspring or indirectly by iesting also employed the carrion crow. Vittorio Baglionedan
in the reproduction of relatives that share thoseeg his co-workers carried out molecular analyses to
(Box 8.2). This is what can happen among ants, deés determine the degree of relatedness between beeeder
termites and we shall return to social insectseiction and helpers, and they found that immigrant helpers
8.4. showed a high degree of genetic relatedness todke

owner of their own sex. This shows that crows that

return to their natal area after moving away and

Kin selection : Favours investment in close relatives (see Box 8.1). Based
on analysis of fitness founded on genes.

Coefficient of relatedness : The probability that two individuals may share
a particular gene on account of shared ancestry. In normal sexual
reproduction by diploid organisms the offspring receive half their genes
from their father and the other half from their mother. Thus the
probability that a father or mother will share a particular allele with one
of their offspring is 0.5. The probability is also 0.5 between full siblings.
Between grandparents and offspring, between half-siblings, between
uncles/aunts and between nephews/nieces it is 0.25. Between first
cousins itis 0.125.

Hamilton’s rule : The basis of the kin selection theory, by means of which
Hamilton established the conditions that must be met for an altruistic
allele to be successful. The rule is that an altruistic allele will pass to
succeeding generations when the benefit (B) of the altruistic act to the
recipient, multiplied by the coefficient of relatedness (r) between the
donor and recipient, is greater than the cost (C) to the donor, i.e. when
rB-C>0.

The concept of ‘inclusive fitness’: Direct fitness is that achieved by
producing offspring. Indirect fitness is achieved by contributing to the
production of offspring by a close relative. The inclusive fitness of an
individual is the sum of its direct fitness (number of own offspring) and
its indirect fitness (number of additional offspring raised by a relative
thanks to the help the individual provided).

Box 8.2. Key concepts of ‘kin selection theory’
(Hamilton 1964).

spending some time elsewhere help those breeding pa
with whom they are closely related (Baglione et al.
2003).

Kin selection theory does not only explain
altruistic acts involving direct help to breedirgatives,
but also most other altruistic behaviours, sines¢hare
commonest between related individuals. This theory
predicts that the higher the ‘coefficient of rethiess’
(see Box 8.2) between two individuals, the higher th
frequency of cooperative behaviour between them and
the lower the frequency of aggression. A good examp
is provided by instances of nepotism (preferential
assistance of an offspring or close relative), Whice
very common in most social species, our own indude
(see Chapter 7).

The Siberian jayRerisoreus infaustyss a corvid
that has been studied intensively by Jan Ekman, of
Uppsala University, Sweden, and his collaborafoingy
have shown that adults favour independent offspiting
various ways. For example, they allow them prefiaén
access to food, a most important advantage in winte
when living conditions are hard within the species’

range in northern Eurasia. In addition, when their
offspring form part of a flock, their parents invesore

and take greater risks in the face of any preddtwat

ay approach (Griesser & Ekman 2005). Such
Itruism’ proves highly beneficial to the offspgrand it

has been shown that young birds that winter witirth
parents have a greater chance of surviving to the
following spring than do those that disperse totain
Bisewhere (Ekmaet al.2000).

Some animal species live in much more complex
societies than do Siberian jays. For example, sgott
)ﬂyenas Crocuta crocuta live in clans, permanent social
rhroups in which relationships between individuale a
quite complicated. A clan is comprised by femalemb
within the group, their own offspring and variouslas
that were not born in the group, but that may #tathe
clan for many years. Bearing in mind that males and
females mate promiscuously and that females usually
eproduce twins, the kin relationships between tmeales
in a clan may be very varied. They may be stegisist
sibling, more distant relatives or, in some circtanses,
barely related at all. All individuals in a clarednardly
ever together and spotted hyenas perform mostedf th

. o . - activities in smaller groups, whose composition
dispersal. V'“°'.”° Baglione, then_at Uppsala U'E'.B.'; frequently changes. Sofia Wahaj, of Michigan State
Sweden, and his co-workers carried out an expetiinen

- University, USA, and her co-workers studied thevals

ngcurllatitgr?)i/n \t/\r/iri]cshp(c)::)tgdergrt?vvg b?ggjinfr(\)/vrgs ?mlfmvt\)”vsv roup associations and aggression between indigidua
pop P 9 i employing molecular analyses to

t th Spanish lation in which i in hyena clans,

0 a northern Spanish population In which coopeeall oqiapiich  the coefficients of relatedness between
breeding existed. They found that most. Of. the youn ifferent individuals. They found that although
from the translocateq eggs delayed thglr dISpGIBd|. aggression did not differ according to relatednéss,
some of them remained as helpers in the followin

season, as did those of the Spanish population i(Bag| gllrectly influenced small group membership. The

‘Cooperative breeding’ is another phenomenon in whic
kin selection is manifested through investment hie t
reproduction of close relatives. It has been dbedriin
several hundred bird species, in some mammals ana
more sporadically, in other animal groups. Coopegat
breeding consists of parents raising their offgprivith
the assistance of one or more additional indivisiui@he
most common finding is that these helpers are tece
offspring of the breeding pair, which have remaiied
the parental territory instead of dispersing to eldre
themselves. These individuals help raise the ne
generation. However, this is not always the cas® a
helpers that are not related to the breeding pairiso
frequently involved. For this reason the importaoée
kin selection has been called into question, esfigdn
relation to the evolution of cooperative breeding.

We have, for example, the carrion cro@ofvus
corong, in which cooperative breeding exists in som
populations but not in others. Moreover, the hadae
not always the offspring from previous years thaveh
not dispersed, but are sometimes immigrants fromemo
or less distant territories. Environmental conditidave
been shown to play a very important role in juvenil
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commonest association was between sibling sishaits t in quite large social groups, as described by Hel&e
had been raised together, followed by step-sistems Sherman (1982) in their famous experimental stidy t
also had been raised together, and, in third plstep- nearly all textbooks mention. They concluded that k
sisters that had not been raised together, i.¢.vikee recognition in this species involves two mechanisms
the offspring from different births. The study alsoThere is associative learning between litter-mates,
revealed that associations between sisters thaedtza allowing them to be recognised as kin. Phenotypic
mother were preferred over those where sistersedhar similarity is also involved in which individuals den
father (Wahagt al.2004). their own phenotypes and those of their parents and
These results clearly show that spotted hyenas as#lings, thus establishing a generalised modéhwiily
capable of recognising their relatives, somethimag ts  that serves them in the future to distinguish thbse fit
essential for kin selection to operate. Numerousliss the model (kin) from those that do not (non-kin). |
have shown such a capability in diverse animalisgec connection with this, a good study by Jill Mated, o
A notable study is that by Jason Buchan of Duk€&€ornell University, USA, has shown that Belding’s
University, USA, and his collaborators, who empldye ground squirrels produce odours that act as kin
molecular analyses to establish the paternity ofdiing indicators. Experiments involving odour discrimioat
members of a population of the yellow babo®agio showed that individual odour enables quite precise
cynocephalus The females of this species aredetermination of the relatedness of unfamiliar
promiscuous and they copulate with many males befoindividuals (Mateo 2002). A similar arrangementtgui
they become pregnant, so it seemed improbableathatprobably also occurs among other species, i.e. the
male would be able to recognise the young thatdte hassociative learning mechanism is used to recognise
fathered. Nevertheless, observations of aggressivelatives encountered during an individual's
encounters between juveniles, and of which adultdevelopment, and the phenotypic similarity mechranis
intervened to help either contender, revealed iiles  is used to determine the degree of kinship of uiiam
significantly favoured their own offspring. Suchpport  individuals.
is very important since it contributes to improviag
youngster’s hierarchical status and to protecttnfigom , . , , ,
A . 1. Site-based recognition : The simplest mechanism and well known in
pOSSIble injury (BUChaBt al. 2003) birds, the group in which it is most frequent. Where offspring are
These findings, and those of the hyena study, show Iovcavted in a specific place, as .hapvpens with bird chicks that deve!op
L . within a nest, a form of ensuring investment in one’s own offspring
that individuals of at least some species are dam‘b is to follow the ‘feed the chicks that are in my nest’ rule.
recognising relatives. The key question concerres th - _ . . .
2. Associative learning : A mechanism based on the interactions of

mechanism that permlts them to do so. This is the developing individuals with each other and with their parents, in
subject of the next section. which they learn that those raised with them are their brothers or

sisters and those providing care are their parents. This mechanism
is independent of genetic kinship.

8.2.1.1. How relatives are recognised o .
3. Phenotypic similarity : Based on learning a character or a group of

characters that identifies the familial group. When individuals meet

Most studies that offer evidence of a capacity Kior strangers comparing such characters will allow them to evaluate the
i . . degree of similarity with themselves and will serve to indicate the
recognition discuss the mechanism that makes such  gegree of kinship.
recognition possible. For example, the authorshef t » ) . . .
4. Recognition alleles : This mechanism does not involve learning but

hyena StUdy above SUQQeSted that it is achieved by relies on the existence of a genetic marker that confers a

‘phenotypic similarity’ (see Box 83) and those bft characteristic phenotype on its bearers that will serve as an
. indicator of kinship and induces a tendency to favour individuals
baboon study propose that a number of clues peamit with such a characteristic.

male to judge his probability of paternity, mairiye
fertility of the female at the time when he copathtvith Box 8.3. Proposed mechanisms to explain kin
her, phenotypic similarity and the female’s behavio | recognition. Mainly after Komdeur & Hatchwell (1999).
towards other potential fathers.

Very few such studies have actually established ) ) )
which mechanism is involved in kin recognition. Fou It iS very hard to differentiate between mechani2n8

theoretical possibilities have been proposed (B@.8 and 4 in Box 8.3 and harder still to demonstrateféect
The first is general among bird species that rdigér ~ Of any one of them that is independent of any auon
young in nests, most of which are unable to recegni With the other two. However, Anne Lizé, of Rennes
their chicks individually, to the extent that ifchick of ~University, France, and her collaborators have show
another species is placed in a nest it will befgahe the operation of the phenotypic similarity mechanisy
owners as one of their own offspring. controlling experimentally for any possible effeot
The classification presented in Box 8.3 is usefufSSociative learning. They worked with Aleochara
since each mechanism may generate differefdlineata, a species of rove beetle whose larvae ar
predictions as well as helping our understandinghef Parasitic. In most insects with similar lifestylese
concepts. However, it also poses difficulties sitice females lay their eggs directly on the larvae aysegf
differences between the four mechanisms are nérger insects, so that the parasitic larvae feitdimthe
entirely clear-cut. For example, both associataring host to _complete their development. A. bilineata is
and phenotypic similarity involve learning one’s mow Unusual in that the females do not lay directly tba
phenotype and recognising it in others. The phagioty host but instead do so somewhere where there igha h

similarity mechanism may also imply the existende oProbability that the larvae will find hosts aftérey have
recognition alleles. hatched. The larvae thus have to seek out they. pre

Associative learning and phenotypic similarity SOmetimes two larvae attack the same host, amissta
may also frequently operate together in the sanfdf multi-parasitism that proves very costly sincere
species. This is the case in Belding’s ground sejuirr t€nds not to be enough food for two and one of thgin

(Spermophilus beldinia terrestrial squirrel that lives die. The larvae are capable of detecting not orfigther




91

a potential host has already been parasitizedlbaotifsit ~ (Corvus monedulathat we carried out some years ago.
has been invaded by a sibling larva or by a stnangeThe jackdaws in our study area in Guadix district,
given that they avoid invading hosts already ptizesl Granada province, Spain, build their nests in hahes
by siblings. clay cliffs. Their principal predator is anotheutbmuch

An experiment was designed to make it possible tlarger, member of the crow family, the raveRofvus
distinguish between phenotype similarity and asdive@  coraX). We noted that mobbing was effective when five
learning in this species. The eggs laid by femalese  or more jackdaws took part, but not when there were
collected and kept isolated from each other umiéd t only two or three. Nest holes with narrow entrances
larvae hatched. Associative learning was thus rol@d were safe, but all those with wider entrances thst
by preventing any type of familial contact. Desghés, eggs or chicks to the ravens. As a result of our
once the larvae were presented with hosts, some experimental treatment, in which supplementary food
which had previously been parasitised by relatecala was provided for a month before nesting began,ether
and others by unrelated larvae, hosts parasitigatbh- was an increase in colony size in our two expertalen
kin larvae were selected preferentially (Letéal. 2006).  study colonies. This increase in pairs brought &atzou

The recognition alleles mechanism (see Box 8.3)eduction in predation by ravens, so much so toaen
is considered least probable in theory and haachil of the nests in these colonies were lost. Increatie
least support. Nevertheless, evidence for it isarttfe number of pairs that nested close together in #mes
provided in a study by Laurent Keller, of Lausanneliff ensured that there were always enough jaclsdaw
University, Switzerland, and Kenneth Ross, of Georg present to drive away the raven before it appradche
University, USA. They solved a previously intrad&ab (Soler & Soler 1996). This example is not a case of
enigma by invoking the recognition alleles mechamis reciprocity since all the nests were close to eaitier
Each nest of the red imported fire arolenopsis and thus all were in danger (it is an example of
invicta) normally houses several reproductive queensiutualism; see Chapter 9). However, it helps us to
and it was known that none are ever homozygouthéor conclude, in response to our earlier question, that
gene locusGP-9 all queens were heterozygouBb). predator mobbing behaviour is highly beneficial and
The non-existence of homozygoush queens was may be highly effective when performed by a large
understood, because it was known that they dierbefonumber of individuals.
reaching maturity. However, it was not known why Why should in other species the owners of more
homozygousBB queens also did not exist. Keller & distant, unthreatened nests cooperate in such tmemav
Ross discovered why. HomozygdBB queens are killed This is the key question. The answer offered by
by the workers when they start to lay eggs. Whatast  reciprocity is that since collaboration is impottan
interesting is that not all workers take part irstiThe achieving success, helping a neighbour is benéficia
ones mainly responsible arBb workers (the BB because that neighbour will return the favour ie th
workers, which are the closest kin to such quegmsiot  future. Indrikis Krams, of Daugavpils University
participate in the executions). This shows that@fe9 (Latvia) and his co-workers showed experimentdilyt t
allele is associated with another recognition allglat individual pied flycatchers Hicedula hypoleuca
induces the workers that possess it to kill thoseegs collaborate in mobbing behaviour with individuatat

that do not (Keller & Ross 1998). have previously collaborated with them, confirmthgt
this is an instance of reciprocity (Krams et al0@p

8.2.2. Reciprocity: general aspects and direct The existence of reciprocity poses a fundamental

reciprocity theoretical problem. The best strategy for an iitial

that has already received help is not to pay itpdre

Hamilton’s kin selection theory resolved the enigafa back (see Box 8.4). The problem is solved if we lear
altruistic behaviour between relatives but suchebgur mind that under natural conditions the animals
is also common between unrelated individuals. Robenihabiting an area have a high probability of mmegpti
Trivers (1971) proposed a brilliant idea that hdeca again and of needing to cooperate on other occasion
‘reciprocal altruism’ to explain instances of coogi@®n time, neighbours and, especially, members of tlmeesa
between non-kin individuals (see Box 8.1). Some ©f usocial group get to know each other. This allovesritto
nevertheless believe that such cases are betr@eder identify selfish individuals and to avoid helpinigetn.
‘reciprocity’ since they are not truly altruistigiven that Hence, the selfish strategy of the non-reciprocestoot
there is mutual benefit. Humans apart, altruistitsa beneficial in the long term, so the best strategy i
between non-kin are considerably scarcer in mostllaboration.
species than those involving relatives (the opposit Reciprocal collaboration based on repeated
applies in our species. See Section 8.5). encounters is a very complex topic. On the one hasd

In birds, for example, when a predator approachese have commented already, failure to cooperate is
a nest site, the nest owners fly towards it and rihob poor strategy but, on the other, always cooperaitng
while giving noisy alarm calls. Very often nearbgins also not a good strategy because it allows other
will join in this mobbing behaviour until the predais individuals to take advantage of an individual tist
driven away. Theirs is an altruistic act since thé&nown always to be cooperative. What then mightibe
neighbours help even though their own nest is ndeu good strategy? In a contest between strategiegrossbi
threat and the behaviour is costly for them, net ja by Axelrod (1984), the best proved to be the stedal
terms of time and energy involved but also bec#lusee  ‘tit for tat' strategy, which consists of always
is a risk that the predator will capture one ofthe collaborating during the first encounter and thieza

Is the assistance of neighbours in expellin@lways doing what the opponent did in his or her
predators really beneficial and necessary? We careceding decision (see Box 8.4).
answer this by referring to a study of flaekdaw



Definition:

The theoretical problem:

Reciprocity is a form of mutual collaboration in which an
individual helps another, unrelated individual and, in turn, receives the
same or another favour in the future.

If two individuals collaborate both obtain a
benefit. However, since the first individual to receive help has already
benefited all that it gets from returning the favour is that it incurs a cost.
Why then return thefavour? (This situation is known as ‘the prisoner's
dilemma’). If this argument is applied to a reproductive scenario, natural
selection would favour individuals that, having been helped, do not return
the help, since they would leave more descendants through having
incurred lower costs. How then may the evolution of cooperation be
explained?

The solution: The answer to the above question considers the likelihood of

those two individuals meeting again. If there is little chance that they will
do so the best strategy is not to return any help received. However, if
there will be frequent opportunities for future cooperation, this will allow
selfish individuals to be identified and excluded from cooperation, which
will be highly prejudicial to the selfish ones. The best strategy in the latter
situation is to cooperate.

If cooperation is seen in terms of reproduction, some strategies will
be more effective than others since they increase benefits and reduce
costs in different proportion. Some also will result in more descendants
and hence natural selection will favour the most effective and those that
are not will disappear.

The ‘it for tat' strateg y: This cooperative strategy is the most famous in

biological circles and one of the most effective. Axelrod (1984) designed
a computer program that matched different strategies against each other
in a prisoner's dilemma game played repeatedly. He organised a
tournament that matched 62 strategies proposed by different scientists
against each other. The winner was one of the simplest, the so-called ‘tit
for tat' strategy. It involves always collaborating during the first encounter
and thereafter always doing what the opponent did in his or her
preceding decision, i.e. collaborate if the opponent collaborated and vice-
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acquainted individuals follow the second rule oétth
strategy (see Box 8.4), because they showed the same
behaviour — cooperation or non-cooperation - towarm
opponent that this individual previously showed doss
them.

Reciprocity is not always direct or obvious. For
example, a strange form of cooperation is exhibiigd
the long-tailed manakinGhiroxiphia linearig, a small
bird whose males are brightly coloured and havey ver
long central tail feathers. When a female appeaaede
manakins perform a showy and acrobatic display,
always using the same perches for this purpose.
Females, however, only approach males that are
accompanied in their display by a second malehao t
‘dominant’ males have an ‘apprentice’ male with who
the display is performed as a dual ballet. The
subordinate male apparently gains no benefit sthee
dominant one mates with all the females and,
furthermore, the two males are unrelated, so thair t
cooperation cannot be explained by kin selectiohyW
then cooperate in a dance that expends much time an
energy? When David McDonald and Wayne Potts, of
Florida University, USA, investigated, they founidet
answer. They found that the apprentice derives
important long-term benefits. Several years lagentay

versa.

become the dominant male and inherits the disgtay s
as well as benefiting from the fidelity to thatesithat
females show each breeding season (McDonald & Potts
1994).

Types of reciprocity

a. Direct reciprocity: A helps B because B has previously helped A.

b. Indirect reciprocity: A helps B because B has previously helped C.

c. Generalised reciprocity: A helps B because previously C has helped A.
d. Enforced reciprocity: A predisposition to cooperate with others and to
punish those that violate the norms of cooperation (exclusive to the

_ 8.2.2.2. Indirect, generalised and enforced recipgity
human species).

Reciprocity may also take more sophisticated forms.
Examples are known in which reciprocity is indirect
acting via a third party, or even generalised, reffeto

Box 8.4. Reciprocity. Definition, models and types of
reciprocity

any unfamiliar individual although always after iélas
Indrikis Krams and his research group designed previously been received from other unfamiliar
second, and ingenious, experimental study of tteel pi individuals (see Box 8.4). Such types of reciproecitg
flycatcher that allowed them to put some of the tmosvery rare in non-human animals. Indirect reciprobias
important predictions of reciprocity and the ‘iirftatt  only been demonstrated in an interspecific intésact
strategy to the test. They erected nestboxes inpgrof ~between fish (see Chapter 9), and generalised oetipr
three (A, B and C), arranged in a triangle so thaheais only known from an experiment with brown rats
box was about 50m apart from the others. ThéRattus norvegicyssee below). In our species, although
experiment was conducted in two stages once there w generalised reciprocity has not been studied much,
chicks in the nestboxes. In the first stage pair & w indirect reciprocity is known to be of great importe
captured and held in captivity. Immediately theteaf  (see Section 8.5).
stuffed owl was set up on a stick near to box AisTh Claudia Rutte and Michael Taborsky, of Berne
provoked mobbing of the owl by the pair in box Adan University, Switzerland, have obtained evidencet tha
in every case, both the male and female of box Cecangeneralised reciprocity exists in rats, at leastleun
to assist with the mobbing (pair B could not do swes laboratory conditions. They trained a group of rsats
they were caged). The second stage of the experimghat, when one pressed a lever, food was suppieet
took place an hour later, after pair B had beerassld. Others, but not to the operator of the lever stheefood
Now a stuffed owl was set up next to box B and agroth remained out of its reach. They found that the rats
stuffed owl was set up simultaneously next to box Csooperated most often in pressing the lever in the
The pairs in boxes B and C began mobbing thgresence of unfamiliar individuals when on a prasio
respective owls and pair A was confronted with hgvi occasion another rat had operated the lever sahbgt
to decide which pair to assist. The results wergould eat (Rutte &Taborsky 2007). Enforced recifiyoc
conclusive. The pair in box A came to the aid fttim IS @ mechanism only described in humans (see $ectio
box C (the pair that had previously helped themBén 8.5.4).
occasions, but never helped the pair in box B (thie p
that had been prevented from helping). These mesul8.2.3. Group selection
show very clearly that pair A helped the pair thad
earlier helped them whereas they ‘punished’ thetpat As we saw in Chapter 2, the notion that behaviour
had not collaborated. This supports the belief tha@volves for the good of the group or the species is
reciprocity may explain the origin and evolution ofunsustainable and was seriously discredited dutieg
mobbing behaviour. They also show that the ‘tittlatr ~ 1960s. Nevertheless, some less naive versionsoofgr
strategy may operate in nature since these prdyiousselection could work. In theory a group may be an
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adaptive unit should selection at group level acren related; indeed they may even be clones! There are
strongly than at an individual level. It is thusspible indications of kinship ilMyxococcuswhose individuals
that group selection may have influenced the eimlut are very similar genetically. Nevertheless, in thse of
of altruism, but it seems improbable that it hasyptd an  Dictyosteliumit seems less likely that the individuals are
important role since individual selection is noriyal close relatives given that the slime mould groupsnf
strongest. from a grouping of previously solitary and indepent

A form of group selection distinct from the individuals.
classical version proposes that, although withmjiven
group selfish individuals rather than altruistsiwéiave  8.3. The importance of social punishment in the

more descendants, groups with a higher proportion @vyolution of altruistic behaviours
altruists disposed to work for the common good will

leave more descendants in total than less anmuistin accordance with theoretical mode|sl pena"sing

groups. Taking all groups together, this results imdividuals that seek only to benefit themselvegates
altruists rather than egoists leaving more desa@sda the advantages of non-cooperation and favoursistitu
This idea is again current thanks mainly to studi€s cgllaboration. Such action is known as social
cooperative behaviour among microorganisms. The tweunishment and it is used to dissuade the recipfenin
best-studied genera akyxococcusand Dictyostelium  pehaving selfishly in future. Such behaviour isnsder
The genusvlyxococcusncludes a group of bacteria thatexample, in the superb fairy-wrehglurus cyaneus a
live sociably ar)d collaborate throughout their tiﬁmles.. small bird referred to previously that is a coofieea
When food is scarce they group together intyeeder, several individuals helping a breeding pai
multicellular structures (fruiting bodies) in whigtome  rajse their brood. If one of the helpers is removed
individuals die to form the structure and otherg artemporarily during the period in which helpers are
transformed into resistant spores, which lie dortmarfeeding nestlings, on its return it is attacked thg
until environmental conditions improve and fooice  gominant male, seemingly as a punishment for not
more available (Travisano & Velicer 2004). The genu carrying out its duties (Mulder & Langmore 1993).
Dictyostelium includes different slime-mould species An even more striking example concerns the
whose individuals live terrestrially as solitary, naked mole-rat Heterocephalus glabgr This
unicellular amoebae, feeding on bacteria and othgfermanently subterranean species forms colonies in
organisms. As in myxobacteria, they group togethfhich most individuals are worker females but also
under conditions of food shortage, forming ajnclude soldier males, a breeding male and a bmeedi
pseudoplasmodium that moves towards the light. Kemale or queen. The organisation is quite sintdahat
forms a stalked fruiting body with a spherical $por of ants and other social insects. In this caseqgtieen
mass at one end. Eventually the cells comprisirg thaggressively pushes around the most idle of théevey
stalk die and the spores are dispersed, to begewdife  \yhich tend to those that are largest and leastelyios
cycle (Travisano & Velicer 2004). related to the queen (Reeve 1992).

Some authors consider these examples to be clear The idea that social punishment plays a very
instances of group selection, given that some iddals  jmportant role in the evolution of altruistic befmwrs
die so that others may survive. Selfish individuale pag currently gained prominence. As we saw in the k
common in these microorganism societies and these delection section, until recently all altruism beém
not cooperate but take advantage of the othersir Thge|atives was explained by kin selection and social
strategy is beneficial to them since as they deempend  pynishment was thought to operate only in cases of
resources in collaborating they have more chance Péciprocity, which are frequent in humans but rare
converting into spores and surviving to reprodudee  other animals. Nevertheless, many recent studies
activities of these opportunists may prove harrtduhe  highlight the importance of social punishment in
society and when they come to constitute a majoiiéy  explaining altruism, including that exhibited byeth
whole group may die out. As modern group selectiogocial insects (Ratnieks & Wenseleers 2007). Wel shal
models predict, this selective pressure is so gttbat consider social punishment in the following two
altruistic individuals have evolved defensive ®g#S gections, which deal with the two most fascinating

against the selfish ones (given that group seleatiay nstances of altruism: in social insects and inthean
work if the cost of imposing cooperation is lesartlits  gpecies.

benefits). Michael Travisano, of Houston University
USA, and Gregory Velicer, of the Max-Planck Ing#u g 4 Altruism in eusocial insects
Germany, have reviewed the strategies developed by

altruistic individuals to prevent exploitation bgassts.
Without going into too much detail, such stratededs
into two broad groups: (1) those that prevent dgois
from access to the benefits that result from theviae

We have so far used the term social insects toritbesc

those that live in more or less numerous groups or

societies. Here we introduce a new term, eusocial

; - : insects, which refers to species that form morepiexm

of the altruists, and (2) those that actively pbm®n- g ieties, characterised by division of labourhvéiome

collaborating individuals. The fact that cooperatotay ndividuals concerned with reproduction and others

produce bactericidal substances that act exclqsive{aking charge of other tasks (see Box 8.5).

against egoists is well documented (Travisano &icéel Nearly 15,000 species of eusocial insects are known

2004). . . and the variation in colony organisation is enormou
Before accepting such instances as examples Qfie shall start by considering the life cycles ofotw

group selection, however, we should consider thg,qcies one considered a primitive eusocial spetie
possibility that their cooperative behaviour mayd® o giher advanced (see Box 8.5). Both will serve to

to kin selection (see section 8.2.1). No convin@n@df  jjstrate the topic and will allow us to draw peent
has been offered that the individuals are not tyose.qnclusions.
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Colonies of the common paper waspolistes the fungus that, once grown, provides the food supp
fuscatu$ are founded by small groups of females thatfor the whole colony.
after winter is past, cooperate to build and deféral Marked division of labour occurs among leaf-
nest and to feed the larvae. The queens are ogghims cutter ants, with workers of different sizes suitied
a hierarchy and the dominant one lays most of fys,e carrying out each of the various tasks. The singeds
but not all. The first larval generation developgoi enormous, so much so that the largest workers reay b
females, some of which remain to help and otheas thtwo hundred times larger than the smallest oneg Th
depart and become breeders the following spring. Amost demanding task is cutting leaves and carnyieg
collaborating females can lay eggs, but the dontinano the nest and numerous large or medium-sizedeverk
queen controls the reproduction of her subordinates perform it. Other smaller workers carry out divejsies
she eats about a third of the eggs that they lawithin the nest. Some care for the larvae, otheltivate
Subordinate queens have the advantage of being@blethe fungi and others take charge of the rubbishitip
replace the dominant queen should she die. H. Kesome species too there exist much smaller workers
Reeve, of Cornell University, USA, and hisadapted to perform a highly specialised task, the
collaborators precisely determined, by means oétien bodyguard role. Each of these minuscule workerssrid
analysis, the degree of relatedness between thengueback to the nest on top of the leaf fragment cdrbg a
and the number of offspring that each produced. THarger worker and its mission is to protect thd-tezarer
results were striking regarding the proportion offrom attack by any small parasites that may tryap
offspring produced by the dominant queen. For exemp eggs on the large workers’ bodies (Roces & Holldoble
that proportion was greater the larger the numider d.995).
larvae produced by a colony and the greater theedeg Although significant morphological differences
of relatedness between the queens. Also, in nests between workers in charge of different tasks ekist
which the dominant queen laid a high proportionthef leaf-cutter ants, such differences may be even more
eggs, the aggression showed towards her by the othrearked in other advanced eusocial ant species ichwh
gueens was greater than in nests in which reprimotuct different castes do not just differ in size but magk
was distributed more equally between the queensvgReecompletely different. For example, some speciesehav
2000). workers with enormous, armoured heads that theyasise
doors, i.e. they use them to block entrances tandst.
In others that inhabit arid zones some workersaact

Definition:  Social groups comprising at least two types (castes) of

individuals, reproducers and workers. The latter are females in most ‘reservoirs’ and Spend their entire lives hangll’lg’lw
cases and they perform the various tasks necessary for the former to nests while Storing fluid in their spherical abdme
reproduce.

Eusociality in insects takes two forms. Primitive eusocial species are which may swell to many times their original volusne

those in which castes are not morphologically differentiated. These The soldier caste is the most common and is forb]ed
species form small colonies and workers have some chance of

replacing the reproducers. The opposite characteristics are shown by large workers whose mandibles are highly developed
advanced eusocial species. and whose chief task is colony defence.
Characteristics: To return to the leaf-cutter ants, these are also
, , . o known as fungus-farming ants because their survival
- Eusocial species have been discovered in five insect orders. Most . . .
occur in the Hymenoptera (ants, bees and wasps; 12,000 species), depends entirely on fungal cultivation. They cannot
but also in the Isoptera (termites; 2,000 species), Homoptera (aphids: digest cellulose and so cannot feed directly ONdBa
40 species), Thysanoptera (thrips: 6 species) and Coleoptera b h d he f i th d I h
(beetles: in a sole species of the weevil family Curculionidae). ut they do eat the fungi that develop on thoseesa

- In nearly all groups, the breeding individuals that live in the interior of They perform systematic and meticulous work in
colonies are always females (queens). The exception is the termites, . . . . .
whose termitaries house both fertile males and females. The number Seedmg and harveSth the fung' and in cleanlra:y th
of queens per colony varies. Most often there is only one but there gardens before re-use. Moreover they have spe&i:lié's
may be a few or even more. . . ! . .

- Workers perform diverse tasks. In advanced eusocial species they on their own bOdIeS, whose location varies between
make up different castes that may be morphologically specialized for species in which they maintain suitable conditiéors
different kinds of work. ! . .

- In general, caste differentiation is not genetically determined. the development of filamentous bacteria that preduc

antibiotics capable of killing pathogenic bactesnd

Box 8.5. Eusociality defined and general characteristics of fung'- These substances are used as a Chem'qmema

eusocial insects. for their crops. The fungus that they grow livedyon

within ant nests and is so important that whenytheng
queens leave their natal colony to found a neweath

The situation is very different in advanced eusocig aIT'es a small piece of fungus in her mouth totsta

. cultivation in her new nest.
Species (see Box 8.'5)‘ such as Fhe leaf cu.tter s Leaf-cutter ant workers have poorly developed
farming ants, of which 200 species belonging teesalv . X
) .2 ovaries that hardly ever produce viable eggs (the
genera have been described. These ants live imeiisr . . . g
: - : Sn T exceptions are some species that may, in the gueen
colonies, sometimes exceeding ten million individua

. S absence, produce eggs that give rise to males).

They construct complex nests with a multiplicity of
. - Nevertheless, some workers produce eggs that ack us

tunnels and small chambers and, in addition, larg

r 4 ;
spaces in which they cultivate their fungal orclsaadd ?Oicfﬁiitlj éheD?E;?; ;):1 dthheislacr;ﬁ:é ?J(;Csogmgotoeneﬁaecén
a deep chamber that they use as a rubbish tip. T . 9 P 9

workers cut larae pieces of leaves that thev tgn/do hiversity, Denmark, dissected worker ovaries todgt
9e p y treery the eggs produced by ants of various leaf-cuttecisg
the nest. Here smaller workers cut them into smalle

. . of the generaAcromyrmexand Atta. They found that
fragments and clean them meticulously to avoi L .
. . - . . .. many Acromyrmexworkers lay eggs of similar size to
introducing some parasitic organisms that migheénf )
) ; those of the queen but with less yolk and no
the ants or their fungi. When the leaf fragments ar

. . ., reproductive purpose, using them instead to feed th
ready they are carried to the orchards and 'seeditd larvae. MostAtta workers do not lay eggs but a few that
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live in proximity to the queen lay large eggs, algith  of breeding individuals that it produces, namelyepus
little yolk, which in this case they use to feeé tjueen. that found new colonies and the males that festilis
With respect to fertile eggs, the study concludest t them, the mean genetic relatedness of the workers t
Atta workers are sterile but thatromyrmexworkers do those descendants is 0.5. This is the same asiiaig
have the ability to produce viable eggs, althoulgis t have with their own offspring and hence haplodigjoi
capability is restricted (Dijkstrat al.2005). should not lead to a special tendency to help fis t
reason alone. Moreover, other factors were disealver
that restored the importance of the genetic retegssl
between sisters as being the primary explanation of
As noted earlier, this type of social organisatimss altruism in eusocial insects. For example, queaes a
evolved independently in the various insect groumps quite often fertilised by several males and in many
which altruistic behaviour predominates. Comparativepecies there is more than one queen in each colony
studies have revealed that eusociality originated iBoth factors contribute to the kinship between woske
species in which a female cared for its descendantsnd the sexual individuals that they help to brefen
some of which began helping, as we have seen oitursbeing considerably lower than previously thought.
the common paper wasp and in some cooperative- None of this means that kinship no longer matters
breeding birds. in explaining altruistic behaviours in eusocialdots. It
What factors have influenced the evolution ofis just not as central as formerly believed. Kitesgon
eusociality? The three most important are constlere theory remains current and allows us to predict tha
the following sections. They are the kin relatiapsh workers will show a greater predisposition to htip
between helpers and the descendants produced bymare closely they are related to the queen’s dffgpr
breeding female, the environmental conditions thatsee Hamilton’s rule, Box 8.2). It also predictsittithe
influence the cost/benefit relationship of helpiveysus workers, being responsible for caring for the eggd
reproducing, and coercion, which contributes to théeding the larvae, will favour those offspringwom
predominance of altruistic behaviours through théhey are most closely related genetically.
punishment of hon-cooperative individuals. A good demonstration that supported the
prediction about kin-based worker care was provided
Minttumaaria Hannonen and Liselotte Sundstrom, of
Helsinki University, Finland, in their work on thsack
As we have seen, helping relatives can increase amt Formica fuscy whose nests often contain more
altruistic individual's ‘inclusive fitness’ sincet iis than one queen. They determined the kinship between
collaborating in the production of offspring by lbse individuals in ten different colonies by taking DNA
relative and thus transmitting its own genes tortket samples from eight workers in each, chosen at rando
generation (see Box 8.2). Hamilton was also the firs and a considerable number of offspring (some 5G egg
notice that this might be especially relevant ia ttase and nearly 100 pupae). They found that the workers
of Hymenopterans since these have a type déavoured those eggs and pupae to which they west mo
reproduction known as ‘haplodiploidy’, whose out@m closely genetically related. The results show thet,
is that a female is more closely related to heess(r = predicted, workers behave selfishly from a genetic
0.75) than to her own offspring (r= 0.5) (see B&¥8In  viewpoint and that, in addition, they are capabfe o
other words, from a selfish viewpoint it is a bettption  detecting the degree of relatedness between thesssel
to help sisters to breed than to breed oneself (itam and the young ants in the nest (Hannonen & Sunastr6
1964). For some years the haplodiploidy argumer2003).
provided the major theoretical basis for understagnd
altruism in eusocial insects.

8.4.1. The evolution of eusociality

8.4.1.1. Kin relationships

8.4.1.2. Environmental conditions

Haplodiploidy: A reproductive mechanism in which males originate from
unfertilised eggs and hence are haploid, whereas females originate
from fertilised eggs and so are diploid.

Coefficients of relatedness:  Since males are haploid their sperm are
not formed by meiosis and hence are all identical. This means that all
daughters of the same male receive an identical genetic contribution
from him, comprising half of their genomes. The other half is derived
from the diploid mother and so two sisters have a 50% chance of
sharing any of the mother’s alleles. In other words, in haplodiploid
organisms, sibling full sisters have a 75% chance of sharing the same
gene.

- The coefficient of relatedness between close relatives in
haplodiploid species is: mother—daughter 0.5; mother-son 0.5;
father—daughter 1; father—son O; sister—sister 0.75; sister—brother
0.25.

Box 8.6. Haplodiploidy defined and coefficients of
relatedness in haplodiploid species.

Kinship has been the chief driver of studies ofusm.
However, if we recall Hamilton’s rule (see Box 8.2),
also includes two other factors: the benefit that a
altruistic act confers to the recipient and the tcos
incurred by the donor. These two factors are also
important and they may be strongly influenced by
environmental conditions. A key element in the iorig
and evolution of eusocial societies is the costd an
benefits that arise from the two options that,east in
theory, are available to individuals: to stay aetptor to
leave familiar ground to become a breeding indigldu
(as happens in the common paper wasp). Environinenta
conditions may influence this choice directly sitbey
determine the reproductive success of either option

By way of example we shall consider the influence
of environmental factors in termites (Isoptera).
Haplodiploidy does not exist in termites but theywé

However, it was soon pointed out that the high degrf @ill achieved levels of organisation as complexhase

relatedness between sisters (r = 0.75), which wou een in Hymenopterans. A review by Barbara Thorne of

presumably predispose workers to help, was COLmterrma : - S
ryland University, USA, (Thorne 1997) highlights
by the low degree of relatedness that such wo that for a juvenile termite the option of changintp a

with their brothers (9'25)' Given .that the repraiiiec sexual winged adult and of dispersing to reprodorce
success of a colony is measured in terms of thebeum
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its own would have the advantage of saving the time  only 0.44% were sons of the workers (Bonckasral.
energy demanded by helping. However, such dispersa008).

carries a high risk of predation and has a highly The importance of coercion in preventing selfish
uncertain outcome. The possible reproductive sscoks reproduction by workers has been revealed not only
a dispersing individual is very low, given thatniiust investigations of particular species but also in
first find a suitable site in which to establistc@lony, comparative studies. For example, Tom Wenseleats an
and once there it will need to wait a long timedvef Francis Ratnieks, whom we mentioned previously,
that society produces fertile males and females. lanalysed data from diverse species for which al th
contrast, the other option of staying to help tlaah necessary information was available. They found tha
group not only avoids the risks of dispersal bus hathe percentage of workers that lay eggs incredses t
important advantages that favour the evolutionaigim  greater their relatedness to each other. It declihe

of eusociality. The chief one of these is that in@at more effective the control of egg laying by workers
benefits are available to termites at hatchingy(thred  (Wenseleers & Ratnieks 2006).

themselves in a secure place with an abundant food

supply). For example, termitaries are often locate8.4.2. Conflict in eusocial insects

within dead trees whose wood serves them as food.

Other inherent advantages are that an individughtni Kin selection theory not only predicts the emergeat
inherit the opportunity to become a breeder and itha more complex eusociality, but also the existence of
therefore can benefit directly from group defené¢he conflict. Given that individuals in a colony aretno

nest and its resources. genetically identical their reproductive intereséed not
also coincide. Hence, when an individual has a chan
8.4.1.3. Coercion of increasing its fithess through a selfish stratégmay

be assumed that the individual will use the selfish

Francis Ratnieks, of Sheffield University, UK, andnT  strategy. We have already seen, in fact, that aggd
Wenseleers, of the Catholic University of Leuvenpy workers is frequent among many eusocial indeats
Belgium, have reviewed the role of coercion in &tia  has little success, since the eggs are found astdogled
behaviour of eusocial insects (Ratnieks & Wenseleersther by the queen or by other workers. Sometimes,
2007). They found that the degree of kinship thadte however, the workers too have ways of imposingrthei
within colonies is too low to explain the extremegenetic interests on others. We noted that in ¢imengon
altruism observed in many such societies. One eif th paper wasp all females have a chance to reprotudte,
conclusions is that although coercion was certairdy that the dominant female controls reproduction dtyng
an important factor in the origin of eusocialityyid the some of the eggs laid by other females. Excessige e
principal mechanism responsible for maintaining it. consumption by the dominant female (simulated by

The workers of many wasp, bee and ant specieemoving eggs experimentally) brings about an iasee
have ovaries and could lay unfertilised eggs, whicin aggression directed by the workers towards the
would give rise to males. Why do they not do scegiv dominant female (Reeve 2000). The conflict between
that they would then produce direct descendanteaedf  workers and the queen sometimes goes further sath t
own? Numerous studies have tried to answer thisorkers of various bees and wasp genera may eVlen ki
question, and these have revealed the great inmoerta their queen (Bourke 1994).
of coercion. It has been shown that in many species In advanced eusocial species, such as leaf-cutter
workers do not lay eggs because of the risk treat will  ants, there are thousands or even millions of iddals
be destroyed or that they themselves will be kilgdhe all working for the common good. They have
queen or by the other workers (Ratnieks & Wenseleetgaditionally been viewed as societies in which all
2007). individuals live in perfect harmony, so much sottha

The benefit to the queen of arresting thesome authors have regarded such societies as
reproductive efforts of her workers is clear sittisese ‘superorganisms’, comparing them to a multicellular
would amount to direct competition that would regluc being in which all cells cooperate, each carrying its
her reproductive success. But what about the wdrkerdunction so that the individual survives and repross.
Why should they penalise egg laying by their s&ter However, the evidence is ever stronger that cdnflic
Kin selection offers an answer to this questiore thrat  exists within eusocial colonies because individuais
is valid for all cases in which the queen is fes¢itl by not acting solely for the good of the society bisbao
several males: the workers do not necessarily sthare serve their own ends. A good example that confitns
same mother and father and so are less relatdieio t is an experimental, laboratory study of nests ef d@nt
sisters’ offspring than to those of their motherin K Temnothorax unifasciatuby Natalie Stroeymeyt and
selection thus favours investing in the male-pragyic her co-workers at Regensburg University, Germany.
eggs laid by the queen rather than in the male Egds They first divided each colony into two halves, one
by other workers. Workers, as has been shown by Wiincluding the queen and the other composed only of
Bonckaert, also of the Catholic University of Leuvenworkers. In the latter cases the strongest workegan
Belgium, and his collaborators. They studied theo attack each other and the most dominant ones soo
German wasp\(espula germaniga a species in which laid eggs. The two half-colonies were now recomtbine
each queen mates with an average of 2.9 males. Thieyo a single colony and it was found that the veork
observed that the workers laid over half of theeneadgs breeders were not attacked either by the queen treb
in the colony (58%), and that these were as viasle workers in general, only by a few particular woskérat
those of the queen. Video recordings establishatlith were the ones that went on to become reproduceza wh
was the workers and not the queen that destroyed tthe queen was removed afterwards. In other words,
male eggs laid by other workers. The outcome was thworker-reproduction was only impeded by a few high-
nearly all surviving males were sons of the queed a ranking workers that had a chance of becoming lersed
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themselves. In other words, these high-ranking ek came from family members and 80% of offers of ghrelt
were behaving selfishly to increase their chances a@ame from relatives (Shawt al. 1994). Thus, during a

reproducing in the future (Stroeymegttal. 2007). situation of mortal danger, help was chiefly soughd
received from relatives, in accordance with the
8.5. Human altruism predictions of kin selection theory.

We have already noted that direct reciprocity is
As pointed out in Chapter 7, human societies displayidespread in human societies though quite uncommon
certain characteristics that are unknown in anyeoth in other animals. No examples are needed givenvibat
animal species. By far the most important of thetate  are all perfectly aware of how often cooperatiocurs
to altruistic behaviour. Cooperation with relativasd between friends, neighbours, acquaintances ancednde
with companions whom we often meet is frequent i@lso between relatives. We shall consider othezstyqf
humans, but it is very striking that we even oftesip  reciprocity below, in particular the two most imfzott
complete strangers, whom we are very unlikely tdypes in humans: indirect and enforced reciprocity.
encounter again. Thus, although cooperation inrothe
primate species occurs only between relatives d.5.2. Distinguishing characteristics of human
between a few individual members of the same grivup, altruism
our own species it is normal to help whoever needs
assistance, even if it is an unknown individuakieity ~The fact that humans often provide assistance to
of millions. Not always, but quite often, the hgliyven  strangers who they will almost certainly never meet
may prove fairly costly. We share food with the aige again is regarded as one of the chief enigmas of
care for the sick, donate blood, donate to charisgn- evolutionary behaviour. This is because this tyge o
up as volunteers, and so forth. It is even the ¢agte altruistic behaviour reveals that humans are ppedisd
where necessary, many people are prepared tohesk t to cooperate and to reject antisocial attitudes)ething
lives to save that of another person, even thouglorh that seemingly cannot be explained by any benefit
she may be a total stranger. Such self-sacrificinggceived by the donors, as evolutionary theory doul
cooperation, in which the donor pays a high cosgredict. However, we must not overlook the existeot
constitutes an evolutionary enigma since the maithels  persons who tend not to help others, but who trgeb
explain altruistic behaviour in other animals (dlyiin ~ as much help from other people as possible.
selection and reciprocity) cannot apply to suchesas Blood donation is a highly typical example of
These instead at least appear to be instancesnafrge human altruistic behaviour. It does not favour tieés
altruism; that is, they have costs but no diredndirect nor is there any reciprocity with the recipient thie
benefits. donated blood, since when a person needs a trémsfus
However, let us take one step at a time. We wilit is not necessary that he or she should prevwdsle
first consider whether human altruistic behavidtsrthe been a donor. Hence blood donation tends to be aeen
general models proposed to explain altruistic aocts an example of true altruism in which a donatiomade
general (see Box 8.1). We shall then consider thod¢Bat incurs a cost but for which nothing is recdive
distinctive characteristics of human altruism tbannot return. It is also very widespread; 20-35% of the
be explained by those models. Finally we shall éram inhabitants of industrialised countries have gitdmod
some of the most important proposals advanced & leastonce in their lives.
explain the puzzles of human altruism. We shall examine blood donation in a little more
detail since it serves as an example on which &e ba
8.5.1. The applicability of general models to human certain conclusions. Box 8.7 sets out the most agiev
altruism information and we shall highlight several aspetts.
the first instance, most of those who give bloodeha
The models given in Box 8.1 may be applied to humaheen induced to do so by friends or relatives wre a
altruistic behaviour. Kin selection is widely agalble to  already blood donors. Secondly, most blood donors
humans given that the tendency to favour our redatis claim to do so for idealistic motives, such asuadm,
highly developed in all cultures. Reciprocity toarisch ~ social responsibility or moral obligation. Thirdithere
more important in humans than in other animals, ag&re some factors that reduce a predisposition e gi
noted previously. blood, all of which would tend to increase the sost
A study by Yoshi Shavit of Haifa University, involved in donation. Finally, the benefits recalvare
Israel, and his collaborators reveals the humadetery — also important when deciding whether or not to give
to favour relatives. They interviewed many inhabisa blood. For example, a high proportion of blood dsno
of Haifa, a city that was attacked by Iragi Scudsities in centres that offer payment say that they woutg s
during the first Gulf War in 1991, and they anatyse giving blood if they were not paid. Furthermore,tire
cooperation between relatives and non-relativemigua  United States, many lower middle-class donors kay t
situation of universal danger. The interviews tptdece they give blood in order to get information abolit
during and soon after the war, and the questiorrs wehealth, which is provided to them along with anlgsia
designed to discover what help was offered, wheretf ~ of their blood. Many donors also say that givingdd
it, and who received it during the missile attackae makes them feel worthy, although they say that ithis
results showed that psychological help came chieflpot their main reason for doing so.
from friends and acquaintances who were habitual ~ We shall go into the subject in a little more depth
companions during the run-up to the war. Howevely describing a study that followed the infamous
concern, in the form of telephone calls after thissite  terrorist incidents of 11 September in the Unitdaltes.
strikes, and direct help, such as offering moreusec Simone Glynn and her co-workers of the Retrovirus
refuge, was most frequent between relatives. Sa3fe 8 Epidemiology Donor Study Group (REDS) in the USA
of telephone calls after the missile strikes hadeen analysed blood donations during the four weeks reefo



98

and the four weeks following the incidents and fbun contrast, the cost of suffering social punishmentrfot
that there was a considerable increase. Mean weeklbging altruistic.
donations averaged 20,000 during the four weeks

preceding 11September, but more than doubled, ®&5.3.1.

49,000, in the week following the events. They gelte

Self-satisfaction and  other  causal

explanations for altruism

more to 26,000-28,000 during the following three
weeks. Donations given by people who had previouslfs we pointed out in the blood donor example, many

donated blood increased by a factor of 1.5, busehwy

people who give blood declare that it makes theeh fe

persons who had never ever given blood increaseal bygood and that they enjoy greater self-esteem a&suatr

factor of 5.2. In other words, the increase in dioms in

of their sacrifice. This feeling may extend toaltruistic

that critical situation was brought about by thepase acts and some authors have proposed it as oneeof th
of people who previously had never been donorsr®ly causes of altruism (the causal explanation; see t€hap

et al.2003).

These blood donation studies highlight that

although those who take part declare idealisticivast

such as pure altruism and social reasons, othésrfac

also play an important role, since increasing t&tscof

giving blood reduces the predisposition to donatd a

increasing the benefits increases that predisposkis
we shall see below.

Reasons for becoming blood donors

1. Conversations with friends or family members who are themselves
donors. This is the most important reason given.

2. Requests from priests and other religious authorities, which invoke
moral obligations.

3. Blood donation campaigns. These are very common and involve
face-to-face contacts, telephone calls and e-mails. Face-to-face
contacts are the most effective.

Reasons offered by donors for giving blood

1. Altruism. The most frequent reason given, although to a highly
variable extent. From 40-80% of studies highlight this as the chief
motive of blood donors.

2. Awareness of society’s need for blood donations.

3. Moral obligation.

4. Social responsibility or obligation.

5. The influence of friends.

6. Personal satisfaction.

7. Boosting self-esteem.

8. Concern that blood should be available for the donor and his or her
family.

Factors with a negative effect on the decisiontod  onate blood

1. The discomfort of the process. It is important to ensure that donors
enjoy the most comfortable circumstances possible since the
number of donations otherwise falls drastically.

2. The time involved. Many donors stop giving should waiting times be
longer than strictly necessary for any reason.

3. The travel involved. If the donor centre is far away, donors are less
disposed to donate.

4. Fear of needles or pain, which tends to be the main reason given in
self-justification by non-donors.

Personal benefits received

1. Economic incentives. Many centres in some countries pay for
donations.

2. Medical check-ups. Some countries, including the USA, offer
medical services to blood donors, chiefly an analysis informing
donors of their general health.

3. Boosting personal satisfaction and self-esteem. Most donors claim
that the experience does this.

Box 8.7. Blood donation. Reasons offered for giving
blood, factors with a negative influence on blood
donation and the benefits of giving blood. Data from
various sources but chiefly from a review by Gillespie &
Hillyer (2002). Most of the information was obtained
through interviews.

8.5.3. Factors favouring human altruistic behaviour

3).

The neurological basis for the satisfaction
triggered by performing an altruistic act has bskeown

in studies of ‘social punishment (see below).
Dominique de Quervain and his collaborators, whokwo
at several research centres in Zurich, Switzerland,
scanned the brains of various people while theyiezhr
out the punishment of an individual who had behaved
selfishly. They found that the decision to punish
activated a brain region related to reward pathwdgs
Quervainet al.2004).

Self-satisfaction apart, we humans possess other
psychological adaptations that favour cooperation,
including the emotions, our sense of justice, oorah
sense and religion. The emotions play a domindatino
decision making (see Chapter 11). Some of them, such
as gratitude, loyalty, shame and remorse, favour
cooperation. Others, such as vengeance, disgust and
anger, promote the punishment of those who fail to
cooperate. The sense of right and wrong (the moral
sense; see Chapter 11) and the sense of justice, in
addition to promoting the return of favours, are
particularly involved in promoting social reproaahd
the tendency to punish those who do not fulfil thei
social obligations. With respect to religion, aisting
forms prescribe codes of conduct in favour of
cooperation and against those who do not obey those
rules, often by promising supernatural rewards and
punishments. In other words, our emotions, theesefs
justice and religion may all be considered to betale
mechanisms that favour altruism and reciprocity in
human relationships (see Chapter 11).

In the next two sections we shall examine two
factors that provide benefits for cooperative indlinals,
who may therefore enjoy reproductive advantages or
improved survival prospects (the functional exptamg
see Chapter 3).

8.5.3.2.
reciprocity

Getting a good reputation: indirect

As a result of the emotions to which we referrediera
human societies tend to reward altruists. Persams w
risk their lives to save others may receive honans
decorations. Such honours come to relatively few bu
another form of social recognition is much more eljd

We shall highlight the three most important of thes distributed: reputation. Cooperative individuals who
First we shall consider self-satisfaction and othePften help others enjoy a good reputation as alsui

psychological adaptations that favour cooperafidrese which can bring them social benefits. They andrthei

are causal mechanisms that do not explain altrérism

offspring may receive help more often than those

a functional point of view that focuses on possiblgvithout such a reputation leading to enhanced

benefits related to survival or reproduction (seeiér

3). The other two do involve adaptive explanatidos,

reproductive success. As we saw in Chapter 4, being
thought a good person may help in acquiring a méte

example, the social benefit that being altruistieym Whom to reproduce.

bring in the form of getting a good reputation amd,
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Such a reputation is the basis of indirecieach player has to decide how many tokens to assign
reciprocity (see Box 8.4). Cooperative persons whHp hea ‘shared account’ and how many to retain in aspeal
others are performing a behaviour that is costly taccount’. The balance of the shared account isased
themselves, but they are acquiring a good reputdtiat at the end and divided equally between the players
may allow them to recover what they invested withrrespective of their contribution to it. The exjpeental
interest. Such indirect reciprocity may explain man design of common goods games is highly variable,
cases of ‘pure altruism’ in humans, such as bloodepending on the hypothesis being tested, but two
donation. Various studies support the belief tHab® results consistently tend to emerge. In generdl, al
donors do tend to acquire a good reputation. Faglayers contribute to the shared account, in cdidtian
example, the subject gets talked about: most peopté the selfishness model that suggests that not
become donors thanks to conversations with frievitts  contributing anything is the best strategy. Secgndl
are themselves donors (see Box 8.7). Moreover, tlentributions decline as the matches proceed.
largest numbers of donations occur at places okwor Dirk Semmann and his collaborators at the Max-
such as universities or large businesses, wheremgt Plank Institute of Limnology, Germany, have supgplée
are the costs of donation reduced by not havirtgateel  useful demonstration that a good reputation brings
but also social recognition is facilitated, sinbere is an  benefits. They designed a complex common goods game
increased chance of being observed by others. Bloadth twelve players divided into two groups of sbhis
donation centres may supply a badge allowing a donallowed them to conclude that acquiring a good
to be identified (it was shown years ago that hgugach reputation by means of cooperative behaviour that
an identifying mark leads to an increase in domalio benefits members of one’s own group is rewardettién
Regular donors also receive a donor card that pesvidfuture, not only within one’s own social group lawen
due acknowledgment and that may confer certairtgjgh among others (Semmaret al. 2005). Results such as
chiefly within hospital-based centres. this support the idea that the benefits obtainednfr

None of this means that people need bacquiring a good reputation can make it adaptive fo
consciously aware of the benefits of blood donation otherwise selfish individuals to contribute to the
do they offer their blood solely to get a reputatior common good.
altruism. Decisions to collaborate (as with manlyeos
that result from adaptive strategies, see Chaptar®) 8.5.3.3. Social punishment
taken subconsciously in large measure and are lmsed
the emotion-related psychological adaptations tickvh We have noted in this chapter that social punishroén
we referred earlier. For example, Melissa Batesah amon-cooperative individuals is effective in encaing
her collaborators in the psychology department atooperative behaviour in other animals, especially
Newcastle upon Tyne University, UK, studied thesocial insects. We humans are no exception and
departmental drinks service in which payment maske unumerous studies, both theoretical and experimental
of an honesty box next to the drinks dispenserofice  demonstrate its importance. The subject is highpycal
listed the various charges. The position of the Imeant and over thirty scientific papers have been pubtisin
that the person paying could not be observed andehe prestigious scientific journals since the 1990s
all contributions were anonymous. The investigatorfighlighting the key role that punishment of sdifis
carried out an experiment that simply involved imgtta  individuals plays and has played in the evolutidn o
picture next to the price list. The picture, whislas cooperative behaviour in human societies. It is
changed each week, showed either some flowers orcansidered so important that many authors maintein
pair of eyes looking towards the person paying. Theooperation in humans could not be sustained (faom
money collected for the drinks consumed each wesk wevolutionary point of view) in the absence of thoeial
related to the picture used. They found that peppid punishment provoked by the negative emotions arbuse
more (three times more!) when the eyes were on shadwy non-cooperative opportunists.
than when the flowers were presented. These results One of the studies that has shown this best is by
support the idea that seeing eyes provides M[rnst Fehr, of Zurich University, and Simon Gachtdr
psychological suggestion that one is being watchedi St. Gallen University, both in Switzerland. They
hence that one’s behaviour may affect one’s rejmmat designed a common goods experiment in which
leading to the observed increase in payments (Battso participants had first to participate in six gariresvhich
al. 2006). there was no opportunity to punish the non-cooperat

We have considered evidence supporting the idgaayers. They then played a further six games iichwh
that people who demonstrate altruism (e.g. bloothat possibility existed, although it involved astdor
donors) acquire a good reputation that is commteica the punisher. Although player-group membership
to others. There is, though, another key questimes changed after every game, such that no two persons
good reputation benefit the altruist, in either shert- or  confronted each other more than once, the percemfg
long-term? | believe we all know that it does butresources assigned to the shared account fell gitinig
furthermore, there are studies showing that a googlx games in which no punishment was possible, but
reputation increases the chances of receiving firefp  rose during those in which punishing was an option,
others. Most of them are experimental investigationdespite the resulting fall in mean winnings for keac
based on a methodology termed ‘common goodglayer (Fehr & Gachter 2002). These results indicat
games’. These consist of a number of participanthat people will take advantage of others in theeabe
playing a fixed number of matches following someof punishment, but that ‘learning’ to cooperate is
specific rules that they have previously studiedétail.  stimulated when non-cooperators can be sanctioned.

At the start each player has a number of tokenh wit The act of punishing a non-cooperative individual
which to play and those acquired at the end areften involves a cost to the punisher, both in liéaland
exchanged for real money. The basis of the gartteats under experimental conditions. The fact that many
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individuals are prepared to invest time and resesito  cooperative, loyal and grateful individuals who ever
punish a selfish individual seems paradoxical sithee always disposed to help and defend their companions
punisher incurs a cost and receives nothing inrmeta  would emerge victorious from confrontations with
situation termed ‘altruistic punishment’. Two pripal  neighbouring tribes. He concludes saying ‘... and tha
explanations have been offered for this behaviwuthe  would be natural selection’ (Darwin 1871).
first instance, long-term benefit may result sirtbe Groups clearly work better when individuals help
egoist may learn to behave well towards the punisheach other. The problem is that such help may be
and may cooperate from then on. Secondly, punishirexploited by non-cooperative individuals, who staad
someone who does not behave cooperatively maain the most. These egoists would be able to dealbt
improve the reputation of the punisher. their resources, in addition to those provided bg t
Altruistic punishment is a much more complexothers, to reproducing. They would leave more
subject than used to be thought. Important diffeesn descendants and so the proportion of cooperative
have been shown to exist between countries. Morabve individuals in groups would gradually decline. Darw
may also happen that the non-cooperators may attali was aware of this difficulty and concluded thabes
by punishing the cooperators, because it is therlatho formed by cooperative individuals would have to
impose altruistic punishment. A recent study byexterminate others if they were to persist.
Benedikt Herrmann, of Nottingham University, UK, and Samuel Bowles, of the Santa Fe Institute, USA,
his collaborators used a common goods experiment t@s proposed a scenario in which group selectightmi
compare the effect of altruistic punishment in eext have the necessary power to play a major role mamu
different countries and they found significantevolution (Bowles 2006). It is based on four
differences. In those countries where social noamd characteristics that he considers apply to human
laws are less strictly applied, non-cooperatorsigiun behaviour and history: (1) altruistic behaviourni®st
cooperators just as often as the latter do thedorthus frequent towards fellow group members, (2) strasiger
cancelling out the positive effect that altruisticprovoke hostility, (3) social mechanisms, such asdf
punishment may have on cooperation. The mosharing and monogamy, have evolved to reduce
important conclusion of this study was that altiois competition within groups, and (4) there is a highel
punishment is only beneficial to society if it is of inter-group competition. We shall consider thémg
accompanied by strict norms of social cooperatiocharacteristics to see whether or not they typicatiply

(Herrmannet al. (2008). to human societies.
We have already examined the first two attributes
8.5.4. Enforced reciprocity in Chapter 7 (see Section 7.8.1) where we found that

both data and the outcome of experiments confirat th
The fact that humans are predisposed to be codpeerat they are indeed characteristic of human sociefibg
as well as the numerous experimental demonstratiottsird is an original and very interesting contribut by
that many people are willing to punish non-coopeeat Bowles. It suggests that many of the cultural nottmas
or antisocial behaviour even at some cost to theiese pass from generation to generation and that differ
led some to argue that enforced reciprocity isaih@ver between cultures serve to reduce inequality between
to the evolutionary enigma offered by humanindividuals. This is the case with food-sharing,isthis
cooperative behaviour. Models based on obtaininecti known to be widespread among many existing hunter-
benefits (reciprocity) or indirect ones (genetiméfts; gatherer peoples, who share especially the meat of
when help is directed at kin) do not apply in seakes, hunted animals with other group members. The social
so altruistic punishment of those who do not cohateé  institution of monogamy also helps to equalise
to the social good may be chiefly responsible foreproductive opportunities among male group members
cooperative behaviour in our own species. This it such that most of them will have quite similar
attracted some criticism but there is evidence thakproductive success. These two factors combirthan
enforced reciprocity is an adaptation that hasvedl fact that both primitive and existing hunter-gatirer
through a process of coevolution (see Chapter 9) #ocieties were and are quite egalitarian whenritesto
which both genetic and cultural factors have interd.  making decisions and allowing access to resourses (
Here, as is so often the case, culture may hawadew Chapter 7), resulting in a considerable declinenimai
more rapid and effective solutions to the probleshs group competition. Such factors act as levellers,
cooperation within social groups than has naturaccording to Bowles, as do redistributive taxes um o

selection. own western societies to some extent, reducing the
disadvantage of taking part in costly behaviour tfoe
8.5.5. Group selection in humans good of the society.

Regarding the fourth characteristic (that there is a
Nevertheless, the problem posed by human altrussm high level of inter-group competition), there issal
far from being totally resolved. Models based om thabundant evidence that inter-group conflict hasnbee
individual benefits of cooperation do not supply avery frequent throughout the course of human
completely satisfactory explanation of the phenomnen evolutionary history. According to data gathered by
although enforced reciprocity may provide a bigpste Bowles, different investigations reveal very high
forward. Many authors believe that human altruistipercentages of violent deaths in a diversity of anm
behaviour can only be understood by invoking grougocieties. Some 13% of skeletons from Stone Age
selection arguments. We have noted above that grodgposits show evidence that death involved a weapon
selection might work provided that selection amongsimilarly 15% of deaths among existing hunter-
groups is stronger than individual selection betweegatherers are violent. These are very high ratesnwre
group members. Darwin was first to put forward ofie consider that fewer than 1% of persons died vitent
these arguments namely, that tribes composed diring the 20th century, notwithstanding the tworldio
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wars and numerous other bellicose conflicts. Foiabour and the need to suppress thieves and looters
example, Diamond (1992) records 29 massive insgance
of genocide between 1492 and1990, each involvieg t/8.5.6. Is human behaviour truly altruistic?
killing of at least 10,000 people and of over aliomil in
eight cases. Some of these genocides brought @®ut A genuinely altruistic act brings no benefit to thanor,
extermination of an ethnic group. as highlighted in Box 8.1. Nevertheless, we haven see
The importance of inter-group competition in thethat much behaviour is altruistic only in appeasnc
evolution of altruistic behaviour has also beernvahoia  since the donor gets some future benefit, whethrectd
common goods experiments. Mikael Puurtinen andr indirect. To answer ‘Yes’ to the above questian,
Tapio Mappes, of Jyvaskyla University, Finland,act must be entirely voluntary and confer no bertefi
analysed what players contributed to the sharedusxtc the donor.
according to whether or not inter-group competition Most persons would offer a resounding ‘Yes’ to
existed. They found that contributions were mugfhbr  such a question. They would do so not only regardin
when there was such competition than when there wastivities of religious societies, or of those thaén to
not. The difference was very clear even though theelp a particular group, but also those of scientif
experiment was designed in such a way that the tdve societies, sports groups or neighbourhood assoomti
inter-group competition was not very high, sincevéds However, in accordance with the predictions of
equalised to the intra-group competition level (finen  evolutionary theory, a truly altruistic act canrspread
& Mappes 2008). through a species because it would be costly withou
Bowles’ four characteristics, that is to say theproviding any benefit. The sole possible alterratis
conditions necessary for group selection to shajpean  that it might benefit the group to which the algtui
evolution, are thus met. There is reduced compatiti belongs (group selection, see Section 8.5.5). Kewe
between individuals within groups and hence a rédnic  ultimately, except on the exceptional occasionstiich
in selective pressures between group members. ét tthe altruist dies as a result of his altruism, leeefit of
same time there is a high degree of inter-grouthe group is also a benefit for the donor and élistives
confrontation, which implies strong selective ptees since they gain if their group does well. Even such
on groups, given that the most effective groupkese behaviour as blood donation, which has been heldsup
with the most cooperative individuals — will sumiand an example of true altruism, turns out to provide a
the less effective ones will become extinct. A cus benefit since being known to be an altruist impeove
conclusion emerges from all this. The altruisticone’s social reputation.
behaviour that we are so proud of is due in large An important point must be clarified. The above
measure to our belligerence, not something of whieh does not imply that a person who gives blood, lgddo
can feel too proud. an NGO or who leaps into the water to save a dnogvni
Group selection need not be seen as a model thdtild behaves in that way in a conscious attempt to
replaces kin selection or reciprocity. All surelavie secure the benefits that will come to him or hes.we
contributed to the evolution of human cooperatioiits have often said, we almost always make decisions
current form. It seems logical to think that eaimy without being aware of the evolutionary basis for o
human evolution, when small family groupsactions. Within sporting clubs and neighbourhood
predominated, kin selection may have acted alongroups, those individuals who take up committeetgos
Reciprocity will have gained importance later, asupps and who work for their society are probably coneitic
became larger and included unrelated individualghat they are doing so for the good of others.
although kin selection will still have operatedndly, Nevertheless, there is only one evolutionary exqtian
enforced reciprocity and group selection will héegun for why such behaviour persists and is widespread
to play a part as the complexity of human societiehroughout the population: because it brings bésedir
increased as groups became very large, although Kias brought them across evolutionary history, te th
selection and both direct and indirect reciprot¢igve individuals that behave in that way or to theiatises,
endured. The factors that most influenced thevhether directly or indirectly, within the society
progressive increase in the complexity of humanvhich they belong.
societies were probably the advantages of division
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Chapter 9

Interspecific relationships

9.1. Introduction

The prairie starl(ithophragma parviflorumis a North

American saxifrage whose chief pollinator is thetimo

The most common relationships among individuals aréreya politella Pollination by these moths does not
those that occur between members of the same speci@volve inserting the head into the flower to talectar

especially gregarious ones that live in more os lasge
groups. Nevertheless, individuals of different spec
may also interact in a diversity of ways and toighly
variable extent. Interspecific interactions rangent

simple coexistence in the same habitat without alutudeveloping seeds, devouring some of the hundreats th
interference to an intimate, permanent relationship develop in each capsule. In other words, these snoth

which individuals of one species live within thedlgoof

or pollen, as usually happens with most
pollinators. Instead, it occurs when female motieeit

insect

their abdomens in order to lay their eggs inside th
flowers. When the caterpillars hatch they feed ba t

both benefit and harm the plant by pollinatinglitis

another. Two species may even combine to formglesin likely that the interaction between these two sSpeci

organism such that it may be very difficult or inspible
to tell them apart (as occurs in lichens, whichfareed
by a fungus and an alga).

probably began as parasitism by the moths, buteset

lay their eggs they pick up pollen on their abdosyen

which is then transferred to other flowers visitgthus

An interspecific interaction between two speciedlowers with suitable morphology for this kind of

may benefit both of them (‘mutualism’), may benefit

pollination to occur derived a benefit from the asite.

one of them but have no effect on the otheinh due course natural selection would have favoured
(‘commensalism’) or may benefit one and be harrfdul  those plants whose floral structure facilitatedeetifre

the other (‘parasitism’). This classification oretbasis pollination instead of those whose morphology did n
of costs and benefits has been used for decades M@0 so. Thus a coevolutionary process leading tosvard
recently, however, the list of interactions in whiosne mutualism took place (Box 9.2). However, there would
species benefits at the cost of another has bgeanded also be selection for those plants that defended
and the term ‘antagonistic species’ is now used tthemselves from being parasitised. They may have do

encompass them (see Box 9.1). Such classifications

this, for example, by selectively aborting thospstdes

always helpful and instructive since they assist outhat contained seed-eating caterpillars, quite ranson

understanding of the concepts involved. Howevee, th

event in plants subject to this type of parasitidiis

boundaries between different types of interspecifigvould allow the plant to avoid investing resourdes

interactions are highly diffuse. For example,

theseeds that caterpillars would eat. Such a situationld

interaction between two particular species may eancflso lead to a coevolutionary process but one that

from mutualistic to commensal

to antagonisticresulted in antagonism (if a plant develops defence

Moreover, some concepts, mutualism in particulaparasites may produce counter-defences). A progess

remain unclear. There is clear evidence that mistsal
may on occasion harm their guests,
considerably, questioning if they really are mutad.

this kind is known as a ‘coevolutionary arms ra@Ese

sometime30ox 9.2).

For example, those ants that, in theory, caregbids in
exchange for the chance to feed on their honeydesv (

INTERACTIONS SYSTEMS

liquid feces produced by aphids), quite often &iid eat
the aphids themselves. The oxpeckers, birds oje¢nes
Buphagus which remove ticks and other external

Indifference : two species
coexist in the same habitat
without interfering in each other’'s
lives

parasites from the hides of medium-sized and largd
African mammals, may also peck at any wounds theg

EMutualism : Both species benefit
yfrom interacting with each other

Pollinator—flowering plant
Seed/fruit disperser—plant

find, impairing the healing process or even making
injury more serious because that facilitates conmion
of blood produced by the mammal. A final example o

Commensalism : One species
benefits without having either a
positive or a negative effect on
the other

f
f

this type concerns one of the most noteworthy g
mutualistic relationships, that between floweringnps
and their pollinators. Such plants may devote upQ%

of the energy they acquire to make nectar. Raten t
mutualism this resembles a form of exploitation in
which payment for service is obligatory.

We shall first consider an example that confirms

Antagonism : One species
benefits from the interaction but
at some cost to the other species

Coevolution between competitors
Predator—prey

Plant-herbivore

Plant—pathogen
Kleptoparasite—host

External parasite—host

Internal parasite—host
Parasitoid—host

5 Brood parasite—host

what we have just stated and that establishes sbthe
most important theoretical bases of this chapter.

Box 9.1. Classification of interspecific interactions on
the basis of their outcomes for the two parties
involved

9.2. The relationship between a plant and its
principal pollinator: the process of coevolution

It is important to understand that an evolutionargns
race always depends on the characteristics of tier o
individuals in the population. For example, in

a
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predator—prey relationship in which the successhef benefited the moth without hurting the plant. Irurfo
hunt or the getaway depends on speed, the arms ramber populations, the plant depended entirely o t
operates since predators capture the slowest wlegh  moth for pollination, and the moth depended onpthat
favours breeding by the fastest individuals. Irs tvay, for food and for deposition of its eggs. Here thpsules

the speed of flight from predators increases g¢ioera that developed seeds were twenty times more likely
after generation. The same argument applies to tlwentain moth eggs than to be aborted (although the
predators given that only the fastest get to leavplants aborted up to 60% of their flowers, they
descendants, which also leads to increasing speéteo ‘respected’ those that contained moth eggs and only
part of the predator. What matters is the relativaborted 3% of them). These four populations may be
biological efficiency of the individuals concerneglyen  considered coevolutionary hotspots (see Box 9.3)esin
that the quality of each must be judged againgtdhall they had a mutualistic relationship with the moth i
the others. This idea may not seem obvious soderor which the interaction was direct and very powerful.
to explain it to my students | tell them a storgtthread There was clearly an antagonistic relationship betw
somewhere many years ago, which makes it very.cledhe plants and the moth in the four other praiter s
Two hunters are out of ammunition when a woundegopulations. Here the plants selectively aborteddrs
bear goes for them. Straightaway one of the huntetkat contained moth eggs. These populations toobeay
bends down to do up his bootlace. The other huntecpnsidered coevolutionary hotspots, in this case
astonished, asks ‘Why are you wasting time? That beantagonistic ones.

can run faster than you’. The other hunter repli€dat The study thus showed that populations subjected
may be so but | don’t need to be able to outruhlikar, to distinct selective pressures may give rise ftedint

| just need to run faster than you'. coevolutionary outcomes — commensalism, parasitism
mutualism — resulting in geographical variationbioth

the intensity and in the direction of the coevauotry
process, which has given rise to what is termed the
‘geographic mosaic theory of coevolution’ (Thompso
2005; see Box 9.3).

Coevolution : The development of reciprocal changes in interacting
species brought about by natural selection. It is insufficient that
changes should occur in only one of the species. To be considered
coevolutionary, changes must occur in both, in response to the
selective pressure exerted by each species upon the other.

Arms race : The most important coevolutionary model and the commonest
between antagonistic species. It is characterised by the evolution of
successive adaptations and counter-adaptations in the interacting
species, which give rise to an escalation that may have different
evolutionary outcomes, including the disappearance of one of the
species.

Geographic mosaic theory of coevolution is based on three points :

(1) The selective pressures affecting a particular interaction will not
be the same in different geographical zones. The characteristics
of the interacting species may differ between zones and different

Other important models of coevolution:
- Coevolutionary alternation.
- Competitive character displacement.
- Expansion of mutualistic relationships leading to the formation of
new species.
- Coevolutionary diversification.
- Escape-and-radiate coevolution.

Box 9.2. Coevolution and arms races. After Soler
(2002)

evolutionary outcomes may result depending on the strength of
the selective pressures acting in each zone.

(2) Due to (1), there will be zones in which coevolution is marked
(hotspots) and zones in which it is scarcely perceptible
(coldspots).

(3) Gene flow resulting from movements of individuals between
populations has an important influence on theoutcome of
interactions.

Conclusion : species coevolve within a mosaic of coevolutionary
hotspots and coldspots. This results in complex spatial or geographical
patterns of phenotype selection that are directly influenced by gene flow.

Box 9.3. The basis and key points of the geographic

John Thompson and Bradley Cunningham, I'especu\/elymosaic theory of coevolution. After Thompson (2005).

of the Universities of California and Washington,A)S
carried out an excellent study of the plant/moth

interaction referred to above, involving 12 difiere 9.3 The origin and evolution of interspecific
populations in the United States (Thompson &ntieractions

Cunnigham 2002). The moth is quite specialised and

depends almost entirely on the prairie star in otde ajthoygh many kinds of interspecific interactioneist,
feed and reproduce. The plant, however, is les§ryinian logic suggests the hypothesis that athefn
dependent on the moth since it may also be patithdly 4y have had a similar origin, the relationshipngei
other insects, which do not eat its seeds and sddwo jqitiated by one species that derives some befreiin
seem to _benefit it more. Thus, in populations _wherghe other. It would be incomprehensible for a sgetb
other pollinators are more frequent, the plantassl oqin 5 rejationship favouring another species anith
dependent on this particular moth specis folitelld)  ohaining anything in return, since incurring a tcos
and, depending on the relative abundance of the tWgiqyt a corresponding benefit would be eliminabyd
distinct types of pollinator, the interaction beémeplant a4, selection. A pollinator visits flowers tdtain
and pollinator may be mutualistic, commensal Of,oq not to benefit the plant. The general rulenthis
antagonistic. . that interspecific interactions began as an attdypine
_The investigators determined to what extent thepecies to take advantage of individuals of anotHew
prairie star depends d&. politella for polllnatlon,_ after ihen is it possible for an interaction that beganaa
studying nearly 20,000 flowers. They examined the,ngitation to evolve towards such different sitoias
flowers and determined the probability that thmed;_ as mutualism or parasitism? It is now accepted that
capsules developed seeds or were aborted, accdmingyyo|ytion of coevolutionary interactions dependstioa
whether or not they contained moth eggs. In fouthef 50615 that influence it, affecting both virulenie

12 regions, pollination and egg-deposition by thetm 45346 done by a parasite to its host) and infutiss.
had no effect on floral development, i.e. there Was rhe first of these factors is the mechanism of

commensal relationship in those four populatiorat th transmission, which may be vertical or horizonge
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second is the duration and/or the intensity of théhem nothing in return. For example, numerous akchi
interaction (Futuyma 1998). species imitate the olfactory or visual cues of the

A mutualistic or parasitic organism, or itsfemales of certain bees or wasps in order to atthec
descendants according to its life cycle featuregds to males, which pollinate the flowers when they try to
be able to transfer to another host. Its reprodacti copulate with them. For this reason they are knasn
success will not depend on the number of eggsithatbee orchids. Deception is costly since it requiaes
lays within its host, but on the success that thexpenditure of time and energy. Flowers have applgre
descendants of those eggs have in reaching ottsts.honot evolved any defensive mechanisms against the
Such transmission may be vertical (direct trangfeall  flower-piercing beaks of hummingbirds, but male dee
the host’s descendants) or horizontal (‘jumpingbtber deceived by bee orchids have developed a defence.
individuals in the population of the host speci®®hen Manfred Ayasse, of Vienna University, Austria, dmd
transmission is vertical, given that the organism'sollaborators have shown that this defence happéths
reproductive success is directly dependent ondhtlte  males of the solitary beéddrena nigroaenéathat are
host, natural selection may be predicted to fathose deceived by the early spider orclfi@phrys sphegodgs
individuals that least prejudice their hosts’ growdr a species whose flowers produce a complex sceht wit
reproductive success, a situation that favours atisitm. more than a hundred chemical components. The males
In contrast, where transmission is horizontal, thare capable of learning each flower’s scent dutireir
interaction may involve greater virulence, since th pseudocopulation and they recognise them when they
organism’'s reproductive success is not directlyevisit the plants. In this way, they avoid wastimgre
dependent on that of the host and instead willeiase time by copulating with the deceiving orchids (Ayast
the more resources it derives from the host, cgusin al. 2000). Thus, due to the frequency of attempted
more harm; a situation that favours parasitism. deception in mutualistic systems, mutualism mag aks

The intensity and duration of interspecific defined as reciprocal exploitation (Futuyma 1998).
interactions also play an important part. Wherdsit A curious example of deception merits detailed
lifelong, we can predict that a viable strategy for consideration. The bluestreak cleaner wraksdrpides
parasite will be to exploit its host only modergteahd dimidiatug is a coral reef fish that removes and eats
even to help it where possible (mutualism). Ondtier parasites from the bodies of other fish. Client fisime
hand, it may be that the interaction is less irteasd to the wrasses’ cleaning stations, when they nkeit t
involves only sporadic visits by the parasitic orservices, but the relationship is not straightfodhvsince
mutualistic organism to its host. In such circumsts the cleaners may also deceive the clients by coimgum
the reproductive success of a parasitic organigrerntds their protective surface mucus instead of theiagiées,
neither on the host's survival nor on the host'snowdoing more harm than good. Natural selection might
reproductive success, so the parasite will tenexteact thus be predicted to have favoured some defensive
as many resources as possible from the host for tiheechanism against this deception. Redouan Bshary, of

lowest cost possible (parasitism). Neuchatel University, Switzerland, and Alexandra
Grutter, of Queensland University, Australia, have
9.4. Mutualism shown by experiment that indirect reciprocity (see

Chapter 8) exists between this wrasse and its slient

Mutualistic interactions are very common. In factnay =~ something very common in humans, but not otherwise
be said that nearly every species on earth iswedbin  known in any other animals. They created situations
at least one such interaction. For example, mogthich a client was serviced by a wrasse eitherten i
multicellular organisms, and especially the vertds, own or in the presence of another watching clieuith
shelter a multitude of microorganisms in their gatel some fascinating results. Clients often waited and
these give the host access to certain essentibmigt watched while the wrasse attended to other fishvak
that it could not otherwise obtain. found that they waited longer for their turn neata

Mutualistic species may also obtain three otheknown cooperative wrasse than next to one whose
kinds of benefits, always in exchange for food. yrhe degree of cooperativeness was unknown because they
may achieve the transport of something essential t%ad not previously watched it. Furthermore, wrasise
them, as seen when pollinators convey pollen from o parasites rather than mucus more often when theg we
flower to another or when animal species dispetaptp being watched by other clients. These results sttatv
seeds. They may also receive protection from poeglat the cleaners behave as do humans (see Chapteeg): th
as occurs in those hermit crabs that place one@sea are less selfish mainly when other clients are kiatg;
anemones on their shells. Lastly, they may beffefin ~ which confers the wrasse with a good reputatiort tha
having their body surfaces and mouths cleanedpas d Will allow it to get more clients (Bshary & Grutter
by certain cleaner organisms to larger animalsh ot 2006).
land and in the sea. We humans are no exception to the universality of

It is evident in all these cases that the basis d¢hutualism as demonstrated by the abundant
mutualistic interactions is the benefits that dptamed. Mmicroorganisms in our guts that help us to digast o
Nevertheless, given that getting benefits is thgeab food. Among other associations involving humans,
such interactions are open to deception and expitmit, many authors have long regarded our relationshtp wi
since natural selection will favour those indivittluthat the animals that we have domesticated and the splant
succeed in obtaining the greatest benefit at thego that we cultivate also to be mutualistic. They iadeed
cost. For example, some pollinator hummingbirds mago from a coevolutionary point of view since such
cut through flowers in order to access their neotare  Species gain enormous reproductive success whemeas
easily, although the plant does not then benefimfr have benefited to such an extent that the abundant
pollination. Some plants have evolved strategiest thresources resulting from the relationships perwchittee
allow them to deceive pollinating insects by offigri enormous geographical expansion of our specieshand



105

emergence of the most important civilisations oflisturbance may be harmfull. For example, consilder
Antiquity (see Chapter 7). However, some authors whoumerous cases in which small tropical spiders dime
take an ethical stand do not regard these reldtipass the webs of larger species (sometimes 100 timgeiar
mutualistic since although we have certainly faealur and eat tiny prey items that the large spiders db n
the reproduction of domesticated species, for tlwstm notice. This may well be a case of commensalisms, b
part we have done so in order to eat them and hiiece very often the little spiders also ‘help’ to eaetlarger
relationships are exploitative. Nevertheless, westmu prey captured.
regard the relationships as mutualism from a Another often-mentioned example of
coevolutionary viewpoint, given that the interagtin commensalism involves small bird species that place
species reproduce more effectively thanks to thetheir nests within the nests of much larger bindsry
relationship. The situation of our domesticateccigmeis often species such as house sparrowRasger
very similar to what occurs between leaf-cutteisaantd domesticusand starlings §turnussp.) build their nests
the fungi that they cultivate for food (see Cha@dor a  within the massive stick nests of eagles, vultuaed
detailed account), and that relationship is regh@®ean other large birds, such as white stor&iconia ciconid.
outstanding example of mutualism. | saw a large stork nest some years ago that veas al
Our relationship with dogs and cats is generallynhabited by several pairs of sparrows, severaispaii
acknowledged to be mutualistic. By and large wendb  starlings and a pair of jackdawSdrvus moneduba The
eat these carnivores, but we have had a mutualistienefits to the small birds in these situations are
relationship with them throughout our history. Weconsiderable since a large stork or raptor nestroff
provide them with food and shelter. In turn, dogsonsiderable shelter and the tenants also bengfit the
provide a great variety of services, including stssice protection of the owners of the large nest, whigh w
with hunting, defence and livestock herding and alsdrive away any medium-sized predators that may
companionship. Cats have helped us to control rads aapproach.
mice effectively, species that have caused serious
damage to our food stores since time immemorial. 9.6. Antagonism
There is another, behaviour-based, mutualistic
relationship in which our species takes part. Tiea@r Antagonistic relationships are the commonest andtmo
honeyguide Ifdicator indicato) is a small bird that varied of interspecific interactions. They are
feeds largely on honeycombs, consuming the horesy, becharacterised as such since only one species tenefi
larvae and wax. However, it has difficulty in gaigi whereas the other is damaged. These relationships
access to many of the hives that it finds and sedsie favour coevolutionary arms races since the victim
help from other species that can extract the hameips  species tends to develop adaptations that prevent
from their hiding places. An interaction with this exploitation whereas the exploiter species tends to
purpose has been described involving the bird éthére develop counter-adaptations that overcome therwitti
of two mammal species, the ratel or honey badgefscape or defence strategies. What thus most often
(Mellivora capensis and human beings. When thehappens is that the escape and defence abiliti¢seof
honeyguide finds a hive that it cannot accessdtahes interacting species improve over successive gepagat
for a ratel or a person and, when it finds onejakes a (arms races; see Box 9.2). The clearest examplévieso
characteristic sound. This indicates that the mamma@redators that chase down their prey. The fossibroe
should follow the bird. When the ratel or persotraxts plainly shows how anatomical adaptations have eubl
the honeycomb, the honeyguide eats the remainse Théncreased speed in both predators and prey thraigho
has been no serious study of the interaction betwlee the course of their evolution.
honeyguide and the ratel, but its interaction witiman Antagonistic relationships have also led to the
beings has been examined in detail. H. A. Isaa¢h@f development of unusual and surprising defensive
National Museums of Kenya, and H.-U. Reyer, of thedaptations by the exploited species. We shallidens
Max Planck Institute for Behavioral Physiology,two examples: another predator—prey system invglvin
Germany, found that both species benefit. When nsmahornets (genus/espa and their prey, the honeybees
look for honeycomb without the birds’ assistandgyt (genus Api9, and also some plant-herbivore
take 8.9 hours on average to find a hive, but &8 interactions.
hours on average when guided by the bird. The  Hornets are immune to attack by bees since they
honeyguide benefits greatly from human assistaimoe@s are much larger and their chitinous exoskeletonides
96% (178 of 186) of the honeycombs that they showeskfective protection against bee stingers. Hendeva
to humans would not have been accessible to this birdozen hornets may attack a hive and kill thousasfds
without help from human tools (Isack &Reyer 1989).  bees with impunity. Such a situation might be seean
arms race that the hornets have won and thatma, ti
9.5. Commensalism will lead to the disappearance of the bees. Neghsis,
some bee populations have evolved defence mechanism
It is rare that two species interact such that loergefits  that even the most imaginative investigators cowtl
without prejudice to the other, most probably beeau have predicted. For example, Masato Ono and his
the system is less stable. If the interaction idytr collaborators at Tamagawa University, Japan, (@ho
innocuous for the non-benefiting partner, it wilbtn al. 1995), discovered that the Japanese honeybpis (
develop any defensive mechanisms and the benefitimgrana japonici has developed an effective defence
party may then tend to increase what it takes atgainst its formidable predator, the Japanese piamtet
minimum cost to itself, making it likely that the (Vespa mandarinia japoni¢aWhen the hornets attack,
relationship will develop into a parasitic one. Batly, many bees gather at the hive entrance. Once a bee
it is hard to imagine that a species may benefitnfr succeeds in getting hold of a hornet, hundredstioéro
another without some cost to the latter, since metgees cluster around the invader to form a ballngisi
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their body heat to increase the temperature toumhras reached (see the example of the fluR&rocoelium
47°C. This proves lethal to the hornet but not te thdendriticumdescribed below).
bees. In short, the bees, being unable to injuedr th Parasites live and reproduce at their hosts’ expens
enemy with their stings or mandibles, have devalope and are then transmitted to other individuals whose
way of ‘roasting’ them alive. More recently, Almdros ability to survive and reproduce may or may not be
Papachristoforou, of the Aristotle University, Gzeg greatly reduced to a variable extent, ranging fram
and his collaborators (Papachristofordial. 2007) have negligible effect to death. As in all other livifgings,
discovered that their study population of the Cyprianhatural selection has also favoured those stratemyiel
honeybee A. mellifera cypria kills oriental hornets\(.  behaviours that prove most effective when it cornees
orientalig) in another way. They also enclose hornets iteaving descendants. Where parasites are concerned,
a ball of bees but they asphyxiate them, rathen thasucceeding in securing hosts for their des descesda
‘roast’ them. even more important than laying many eggs or
Where plant-herbivore systems are concerneg@roducing many offspring. As we have noted, such
plants cannot move and thus cannot flee or hidm frotransmission may be vertical or horizontal, ani ithe
their enemies. This is very probably why colledyve latter that is usually more damaging to hosts.
they have developed over 10,000 chemical compounds It may be expected that when a parasite is at a
that serve as poisons or repellents against attgck stage when its life depends on that of the hostaduld
herbivores or pathogens. Some of these compounats fonot harm the host more than absolutely necessad/, a
part of some quite ingenious defence mechanisms. Fmay even act to protect its the host. A case imtpoi
example, when certain plants are under attack gcin involves a mite Dichrocheles phalaenodec)ebat lives
larvae, they release particular substances thacathe inside the ears of some moth species (Treat 191®.
predators or parasites that attack those larvadiffia female mites distribute themselves among flowersresh
et al.1995). they wait for a moth to come and feed. At that mome
Stranger still is the finding that certain plantsthe mite climbs up the moth’s proboscis and onso it
produce defensive substances that make those begbiv head. After inspecting both ears, the mite institdis|f
that feed on them become infertile. For examplé&ooo in one of them, breaks the tympanic membrane
plants (genusossypiumproduce gossypol, a substancegdestroying that ear) before laying some 80 eggsstM
that causes infertility in such diverse groups reects of these eggs hatch into females that are ferdilisg
and mammals. It even has a significant effect otheir own brothers soon after they reach adulthdde
humans, as was found in China, where the birth rateales then die in the ear, but the females leaseribith
dropped drastically across entire regions wherooatil by descending the proboscis when the moth is fgedin
was used for cooking, and rose again when the a wThe mites then wait on the flower for a new moth in
no longer used. The effect of gossypol is to preverwhose ear the cycle may be repeated. The surviiheo
sperm manufacture (Coutinho 2002). mites depends on their moths not being eaten kg, bat
As noted in Box 9.1, antagonistic interactions ar¢heir chief enemies. Natural selection has thusdesd
highly diverse and occur in a great variety of eys. the development of a strategy based on absolupeces
This chapter would be overlong were we to considefor the still-functioning moth ear, since havingeon
them all. Therefore we shall next focus on somé¢hef operative ear enables the moth to detect the alirats
most interesting aspects of parasitism, the type @&mitted by bats. A second female never settleshén t
interspecific interaction that most affects the lamm sound ear. If she finds that one ear is alread3siefl the

species. mite will abandon the moth and descend to another
flower, to await another host with two intact ears.
9.6.1. Parasitism Infections are costly to hosts. Even blood

parasites, thought by some investigators not tce heav

Most of the species that inhabit the Earth havagites  significant negative effect since they infect oalgmall
and even parasitic species are themselves pagdsitis percentage of blood cells, have been found to db re
turn by other species. In fact, it has been esdéthéitat damage that may even affect reproductive success.
over half of all living species are parasitic. lesample, Santiago Merino and his collaborators at the Nation
the tomato plantLycopersicon esculentynis attacked Natural History Museum in Madrid, Spain, showeds thi
by over 100 different fungal species, as well asaby experimentally in the blue tiyanistes caerulejsHalf
good number of bacteria and plant-eating insects. Whe females in the study population were injectéth w
humans are again no exception as we are home foraa effective medication against blood parasitectides,
great many parasitic species, including 30 that amthe other half receiving an equal volume of saline
sexually-transmitted from one person to anothemé&o solution as a control. The females were recaptured
parasites, such as the mitBsemodex folliculorumand shortly before the young fledged in order to deteem
Demodex brevighat inhabit the eyelash follicles and infection levels and the reproductive success ahea
sebaceous glands respectively, are largely indffens nest. They found that the treatment had been eféeit
Others though, such as the infamous HIV, the cafise that the experimental females had significantly dew
AIDS, are highly virulent and may kill us. blood parasites than the controls. Moreover, mbieks

Obtaining resources at a cost to others is a highlgied in the nests of control females than in thoge
beneficial strategy, particularly if the exploitedtreated females, so that the latter produced aedarg
individuals lack defence mechanisms, so we magumber of descendants. The fact that the costs of
suppose that parasites are nearly as ancient a#she infection were paid by the chicks indicates that léss-
living beings. It is unsurprising, therefore, thedme parasitised females were able to devote more timdéoa
fascinating adaptations have evolved over suchng lo resources to feeding their chicks (Meritoal. 2000).
period, including complex life cycles that requseveral The costs arising from infections have led to
changes of host species before the reproductige $¢éa natural selection favouring individuals who happete



107

be able to reduce the negative effects of parasitesliminating the infection. Hence, the advocatethefso-
Undoubtedly the most widespread of these adaptt®on called ‘evolutionary medicine’ (or ‘Darwinian
the immune system found in all animals. The ‘inhatemedicine’), in which evolutionary theory is appli¢al
immune system is activated when a body is invadea b the study and treatment of diseases, maintainsitthet
bacterium, virus or other pathogen, at which tirhe t necessary to keep in mind the long coevolutionary
immune mechanism responds to the threat in elationship of pathogens and hosts when decidieg t
predetermined fashion. However, should the infectiobest strategy for treating a disease (Nesse &iakfil
persist, a second phase known as the ‘adaptive mamu2000).
system’ is activated and this develops a specifiack The coevolutionary arms race between pathogens
against the pathogen, whose effectiveness improvesd their hosts means that when an effective esgist
gradually and establishes a ‘memory’ of the pathtsge mechanism spreads within a host population, those
characteristics that is employed in any future enters.  pathogens that have some way of overcoming thelnove
defence will reproduce more and become more ané mor
9.6.1.1. Infectious diseases in humans common over time. When this happens, hosts willeonc
again be under strong selective pressure favouravg
Infectious diseases are caused by pathogenic ergani defensive mechanisms. This process is of greataakedi
which grow and reproduce within living hosts ané ar significance since pharmacologists do not generally
transmitted from ill individuals to healthy ones.oM succeed in eliminating pathogens completely frorst$o
diseases have an infectious origin, the exceptimisg and so mutants resistant to the drugs used regularl
those whose origin is hereditary as well as mostes appear. Infection of other hosts by such resistartants
and those due to vitamins deficiencies or othetadje renders drugs ineffective and enables such patisoigen
shortfalls. Even some diseases that were not thiaogh spread rapidly through the host population. Antibio
be infectious have proved to be so. For examplgtriga resistance in many pathogenic bacteria has spnetuisi
ulcers were attributed to acid build-up in the stem way. Microorganisms have very high reproductiveesat
provoked by stress, but most are now known to bthat allow them to produce hundreds of generation
caused by the bacteriutdelicobacter pylori within a few hours. Moreover, they are capable of
We have already noted that a multitude of parasitiexchanging genes horizontally at random and theg ha
species affect humans. This great diversity haslpur an enormous capacity for mutation, increasing the
been favoured by our gregarious habits, whichifatd chances that mutants resistant to particular drogg
horizontal transmission of parasites, but also by t emerge quickly.
close contact that we have kept with domesticated  The development of antibiotic resistance by
species. Many of the diseases from which we suffdsacteria is one of the clearest demonstrations of
originated in domestic animals, the various typés diological evolution and one of the best examptethe
influenza derived from domestic fowl being a well-evolution of resistance to penicillin by staphylocio
known example. In fact, our diseases are known tfNesse & Williams 2000). Staphylococci are the baat
include 50 that originated from cattle, 46 fromegh@nd that were responsible in the past for the extrerhay
goats, 42 from pigs and 26 from domestic fowl (MiéNe mortality rate of persons who suffered severe injur
1976). who underwent surgery. The discovery of penicilias
The coevolutionary process that has affected thene of the most important in human history sincedas
relationships between pathogens and their hosts hhaighly effective in destroying staphylococci and so
given rise to a broad range of infective mechanigms saved the lives of very many people who would
the pathogens that, in one way or another, cowttédra otherwise have died. Penicillin was effective agaail
resistance strategies developed by hosts during te&aphylococci in 1941, but only three years lataréd
course of the interaction. An infectious diseasesea emerged some strains of the bacteria that produced
symptoms that may allow it to be diagnosed. Howeveenzymes which broke-up penicillin and rendered it
not all symptoms are the result of the pathogetiatk.  ineffective. Nowadays, nearly all staphylococci sEss
Some are instigated by the infectious agent todnits some resistance to penicillin. A new antibiotic,
transmission and others result from the deploynwént ciproflaxin, which was effective towards penicillin
the hosts’ defences. resistant staphylococci, was developed in the 1,980s
Most of the symptoms of infectious diseasesiowadays over 80% ofStaphylococcusstrains are
provoke discomfort and so medical practice, in &odi resistant to this antibiotic as well (at least iaviNYork,
to trying to overcome the infection, most oftenusing where the investigation was done). Antibiotic resise
antibiotics, also attempts to relieve the symptomdyy pathogenic bacteria is now widespread and, given
without considering whether these may be adaptivihat no new efficient antibiotics have been disceste
responses to pathogen attack. True, some commdnring the past 20 years, we must accept thaistose
symptoms such as fever, lack of appetite, ironcibgicy  of the most serious medical problems.
and listlessness may be damaging to the host.
Nevertheless, from an evolutionary standpoint wé.6.1.2. The brood parasite—host system
should consider the possibility that they evolved i
response to infection because the benefits comnferr®rood parasites practice a peculiar form of parasitin
outweigh the costs. This approach makes sense givemich the host suffers no direct harm. Such paadiy
that fever is known to inhibit the reproductionrmbst eggs alongside those of the host species, thusnigidt
pathogens, iron deficiency slows bacterial grovethd into incubating, defending and feeding the young as
lack of appetite may ultimately deprive pathogeris osoon as they hatch. Intraspecific brood parasitism
resources. In general, these defensive mechanisags nbetween females of the same species is known, but
help reduce the reproductive rate of pathogenschwhi strictly speaking brood parasites are species ribaér
helps the immune system to be more effective in
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care for their own offspring but instead alwaysviea emerge from hiding and lay her egg in the magpie'st
them in the charge of other species, the hosts. (Alvarez & Arias de Reyna 1974).

This type of interspecific parasitism is rare and Once a parasite egg has been laid in a nest, the
only relatively frequent in hymenopterans (chiefty most effective way of avoiding the costly effects o
social species) and in birds. A great diversitysath parasitism is for the egg to be recognised andliexhe
strategies has been described for different wasp.and Once such an ability develops, it soon spreads
ant species and these differ greatly in complexity. throughout the host population, since the repradect
typical example involves the cuckoo bees, of whiclsuccess of parasitised pairs that can do this ishmu
several thousand species have been described. Thgseater than that of pairs that cannot. Expellihg t
bees do not build any form of nest or hive. Instésy parasite egg is simple for large hosts, who onkeha
enter the hives of pollen-gathering species andHayr  pick it up in their beaks, but it is a bigger pretl for
eggs within cells that the host female (or workers small species whose nests contain the large eggs of
social species) has already provisioned with polledarge parasite. When the egg is not too large, thay
When the parasitic larva hatches it feeds on tbdep  peck it until they pierce it after which they cdren lift
and on the larva for which the cell was constructed the egg and throw it out. Those small species ¢hat

Quite a few ant species are also brood parasitescognise a parasitic egg, but cannot remove ity ma
and these make use of very varied strategies. Somespond by covering the parasitized clutch witht nes
behave like the cuckoo bees, but others have moneaterial and laying a new clutch on top, or by
sophisticated and remarkable strategies. For examphbandoning the nest and building a new one.
the slave-making ants, as their name suggestsavensl Once a host species has acquired the ability to
the host species to work in the parasites’ ownsndstis  expel parasite eggs, it may be expected that itexjpel
happens withRossomyrmex minuchaa slave-making those that are most readily recognisable, thoset mos
ant studied by Francisca Ruano and Alberto Tinaut, different from its own eggs, whereas those mostlaim
Granada University, SpaiRossomyrmeworkers attack to the host eggs will survive. Mimicry by paraséggs
nests ofProformica longisetaand, after killing most of is thus favoured and in some cases parasite eggs ha
the defenders, they carry back the larvae and ptgpaebecome very similar in size and colouration to ¢ho$
their own nest. When these develop into adultsiwith the host species (Davies 2000).
the parasite’s nest they follow their usual indtiaxed act Until recently this was thought to be the extent of
as workers in the nest in which they find themselve the arms race between brood parasites and theis, hos
thus becoming lifelong slaves of their capturereeyi something very well documented during the egg stage
clean and guard thRossomyrmexest, feed the queen Scientists never considered the chick stage simtg o
and her workers and look after, guard and feed thene case was known in which parasite chicks are
gueen’s descendants (Ruano & Tinaut 1999). recognised (some African waxbills are able to redse

With respect to birds, over 100 brood parasites anearasitic indigobirds of the geni$dug). In that case, as
known and these belong to five families, althougilro predicted, the parasite chicks have developed lextel
half are from the cuckoo family, Cuculidae (Daviesmimicry and are quite difficult to distinguish frohost
2000). This brood parasite—host system provideshicks. Nevertheless, there was no known casehoft
excellent opportunities for the study of coevolntio species that was capable of recognising a cuckak ch
particularly in those cases in which the parasites and of expelling it from the nest, even though most
only one, or very few, host species. cuckoo chicks look nothing like those of their lsoahd

Brood parasitism imposes significant costs orare often much larger, so that towards the endcheif t
hosts given that, as a rule, only the parasite kchiogrowth period their adoptive parents may have teipe
survives in a parasitised nest, a fact that stgofaglours  on their shoulders to feed them.
of the evolution of effective defence mechanismghwy Two recent and fascinating discoveries have
hosts. In turn, the host defences are costly tagii@s so revealed that an arms race may also occur duriag th
that there is also selection for counter-defenoes ftchick-in-nest stage. Naomi Langmore, of the Auiral
overcome them. These strong selective pressures haVational University, and her co-workers have shown
brought about the emergence of adaptations and@sun that one host species, the superb fairy-wrglalgrus
adaptations in all stages of the breeding cycldo(ee cyaneu} a small passerine, can recognise and abandon
during and after the laying of the parasite egg aisd chicks of its specialist parasite, Horsfield's ren
during the period when the chicks are in the nest). cuckoo Chrysococcyx basalisEleven females, out of

Prior to laying, the first challenge for a female29 parasitised nests, stopped feeding the cuckaik ch
brood parasite is to find a suitable nest in whicHay = when it was between three and six days old and
her egg, whereas the first line of defence for lest abandoned it in the nest. Although the cuckoo chick
species is to prevent her from doing so. Activet negarried on begging for food in desperation, thedies
defence is an effective strategy only when the ho&tegan a new nest and solicited copulations to lay a
species is larger than the parasite, as happehstmgt replacement clutch (Langmoeg al.2003).
great spotted cuckod@(amator glandariuy and its host A discovery by Tomas Grim and his collaborators
the magpie Rica picg, which will chase any cuckoos at the Palacky University, Czech Republic, was even
found near the nest. The cuckoos have respondinisto more surprising, given that they worked with thede
adaptation by developing a more complex layingvarbler @Acrocephalus scirpacelysone of the best-
strategy in which, unlike in other brood parasitesth  studied hosts of the common cuck&u¢ulus canorus
the male and female cuckoo collaborate. Firstéineale Their study-area was distinguished by having a much
approaches the target nest discretely. The male thaigher percentage of parasitised nests than id, e
approaches the nest conspicuously until the fematleey found that the cuckoo chick was abandonechby t
magpie, or the magpie pair, try to drive it awagnfrthe  warblers in about 15% of parasitised nests, whevag
area, providing an opportunity for the female cuxko about 14 days old. They explained this previously
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undescribed behaviour as a consequence of the @uckavour the development of their young. In this ctse
chick staying in the nest much longer than the Vearb male crab clearly cannot lay any eggs (not only it
chicks do. The most significant and novel aspedhisf a female but also it has been castrated), instbad t
discovery is that it does not imply visual recogmitof  depression favours the reproduction of the paraaitd
the parasitic chick. The warblers simply stop fegda the male crab takes charge of caring for the pa‘asi
chick that spends too many days in the nest. Sudifspring (Shields & Wood 1993).

‘discrimination without recognition’ probably helgke A less subtle but more direct way of manipulating
warblers since the rule of thumb ‘stop feeding kkic host behaviour exists, explained by what is known a
after 14 days’ reduces the cost of being parasitize ‘the mafia hypothesis’. As happens with human

gangsters, the behaviour involves compelling irdiiais
9.6.1.3. The manipulation of host behaviour by of the same species or of another to do what hisrteg
parasites mafioso. Such behaviour was first demonstrated-éatg

spotted cuckoos as they exploited their chief host
Among the most extraordinary adaptations of pagasit species, the magpie. In our study area in Guadix,
are those that help them manipulate host behayaur Granada, Spain, we found that when the cuckoos
the parasites’ own benefit. These adaptations edohs parasitize a nest, they revisit it some time afteds. If
ways to help parasites gain access to other hosthgy then find that the magpies have expelled tioé@o
especially by those parasite species with complfex | egg, the cuckoos take reprisals and smash the magpi
cycles that include at least two hosts, an interated eggs, or kill any magpie chicks that have hatct@aer
host and a final one. As might be expected, in sasles et al. 1995). We experimented by removing cuckoo eggs
natural selection favours efficient transmissiorfrom a number of parasitized nests, with the rethat
mechanisms. An example involving totally abnormathese suffered more predation than did control snest
behaviour by one species involves ants that afeom which cuckoo eggs were not removed. By
parasitised by the flukBicrocoelium dendriticumAnts  replacing some of the magpie eggs by plasticineatsod
are the intermediate host, the definitive hostsndpei we were able to prove that they were pecked by
sheep. The only way in which the parasite can frass cuckoos. These results together strongly suppaet th
an ant to a sheep is for the sheep to eat theThig.is mafia hypothesis. The cuckoos’ behaviour, despite
normally improbable since sheep are not insectivero having already lost their eggs, is beneficial tenthsince
and ants normally avoid being accidentally ingedigd when magpies lose a clutch at the start of thedimge
sheep because they keep close to the grounseason, they often lay a replacement clutch, thus
Remarkably, ants parasitised By dendriticumchange providing the cuckoos with a second chance for
their behaviour and tend to climb to the highgss tf parasitism. Also, if the reprisals are effectivegyt may
grasses (Spindler et al. 1986). How do the pasasitenake the affected magpies learn the lesson of tifeam
make the ants behave in this way? A parasitised ahehaviour: it is better to accept the cuckoo egijtanto
contains some 50 flukes and one of these traveleeo raise some magpie chicks at the same time, than to
ant’'s brain and, by some unknown means, induces tihhemove the parasite egg and lose the whole clutcle o
ant to climb up to the top of the grass whereipgthe again.
stem strongly with its mandibles. In this way th& a Mafia-type behaviour has been identified in other
remains anchored until it is eaten by an herbiviirihe  types of interspecific relationships, chiefly in dte
latter is a sheep, the parasite will have fulfilléed parasite ones, but also in a mutualistic relatignsh
objective. specifically that in which ants care for and defepéiids

Another remarkable example involves the parasitim exchange for their sugary secretions. It hasnbee

barnacle Sacculina granifera which uses the blue known for some time that aphid-tending ants sonmetim
swimming crab Portunus pelagicysas its host. Jeffrey kil and eat some of the aphids. Sakata (1994)
Shields and Fiona Wood, of the University ofdiscovered that the ants do not kill aphids at camdout
Queensland, Australia, found that if the paragitiseab instead selectively eliminate the ones that produce
is a female the changes occasioned by the pamste sugary secretions in lower quantities and of lesser
not very striking. However, should the crab be dema quality. Their behaviour in penalising the less
those changes are enormous. As the parasite gtowscollaborative aphids allows the ants to succeed in
destroys the male crab’s gonads and thus reduses iinproving the production of the sugary juices orickih
androgen levels. This results in the male crab'dybo they feed. This is quite similar to the way in whic
taking a female form. Moreover, as the parasitbhumans, since ancestral times, have selected bgpedi
continues to grow, hanging between the crab’animals for their domesticated livestock.
cephalothorax and abdomen, the host progressively Regarding host-parasite relationships, a good
resembles a female laden with eggs. Furthermoee, tlexample of mafia behaviour is the amply demonsirate
parasite also secretes a feminising hormone tldlaices fact that many of the bacteria that cause infestiou
maternal behaviour. The male crab’s behaviour cesingdisease in humans become more virulent in the déce
radically as a result of these changes. It becoees the host's defensive mechanisms. In particular, the
aggressive and more tranquil, and it avoidslecline in blood iron levels that normally accomigan
confrontations with other males. It also clean®lits fever provokes such bacteria Bscherichia coliVibrio
more often, as do female crabs that are lookingr aft cholerae and Pseudomonas aeruginostéo produce
eggs. These changes help both the crab and thsitparaharmful toxins and they increase their productisriran
to survive. The parasitised male crab digs a shallolevels fall (Nesse and Williams 2000). This penalty
depression in the sand, similar to that dug by fes makes the host’s defence mechanism less effective.
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Chapter 10

Animal communication and human language

10.1 Introduction detect changes in their population densities argy th
respond by releasing certain substances that act as
Communication is a fundamental feature of animasignals to neighbouring bacteria. Such ‘behaviaur i
behaviour. It is naturally of greatest significanite unison’ regulates much microbial activity. For exden
social species but it is also very important tocilier it allows pathogenic bacteria to coordinate attacks
animals. Courtship of females by males, confrontatio their hosts (see review by Crespi 2001).
between rivals, territorial advertising, beggindaeour
of young animals, and, indeed, most of the othet0.2. What do we mean by communication?
behaviours described in this book all involve
communication. Because many of the factors thatonsider the following scene, which is based onistud
influence  survival and reproduction involve by William Cade, of Brock University, Canada. We are
communication, it is not surprising that it playa a observing an overgrown field in North America iniath
important and often striking role in animal behavio a field cricket Gryllus integej abounds. During the
and in the adaptations of most living things. courtship season, we can hear the loud chirps
Contrary to what many believe, communication igstridulations) of the males. Closer observatioreaty
not confined to animals, but also occurs in marheot that some chirping crickets are moving about, clae
organisms. For example, plants have been showmito e stationary but chirping and yet others are making n
signals by which they are able to communicate witlnoise but are positioned near the stridulating mafes
other plants and with other organisms associated wiwe continue to watch, as well as noticing somesflie
themselves, such as pollinators, herbivores ancesafm overflying the crickets, we notice that when a nsitgps
the enemies of those herbivores. An interestinghirping another previously silent one may start up
demonstration of this has been provided by Gerrachi Among other things, this scenario reveals a
Arimura, of the Bio-oriented Technology Researctprocess of communication. The stridulating crickets
Advancement Institution of Tokyo, Japan, and his co(senders) are emitting signals (chirps) that amrdéy
workers, who showed that communication occursther individuals (recipients) that change theindgour
between plants of the same species. When the Léaa b on receiving the signals. If we observe the silent
(Phaseolus lunatysis attacked by the two-spot spider-individuals closely we see that some of them are
mite (Tetranychus urticge the plant emits volatile females, which approach the chirping males, buérsth
compounds into the air that elicit an anti-herbé&or are males that remain stationary near to the drjme
response in neighbouring plants. They showed thisrder to intercept and copulate with some of thedies
experimentally by infecting some plants with 100attracted by the stridulations (satellite malesg se
spider-mites over several days. When plants detebe  Chapter 5). Thus, the sounds crickets make bringitabo
compounds liberated by infected neighbours, thelpehavioural changes in the individuals that receéhe
activated five defensive genes that swiftly brougiut  signals.
an effective anti-mite response, since from thantpine Communication always involves transmission of
plants were less susceptible to spider-mite attdtle information. What information is transmitted by
response was quite specific because volatile congu stridulating male crickets? As we saw when we
liberated during the control treatment, involvingconsidered mate-seeking and courtship (see Chapter 4
physical damage to the plants, did not activate th@ such situations the males are offering infororatbn
defensive genes (Arimugt al. 2000). their physical condition. In this particular cade fittest
The best studied plant communication system imales emit louder, more frequent chirps than dseho
that involving plants and the enemies of their hantes.  that are in poorer physical condition. The formard to
For example, Consuelo De Moraes, of University ofttract more females but they also attract morellgat
George, USA, and her co-workers showed that plasits males, which try to copulate with the females ttiet
different as tobacco, cotton and maize emit differe stridulators attract (Cade 1979).
volatile compounds according to whether they are Bearing this in mind, how may communication be
attacked by caterpillars of the tobacco budworndefined? It might simply be said to be the transfer
(Heliothis virescens or those of the corn earworm information between individuals but such a defonitis
(Helicoverpa zep The fact that the signal emitted inadequate. Not only is it far too broad but alsddes
differs according to which moth species is attagkinnot lend itself to an evolutionary perspective. For
allows a parasitoid species, the red-tailed waspxample, when a mouse or a lizard moves through the
(Cardiochiles nigriceps to detect when the attacker isleaf litter it makes a rustle that informs wherésitand
the speciesH. virescenyin which it lays its eggs. The that may allow a predator to find it. This cleadgnnot
specificity of these signals, and the fact thatythee be termed communication, since such a sound happens
produced by very different plants, shows thasimply as a result of the animal’'s movement and not
communication between plants and their herbivoréecause it has evolved to provide information thay
enemies is quite complex (De Morassal. 1998). cost it its life. A better definition then is that
A capacity for communication is also possessed byommunication is a transfer of information by meahs
many microorganisms. For example, many bacterisignals that have evolved to that end (see Box 10.1)
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The above definition may seem excessivelygood eyesight, so they have evolved numerous signal
‘selfish’. As a rule, we humans are unaware of théhat rely on showy, colourful adornments. In cosira
manipulative nature of communication, i.e. thatwh@ most small mammals are nocturnal and have an
are speaking to someone we are constantly trying txcellent sense of smell, so scent is most impbitan
manipulate his or her behaviour to our advantage. Qhem.
course it is not as simple as that because codperat
communication also exists (see below) and is frajue10.4. Signal transmission and environmental
between friends and, above all, between closeivefat conditions: auditory signals in birds and
or mates. Neverth.eless: in most cases, OYhammals
communication complies with the proposed definition

even if we are unconscious of it. | ask incredulougign,| effectiveness often depends on environmental
readers the following question: ‘Do we tell everglgo cqngitions, both atmospheric and those of the habit
everything we know?’ Clearly, we do not. We tell ®m \ich g species lives. The best-studied examplémaf
people some things and other people other things. | enyironmental characteristics influence signalatesto

all very complicated since it depends on the type aycqystic communication, the type most used for Jong
relationship that we have with each person an@hi®r  gistance communication (reaching over 3 km in some
association ~with the information being given.iry species, 2 km in some grasshoppers and ov@r 10
Furthermore, when we are dealing with somethingy, iy certain whales). Classic studies in the 1970s
personal that we want to keep private, we will Wit oyeajed that environmental characteristics stsongl
to those with whom we are most intimate. On theoth i ence the evolution of acoustic signals. Suignals
hand, when it is something that we want widely know pecome attenuated and degraded to varying degvees o
because it helps a friend (or ourselves, whethecty |5 gistances and hence natural selection favibose

or indirectly), or because it disparages an enameyare 4t are easiest to detect and to recognise hieemst
happy to tell it to the biggest gossips we knowciBely (egistant to such changes. In accordance with this
because we know thqt they_ will tell everYbOdy'adaptive hypothesis (see Chapter 2), it has beemnsho
Moreover, we relatg things dlﬁergntly according to,q¢ only in birds but also in mammals (especially
whom we are speaking and according to the effeatt thyimates) and some insects, that different species

our story is having. produce sounds with a structure that is optimal for
transmitting information in the habitats that thelabit.
- Components of communication : signals, senders and recipients. Various predictions arising from this hypothesisséda

been confirmed in numerous studies involving many
different species. For example, the acoustic sgyodl
- Thg process is often more comp|9><. since (1) several individuals may different species travel better in their typicalbhlats

be involved, and (2) the same individual may be both a sender and a . . ..

recipient, either simultaneously or in turn. than in other places, 1.€. thEy are most effectivéhe
environment in which they evolved.

Another observation that supports the adaptive

- D_efinition of communication : The process by \{vhich sender_s use hypothesis is that some species have two or more

fé%?gfn?:veloped through natural selection to modify the behaviour of different call types that they use for Iong-dis’ﬁam):r
short-distance communication, each being best
structured for effective transmission. For examihe
pygmy marmosetGebuella pygmadais a tiny South
American primate that has three different contadtsc
used for short, medium- or long-distance
) communication. The structure of each of these tals
10.3. Signal types in relation to the dominant been found to be optimum for effective transmission
sensory systems each of these distances within the species’ hafidatia

Torre & Snowdon 2002).
Any type of sensory system may be used for Long-distance acoustic communication is, in
communication provided the sender is capable ajeneral, quite costly, not only because it requarést of
generating the signal and the recipient can reciive energy but also because it may attract predatdrss,T
Signals with very different characteristics aredwced an adaptive hypothesis lead us to predict that asim
according to the systems involved (see Box 10.2). Fehould have evolved the ability to optimise signal
example, auditory signals have a high ability tega efficiency by modifying sound intensity according t
around physical barriers but they cost a great déal how far away the recipient is. We humans reduce the
energy to produce. Visual signals convey informmatio volume when the recipient is not too far away, thus
very quickly but are obstructed by obstacles asdisa saving energy and reducing the chances of beingdhea
also true for auditory signals, they have the diaathge by a predator or a competitor. The possibility thtter
of possibly attracting predators. Chemical signalsym animals too might do this had not been considered
be highly persistent and, as a rule, they are gkeap to  because it was thought to derive from the high itagn
produce, but they cannot readily be changed. Kinallability of our own species. Nevertheless, HenrikrBnu
tactile signals have the advantages of being chieap and Peter Slater, of St Andrews University, UK, dav
produce and not attracting predators, but they loeNe  shown that a small bird, the zebra finchaéniopygia
very short transmission distances, and they arekbtb guttatg, is capable of adjusting its song to its distance
by obstacles (see Box 10.2 for more details). from its recipient. They performed a laboratory
Signals are shaped by the sensory equipment ekperiment in which a caged male was presented avith

organisms and by the medium that they inhabit. Faraged female at four different distances. The male
example, most birds are diurnal and hence have venycreased its song volume, and hence the effodived

- Interaction between components : sender — signal — recipient.

- All communication involves a transfer of information .

Box 10.1. Fundamental concepts and definition of
communication. Chiefly after Krebs & Davies (1993).




112

in sound production, in accordance with the inaeeas where steep mountainsides make moving around
distance to the female (Brumm & Slater 2006). difficult. Under these conditions, one cannot
One of the best examples supporting theommunicate by speech with a friend or other person
hypothesis that the signals used for acoustic who is on an opposite mountainside. However, this c
communication have been selected according to thdie done by whistling that concentrates all the doun
effectiveness in transmission involves a peculiaenergy into a narrow frequency band of 1-3 kHz that
language system evolved by humans, namely whistlincan travel far (Meyer 2004). Indeed, in one of blest-
languages that have arisen independently in variossudied examples, the silbo gomero, typical of La
parts of the world. According to a recent review byGomera, one of the Canary Islands, sound transmissio
Julien Meyer, of the French Human Sciences Instituthas been shown to reach 10 km (Meyer 2004). These
although only twelve such languages have beenextudiwhistles constitute true languages that allow pralty
in depth, the descriptions of anthropologists andny type of information to be transmitted. In fact,
travellers show that there were very many moreManuel Carreiras and his co-workers at La Laguna
although most have disappeared or are in danger Ohiversity, Tenerife, Canary Islands, have showrt tha
doing so (and no doubt mobile phones will contébutwhen two people are communicating in the Gomeran
directly to the disappearance of the remaining pnetanguage, the same brain areas usually associated w
unless effective conservation measures are talerch normal speech are also activated (Carredtasd. 2005).
whistling languages have developed in parts ofitbed

CHARACTERISTIC SIGNAL TYPE
Auditory Visual Chemical Tactile
Transmission distance long medium long Short
Speed of propagation rapid instant slow Instant
Speed of change rapid rapid slow Rapid
Ability to cross obstacles high low high Low
Persistence poor poor good Poor
Ease of location medium high variable High
Energy cost high low very low Low
Risk of predation medium high variable Low
Box 10.2. Characteristics of different signal types in relation to the sensory systems
used to detect them.

10.5. The costs of signalling previously described, this cuckoo is a brood pteabiat
prefers to lay its eggs in magpie nests. We shaweah
Signals are often costly. They may require time te@arlier study that the cuckoos do not choose magpie
produce and/or demand large amounts of energpests at random. Instead, the female cuckoos sect
Furthermore, signals may be used by predators &est parents, i.e. the parasitised magpies wese ttiat
parasites to locate their victims. In the crickedraple at could raise more young than the unparasitised ones
the start of this chapter, the flies to which wéereed (Soleret al. 1994). This posed an interesting question.
are parasitoids that locate their hosts by sourdftiey How do cuckoo females know which magpies are best
are attracted by the males’ stridulations. When théor raising their chicks? Our initial hypothesis sathat
parasitoids find a male cricket they deposit tladieady the cuckoos would choose a larger magpie nests,
hatched larvae on it. These penetrate the criciéfeed because we were aware that in some monogamous
off its internal organs until they are large enough Species nest size may serve as a signal employed in
become adults, when they burst through the crisketsexual selection (see Chapter 4), by means of whigh
body wall, killing it (Cade 1979). Natural selectithus members of a pair inform each other of their phaisic
favours signals that confer the least risk andchaapest condition. The relationship on which this idea éséd is
to produce, always presuming that they retain thefjuite straightforward. When two magpies form a pair
effectiveness. In other words, a trade-off existsdeen they begin to build a nest. If they are fit theyrlwanore
the efficacy and the cost of signals. assiduously and make a larger nest than they wibuld
There are other cases in which unwanted receivetdey were weak or sick. Thus magpie pairs in good
exploit signals produce by others. Predators védigno condition build larger nests than do less physyciitl
attack prey when these are signalling becauserthies magpies (see the experiment described in Chapter 4).
them easier to locate. However, there are also sorf@male cuckoos need only use this signal when ahgos
much more subtle examples. One of these was prdvidgests. Clearly, cuckoo chicks have better survival
by my own study group when we investigated howtgreadrospects when left in charge of good parents deusl
spotted cuckoosQlamator glandariu} select the nests Of large nests) than when left with lower qualityes
of magpies Rica picg in which they lay their eggs. As (builders of smaller nests). Because this means that
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female cuckoos will choose large magpie nests iichivh to evolve into the complex signal that it has beedan

to lay their eggs, magpies may be expected to resp  endless and unvarying, very loud sound). In shiohias
this evolutionary arms race by reducing the sizthefr become ritualised (see Box 10.4).

nests in areas where they are parasitised by cackide Why do signals become ritualised? Why do signals
tested this in a comparative study and found theged, always evolve to become more exaggerated and more
magpie nests in areas with great spotted cuckoes astereotyped, that is to say more repetitive and
significantly smaller than those in areas where thanvarying? We shall answer these questions by

cuckoos are absent (Sokdral. 1999). addressing the three hypotheses offered in Box &fd4
we shall once again use the familiar example of the
10.6. The origins and evolution of signals threat signal of wolves and dogs, in which theydta

stiffly upright, with bared teeth and erected bagk
Signals may have their origins in a diversity ofis®s,
the most important of which are given in Box 10.3.

THE EVOLUTION OF SIGNALS: Signals tend to change from their
ancestral simple and variable forms to become more repetitive,

exaggerated and stereotyped. Such changes are often accompanied by
1. Intention movements : movements that must precede some the development of striking colours or structures. This process is termed
activity, e.g. flexing the legs before jumping. ritualisation.
2. Displacement activities : behaviour carried out when nervous or WHY DO SIGNALS BECOME RITUALISED? There are three main
under stress. hypotheses, which are not mutually exclusive.
3. Autonomic responses . E.g. scent marking territories using urine 1. The reduction of ambiguity hypothesis : Ritualisation results from
as an olfactory signal. the selective advantage to senders of reducing the risk that their
signals may be confused or misinterpreted.
4.  Self-protective responses : those that may give rise to 2. The manipulation hypothesis : Ritualisation results from the
appeasement signals. resistance of receivers to being manipulated by a particular signal.
3. The honesty hypothesis : Receivers are selected for their ability to
5. Ambivalent behaviour ~(when there is uncertainty over what to do): distinguish between honest and deceptive signals.
gives rise to low intensity signals.
Box 10.4. Hypotheses explaining the mechanism of
Box 10.3. Origins of behavioural signals. Chiefly after signal evolution. After Krebs & Davies 1993.
Krebs & Davies (1993).

The original explanation, employed by classical
Konrad Lorenz and Niko Tinbergen proposed that manythologists in the 1960s, was that signals became
signals have developed from incidental movements Qfalised to avoid ambiguity, i.e. so that theraswno
responses that just happened to provide informabon confusion about their significance. Support fosthiea
receivers. It makes sense to believe that natefetton  comes from the observation that very different aign
would favour those receivers that could a_mnmmte_ often have opposite meanings. In the canine example
future conduct of a sender by responding to slighthe pared-teeth threat signal is utterly differeam the
movements that allowed them to predict some imp@rtaappeasement signal. As every dog owner knows, a
future action. Krebs & Davies (1993) provide a goodscolded dog tends to crouch down, sometimes Iylitg f
example of this. Imagine an ancestral scenariohithv gp, the ground.
the typical threat signal of wolves, baring thetiteand If, however, we keep in mind the definition of
especially the canines, has not yet evolved. Arstnal  communication given in Box 10.1, according to which
wolf, when attacking, would have to draw back ifs) the point of signals is to affect the behaviour of
uncovering the teeth, before its mouth made contagécejvers, the interpretation of ritualisation hees
(otherwise the lips would be damaged by the impactyery different. Imagine that a sender has reachgoirt
Hence, receivers that were capable of anticipatind jn which it succeeds in manipulating receiver béman
escaping an attack through detecting the teetmari|n sych a situation, selection will favour resisarto
movement that preceded it would be favoured bynanipulation by the receiver. This in turn will taw
selection. Once this occurred, selection would alsgenders with more effective signals that will ovene
favour senders who bared their teeth as a way @fch resistance, and it will also have favouredstheal
dlssuadlng receivers, with the rgsult that baregthte becoming more exaggerated and repetitive. Something
would begin to serve as a threat signal. similar is the basis of those interviews in whididges
As in this example, the movements and responseg police interrogate a suspect to establish winetine
from which signals have evolved are those thakot he or she is lying: they repeat their questionsr
originally provided information on future actiorsich  and over again in case any contradictions emerge.
as intention .movements. .ThIS has also been  The third hypothesis was proposed by Amotz
demonstrated in many studies of sexual and thregghavi, of Tel Aviv University, Israel. He suggestiat
displays in birds, fish and mammals. The respowdes sjgnals become ritualised because receivers agetsl
the autonomic nervous system of vertebrates tesftte g pe able to distinguish between honest and diveept
conditions, such as blushing, hair raising, urbrtand ones. Taking the canine threat signal, given that t
so forth, have also been the starting point for thgender could employ it deceptively, selection fasou
development of many signals. _ those receivers who can distinguish between honest
~ Signals may originally have been simple andijgnals (those made by individuals that are regdling
variable. In the cricket example considered abovgg attack versus threats made by individuals that a
stridulation consists of rubbing the leg againgtWing,  puffing). In these circumstances, the threat diguit
producing a complex sound. It may have originatethf haye become ritualised because receivers will have
accidental rubbing of the wings that made some @agippliged senders to exaggerate and repeat the signal
noise. Once it proved effective in attracting othemaking it more costly, in order to better evaluitte
individuals, however, the stridulations will haversed  rystworthiness. According to the honesty hypotesi
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the only signals that persist over evolutionaryetiare are very well designed to achieve their object@eod
those so costly to produce that they could onlyrfaele advertisements may increase sales enormously, vidich
by individuals in good physical condition. why the best advertising executives are among és¢ b
paid professionals. Clearly if companies invest
enormous sums on publicity, it is because this judys
10.7. Conflicts of interest between senders and We, the consumers, are being manipulated despite ou
receivers: another arms race resistance. The receivers are losing this arms, race
perhaps because we are influenced by somethind nove

As our definition of communication (Box 10.1) andth !N our evolutionary history as we receive the same

above hypotheses assume, the interests of senagrs J'€SSage hundreds or thousands of times, and the
receivers often do not coincide since each has be§AMMunication media ensure that it always reaches u

selected to derive the greatest possible beneiih fan  €Xactly the same form. Although we are aware thiat t
exchange of information. In order to benefit, aceen 'ePetition is only made possible by technology, we
must succeed in making a receiver modify its besavi s_ubconscmusly may interpret the_ messages as honest
to the sender’s advantage, whereas the receiverunas Si9nals (see the honesty hypothesis, Box 10.4).
the information supplied by the sender to furtheoivn o .
ends. This gives rise to a coevolutionary arms (aee 10.8.  Honest  communication,  deceptive
Chapter 9) but here there is an important differefibe  COmmunication
arms race is not between species nor even between
different individuals, but instead between the aiigéht As we all know, deception is a common feature of
roles that the same individual may play. In thel@t human communication, but is it also frequent ineoth
example, the stridulating male obtains significangnimals? The answer is ‘yes’ when the exchange is
benefits if it succeeds in attracting females armdning between different species. For example, predatods a
off other males. However, for the receivers, botilen parasites employ a great diversity of deceptivataties
and females, what matters is to be able to evalimte in order to attract their victims. In contrast, eptive
quality of the sender precisely and without beinggommunication between conspecifics is much rarer,
deluded by first impressions. As the manipulatiorprobably because the same individuals sometimeasact
hypothesis suggests, receivers are selected tst resienders and sometimes as receivers. A highly aféect
misleading signals. The honesty hypothesis, howevedeceptive signal would spread through the populatio
offers another interpretation, which is especiallyjand the deceivers would themselves be fooled very
applicable in the context of sexual selection, Wwhig often.
that signals may become ritualised simply because There are nevertheless plenty of examples of
receivers select the most exaggerated ones thairdgn deceptive communication that might be regarded as
be produced by individuals in top physical conditio permanently established. They originate in indigidu
Possibly one of the clearest examples of the arnibat disguise themselves in order to deceive amdl th
race between senders and receivers emerges from therefore always act as the senders and nevereas th
human advertising industry. As potential purchasees receivers of the deceptive signals. Well known and
are all receivers and we are subjected to so mudfequent examples occur in many fish species inclwhi
publicity material that we have developed resistanc so-called ‘sneaky males’ exist (see Chapter 5).latter
Indeed, many of us have reached the point wherieete are much smaller than normal males and, instead of
that advertisements do not influence us, and tleatlery competing with other males to attract females, eakp
not buy products just because we have seen or hedr@le lays in wait, and when a normal male has
them advertised. We are certainly resistant (arel trsucceeded in getting a female to lay her eggssrieaky
invention of the TV remote control that allows s t male dash out and fertilises the eggs until drigemy
switch channels during the advertisements represent by the other male. In such cases the deceptiomsreli
great advance in the arms race against publicityy chiefly on being small and so going unnoticed.
that is why advertising techniques have greatlydgased However, Wallace Dominey, of Cornell University,
their effectiveness by changing their strategie)SA, found that the bluegill sunfish Lépomis
frequently. The aim is to exploit the psychologicalmacrochirug, an inhabitant of freshwater lakes and
susceptibilities of the target audience, especidélfy rivers in North America, truly employs deceptive
invoking the emotions, given that much of thesignals. In this species there exist males thaticnim
information provided is not true. For example, wreen females in size, colour, and behaviour. When acglpi
man sees a car advertisement in which the carisrdr male is courting a female, the disguised male apyres
by a handsome, muscular youth while attractivesgirithe couple and behaves like a second female, Igdlden
look on impressed, he does not really believelinging male to court both of them with additional enthasia
the car will improve his appearance, but he is gpeinOnce the seduced female lays her eggs the disguised
manipulated psychologically into believing that gy male releases his sperm at the same time as the lar
such a car would enhance his sex appeal. Anothgrale, so that he ends up fertilising about hathefeggs
example of the scant information supplied in(Dominey 1980).
advertisements concerns a recent car advertisetimaint There are also infrequent instances of undisguised
asserts that your money will be returned if thefedls ~ deceptive communication. i.e. where the same iddai
to make you happier. Nobody really believes such acts as both the sender and receiver of signale. dn
promise, but it may work by persuading us that bgyi the most remarkable cases has been described Brs#And
the car will make us happier. Mgller, of Pierre et Marie Curie University, Paris,
Although we may think ourselves immune toFrance. During his study of the breeding ecologshef
publicity, this is not actually the case. Advenimnts barn swallow Klirundo rusticg, Mgller (1990) noted
are the product of intensive studies and of stiasethat that during the laying period the females spendtrabs
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the mornings on their nests and that the malesthism The alarm calls provide a good example. Swalloves th
frequently, on average 12.6 times per hour, as g@iart did not respond to a genuine alarm call could lledi
their mate guarding strategy (see Chapter 4). Wlaat wby a predator and thus would pay an enormous cost.
unusual was that if the female was absent whemtile However, the cost of fleeing when the signal islae
visited, he reacted by giving loud alarm callsgexreral alarm is nowhere near as great, because all thastiss
minutes. This occurred on 96.8% of 112 observed mating opportunity that may be reattempted later.
occasions. On five of these occasions the absemdlée
was seen to be with another male, who sang intgnsel
and attempted to copulate with her. When theselesup

Why do honest signals persist?

heard the alarm calls of the first male they tOﬁghf gggzﬂzg ttlgliy Tnzy bbiiTgrossi)bslﬁ tC;ofra‘::l(?)lm eting communicators
and so the courtship was interrupted. These obsenga to produce vy v oSty peting
made Anders Mgller conclude that the alarm callgena - Because of the social costs of unsuccessful deception.
when a female was absent were deceptive signals thawny do deceptive signals exist?
induced the female to ‘escape’ from a non-existent - Becausetheyare only employed sporadically. ,

. . . - Because the benefits of responding to an honest signal are
predator, reducing the chance of her mating witbttzer much greater than the costs of responding to a deceptive one.

male. This hypothesis was supported by an expetimen
in which Mgller startled the female and then reedrd | goy 10.5. The evolution of signals. Why most are
the male’s behaviour. He found that the alarm dhitd honest and why some deceptive ones exist.
were given so readily during the laying period were
much less frequent during the nest-building staieet
in only 6% of cases) or during the incubation perio 10.9. Complex communication in animals
(none at all given). Moreover, alarm calls were enor
often given when the nest was near other nests th#&s a general rule, communication in animals othant
when the nest was isolated, as predicted by thepien man is relatively simple. Most other animals carlyon
hypothesis. communicate information on matters directly related
Why do honest signals persist given thethe sender, for example making known territory
evolutionary advantages of lying? It may be becausewnership, the approach of a predator or a
they cannot be faked, or are very costly to prodoce predisposition to mate. Others animals cannot
both of these (see Box 10.5). A signal that canmot bcommunicate abstract ideas or anything about abject
faked requires something that is scarce. A goothpl@ outside their environments. Other animal specie® lza
is the visual signals that rely on striking colodrse to  limited repertoire of signals that in no way comgsar
carotenoid pigments. These cannot be synthesised lyith the enormous complexity of human speech.
any animal species and instead must be obtained froNevertheless, animal communication is not always
the diet. Hence, an individual that cannot obtdie t entirely simple and we shall consider some of tlogem
carotenoids will be unable to produce the signalgomplex forms in this section.
dependent on the biochemical. In the same way, if a  For example, although many bird species have
signal is very costly to produce only individudiait are  very simple, repetitive songs, the songs of passseri
in very good physical condition will be capable of(songbirds) may be extraordinarily complex andame
generating and sustaining that signal (‘the honestgpecies the repertoire may continue to increase
hypothesis’, Box 10.4). In addition, the cost mayabe throughout life, as happens with the island canary
social one, that is to say, the deceit may be dichibr ~ (Serinus canarip Birdsong has also been shown to be
punished by the sender’s companions as has beamshoculturally transmitted in some species, as Roseraady
in various group-living bird species and also inPeter Grant, of Princeton University, USA, havevgho
primates. For an example we turn to a study ofubes in two species of Darwin’s finches (the medium grdu
macaques Macaca mulath by Marc Hauser, of the finch Geospiza fortisand the cactus ground-findB.
University of California, Davis, USA. These primate scandenk In these birds, songs are very similar between
roam in large groups and when an individual firatsdf,  brothers; singers also sing like their paternal
it tends to call out to announce its discovery east it  grandparent, but not their maternal grandparents Th
does so 45% of the time. Such calls benefit nearbyneans that the song is not hereditary, but insisad
individuals since they will come and share partted  transmitted culturally from fathers to sons (Grat
food. Marc Hauser found that individuals that diot n Grant 1996).
call to others, and were instead seen eating bgroth Thomas Struhsaker suggested that vervet monkeys
monkeys, were the object of more aggression frdrerot (Cercopithecus aethiopsuse different alarm calls
group members than those that made it known wheaccording to the type of predator that they discove
they found food. Other results of this study, bothExperiments by Robert Seyfarth, Dorothy Cheney and
observational and experimental, supported theéheir co-workers, of Pennsylvania University, USA,
interpretation that aggression of this sort purdsheshowed that this is indeed the case. They playel-ba
individuals that did not advertise the locationfobd  previously recorded alarm calls and observed the
(Hauser 1992). reactions of a group of vervet monkeys. The thigefc
Why deceptive signals exist, as we have noted ialarm calls led to different behaviour. When tharml
the swallow example, from an evolutionary viewpointcall corresponding to ‘leopard’ was heard, all the
may be because the signal is only produced fofetve monkeys rushed up the nearest trees. The callfyigmi
days of the laying period. At other times, the sigs an  ‘eagle’ caused the vervets to look upwards andide h
honest one. Another reason that allows for thewtiamsi  among the vegetation. Finally, the ‘snake’ call m#de
of deceptive signals is that the benefits of regifmnto monkeys stand erect on their hind legs and surey t
an honest signal can be much greater than the obstsground in front of them (Seyfartt al1980). The vervet
responding to that signal when it is intended toeilee. monkey repertoire is even more extensive becawse th
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are at least three other types of alarm call; fieeridrill’,  frequency indicates the distance to the food, being
‘minor mammalian predator’ and ‘unfamiliar human’. higher when the food is nearer. Food quality is
They are also able to recognise and signal ‘domiinacommunicated by floral scents released by the dance
individual’, ‘subordinate individual’ and ‘rival gup’.  Von Frisch also showed that even if a foraging bags
Such communication is indeed abstract becausedliffe to make a detour around a hill on its return joyrite
reactions are made to different sounds withouwill still signal the direction to the food corréctvhen it
necessarily seeing the enemy that provoked thenaladances, as if it had not been diverted. Such a
call. communication system incorporates two features that

The vervet monkey communication system hasvere believed to be exclusive to humans. Firstig t
been rated the most complex among all non-humdanguage is symbolic as distance and direction are
animals. Nevertheless, Michael Griesser, of Uppsalexpressed during the dance in coded form. Secotidy,
University, Sweden, has shown by experiment that thbees are capable of providing information about
Siberian jay Perisoreus infaustysa corvid that lives in something that is not taking place at that momerdato
family groups, uses different alarm calls accordmthe the site of the dance. This means that the bee
behaviour of its most frequent predator, the neorthe communication system is one of the most complex
goshawk Accipiter gentili3. Goshawk hunting known because those two aspects of the dance &re on
behaviour has three distinct phases: searchingriey  otherwise known to be shared by human language.
while perched, prey-seeking in flight between pes;h However, the bee system should not be overrategnWh
and once prey has been located launching an affhek. all is said and done, the bees only provide infdiona
alarm call of a jay that detects a goshawk differon food location and cannot give a full accountabf
according to whether the hawk is perched, in sé&agch that they encountered on their travels.
flight, or attacking, and each of these alarm daksls to
different escape and defensive responses (Griessgd.10. Human language
2008).

Another curious example that shows how compleshe ability to speak is arguably the most distireti
animal communication can be involves the bottledosefeature of the human race. Language is not just a
dolphin (Tursiops truncatys Each individual has been communication system. It is much more than that
shown to have its own particular call, equivalemtai because it is a mechanism that allows us to expveas
sense to its ‘'name’, which develops during itstffesv  we think. Although language is comprised by a éinit
months of life. The call is used in different siioas, number of elements, it permits us to convey amityfi
particularly when the dolphin wants to maintain o of ideas. In evolutionary terms, language is a ffiam
cohesion. Vincent Janik and Peter Slater, of Stréws  of transmitting information and its graphic versighe
University, UK, have shown with captive animalsttha written word, made the emergence of our great
dolphin calls its ‘name’ repeatedly when it is sgped civilisations possible. Seen in this way, humargisage
from its group members (Janik & Slater 1998). Thk ¢ is completely distinct from the communication sysse
is a way of identifying itself and signalling itsdation.  of all other animals.

These observations thus support the idea that#liss But is human language so different from animal
used to maintain group cohesion. It has also beewis  communication, and what characteristics distingtish
that bottlenosed dolphins are capable of ‘discowgri two? There are two major distinctions, the use of
and using new sounds as a result of interactingy witsymbols’ that allow us to refer to abstract idemsq the
other individuals (Janik & Slater 1998). employment of ‘syntax’, the tool that makes it gbles

It is definitely the case that, as animals gofor us to combine and coordinate words to convarse
dolphins have a more complex system ofo express judgments. These two elements make it
communication than most, but it is not as excepli@s possible for humans to attain communicative
some people seem to believe. | have always beeckstr achievements beyond the reach of other animals, asic
by the popular belief that dolphins have a langu#igé  speaking about that which is neither present nareat
is almost as complex as that of humans, but theyeas  or speaking with the intention to communicate.
to be deciphered. Such belief may stem from
sensationalist TV documentaries. In reality, thisr@o  10.10.1. Does anything resembling human language
evidence that dolphins have a language that altbess  exist among other animals?
to ‘converse’ as we humans do.

It is remarkable that the most outstanding examplgome animals undoubtedly do use symbols in order to
of non-human abstract communication involves not gommunicate, as discussed above in the vervet ngonke
primate nor a dolphin, but an insect, the honeyldgés and honeybee examples. Whether or not any employ
mellifera). The classic study by Carl von Frisch, one obyntax is more debatable. Some primates have been
the founding fathers of ethology and a joint winmér shown to have certain rules for combining soundsrwh
the Nobel Prize along with Konrad Lorenz and Nikocommunicating, but these have never been related to
Tinbergen in 1974, showed that when bees find d-foo changes that may occur in what the signals meah, wi
rich area they return to the hive and are able tene exception that we shall consider in detail Wwelo
communicate to their companions not only the dioect A commonly used method to compare the
to the sometimes faraway food, but also the distamad  resemblance between animal communication and human
the food's nutritonal value (Frisch 1976). Thelanguage is to try and teach an artificial language
information is communicated via a set of movementsjesigned by the investigators to various animdlgfly
the ‘waggle dance’, in which they trace a figureewfht to our closest relatives the anthropoid apes. This
while vibrating their abdomens. The direction te th approach has involved techniques such as sign dayegu
food is given by the angle relative to the sunhef &xis and use of computer keyboards. The results obtained
separating the two halves of the figure eight. Waggle have differed widely and have also been severely
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criticised in some cases. Nevertheless, some recdmth species, both preceded or not preceded by the
attempts have produced quite convincing result® THboom—boom’ call, and noted the animals’ responéss.
most informative of these has been that of Kanzi, expected, the Diana monkeys did not respond to
bonobo Pan paniscuswho, as a baby, learnt a greatCampbell’'s monkey alarm calls preceded by ‘boom-—
number of symbols that were being used by Sue ®avaghoom’ but they did respond to their own alarm eakn
Rumbaugh and her co-workers at the University off it too was preceded by the Campbell’s ‘boom-boom’
Georgia, USA, to try and teach a language to Kanzi'(Zuberbuhler 2002). It is thus evident that theoims-
adoptive mother. The language employed signals thBbom’ modifies the significance to the Diana morkey
the animal had to select using a computer keybddrd. of the Campbell’'s monkey alarm calls, changingatrfr
mother proved incapable of learning it and so theneaning imminent danger requiring a rapid respdase
investigators then started to teach the baby. Wene a signal of some disturbance that does not recrise
enormously surprised to find that Kanzi had alreadymmediate precautions. In other words, the ‘boom-
adquired knowledge of many symbols. The instructorsoom’ is simply a modifier that inhibits the Diana
communicated with him by speaking to him while theymonkeys’ response to the signal that follows it.
employed the computer keys. When Kanzi grew up hiowever, it is no longer inhibitory when it precedée
carried the keyboard around with him in order tdDiana monkeys’ own alarm call. These results shwat t
communicate with his trainers. He was able to digia Diana monkeys are able to understand the semantic
intentions prior to carrying them out and he couldchanges brought about by a syntactic rule, thertiose
sometimes refer to distant places. Kanzi was ai¢@t@ of another sound, which is a feature of the natural
understand spoken instructions such as ‘put théedapp communication of another primate species.
the fridge’, even when he could not see his trainer In any event, although evidence is gradually
(Savage-Rumbaugh & Lewin 1994). accumulating that the communication system of some
Studies of this type have revealed severahnimals is more language-like than had been thought
interesting facts. Chimpanzees and bonobos are leapathe conclusion remains that animals do not reptesen
of learning quite a wide vocabulary of 150 to 25@rds, their world linguistically. For most experts, thime,
and they are apparently able to acquire some wldit language marks a discontinuity between human mental
understand and employ rules of syntax. Howeverapacities and those of other animal species.
although these abilities are much greater thankweah
expected, they are very poor in comparison to th20.10.2. The origin and evolution of human language
capacity that we humans have for understanding our
own language. This is not surprising because oeeiep Psychologists and linguists have traditionally neimed
cannot be expected to learn the complex language tifat human language is a cultural acquisition that
another species of higher mental ability. It wosldely developed gradually from a primitive protolangudage
have been the case that, contrary to what the eirfera reach its present forms. In the mid™2@entury, Noam
led us to think, Tarzan would also have failedeaarh Chomsky, a famous linguist at the Massachusetts
chimpanzee language — had they had one - despitestitute of Technology, USA, published an influaht
having lived with them since infancy. book in which he asserted that the ease with which
In any event, such discoveries using captivehildren learn a language cannot be explained rimse
animals trained to use an artificial language altio  of simple, all purpose learning mechanisms, butesrs
evaluate because nothing similar was done to emplagdicates that we humans have an innate capacity to
their natural communication systems, operatingidets develop language (Chomsky 1957). This book gave rise
human influence. However, a quite recent field gtafl to a heated debate, which continues to this day.
two primate species, the Diana monk&excopithecus Psychology and linguistics are two disciplines thave
diang and Campbell's monkeyC( campbell have virtually no tradition of thinking in terms of eudion.
shown their ability to understand and employ simpldNevertheless, although there still are some psydists
syntactical rules associated with the meaning ofesof and linguists who believe that language is simfig t
their calls. outcome of an increase in brain size linked to an
Both species have different alarm calls forincrease in associative learning ability, very few
‘leopard’ and ‘eagle’, as do the vervet monkeyse Thcontinue to make this argument.
two species often coexist and sometimes even form  There are many indicators supporting Chomsky's
mixed groups. The Diana monkeys understand thenalaridea, the most important of which are given in BOx61
calls of the Campbell's monkeys and when they hedfor example, there is the fact that over 100 Creole
them they make their own, different alarm calls. Idanguages exist, each developed from a lingua &aac
addition to the above, male Campbell’s monkeys makeommon language created when native speakers of
another type of sound, two ‘boom’ calls a few setn several different languages end up living together,
apart, which sometimes immediately precede an alarosually for work reasons. A fascinating exampleaer
cal. When Campbell's monkeys discover anfrom Papua-New Guinea, a country in which over 700
approaching predator they only give the alarm callhative languages coexisted within an area smaétilan t
However, when danger is not imminent, as when the$pain. The current official language is Neomelaaresa
see a distant predator or when something such asCaeole or pidgin language that developed from auling
snapping twig startles them, they give the boom#boo franca of the early fcentury when, after the arrival of
call followed by the alarm call. Diana monkeysmt English-speaking traders, the need arose to conuaini
give their own alarm call when they hear the Canljgbel between the different local ethnicities in order to
call preceded by ‘boom-boom’. Klaus Zuberbiihler, okstablish common trading arrangements (Diamond
the Max Planck Institute of Evolutionary Anthropgjo  1992).
Germany, performed playback experiments with wild Another convincing proof that language has a
groups of Diana monkeys. He broadcast alarm cdlls gignificant hereditary or instinctive component s&o
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from the discovery of an English family whoseeastern Africa to begin the colonisation of the lgho
members, despite being entirely normal in all cogai

matters unrelated to

anomaly that led them to make syntactic errors ttey
were unable to overcome despite intensive trainling  particularly because he accepts that language htoug
problem affected sixteen of the thirty family memse significant advantages to its users. Most of wiat i
across three generations. The case was studietifonS known about language (see Box 10.6) directly or
Fisher, of Oxford University and his collaboratong)o
demonstrated that the gene FOXP2 that was respensiloapacity was acquired through natural selectiontaat

for this anomaly. All sixteen affected individudiad a
mutation of FOXP2, the others all possessing thenab

version (Fisheet al. 1998).

language, shared a linguistic

planet.
Chomsky’s standpoint is illogical and contradicts
his original idea that linguistic capacity is imstiive,

indirectly supports the opposing view, that lindigis

it favours those individuals that possess it, bseait
confers clear reproductive benefits. It is this agipg
viewpoint that is taken by Chomsky’s disciple, Steve
Pinker, who is also at M.I.T.

, , The adaptive hypothesis is well supported and
1. The complex human vocal apparatus is very well suited to s .
producing the enormous variety of sounds that comprise speech. Chomsky’s proposal has attracted much criticism.
2. The sense of hearing is als_o excellently _suite_d to decod_ifying a Pinker (1994) sets out several quite conclusive
great variety of sounds following each otherin quick succession. .
3. Language is largely, though not entirely, associated with two arguments- Two of the most |mp0rtant of these haﬁ,t
specific bra_\in regions: Broca's area anq Wernicke's area. B firstly, if |anguage is a product of culture, thesfeould
4. The capacity for learning a language is centred on a very specific . .
period during development. This reliance on a critical period also be a correlation between cultural complexity and
occurs with most instinctive behaviours. , linguistic complexity, which is not the case. Evére
5. Some persons are born with an inability to employ grammatical
rules correctly. These disabilities run in families and may thus be languages of hunter—gatherers are as complex
considered heritable. grammatically as those of more developed soci¢ties
6.  Children learn to speak extraordinarily quickly, despite not being . .
taught any rules (they infer these automatically). example, in the lyan language spoken by a tribthef
7. _Childrt_an,_such_as the_ famous wolf-child o_f_Aveyron, that are raised marshy plains Of Papua—NeW Guinea a Singie VOWG'
in social isolation neither develop the ability to speak nor do they . . . i
invent a language of their own. This shows that an adequate social may have e'ght meanings aCCOFdlng to the tone Used:
ianvironmentis needed in addition to the genetic capacity to learn Diamond 1992). The second argument is that it &l ha
anguage. .. .
8. When adults that speak different languages come into contact they to accept that language is just the outcome ofrigaei
;;Zﬁ;?n 2 lingua franca., a very simple language with hardly any | large brain because our quite primitive ancestiremdy
9. The oﬁsbring of adults that created a lingua franca automatically had blg bralns: whereas |anguage emerged much more
graannii?l;rrn it into a true Creole language, with fully developed recently. What then was the Iarge brain used for
10. Indigenot'Js languages are neither less complex nor more primitive preVlOUS'V?
than those of developed countries. Even the first written languages, Language is far too complex for us to imagine that
from 5,000 years ago, were already as complex as current ones. . . .
it could have evolved without being favoured byunak
0.6. S | d findi N selection, because it confers so many advantages to
B°x| 10.6. Some generally agreed findings on human | 4jiquals who have it. Following Pinker's wellgared
anguage. . . . .
defence of the adaptive viewpoint (Pinker 1994)nyna

psychologists have come to support his evolutionary

The debate has centred in recent years on wheth@to focus and several adaptive hypotheses have emerged
an innate capacity for language has evolved byrahtu regarding how natural selection may have favoured t
selection. Strange to say, the same Noam Chomsky wQojution of human language. The chief ones arergiv
originally proposed an innate universal capacity o4 Box 10.7. All the proposed adaptive advantages a

language that was not acquired by cultural transions

suggested that our linguistic capabilities werepsynthe
outcome of the progressive increase in mental @pac gignificant part throughout human evolution in faiag
of our ancestors, without there being any neeavoke
adaptive advantages. One of the chief argumentstose communication.

support the idea that the evolution of language mats
adaptive (apart from the philosophical and metaighys

ones which we shall not consider) is that if largpihad

evolved by natural

selection,

important differences between different ethnicitieshe
structure of their languages and in their capxite

learn them, given that such languages would ha

evolved independently in different human populaties

they adapted to different environmental circumsganc

This prediction is not met since an Inuit or SantBoan
child is perfectly capable of learning English,tjas an

English child can learn any other language. Howeve

the uniformity of the ‘language instinct’ does note

important and together they provide more than ehoug
reason to believe that natural selection played a

ever more effective linguistic capabilities for

there should exig

1. Mother-offspring communication would be favoured, allowing the
young to be alerted to potential dangers.
t 2. in a social context it would give an advantage over rivals within the
group.
3. It could provide a big advantage when seeking a suitable mate.
4. It would improve the ability to convey information on food sources.
5 It would increase the efficiency of cultural transmission of
information.
It would help to sustain social cohesion.
It would assist dispersion and range expansion, given that a single
individual could explore and then relate what it had found when it
returned.
8. It would be an advantage during inter-group confrontations, making
it possible to organise coordinated responses to rival bands.

=

Box 10.7. Potential adaptive advantages supporting

out the evolution of language by natural selectitin.
merely shows that such a capacity originated betfoge
first Homo sapienslispersed throughout the world. This )
assertion is supported by a diversity of studieat,th The first three of these advantages operate at the
despite using different methodologies, have alltied individual level and the remainder would be prordote
similar conclusion, that all modern humans ardy Kin selection, given that groups were probably

descended from a small group that left its natahéan ~ composed of related individuals, or would enabieugr
selection, which as we have noted may have played a

important role in human evolution (see Chapter 8).

the evolution of human language by natural selection.
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The third point in Box 10.7 was proposed byeffort remained the same. | cannot pretend thabtite
Geoffrey Miller, of New Mexico University, USA, who possible explanation for this is that the magptedd’
suggests that the working vocabulary of any languageach other of the risks of taking a mealworm found
perhaps some 50,000 words, far exceeds thwisting on a hook in a particular location. Theray
requirements of communication but that this exaess well be other explanations and the correct one haae
be explained in the context of mate seeking and paéscaped me but, nonetheless, the observations are
selection. Miller (2000) points out that, for exdmpan enough to sow some doubt.
artificial language called Basic English has beeaiad In any event, given that it would be highly
with just 850 words, and these are more than enfargh advantageous to be able to communicate certairc basi
transmitting any kind of information (it has eveeeln  matters relating to survival, for example regardiogd
used for whole books on biology and astronomy). Heources and risks of predation or parasitism, Inagkelf
concludes that most of the vocabulary is redundadt why the beginnings of language should not havevexbl
that the hypothesis that best explains its diveiisithat in animals of sufficient cognitive ability. Perhajits
it is a way of displaying an individual's cognitive exists but we have yet to detect this trait. Most
capacity, which could be advantageous when seekingconclusions in this field are based on what ingeastirs
mate. Because conversation has an important influenanderstand about what is being transmitted, For
on mate selection in humans (see Chapter 4), sexuadample, it is accepted that cercopithecine monkeys
selection may have had a strong influence on thieave quite a complex communication system because
evolution of language. investigators have succeeded in deciphering it, thet

Although no existing languages are more highlyexistence of such a system in gorillas and chimpesiz
developed than others and although, as we havel notdias been queried even though the latter are known t
all human beings are descended from a group dfave more highly developed cognitive powers. For
individuals that already had as complex a language example, the trained captive bonobo Kanzi, desdribe
any that exist today, human language must havevegtol above, was able to learn a vocabulary of up tov2&@ls
gradually under natural selection. Although these iand could even understand the spoken phrases of a
disagreement regarding when language emergepecies of much higher cognitive ability. Perhalps t
(between 50,000 and 200,000 years ago), and whigossibility that such animals may have an elemgntar
adaptive advantages favoured its evolution, moséeg language is denied simply because investigatore hav
agree that what first appeared would have been ret yet deciphered anything resembling a language.
protolanguage. This would have been characterised b In order to test the existence of a capacity for
its limited vocabulary and lack of syntax, becaitse complex communication it is unnecessary to decipher
would have been used only to identify conceptshe system’s components. A different experimental
Gesturing would have played a big role. A true leage  approach is required. | do not believe that thehoet
with well-defined syntax would have developedused so far for such studies, which rely on undedihg
subsequently, via a process whose mechanism isaalsdhe significance of acoustic signals exchanged by
source of controversy. Some maintain that it cdwdde individuals, is the most satisfactory one. It is
evolved directly, but others suggest that it wohltle unnecessary to be able to ‘understand the langtiage’
done so gradually, simple syntactic rules graduallprder to test the hypothesis and, in addition, deunay
giving rise to other, more complex ones. form only part of a language that may also incluideal

or other signals. A valid experimental design wobél
10.10.3. Do some other animal species have at least to present several individuals with a problem taclh
poorly developed language? only one knows the solution. If one of the otheslves

the problem without prior learning, it would be
You may be puzzled by this question because it wdsgitimate to conclude that experience problem-epolv
answered with a resounding ‘No’ earlier in the deap had communicated with others in its group. How ¢o d
However, | would like to present an idea of minetlois  this is quite another matter of course.
theme, one that differs from the prevailing sciiénti The evidence that an elementary form of language
consensus. For many years | have thought thataat le exists in certain animals grows ever clearer. Ashaee
some animals of higher cognitive ability may possesseen in this chapter, new experimental technigae® h
some mechanisms permitting them to ‘speak’, that ishown that vocal communication in animals can beemo
that they may be capable of communicating on somemmplex and more similar to a language than was
simple matters in a more complex way than we im&agin thought possible even a few years ago. The casleeof
This idea derives from my many years experience ddiana and Campbell’'s monkeys mentioned above even
working with corvids, birds of considerable cogwiti provides evidence of the use of syntax by another
ability (see Chapter 11). Many of my feelings mayprimate species. We have also noted that there must
derive from the admiration and affection that oas for have been a stage in human evolution when only a
the animals one works with, but there are also ses® protolanguage existed. Therefore the possibilitat th
subjective reasons for thinking that these birdsvary something similar existing in other animal spedaght
inteligent. not be rejected without putting the idea to the tes

We captured magpies over several years I am convinced that this hypothesis is worth
employing an experienced person who used baitddsting experimentally and | have performed aniahit
spring traps large enough to catch the birds unédrm experiment using the methodology described above,
The traps were set from early March until the efd owith the magpie as the study species. The test was
June. The trapping effort was the same each wetk bunsuccessful, but | shall describe the experimemiase
nevertheless, the same thing happened every yéar. A it stimulates someone else to improve on my approac
two or three quite successful weeks the number d&fhe starting hypothesis was that if magpies can
captures dropped steadily, even though the trappirgpmmunicate with each other, and if one magpie can
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benefit from providing another with informationsdme and that by doing so it might gain social statuerlier
benefit, such as where to find more appetising fabe observations had established the social hierarthkieo
experienced bird should tell others about the looadf three magpies; which was the most dominant andhwhic
the resource. the least). If it did this, then one of the otheagpies,
The experiment was carried out in cage that washich was unfamiliar with the matchbox routine, Wwbu
two metres wide, one metre deep and one and a halko prove capable of opening the matchboxes. The
metres tall, divided into two chambers by an opaqueontrols were groups of three magpies none of which
board, so that it was impossible to see from ormentter had been trained to remove mealworms from
into the other. The two chambers were joined bgnalls  matchboxes and so should not be able to do soglarin
corridor with separate entrance and exit doors. Th&milar period.
entrance was opened and when the desired magpie Three trials were performed with three different
entered the corridor it was closed and the exit wagroups of magpies and none proved successfuluth,tr
opened. This gave the magpie access to the othlewas not surprised despite having been very keethe
chamber in which there were mealworms, a favouritelea when | first thought of it. | gradually reaisthat |
food. For each trial three magpies were put togétite ~ was demanding something very difficult of my subec
the other half of the cage, in which less favoul@ai because | was asking the birds to pass on infoomati
(dog food) and water were available. One of theghr about a totally novel element, the matchbox, wiiioks
magpies was an individual that had been trained teot occur in the magpies’ natural environment. To
extract mealworms from a matchbox, something thatonvey such information would require not an
magpies learn easily if the box is left partly omriirst.  embryonic language but one as complex as our own.
From time to time, the magpies were allowed to rente For an experiment such as this to stand a higher
the other half of the cage, but only one at a tikhere chance of success the ideal would be to base it on
there were a few mealworms that the magpie soan agredation. The selective pressures for the evaiutioa
After a week, once the magpies were familiar wite t minimal language to complement the well-known alarm
arrangements, the mealworms in the test half otége calls are much stronger, as was shown in the datte o
were provided within closed matchboxes. TheSiberian jays. | am convinced that, before longnesone
previously trained individual extracted them withamy  will demonstrate the existence of a protolanguagan
difficulty. The prediction was that it might laténform’  animal species.
one or both of the other magpies where the wornre we
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Chapter 11

The animal mind

11.1. Introduction species apart, quite distinct from all the rest.nila
characteristics that have been presumed to be en@u

In this final chapter we shall examine the abiitend humans, and thus not shared with any other animaak
limitations of the minds of non-human animals inbeen suggested. The chief ones are given in Box 11.1
comparison with our own minds. This comparison hagnd many are associated with our mental capaciy. W
preoccupied humankind uninterruptedly ever sinae thshall consider these in this chapter.

days of the ancient philosophers of Antiquity. The

proposed mental differences and similarities betwee

man and the other animals are highly diverse amy ve

. PROPOSED ‘UNIQUE’ AUTHOR COMMENTS
often contradictory. It has been suggested at I@@s, | HUMAN ATTRIBUTE
by the mentalIStS' led by the psyChO|09|St Georg Man is a political animal Aristotle Coalitions and alliances
Romanes, that the animal mind is the equal of tmeamu are common in
one although arrested at an earlier stage of denedat. gg'CTaﬁapﬁ;fegnd other
However, during the history of science and phildsojp
has most often been maintained that human mentdlhe capacity for reason Descartes See text
capacities are far superior to those shown py OthETraking ConsCious VarK See toxt
animals. It has always been the case that thereliftes aeci_sions — — — -
are emphasised whereas the similarities have jargelyieyio pieasure | | bonabos (pan paniscus)
been overlooked. Thus, as recently as the mitl 2( aclﬁohav%these (see
century, the possibility that humans might haveirass apter 5)
was denied as was the possibility that other arsimafProducing and storing [ Jean Dorst Many social insect

might have certain mental capacities, however sligh

garbage

species also do this

The magnitude of the differences between th
human mind and that of other animals is of cours

EMaking and using tools

See Box 11.2

evident. The human brain is three times larger than

would correspond to a primate species of our $izeas

he invention of war

Chimpanzees also fight
and kill individuals of other
groups

played a fundamental role in the great evolutional

YLanguage
to

See Chapter 10

success of our species because it has allowed us

. . .| The theory of mind or See text
invent and develop the technologies needed to \8Irvi| e Machiavellian mind
and to colonise the entire planet. Thanks to oainisr :

The capacity for future See text

we have discovered and constantly improved thetgre
diversity of tools that are indispensable to ouwvial,

aplanning

as well as the ingenious hunting techniques thatege

us so well during our hunter—gatherer days. Clothing

navigation and the domestication of animals anatpla
are among our brain achievements, and these had
allowed us to establish ourselves in the most reraatd

Art

ve

Bowerbirds display artistic
tendencies in their
bowers.

Several animals have
become famous for the
quality of their paintings,
which have featured in
highly successful

inhospitable corners of the Earth. exhibitions
Nevertheless, despite all these differences, thefesrrerceard Tree Seeoxt

are also numerous and significant similarities. Forwil

example, our brain is very similar in its basiasture t0 =g he sonse of v

that of all other mammals, although relatively &m@nd

fairness

with a more highly developed cerebral cortex. Th
fundamental architecture of the brain shares itestny
with that of all other mammals. Moreover, the huma
brain and that of our closest relative, the chinzean

[ The moral sense

n

Charles Darwin

There are no convincing
demonstrations of its
existence in other animals
(see text)

(Pan troglodyte) have evolved apart for only between| Refigion Nothing similar seems to
. s . . exist in other animals (see
five and seven million years. It is thus surelyidad to text)
believe that some human mental capabilities musi al : : : ——

The rebellion against This book Human intelligence has

be represented in other animals, even if only in &
incipient form. Since the 1960s, when Jane Goodd
began to publish her observations of wild chimpasze
the evidence that the mind of non-human animals
considerably more complex than previously thougig h

Nhe reproductive instinct
|fhat all other living
things follow to leave
the maximum possible
gumber of successful
descendants

allowed our species to
make use of contraception
and deliberate abortion

become progressively more refined. We nowaday
accept that some of the ‘superior capabilities’ tiod
human mind may also be encountered among oth
animals (Griffin 1992).

(7]

er,
currently known.

Throughout history we human beings have alway,

S

Box 11.1. The principal attributes proposed as unique
to humans throughout history. The source is given
where known. The comments column clarifies what is

promoted the self-congratulatory notion that we are
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11.2. Cognition rats are better than humans at learning to avaisbps,
and birds that store as many as 10,000 seeds én twrd
This complex term spans all those mechanisms bgtwhi eat them in winter, are far better at finding thagain
all animals, humans included, acquire, processestod than we would be. In other words, learning capacity
act upon the information that reaches them from thdiffers greatly among species according to thetualc
environment (Shettleworth 1998). Those mechanisnf&€quirements. Some species are adapted to leara som
thus encompass the ones whose existence in nonshunifings and other species to learn others and wiet t
animals is accepted; such as stimulus perceptiolgarn well is what has tended to increase theiefis
learning, memory and decision-making. They als@luring the course of their evolution. Thus, for rexde,
include others that traditionally have been thoughbe pigeons quite soon learn to peck at an illuminateiich
exclusive to the human species; such as reasonirig,order to obtain food. However, although theyreto
logical deduction, the capacity for solving novelfly away from an electric shock at first exposutiesy
problems, the capacity for future planning and mangannot be taught to peck a switch to turn off therent
others associated with social relationships. Thealfi (Macphailet al. 1995). This makes sense according to
three categories are considered in the followirggises.  our earlier argument; the correct response to eathis

We shall not go into detail regarding thoseto fly away, while the way to get food is to peck it.
capabilities that all animals are thought to shhrstead As we have said, it is now generally thought that
we shall simply make some general observations ar@himals share some of the cognitive capabilitiest th
comparisons with the extent of those capacities iwere previously considered exclusive to humansfii@ri
humans. First, however, we shall consider a withelgt  1992). We shall not go into detail on such mattss
idea that is unsupported by the scientific evidenbe reasoning and the taking of conscious decisionausec
belief that animals with relatively large brainsveahe these, in the absence of unambiguous proof, lend
most highly developed cognitive capacities. Asjtthe themselves greatly to speculation. However, it \dodt
human brain is not the largest, either in absotutén  be surprising if irrefutable proof of their existenin
relative terms. In absolute terms the brains ofhsucother animals is obtained some day, because such
animals as whales and elephants are far largegtwigi  capacities as logical reasoning and deductive |bgie
unsurprising given their enormous body sizes. Harev important innate components in human beings (Mealey
in relative terms we are also far outstripped byneso 2002). In contrast, some activities that humansoper
small mammals. For example, the mouse brain isetwicvery well, but that computers cannot readily manage
as large as the human one, relative to body sizensWw such as crossing a field littered with obstacles or
know that, contrary to what was thought some dexadéhrowing a stone at a target, have been showrnvtie
ago, a larger brain does not necessarily mean ategre nearly automatic processing. Such very common
cognitive capacity. In fact, some cognitive atelitiin ~ activities as riding a bicycle or driving a car, or
vertebrates are very similar in different groupgpractising most sports, are carried out automdyical
independently of brain size (Salessal. 2003). It should Wwithout any conscious involvement whatsoever.
also be borne in mind that some very simple, In the following sections we shall examine two
microscopic organisms, such as protozoans andrizcte cognitive abilities considered to be peculiar tonmée
are capable of detecting certain stimuli, suchhase capacities for solving novel problems and for fatur
coming from food and from toxic substances, whictplanning.
enables them to react appropriately. In other words
despite not having anything resembling a brain tey 11.2.1. The capacity for solving novel problems
perform some of the functions associated with one.

Further examples of the lack of a relationshigOne of the most impressive cognitive abilities thats
between relative brain size and cognitive capacidee thought to be exclusive to humans is the capabitity
provided by honeybeedApis melliferd and fruit flies solve a new problem other than by trial and erfidre
(Drosophila melanogastgr The tiny brains of the earliest demonstrations that chimpanzees at |based
honeybees show some cognitive abilities compartble this ability were obtained by Wolfgang Kéhler ineth
those of mammals (Giurfa 2003). Likewise, fruitefli 1920s, in a classic series of experiments in wihieh
have been shown to possess a mechanism for spafi@les had to solve various problems in order tdiayet.
memory very similar to that of primates, one tHiives The best known of these is the one in which some
them to resume some purpose on which they hdgananas were hung from the ceiling so that the waly
previously decided, after having been ‘distractedof getting them was to stack up some boxes thae wer

(Neuser et al. 2008). available and then to climb up the stack. At lesshe
Contrary to what many people believe, when iindividuals solved this problem and other similaes.
comes to learning, the scientific discoveries & fast Here is another example that demonstrates that

few decades have revealed that the human capacity Such a capacity is within the reach of other spgecie
learning is not as superior to that of other angmeé Bernd Heinrich, of Vermont University, USA, presahte
used to be thought. In general we humans are vawyl g ravens Corvus corax with a problem linked to
at learning things that are linked to our reprobkect obtaining food (Heinrich 1996). Pieces of meat were
success. For example, we find it hard to distinguishung from a branch at the end of a cord. The rafiests
between different polygons with complex shapeswmit tried to get at the meat from below, but the teas wet
can discriminate the smallest differences betwesnam up so that this could not be done. Three ravens
faces. Much the same applies to other animals, éhey succeeded at their first attempt in solving thebpgm in
adapted to learn that which they need and will mase the only way possible: perching on the branch étidg

of in their daily lives. Some learn some highly cifie  the cord by pulling upwards, in the manner in which
abilites that have not been important in humarwater is drawn from a well. The cord had to beetifin
evolution and they far outstrip us on these. Fangde, Several stages in order to reach the meat so tremsa



pulled with one foot and held on to the retrieveaddc
with the other. The ravens showed that they undedst
the problem because when a stone was attachec to
cord they did not pull it up, but they did so imnsdly
when meat was on the cord even if a different tgpe
cord was used.

11.2.2. The capacity for future planning

The ability to plan for future needs implies théstance
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Weir and his co-workers at Oxford University, Ukgue
carried out some remarkable experiments using \@pti
thirds. Food was supplied to the crows in a smaikba
with handles that was placed within a tube outeafch
of the birds’ beaks. Instead of twigs the birds ever
supplied with wires that were curved at one endito
greater or lesser extent to form hooks. The bindsrited
the hooked end of a wire into the tube and usdd it
hook the handles and lift out the food basket. et
fascinating event occurred, however, on an occaision

of highly complex cognitive abilities such as havewhich individuals had to choose between a hooked wi
always been thought to be unique to humans. At orend a straight one. One of the crows selecteduhed

time, it was thought that pigeons and rats canessbme
future-related problems, but they can only do serov

very short periods. However, some recent impressivather

discoveries show that some animals are capable
performing actions that will help them at some poin

well into the future. For example, both bonobos andot a chance event since the bird proved capable of

orang-utansRongo pygmaelshave been shown to be
capable of selecting, transporting and guardingsttimat
they would need later on (up to 14 hours lateraict;f

wire but another, a female, chose the straight waire
bent it into a hook that allowed it to get the fodd
words, this female proved capable
ofanufacturing its tool and it did so quickly andheiut
hesitation. Subsequent experiments showed thatviss

of

manufacturing an appropriate tool on nine out of te
trials (Weiret al. 2002).

Mulcahy & Call 2006). Nevertheless, the most
noteworthy discoveries in this area involve not ou

SPECIES TOOL USED COMMENTS

closest relatives but a bird, the western scrub jg
(Aphelocoma californice a member of the crow family

Smashes snail shells See next
open against a stone in

order to eat the contents

}Bong thrush
(Turdus philomelos)

that hides seeds on which to feed afterwards duri
periods of scarcity. Remarkable studies by Joanrly Da
and her co-workers at Cambridge University, UK, hav
shown that these jays do not hide and rediscowetssat

random, as used to be thought. Instead they ambtmp

of remembering what type of food they have hidded a
where and when they hid it. In addition, an indiatl
bears in mind whether or not it was seen by andihdr
when concealing food (Dallgt al. 2006).

ammergeier Lifts large bones up into Neither this case nor
Gypaetus the air and drops them the previous one are
barbatus) from a considerable height | examples of tool
o) on to rocks, so that they using, strictly
smash open, exposing the | speaking, according to
marrow the definition in the
text
Egyptian vulture Smashes open the eggs This is an example of
(Neophron of ostriches (Struthio tool use since the

One of the investigations by Dalét al. went even
further. California jays have been shown to be able
store food according to quite exact forecasts ddiréu
needs, something that no earlier investigations ha3
revealed. The investigators performed an experirirent
which each jay was kept in a cage with threg
compartments where they were trained for six day

percnopterus) camelus) by lifting a stone | stone may be
with its beak and dropping | considered an
it forcefully on the shell extension of the bird’s
body
Woodpecker finch Holds a cactus spine inits | The finch sometimes

beak and uses it to extract
insects from holes and
crevices in trees

(Cactospiza pallida) manipulates the
cactus spine so that it
suits the intended
purpose better
Capable of
manipulating both
twigs and leaves,
changing their shapes
to serve various
purposes

AGlew Caledonian
crow (Corvus
moneduloides)

D

S

Uses twigs and leaves to
obtain food

during which food availability was manipulated, that
it was scarce during the mornings in one of thee sid
compartments. The birds were then tested and it w,
found that they stored food for their future neédls
order to resolve two different situations. Theyfened

Sea otter (Enhidra
lutris)

aSs

Floats belly-up with a
large stone on its chest.
The shelled molluscs on
which it feeds are held in
the fore-paws and
smashed open against
this stone

to store food in the place where they had learmed t
they might experience hunger the following morning
They also stored each of the two food types availt®d

Tear off branches that are
then held in the trunk and
used to drive flies away

and to scratch themselves

Indian elephant
(Elephas maximus)
African elephant
(Loxodonta
africana)

them in the place where they expected that foodldvou
otherwise be unavailable (Rabyal.2007).

Orangutan (Pongo Both sexes use tools to Schaik et al. (2003)

11.3. Design and use of tools

Tool use is considered to mean making use of g
external object as if it were an extension of aimalis
body. Some of the best known examples of tool us

under natural conditions are described in Box 11.2.

Observations made in captivity are excluded.

pygmaeus) stimulate themselves decribe various types
sexually (sexual toys) of tool use
Put leaves in the mouth to
amplify calls

Chimpanzee Use twigs to probe into Whiten et al. (1999)

describe and discuss
numerous instances of
tool use

termitaries to ‘fish’ for
termites

Break open nuts by using
a large stone as an anvil
on which the nuts are
placed and then broken
open with a stick or
another stone

n

e

The chimpanzee is undoubtedly the species th
makes the most extensive use of tools. By the 197

altBox 11.2. Some examples of tool use in different
DSanimal species under natural conditions.

Jane Goodall had described thirty different typewool

use that, in addition, differed significantly bebwe
chimpanzee populations. Nevertheless, the mo

411.4. Culture

surprising and striking known example of tool use

involves the New Caledonian crow, a species thas us
twigs to obtain food from its natural environmeAtex

What constitutes culture varies considerably adogrd
to the discipline that defines it. Some anthropisitsg



insist that

genuine culture

involves

transfer
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ofcetacean have developed at times very complex gunti

information between individuals by means of langrag strategies that are particular to each pod. Fomele a

something that would limit the existence of ‘treelture

pod in the Strait of Gibraltar specialises in caipi

to the human species. Nevertheless, a more logichluefin tuna Thunnus thynngsby employing two

definition from a biological viewpoint considerslitue

spectacular techniques. One consists of robbing

to be the transmission of behaviour to the follayin fishermen of fish that they have hooked. The other
generation by means of observation or social legtni involves corralling the fish against the tunny neis

so that it becomes a particular characteristic haft t almadrabas, which comprise walls of netting extegdi
population. Thus defined, cultural transmissionegiv from the shore for up to 2.5 km out to sea.

rise to an evolutionary change that occurs thraaggial
learning instead of being genetically based. Thbus

Perhaps the most fascinating example of animal
culture is that of the Japanese macaques that wash

coexist two interrelated inheritance systems thaty m potatoes and wheat. Japanese ethologists discothesed

give rise to two parallel evolutionary processes of

them genetic and the other cultural.
Box 11.3 gives some of the most importantmacaques in 1950, initially by watching the behaviof
examples of culture that have been noted amordjfferent individuals in a particular group. In IB%he
animals. Those involving primates are particularlyinvestigators began to leave potatoes in the opea o
common but clear examples of culture also existragmo beach, near the forest edge, in order to make wdusen

other species.

SPECIES CULTURE COMMENTS
Passerine Different song Well documented among
songbirds dialects exist in quite a few species (e.g. the

major)

different song sparrow, Melospiza
populations melodia)
Blue tit (Cyanistes One of the best-documented
caeruleus) and Opening milk instances of cultural
great tit (Parus bottles transmission

Orca (Orcinus orca)

Hunting techniques
vary

Some populations have
hunting techniques peculiar to
themselves

Bottlenosed dolphin
(Tursiops
truncatus),
humpback whale
(Megaptera
novaeangliae) and
orca

Different dialects
exist in their
acoustic signals

Dialects differ significantly
between populations

Japanese macaque
(Macaca fuscata)

Potato washing

Wheat cleaning

Activity involving
stones: piling them
up, rubbing them
together, rolling
and dropping them,
hugging them etc

Known to have been
discovered by a young
female, known as Imo

Also discovered by Imo
Not apparently having a

particular function and
interpreted as a form of play

Capuchin monkey
(Cebus capucinus)

Social behaviour
(relationships
between
individuals) differs
between
populations

Gestures, postures and forms
of contact between
individuals vary

Orangutan (Pongo
pygmaeus)

Some males and
females use tools

In addition, Schaik et al.
(2003) describe 23 cultural

behaviours have
been described

to stimulate variants that differ
themselves significantly between
sexually populations

Chimpanzee 39 culturally
transmitted Whiten et al. (1999). See text

Box 11.3. Some examples of animal culture.

One of

behaviour when it began and observed the learning
process that followed. They began to study the

easier. A year later some of the macaques weragaki
the potatoes to the shore and washing them beétirege
them. This behaviour was an important discoventtier
macaques because they were able to remove soil from
the potatoes, and thus no doubt improved theiletast
This practice was invented by a young female knasn
Imo. The first others to learn it were also indivéds of

her own age. Within five years 80% of all group
members younger than eight years old washed their
potatoes. However, curiously only 18% of the over-
eights proved capable of learning to do so.

Probably the most important account of animal
culture is that by Andrew Whiten, of St. Andrews
University, UK, and his collaborators. This is a
comparative study with contributions by investigato
from the seven zones in which chimpanzees had been
studied for over ten years (Whiten et al. 1999)eyTh
analysed 65 forms of behaviour and concluded t@aif3
these were culturally transmitted, because theyewer
normal in some areas but absent from others toketa
the necessary ecological conditions for those bebawv
to emerge. Because of this review, there has been
general acceptance that culture exists in animgisro
than humans. The study presented clear resultsathat
very hard to criticise, at least on scientific gnds.

Human culture, naturally, is very much more
complex and far-reaching. Nevertheless, we carttsaty
our cultural traditions are not entirely randomoirigin
nor are they the outcome of the whims and fashains
local groups. Many studies have shown that in most
cases, when customs that have arisen in diffefactep
are compared, they are found to be potential atapsa
to the local circumstances. For example, interwcalt
use of spices in cooking has been related to thd fa@
food preservation (Billing & Sherman 1998). The
inhabitants of warmer regions, where such foodseat
and fish perish quickly, have a traditional cuisine

the best-documented cases of culturg&entred on the abundant use of spices that, aslis w

transmission involves the behaviour developed lye bl known, have significant antimicrobial propertiesicB
and great tits in the early 1920s, when they legont Spices are much less used in colder regions.

open the milk bottles that the milkmen deliver togksh

Another widespread tradition may well also be

doorsteps in the early mornings. They did this bydaptive. When it comes to choosing a mate some

pecking through the aluminium foil caps, in orderget

cultures have a tradition in which a bride pricep#sd,

at the cream below. This behaviour originated i oni-e. the parents of the groom pay the bride’s pgarén

part of the London suburbs but in just 25 yearsttai¢

order to agree on the marriage. In some other radtit

had spread throughout England, Wales and part & the parents of the bride who have to pay a ddary
Scotland as well as across to Ireland. _ S ps S. / ve :
Another interesting example involves orcas othat the bride price is paid in those societies geamit

killer whales. Various populations of this carnioos

the groom or his parents. A comparative study revea

polygyny, which means that women are scarce and
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much in demand for marriage (Gaulin & Boster 1990)own bodies (Gallup 1970). In other words, they shdw
In contrast, payment of a dowry is widespread imehaviour similar to that of two-year-old childriated
communities where monogamy is imposed. The amoumtith a mirror. He also thought up an intriguing
of the dowry depends on the bride’s beauty androthexperiment in which sedated chimpanzees were ghinte
qualities (her reproductive value; see Chapter 4}, bwith a mark above the right eyebrow and anothetopn
above all on the status and wealth of the grooansily.  of the left ear. When the chimpanzees woke up Iedno
In other words, payment of a dowry is made in otder their behaviour during thirty minutes in the abseé
marry a daughter into a family of the highest paigsi the mirror and then for another thirty minutes wtlea
status, so some authorities regard dowry paymera asmirror was present. During this second period they
form of competition between women, assisted byrthetouched the marked areas much more often thanglurin
parents, to acquire the men with the most resousaes the first stage. After touching the marks they dtsiked
Chapter 4), while also improving the social standiig at and sniffed their fingers (Gallup 1970). The
the bride’s family. experiment showed that the chimpanzees genuinely us
These and many other examples reveal that marlge mirror to explore their own bodies and thaytivere
human traditions are at least partly explicabldbeimg aware of what they were doing.
cultural adaptations that are the outcome of an Recognition experiments involving mirrors have
‘evolutionary’ process that does not involve a diene been carried out on a great number of animal specie
change, but simply a change in socially transmittedince Gallup’s early studies. Most of these otlpercies

conventions. either behave as if they are confronted by a comgés
in some fish and birds) or otherwise they just ignihe
11.5. Consciousness and self-awareness reflection after a short time (as do cats and dog&

could therefore conclude that these lack self-amess.

Consciousness in humans is considered the mental stBut what about our other fellow primates? According
in which we normally find ourselves, except when im@ review by de Veer & Van den Bos (1999),
deep sleep. The condition is readily identifiedefation ~chimpanzees, bonobos and orangutans all used the
to human beings, in that if we are conscious we amirror to explore their own bodies. Among other
capable of making conscious decisions. The probtem anthropoid apes, gorillas failed to do so (with the
to know whether or not other animals are also capab exception of two human-raised individuals) and hresit
this state. Before addressing this question we shou#lid gibbons. The mirror experiment has also beed tr
bear in mind that two main types of consciousneag m with many other primate species but only one ofrthe
be thought to exist: basic consciousness and higket the cottontop tamarinS@guinus oedipys used it for
consciousness. Basic consciousness allows an individ self-exploration. These findings appear to show dindy
to make decisions based on the current situationitan some of our closest relatives possess self-awasenes
acquired experience, without necessarily needing tjevertheless, it has recently been shown thatat tevo
understand the concepts of past and future or awin non-primate mammals, the bottlenose dolphin and the
be self-aware. This type of consciousness exigtirits, Indian elephant, also recognise themselves in nsirro
mammals and some other animal groups. There atBlotniket al.2006).
many species whose members decide what to do not These findings indicate that self-awareness only
only by bearing in mind where they are and wheeg th exists in mammals with large brains and with quite
want to go to, but also considering their previousomplex social systems. However, an extraordinag/ a
experiences, for example, those relating to difies  unexpected discovery was made recently. Helmutr Prio
posed by terrain or the presence of predators. of Goethe University, Germany, and his co-workers

Higher level consciousness implies higherhave found that a corvid, the magpigica pica, is also
cognitive levels including detailed long-term memor capable of recognising itself in a mirror (Priet al.
more complex social communication, an ability t02008). Their discovery is of great significancediese it
distinguish between past, present and future arithplies that a high level of cognitive capacity, ias
especially self-awareness. For these reasons it hageded to recognise oneself in a mirror, has edolve
traditionally been regarded as exclusive to ourcigge independently in birds and mammals, two vertebrate
Self-awareness is one of the most fascinating rhentgroups whose evolutionary histories diverged many
attributes of the human species. Not only do weehamv Millions of years ago.
mind, we are also aware that we have one and dan ac
accordingly. We are aware of the concept of ‘mal an11.6. Awareness of the thoughts of others
can distinguish it perfectly well from that of ‘tmg
which relates to our fellow human beings. A step beyond self-awareness is being conscioubeof

Are non-human animals self-aware? It has beeminds of others and acting accordingly. This calgbi
assumed, since the pioneering work of Gordon Galup goes under a diversity of names, chiefly ‘Machifael
psychologist at New York State University, USA, ttha intelligence’ and the ‘theory of mind’. Both refer the
the fact that an individual can recognise its e in  idea that at least some primates are conscious dfoth
a mirror as itself and not as a congener — by ugitg  their own mental processes and those of othersyialy
explore unfamiliar parts of its own body — is adigator them to predict the motivation and behaviour ofeoth
of self-awareness. Gallup did his first experimenith individuals in order to exploit or respond effeeliy to
chimpanzees and he discovered that, at first, thdjiese companions.
behaved as if faced by a same-sex congener. Ttareaf A good test that an animal is conscious of the
they began to perform test movements while looking thinking of others is to show the existence of
the mirror. After a while, which could be anythifpm  premeditated deception. To claim this requires tgrea
a few minutes to several days, they began to use tlaution, however, because it is very hard to decide
mirror to explore some otherwise hidden parts e&frth whether a deception is the result of a previously
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conceived plan. Three types of deception may behanged its behaviour; it pointed out where thsimai
distinguished in animals: that which results from awas to the cooperative experimenter, but often tpdin
premeditated plan that demands high cognitive dgpac to the empty basin in the presence of the competiti
that which only requires associative learning; dnat experimenter (Gentyet al. 2008). The investigators
which is simply the result of an innate evolutignar considered that the behaviour of the lemur thaeied
strategy. We shall consider these briefly in reeengler, the competitive experimenter was not necessarigy/ tau
that is from the least complex to the form thatrisst conscious deception. They suggested a simpler
demanding of cognitive ability. explanation that the long training process alloweth
Most deceptions have a significant innatdearn (via a complex process of associative leg)nia
component. Even we humans often act first and onlphibit or reduce its learnt response when it was
notice that we have been deceptive afterwardsonfronted with the competitive experimenter.
Throughout this book we have seen a great variéty o Conscious and premeditated deception demands
examples of deceptive behaviour, all of which arenuch higher cognitive abilities than simply leagito
responses favoured by natural selection. Examplekeceive. In fact, in humans, whereas children Iéauiie
include extra-pair copulations (Chapter 5) and thalmost as soon as they can speak, at around thefage
behaviour of the males of some polygynous bird iggec two-and-a half years, premeditated deception ig kemne
that succeed in being taken for bachelors by siqngin  before the age of four (Newtat al. 2000).
attract a second female far away from the nest evher Unambiguous instances of premeditated deception
their first female is incubating (Chapter 6). An exde in non-human animals are very rare. After reviewatlg
that makes it obvious that a deception, howevefiepgr available data, Byrne (1995) concluded that they ca
need not be premeditated is the case of the béwderc only be accepted to occur in three species: the
(Chapter 9) that imitate a female hymenopteranttacit chimpanzee, the orang-utan and the gorilla, being
males who, while trying to copulate the flower,lpate particularly evident in the chimpanzee. A subsetuen
the orchid without the plant having to repay thefithw review of the abundant experimental and observation
nectar or pollen in exchange. data on chimpanzees concluded that they are mare th
Other types of deception, although always havingufficient to confirm this capability. The abilitpf
an innate basis, may be determined by associatiehimpanzees to respond appropriately in very differ
learning, without any need for complex cognitivesituations, especially when confronted with novel
abilities. The barn swallowHjrundo rusticg behaviour problems, suggests that they learn from experiamce
that we studied in detail in Chapter 10 provides amake use of it to solve future challenges, empligyin
example. A male swallow that sees that its female ideception when requirg€all 2001) This account gives
being courted by another male gives an alarm ball t a fascinating example. A young chimpanzee wanted to
interrupts the courtship. The alarm call is deaapti approach its mother to suckle but she was engaged i
because it is given in the absence of an approgchimutual grooming with a male and rejected the infant
predator. This behaviour is probably not based on laecause it was already quite grown up. The youngste
conscious decision, but is simply activated whea thbegan to shriek and make gestures to bluff thaad
deceiver is confronted by the threat that anothalem been attacked by a nearby adolescent, all the while
will copulate with the alarm caller’'s female. It ynhe  running towards its mother. She responded by tattieg
that, in addition to any innate impulse, the cagllin infant in her arms and allowing it to suckle. Thésan
individuals have learnt that the alarm call intpteu anecdote but, because no attack had occurredhell t
courtship. Associative learning of this type, inigtha indications were that the youngster bluffed in orte
specific behaviour results in a benefit, surelylaix® get what it wanted.
nearly all the instances of ‘conscious deceptidratt
owners attribute to their dogs and cats. Nobody cabl.7. Emotions
know for sure what passes through an animal’s roirtd
‘Occam’s razor’ applies here. This is a basic gdfien Emotion is a central topic in psychology and hasrnbe
principle that postulates that the simplest exgianas the subject of a great number of books and articles
generally the valid one. In this case, if an anisnal However, its role in non-human animals has received
behaviour can be explained by associative learning, little attention. Psychologists tend to recognise types
would be wrong to accept that it is actually duénigh  of emotions, primary and secondary. The first group
cognitive capacity. includes fear and other innate emotions (see Bo&)11.
An investigation by Emilie Genty and her co-Even babies experience primary emotions from their
workers at the D.E.P.E. centre in Strasbourg, Feahas earliest days. Many primary emotions are also étddb
produced the results that come closest to demdingfra by other animals, most clearly in our closest e,
premeditated deception in a non-human animal specighe anthropoid apes. This is unsurprising given the
although the investigators offered a simpler expiiam.  evident adaptive advantages of particular emotiGos.
Four brown lemursEulemur fulvupwere trained over a example, it is highly advantageous to an indivitual
long period to indicate to their trainer under whiof  survival that fear should provoke flight, either its
two bowls a raisin had been hidden. The trainertpeit mother if it is an infant or to a more secure plddeis
raisin under one of the bowls in view of the lemuran adult.
When the animal indicated where the raisin was the In humans, secondary emotions develop from the
trainer would show herself to be cooperative andldo primary ones as a child grows and experiences new
give it to the lemur. The experiments proper begace social situations. A stimulus provokes a bodilyp@sse
this procedure had been mastered. These involved g#motion) that, once detected, affects the ming (th
additional  experimenter who instead behavedensation of emotion). Social emotions drive adchil
competitively, by eating the raisin when the lemurepeat those behaviours that lead to positive emsti
showed where it was. One of the four lemurs novand to avoid those that provoke negative ones.
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Brosnan and Frans de Waal, of Emory University, USA,

PRIMARY EMOTIONS SECONDARY (OR SOCIAL) EMOTIONS in their WOI'k on the blaCk-CaDPEd CapUChin monkey
(Cebus apellp They performed a series of experiments
Fear Guilt with ten individuals, five males and five femalessted
Anger Shame . . .
Joy Loyalty in pairs. The tests made use of two small, adjacages
Sorrow Revenge that allowed the monkeys to see and hear each atiter
Surprise Compassion . . . .
Disgust Remorse the experimenter. The experiment involved providing
Curiosity Gratitude the monkeys with a granite token that they could
exchange for a piece of cucumber or for their much-
Box 11.4. The chief primary and secondary emotions. preferred food, a grape. The experimenter stoodreef

one of the cages with the left palm extended in a
Emoti | K le i ki . . begging gesture and the right hand in the pockétif
dm(_)t!ons bp ay a hey froe mh m? Ing hconsmous laboratory coat. If the individual handed over titken
ecisions because they favour that, from the sllal. 1€ " the experimenter gave it its food reward, in fudw of
reasoning process, only.those reasonable opt|cms tiihe other monkey. The process was then repeatdd wit
give rise to pqsmve emo'tlons, whereas those hgam the second monkey. The experiment involved fouesyp
negative emotions are rejected (Baregtal. 2002). This tests, the two experimental ones in which the

me_chanlsm allows deC|S|o_ns _to be tal_<en far morﬁmnkeys received the same or different foods ara tw
qmckl_y than would be possible if all poss@le soand ._control ones, one a control for effort in which dowvas
benefits had to be evaluated every time. Makingien without any token in exchange, and one arobnt
decisions would then be impossible because the mi r food type (Brosnan & de Waal 2003).

cannot perform these largely unconscious processes
without the input of the emotions (Baretdtal. 2002).

The indispensable influence of emotions o
decision making was made clear by Antonio Damasio
renowned Portuguese neurobiologist (cited by Ridleyoyer reward without any effort at all, i.e. wittdirst
1997), who analysed the brains of twelve patiett® W ., 4ing over the token. It seems therefore thatatzip

had accidentally lost a small part of their prefedn monkeys, as with humans, are capable of evaluating
lobes.  None suffered any memory loss and they,qir rayards by comparing them with those received
intelligence was unimpaired by the accident. Howeve jiher individuals. They got no reward if they didtn

they had lost their emotions and this rendered theWand over token but, notwithstanding, they rejecad

incapable ofrt]aking dpcisions.l disol d otherwise acceptable reward when they saw that a
Do other primates also display secondary,,,anion was getting a better reward for the same
emotions? They do, in my opinion. Bearing in mindtth effort (Brosnan & de Waal 2003).

]Ehe emotlonls,_as with other rr;nent:al ab'll't'es'bmm Although this experiment does not reveal anything
rom an evolutionary process that began long betleee ,, \hat motivated the responses of the capuchin

emergence of the human species, primates at legghevs it seems quite likely that secondary esnsti
should pOSSEss som_ethmg S|m|Iar._ Neverth_elessvms played an important role, just as they would in hom
haye noted, th|§ tOp'C. has been little stu.dled tiheo The sense of fairness is universal among humaaresit
animals and so it remains open to speculation. and is thought to be one of the pillars of the etioh of
. cooperation in our species. Given that there arayma

11.8. The sense of fairness other cooperative species, it should not surprisé the

. ) sense of fairness also exists in some of theseadsim
Emotions can bg regarded as menpal mechamsms'thq.{e black-capped capuchin study suggests that the
favour the maintenance of a diversity of sociakgjection of unequal treatment may have evolved wel

obligations. The sense of fairmess is very closelyefore the emergence of the human (Brosnan & de Waal
associated with certain secondary emotions sugiéts  2003).

loyalty, revenge and gratitude, which have been the In another interesting study, a group of
subject of some outstanding work with non-humarhimpanzees were allowed to participate in an
subjects. One of the most notable is Marc Hausesi%  «timatum game’, an experimental technique ofteedi
with rhesus macaquedgcaca mulatty to which we  ith humans. It involves two participants; personisA
referred in Chapter 10. Here individuals that diszed given money that he or she needs to share wittopds
food, and were caught eating it without having infed A must make B an offer and, if B accepts, the mosey i
their companions, were the targets of more aggmssighared between them accordingly. If B rejects ttierof
from other group members than those who signallegih get nothing. A selfish economic model prediott
when they found food. Such aggression constituted t o vl offer as little as possible and that B wilt@ept
punlshm.ent of the selfish |nd|V|dans (Hau§er 199.2) whatever is offered because something, howevés, ligt
Chimpanzees also engage in collective punishmeRtter than nothing. The prediction is not fulfillevith
of antisocial individuals. In his suggestively d¢etl humans, where A tends to offer 40-50% of the money
book ‘Chimpanzee politics’, Frans de Waal notes thaj,q B tends to reject any offer below 20%, a retut
males often form mutual-help coalitions, thanks tQeflects the human sense of fair play.
which they gain access to a diversity of resources, Keith Jensen at his co-workers at the Max Plank
just food_ _but also females. He also provides ewden |ngiitute  of Evolutionary ~Anthropology, Leipzig,
that coalition members attack those that shy ofetuse Germany, carried out a series of similar tests on
to help during an inter-group conflict (de Waal 329 chimpanzees. Two individuals were placed in facing
One of the best indications of the existence of ages such that they could see each other and the
sense of fairness in animals was furnished by Saf%b(perimental apparatus. One chimpanzee, equivédent

The results proved fascinating. The monkeys
refused to hand over the token when they saw teit t
Irl:ompanion got a better reward for the same efidris

'was even more the case when the companion got the
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person A, could use a cord to pull a tray with ohevo  primary emotions, something resembling sorrow or
possible offers halfway within the reach of the esth disgust, that may reduce their instinctive drivdita a
chimpanzee. The other, equivalent to person B, had tnew mate.

option to use another cord to bring the tray cleseugh
for both of them to obtain the food rewards.

« The moral sense involves deciding whether something is right or

Alt_ernative_lya it could refuse to do SO, in whiclase wrong, correct or incorrect, and acting accordingly.

neither chimpanzees got any food. One of the teref 0 Itis universal among human beings. R -
i : s iy o Nearly everyone agrees that, from a moral viewpoint, altruism is

was always 8/2, that is, eight raisins for the viulial good and selfishness is bad.

that made the offers and two for the one who has o The moral sense is present in everybody irrespective of religion or
of whether they are atheists.

decide whether to accept or not. This offer was « Ethics is the discipline concerned with the study of matters associated
confronted to a second one that could be 5/5, &3, vAvith :nqrality- ¢ beliets and rules th dored
. « A religion is a system of beliefs and rules that are considered to

and 10/0. The results revealed that Chlmpanzee B emanate directly or indirectly from some intangible power, whom
accepted any offer other than 10/0. In other word individuals venerate and follow throughout their lives (Broom 2003).

: . " P o All human societies have or have had some type of religious belief
Chlmpanzee behaviour fulfils the predlc_tlons of the and all are convinced that their religion is the true one.
selfish model, contrary to what happens with huméns The qualities attributed to the divinities are simply exaggerations of
would thus seem that chimpanzees do not have @ sens Qggggghwﬁggﬁ”ﬁms such as absolute power, immortality and
of fairness. This conclusion is also supported g t Being a believer makes people more confident. _
flndlng that in a similar game with humans, Whempe Religious belief increases solidarity within a society but it also
B rejected an unfair offer he or she tended to lbss;r
whereas chimpanzees did not seem irritated by 10
offers (Jensemt al. 2007).

(o]

[

o

oo

increases antagonism between groups with different religions.
Religion promotes the emergence and stability of societies.

Belief in a moral god favours the development of social
inequalities, both political and economical.

o

o
o

i L. Box 11.5. Definitions and some widely accepted
11.9. Morality and religion characteristics of morality and religion. After Ridley
(1997), Broom (2003), Meyerstein et al. (2006) and
The moral sense, which is the capacity for distisiging Norenzayan & Shariff (2008).

right from wrong, and the capacity for believing an
tswugeg?r,t;]rglnrl]tq%lys/tpg\lljvgﬁger;trl]té/ ' 3;?VZ?Q:|'dﬁ}mhz?nanGr°“P members ha\{e been seen to help sick indildua
characteristics. These attributes are present imnuahan '?1 a numt:je; of social species, as (;eriortﬁd for edal
cultures (see Box 11.5 for definitions and commerits) [) esus an apanesi_madcaques and elep aqts .(Sm? rev
is true that there are complex, nuanced circumstait y Broom 2003). This does not necessarily 1mply a
which it may be hard to decide between right anangr ”?0“"' sense, however. It may be expllcable in tqmms .
and different people may well disagree in particulas'mpler systems such as kin selection and recigroci
cases. However, in more straightforward situatiomsst (see Chapter 8).

people usually have a clear and similar idea oftvida Although some have suggested that the moral
right and what is wrong, even if they belong tdetiént codes_ of other species need_ not_ be the s:ame ashuma
cultures (Broom 2003). This coincidence of opinionéﬂorahty’ and others have ”.‘a'“ta!”ed that_ manyeatsp
suggests the possibility that our moral sense meay lS)f human morality have their equivalents in theistes

determined, as least in part (see Chapter 1), by off % N SRRt (VA B0 B JTC oot T ma
genes; in other words, that it is one more outcahe y y )

natural selection. Many books and publications roffe possesses a moral sense. Nevertheless, because it i
large diversity of arguments in support of just st improbable that the human moral sense evolved witho

possibility a predecessor, we may predict that there should be
There is a clear connection between this sectio't'?‘.j'Cat'ons of morality in non-human animals, atsein

. rimates. Accordingly, Frans de Waal has gathered
and. the previous one, beqause the moral sense demaﬁumerous exampleg yof ‘possible moral behavgijour’ in
an innate capacity for fairness. Nevertheless, féut chimpanzees especially (de Waal 1997) ’
that an animal may have a sense of fairness, asawe - : : o
. . ’ . Religion, on the other hand, is based on a belief in
in the capuchin monkey example, does not neceﬁsarghe existegnce of one or more superior beings that a
means that it also has a moral sense. To be ntoraist . . .
be associated with goodness instead of evil, apdeth respp;enns;b(lgegoéefﬁ:litict)rr]]aitn g)c()lftil g;‘dR;\i’;Ly;higgﬁthat
abstract concepts are generally considered to appl cultural expression that asl With language, is
exclusively to humans. . Lo ! - '

: : ., particular to the community that gave rise to igaf

. Does any.thlng resembll.ng the moral sense ex[st Ii e language, it requiresyan esgsential indoc?itimat

gnlmals? Consider the following example. In mosx!mlr preferably dur’ing childhood, for an adult latertie a
if the female loses her mate at the start of treeding defender and practitioner of ’that religion
season, she will strive to find another male ansa® P gron.

possible and will pair with him. Nevertheless, thare are thzegg;qgsofa trr?egreggr:rlIyeggze;ngndz%rlil ?gﬁs _’:_hat
some strictly monogamous species, such as thegackd : ' 9 velop !

(Corvus monedula where, if such an event happens, théogetger with thﬂr unlvgrsallt)f/, |nd|ca}teslth§hg|ens
female does not seek a replacement, but insteamissc g]eei?‘/] se r}g;t artl)cgt eénpégcaﬂft o rggit:r?)szz etcc:Iobnejl]iae'\u/Je in
listless and relatively inactive, as if sad or @ssed, tofi gt i y b€ g bei yhp i P ib -

and this condition may endure for years (Lorenz2)98 otipotent, superior beings who will prescribe @i es
As we have noted on several occasions, the crowyfam on bh%‘fv tg C(.mdlkj)Ct their lives. Rﬁllg_lous b_et:gd IS
to which the jackdaw belongs, is distinguished b)f)ro avly a aptlvr? ecause afgroupt af‘t IIS C(()jnq\gm|
having large brains and outstanding cognitive ciipac t can count on the support of a powerful go tie

Does this then mean that jackdaws have a morategenéNith bgreater” con(;/iction and dﬁterminatlj]ct))n and hits
: P : ! members will tend to conquer their neighbours. They
Not necessarily, but it is possible that they hegdain would then deprive them of their lands and other
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resources, enabling their population to increasehaps taboos and other obligations that religions impase
going on to conquer other territories in the futurethemselves responsible for the stability of religio
Viewed in this way, religious belief could act asery associations. They examined over twenty types of
effective mechanism in favour of a group’s evoloioy  religious obligations that different societies irspoon
success (see Chapter 8). their members and their statistical analysis fotirad, in
Considerable interest has recently awakened in tteecordance with the hypothesis, the number of yostl
scientific study of the role of religion as a féteitor of demands imposed explained the endurance of refigiou
social cohesion in human beings. For some time, ttsocieties, but not of lay ones (Sosis & Bressler3200
social sciences have proposed that religions detvtmur  These and others of their findings support the ithed
cooperation between the members of a communitys Thihe religious groups that impose the costliestgattions
has been seen as the chief adaptive benefit gfior|li tend to have the most committed members, which thus
particularly for members of large groups. The idea gives the association its greater stability.
supported by the well documented fact that religiou To conclude, although it is certainly the case that
societies tend to be more stable and longer lastiag such human mental faculties as the moral and ceigi
areligious groups. Richard Sosis, of Connecticutenses have not been demonstrated in other species,
University, and Eric Bressler, of McMaster Univeysit there is more than sufficient reason to credit Darw
both in the USA, have performed a comparative amaly when he asserted, approaching 150 years ago hirat t
of 83 19" century societies, both religious and lay, withis continuity between human mental capabilities and
a view to establishing why the religious ones tehtte those of other animals (Darwin 1871). The only
last longer than those based on purely social mstiv scientifically acceptable position nowadays is tocept
Their chief aim was to put the ‘costly signalsthe continuum between the minds of our closestivels
hypothesis’ to the test. This suggests that thesrit and that of the human species.
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