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On the Evolution of Altruistic Ethical Rulesfor Siblings

TheodoreC. Bergstrom

``If youhaveremarkederrors in me,your superiorwisdommustpardonthem.Who
errs not while perambulatingthedomainof nature?Whocanobserveeverything
with accuracy?Correctmeasa friendandI asa friendwill requitewith kindness.''
--Linnaeus

ABSTRACT--Thispaperexploresthe evolutionaryfoundationsof altruismamongsiblingsand

extendsthe biologists' kin-selectiontheory to a richer classof gamesbetweenrelatives. We

showthat a populationwill resistinvasionby dominantmutantgenesif individualsmaximizea

``semi-Kantian'' utility function in gameswith their siblings. It is shownthat a populationthat

resistsinvasionby dominantmutantsmaybeinvadedby recessivemutants.Conditionsarefound

underwhich a populationresistsinvasionby dominantandalsoby recessivemutants.(JEL C70,

D10,D63)

Mosteconomicmodelsareinhabitedby selfishconsumers,althoughin the``economicsof the

family'' it is permissablefor parentsto careabouttheir offspringandperhapsalsotheir spouses.

Typicallythesemodelstreatpreferencesfor selfishnessoraltruismasaxiomaticratherthandeduced

from a more fundamentalmodel of humannature. In recentyearstherehavebeeninteresting

efforts to find deeperrootsfor consumertheory,drawingconclusionsaboutthenatureof human

preferencesfrom theevolutionaryhistoryof ourspecies.GaryBecker's(1976)investigationof the

evolutionaryfoundationsof thefamily andJackHirshleifer'sengagingmanifesto(1978)onbehalf

of an evolutionarybasisfor preferenceswerepioneeringefforts. RobertFrank(1988)discussed

theevolutionaryoriginsof emotions,IngemarHanssonandCharlesStuart(1990)andAlan Rogers

(1994)discussedthe evolutionof time preferenceandattitudestowardsavingandwork effort,

Arthur Robson(1992a,1992b)suggesteda theoryof theevolutionof preferencestowardrisk, and

H. PeytonYoung(1993)developedanevolutionarytheoryof socialconventions.

EvolutionarybiologistssuchasWilliam Hamilton (1964a,1964b),RichardDawkins(1976),

John Maynard Smith (1978), and RobertTrivers (1985) have investigatedthe theory of kin-

selection--the evolution of altruistic behavior betweenclose relatives. Dawkins' evocative

expressionof this view in TheSelfishGene, is that in evolution,thereplicatingagentis thegene

ratherthanthe animal. Sincea genecarriedby oneanimal is likely to appearin its relatives,it

follows thata genethatmakesananimalhelp its relatives,at leastwhenit is cheapto do so,will
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prosperrelativeto genesfor totally selfishbehavior.Theseideashavealsoreceivedattentionfrom

economists.GordonTullock (1978)disputedthekin-selectionargument,while TedFrech(1978)

andPaulSamuelson(1983)rebutTullock's argument.

This paperis intendedto be a contributionboth to economicsand to evolutionarybiology,

but it is written with economistreadersin mind. At the mostdirect level this paperexploresthe

economicsof the family , offering an evolutionaryexplanationfor the degreeof altruismto be

expectedbetweensiblings.Apart from its directapplications,thebiologicalmodelof kin selection

is likely to interesteconomistsfor its own sake.This is an elegantlogical structure,sufficiently

similar to modelsof economicequilibriumto strikechordsof familiarity, yetsufficientlydifferent

to inspirefreshwaysof thinkingabouteconomicandsocialproblems.Thesynthesisof Darwinian

evolutionwith theMendelianmodelof diploid inheritanceisarichprototypefor culturalevolution,

wherenormsand culture ariseas peoplecopy the actionsof othersto whom they are related

throughsocialratherthanbiologicalstructures.

Severalrecentpapersby gametheorists(e.g. Daniel Friedman(1991), Ken Binmore and

Larry Samuelson(1992),Michihiro Kandori,GeorgeMailath,andRafaelRob(1993)andYoung

(1993))haveproposedevolutionaryfoundationsfor solutionconceptsin the theoryof games.

In thesemodels,individualsplay strategiesagainstrandomlyselectedopponents.Equilibrium is

a restpoint of a dynamicprocessin which successfulstrategiesare replicatedmore frequently

thanunsuccessfulstrategies.In the currentpaper,the objectsof selectionaregenesratherthan

strategies. Becausethe playersin gamesbetweenrelativesare likely to havesimilar genetic

makeup,it becomesnecessaryto modeltheMendeliangeneticsof a sexuallyreproducingspecies

in moredetailthanhasbeenattemptedin previouseconomicspapers.

As acontributionto evolutionarytheory,thispaperextendsHamilton'smodelof kin-selection

from thespecialcaseof linearcostsandbenefitsto amuchricherclassof gamesallowingnonlinear

interactionof individual actions,costsandbenefits. It alsoextendsthe work of JohnMaynard

SmithandG. R. Price(1973)andMaynardSmith(1974,1982)on evolutionarygamesto thecase

wheretheplayersarerelatives.Unlike mostpreviousefforts to apply the theoryof evolutionary

gamesto interactionamongsiblings,thispapermakesexplicit useof theMendeliancombinatorics

of diploid sexualreproductionandaddressesthe possibility of invasionby recessiveaswell as

dominantmutations.

1. The Game,the Players,and the Method of Reproduction
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StrategiesandtheGameSiblingsPlay

Thispaperconsidersinteractionsbetweenpairsof siblingsplayingasymmetric,two-persongame.

Individualsareassumedto beableto distinguishtheir siblingsfrom others,so that thestrategies

theyplay in gameswith their siblingscanbedeterminedindependentlyof thestrategiestheyplay

with non-siblings.Thereis a set of possiblestrategiesfor eachindividual suchthatwhenone

sibling playsstrategy andthe otherplaysstrategy , the payoff to the sibling who

played is givenby andthepayoff to thesiblingwho played is .

Individualsdo not consciouslychoosestrategies.Instead,their actionsareprogrammedby

theirgeneticstructure.Naturalselectionactsonthedistributionof strategiesin thepopulation.The

probabilitythatanindividualsurvivesto reproduceis higher,thegreatertheaveragepayoff thatit

receivesin thegamesit playswith its siblings.Offspringtendto belike theirparents,accordingto

therulesof Mendelianinheritancefor sexualreproduction.

Thispaperisconcernedwith largepopulationsfor whichit isassumedthatexpectedproportions

arealwaysrealized.Thismakesit possibleto treatthedynamicalsystemasadeterministicsystem

of differenceequations. Mating is assumedto bemonogamous,sothatsiblingshavetwo parents

in common,andmateselectionis assumedto be randomwith respectto the genesthat control

behaviortowardsiblings.It is assumedthatanindividualeitherdieswithouthavinganyoffspring

or survivesto mateandhaveexactly offspring.

SexualDiploid ReproductionandStableMonomorphicEquilibrium

In sexualdiploid specieslike our own, everyindividual carriestwo genesat eachgeneticlocus.

Oneof thesegenesis inheritedfrom eachparent.Thisgeneis drawnrandomlyfrom thetwo genes

that the parentcarriesat the correspondinglocus. Following commonpracticein the biological

literature,we usea ``singlelocusmodel'' in which the trait of interestis determinedby the two

genecopiesin onegeneticlocus. An individual's genotypeis specifiedby the contentsof this

locus.An individualwith two identicalgenecopiesis saidto beahomozygote. An individualwith

two different kinds of genesin this locusis saidto be a heterozygote. Let and denotetwo

differentgenesthatcouldappearin the locusthatdeterminesbehaviortowardsiblings.Suppose

thattype homozygoteschoosestrategy andtype homozygoteschoosestrategy . If

heterozygotesof genotype choosestrategy , thegene is saidto bedominant(over ) and

thegene is saidto berecessive(to ).
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A populationconsistingof homozygotes,all of the samegenotype,is calleda monomorphic

population. This paperwill bemainly concernedwith stablemonomorphicequilibrium. A stable

monomorphicequilibrium is a monomorphicpopulationin which any mutantgenesthat might

appearwould reproducelessrapidly thanthepredominanttypeof genes.

2. ``Kantian'' Ethical Rules,and Resistanceto Dominant and RecessiveMutations

Thereis a simpleandappealingintuitive explanationfor thefact that in equilibrium,siblingswill

not be purely selfishwith eachother. Evolution is a blunt instrumentthat doesnot changethe

geneticstructureof organismsin isolation. The Mendelianlaws of inheritanceimply that with

probability1/2, a genethat influencesmy behaviorwill havethesameinfluenceon my sibling's

behavior.Thoseindividualswhoareprogrammedto treattheirsiblingskindly aremorelikely than

theaveragememberof thepopulationto receivekindnessfrom theirsiblings.

A brief look at the simpler caseof evolutionarykin selectionin a specieswith asexual

reproductionwill makeit easierto graspthelogic of kin selectionin sexuallyreproducingspecies.

AsexualReproductionandtheKantianGoldenRule

Considera populationin which every individual that survivesto reproductiveageproduces

two daughters.Thedaughtersplay a symmetricgamewith eachotherandthestrategythateach

daughterplaysis controlledby a singlegene,inheritedfrom hermother.Exceptin thecaseof rare

mutations,eachof thetwo sisterswill choosethesamestrategyashermotherdid in thegameshe

playedwith her sister.Theprobabilitythatanindividualsurvivesto producedaughtersof herown

is higher,thehigherthepayoffshereceivesin thegameplayedwith hersister.Where is theset

of possiblestrategies,supposethatthereis a strategy suchthat for all

in suchthat . Thenwe claim that theonly stableequilibriumpopulationis onein which

everyindividualusesthestrategy .

In apopulationwhereall individualsareprogrammedto takeaction , consideramutantchild

who takesaction . If , then the mutantwill get a higher payoff and

be morelikely to survivethannormalindividuals. But althoughthis geneticdeviationincreases

her own survivalprobability, it will be harmful to her progeny.Eachof the mutant'sdaughters

will, like their mother,takeaction , andthereforeeachwill geta payoff of .

Not only will themutant'sdaughtersgetlower payoffsandhavelower survivalprobabilitiesthan
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thedaughtersof normal -strategists,but sowill hergranddaughtersandof all their descendants.

Thereforetheline of -strategistswill reproducelessrapidly thantheline of -strategistsandwill

ultimatelybecomearbitrarilysmallasa fractionof thepopulation.It follows thata monomorphic

populationof -strategistscannotbeinvadedby a mutantusinga differentstrategy.

Similar reasoningshowsthat in anypopulationthatdoesnot consistentirelyof -strategists,

the offspring of mutantindividualswhosegenesinstruct themto takestrategy will replicate

morerapidly thantheothertypesin thepopulation.

It follows thatin equilibrium,asexuallyreproducingsisterswould act towardeachotherasif

theywereguidedby anoperationalizedversionof ImmanuelKant's CategoricalImperative.

The Kantian Golden Rule for Asexual Siblings.

Carefulobserversof humansiblingswill not besurprisedto find that in sexuallyreproducing

species,equilibriumbehavioris notsoperfectlycooperative.

SexualReproduction,DominantMutants,andtheSemi-KantianGoldenRule

Consideramonomorphicpopulationof individualsof genotype , eachof whomplaysthesame

strategy with its siblings.Supposethatamutantgene appearsandthatindividualsof genotype

(i.e., who carry onemutant geneandonenormal gene)play the strategy . Since

matingis assumedto berandom,solongasthe geneis rare,surviving genotypeswill almost

certainlymatewith normal genotypes.Thereforethe beachheadon which the mutantgene

will win or losethebattlefor entry into thepopulationis a family in which oneparentis of type

andthe other is of type . The mutantgenewill be eliminatedfrom the populationif the

expectedpayoff receivedby genotypesborn to suchfamilies is lower thanthat receivedby

normaloffspringof normalparents.Themutantgenewill ultimatelyachieveat leastsomepositive

representationin thepopulationif theexpectedpayoff to genotypesin suchfamiliesexceeds

thatreceivedby normaloffspringin normalfamilies.

If oneparentis of genotype andtheotheris of genotype , theneachof their offspring

will with probability1/2 beof genotype andwith probability1/2 beof genotype . In such

a family, if anindividual is of genotype , theneachof its siblingswill beof genotype with

probability1/2, andof genotype with probability1/2. In the gameit playswith eachsibling,

an offspringwill takeaction . With probability,1/2, thesibling will alsobeof genotype
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