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AIISTRACI' :  The history of  appl icat ion of  qame theory in evolut ion
is br ief  1y reviewed. ' l ' t re concepts of  equi l ibr i t rm point ,  evolu-
t ionary stable strateq ies and statr le points are compared. The
rneaninq of  r r t i l i ty  theory in evolut ionary rnodels is examined and
cornrrared to elassical  garne rnoclels.

This conferenee examines two ctreat metaphors.  The f i rst ,
Darwin's nineteenth century concept that  species or iq inate anr l
ehanrfe due to a proeess of  d i f ferent ia l  survival  analoqous to the
art i f ic ia l  select ion used to breecl  r lonest ie aninals.  This selee-
t ive proeess is due to nature,  that  is  to the ef fects of  the
inor<lanie anr l  orqanie environment and i t  nay operate ei ther on
the incl iv idual  or  upon the qroup, f  ami ly oroupinq, qenet ic popu-
lat ion or on a larc ler  taxonornic qroupinq. This metaphor of  the
proeess cf .  chanqe in f . iv inq th inqs, is also exatnined, in terns of
i ts val id i ty in social  ehanqe, anC f inal ly,  of  course, in the
ways in whieh nan's art i facts,  have chanqed under a social  and a
nhysical  environment,

The other qrand netaphor that  we wi l l  be exarnining is the
theory of  qanes. A qame consists of  two or more players who may
rnake a ser ies of  moves hy ehance or rule.  A strateqy is the
complete set  of  noves rnade by a player or the rule for  choosinq
these moves. An informat ion set rJoverns the ava i lable moves at
any sta, :1e of  the qar,ne "  The possible outeomes of  the qame have
associated payof fs to eaeh plaver.  A solut ion t r :  the qame for
each pl  ayer is to decir le on the t^rest  strateqy, qiven the .set  of
pc?:/of  fs,  and sorne assumptions about how the other players wi l l
behave. Cane theory was introduced by tsorel  in L92I (Frechet-  and
Von iJeurnann 1953) and qeneral ized hy Von Neumann ( f  928, 1937).
In these ear ly papers the eoncept of  a solut ion to a par lour qane
1: layer i  by rat ionaJ. p1 ayers,  involved the idea that the l^rest  stra-
teorr  to fo1low is founcl  hy lookinq at  the lowest pay-of fs to l re
qained frorn each strateqy and choosinq the larqest of  these
lovrest  pay-of  fs.  This nqinimaxr or rnaximin,  strateqy was proven
to he opt imal in certa in cases, l ' rut  i  s  not so in qeneral  .  Borel
nade a few special  cases and Von Neurnann extended this for  the
t-vro-!"rerson qane in whieh winninqs equal  losses, that  is  the
zero-sur l  earne. The ' .vork of  Borel  and Von Neumann 1ed on to a
vast act iv i ty in th is eentury.  The netaphor was exten<ied in tv/o
di f ferent c l i rect ions.  In one r l i rect ion i t  beearne stat ist ical  de-
cis ion theory f ron Wald ( I939),  and in the other direct ion,  i t
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eulninated iust  at  the end of  the second world l rdr  r  in the ' ,vork
of Von Neumann and Morganstern (1944 |  19471 on the theory of
qames.

The phi losophy unr ler ly ing the relat ionship of  these two
qreat metaphors is as fo l lows: At the level  of  the indiv idual  and
of the populat ion the dominant inf luences on qenotype and pheno-
type are stochast ic var iables 

'  
that  i  s  random sequences of  rnat-

inq,  sectrecat ion,  erossinq over,  and qene f ixat ion under the in-
f luences of .  the environnent.  When this ent i re system includes
select ion i t  l ' recomes a learninq proeess in the broad sense. I 'he
successful  phenotypes are easi ly c lassi f ied into "evolut ionary
strateq ies" .  l^ lhen enouqh qenerat ions are considerer l  ,  these sto-
chast ic processes lead to resul ts which eonvercte towards 'opt imal
strateqies' ' .  The rnethods of  oane theory give a short  hanr l  forn
of arr iv inq at  these eoui l ibr ia.

In the 1950s, gdRe theor ists were searchinr;  for  ways of
f in, t inq the equi l ibr iurn points (Brown anrJ Van Nettmann 1950, Brown
1951, I tobinson 1q5I,  Bel lman 1.953).  ' lhey discovered that i f  for
instance a computer proqram reinvested i ts winninqs in those
stratecr ies wi th which i t  had won'  in proport ion to the amount of
their  winninrts,  then the proqram would i terate towards the
eoui l ibr iun point  over many sueeessive qarr les.  This is a , : l i rect
ana' l  oqy of  the i terat ive learninq process of  evolut ion,  Pdrt icu-
lar ly uncler K select ion eondi t ions.  A forrnal  proof of  th is is
qiven in Hansel l  and Marchi  ( f975).

Concent-ua11y each indiv idual  in a hiologieal  populat ion
wi l l  produee of fspr inq in accordance wit t r  the avai la lSi l i ty  of
food, i ts ef f ie ieney in rr t i l iz inq the food and i ts natural  fecun-
di ty.  I f  cornpet i t ion is f ree -  wi  th no spoi lage of  food or other
neqat ive interact ions,  the amount of  food qainecl  l^ry each indiv i -
dual  wi l l  be in proport ion to the ef for t  i t  exerts in ohtaininq
i t .  This ef for t  wi l l  in qeneral  l : le proport ional  to the arnount of
food i t  could ut i l ize under unl inni ted supply condi t ions.  So the
nunber in one qenerat ion for  ind iv iduals rv i  t -h a part icular pheno-
tyne wi l t  depen<l u.Don their  previor.rs numhrer and their  fecundi ty
as rno, i i f ied hy food avai lable.  Frorn any qiven start inq densi ty
the in, i iv iduals wi th phenotypes super ior  under compet i t ion condi-
t ions vr i l l  qrow in proport ion.  Thus in the case of  compet i t ion
hetween species each species rv i l l  exper ience a qrar lual  select ion
of i ts members towards a strateqy which naximizes the number of
indiv iduals hrear inq super ior  phenotypes. T 'h is occurs in the face
of the eornpet i t ion f rom other species expressinq a qradual  selec-
t ion for  those phenotypes which ef feet ively rninimize the avai l -
able resource to the former species.  I t  has heen dernonstrated
(Flansel l "  and Marchi  1974) that  the outcome of th is select ion is
ef feet ively predicted hy takinq the rnaximin solut ion of  a payoff
r ,natr ix r . r ! r ich ineorporates the concept of  re lat ive value of  the
var ious bioloqieal  parameters of  the phenotype of  each species
cornparerJ to al l  other cornpet i t ive combinat ions,
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A new anr l  creat ive concept of  the solut ion of  an evolu-
t ionary qame played within a bioloqical  populat ion was r . leveloped
by John Maynard Smith ( I972) and by Smith and Pr ice ( I973).
Solut ions hased on Minir . rax strateq ies in evolut ionary qarnes are
r lependent upon the 'constant sum I  assumption that rvhat one player
loses another wins,  anr l  indeed this nay l>e the case at  the level
of  ent i re eeosystems (Van Valen 1973) and of  loeal  K select ive
compet i t ion,  i t  is  patent ly not the ease for interferenee com-
pet i t ion and in nany eonf l ic t  s i tuat ions in aninal  behaviour.
/vtaynard Smith pointed out that  in evolrr t ionary terrns,  stabi l i ty
of  a strateqy has to do with i ts stahi l i ty  under introclression hy
rrutant strateqies.  ' l 'he evolut ionarv stahle strateqy (Fl .S.S.)
does .r t .  leasl-  . rs wel l  as an invar l inq stratectv in terr . ls  of  corn-
pet i t - ive oLrteone, anr l  when i t  in turn is t l re inva. ler ,  i t  r : rust
out-nerForn t l re nulrer ica, l  1y ( loninant strateqies.  Speci f  ical1v an
orcJanis 'n t rs inq the strateoy nust do as wel  l  or  bet ter acra inst  i  t -
sel  f  Lhan the invad inq strateqv does aqa inst  i  t  and i  t  rnust-  do
hetter aaa inst  the invad inq strateqy than that strate, ly c loes
aqainst  i tsel  f .

l 'he evolut ionary statr le strateqy l ras heen eomparet i  to the
Hqui l ibr iurn point  for  n-person qames. Nash (1951a) general  izer l
the eoneept of  the maxirr in or saddle point  equi l ibr iurn of  2 per-
son qarnes ho an n-tuple of  strateqies hy wlr ich one player cannot
increase his payoff  by ehanqinq his strateqy choice i f  other
players r lo not chanqe theirs.  I f  the players are restr icted to
prrre strateqies,  then such an eclui l i t t r iur l  point  neer l  not  exist ,
however,  i t  r ras s l rown by Nash that i f  mixed strateqies ( that  is
randomizinq the l f requency lv i th which di f ferent strater l ies are
player i )  are permit tea,  then every f in i te qame has at  least  one
equiLihrr iurn point  (Luce an' : l  Rai f  fa f957).  This eoneept has been
used (Lewont in 1961) and extended in bioloqical  qanes ( l ' tarehi  and
l ' lanseI l  1973a, 1973h, 1975) ,  but  i t  is  c lear ly not the sAme as
the R. S. !1.  Maynard Smith ( I976 )  points out that  h is def in i t ion
appl ies only to two person eneounters but the payoff  to the incl i -
v idual  r lepends upon the frequency wi th which the strateny i  s
playecl  in the ent i re populat ion.  Two points are of  intere.st
here,  f  i rst ,  the Fl .S.S. eondi t ions can certainly be reformulated
t-o apply to an n-person non eonstant sum qame which is equivalent
t-o the l t raynard Sni th qame, and secondly,  i f  the indiv ic lual  can
play a mixecl  strateqy, then a Nash equi l ibr iurn point  exists.  I f
the inr j iv idtrals are restr icted qenet ical ly to playinq only a plrre
strateqy, then the Nash equi l . ihr ium may not exist ,  ancl  a direct
equivalenee with the F.S.S. is not possihle.

An extension of  t -he coneent-  of the eoui l ibr ium point  is
founcl  in fvrarchi  and I{anse11 1973a. Consider inq the evol .ut ionary
qane in wlr ich speciat ion oeeurs,  eaeh new species is under con-
pet i t ion f ro in the or iq inal  species in the eommunitv,  other popu-
lcr t ions speceat- inq f rom the sane parental  species,  and other ner.r
species.  I t  is  c lear that  the phenotype simi lar i t ies betrueen the
sister populat ions havino the same parentar populat ion are eon-
si t ra ined by gene f  lorv but subject  to the '1aw' of  l i rn i t inq s in i -
I  ar i ty.  In ot-her rvords there is a permissihle suhranqe of  stra-
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teg ies open to each nopulat ion wh ich i  s determ ined l^ry the con-
poser i  act ions of  the ot-her players.  In the case of  unrelated po-
pulat ions,  the infornat ion t ransferred between populat ions is
throuqh the environment (e.q.  by food shortaqe etc.) ,  rather than
by r i i reet  qene f low, and the act ion of  any one populat ion is not
direct ly determined by the others,  but  is I  imi ted, so that aqain
there is a pernissihle subset of  strateqies avai lat ' r Ie to eaeh po-
pulat ion.  This qives r ise to a qeneral ized qane whieh has a pi-
equi l ibr iurn Point .

In eonsi6er inq t [e 'parsimony'  nodels of  evolut ion another
eoncept of .  solut ion to a qame is appl ied (Marchi  and t lansel l
19731-,)  .  I f  the conpet i  t ion i  s between popul  at ions in a eommun i -
ty,  then some species wi l l  be indi f ferent to the outcome of loca1
.b^pet i t ion between ot-hers.  These neutral  s1>ec ies can be viewed
as in ' , in. l i f ference coal i t ion" of  p layers,  and the reSult ing game

rno4el  can be solvecl  for  's table points '  of .  undoninate, i  strateoy
sets (see Luce and Raif fa 1957) anr l  for  ' 'qt tasi  stat ic s imple"
stal ' r le points (Marchi  an, : l  Hansel l  f973b).  The idea of  a coal i -
t ion of  sfrecies is also central  to Van Valens (1973) eoncept of .
the special  turo person constant sum qane. In the Red Queens hy-
pothesis,  Van r . /a1en postulates that  each species nust evolve ra-
pi61y to rnaintain i t -s relat ive cornpet i t ive advanta'1e. Co'npet i -
t ion- is for  resjources r+hieh are in short  supply and hetween each
sglecies anrJ what may he cal led i ts 'antaqonist  e6al i t ion' .
q"""  may also possess 'stable point '  solut ions.

This

I larqaininq qarnes have not heen appl  ied in biololY, however
in eornmensal isrn anr l  other rnutual ist ic evolut ionary s i tuat ions,
they may he appropr iate.  I t -  is  worthu' ' ' i1e to exar l ine Nashrs
( lgbIh) assunpt ions for his sol  r r t ion to the barqaininq problem in
or4er to ; ro int  out  the di f ferenees in the evolut ionary s i tuat ion.
The \rash axioms are (Otven 1968):

1.  Indiv ic- luaI  rat ional i ty:  eaeh player t r ies
to maximize i ts ut i l i ty  suh' iect  to the
act ions of  the other Players.

2.  [ 'easihi l i ty :  the opt imal payoffs wi th their  associat-eC
st-rateqies rnust he in the set of  avai lable payoffs and
strateq ies.

3.  Paret-o opt imal i ty:  a l l  p layers eannot do
ioint ly better by usinq other strateqies.

4.  Jn, ie i :endence of  i r re levant al ternat ives:
i f  the feasible set  of  payoffs is enlarqed
the solut ion wi l l  be ei ther t -he same as the
olc l  solut ion or else one of  the new payoffs-

5.  Jnr lepenr lence of  l  inear t ransformat ion of  the
ut i l i t ies:  essent ia l ly  any neasure of  the
r:avof f  is  as qoor l  as any other.
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6. Synmetry of  payoffs:  i  f  the players reverse
strateqies they vr i11 qet the opposi te payoffs.

At  least  three of  these assumpt ions are ser iously noc! i  f  iecl
in the evolut ionary case: Ind iv idual  Rat ional  i ty  heeornes
eqtr ivalent to the resuirernent that  the strateqy "chosen" for  p lay
wi l l  be ei ther a previously successful  strateoy or a standard
ctenet ic nodi f icat ion of  such strateqies (such as a heterozyqote)
or rarely a mutant strateqy. l r lhen the olayer is a biol  oq ical  po-
pulat ion ' rat ional i ty '  becomes the somervhat stronqer condi t ion
that strateqies wi l l  be played in proport ion to their  previous
suceesses.

Pareto opt imal i ty is l i rn i ted in a local  sense to a zone of
perturbat ion of  rnoves. The pl  ayers cannot ' jo int ly Co better
within the l imi ts of  eseape frorn local  naxina. These I imits wi l l
t^re r ieterrnined bv chanee var iat ions in environnent or by tnutat- ion
of strateqy. This phenornenon is typical  of  many hi l l  c l i rn l - r inq
opt in izat ion problems in which there may l - :e rnany local  'h i  I1s '  or
'adapt ive peaks'  rvhich prevent a.rnove to a 'g lobal  opt i rnuln ' .

Syrnrnetry of  payof f  is  not  qeneral ly appl  icable to qarnes in
whieh the indiv idual  p lays aqainst  the remainder of  the popula-
t ion (Owen 1968),  indeee- l  rnany qames in biololy are asyrnmetr ic in
stratec1y sets,  and hence the axiom does not apply (see for exarn-
p1e, Mavnard Smith and G. A. Parker 1976).

Slot : rodkin (19,54 ,  IC)68) ,  has pointed out that  r ldrTl€.s are a ' l -
ways played on boards or the equivalent space, rvhi le the payoffs
represent winnings in an external  value system. FIe points out
that there is no such external  value in hioloqical  systens, ot l rer
than the abi l i ty  to cont inue the qarne. I lowever,  qames sueh as
poker in whieh the chips have a value within the. ,ame qive a qood
aJ)proxinat ion t r :  h io loqical  qames. Technical ly the theory needs
an o! : r jeet ively r lescr ibed measure of  the current eondi t ion of  the
qane in order to decide on the opt imal strateqv of  p lay.  This
rernains a pr ine requirernent of  any part icular bioloqical  rnodel :
the r levelopnent of  a sound theory of  the ut i l i ty  or  value of  the
outcornes at  any stage of  the qarne. Takinf l  an analogy f  ron ehess
vi l r ich is a f in i te two person zero sum qame: asic le f rom the ex-
pensive task of  lvorkinq out every possibr le cornhinat ion of  noves
tf ' rouqhout every game, there is no qeneral  theory of  how to play
the next fer , r  'noves. Clear ly the need for a neasure of  val  ue of
lhe posi  t ion to eaeh player at  any rnornent in the qame represents
a el  ose analoqv to r-he l^r  io l  oq ical  qarne.

1'he nrohlem of assioninq value to outcones is a r"najor prob-
l  e 'n in econornies crhd psycholoqy, and in th i  s sense the evolut ion-
ist  has an advantaqe: the prol ' r lerns of  h io loqy are relat ively ob-
tect ive,  survival  and probahi l i ty  of  survival  are relat ively tan-
oi l - r Ie eondi t ions.  I t  is  only in behavioural  qarnes, and part icu-
lar ly in hunan socio-pol i t ical  behaviour,  that  ut i l i ty  theory is
in real  d i f f ieul ty due to an innate instabi l . i ty .  The problem has
been r ie l l  exnressel : l  in Pef-er l ' teNlauqhton-Sni th 's unpul ' r1 is l red ob-
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servat ion that behavioural  qalnes reseml^r1e theatr ical  performanees
more than par lour qanes. There is a dichotomy between the
players as peformers anr l  the players as audience. The audience
enters wi  t -h a set  o f  values l ior  neasur ing the perfornance, but
the actor is at  l ibrerty to induce the audience to ehanqe i ts
valueS, to appreciat-e a nev/ sty le,  to Set new standards.  This
insta} i l i tV of  r , r t i l i ty  theory is missinq frorn evolut ionary
nodel  s,  in r ' rh ich t -he eeonomics of  survival  set  the ul t i r , rate
values. Bioloqical  ut i l i t ies involve indiv idual  genet ic f i tness,
in the t raynard Smith qames ( I972, l9 ' l6 l  

'  
and the sex rat io qames

of Fisher (1930),  Flarni l ton (L9F,7,  I971) and resource al locat ion
.ranes Oster (197 ) .  In the Slolrodkin-Rapoport  qames (1974),  the
payoff  eonsists in survival  i tsel f .  In other nodels (Rapoport
t956, Vhn Valen 1973, N' larchi  and Hansel l  1973a, h,  1975) the
payoff  is  in terms of  the nore di f f icul t  coneept of  poptt lat ion
f  i  tness.

As hehavigural  r rames are rnore di f f icrr l t  than qenet ie games,
so evolut ionary rnodel  s of  hunan ct t l tural  devel  oprqent are more
di f" f icul t  than rr io loq ical  evolut ionary rnor le ls.  Indeed even the
uni t  of  infornat ion t ransferal  in cul tural  development is in
r louht.  A f i rst  approach to th is problen is qiven in Datvkins
(L97f.)  wi th the concept of  the "mer ' le" .  Actual  qame models of
th is proeess of  cul tural  evol t - t t ion rernain to be r leveloped.
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