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On the Evolution of Altruistic Ethical Rulesfor Siblings

TheodoreC. Bergstrom

“If youhaveremarkederrorsin me,your superiorwisdommustpardonthem.Who
errs not while perambulatinghe domainof nature? Whocan observeeverything
with accuracy?Correctmeasafriendandl asa friendwill requitewith kindness."
--Linnaeus

ABSTRACT--Thispaperexploresthe evolutionaryfoundationsof altruismamongsiblingsand
extendsthe biologists' kin-selectiontheory to a richer classof gamesbetweenrelatives. We
showthat a populationwill resistinvasionby dominantmutantgenesf individualsmaximizea
““semi-Kantian" utility functionin gameswith their siblings. It is shownthata populationthat
resistsinvasionby dominantmutantsmay beinvadedby recessivenutants.Conditionsarefound
underwhich a populationresistsinvasionby dominantandalsoby recessivenutants.(JEL C70,
D10,D63)

Most economianodelsareinhabitedby selfishconsumersalthoughin the "economic®f the
family" it is permissabldor parentso careabouttheir offspringandperhapsalsotheir spouses.
Typicallythesemodeldreatpreferencesor selfishnessraltruismasaxiomaticratherthandeduced
from a more fundamentalmodel of humannature. In recentyearsthere have beeninteresting
effortsto find deeperootsfor consumetheory,drawingconclusionsaboutthe natureof human
preferencefrom theevolutionaryhistoryof our speciesGaryBecker's(1976)investigatiorof the
evolutionaryfoundationf thefamily andJackHirshleifer'sengagingnanifestq(1978)on behalf
of anevolutionarybasisfor preferencesvere pioneeringefforts. RobertFrank (1988)discussed
theevolutionaryoriginsof emotionsJngemarHanssorandCharlesStuart(1990)andAlan Rogers
(1994) discussedhe evolution of time preferenceand attitudestoward savingand work effort,
Arthur Robson(1992a,1992b3uggestead theoryof the evolutionof preferencesowardrisk, and
H. PeytonYoung(1993)developedn evolutionarytheoryof socialconventions.

EvolutionarybiologistssuchasWilliam Hamilton (1964a,1964b),RichardDawkins(1976),
John Maynard Smith (1978), and Robert Trivers (1985) have investigatedthe theory of kin-
selection-the evolution of altruistic behavior betweenclose relatives. Dawkins' evocative
expressiorof this view in The SelfishGeng is thatin evolution,thereplicatingagentis the gene
ratherthanthe animal. Sincea genecarriedby oneanimalis likely to appearin its relatives,it
follows thata genethat makesananimalhelpits relatives,at leastwhenit is cheapto do so, will
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prosperelativeto genedor totally selfishbehavior. Thesadeashavealsoreceivedattentionfrom
economistsGordonTullock (1978)disputedthe kin-selectionargumentwhile Ted Frech(1978)
andPaulSamuelsorf1983)rebutTullock's argument.

This paperis intendedto be a contributionboth to economicsandto evolutionarybiology,
butit is written with economistreaderan mind. At the mostdirectlevel this paperexploresthe
economicsof the family , offering an evolutionaryexplanationfor the degreeof altruismto be
expectedetweersiblings.Apartfrom its directapplicationsthe biologicalmodelof kin selection
is likely to interesteconomistdor its own sake. This is an elegantiogical structure sufficiently
similarto modelsof economicequilibriumto strike chordsof familiarity, yet sufficiently different
to inspirefreshwaysof thinking abouteconomicandsocialproblemsThesynthesiof Darwinian
evolutionwith theMendelianmodelof diploid inheritancas arich prototypefor culturalevolution,
where normsand culture arise as peoplecopy the actionsof othersto whom they are related
throughsocialratherthanbiologicalstructures.

Severalrecentpapersby gametheorists(e.g. Daniel Friedman(1991), Ken Binmore and
Larry Samuelsor§1992),Michihiro Kandori,GeorgeMailath, andRafaelRob (1993)andYoung
(1993)) have proposedevolutionaryfoundationsfor solutionconceptdn the theory of games.
In thesemodels,individualsplay strategiesagainstrandomlyselectedbpponentsEquilibriumis
a restpoint of a dynamicprocessin which successfuktrategiesare replicatedmore frequently
thanunsuccessfustrategies.In the currentpaper,the objectsof selectionare genesratherthan
strategies. Becausethe playersin gamesbetweenrelativesare likely to have similar genetic
makeupjt becomesecessaryo modelthe Mendeliangeneticsof a sexuallyreproducingspecies
in moredetailthanhasbeenattemptedn previouseconomicpapers.

As a contributionto evolutionarytheory,this paperextenddHamilton'smodelof kin-selection
fromthespeciakaseof linearcostsandbenefitso amuchricherclassof gamesllowingnonlinear
interactionof individual actions,costsand benefits. It also extendsthe work of JohnMaynard
SmithandG. R. Price(1973)andMaynardSmith (1974,1982)on evolutionarygamedo thecase
wherethe playersarerelatives.Unlike mostpreviouseffortsto apply the theory of evolutionary
gamedo interactionamongsiblings,this papemakesexplicit useof the Mendeliancombinatorics
of diploid sexualreproductionand addressethe possibility of invasionby recessiveaswell as
dominantmutations.

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



Strategiesandthe GameSiblingsPlay

This paperconsidersnteractiondbetweerpairsof siblingsplayinga symmetric two-persorgame.
Individualsareassumedo be ableto distinguishtheir siblingsfrom others,sothatthe strategies
theyplay in gameswith their siblingscanbe determinedndependentlypf the strategiesheyplay
with non-siblings.Thereis aset of possiblestrategiegor eachindividual suchthatwhenone
sibling plays strategy andthe other plays strategy , the payoff to the sibling who
played is givenby andthe payoffto thesiblingwho played is

Individuals do not consciouslychoosestrategies.Instead,their actionsare programmedy
theirgeneticstructure Naturalselectioractsonthedistributionof strategiesn thepopulation.The
probabilitythatanindividual survivesto reproducas higher,the greatetthe averaggayoffthatit
receivesn thegamest playswith its siblings.Offspringtendto belike their parentsaccordingo
therulesof Mendelianinheritanceor sexualreproduction.

Thispapetlis concerneavith largepopulationgor whichit isassumedthatexpectegroportions
arealwaysrealized.This makest possibleto treatthe dynamicalkystemasa deterministicsystem
of differenceequations. Mating is assumedo be monogamousso thatsiblingshavetwo parents
in common,and mate selectionis assumedo be randomwith respecto the genesthat control
behaviortowardsiblings.It is assumedhatanindividual eitherdieswithout havingany offspring
or survivesto mateandhaveexactly offspring.

SexuaDiploid Reproductiorand StableMonomorphidequilibrium

In sexualdiploid speciedike our own, everyindividual carriestwo genesat eachgeneticlocus.
Oneof thesegeness inheritedfrom eachparent.This geneis drawnrandomlyfrom thetwo genes
thatthe parentcarriesat the correspondingocus. Following commonpracticein the biological
literature,we usea "singlelocusmodel" in which the trait of interestis determinedoy the two
genecopiesin onegeneticlocus. An individual's genotypes specifiedby the contentsof this
locus.An individual with two identicalgenecopiesis saidto beahomozygoteAn individualwith
two differentkinds of genesin this locusis saidto be a heterozygoteLet and denotetwo
differentgenesthat could appeain the locusthatdeterminedehaviortowardsiblings. Suppose
thattype homozygoteghoosestrategy andtype homozygoteshoosestrategy f
heterozygotesf genotype choosestrategy , thegene is saidto be dominant(over ) and
thegene issaidto berecessivdto ).



A populationconsistingof homozygotesall of the samegenotypejs calleda monomorphic
population This papermwill be mainly concerneavith stablemonomorphiequilibrium A stable
monomorphicequilibrium is a monomorphigpopulationin which any mutantgenesthat might
appeamwould reproducdessrapidly thanthe predominantype of genes.

2. TKantian" Ethical Rules,and Resistancao Dominant and RecessivéMutations

Thereis asimpleandappealingntuitive explanatiorfor thefactthatin equilibrium, siblingswill

not be purely selfishwith eachother. Evolutionis a blunt instrumentthat doesnot changethe
geneticstructureof organismsn isolation. The Mendelianlaws of inheritanceimply that with
probability 1/2, a genethatinfluencesmy behaviorwill havethe sameinfluenceon my sibling's
behavior.Thoseindividualswho areprogrammedo treattheir siblingskindly aremorelikely than
theaveraganemberof the populationto receivekindnesdrom their siblings.

A brief look at the simpler caseof evolutionarykin selectionin a specieswith asexual
reproductiorwill makeit easieito graspthelogic of kin selectionn sexuallyreproducingspecies.

AsexuaReproductiorandthe Kantian GoldenRule

Considera populationin which everyindividual that survivesto reproductiveageproduces
two daughtersThe daughterglay a symmetricgamewith eachotherandthe strategythateach
daughtemplaysis controlledby a singlegene inheritedfrom hermother.Exceptin thecaseof rare
mutations eachof thetwo sisterswill choosehe samestrategyashermotherdid in thegameshe
playedwith her sister.Theprobabilitythatanindividual survivesto producedaughter®f herown
is higher,thehigherthe payoff shereceivesn the gameplayedwith hersister.Where is theset
of possiblestrategiessupposehatthereis a strategy suchthat for all
in  suchthat . Thenwe claim that the only stableequilibrium populationis onein which
everyindividualuseshestrategy .

In apopulationwhereall individualsareprogrammedo takeaction , considera mutantchild
who takesaction f , thenthe mutantwill geta higher payoff and
be morelikely to survivethannormalindividuals. But althoughthis geneticdeviationincreases
her own survival probability, it will be harmfulto her progeny. Eachof the mutant'sdaughters
will, like their mother,takeaction , andthereforeeachwill geta payoff of
Not only will themutant'sdaughtergetlower payoffsandhavelower survivalprobabilitiesthan

4



thedaughterof normal -strategistsbut sowill hergranddaughterandof all their descendants.
Thereforetheline of -strategistwill reproducdessrapidly thantheline of -strategistandwill
ultimatelybecomearbitrarily smallasa fraction of the population.It follows thata monomorphic
populationof -strategistg€annotbeinvadedby a mutantusinga differentstrategy.

Similar reasoningshowsthatin any populationthat doesnot consistentirely of -strategists,
the offspring of mutantindividuals whosegenesinstructthemto take strategy will replicate
morerapidly thanthe othertypesin the population.

It follows thatin equilibrium, asexuallyreproducingsisterswould acttowardeachotherasif
theywereguidedby anoperationalizedersionof ImmanuelKant's Categoricallmperative

The Kantian Golden Rule for Asexual Siblings.

Carefulobserver®f humansiblingswill not be surprisedo find thatin sexuallyreproducing
speciesequilibriumbehaviors not so perfectlycooperative.

SexuaReproductionDominantMutants,andthe Semi-KantiarGoldenRule

Consideramonomorphigopulationof individualsof genotype , eachof whomplaysthe same
strategy with its siblings.Suppos¢hata mutantgene appearsndthatindividualsof genotype

(i.e., who carryonemutant geneandonenormal gene)play the strategy . Since
matingis assumedo berandomsolongasthe geneisrare,surviving  genotypesvill almost
certainly matewith normal  genotypes.Thereforethe beachheaan which the mutantgene
will win or losethe battlefor entryinto the populationis a family in which one parentis of type

andthe otheris of type . The mutantgenewill be eliminatedfrom the populationif the
expectedoayoff receivedby  genotypedornto suchfamiliesis lower thanthat receivedby
normaloffspringof normalparentsThemutantgenewill ultimatelyachieveatleastsomepositive
representatiom the populationif the expectedgpayoffto  genotypesn suchfamiliesexceeds
thatreceivedoy normaloffspringin normalfamilies.

If oneparentis of genotype andthe otheris of genotype , theneachof their offspring
will with probability 1/2 be of genotype  andwith probability 1/2 be of genotype . In such
afamily, if anindividualis of genotype , theneachof its siblingswill beof genotype  with
probability 1/2, andof genotype  with probability 1/2. In the gameit playswith eachsibling,
an  offspringwill takeaction . With probability,1/2, the sibling will alsobe of genotype
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