Chapter 1

The Evolution of
Behavioural Ecology

John R. Krebs & Nicholas B. Davies

1.1 Observations and questions

All natural history observarions begin with a question. At fivst our curiosily
mav be satislied simply by knowing Ut species name of the animal we are
watching, Then we may want Lo discover what it is doing and to understand
why it is behaving in a particular way. in 1978, we began the fisst edition of
this book by asking the reader 1o observe a bird, such as a starling (St
vidgaris), searching in Lhe grass for food. The starling walks along, pausing
cvery now and then 1o probe into the ground. Sometimes it sucoeeds i frsding
a prey item. such as a beetle larva, and evernually, when it has colltected several
prey, it flies back to the nest w leed its hungry hrood.

For students of behavioural ecology, a whole host of questass come {0
mind as they obsceve this behaviour, The first set ol questons amEmm the
way the bird [eeds, Why has it chosen thas particular place o focage™ Why is
it alone rather than in a flock? What determines its choice of loraging ge1b’?
Does it colieet every item of food it encounters or is it selective far prey type ur
sivze? What influcnices its deciston 1o stop collecting [ond and By back 1o leud
its chicks? Another set of questions emerges when we follow dee sastimg back
to the nest, Why has it chosen this site? Why this brood size? How do the two
parcn starlings come to an agreement over how musch work cach puis into
offspring care? Why arc the chicks hegging so nowshy? Are they each simply
signalling Ltheir own degree of hunger or are they compemas for food? Why
such costly begging behaviowr? If we observed the siacling rmer s lunger period
af time Lhen we may ask abour what determines bow mudch clivr it puls info
reproduction versus its own maintenases. sboat thee Tzciars influencing the
timing ol its seasonal activities, its choice of maze. 2nd s0 o

Behavioural ecology provides 2 [ramework for answenng these kinds ul
questions. Tt combines ideas from evedugon, ecology and behavieur and has
emerged [rom Hve schools of thewught developed primarily in the 19605 and
carly 19705, We discuss them ot 1o provide a brel history of the subject
and 10 show how the ideas have cveived in the last 20-30 years, and we point
oul how this book reflects recern developments.
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1.2 Tinbergen's four questions

Tinbergen (1963) showed that there ace four ways of answering 1he quesizs
swhiy? io biology, Retuming to our starling, if we asked why it foraged B2 s
particular way we could answer as [ollows.

1 Interms of fumction, namely how patch cholee and prey choice contribuse
toy the survival of the bivd and its oftspring.

2 Inovermms ol cansarion, namely the proximate lactors which caused the b=
e select a foraging site or prey Lype, These may inchiade eies to prey abmndanc
such as type of soil or vegetation, or Lhe activities of other binds.

3 Interms of doveloprent. This answer would be corcerned with (he role =
genelic predispositions and learning in an individual’s decision making.

4 Interms of evoluripnany hiseory, namely how starling behaviour has cvoive
{rom its ancestors, This answer might include an investigation of how e
stariing family has radiated to fill particular ecological niches and the inliucns
of competition from other animals on U evalution of starling behaviour z
morphology (e.g. bill size, body size).

Tinbergen's siedies on gulls aimed to combing the four kKinds of answs
and he emphasized the need 1o study animals in their natural surrosndiog
namely those where their behaviour had evolved, e championed the e e
the field ay a narural laberatory lor observations and controlled experi
and showed how ideas can be tested by collecting quantizative dala on e
haviour patterns {e.g. Timbergen. 1953, 1972}, Tinbergen's legacy is evidera s
current field siedies of behavionr many of which use simple experimenss &
measure the cosis and benefits of waits. A good example is the dassic s
manipulation experimens by Andersson and Meller 1o investigate malg choie
inwidowbirds and swallows discossed by Byan in Chapter §.

However, carly seadies in behavioural ccology olien focosed on {unc
and rended 1o ignore the other ithree questions. A carfeature of behaviour st
iy e 19308 5 ans where rescarchers imagined their animals as litde mack
blindly following fixed aciion palems in responscs Lo oxternal stimuoi §
canicature [rom the carly days of behavioural coology and sociohiology in

1970s 15 the apposite extreme of regarding animals as scheming tactioss
weighing up the costs and benelits of every conceivable course of action e
always choosing the besl one. Cuarrentl work s feading o an intermedss
powition. While we expect selection o lavour mechanismes that maximize 2
individual's fitpess, we musi recognize that mechanisms both constraio 2=
serve behavioural outcomes,

A pood example 1o iltustrate this point is Lotem’s recent studies of bew
hosts come 1o recognize & cuckoo egg in their nest, The cuckoo, Cucles oo
i a brood parasite which exploits varions small birds as hosts 1o raise 8
ullspring. The Temale cuckoo Tays just one cgg por host nest. The cuckon S
hatches ficst, whereupon it ¢jects the host's cges over the side of the pes »
becmning the sele occupant. Given the cost of parasitism, i1 is not surpr=s
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that many hosts have evolved defences such as rejection of odd cggs in their
nest. Mevertheless, the puzgle ts that egg vejection rarely reaches 100% in the
host population and, furthermore, hosts never reject the cuckoo chick. A
consideralion ol mechanisms may help to solve both puzzles. Experiments
show that the delence mechanism used by hosts involves learning the
characieristics of their own eges the lirst time they breed and then rejecting
eggs which differ from this learned set (Lotem eral, 1995} This makes it unkikely
that the host population will evolve 100% rejection of cuckoo eggs because
hosts which are parasitized during their first breeding attempt will leamn the
cuckoo vgg as part of their own set. Nevertheless, the leaming rule works
quite well and leads hosts Lo reject many parasite eggs. At the chick stape,
however, a fearning mle does tess well than a rule "accept any chick in my
nest’. This is because there is a considerable cost of misimprinting: any hosi
parasitized in its first attemptl would fearn only the cuckoo chick as its own
and would then subscquently rejoct its own young in fulure, unparasitized,
brovds (Lotem, 1993}, The main message from this sludy is that i is not very
fruitiul 1o discuss e evalution of ‘rejection” withowt specilying the mech-
anisms, because these will determine the costs and benefits involved. Studies
ol mechandsm and function must go hand in hand.

i1 1975, Wilson predicred the demise ol ethology, with mechanisms becom-
ing the domain ol neurobiology, and lunction and evolution the dompain of
sociobiology. This prediction was fuifilled undl recent years, when there has
been a welcome renewed interest in Hnking mechanism and [uncrion. We
have marked this change by devoring the first section of this volume wr 1his
fruitful interchange. For example, Giraldean (see Chapter 3} shows how
research on [oraging behaviour has stimulated new questions abou learning
and memory mechanisms, and Sherman ¢ @l tsee Chapier 41 point o
common leatres of recognition mechanisms of kin, maies and predators and
discuss their functional significance.

1.3 Ecology and behaviour

Even belore Darwin, bivlogists olien interpreted morphological adapiations in
relation 10 1he environment in which the species hved. Darwin's achicvement
weas 1o show how these could arise withou s Creator. Onee the early ethologists,
such as Loreny and Tmbergen, had demonsirated tial hehaviour patterns were
alten as characteristic of a species as its morphological featnres, atempts were
made to correlate diflerences berween species in behaviour with differences
m ecalogical factors, such as habitat, fond and predation. A pioncering stady
was that by Cullen {1957 ), who was a student of Tinhorgen. She interpreied
the reduced anti-predator behaviour of kittiwake gulls, Rissa rridaayle coniparcd
ta the ground-nesting gulls, in relation o their safer nest sites on siesp i
Fwwo ether carly studies were those by Winn {1958), who linked the reprTin e
tehaviour of 14 spedes of darfer fish (Percidae) 1o their ecology. and by Beowa
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and Wilson (1959), who related the colony size and structure of dacetine ants
to their feeding habits.

Crook’s (1964) study of weaver birds (Ploceinae) has become established
as the model for this approach. Crook showed how differences between species
in food and predator pressure atfect a whole host of adaptations, including
nesting dispersion (colonies versus territories), feeding behaviour (solitary versus
flock) and mating systems (monogamy versus polygamy). This comparative
method was soon extended to other groups, including primates (Crook & Gartlan,
1966), other bird species (Crook, 1965; Lack, 1968), ungulates (Jarman, 1974),
carnivores (Kruuk, 1975) and coral reef fish (Fricke, 1975).

The comparative approach remains influential today, the main advances
being in methodology, particularly the quantification of behavioural and eco-
logical traits, the use of multivariate statistics to tease out confounding variables
and methods for identifying independent evolutionary events (Clutton-Brock
& Harvey, 1984). It is now agreed that the ideal way to carry out a comparative
analysis is to reconstruct a phylogenetic tree of the group under study and
to use this as the basis for independent comparisons. Phylogenies not only
provide a way of identifying independent evolution but also show the sequence
in which traits have evolved within a group. With molecular phylogenies there
is also the potential to measure the time-scale of evolutionary change. This
new approach to Tinbergen's fourth question is one of the major developments
in recent years and is discussed by Harvey and Nee in Chapter 14.

1.4 Economic models of behaviour

Many early studies in ethology recognized that behaviour patterns involve
costs as well as benefits. For example, Tinbergen ef al. (1963) showed that
removal of the egg-shell after hatching reduced predation of black-headed
oull, Larus ridibundus, nests (the egg has a conspicuous white interior). But,
leaving newly hatched chicks unattended is costly too, which probably explains
why the parent delays egg-shell removal until the chicks have dried out and
become less vulnerable to attacks from neighbouring gulls.

The pioneer in the use of mathematical models in ecology to quantify these
kinds of trade-offs was Robert MacArthur, who first applied the idea of optimal
choice in the context of foraging behaviour (e.g. MacArthur & Pianka, 1966;
MacArthur, 1972). The argument for using optimality models in behavioural
ecology is that natural selection is an optimizing agent, favouring design features
of organisms which best promote an individual’s propagation of copies of its
genes into future generations. Behaviour patterns clearly contribute to this
ultimate goal, so we expect individuals to be designed as efficient at foraging,
avoiding predators, mate choice, parenting, and so on. Optimality models have
three components: (i) an assumption about the choices facing the animal (e.g.
ey iyp i, 2n assumption about what is being maximized (e.g. rate of
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speed). For example, from a kaowiedge of prey avaifable and morphological
comstraings, we could predict bow our starling should select prey so as o
maximize 1ts rate of food delivery Lo its broed. T the mode! fails to predict the
ohserved behaviour, we can then use the discrepancies to help identily which
o vur assumptions was incorrect. Classic carly studies include work by Schoener
(1971) and Charnov (1976a.b) on prey choice and paich cholce by loragers,
and Parker's study ol copulation fime in the yellow dungfly, Seatoplraga stercoraria
iParker, 1970a; Parker & Stuart, 1976).

The oplimality approach has met with some criticism bul in our view il
remains the most powerful method for studying the design of behaviour (lor
discusston see Maynard Smith, 1978; Stephens & Krebs, 1986}, Perhaps the
main problem: facing a hehavioural ceologist is that the animals under study
are clearly faced with trade-ofls not just within a particular acivity but also
between activities. The starling has to fnd food, keep an eye out for predators
and return o the nest (o keep its brood warm, [or example. In Chapler 5,
Cuthill and Houston discuss lechnigues tor considering how different activites
combine to influence fimess. In particular, they show how dynamic program-
ming can he used 1o model sequences of behavioural choices.

1.5 Evolutionarily stable sirategies

An animal’s environmen does not consist solely of places to {eed, nest, sheler
and hide [rom predators. There is dSea living environment of competitons.
Often an individual’s best choice will be influenced by whart these compstion
are doing. Thus, the best place {or our starling to feed will depend o where
the other starlings wu, the best strategy to adopt in a fight will depend on what
the opponent does, and the best sex ratio for an individual 1o produce inoats
offspring will depend on the population sex ratio. Earfy studies 1o OIS
this important point include Fisher's (1930) explananon ior wiy parcnts expend
cqual resources on male and female progeny, Hamilim's (1967) analysis of
stable sex ratios under local mate competition, Parker's (1970, 1974 lield
study of how male dungllies distribuwe themselves across different mating sites
and work by Fretwell and Licas (1970} on habitat choice by hirds. All these
studies analysed the problem i werms of which choices would produce an
cquilibeinm distibution in the population.

Maynard Smith's (1972, 1982) concept of the evoluiiona rily stable sirategy
(ESS) is now widely accepled as the way ol analysing decision making where
1he payolls are frequency dependent. A strategy is an ESS L when adopted by
most members of a population, it cannot be invaded by the spread of any rare
slternative sratesy, This idea has been influential in analysing many probieems
in behavioural ecology induding tighting behaviour and communication jsoe
Chapter 7}, mating systemns {sec Chapter 6) and cuoperation and conliis =
social eroups {sce Chapuers 9 and 11). In many cases no single siranegy = am
£S5 <0 one ol the main messages for field workers has been o expedl e
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in behavivee, Sometimes 1he vanabiliny s bebween individoals, so there is 4
Polymorphism o the popiianon. Hamiiion's {1979) study of dimnorphic maley
in fiw wasps provided an early classic example of siahle alternarive slratepies
within @ species. For recent examiples, see Shuster and Wade (1991, Lank &
. 1 1995) and Sinervo and Lively (1996}, More aften, mlividuals vary in their
behaviour depending on what their competitors do. A rule ‘oo o the patch
with the greatesi number of wonm casts” would be fine for a bird il it was the
only forager. but in the prisence of vempetition this may not be the beg thiry
te de. The behavioural cealogist’s task here is 10 consider whar would be the
stable decision rules (see Chapter 3 by Giraldeau for a discussion of this
problem),

ESS models have been particularly useful in studies of siznalling systerns.,
In many cases animal displavs seenn at first sight o be unmneressanily extravagan,
lor example 1he stretching, gaping and calling of young hirds as ithey heg tor
food or the energetic daucing of males on a lek as they amempt (0 attract a
female for mating. 7ahavis H1975, 1977a} handicap prificipe proposed that
signals are custly 10 prevem cheating. The key here is thar there ane of
condlicts of interest hetween signallers and receivers: it paws olfspring 1o beg
far mare than their fair shave of tood and it pays oven poar-gealily males 1o
arrract inares. Zahavi suggesied thar |7 signals were costly then this would
enforee honesty so that for eXample, only really hungry chicks would gain
fram beguing and onl v the best-guality males could perfarm impressive displays,
ESS models by Grafen $19%0ah) bave comfimmed thar such cosis prodice g
signalling cquilibritm This theory 5 now stimudating empirical work on the
custs and beneiiig of signalling in relation ro individust auality, and Johnstone
{see Chapicr Tt revigwws these studies together woh more recent theoretical
developmenrs,

1.6 Kinship, social evolution and
breeding systems

Up 1o the mid- 19605, ma 0y interpretations of animal social behaviour were in
terms of how i was of addvantage 1o the group Winne-Gdwards (1963} Jrre-
posed that social behaviour veas ag adapearion fior regulsting snimal populations
and many ethologists also used group selection o explain behaviour, For example,
Tinbergen (1964) interpreted the mobbing of 2 hawk by a group of birds as
hehaviour which, although of danger 1o 1he individual, was advantageous 1o
the group, He argued thal ‘only groups of tapable mdividuals survive — those
cemposed of defective individuals do oL and hence cannot reproduce privperly,
I this way the resuir of vanperation of individeals is conrintually rested anpd
checked, and thys 1he sroup detenmines, ultimastely, through jis elliciency, the
properties of the individoal”,

Group selection was criticized mos cozently by Williarms {1966} and Lack
{in an Appendix w his 1966 book). They showed that durch size and also
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many social interactions enhanced an individual's litmess and argured 1thas
adaptations evolve for individual benelit. oot for the benclit of a growp.
This beft the problem of alrroisim, bebaviour which increased the litness of
athers ata cost to the altruist's own personal reproduction. The key insight o
understanding the cvolution of alerism was provided by Hamilion ( 146dagh).
He argued that Individuals can pass copies of their genes on o future generations
nat only through their own reproduction (direct fimess) but alse by assisting
the reproduction of close relatives (indicect limess). Hamilton's now famous
rule specilies the conditions under which reproductive altruism evalves and
there is pood cvidence, espedally from insects (see Chapier 91 and social
vertebrates (see Chapters 10 and 11, that Kinship provides the key to under-
standing aliruistic hehaviour. The buge interest in cooperative breedmg during
the last 20 years is largely inspired by Hamilton and is a good example of how
cmpirical waork is often driven by advances in theary.

Further impetus to studies of socal sysiems came from ploneering papers
by Parker and Trivers, Parker {1970a) recognized the ympertance of multiple
mating for the evolution of reproductive behaviour and cotned the: wepm sperm
compelition” {or sexss] competition alter mating, when sperm from dillerent
males compele lor feriliation of a femate’s vva, Trivers laid the Toundations
for theories of conflicts in family groups {see Chapters @ and 10}, indoding
male-temale contlict and parent-offspring conflict {Trivers, 1972, 1974 Invers
& Hare, 1976). He emphasized the importance of the carlier conclusivaes af
Bateman {1948} that different factors limil reprodoctive rates in males and
temales. Females tend to tnvest more in oifspring and their reproductive rane
is wsnally bmited by resources. A male, on the other hand. has the porential to
father offspring at a laster rale than a lemale can prodoce them. For males,
therciore, reproductive success i limited more by access 1o females. Trivers
argued thal lemales should be more choosy in mating while males should
practice a ‘mixed reproductive strateqy’, both guarding their mares and also
attermnpiing o gain extrapair matings. Parker (1979, 1984b) also emphasized
the confiict berween the sexes, and both he and Maynard Smith (1977) used
ESS models Lo analyse how these may be resnlved.

I the last decade. detailed behavioural observations combined with molecu-
far measures of parentage (eg. DNA lingerpriningy have conflirmed il
irmportance of sperm comgpedition and sexoal conflicn, This as revedutiomized
onr view ol mating systems. Jusl compare, [or example, Lacks (19683
comclusion 36 years ago that monogamy predominagtes in birds becanse “each
male and cach female will eave most descendants i they share in raising a
brood” with the current evidence for widespread mixed paternity and sexzal
conflics (see Chapler 63 While it is clear that males compele {or mates and
females are indecd choosy, there is 51l vigorous debate about exaciy wihae
benefits females gain from their chioice {see Chaprer 8).
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1.7 Critical views

Behavioural coology has been criticized on a number of grovnds during the
past 20 years, the main points being as follims,

1.7.1 Determinism

Lewontin and collcagues (Lewonin of al, 1984; Lewontin. 19%1) have inter-
preted the position of behavioural coologists as implving genctic delerminism.
Statements such as ' a gene for aliroisoe. oould be read as meaning that il an
individual carrics a cerlain gene or combination of gemes #t immutably and
irreviecably behaves in a panticular wav, This would be lologcally unsound,
sinee the adull phenotype depends on complex interacions boerwreen genes and
emviromnent during development, 1 couwld also. Levweontin snd andleagues argued,
be open tw an idectogical inlerprerarion in which seckf pofices were built around
the assumption thar humans are purcly producs of stz genetic heritage.
Althongh it would be fair 10 sav thar behavioural eoodemeas have generally
underplayed the complexities of behavioural devedoposcm, the phirase *.._a gene
tor..." s never used o Imply achetic detcrmindae. et satdwr & sharthand for
*...genetc Gifferenoest between individuals that anc potessialty or scmally subject
e selection m orher wonds i innples gene selecinmies s generic determinisin
(Dawkins, |922,

1.7.2 Panglossianism

A parndy of behavioural eculigy 12 of meo-Darsamien 0 peneral) is that
cvery last detail of any orgamam'y beturow o plyysiclogy and 5o on
van be explained by natural scleqivm . bs cnmmple dae far thar carrots are
orange atkd parsnips white, Gould aml Lowomsss « 1979 in 2 dassic article,
coined the phrase The Panglossian paradurs rederviengy w0 Dr Pangloss in
Voltaire’s Candide. who took the view that o exvibeng was abways for the best,
According Lo its critics, the pure adaptationis approsscs s Saseed for Two reasons.
First, it ignores the fact that evalution is a historicad process influenced by
chance, and some ol the outcomes would be gubte Sfferent d the video of life
were played again (Gould, 1989}, Differences berwren speowes or phyla may
have no “logic’, they may just be the one chance cusomme o of 2 huge range
of possibilitics. Second, at any one moment in time. 1he degree of perfection of
adaplation of behaviour, phvsiology and so on are constzned by manv factors
such as developmental Mexibility, historical accidern andd imteractions hetween
genes, While these eriticisms do not undermine the value of 2 Barwinian frame-
work as a powerful device for analysing and prediciing befunvicur, they are
refiecied in the fact that in this edition of the hook we have induded greater
emphasis both on the analysis of historical evenls in evolution, increasingly
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possible because of new phylogenetic data, and on the constrainis thar limir
adaprarion here and now,

1.7.3 Anthropomorphism

L]

Kennedy (1992), in a thoughttul and detailed critique of behavioural coology,
points to the dangers ol using (often anthropomorphic) lnguistic shorthand
to deseribe [unctional caregories of behaviour. One of his key poins is that the
use of Tunctional labels such as “loraging’, ‘mate scarching” and ‘parenta
allocation” tend to become substitutes tor a proper analysis of whar is actually
going on and may even encourage anthropomaorphic interpretations of be-
haviour. For instance, a behavioural ecologist interesied in “honest signatling’
titsell a dangeronsly anthropomorphic term!) between nestlings and parents
in & particular bird specics might analyse in a model, or by experiments, whether
or not Cparents allocate resocroes in respomse 1o the need of individual
nestlings...” Kennedy would argue that, in [ac, parents respond to stimuli,
including those emitted by the olispring, and that this is what determines the
patiern of feeding. The terms ‘allocation’ and ‘need’ are, in offect, rermm related
to funcional considerations ol optimal reproductive strategies and stiould not
be raken 1o consiiiute causal cxplanations of behaviour.

Kennedy's eritigue recalls the distinciion between two of Tinbergen's four
questions, funcion and causation, and it alse serves as a reminders thar in
carrying out expenimental manipulations of behaviour one can normally enly
determing the stimuli o which animals respond, not the funcienal reasons
lor a response, which are inferred from the logic of natural selection.

The main lessons for behavicural ecologist are these.

L That lunctional models should not be taken w imply particular mechanisms
or decision rules (in analyses of ‘tt-for-tar’ as 2 moedel ol cooperation, the
metaphor of the model has been interpreted Inerally by some authors 1o
mean that animals play the sclual same originally madelled by Axelrod and
Hamilion — see Chaprer 113,

2 That care should be taken in experimental analyses of funciional mod-
els not 1o confiate manipulation of the stimuli to which animals respond,
for example prey size or 1ail lengrh, with the Darwinian interpretation of
adaplation.

3 That [unciional labels should not substitute for a toll analysis of the causes
of behavior

1.8 Looking ahead

Sam Goldwyn neatly summarized the dangers of predicting: ‘Never propbess.
e=pecially about the futere” However, the changes signalled by ihe oo
emphases in thiv edition ol Belaviowral Foology coincde with a change s e
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natore ol the subject. As we have mentioned earlien, Wilson's {1975) predicicd
frapmenlation of the subject ol cthology mia functional and cansal aspocts is
por happening; what 18 pow cmerging is a new furnt of integrated study of
behaviour. Tn order for this to ourish, ene of the keys will be 1o embrace the
powerful armoury of technigues, fram gene splicing o magnelic resenancs
imaging that have ranstormed other arcas of biolugy,
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