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W e study the evolution of preerancss ia payar maoionic dyremics in stralegc amMrant
merts with and withautcomplete information.  1'tis shonn that;, with conplete information ad
subgaup matdiing enpirically plausibke intexdgpadent preference reltias may ental e b
al irstabi ity of individualistic prefBracs (Whidh target directly the maximizatian ofmaterial
pao . ess). T he sad instabiity may even be gldoal if the subgrap size is bEage enauch.
In aniast, under incompEte infomatian (undoserebi ity of preBrae tpes), we showv that
indgpendant preerancss are ghoally stebE in a e set oferviramats, ad lbally stebk in
essatially any standard envMiramentt, proAded that the number of subgraups that orm in the
sadety is e Sinee these resuls are dotained within the aoniext ofavery ganeral madel they
may be thaudht of as proiding an evouticary ratiaeke o the prevalne of indvidualistic
preBencs.
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1 Intracductian

T raditiaal ecoamic aalsis tEes the individual preerancss ss an exaagenas datlum and does
not acosider thar partiauler fom a6 a rebvat doject of study. |F areover; there gppears o be a
asass in the ..eld eabautwhidh type of preferacss 1 alllov in ecananic macek. T he workiing
assumption ofavestmajarity ofFeconamists an this regad is thattan individual’'s behavioris guided
by the sole motive of the maxamizatian ofFae’s onn material paya s. H onever; this assumptian hes
recantly aomne under savere aitidam in kgt of the evidance dotained fram rumeras eparimatts
thatinvole strategc situatias. [N tum this hes led many econanists 1o aasideraltermative (nant
individualistic) preference structures thatyield predictias whidh acoad bettenaith the experimeantal
regulaities! |'tagppears thattime hes aome o aitically e<xamire the alidity ofexdLsively madeling
ae’s preferancss ss “individualistic’ (i.e. indgpendentofothers’ payor s), and toask degperquestias
abautthe basis ad plausibi ity of aliemative preference structures.

0 re natural gpproadh 1o addressing this issue is 1o adgptan evolutianary perspective ad ask
the Dlbning quesstiat W hat pe of preferancss are evolutia e ly stebk in the sase ofindudng
material paya s at ksst as high a6 any allematine “mutait’ in any gven emMramai? Ifae
subsaribes 1o the widely hed view et

(1) suazsss (repraductive or othernise) is an inaressing Tunctian ofmaterial payor s ad

(i) individual preferencss are inherited ather by genetic rarsmission and/ arimitatian,
any dearait asner 10 this guestian will provice a ussiul “evoluticary raticalizatiatl” of ceartain
prefrence structures (at sstin sone eviraments). T his is predsely the gppraedh adgpted here?

Since the gak of agenits with individualistic preferenass may be anaaivaed idantical o those
of natural sebctian (i.e. the maxdmizatian of material resourcs), the evoluticary gopraadh hes
bean dften usad in econamics 1O Justify the assumption ofmaterial payae maxamization (ckE Fied
man, 1953). H onever; ittums aut that this ine of argument is not true withaut same non trivial
oual..catias, Toritis pasible that non individualistic preferancss are materially mae renading
then individualistic preferenass in certain strategc eeMramatts. Forinstance ifthe dynamics of

'Seg amang others B olton and 0 deneks (1998), Fehrand Sdmidt(1998) andL evire (1998).
2} n altarative (and by all mears aampkmentary) gpproech wauld be 1o madel the formatian of preferencess via

pasiting that prefrencss are trarsmitied through generatias by mearns of the soaalization actias of the paats.
W hile mcstly praninaitin the ..ed of auliural anthrgpology; this auliural evoltianary gppraech hes recaived same
attentian fran econamist as well For instene the reentwark by B isin and Verdier (1998, 1999) foas an the
implicatias of madeling the intergeneratiaal ttarsmissian of aultural trats (ad, in pariaulr; prebracs) as a
result of the deliberate inaukation attempts of ratianal parerits who evalliate the ex ante well being of thei r dhi ldiren
by using theironn preferencss. W e refer the reeder to Selten (199 1) fora ively amparisan ofthe genetic and aultural
gpproedes.




evolition takes place thraugh paimise random matdhing and/ or baal interactian, then alruistic
preferencs may well be evolitiaai ly stebke (Ferdhiman ad W dass, 1998, Besterand 6 Uth, 19938,

adEsreletal, 1998). Inasmibnan Kg kesshetal (1998, 1999) shonvtratifallagats interact
with every other agantsimultaneasly;, then necatively interdgpendent (spitellld) preferancss hae a
shap evoluticnary edoe ecairstindividualistic (sel. sh) preferencss in a e dess ofstrategcmacebs
(that aotain orirstanae the comman poadl resource and public good games). T he evolutiaaexy
Gee Torindividualistic preferenass is thus notat all straghtiornard.

In this pgper; we am 1o by aut an evouticaery foundation forindividualistic preerenass. W e
shall arg e that the aondLsias reeded by the abowe dted studies depad audally an the implidt
assumptian thattpreferencss are aamman knonkedce (i.e. the underiving game is ae ofaompEte in
fomatian). Intuitively uderampkete infomatian, nant individualistic preferencss serve as aedibke
anmitmattdevas ad hence itis notsuprising that they may proe pro. tebk in terms of the
intrirsic (material) payo s ofagven game. H onever; underincomplete infomatian (mare predsely
uder undoserebi ity of prekerancs), they lbose aedibility ad as we inted to shon they may
axsouetly be dominated by individualistic preferencss in aincstany eMramant

Tobe mae pradse aasider a...nite ppulatian in whidh eedh individual hes ather individual
istic aran abitrarily . >&d type of naindividualistic preferancss. Suppae as Well that egats are
randam ly matded in subgraups o ply agven synmetric game in strategc form, and assume that
the tO tpes ofpreferancss underaasideration have dic erantequ ibrium implicatias in this game
(sotatthey are bdavioally distinguishebE). | aosely stated, the gquestion thabwe askis this H awv
do the (eqrected) material payor s of the individualistic and nat individualistic agants ampare in
equi ibrium atvaxrias papulation campaatias?A s migitbe epected ittums autthat the asaer
depacks audally an the TOlloning tho aasideratias. (i) the exent ofinformatian egants haave an
the“gpe’ ofthargpaatts; (i) the numberofsubgraups in the soaety.

In what Ollons, we ..1st t@ke up the compEte infomatian saaano in whidh we assume that
the types of eedh individual are perfectly doseneble. B ui lding upan the earfier resullts ofF Kg kesen
etal (1999), we showvthat; in a\arety of econanic eMramants, individualistic preferencss are
lbally ustabE. P utmare anaetely we provde examples of desses of gamnes in whidh “spiteiil’
agers dotain mare material payor s then material paya maxdmizing individualistic agents in any
equi ibrium, at kEsst vwhen the Tomer represerit a smalll fraction of the whole pcpulation. W e abo
shonvthat; depading an the particulars of the evirameantt; individualistic preferencss may even be
dominated gidoally, i.e. inespectively of the frequendes ofeedh type in the pqoulation.

0 urmain aacem in this pgperis honever; 1o uderstard the arguebly mare reglistic scaaerio
in whidh individuak do not doserve thaeir qgopaants’ preferencss but they are anly infomed of the



owerall paoulation frecuandes. 1N sudh an incompete infomatian setwp, the relative magitudes of
the paoulatian and subgraup sizes beaome importantsinee they determinre the e ecive uncertainty
eqeaiencd by any plyerin predicting her gopanants” pes. T hus, ifthe subgraups are reltively
ke (ad te e ective matdhing uncrtainty is therefore amall), the codisias dotained uder
perctdosernebi ity are reovered i.e. interdgpaendentpreerenass preveilin awide dbess ofeconanic
erMvrameants. 0 n the otherhand ifthe subgraups are relatively small compared 1o the pqoulatian,
matching uncertainty does have “bite” ad in this Gee we reedh 1o a \vary dicerant andusiat
anly individualistic preferacs éGan surve in the long run under any material payo - respasive
evolticaery proess. W e view this result ss a bendmark that proides a ngoros evoutiaaery
raticak forindvidualstic preferencss. |tis worth stressing that, in aontrastwirth the eaxrier results
dotainad in the erature, this dosenation remains valld in any gamne thatsatis..es cartain standad
anvedty and antinuity aonditias, and whatis marg itgpplies “gldoally” within avery brge dess
oferviraments 3

T hepgperis agaized as Olbns. INSectian2 we introduce aganeral madel inwhidh the stebi ity
ofindividualisticpreferencss is analyzed underthe hypothesis ofperfectdosernebi ity of spes. Inthis
saction we provicde anumberofeamples thatdemastrate hovessi ly an individualistic preferanas
be “beata’” by otters in thairoan twrf(i.e in terms ofmaterial paya s). In Sectian 3 we proe
o gereral Imit results whidh esteblish the evoluticnary superianty of individualistic preferanas
uderthe hypothesis of imperfect doservebi ity of types. 4 number of aeats and sugpsstias Tor
Uture wark are aatained in the aconcduding Sectiaon 4.

2 St=oiity of lndvidualism uder CanpEte | nfomatian

In this saction we shall introduce an evoluticary framenark in whidh ae éan study the stebility
properties of dic erent tpes of preference structurss, in partiauler; the stebi ity of interdependant
preferencss. 0 uram is to danastiaie that there is No reeson 1 view sudh preferanas as evolu
ticarily stebE proidd thatevolutiaaery dynamics takes plece in asetting in whidh alll individualks
dosene perfectly the types ofevery otheragat

ByapreenMmament wemean a4 wpk j - (kX ;%) whare

() N21;3;:9;

3\ 1ocal versian of this result is dotained by D ekel etal  (1998) wvho wark with ...nite games and aaotinuum
popultias (sse abo Ely ad Y arkaya, 1997, ad 6 Uth and Peleg 1997). W hike the main enphasis of D kel et
al (1998) is not an the evolution of preerencss per s but rather an the implicatias of this notian for prevailing

behaviar; there are same similarties betneen the results dotained by these authars and those reported here, W e shalll
thus ebbaate an the reltian betneen eedch ofthem in the segel (cf R emark 4 in Sectian 3).
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(i) k2 2;:2;g is adivsarofn;

@iii) X is any noempty st

(V) % X KI' R is any function.
W eviewN ~ ;g as apgoultian ofn individuak whidh is randomly matdhed into nrFkmany
subgraups ofsize k Soifk= 2 ; we talkk ofapai mise random matdhingeMramatt ad ifk=n we
takdfaphljing te ..ed eviramant 0 nce the matching takes plae the plyars ofeadh subgrap
i1 ;25 ikg ply akpersan game in whidn % G- i) stands Torthe material payor s thatthe player
I~ dotairs at the adtian pro. ke > T he functian % is thus thaugt ofas messuning the agaess of an
individual 1o resourass thattmay enhance reproduction. A lermatively ae may think of: G- i)
a6 adirectmessure of tte .. thess of plyeri- atx<

W e refer o an individual who targets solely the maxdmizatian of her material payor's a6 an
individualistic (ar indgpendent. armaterialist) plher: A plaerj 2 fig;ikg; honever; nesd not
viewthe mapping X7 % (<5;X; ) as heractiual dojectinve Tuncian. Insteed we paatthat the payos
functian of j may be riepresanted by mears of an allermative magpping X7 %Q<5;%; ) inwhidh e
we say that j is anonindvidualistic plyer:

Casaopently we de.ne an emMrameantss a2-tpke E= ;%) where j is apreemMamat
ad®% X K1 R isanyfunction. Since astebi ity analysis is measningill anly in the Gase ofpolymar

suhtatt =% adt, =% Thus by de.nitian, apgultion aonpaition aatairs at sstae
individualistic and ae noindividualistic ageit 0 uraonveritian is o Etindividual 1 possess indi-
vidualistic preerenass whi E kegping individual n nanindiMdualistic. ¢ iven aursymmetric setting
this aanvenitian is withaut bbss of gereral .

ply the kperson gamein S"amcmgﬁl;:::i@, @ U0 a;:=mi ) Where
S GGG IFG=Y%
06O~ | /g::ﬁ E:% ®
rallx2 X Kand j =iy ;50K | otice that ifg =¥ forall j; then this game is asymmetric game
plyed by individualistic players who maximize thar material payar's. T he setof all pure strateyy
N ash equiilria OF G g, . -3 JOis danoted by N G g, .- SOX

A, T TA2AI12Ag ad A, T TA2A: Nn2Ag: (@)
W e nextcde.re the olloning set ofequi ibrium autocome vectors
Ne@® ™ F&noa 2 2N G A
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A vedtar ) 2 N (® simply sped...es an equi ibrium autaame in every passibke game played by
kindviduak. T hus, the eqpected payar of an individualistic player prior 1o the realization of the

subgraup matdhingis

1 X AL

P, Ao a) | ©)
proided that the membars of eedh subgap A 2 A, (that aotains at ksst ae individualistic
player) coodinate antheeopi ibrium >& when playingG A (€ Simi lbarly, aonditianalan an e ibrium
sebatian ¢V)2 N (@ the expected payar ofa nanrindividualistic individual is

X
QAN s HEfP) @

A2Ay,

C.@xX )N~

Torany pqpulation compasitian ©
W e are navw reedy 1o state the lloning tho stebi ity aonapts, both ofwvwhidch are rooted in the
widely ussd materal peyor manotoniaty property/.

D e.niticn 1. L et E= (G;%) ke any emMiament T he individualistic preferencss are said b ke
bally ustbE INnEif

Q@B D @@ hEY) orall 62 Nl ;b 34X

W e say tetindvidualstic prelerencss are exterminated by Y; if

Q@M< @@y
for all <) 2 Nk(@® and alll population aomposifians €

In words, we say thatt individualistic preferencss are bally ustebk in Eifa “mutent®’ nan
individualistic et dotairs a higer material paya then the average material payar of the indi-
vidualistic agants aacss all matdhing atingendes and Tar any equilibrium. T he intuitian behind
this de.nitian is thatmutatias are so rare that they ccourin anly asingke individual ata time and
thatthe number of a spring thateadh parant kaves behind is an inaeesing functian of the material
payca s she earrs through her adullthood. T hus material payor s (armore directly, .. thess) an be
axsidered s the “aurancy’ of natural selctian. T he type that is an averace mare suaasssul in
tams ofthis aurangy is regarded mare highly by the forass ofevolLiion. 1'tis then natural to foas
o individualistic preferancss in the theory ofpreferance evoluitian, Torthe onners ofsudh preferencss
are unigLe in that they messure suasss in tams of the “ngit’ evoluticary aunancy.

Y etitis notdi¢ ailtto see thatindividualistic preferencss are loally ustebk in avestpethoa
oferMramats. In &t in essatially any amMrameatw th pamise randam matding there edsts
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an altematie preference relation that would yied a higer eqpedted material payas 1O its onner
reltive © indvidualistic preeracss. T his elementary fctis Tamalized in the nexteampke

BEanpk l. CasdrayaMmamaitj =~ ;2;X ;%) (wth parise randon matdhing) sudh
that the 2-persan symmetric game (X ;uds 12 X Weare U = % ;5 j i X 2 X ;s hes .nitely
many pure strategy ecuiibria? D enote the highest matierial paya that a player may recEive in
equi ibrium ofthis game by u™: Farsimpliaty, assume next et ttebestrespasemgpB X | X
ofpberl issnge\albed 88 @y = amgmaxox “@b)toreedh b2 X : Clarly we hae

@B @)_. u” frsanea2X : ®)
In whatolons, we pastulaie thatt¥: hes the olloning additiaal property.
“@B @)> u” rsanea22X : ©

W e tharefore restrict aur atientian  games in whidh a Stedebag keder (in aur cee plhyer 2)
beare. ts strictly fiam being a .. Iskmowerin tems ofmaterial payor s

I avde.retre finction’ X’ ! R by
8
<

w@b~ ifa2 agmaxsx %GB ©)

0; othernise

and aasider E= () e anaMramantt By (7)), Torany )2 N ;=5 %) we hae
oL, T
Wt —— %G @) ad €K D=RE R @D
[}

Nnijl

©, @ ;¥ D) -

forsanea™2X wth%@&;B @))> u”: I'treed ly Dlbns tatindividualistic preferancss are lbally
ustebk in ES¥

T hereis asase in whidh BEXampE 1 is notaavindng honever: Indsed, the nan individualistic
preference relation asiderad in this eamplkeis ampketely game spad .. adis deary“taload” ©
do materially betterthan the individualistic preferencass in the eou ibrium of2- parson games. Inthe
ariextofipreferenc: evolutian, itmay notbe suiteblke © foaus an all preerencss thatare de.ned an
the adtion spaceX ; Torsudh preferencss may be meaningksss in avariety ofeaMrameants with actian

4 are generally, we may assume that the set ofeqpi ibrium payar s ofthis game is aompact

°T his is of curse a very mild recuirement, and there is a serse in which it holds garerically. |n particular; this
requiirementdisalions emMiraments sudh s those with aastants :

9 otice that; by virtue of (79, ©4,(%; z5%;%) . 04 ; =3%;%) holds even ifthe pre eviramentt does not satisfy
(7). Thus we may say that indgpendant preferenass &l 1 be lbally stebE in essatially any enviramatt, whilke
they may be stebk in the sase ofl. igpunov in sane aMlaMmants.



soacss tatdirerfran X . Insteed itmay be argued thaetpepke are say atheralruistornot; that
is they ply a lge dbss oFgames (ifnotald) with the same preferace reltion. T his idea lbecs ae
o asderprekbrence rklatias that dgpad an the autcomes anly thiraugh the induced distributian
of payas. Sudh intercependant preferencss do not dgped an the uderbing emMrament ad
induce the most standard formulatias of altruistic redprocal ad spiteful preferancss (cfE Sethi
ad Sananathen 1999).

T he gquestion then is ifthe instabi Ity of individualistic preferancss an be dotained in an exo
namically interesting dess oFeamMraments thatinvolve mesningiul interdependantpreferancss. T he
amwer tums aut o be yes. A mag others, the recat results due o Kg kesenetal (1998, 1999)
shovthatthereis a bxge dess of plving the ..ed §pe amMrameants in whidh qute reessaebke (in
tErdgpadat) prekrence structures an drive individualistic preerenass even into extinctian. T he
olloning eample ams to danasrae this pant

Banpk 2. Casderaty preaMrmamatt j = ;iR + ;%) sudh that
Hopg 101
h@sinad=a h _Flaa il ;& 0=l

forsanediceratisbeh R ;. ! R, :ThepreaeMrmamait j can then be thaugitofss asituation
in Whidh the entire pcpulatian interacts thraugh a camman pool resouree game in whidh individual
J re@E\es ashare ofthe otal autput thatis prgpartiaal 1o her share of agorecaie extractian e ort
W e1t151tirkof>§ardp>qas1t’ee<necﬁmelateerledbyird\jdalj ad the aggecale
extrection e art, respectinvely andianreth(P X)) &6 the aerace retum e at A caodingly
we namalize the gopartunity ast per unit of extiective e at © | ; ad assume et HP< | ad
hg)> 1 > mgy 1 h@EX Itis dearthat these properties ofh esure the edstence ofaunigue® > 0
suhtaeth®G)?! ifadawifs7°:

wdce.retrefucion% :R7! R a5

and asider E= (%) as aneMramatt T his pariaubrpreferance strudure is aspedal instanae
of*“‘necatively intexdgpadant preferancss,” whidh refectD ueserbenty’s reltive income hypothesis.
H ence uniike the non individualistic preferanas aasidered in BEamnpk 1, we nowvaasiderapreer
ence reltion whidh belogs o a fmily thatis widely used in many distinctaress ofeconamics. In
partiaulr; aurpresentfomulatian is nothing buta minormaodi.. cation of Shubik’s etk e averace
dojectinve fTunctian, the anallogues ohwhidh caaupy a carnterstece in the theary of strategc delecatian
(cE V iders (1985) and Fershtman and Judd (19 87)).



W e dam that individualistic preferencss are exierminaied by %: T o proe this caim, we shalll
showv that, Tor any pgoulation ampasitian t© playerl must dotain a strictly loaer material payor
then plaern in any eguilibrium oftre game G q..., O~ AR + ;U5 1;:0 X VIR U; IS de.ned
& in (7)) with % ad % bang as ped..ed eboe (0 faaurse in aur synmetric framenork this
mears that any individualistic player dotairs a strictly bner payo then any individual of type ¥
atany equilibrium.) Casiderany paoulatian aompasition tand an abitary X 2N G g, LOX

R elbbeling ifnecssary, We assume thatt
8
_< Yo, 1) =1;25n

S Y% ifj=r+ 1

torsoner2 22;::;n j lg; thatis we ktte . 1strindividuak o be individualistic W e shall
st esteblish that minBd;>¢'g > 0 : To ety this daim, assume for the sake of aaradician
1hatP>¢> *:Then %Q§:XK P< 1 Torall j; and hence itis immediate that >X§ = 0 musthold
sine X' is an eguilibrium. (In the eee of intexdepadait agats, this Olons fiom the Ect that
@Vz@{f'){i’n):@x1 <0 V\her‘e\,erpxi’> °DThis m/\e\,erco‘madclsp>¢> °. If an the other
hend  >§ =°;thenwemustagein hae >§ =0 Torall j =1 ;51; Torothemise we would hae
1/4(§§‘i ':x‘i’j)> 0 =1/4Q§‘x'i’_l)f3rany 2 Q,)ﬁ);vhdﬁ atredics tak XX is an eguiibrium.
Similrly >§ =0 musthod forall j = r+ 1;:::;r|1:;>sirce iF>§ > 0 oraplerj oftpe’; the
.Istoder aondition 1orj and the hypothesis et >§ =° wauld imply that @645 DF@>G =
)§|"PC)=0;V\I’|;I;d”ICO"ItI'c‘ddS)§> 0:W emay therefore aanclde that >$'< °. Butten ©Oor
ay”2(; i Xpwehael (5 P> wExE porallj =1 inrand (5 P> v por
allj =r+1;zn Thes wemusthae x> ( forall j ;the eguilibrium > mustbe an interiarae.
Cdmﬂuy%égx?_l)> 0 forallj:
6 iven thatming’;>¢'g > 0 ; the .. Istader aaditias

PEXD nl i1+ it =t ©
ad
@HCEPED _ @ CEED P @55 _
o e i2 /4(§§‘ >€’_.)7 ®)

mustbe satis..ed. Sinae b_)/ola..riii(nof%;@1/4Q§‘;)€i’_i)=@x1 < ( forallj 6nam|1/46§‘;>éi’j)> 0 or
all j; itilloas fram (72 that@: 645X, F@> < 0 : Canbiningthiswith (72), ve..nd thatx$' > >
T his, intm implies that’: ¢, ;X )> %Qf;)éi’l)asmesagt ¥

T he eampke aboe rEles heavily an the hypothesis that all individuaks in the sodety interact
with eech other (inregaup sekbctian). A natural guestion thus aoncarrs the modi..cation of the



andLsias in the Gse of subgraup matdhing scenaxics. Indesd an analysis akin o that of B anerjes
and W abull (1995) wauld reedily ental that individualistic preferances nesd not be exeerminated
in eMaments with pairmise matdhing even thaugh they may have strategc disschantace acairst
(interdegpadat® preferancss of the sart aasiderad in Bampk 2. | eertteless aurnexteampke
shons that subgraoup matdiing alk shart as well ochwanranting the local stebi ity ofindividualistic
preferaencss.

BEampke 3. In this eamplke we shall use the same pre erMramantusad in BEample 2 exapt
thathere we shall Toas an a kwise random matdhing scnaria T hus, the pre amMrameattwe shall

sty is § = (M;KR + % )where
MM 07
h@stsad=a h & il s &g 0i=link

i1
forsone thice axinuosly doeratiscbeh R, | R, withHP< 0 adh@)> 1 > Imsi 1 hEX
I aeover; here we assume thate H? - ( ; whidh in tum guaraniess the strictly stbomodularity of the
subgap came @ @r@afai< | Tralla2R X adi6l:

I an Bray® > 0 ;de.retefunctian’, :RX! R a8

P
he @ sinad=%@ ;a5 1)1 ®j§ . ¢G5 D) ;

andasdak = (il )ssanamMamait W edam thattere exdst an @ sudh tatindvidualistic
preerencs are bally ustbk in E:

Toseths Etus ..istnoiethat thaeedstsan® > | sudhthatwehae N Ga@ ;5 3=1
forallA 2 A, andall® 20 ;Y Cassquently, by iestricing aurattartian tosmall® s, we aresble
toaadd the equi ibrium selectiaon pradblem. Inwhatollons, we shalll shovthat, when® issmall an
individualistic pleyer (individual 1, in partiauler) makes strictly kss material payor s in equi ibrium
then the non individualistic player n; whetherarnothe is matded with playern in the same graup.
P utfomally we shall proe that there exdsts asmallaxauch® > | sudh that

hEEOXX  @N> HEEO X1 ON @

LGE@XE, @ D> @) (10)

BE@W =N Gaiindl: st ) ad FE e =N G ool 5%

T he proofofthis ddim is rautine and is thus amirtied.
5) ofice that, SiNce G ;=¥ ; =3%) is asymmetric game and hes a unique equi ibrium, this equi ibrium mustbe

symmetric
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CEarly this will esteblish thatindividualistic prekrencss are baally ustebE in B Torsmallenoudh
®>0:

W e begn by doserving that (7)) hols Torall® > 0 : T he praofofthis is idetial tothatgvenin
Banpk?2 ortte zeen=kad® =1 ; ad does not require ary submadularity aagumants. H ere
we shall thus anantriate anly an esteblishing (7). Tothised EtB :RXi1 1 R, stand frthe
best respase mgpping ofan individualisticplayer: (T he single valledness of this mep is ersured by
the assumptias HP< | adH - 0) W ernextde.rethefinctian» z[0;° ] [0 ;° Joy

»@=8 G@x»@xax ) -q-°:

By using the standard arguments based an the B romers . >&d pant thearem ad the implidt
fnction theoram, we an shovthat» iswellde.ned andB ad» aeC!l nciasan (;° XTwo
fUrther dosenatias ebaut the TUnctian » are in ader: First, note that the de. nitian of» reedily
aak tet

@ X:>@XGI=XE) weeer q ZHquE%VZ@ (Gl CP pElCP) aDn

forany® 2 [0 ;8] Seacod we may use egain the implidtfunctian theorem o esteblish that» is a
strictly dearessing functiaon. |n partiaubar;

@B @& 5aFExG 1
i S @y
where theinequality is an immediate aaseguence of the strictsubmadularity of. W e are nowvreedy
1o proe the Dlbning

»O(a"): | <03 (V)

GE5ma) | B @@ 5D ooy ez 1y ;
™~ +}2 o5 ED= i L EHEEDED> 0

in view of the ot thaet @ @&; ;a0 =0 and »%@&)< 0 : T he ddim then reedily Dloas filan
the antiruity of=: k

CHmM2. X@)> & trall® 2[0 ;8}

P roofof CHm 2. Fixany® 2[0 ;8] T he daim Olloas fran the ot that>d'@ )= &= >, @)
ad (7). k

I an ke any strictly deaessing seopence @ 2 (@) sudh et Ime™ =0:Sine '™ )2
[0;° J(as is shonn in BEampke 2), thare must edst a anvergenit subsaquenae o> @™ ) whidh we
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agpindaoke by '@ DTorsmplidty. L et>'@™ )! X' asm! 1 :Butby (7)) axd antinuty of
»; e hae

N Gk in g3 75385 Hen W3 GCH @™ M» K@ X" D! COEX 6 NX)D
am! 1:Thus snetel asheaegilibium anespadence hes adosad ggphad Ime@™ =0 ;we

A GOEXRIIPOEXXEDI2ZN G 11: -k 10 g 5 55% 5% ) whidh intum implies that ) = » ¢ = &
Thaefoe by CEmM 2, there mustedstan integer il > ( sudhthatm _ | implies et & _

=

X'@" )> & vhare &is diasen as in CEm 1. Casaouently by (79 and ClEm 1, we dotain
LEHE" X, @" W=4CEO" XS @" MGG @" > %@ na)

forallm _ Il :This proses (72, axd hane as noted earier; ampEtss the proof of the et that
individualistic prerenass are loally ustebE in i foramall® - ¥

T he upshot ofthe above examplks is that individualistic preferanass do not passess evolutianary
stabi Ity properties in abitrary evMraments uncer aamplete informaiion. 1N partiauler; due o ther
strategc achantece  necatively interdgpadant preberaas (that precoditias a plher © derive
uti ity fran bang materially betier @ than others) gppear O invede a maamaphic papulatian
aompasad anly ofindividualistic agants inmany interestingenviramants.”  Inct; dependingan the
eMramait(eg arwth pamise matching), even alruist preferencs would arstitute suaesssiul
mutatias as shonn by Fershiman ad W ass (1998) and Besterad ¢ Uth (1998). Similar resulis
are reparted by Sethi and Samanathen (1999) in the cese of redprocal preferencss (ofl evne 19938)
thatalbwforboth altruism ad spite

Inviewofthe preceding disassian, aemightbe tempted toaondlude that;, vhile commanly used
in econamic theary, the ese Torindividualistic preerenass is haxdly compelling fiom an evoutiaaery
vienpdnt Y et in the restofthis pgper; we srall arge that ithes been the implidtassumption of
ampkt inbmatian that is mastly respasibke o the gpparant evolutiaaery weskness ofindivid
ualistic preferancss. A s we presaritly showy relaxing this assumptian may ked us toa\ery div erait
setting in Whidh sudh preferanass do enarge a6 truly Toal

'T his doservation paraliek the well knoan spieful er ect of H amilton (19 70): a ..nite manamaphic papulatian
adgptingall ash equi ibrium strategy may be wvulnerabe o invesian by a ‘spiteluF mutantadgpting astrategy thatis a
nongotimal respanse o the actian pro. ke ofthe inaumbents, butwhidh reducss the aerage payor ofthe inaumbents so
geatly tratit Bk belovthe payor of the mutant(cE R hode and Stecaman 199 6 P alomino 199 6 and V ecaR edandq
1997). H onever, notice that here we are aasidaring the harder prablam ofpreferance evolutian as gppased o behaiar
evolutian, and hencae attribute a trat ke “PitE’ to prelerencs as Qopased o lkehevior: Caseguently, we assume that
all plyers beave raticrally gven their preBrences, and then investicaie the properties of the epilibria coditianal
an the underbing preference distributiaon.

12



3 Stabity of Indvidualism uder lnaompEete | niomatian

T he pravias amalysis deamastraies that individualistic preferenass shauld not be viened as pre
eminat fron an evoluticaery pergpective provided that preferacss evolhe acooding 1o payo
maotoic dynamics and the econamic eMramant (Within whidh evolution tekes plae) displys
ampkte infomation. D gpading an the structure ofthe game thattis plyed by subgraups, aartain
plkLsibk prebrence relatias may hae a de.nitive strategc achantace oer individualistic prefer
ax=s. 0 ne way of thinking ebaut this dosenatian is 1 interpret a nanrindividualistic plyer es
an agatwvwho aammits herselfin an doserveble mamer 1 ply the game the way sane sudh (gen
une) naindividualistic person would ply: 0 bservebility of this aammitmentt usually guarantsss
an acheantegeous autcome o the commirtting party, Forirnstanas a playerwho aommits herselif to
ply “hank’ in the usual hank doe gamne egainst an individualistic plyer saaures harself the best
autcome since an individualistic player waud ratiaally ply “doe’ gven that she dosenes the
ammitmertofhis gopaent B utwhatthgppas ifwe dispase with the “diservebi i/’ assumptian
inthis scnaxicd?0 r; more praasely whathgppas ifwe assume thateadh playerhes anly inaompEete
infomatian ebaut the tpe ofher gopaents in the subgraup? T his gves rise to astratsgc aamext
where plyers can no bnger Eabor thair behaviar 1o the e pro. E of the subgaup they heppen
o lein H ene eedh plhyer must dooe a “tat’ strategy thet;, in epacted terms, proddess her
with maxdimal payo s gven heronn preeranass (individualistic ornot) and the strateges dosen by
the qppaats. In this sectian, auram is 1o shov that this keds individualistic preferencss o be
essartially the anly type of preferanass thattenjoy nadural selbectian privikegss in avery berge diess of
erMramants, proided that the number of subgraups in the pqoulatian is rge exoudh

B efore introdudng Tomallly the incomplete infomatian madel thatwe shall investicate here we
. Isttum to ae ofte eamples disassad in the praevioss sedtian, and see howvthe main aanclsian
dotaned there &b ifwe relbx the ampEte infomatian assumptian. T he lloning eampke will
albo provice some inturtian Torthe main results ofthis paper:

BEampk 4. Casiderthe sstting desaibed in BEampk 1, and assume agan thatthe pqoulatian
ampasitian is €= ¢; =53% ;%)X Suppcse next that a plyer cannot exactly idarntify the e ofher
gopaent but rather assigs a prdosbi Ity to her gopanant being individualistic. 0 ne natural way
of dhoasing the priar belieE of sudh a plyer is by Inkiing tham to the pqoulation shares of eedh
e Thes Etws assume thateadh plyer assigs prdoabiity (0 j 2)( j 1) o the evat that
her gopaenit (in the o persan subgraup) hes individualistic preferancss. 0 n the other herd, the
belieE ofthe onlly /- type player are of curse degenerate an her gppanantbang ali- spe.

6 iven these belies, we may madel the game played within eech subgraup s aB ayesian gamein

13



the standard mamer: P arametrizing matfess by n (the pqoultian size), Et, -F.;g! X beany
map sudh that

Iilin _ 21T S} { a1 11
% @2 agmax ;1 hEH G+ = HEn )
ad
Yin @2 agmz?(l/z(a;%n (D)
a

CEaxly %, anbeaxsidarad as aB ayes! ash eoui ibrium Tarthe subgraup B ayesian gamne desaribed
aboe.

Inwhatollons, e assume thatt the ebowve equi ibrium ¥%,, dotains in all of the subgraups Tomed
in this eMramait Thes ecactly (h § 2) may indvidualstic plbyars ed up with a paya of
Yo Gan @ X0 @) in this equilibrium. 0 n the otherhand, the material payor s ofthe anly - type indi-
Mvdualis Y @i @)% @) while the payor s ofher single individualistic qopananttis ¥ G, @ X%n X
Casaoently there waud be good reeson 1© aondluce that individualistic preferencss are bally
stebk (espaedally iTthe equilibrium %, is unigue) ifthe Blloning inequality gppliedt

H il H il

oo EXn DS i G €D

1 Nnil

Yo Qo € ¥ @Y 13

T o see that this inequality may welll be expected 1 hold, essume et X  is a aampactand aanvex
subsetofR ; and EtY: be aoitinuaus and strictly guesi-aoncae in its . istargumait Forte sake
ofaoradician, assume that (729 Bk Torin.nitely many N T hen, by passing 1o a subseouenae of
Cn G €D thatanvergs b astiategy pro. ke ¢ ¢@x%1 ¢)orwhidy (7) b we..nd that
il X% @) . Y@ GX % GIX B utby the closed greph property of the eqLilibrium cone
soadance wemuwsthae¥; ¢G)28 1 ¢)yxwhereB s the bestrespase conrespaiance. B ystrict
oues-aacaity honeer; tis an hod oy if%; @)= %1 ¢GX H exe in ay eMramaitwhere
a'»-type plhyer ad a - tpe plyerwaould ply the game dic erertly when they assign prdoebi ity
ae O Eangal%-gpe (7)) musthold. In any sudh eMramatt therefae we may acoduce that
individualistic prekrencss are loally stebke.

B eforeaadlding  Etus furtheri lstrate the pantby proidingaconaste eanpkewthauniqe
equi ibrium thabveri..es (77). CasiderteeMvramatt((;2;[0 ;1 34 xDwhere @b —=a jaib)
Trallab2 [);1 Jad ¥ is as de.ned in BExampk 1.0 Itis reedily vani..ed that (72 holds ad
Yin@) =1 tTorall n: In twm twaudh smpke alubs we ..nd %, @) = €n i 3)*@Gn i 4)whidh

107 he subgraup game is thus a symmetric Caumot ducpoly game with a inear demand and asststructure. 6 iven

this intempretatian, the %-type player can be thaugit ofss a managerwho will docse the S tadebeag autput (due
his aaract, say) inespective ofher gopaant’s pby.
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anags t2=3 ssn! 1 :Bythepravias dosenatian, therefore (72 holds in this setting forall
b aaugh nt! ¥

W enomwish toimprowe yoan the doservatian noted in the sboeexanp by Toasingan thegbal
stabi Ity properties ofindividualisticpreferencss ina lge dess dferMviramants. Tothised Btus.. X
an abittary eMramait E= ;%) 4 s noted earfier; gven any preva ing paqoulatian acompasiian
t= ;56 )2 Fiskd ; the key impldtassumption underbing the complete informatian aomext
studied in Sectiaon 72is that tis aamman knonedce. 4 s in BEampke 4, we sallinsteed eplae hare
the altemative assumptian that, beyad heronn pe eedh plyeris informed anly of the frequecy

1@'1?]jﬁ2N i =Ygj

ofindividualistic plyers (and therefaoe ofnan indivdualistic plyers as weld) presatin the whole

& then be madeld as a kparson B ayesian gane. Fomallly, we may de.ne this gamne as

3

B - .
Gﬁ;:::i<g ™ ’1®ujg_i= i 9

where u; is as ce.ned in (7). H ere the belieb of the plyers are sudh that a - type plyer as
sigs prababifity YO 1© the event thatan asbitrary aoparentiis Y- type, whilk at-type assigs
prdoebihy”nl—i(tl) Othesameeatt (I aice eagan tatwe are Eting indviduak t aadition their
beleE on tharonn tpes.) 1IN what ollons, we shall reer to an eMramattwith this infomatian
structure ss an eMramattuncer inampkete informatian.

AsinDdeletal (1998) and mainly Tor the sake of notaticnal simplidty, we shall restrict aur
attatiaon o asymmetric aatextwhere the strategy ofplyer j does notdgpad an the pes ofthe
individuak cathered with herin the subgraup. T hus, herstraegy is gven by some Tunctian

¥ EgEN Y X

that gpea..es the actian dosen %j(l;;l)z X dgpending both an plyer j’s private informatian —
hertype 5 2 ;%9 — ad the conmanly asd EbE publicinfomatian i.e. the preva ing frecpency
of individualistic plyers. Sinee we dnoose o Tas an symmetric strategy pro. ks, ¥ is in ot
independanitofj. T hs we Bty =% Torall j =1 ;=:;n; and identify the notias of“‘strategy” ad
“strategy pro. B’ inwhat dllons.

Un Bt it tums aut that (P9 hokss in this partiacular eampke ©ralln = 4;6 23 whidh is veri..ed by rautine
calultion. Itis important © rnote honever; that Y Gin G2); %in (1)) > % Cen (¢4);%n () holds Tor all n; ad hence
intregaup selection fvors - ype playars (as would be eected fiom BExampE 1). Y et this er ectis oseraame in this
eampk by the e ect of intergrop selection whidh faors the Ui-types, thereby illustrating the aombined poner of
randam matching and inconplete infomatian.
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6 iven apgoulation ampasition t; the expected payor s earred by an individualistic pleyerwhen
deplhsx2X adte restoftre plyers pby the striategy ¥ is

K o Qu:o: i,
. JRLUTKGD TR @ @in K edita)ig),, _ . ¢
1eeHT ) s0 S : (nii)(ni?;f:(nik+ ;) — Y KW@;lco)S;m@;l@)kiSil

where hii, stancs forthe oM replica ofan doject Torany pasitive integer rand, by aconveritian,
1, @ L:Similly the expected payar oFa¥-tpe plyerwhen sreplys x2 X and the restof
tepbhers pby is

K Mo, .. Q )
. SRUTKG LTRSS @i T, 0t @i, | . _ ¢
#ecH (D o S BT T E GSE B AR L] (Pl () WSS, TR () M
S=

W e are now reedy o introduce the (symmetric) B ayesian equi ibrium aonagpt thatwi ll be used
in the presentincomplete infomatian setup.

D e.nntian 2. L et E= ;%) e an enMramentuncer incompkete information. A strategy % 1s
albkd a SymmetricB ayes | ash BEquilibrium (SBN BE) i Torall pcpulation composiias t

T EGGTOYNI®) . TG ®) forall x2X

GG EO)LT®) . T uCsh;r @) Prall x2X

ITfastrategy % iIs an SBI E for E then the symmetric pro.. ke B (@ )i, is smply a standard
B ayesian equiibrium 1or the kparson gane plyad by eedh subgraup, when plyers are randamly
dasen fram apgoulAtian with an overall aampasitiangven by € T herefore SBI E is an equi ibrium
anapt that enbadies (symmetric) B ayesian equilibrium behavior uder all passibe papoulatian
ampaitias. Since we shall projde a ddxal stabi ity analysis beloy sudh a fomultian s in the
nature of things.

W e nextde..ne the notian of gidoal stabi ity thatwill be ilvded in the subseouentanalysis.

D e.nitian 3. L et E= ;%) ke an eniramentuncer incompkete informatian.  Indiviclalistic
preerencs ¥ are said © exterminate alliemative preerencss % It forany SBI E strakeyy % ad
any popubtion amposiion €

3 - X 3 -

1 X 1
HJ'AZA%% % OXEG: ODpanng > EAZA%% hl ;t OXC G ODpanrg

where A, and A, are ce.ned as in (7). ITtas ineqality hobs Tor €= (i, ;; ;%) e say tat
individualistic preferencss are bally stebk in E
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T he notian ofigldoal evoluitianary dominence aatemp lated in this de. nitian riefects asituatian in
whidh individuaks displaying individualistic preferancss enjoy a brgermaterial payor then thosewith
naindividualistic preferencss uderany paoulation an.guration. 1n this sarse, tharefore the sart
ofpaya manotmiaty displyed here is entirely analogoLs 1o that alleedy explained in maotivating
De.nianl.

In the present setting aur goal is 1 esteblish that individualistic preferencss edierminate es
satially any nonindividualistic preferencss if thare is a su¢ dently lrge number of subgraups in
the sadety. W e shall need a rumber of structural sssumptias in famalizing this daim, whidh is
doviasly in sharp atrastwith the eamples aasidarad in Sectian 2. T o state these sssumptias,
honever; we nesd o edov the actian spaass of the amMrameatts thatwe wi ll study with sane tTpo
Igalad inearstiucture. |Inwhatolons, tharefore we shallan. re auratiention oeMamats
with an action spae X thatis a aampactand anvex subsst of an abittary metrizeble topolgcal
vectorspace!? Furthermarg we will make use of the lloning assumptias thatare pasited an the
primitives ofan eeMrameant, (O; kX ;% ;%X

Cattiruty (C). Theftindias ;% :X X! R are antinuas.

Strict Caxavity (SO). §{ Menay x; ; 2 X Kil; the Tncian % (@; i) X ! R is stictly
acae

N o Trivial Equilibrium (| TE). A N SBI E % edsts: Il asoer; gven %; %; ad Kk there
edsts sane assodated eMramait Esudh e’ ¢ ;1 ©)6 % ¢;t @) Torevery SB I E¥% and sane
pgoulatian aampasitian ©

W ith the only exaption of (| T E), these properties are standard and there is no need to elebo
rake an them here. (1 onever; we shall aasider belowv a substantial weskening of (SC) thatstill hes
ineresting implicatias.) 0 nthe otherhad (| T E) enbodies a aombinatian ofFtno distinct pcstir
Bies. T he . istis tednical ad ted<iss the prdolem ofexdstence ofFan SBI E inatmvial manrer: the
uderiing¥ ; %; and kare assumed tobe sudh hetan SB I E exdsts Torevaery assodated amMmaameatt
(i.,e evary passibke N) Sinee aurinterest is presently an the properties of (exdsting) eoui ibrig we
view this assumptian anly ttke mare then asimpi§ingae. | aeowser; itis notdi¢ aulttoprovide
adtias an the Tindamentak of the pradblem thaetwould guarantee the edstence ofan SBI E (see
R emarkl).

Thesscod partof (| TE) is an the other hand, artical Tor aurmain results. Itallons s ©

12y hilethis is aminarpdnt; we note that-the metrizabi ity canditian may be replaced here with the weskerproperty

of .ist cauntabi ity Sinee a anpact ad .. 1st cauteblke topolgal space is sequatially conpact, the subsequentt
analysis goss thraugh withaut alteratian with this weslening
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study eviraments in whidh individualistic and nan individualistic preferencss are behaviaally dis
tnguishebe Torat kest ane ppulatian compasitian and saneemMramatt [tmustbe daass that
sudh apcstulte is really unexagotiaebke in that iftno prefrencss arg atequi ibrium, TUlly equiv
albntin béravioal terms, nertherwe (as doservers) noray evoltiaary systan may disaiminate
betnean them '3

W e are now reedy o proe the ... iIstmain resultof this pgper:

Theorem 1. Assume (C), GO ad (| TE). Then tere eds sane il > ( such teak it
n _ I ;indvdualstic preferencss ¥ ederminate nan individualistic preferencss % in any inaompkete
imomeatian emMament E= (kX ;% X%

ProoE Casider ay %; %; ad k that satisfy (C), (SC) ad (| TE). L etF, &y;z;1) ad
FrGy;sz: ) stand respectively Torthe expected payor ofan individualistic and nan individualistic
tpe vwhen her stiategy is > all (other) individuak of an individualistic tpe dhocse y; alll (other)
nonindividualistic individualk doosss z; and thare is prior prdosbiity 1 that a rendamly dhosen
individual be of en individualistic type. B y denoting the =10 replicaofan dojecty by hui, Torany
intecer r; e de.re tte indiasFy, adFy, anX 3£[0 ;1 )as
11

K .
_PLT ki1 e } } ¢
FvXy;zt) o Sl 1sq j1)sisily, Ix;ry|s;hz|kiSil (X))
ad
'Plukilﬂ S isil i = = ¢
Frayizitd” ST o i 195 Oy sty g (15)
S

respectinvely. H ere we adpt the convention thatF o, Ky;z31 ) ~ % Gshyiy, D and Fy Ky:z0 )~
ek, X with asimilaraonvertian epping F 4, as vell
Same ws=lul properties of these TUNCias are esteblished in the nextthree cAims.

CHmM 1. T he equiibrium correspadence = 20 ;11 X ¢ gvenby

Y Y,
2= :Dy2 arggﬁzf;ng%Q(MZ:l): z2 HQTZ?(F%@MZ?))

hes adosed geph.

ProofofCllm 1. BEven thaugh the praofis routing we inducde itforaampketeness. Casidera
seqrence G, sy 320 DN L JEX P suchthatlimy 11 @ 5y 520 )= QiysDad Gn 320 D22, )
foreech m: Fixa 2 X ad dosere that the Btier coditian implies et F o, & yn 320 340 ) -
Fu @Y 32 51, DTorallm:Sq by aatiruty ofF 4, ;wehaef , ¢ y:;z;1) . Fr@y;z;t X Sineais
abitrary here and since the analogous reesaning goplies OF 4, as well we dotain (;2)2 2@ )k

13 nalogos caverttis ound in Ely and Y Enkaya (199 7).
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CHmM 2. Farany @;y;2)2[0 ;1 =X ¢ sudh that

y2 agmg(xF v Xy;z;) ad z2 agmz'?d pXYZ: )X (19
X X
wehaey 6 z:

PraofFof CHmM 2. 4 ssume et the dam is Bl ad ale a Cy;2) tat salis.es (72) but
y =z. T hen, the aonman adtion y = z hes 1o be an gotimal respase Torboth individualistic ard
naindividualistic types alike gven any pcpulatian pro. E as lbngas everyae ebe aboadpts that
same acion. Famally we ..nd that

y 2 agmaxF,&y;z;1)
X2X

ewrHicst

i |
1 -
= max Y. 1.
agxzx 4 X;f}’k.l - 5

1SQ i 1j(i3i1

_ H To Qi s

i . CRLT KL s g0 S SESitait,)id)

= max Y i . 5 -
AGMIHh Xy,

s OiDOiI2))A(hjk 1)

orallt, 2fi=n;:x;l §l=ngsne

H il K q N
Pl ki]‘ 1SQ - 1j(iSil :1 :Pl ki]‘ Qf:l(nlnir)Q:q(:IOSIQ(n(liln)iq)
=0 S ! =0 S CiOi2)z(hjk 1)
Simibarly we abohene
. M o QL. ..
Loy S KEL CE 000 e 0dit)io
y2agmexi Xy, g SEIDO DT R D)

T hus, ifwe danote by (@) astrategy that satis. es
G D)= )=y Gy ==l gl=n)

ve.nd thaty 2 agmaxox " T @ady 2 agmaxox %GR ) orany papulatian
ampaitian t T haefae we anduce thet#-is a“trivial’ SBIl E Tor E whidh aotredicss (| T E). k

CEHmMm 3. Thareedsts an ""> (| sudh that
Fvy;z)iFuy;z) 3"

oray @;y;2)2[0 ;1 =X ! thatsatis.es (7).

Praofof CHM 3. De.neE be thesetofall @;y;2)2 [0 ;1 =X ¢ sudh that () is satis..ed.
ThesstE iscdsed by ClEm 1. 0 n the otherhand note thatby ClEm 2, (SC), ad the de.nitan
off 4 ;we musthaef , Y y;z;2)> Fy,y;z;2)D)Trall Cy;2)2E T hs ifthe cam wae Bk
weauld ..nd assguenae @, Vn 5z JINE sudh thak

ml!n;_] G%@m Y 24 ;1m)iF1/46/m Y 37 ;1m )):0: (1D
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Sinee @, :¥n ;% ) lies in a aampact oae it hes a aanvergant subseopae. T he imit of this
subsequenas, denoted C7;y7; 27y must belog IO E  (becaee this setis dosed). T hus, invdding
CHmM 2 agan we may adice thaty” 6 Z°: B ut by atinuty ad (7)), we must ako hae
Fr ¢ y5HZ2752D=F, @ y7:Z2727X T he |Atferis passibke oy ify® = Z2° due 0 (SC), whidh yields
aaradiction and ampkEtes the prook k

H enceforth, auraosideratias wi ll be paranetricoan (thatis amulipke ofg). Inpartaulr; we
shalldaoteby¥:, the equilibrium stiategy pled ineaMramaitE= (h; kX ;%)% T heedstaxe
of¥%, Torany . .nenisaesured by (| TE). | on casiderforeadh populatian size n = K2k 22 an
abitary sequene *, inf: s=1;:5njlg addaokebyy, ~ % ¢ ) )adz, ~ %, G ) the
equi ibrium actias presaibed Torather pe undereadh 1, .

B y the aompactness of X ; we may dotain acavergaritsubosaopenaee of G, 5 Yh 52, ) aoain denoted
by @, :¥n:z))Torsmplidty L et @, ;y; ;z )stad forthe Imitofthis subsequence Then by a
stradhtiorard adeptation of CEm 1, we knowvthatt

Vi ZangmF%@M 2 ;4 ) ad 2z 2agzr;(1a<F%(§<;y1 20 34 X 13)
X X

Furthermare we may use ClEm 3 o assert that there edsts sane ""> (| sudh that

Fu@r 152 ;4 DifFv@ w5z 4 )3 @)

D eoternextby©), G, ;1, )ad®, ¢, ;1,, )theexqrected material payo s repectively eaaned by anin
dividualisticand na individualistic typewvwhen the pcqpulation sizeis n; the equi ibrium strategy is i
and the fiequency ofindivdualisticplyersis® | : Clarly wehae©, G, 31 )~ " 5w @on G2 X0 310 )
ad ©,Cn:tn) " T Cn @Gty X s, X T haefore in view of (72) and (7)), thare must edstan
I >0 sudhtat ifn _1Il ;

©@nt)ifFu®G vz st ) - ad ©Ent)ifi@ yosz st ) -
Hexae by (), we.nd tet©, iy ;1) > ©.Cn ;1 )Toralln _ Il :Since the sequence 1, wes
dosen abitrari by, this implies that
3 - =3 -

1 P 1
HjAZA%l/A "G OXCG Oparag > EiAZA%l/A %l O G ODpprng

atany pqultioh aanpasiian t ss bgas n _ I . T he proofis thus aampkete

T heoram 1 esteblishes the gldoal evoluticnary stebi ity of individualistic preferencss in a bexge
diess ofeMrameants, provided thatthe numberofsubgraups is e and the allermatie preferancs
Y, are not benaviorally indistinguishebke fram %. Itis important to note that neither of these tho
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requi ramants an be dispasad with. 0 n the ae hard the dvias nesd Tor (| T E) wes alveedy dis
assdaboe. T he requremantthatthe pqoulatian size N be lrge enaugh relative tokis aboaudal
0 nlyifrrkis lage will there be asign. cant“matdhing uncartainty/’ and the pastulated inaomp ete
informatian may have gauire “biting poner” T hus anly in this Gase wi ll e undaservebi ity may
oaraome the ampEte infomatian e ects enphesized in Sectian 72

A s an extrame ilustration of this pant. suppase thatwe were o foee k= n; even allbaing N
tobeoome abittarily lace. T his is the underlying aantext ofF Eamplke 2, the anlly div erance baing
that the disassion there wes carmied aut under-the assumption of compEte informatian. H onever;
itis dear that the allermative assumptiaon of incomplkete infomation would kae the aconcdlsias
ampktely uer ected In this Gee because of the symmetry of the game — even ifindividual migit
be unaertain abaut the type of eedh partiauler plyer; this is an inelevant piece of informatian es
kg as the anespading paqoulation frequendes (Whidh are nowvidantical to grap frequendess) are
acurately knonn. H ence even underincomplete infomatian, ane Gan dotain the exierminatian of
individualistic preferencss in the aotext of Bampke 2, in atrisstwith the concdlsion reeded by
T heoram 1.

W e shaud note thatt assumptian (SC), as usd in T hearam 1, may be thougt of ss unusually
strag fora gane theoretical macel 1tis then of interest o se= hov mudh of T hearam 1 Gan be
sabeged iIF(SC) is repleced by the TOlloning wesker requirement

StictQ ussi-Caxavity (SQO). 6 ivenay x;; 2 X Kil; e indian %(@x; D) =X ! R is

T his questian is amswerad by aursscod main result

Theorem 2. A ssume (C), SQO) ad (| TE). Then, e edss same ll > (| such &t if
n _ I ;indvidualistic preerencss ¥ are bally sebk in any inampete informatian eeMrament
E= @ kX %%

P roof T he proofis a straigitiomard modi...catian of the proof of T hearam 1. 0 bsene ..1st
tat CEm 2 ofthat proofis valid in the presentsetting CEmM 3 an the otherbhard, nescs tobe
refiomulaied as ollons

CHmM 3. Thareedstan""> | aadan2 @ ;1 )such that

Fr@ ¥zt )i Fuy;z) . 37
holds Torall @ ;y;2)2 [%;1 FEX ! thatsatis.es (7).
P raofofClHm 3-. 0 bserve that
Imby b )=hechan ) xxab2X :
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T herefore by aatinuity ofF , in1 and by (SQ C), heremustexdsta™ 2 ( ;1 )sudh tatf , (CGxlogt)
isstrictly ques-anae X oralla;b2X andall® 2 [2:1 }6 iven this doseration, the algumanitc
wsd in proving ClEm 3 of the proofFof T hearam 1 gpplies hare without madi...catian 1o yield the
sougttresult k

InviewofFCHEmM 37; ifve Bt1,, =1 j 1=n; n = k2k; :2; the proofFhere may be completed by
reproduding the ine ofargumentused Tor' T heoram 1. ¥

T hearam 2 is a lbcal counterpart of T heoram 1. 1'tdeab with a exger sestofFeMramerntts then
T heoram 1, butitdelvers oy bal sehlity of individualistic preerencss. (Itis honeer; ks
“Iocal’ than itmidht...istgppear; as eplEned INR enarks 2 and 3 belon)

B oth of aur main resulis udersaore the same pant the evolticery raticnake tor indvidual
istic preferencss stands strag in incomplete infomatian eMramatts if there is a e number
of subgraups involved. Cambining this pantwith aur fomer disaussian of BEampke 3, ae amves
at the summarizing aandLeian that, amang the dtars that uderdie the evoluticary stebi ity of
“materialistbdaiar” the information structure plays a antral rioke.

W e aadide this section with further remarks thatelEborate an diz erartagpects ofauranalysis.

Remarkl. (BExdstence of equilibrium) A s noted eardier; the assumptian of (| TE) is usd
iNnT heaams 1 and 2 t© garanie: tmvally the exdstanae ofan SBIl E Tor the eMiramants uder
axsiceration. W e may of aourse sole the existence prdblm in a kss tivial mamer: Forirstanas
iT% is aaxae in te .istagumaitad (SC) holks then it an be shonn thatan SBI E must
edst T his dosenatian Gan be used o settke the edstace isste thatis rebkvantfor T heoram 1. (In
particuler; anSBIl E exdsts T the eeMvramantdesaibed in BEanpke 3 forsu¢ daitlysmall® ) 0 n
e otherhad iF% is stictly quesi-ancae in the . istagumentad (SQ C) holds, then again an
SBN E exsts proidd thatthe numberof- types are kss then a..>ed numberad nis g T his
dosenatian gpplies directly 1o the sstting coered by T heorem 214 ¥

Remarkk 2. (I ullipk mutants) T he bbal stebility aanagpt aonteamplted in D e.niian 3 is
basad an the pramise that mutatias coaur\ery infrecuantly and in an unconelated Bshian so thak
aly asingke mutant may edst at any gven pantin time. T heoram 2 is thus sibtwith respect
1 the evoluticary stebi ity of indvidualistic preferancss agairst Nokso infrecuant ar conelated

14p oth of these cims aan be proved by using a suiteble .. xed paint theorem in the standard manner: | fier all
as Iog as we aan esure the quesi-aaxaity of 'y, ad 7y, in the . istagumatt, thare is no prdolkem with invaking
astandad edstence theoam. (| otice that quesi-ancaity of, and (SQ C) are notsud dent for this since a anvex
aonbinatian of guesi-ancae Tinctias need not be quasi-ancae) | liematively ae may use mare sophisticated
(pure strategy) equiibrium existence theorams that are basad an wedker anvexity requiremantts (sudh as diagaal
quesi-aneaity); ses Torinstance B ayeetal (199 3).
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mutatias. Y et ittums aut that individualistic preferancss perform suaasssiullly against multipke
mutatias e well Casider ..1st the passibi ity that several haonaganeass mutants may gppear
smultaneosly — see R emark 3 Torthe Gese ofheteragenaus mutanits. (¢ iven any pasitinve integerm;
say thatindividualistic preferenass are m- lbally stebk in an eMviramant E ifthe inequality pasited
inD e.nitian 3 holds Torall pqoultion ampasitias thataasist oFatmostm-many mutants. Itis
essy O s thabwe may replbece e tam “locally stebE’ with “my locally stebE’ Tarany m (Whidhiis
indgpedentofin) withautintrodudng any othermaod..catian in T heorem 2.5 T hus, this resultdoss
not really enbady a knife edoe aandlsiat itaaMndngly Ganries the message that individualistic
preerencss are in general poneriul encugh to exoel any “reltively small’ mutatian in a\estsetof
erMramants with incompkete infomatian. ¥

R emarkk 3. (I ulipk nonindividualistic pes) Caaaming mutatian, another interesting
issLe pertains 1o the passibi ity that several kinds of mutants may be in simultaneas ao edstence
with theindividualistictype. Inthatcse ofaourse the gpproadh musttbe edegpted accodingly since
aurpresant franenork allons anly Tordidotomican.guratias (i.e. individualistic preferancss ad
aealemative tpe). H onever; albngthe IinsseplinedinR enark?, itis straightiormard todasere
thatas g as the otal number-of (passibly heteroganeaus) mutants m remairs small reltinve ton;
nosigi..cantdangss have o be introducd, ertherin the madeling ofthe prablen arin the recuired
agmats.

Ifsaveral naon individualistic types may be smultaneasly presanit amare di¢ aultissie pertars
towvwhetherae aan stilll dotain the gl dominanee andlsian esteblished by T hearem 1. Inthis re
soect, aaudal pantaocers tteexlasian of (| T E) tothatmare than tho tpes aattext Suppae
thatwe hae a..nite set of passibke (nat individualistic) preferaxe types T = B4 ;%, 09, m _ L:
T hen, a frequangy distributian may be identi..ed with a vedtor in the m-dimasiaal simpkex ¢ |
1 =G5 051, vhael stands Torthe frequency of spely, and ) is thatof 1A generalization
of(l TE) thatis sut¢ dattioraurpupasss cGan be fomulbated as ollons.

(O TES A nSBI E% exdsts: il asoer; gven kY anyth, 2 T, and any frequenoyvectar: 2 ¢ ;
there exists an assodated eMromait Esuch et @ ;1 @) 6 % ¢ ;:* ) Treary SBI E % ad
same pgoulatian caonpasiian tsudh tatr, =2, foralll 6 r6 s:

Charly (I TE9 bdkdoamn o (I T E) when thare is just ane allermative na individualistic type.
0 nthe otherhand, when there is mare then ane sudch kind ofaliemattive preeyenass, (| T B9 simply
requires that, Tor any nanindividualistic type there must alnays exdst sane reessigmant of its

15 Far eampkg in the proof of an extanded T heorem 2, are wauld simply hae o allow for sequencss 1, where
1, .1im=n oralln.
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relti\e freopendes s avis the individualistic type where eech oftham (the indidualisticand nan
individualistic tpes) diz er in the equi ibrium: induced behaviar: U nder this assumption (together
with (C) and (SO)), itis notdi¢ aulttos=e thatae éan esteblish adirect‘polymaphic’ counterpart
of T hearem 1. T hatis individualistic preferencss still exterminate all nan individualistic types no
matier hovmany of them there are and whattare theirinitial frecpendes 16 ¥

Remark 4. R elased Feratwe) 4 s noted earder; there are some reaant pgpars that hae
tadkd the study of preference evolutian alog ines similar o those pursued here. P articularly
rekb.aent © the presantstudy are Ely ad Y -bnkaya (199 7), ¢ UthandP eleg (199 7), and D el etal
(2998), whnidh are henceforth rebrred toss EY , ( P, and D EY , respectively. D EY shovthat in the
Gee of aotiruum pqoultias, ifplyers dxsene thargpaats’ prekerancs, eary evolutiaarly
stebkepro. Emustinduce an et dentpatiem ofply in terms ofmaterial payar s. Insteed ifthe types
arceudxserebE D EY establish thatanly asituatian invwhidh individuaks” preerencss are aasistant
wiith material paya maxdimizationmay beevoluticarilysteble. EY adt P repartanalogous results
goplicebe 1o the Gee ofundoseneble tpes. 4 partfiom aartain ped..cmodeling detal b, there are
three impartanit agpects in Whidh the presantwork diz ers fram these pgpars. W e take up eedh of
these issues in wim.

() The aadinality of te pgoultion: 1N the thiree pgpers indicated (es well ss in most of the
rebied Ferature ), the underlying assumpitian aonceming the papulatian axsists ofaaatinuum of
in.nitessimal plyess (thisiseplidtlyasssumed iNnEY adD EY , aadimplidtlyint P).H onewer; this
assumptian ass ittke room farsame of the strateg Gally releventaxsideratias thatare well knonn
tophly asigi..cantrok in many evoluticnaery madeks, as disaussad indetailbyH amilton (19 70) and
Sderer(1989). Farthis reesan, aurpresantfranenork involes insteed a..nite (but ypically kxop)
populatian, a fature whidh allons Torthe passibi ity thattnecatinely interdependantpreeranas (eg
“goitelul’” arenmass) may ply asigi..cantrok in the analysis. W hen the population cadinality is
the aontinuum, this passibi ity is mudh aurtal iBd, even ifactual ply tekes place within small (. nite)
gaps. For; in this respect; the analysis of aaitinuum maooek may enbody sharp discontinuities
with brge but..nite pcpulation modek. 0 urdisaussian of Example 3 is agood Geee inparnt | o

19 Kematively ane could have aosidered the Bllloning weaker gareralization of (| T E):

oOT E‘%A NnSBN E¥% edstszil aeoer;, gvenk ¥; and ary Y, 2 T, there exdsts same assodated eviramentEsudh
that¥ ;1 (1)) 6 % (it (@) revery SBI E ¥% and sane papulation aampasitian t:

H onever; underthis altermative assumptian, ae carnotephbtte ine ofagmattthatesteblished Theaam 1. T he
key panthere anacarrs the proofFofF CEmM 2, where itculd notbe argued that if altemative tpes dhoose the same

equi ibrium actian atsane papulatian an..guratian, they mustalbo do so everywhere.
seg Tor eamplk the evoluticary epbratias of ime prerence by R agers (199 4), risk aersian by R doson

(199 6, aoraliuism by B esterad ¢ Uth (1998).
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matter hov ace the pqoulatian is in that aantext. any singe agait displaying spiteiul preferencss
wi ll se2 her o spring eventually dominate apapulatian arig nally made of eganits with individualistic
prerenas.!? H onever; ifnwe had dedded tomadkel directly a lbrge papulatian through the aontinuum
assumptian, no (in.nitesimal) agatwould have hed any passibi ity ofF ar ecting the paoulation state
ad therefre ifadoned with nonmaterialist prebrencs, she would have bean uneble 1O surive
in thatscerario.

@) T he range of te sehi ity anabysis: T o the bestofFaurknonedoe aimcstevery pgperin this
i terature Who hes addiressed the issue ofpreerence evolution hes refied an local stebi ity aonaep s
Forirstenas whik( P ad D EY wse stability aoapts that canry an egui ibrium tavor (ke the
taditical ESS), the pgperby EY foases an a dyrnamic scanaxio by ilvakding the usual notian of
ssympiotic stebi ity 1N aarsst. in the presant pgperwe ako idatify reesaebke aaditias uder
whidh ae Gan provide gldoal arswers 1 the prdolem athand (see BExamplke 2 and T heoram 1) alog
with bal asners (Banpks 1, 3ad 4, ad T heoran 2).

@ii) T he matdhing scnario | ast of the relatied erature hes foaused an simpke matding
artexts where the papulatian is matded in pairs 1o play a bi bteral game. H ere we have extanded
this sdematic framenork o allow Tor gragps ofvarying size — incdlding as a oedal s e
sanaxio in wWhidh the entire pcpulatian is ilvolhed in a pleying the ..ed game. | eaving asicke its
wider gererality the main adhentace of this gpproadh is thatitallbons us 1o Toas an the reltive
gap size s a cbait (in B, key) asidaation. 1ts man roke in the anabysis is 1O parametrize
in a tangparait maer the degree of “infomativeness” alloned by aur incomplete informatian
framenak 4 relted ideais madeled eplidtly in D EY by pasiting an exagenaus prdoebi ity of
e dosenatian of the gopaats preflerenas. H ere we maintain the pure didhotamy betinean
perect and imperfect dosernatian (as in EY and 6 P) but introduce a verying extant of e ectinve
undoserebi ity in terms of reltive gralp size ¥

4 Caxdisian
In this pgper; we have shonn thatt results partaining o the evolution of preferencss under randam
matding are baund © dgpad audally an the infomatian aatent of the pcstulaied strategc

18T his mears that; in a\arety ofinteresting .. nite papulation sanarics, the assumpition of perfect doservebi ity of
preferancss need not ed 1o an e¢ dant (arll ash) pattern of behaviorin tarms of .. tness, whidh is in aontisst with
D EY . T hus, aur resulits undarsaae the ot that pqoulatian .. niteness will generally have impartant implicatias an
the issue of preference evolution.

¥\ nedxptian is the paperby Ka kesen etal (1999) whidh, as explained, addiesses anly asaanariowith aamplkete
infomatian.
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inferactian. |1 F interactian tEkes place under perfect dosernvebi ity of preferencss, a mananaphic
populatian ampaosad anly ofindividualistic (sel..sh) agants may welll be wulnerebE O invesian by
“mutant”’ preferencss thattinvolhe traits ke spite aralttuism. T his doseratian is notatall surprising
and is vaery mudh in inewith the earier results esteblished in the erature. U nfortunately ae..nds
that, with ampkete informatian, ke aan be said ebaut steblke pcpulation campaiias in gaeral
T he Iog run predictias of the evolutiaery dynamics in this Geee hgppen o dgpad very mudh an
the spad..cdeta b ofthe stralegc aMramants under aasiceration.

A the other polarexttane e have a scarario in whidh preferencss are undosenebke. A mag
thevarias Ways inwhidh this aontextaould be modeled, we have dosen topasi tthatindividuak are
anare of the overalll populatian frecpendes of ypes butnot of those conrespading 1o the particuler
gopaents with whan they are matded. T his assumptian aanveniently alllons s o analyze the
stuation ss astandard B ayesian gane with comman priass.  Intarestingly we have fourd that this
gopraach yiels ashap Imit resultvhidh (saave Tor standard ted nical sssumptias) is indgpendant
of the particulars of the games underaasideratiat  individualistic preferenass are gldoally siebke in
avestsstoFeMramants, proided there is a lrge enaugh number of subgraups in the pgoulatian.

In aurview the aforemattiaed result provdes a Tindamental evoluticnary raticake for ind-
vidualistic preferencss. H onever; itis albo teling that the presence ofincompkete infomatian is not
enoudh o asure the stabi ity ofindividualistic preferencss when the size of the pqoulatian is smalll
reltie 1o the size of the subgraups.  1twauld thus be a mistake 1© aadude an the besis of the
presant..ndings thatevolution faars unecuivaally the individualistic preferencss. Forittunms aut
that ae nests t© knowv mare sbaut the structure of the matding medeniam o identfy the pre
dse implctias ofevoluticary Toress an the selbection ofpreferencss.  |n partiauler; individualistic
agents nesd notthme in stuatias in whidh intragroup selectian is mare ponerful then inteergrop
sebctian, even ifypes are undoseneble

Toadude Etus stiess that, whi B we view the presantwork as a pramising start, iitdoes not
say mudh ebaut altermative evolLiticary scenanics that may albo involhe inacompete informatian.
In partiauler; Lrther develgppmeant of the theary must indude an assessmant of how rdoustis aur
analysis o the aasideratian cfeMramatts ilvolMing allliermative matdhing processes (sudh as ol
interaction arassartative matching), partial doservebi ity oftypes, and sodalization e arts ofpaats
(sudh as the “imperfectempatty’ model), amang otherissues thatwe did notaasider here.
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