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I - )e .s ;  c t i t  t t f  I , i t1 r .  t Iu t  ' t ] i c  sna l l  s l ren ! i1h  and spc l ( 'd  o l ' t t ' r : t i i .  l i i  i ' , ' l : ; . ,1  t t f ' 11 ; . t f  t i l ' i i i  r t t ,a l ) i i ' r ' , ,

e i c  i i l r .  1 1 r o r " r :  t 5 ; i ; r  c t i r r n t e i . b a l a ; t c e t l  b i ' i i i - i . . .  s t i c i i l  I  q t r a l t t i e s .  i " ' h i ' . ' l ;  l e a d  l i r l l i  t i ;  l i r ' (  l t i t i l

receive aicl  i i "urt t  i r i : ;  fc l lor" ' - lnei l . '

h4r r t r rä l  a r t i .  o1 ' ( 'og i ' sc .  i s  no i  t 'es t r i c ted  to  f ru t t ta t ts .  i r t l to ic i i l l s l r  i t s ' r  s : l i t l t t t r ! t  u \ [ !  ] l lF i t ' r

c , r l  t lu l r , t i r l  ; i i d  in  l l ta l t \ r  spec ies .  u l tder  t f re '  heac i in ; :s  o1 ' . jo in l  l r r l r r l i t r : : .  l i c l i r i t tS  i r i  f i r : l i i . '

p re rJa t r r r . i r rspec '1 i r , r r .  \ i ,a t ' l t i n ! .  t i r r  f l i t t : i , .  leac l t i t r t ' t l t c  lour ig .  fe . :d i l ,g  l i i i c i  g t ' t ' o t r r  i ' 11 , '  ! ,1 r t ]  r ' :

s o c i a l  i r r s c . c l s  c l i s p l s l '  e v e n  l r i l l r e r  ( l e g t ' e e s  o 1 -  r ' o l r t r r e r a t i o r t  t l r a : t  i i t t t t r l l t t s  i i u .  \ i l : t t r  i l t . i r t l r , - . ' '

o f  r r iu tg r l  a rc l  car r  be  eas ; i l ' ;  ex i r la i r rec l  I r ,  l ; i i i  se l t ' c l io t i - -  l re l1 , i t r i :  i i  t ' c l l t i v r  i : ;  l re l f t i t i ' : '  i i  r r  i r

,ar. . ;1 iJ lr^" ' t r  cr( 'p) of  opesel l ' .  Sinc'e i rLtrnau horrsel tc ' lc i : ;  at 'e oftctr  r . r t" t latr iset i  l - t lo l tg 1' l r t r t i l l

l i r tcs.  t i r jS nt l ty r t 'et l l  i lCCtrr l l l t  f t . , r  Sgl l le inst l : lnCeS Of hrt l t lat t  cptrpel 'Lt1i t . ' r ;  Lj t r i  1|1s1'1 ' r '6 ;r  l i : i r

househo l r l s  u , i r i c i r  se i ' t . i r  l r r  u ' i , r l  - j  r rs t  as  n 'e l l  u ' i t i rou t  a l t ' , ,  fh tu i iY  t i t rs  - -s l l i i t i l ' "  t ' l t  l i  1 i : i t t i r s

'esse j .  hu l te rs  o l i  1 l t  exped i l igp ,  rob i re ls  c r r r  th r . :  run . ' l - l i i s  l l i nd  o1- l t ) t - t i i t z t  i  a id  l r i r s  to  l r r .  e r l  -

p le i inec i  u ' i th r - iu t  ge l te t i cs .  I t  obv ious iv  i s  based o l )  an  econon- r ic  e t r r i t l ] l t !e , .  Bu t  suc l i  a  t la ( i -

ing  o l "ass is lance is  t t t t t ch  t l lo re  t 'u l t le ra t r le  to  aL- ruse '

l ' he  f i rs t  iL )  pc l i l t l  th is  o r r t  6 r i , i  q 'e l l  har , 'e  been Dav id  Hut r te ' .  u ' l rose  T- t ' t : r i r i ' s t - ' t l ' t l t i

ntctrr  l \ iut trr .s ought to ranl ' :  as ol te of the great bttoks of ht tnutr  ethologt.  Scttr le tel l  Yeit l r , :

ago, Robert  Sr-rgcierr ( lq8( i)  \ \ ' rote a most renrarkable secluel.  
' l - l te 

acrt t tot l l i ; 's r t /  t ' i : ' , l t t , '  t ' " -

o7:cral i rut  at tc i  t t ,el . / i t t 'c, .  u, i rere l re cciuched utanl 'of  Htt t l tc 's i - i l .QUll l€ lr t : '  i t i  s i t t rplc glr l tc

theore t ica l  1e l ' l l s  a r ic l  s l iou 'ec l  hou ' re levant  the l ' s t i l l  a re  fb r  the  s tL rdv  t f  h i t t t rn l t  s t rc ic t ie  s

Take the  fo l lou  ing  passage,  fo r  ins ta t rce :
'Y6nr  corn  is  r ipe  to -c la l ' .  m ine  u ' r l l  be  so  tomor rou ' . ' l ' i s  p ro f i t l rb le  f t - r r  l t s '  bo th"  l l ' ra i

I  s l roLr 'd  labor . r r  $ , i th  1 ,s l t  t6 -da1, ' .  a t i c l  tha l  vo t t  shg i i ' d  a id  t t le :  to l lO l l t r r t ' .  I  ha l 'e  t l6  k i t rd l less

fbr  -v -gu"  and knou '1 'ou  [aye  as  l i t t le  fb r  n re .  Iu ' i l l  t to t .  there f - t r re .  ta l :e  a r t l ' p i ] l l . ] s  t rpo l l  - \ ' o l l i .

accol l l t :  ancJ sl iou'cl  I  laLroul u ' i t f i  r 'gtr  Llpc)u 11\ '  o\ \ 'n accoL.t t t t .  i t r  erpectaf icrt t  of 'a rett t t ' t i -  I

knou, i  shou 'd  be  d isap l ro in ted .  a r id  t l ra t  I  shou 'd  in  va in  depenc i  L l i lo l l  Yo t l r  g ra l r f t rde .  [ - le l ( '

ther r  ]  leave y ,ou  lo  labour  a lonc : :  \ ' ou  t rea t  n re  in  the  sante  l ] tan l te i ' . ' J - i le  seas t ' t l s  ch i l l l r ( "

and bo t i i  o f 'us  lose  our  harves t  fb r  rvan t  o f  n ru tua l  con f ic le t tce  a t rd  secut ' i t ' r ' . '

Le t  us  t laps la te  t l r i s  thoLrgh l  expe l i r r ie r t l  i t r to  the  la r tg r rage o i  ga t r tc  t l teor l ' .  T ' l re  tn t ;

farnrers, l to\ \ , .  are t i ie pla,vers ol 'a grante .  l 'hef,  bcl th have t to op1i1'1111'^ tr t  st t 'atc! : iEs: l t t  cLr

opera le  ( l i l av  C lor  t . lo t  to  coopef i t fe .  l .e .  to  de1 'ec t  (p ia i ' I ) ) .  Depenc l i r rg  c ' t r  t i l e i t ' dcc is i0n : .

are their  rr .spect i le paygf{ 's.  I i 'bcl t l r  crool ierate. l l tev each oblai tr  i t  reu'ard / t '  r t ' i r rc l i  is bettet

than the  pena l ty  P  o I ta i r rec i  i1 'bo t ] r  c ie t 'ec t  nnc l  lose  lhe i r  h r rves l .  l Ju t  i1 '0 t te ' l r i r lps  thc  o thc i .

but receir ,es nr l  l 'etLlru.  lLe oir taius thc sucker 's pavcrf l -  5 u'hich is r-r 'et '  lc ' t r , 'er thal t  f ' .

u ,hereas  the  6 t i re r  1 - r laver  rece i r ,es  the  h ighes t  pavLr f i  7 - .  the  te tnp ta l io t t  f t ' t ' i t t l i l a te t 'a l  c le fcc -

t i o n :  h i s  h a r v e s r  i s  s a f e .  a n d  h e  h a s  s p a r e d  h i n r s e l l t h e  i a b o i u ' o f  l r e l p i n g  l r i s  r l e i g h b o r t r .  l t i

adi l i r io l  to t6is rank orderiug of ' thr:  pavol1'r , 'a lues 7>/?>P>.S. tvc'  alst t  haVe lR>7r S'  
- l - l r i : r

last cotrdir ion r- I leaus that t l ie assistance i telds l t ro|e than i t  c<tsls ( i f  the 1\\ ' ( r  l -er l l le i 's \ \err

obl igect to shar.e their  i rarr ,esl .- io i l i t  coop'reral ion u'Oulcl  haYe been bettc ' r  t l tat i  urt i latet 'a l  er ' -

p lo i ta t ion  ) .
\ \ 'hener,er the l tayoft ' \ ,a lues sat isf . t ' these t l l 'o ineqt lal i t ies. r i 'e l i i ive r i ' l tet1 gattre therr-

r ists cal l  a Prisctnat 
' .g Di lut tr t tu g./ / i rc (see 

' f  
r i r  et ' : ; .  198-5 i .  I t  is et tcot l l l t t : l 'e( l  r  ei ' - r '  l l  e-

quen i l r , :  tndeed"  uhenet 'e r  sL l l lpor t  cos ts  1 r :ss  to  the  do t to l ' t l ra l r  i t  L re l le f i l : .  t l te  |ec rp ie t l t -

mulual cosperat ion is obl ior,rs ly adr,antageous fcrr  t l ie tu ' t ' r  plavers. I l t ' rur"ret .  eercl t  1-r l l ic ' t

cor - r l c l  do  bc t te l  s t i l l  b t , r t r i t  re lunr ing  the  o lhe t ' ' s  he lp :  a r rd  i t l  case  t lo  suc l - t  he lp  i : '  f c ' r i i r -

cou-r ipg. tSerer is of  course al l  the lnol 'e reason to def 'ect.  l 'he ntessager.  as Llutr te shou'ed. is

c lear :  no  mutua l  a id .  The Pr isoner 's  D i le r ln ta  ga t le  ep i to t l i ses  t l ie  c las l r  be1\ \ 'ee l l  u 'ha t  rs

l l  r
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best  f rorn an ind iv idual 's  po int  o f  v iew and t iom thar  of  a  co l lect ive,  a  conf l ic t  that  threat-
ens corrnt less fbrms of  cooperat ion,  inc lu t l ing t rac le and nrutual  a id .

We can i l lustrate the trvo fbatures adcled by Nash and by N{aynard Srl i th irt  this
stage rr lready. First, the garne is not zero-sLun. aud not even constant surn: indeed, the surn
of the payofß tbr the t* 'o players is larger i f  both cool-rerate than if  both det-ect. N{ost par-
lour  games are zero-sum, s ince the gain to  one p laver  is  the krss to  the other .  John'u 'on
lJeurnann, who was a passionate i f  somewhat amateurish poker plaver, elaboratecl his no-
t ion of a minirnax solution as a central concept fbr zero-surn sarnes. but this concept is of
l i t t le interest for the vastly more lrequent real- l i t-e interactions',1'hich are not zero-surlr.
Seconclly, rve need not assume that our players are rational and can analyse the game in
advance. l ike Hume did, by ef-tbctivelv outguessing their irntagonist. In the f l 'arnervork of
er , 'o lu t ionary game theory,  one considers ( t ic t i t ious)  populat rons consis t ing of  pro-
grammed players-rnere robots. Each of these robots is t irmly wedded to one f lxed strat-
e-gy and wil l  either al '"vays cooperate or always det-ect. They engage in a round-robin
tournament of the Prisoner's Dilemrna garne. For c'ach contestant. the total payolTlvi l l  de-
pend on lvhich other players he encountered, and theretbre on the cornposit ion of the
population. A def-ector wil l ,  however, alrvays achieve rnore than a collaborator would earn
in i ts stead. We can assume that the r-nore successful players have rnore of ' fsprirrg, rvhich
inherit  t l-reir strategy (or alternatively that the Iess successtl l  players have the tendency to
s'uvitch their strategy and irnitate their more successful r ivals). The rnembers of the newly
composed population wil l  again engage in a round-robin tournament, etc. [n t lr is carica-
ture of an evolving population, where success means beconring rnore nurnerous. the out-
come is  c lear :  defectors wi l l  s teadi ly  increase,  and eventual ly  swarnp the populat ion.  This
ol l tcome is inevitable. and has nothins to do with rationali tv or fbresisht.

3. RECIPROCAL ALTRUISM AND THE REPEATED PRISONER'S
DILEIVIMA

The drab outlook of Hume's thought experiment is obviousiy contradicted by the
many instances of cooperation found in human and animal societies. In fact, r,ve stopped
too soon with our quote of Hume. [t  is not true, he argues, that ' l  shor-r 'd in vain depend
Llpon yollr grati tude'. In fact, I  can depend on it  because I can depend on your needing my
services for the next harvest, or, in Hume's words, 'because I fbresee that yor"r wil I  return
my service, in expectation of another of the sarne kind'. But fbresight is not actually
needed; and neither is the ' teaching of moralists or poli t icians' rvhich Hurne seems to be-
l ieve essential.  Al l  that is needed is the next harvest.

lvlore precisely, as soon as one assumes that the same two players are engaged in a
i 'epettted Prisoner's Dilenrma game. 'uvit l i  a large random number of rounds, t l ten the strat-
egy of  uncondi t ional  def 'ect ion is  no longer  the inev i tab le outcome (see Axel rod,  1984) .  I t
can easi ly  be seen that  there ex is ts  no s t rategv which is  best  against  a l l  comers.  I f  the op-
posite player, for instance, decides to always defect (or ir l l r , 'ays to cooperate), i t  

"vi l l  
be

best to always def'ect. But i f  your adversary decides to cooperate unti l  you clef 'ect and t iorn
then on never to cooperate again, you wil l  be careful r lot to spoil  the partnership: the
temptation to defect in one round is more than ofßet by the prospect of permanently los-
ing a cooperative partner. There is no best strategy in the repeated Prisoner's Dilerrrr ia
game (see Axelrod, 1984).

One can, of course, adopt the evolutionary vier.vpoint again. I t  reduces to t lron'nirtg hv
numbers: have lots of players play lots of Prisoner's Dilemma g.unes fbr lots and lots of ge-n-
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erat ions. l \4ore precisel \ , .  ot lc cal i  s iutulate ( in i r  con. lputel ' )  pol tulat iorts u' l iet 'e each i l rdiv ic lual

is niatched ag: i iust ral idol l l ) '  c l rosen opl)onents for a large randott t  nt t t r l [ rer of  t 'ot l l rds o1- t l ,c

ga l le ,  Assu lue  aga in  1 l ia1  each y r layer " fo l lou 's  cer ta in ' inbu i l t ' ru les .  a t ld  in  th is  \ \ ' a \ r  accu l l lL l -

lates benel l ls anc' l  cosls,  u 'hich i t re nreasured in reprodLtct i r  e success--t i te ol l lv val id ct tr t 'et lcv

in a Dalvi l ian * 'or ld.  At the end of each generat ion. the pla-vers produce off .spr ine i l l  proppl-

t iop to their  overal l  balance. The ofßpring inheri t  their  parents belraviour.  except fbl  a l -eu'

lnutal t ts test ing out ne\\ ' rules. And so on throu-eh the next gel lerat iot t  at id the next al id Lre-

yond. \ \ 'e may u'atcl t  the populat iot t  evolve 1br as long as \ \ 'e cal 'e.

The n- ra in  snag here  is  tha t  there  ex is t  so  nrar l ) ,conce ivab le  s t t 'a teg ies  t t i  1 t la1 ' the  rc ' -

peated  ga l " r le .  Evo lu t io r ran , t r ia l  and er ro r  can  never  exp lo re  a l l  t l i eo le t i ca l  poss ib i l i t i es .

But  b io logrca l  co t rs t ra in ts  he lp  to  reduce the  ru le -space to  a  n ta l lageab le  s ize .  ü 'e  t lee i l

p robab l -v  on ly  cons ider  s t ra teg ies  (a )  cons is t ing  o f  a  l ln i te  nuntber  o f  s ta tes  (uh ic l r  t l ' e  i t t -

te rpre t  as  in te rna l  l lo t i va t iona l  i ' a r iab les) .  (b )  r lak ing  dec is ions  on  u ' l te ther  to  coope l ' i l te

or not in the next roul td^ and (c) har- ing a transi t ion rule rvhich leads. dependir lg ot- t  the

outcone o f  the  cur ren t  round,  to  the  nex t  in te rna l  s ta te  (see Nou 'ak  and S igr l lund ,  1995)

The fa r t rous  T i t  For  Ta t  ru le  i s  an  exarnp le :  i t  s ta r ts  coopera t ive l l ' a t rd  t l te t l  s i r l lp l l

imitates the other player 's prer, ious l i love. This retalratory rule u' i l l  invade a pol lulat ion of '

defectors, as soon as i ts frequency has overcoure some ver) 'smal l  threshold: cootrrerattot l .

then, spreads u, i th increasing ntolrentur lr  through the populat iort .  A populat ion of stertr  re-

tal iators. on the other hand. cal l lot  be invaded by defectol 's.  But i t  is v ict imised bf i ts ow't l

str ictness: any unintent ional defect ion (due. for exatnple, to a mistake ir t  inrplenlet l t ing a

move, or an erroneous percept ion of the other 's move) entai ls a cost ly ser ies of repr isüls.

Stern retal iators t l rerefore give way to ntore tolerant strategies, prepared occasional ly ' to

forget or to extend atr  ol ive branch. Such generous behaviour.  however.  can ott l r -  thr ive crrr

a  back-c lo t l - r  o f  coopera l ion .  S ince  i t  cou ld  never  spread in  a  de fec tor ' s 'uvor ld .  i t  needs  T ' i t

For Tat to pa\,e the rvay. The si tuat ion is,  in fact.  sorneu'hat s inl i lar to ecological  succes-

sion. l t  leads to a coopel 'at ive col l l luui ty u, l rose members are able to retal iate iucl ic i t tu 's l- t ' .
not too rnuch and not too l i t t le.  However.  such an equi l ibr iutn is nol  necessari l l '  prool '

against an eventual increase, through random dri f l .  of  over-gent le strains of players. Once

the contrnunity is suff ic ient ly softened up. defectors can cash in artd ul l imately take orer.

No trvo evolut ionary chronicles played out on a cotnputer are al ike: cot l t i t rget lcY

rules. But behind the vagaries of histor ical  accident.  some col l - ] l - l1ol l  t rai ts shou' up (see,

e .g .  L indgren.  1991.  Nor . r 'ak  and S ignrund.  1992,  199J ,  1994.  L indgren 1996.  Boer l i i s t  e t

a l ,  199( r ) .  Most  consp icuous  is  the  bang-bong-pr inc ip le :  E i ther  a l t r tos t  a l l  u le t l rbers  coop-

erate al t lost al l  the t ime, or they'alrnost alu 'ays defect.  The cl-range f i 'onr one regitre to t l te

other takes usual ly not more thar i  a few hundred generat ions and occurs onl l '  rarel l ' ' :  i t  cat l

be tr iggered bl ,complex events- in ntost cases, polymorphisnl  in the popr-r lat ion bui lds u1r

before a shi f i  occurs-and occasional ly.  i t  can even cl tange direct ion-a sharp plunge ir l

cooperat ion can be reversed in mid-fal l -but the popr"r lat ion almost l lever sett les dowtr to a

medium leve l  o f  co l labora t ion :  i t  i s  a l l  o r  no th ing .  Th is  i s  a  game- theore t ica l  vers io t r  o f

pttnctuatecl  eqtdl i l t r iunl :  abrupt transi t ions between extettded periods of stasis.  As tr lore

and more mutant strategies are tested. the probabi l i ty of  being i t t  a cooperat ive regi l l re i t t -

creases: the episodes of cooperat ion beconle r l lore f i 'equent and tend to last longer.

4. STABLE STRATEGIES FOR COOPERATIOI{

There are many behavioura l  ru les w'h ich can susta in a c t )operat i re  soc iety .  Generous

Tit For Tat-always repay cooperation in kind, but tolerate defection rvith a cet ' tait t  pl 'ob-
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abi l i ty-  is but one e.\alnple (see Norvak and Sigr lurrd, 1992).  r \n el ,en uiore trecl t tetr t  t i r t t -

coute of the evolut i t tn towirrcls cooprerat ion is the strategy rvhich has beet l  chr istened,

st-n-nelvhat unfcrr tunately.  Pavlor ' (see Nou'ak and Sigrnuncl,  l -q93).  A Prvlor ' '  p lr lyer stat ' ts

rv i th  a  coopera t ive  n tove  lnd  hencef t r r th  coopera tes  i f  and on ly  i f ' .  in  the  prev io t ts  round.

the  o ther  p layer  usec l  the  s iu r le  lnove than h i rnse l f .  Th is  see ins  a t  l l r s t  s igh t  a  s t range r t t le .

I t  i s  reasonab ie  u t t t  to  b reak  a  s t r ing  o f  inu tua i  coopere t io l l .  bL l t  whv  sh t tu ld  o l le  coope la te

rrf ter a rount l  l r 'here both plavers have det-ectecl '7 f i re rule becomes l t1o1'e tr i t l tsparent i l 'one

rea l i ses  tha t  i t  c r ) r l s is ts  in  repeat ing  a  n rove tha t  has  beet r  re rvarded.  and in  s rv i tch ing  i f  the

mo! 'e  has  been pun ished.  
- l ' h is  

n r le  knorvs  how to  le t  bygones Lre  by 'gones . , \  m is t i rken  de-

f -ec t ion  be tween tn 'o  Pav lov ians  leads  to  one rounc l  o f  mutua l  de f -ec t ion  (s ince  the  success-

ful  c let 'ector persists ant ' l  the sucker shi f ls) .  but in the next rouncl.  both plal 'ers n' i l l  tnrrke

terms and resume coopera t ion .  lnd  cor r t inue  happ i l l ' r ' u ' i th  i t .  In tu i t i re i l ' ,  a  de t -ec t ion  is  tb l -

lorvecl  by'a domest ic quarrel  and then ctrol lerat ion is t 'estutred. ' fhe Par. ' [ov strategv t ' l l l l rod-

ies  the  'w in -s tay ,  lose-sh i f l '  p r inc ip le  wh ich  ps . " -cho log is ts  r . ' i eu '  i r s  the '  r 'e rv  s i t lp les t

l c i i rn ing  l 'u ld ,  a l td  l th r l t l sophers  i i s  the  roo t  o f  l tedon is t i c  n to ra ls .  Nat t t ra l  se lec t ion  has

otteu br:en crornp;tred l r , ' i th lcarning bv tr ia[  i rnd error.  Fk're is r tn i t t : tat lcr ' \vhet 'e sl tch a

genera t ion- l l ' i se ' learn in r l  p rocess '  l c i rds  a  popr r la t ion  o f  p t ' i r l i t i ve  robots  to  the  n los t  bas ic

i tü  i v  i  d  u t r  I  learn ing  ru ie .
In  a  coopera t ive  u ,o r lc l ,  bo th  Pav lov ians  and Gene ' rous ' f i t  For  f i r t  p la le rs  do  be t te r

th r in  T i t  For ' fa t ,  l recause they  are  in r rnune to  e r ro rs .  Pav lov  has  an  ac ld i t iona l  i l c l v ln tage:  i t

ensl l res that the populat ion cannol be strbverted by rrncondit ional c i ' toperators. Inclee'd. af-

ter a nt istaken def 'ect ion, Pavlov r ,v i l I  r rot  resurne cooperat ion. but bl i thely cott t i r t t te to e\-

p lo i t  the  sucker .  T l r i s  i s  impor tan t .  s ince  o ther rv ise  neut ra l  d r i t t  l v i l l  ca t tsc -  t t r rco t td i t iona l

coL)pera tors  to  spreüd ar rc l  thus 'so t ten  up ' the  popu la t ion  to  such an  ex ten t  th i r t  i t  loses  i t s

power  to  re ta l ia te  aga ins t  exp lo i te rs .

In a rvgr lc i  9i 'defectors, both Pavlov and Generor,rs Ti t  For 
- fat  

cal lnot catalyse the

f i rst  step torvards a cooperat ive strcicty.  They are too sanguine, and try too trust ingly to

resutne cooperat ion. I t  needs stern retal iators to prepare the ground: the gr inr la iv of ' - l r r

E),e For An Ey,e rvas;rrobably at the or igin of every sel f ' -support ing contmult t ty.

Do there  ex is t  s t ra teg ies  wh ich  are  bo th  ab le  to  invade,  in  s rna l l  c lus te rs ,  soc ie t ies  o f

r let 'ectors and able to resist ,  once they have reached predorninance. e'verv invasion ir t tempt

o1'a mLrtant straregy? \ 'es. One such strategy has been proposed by Robert  Strgclen. 
- this 

is

{ ' r , t r t t r . i te Ti t  FtLr frr t  (see Sugden, 1986. Boyd, 1989. ancl  Wu and,A.xelrod. 1996).  I t r  cot l -

t ras t  to  rhe  s t ra teg ies  cons idered so  tä r ,  the ' in te rna l  s ta te 'o f  a  Cont r i te ' t i t  For  Ta t  p läyer

cioes not only t lepend on the l i lst  moves in the same, but also on the .s{t tnt l ing of each

plr1,er,  lvhich can be good or bad. A plaver is in good ständing i f  he has cot.rper ir tecl  in the

previor,rs round, or i f  he has det 'ected n'hi le provokerl  ( i .e.  r .vhi le he rvas in i loot l  star-rdir lg

anci t l ie other pl i ryer, , \ ' :1s not).  In everv other case defect ion leads t i ' r  a bad st i tncl ing. C'on-

t r i te  f i t  For  Ta t  beg ins  x ' i th  a  cooper i l t i ve  mo\ , 'e .  and r ro t tpera tes  exccpt  i f  p rovo l<cd. 'T 'he- re

i l le  th ree  poss ib le  in te rna l  s t i l tes  fb r  such a  p la ,ver .  r .vh ich  we can labe l .  i r r  a r l t r r - rpo t t lo rp l l i c

t e m r s .  i r s ' c o n t e t t t ' , ' g u i l t . / '  a r - r d ' p r o v o k e d ' .

l i -  t r . vo  Cont r i te  I i t  For ' fa t  p la .vers  engage in  a  lepcated  Pr isonc ' r ' s  D i lemtna.  an t l  i i

rhe t l rst  player det 'ects by rnistake. he loses his grtod starrding. In the ne.rt  r t l i t t ld.  he is
'gLr i l t r - ' '  r rncl  ' ,v i l l  cr-rr tperate, whereas the other playc-r is 'pror ' 'c lked'  l r r ld l i ' i l l  i1 i- : fect ' "v i tht l l t t

los rng  h is  g r ;od  s tand i r rg .  Then bo th  p la ,vers  u ' i l l  be  in  good s tand ing  i rsa in :  bo t l t  r re 'con-

tent '  ancl  resLlme their  tnutrral  cooperat ion in thc tbl lor,v ir tg roi , int l .

. , \  p r . ,pu la t ion  c_r f  c t rn t r i te ' f i t  For  I ' t t  p la -vers  cannot  be  in r , .aded - i t  i s  evo l l r t ioner i l y

stable. at  least i f  , ,ve assurne--- i ls we should certainly clo-- that there is r l rval ls a srnal l  pos-

s r b i i r t . v  t b r  r n a k i n g  r n i s t a k e s  b y  r n i s - i r n p l e m e n t i n g  a  r n o v e .  ( T h i s  i s  t h e ' t r e m b l i n g  l r a n c l '
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a p p l ' o i i r : 1 r  r , 1  u t : 1 1  i l r e  g a t l t *  t l t e r r t  i s t  R e i l ; h l r l d  S c i t c r r " : c e  S c l l r . ' t t .  1 q 7 i .  ' ' t ' t l  l ) r r i r l "  1 t ) l i ( )  t

Mo leo r  (1 .  ( ' ( ) l t t l  j t e  ' l  i t  f  t t r  
' l ' a t  

r s  as  g r l t i c l  as  
- l  

i t  i r o r  
' l  

a t  i t se r l l  ; i t  u t r  l i t l i t t g  l i  po1 i i i l 3 f  i 1 r l i  1 r l

d e f e c t t , t  s  i r r  r o ( ) r . r  i r : r  l . l  s r ) r a i l  c l L r s l c : ' t ' i ' : ; L r c l t  i r l l ; r r ' i ' >  c ' \ i s 1 : ; .  i t  t  i l l  ! f r r ' \  \ \ ' i i J i  i l , c r e i i : r i t , : '

l l l o l l l e l l l  t r l l l .
- l t i  

t ' ' l c l i i l i t r i l i i l e :  c \ c l i t t l i o t l l i t . - r ' s i t l l i r l a i i t l t l : '  t l j ' i l r i :  l ' c p c a t t ' r l  P i  i r r i l l t ' 1 . : '  l J i l e I l l t l r l r  : l t o r r

t l r a t  a  f r ) L ' L i s1  co r )p r l l ' r t l i r , e  r *g i r r re  i s  l r r gh l r '  1 l o l i a i t l e  \ \ ' f r a t  i :  l e  : : .  c i ea t  i s  r t  l t . - l l r c l  t l l t r t r '  r ' ' .

i s t  t heo re t i c i i  J  o r  e r i r i r t r i ca l  s1 r . r t t r nc l .  l i r r  l i i l oL i i ' i ng  r - . ne  s l t c t ' i f t i t  c t , c r i l e r ; i t i \  t l  s l l . l l t r l r  .  (  t i l . t -

t r i t e  i  i t  i : o r  l ' 1 1  i s  c e r t l r i r r l ' '  a  c l u l e t i ( 1 1 ' r ' ,  i i t i t  t h e t ' t '  e r i s f  c r t l t e r  c l t ' l t t t i t , l i l . l i i l r  s l l l l l c

S t ra teg ig :  q  l r i c I  l e i . t i  t 6  i . i  c ( i ( ) l ] ( ' t a t i , ,  c  l t p l t u l a t i t r t i -  "  1 , t t '  t t t s i l t t i c c .  Pa r  l t ' r  ( t 1 t  i l r i : r i t i  r ; - r l t i e i

o i t he  l t l yo l - l . s  Ä . , ( i "  f  a r r t l  P ) .  l i p t l  Ä l t , n r r i r ' ' r ,  ( l i r r  l l t c  co t r r l l e l t . ] e t t t a l . \ ' r ' a i t t e : - : i  ( s r c  B r t , ; ' r l i j : ' 1

e t  a l .  199 ( r ) .  i t e l l r , , , l ' . i t ' i s ,  t hc : l r a tegv  t l n l  c001 re ra1 f \  t l ' t e t  a  rou t t c i  r - r i ' t t t L t t t t . t l  ( l ( r , r l ' r c l  i l l i t , l )  , ' t

u ' hen  i n  a  hu t l  s l and i r rg .  S ta t i s t i ca l  c r I l o ra t i c ' ns  sL lg ! res1  1 l ' r r t t  ( ' r ' t t t r i t e  l ' i t  l : t - r l  I  l t  i s  l l i r ; t t t

t u ' i ce  l i  s  l i k c l ' , ,  t o  ( ) ccu l '  i r s  z rn  evo l i i t r ona t i l i  s t , r h i e  oL l t c ( ) l . t t c  t ha t i  c i t l t t - t  P : t r  l t r i  t r t '  f i , ' : '

l l o r se .  
' l  

l r i s  r s  e : ; sen t i a l l r  due  i ( - r  t l r e -  l ac ' t  i l i i i t  Cc r r t t t ' i  l e  I  i t  I r i l t  T l t .  r r  h i c ' h  l l cdds  i l ( )  ca i t l -

l _vse r  t o  i nvac ie  a  s t ) c i c f v  o1 '  c l e l ec lo l s .  has  a  i r ead -s ta l i .  ( l r  s l t o tL ld  [ r e  t r o te t l  t l l l t l

p a r a d o \ i c t i l l r .  1 b r  , . s 1 - 1  / r , r r l  r . a l r L c s  i ' l ' t h e  t e t n p t i r t i o n  p a \ ( ) f } ' / ' t o  d e l e c t  L t n i l a t e f a l l r .  t h e

S t fa tesy  I l ' e t t l r l i n l l  h lS  a  c i r ance  r - r t  a l t t i r r t  t r l t f  i r t  tC6  t , r  qe t  es tah l iShed  i 1  t he  1 . . t r p l t l a l i o t t .  l t r

t h i s  case "  t he  ave rage  pa t ' o11 'ne r  ro r r r r c l  r s  r ro t  t he  f e \ \ ' a1 ' r l  R  f t i t '  t t t r - t t ue i  I  c t t ope t ' a t i t l t l .  b t t t  t l t e

average t ' '1 ' /?  arr t l  P.  t l ie  l l l ln ishnrent  tbr  nrr r tu; r l  defcct ion.  l ' l 'eu i ' l r t r iq  is  the s l rategv th l t t  co-

ope ra tes  o t r l y  a f i e r  be ing  i n  b rac l  s t rnc i i ug . )  Un lb r t r i na te l r ' .  s i t ch  s f i t t i s t i ca l  t ' : l p l o ra l i o t t s

seen t  t o  de i rend  se l t s i t i ve l1 ' on  t he  techn i ca l  de ta i l s  r . r 1 - t he  n l t t t t e t i ca l  e r l ' r l c ' r a t i t r t l .  l t t t c i  c l t t t -

r-rot of ' fer robust plecl ict ions. so thr.

To  g i r c  a  sau tp ie  o1 - t l r e  k ind  o f  t echn ica l  de t : i r l s .  t ake  f i i t ' i ns tance  l i t a t  l l r r , ) s t  l ) t l r r l t - l ' l -

ca l  ex l tc l in t t - l l tS  11s : iL l lne  t I ia t  the  nus takes  i r r  the  in te l 'ac1 l r ] l t s  t l ' e  t t t i s - i t t lp le - ' t l )e . l r ta l io t l s  c ' f

an  in tc r rder l  r l t r rc "  A  b i t  o f  i r r t ros l tec i i r in  u r igh l  sL lgqes t  tha t  l i i s - l r r  t ' i cp t i ( ) t t \  o f  t l i e  o f  l i c t '

P laver 's  ac t i r l l t s  a le  a l  leas t  as  l i kc l r ,  to  c i ruse  t t 'ou [ r le .  As  s t ro l t  as  \ \  ( -  i t t t t " r ' i c iuce  t l t t s  t ' ,  pe  c r l

m is takes .  ( 'on l r i l c  l ' i t  For "Tat  loscs  nr r .Lch  o i ' i t s  lus t le .  l1 ' .  in  a  t t ta tc t t  L rchree t l  tu ' t i  ( 'o t t i t ' i t c

T i t  For " l ' : r t  p l l r ,e t ' s .  one 1 ' r la1 ,c . r  n r is laken lv  be l ie rer  tha t  thc  o t l ie r  i s  in  [ ra t l  s tan t l i r rg^  th is

leads  to  a  iequc l rce  t - r l  n r r r tua l  backb i t ing . . lus l  as  r r  i rh  I  i l  l :o r  l ' a t .  I t ' t  co t t t r r l s l .  I ) ; . i t  i r - r i  t i r t l

eas i l r  i t s : i t ( ) \ \ l t  t c r  bc  in l ln l te  to  c r ro rs  in  percept i t ' r r . i .  Retn i r t 'Se .  r tn  t i te  t , r t l i e t ' l t l t i r c l "  i s  t t r '1 .

FuLthe l i r ro re .  nc i t i re r  f ' c r r r t t i te  l ' i t  For  
- l - i i  

I  nor  Renr r . r rse  i l ' e  p : 'epa t 'e t i  i t '  e ' ;1 ,1o i t  t t t t co t tc i i -

t io t r l l  c ( ) ( ) [ )e i . t1 ( ]1 .c ,  t l i e  u i l . , , [ ' a r l i i r  c i r .e : .  \ \ ' e  hnr ,e  see l t  1 ] t i t t  t f  neL t l i "a l  t l r i f i  { r i l r i c i l  i l  t - t i t l -

a i i V  n 0 t  t i i c l u d t ' t l  i r l  t l r e  c o l l l p L i i c l  s i t i l u i a t i t r t t s "  t r t t l  c e l  i i i i t i i v  r  t ' l - "  l r i l t t : ' i t r l e  i t t  t l a t t t t ' : i i

p0 l lL t ia t i ( lns )  Ca l t  a l i0 i r  suckefs  l t -  s i ' , t carJ .  t i t c  i : t lo1 . r r1 ' ; l1 i \  C  l 'eg i t t l c  l ' r c ' - ' t ' t - r . lL 'S  i i r l ' c i l l r :  j i t - t i  i t ' .

a i l - o u 1  c r p l c ' i t c r s .

, , \ r ro i l r r r  as l l cc i  r i  i t i ch  l r i l s  ce  l ' t ; r in l r  to  be  c -on : i r . le t ' cc l  e  onccn is  l i r c  i t t i t c t ' c t t t  p l . r  r r : ; iL r t1 -

i t v  o t  t l t c  con lenr ' l i r ;g  s l ra teg ies  -  thc j f  sur tab i l i t r '  i t r t  h r t tn . r t t  p ia l ' t ' t ' : .  \ \ ' c  c l t t t .  to t  i t l s t i i t t ce .

e a s i l l , s t ' r n l t a t h r z e  r i ' i 1 h  s t a l e s  l i k c r ' g r r i l l t "  o r ' p f o \ ' ( t k r - t l  
' .  I ) o e s  t l t a t  t i l e l t t  l l l a t  t l t e  e i ' t l l t t -

t ion of sr- ich t 'eel ings has l ' reen arr c)utconte of selc 'ct ion ( i t  neecl t l t t l  L"re selei t i t r t l  f i ' t  the

Pr isoner 's  D i lenrn ta .  bu t  poss ib i l ' 1 i - r r  anothe f  l tL l rpose:  h t t t la t r  co( )pe t ' l l t i o l l .  o1 'c ( ) t l l sc "  l \  sL '

in tpor tan t  tha t  i t  ean  cc- r ' ta in l t  be  erpcc ted  to  s l rape oL t r ' i l t l e t ' t ta l  s ta les ' to  l t  la t "ge  t ieg lec . )

NIan t  o ther  f - in i t c  s t i i te  s t ra teg ies  l i r r  th r  lepeate t l  [ ' r i s t l re t ' s  D j l cn t r t ia  a t 'e  . t l s t , r  e \ ' ( . ) l t l t l ( r l1 -

a r i l y  s t l lo le ,  [ tu t  1 [e i r  t jesc l i l t t i11r r  o l i c l  sgunds ar id  and ar t i l l c i l l .  ] l r r r . , r . re r " .  r ) t t c  e r t l i l c l  a ls i r

descr ibe  C 'on f l i te  T i t  For ' - l ' a t  in :uc-h  a  \ \ay  th i ' r t  r t  uo t t ld  t to t  l re  recr tg t r i zaLr lq  as  a  l lä lL i ra l

s t ra tes \ , .  Sr rn i la r l r ' .  the  r t r le  fu r  Par '1or  can be  e i rhc- r  de f ined as  'u ' i t t -s t t r r  
"  lose-s l i i l l ' "  i r l

wh ich  case i t  seents  eur inent l r ,  sens ib lc .  L r r  as  ' co( ) l te ra le  a l ie l  a r t  I i  t r t  a  I ' ' .  i t l  u  l t i ch  case

i t  secr l rs  s i l l r  to  r l c rs1  peo l t le  ( i t  Ias .  g r ig i la l l r .  been te lu tec l  . \ i r r tp le to r r  fo r  t l r i s  reaso l t ) .  ,A t t

a fgL l l ] ' )en l  s t ronp l l ,  i r r  fa rour  o1-  Pav lo r .  t t f ' course .  i s  tha t  the  ' r i  i r t -s ta l ' .  l c i se-s l r i l l '  r r l l t '  c i l l l

b e  a p p l i e d  i n  l u a r t v  o t h e r  s i t u a t i o n s .  i n d c p e n d e n l  o f  t h e  P t i s o n e r ' s  f ) i l e t l n t i t  s A l t t e  .  i t  c o u l d

7 t
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have evolvecl in the context of fbraging strategies. for instance. On the other hand, internal
s ta tes  l i ke 'gu i l t y ' o r ' p rovoked 'do  a l so  p lay  a  ro le  i n  l i u r l an  i n te rac t i ons  h i r v ing  no th ing
to do rv i th  mutual  he lp.

5. :\LTE RNATING T\SS IST'\N C E

Another r letai l  concerns the t iming of interactions. So f-ar. rve have considered the
so-cal led 's i rnu l taneous Pr isoner 's  Di lemrna' .  r ' , 'here the two p lavers rnake the i r  choices in
the same t ime instant .  The reason for  th is  is  rnost ly  conlent ional .  I f  rve take a c loser  look
at Hurne's example, \\ 'e actually see that the t lvo f-armers cannot help each other at the
sante t i rne:  they [ rave to  take turns.  Thus we ought  to  have nrodel led th is  in teract ions by an
'a l ternat i r . rg  Pr isoner 's  Di lernma'(see Norvak and Sigrnund.  199-1.  and Frean,  1t )9- { ) .  In
fhct ,  the par tners a l ternate in  the i r  ro les of  donor  and rec ip ient  in  many i f  not  nrost  i t r -
s tances of  rec iprocal  he lp.  Rober t  Tr ivers summar izes that ' rc 'c iprocal  a l t ru t isnr  is  espectec- l
to evolve rvhen trvo ir-rdividuals associate Iorrg enough to art ' l tuttge role,t f i 'equenrl.t 'as po-
tent ia l  a l tnr is t  anc l  rec ip ient '  ( 'Tr ivers,  I985) .

Thus we ought also to stucly the iterated Prisoner's Dilernma r, l 'hen the pleiyers have
to take turns. The sl ight rnodif lcation in such an ulternuti lg Prisoner's Dilemnla garle can
af- tect  the in teract ion to  a considerable extent .  For  instance.  i f  twt - r - f i t  For  Tat  p layers en-
gage in a Prisoner's Dilemrna of the usual ,sirrr i l tuneous kind, and if  one of thern ciet-ects
by mistake, both players lvi l l  subseqlr3ntly cooperate and defect in turns. On the other
lrand. i f  trvo Tit For Tat players engage in an ulternLrt ing Prisoner's Dilentma. and a uni-
lateral def-ection occurs inadvertently, then the outcome r,vi l l  be an unbroken sequence of
mutual def 'ections.

In  the a l ternat ing Pr isoner 's  Di lernma,  the ro les of  the two p layers in  each rouncl  are
asyrnmetr ica l .  One of  the p la i rer  is  the ' leader '  ( to  use a game-theoret ic  express ion)  and
able to  dec ide what  the o l l tcome is  go ing to  be.  In  a s ing le round,  the leader  obta ins a
higher payoff i f  he defects than if  he cooperates. But i f  the leader cooperates, t lre otl-rer
p layer  receives a payofTr .vh ich is  h igher  than rvhat  he rvould receive i f  the leader  defects ;
irnd this incrernent of his payolT is hrgher than the loss to the leader. I f  we consicler one
'uni t 'o f  two consecut ive roLrnds.  and assulne that  each p layer  f inc ls  h i rnsel f  c lur ing one of
the two rounds in the role of leader, rve f ind that their payoff, i f  both help eacli  t-rther. is
l irrger than their pävoff i f  both defect, but that i f  one player helps (rvhen a leader) artd the
other cloes not (when it  is his turn). then (a) the helper gets the lor,vest payoff-he has been
hircl t irr a sucker-and (b) the defector obtains a payofT even higher than t lre ler,r ' tnzl for
rnLr tua l  cooperat ion.  rvhere i rs  (c)  the average payof f  tbr  both p layers is  lower  than th is  re-
warc l .  These are exact ly  the condi t ions def ln ing the Pr isoner 's  Di lernma.  Horvever ,  the in-
teractior-rs for the i terated game irre noiv quite cl i t terent.

In  the a l ternat ing galne.  Pavlov is  no longer  error-correct in-9.  A nr is take by r - r119 sf
the players results in a nrn rvhere each player def-ects e\/ery t l i i rd rouncl. Accordirt.ql ir" er, 'o-
Iu t ionary chronic les of  the a l ternat ing game c lo not  lead tc l  the establ ishnrent  o f  P i tv lov.
\ ' luch ntore sLlccessfir l  is a strategy r.vhich ahvays cooperates. except i f  i t  has been sucker-
prrrrched in the previous round. 

' fhis 
strategy, ivhich one may call  Fir i t t  Btrt l i tr ir ,  is ntore

tolerant thnn Tit For Tat, since it  cloes fbrgir, 'e a t let-ection by the opponent i f  this w'as in
answer to the ow'n clet-ection. It  is error-corrccting.

In an interesting series of experirnents, C' laus Wedekind and N{anfred I\{ i l inski hetve
testcc l  humans (nrore speci f ica l ly ,  f i rs t  ycar  s tudents)  in  both the s imul taneous and the a l -
ternat i r rg  Pr isoner 's  Di lernura (see Wedekinc l  and Nl i l insk i ,  1996) .  In  both cases the sL lb-
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j ec ts  t - rec 'an te  l t . lo l 'e  and l lo fe  coopcra t ive  and success f i t l  l s  thc  e rp t ' t ' i t l l e l l t  \ \ c l l t  t ' t l  .  I t

iu rne , l  ( )u t  tha t  the i r  s t la teg ies  eventua l l t , c lus te t 'ed  aro l t t ld  t \ \o  t \ ' l )es  u . ' l i i ch  coLt ld  bc  rc ' i l -

sonab ly  i r r tc rp re led  as  r ,e rs ions  o1 '  Par  l c ' r '  respec t i \  e lv  I r t t ' t t t  BLr t  I ra i r ' .  
' l l te  

p lave l ' s .  l to l i  ' '

ever .  \ vere  r l t l r c - r  rn f lex ih le :  the l '  c l id  no t  d is t ingu is l t  u ' i re the f  t l l ev  r i  e le  p la r  i r lg  a

s i l tu l taneoL ls  o r  a l t  a l te lna t i l tg  game. ' fh is  rn iss ing  l le r ib i l i t \ ' .  r t cco t 'd i l lg  to  \ \ 'edek ind  anc l

l \ 4 i l i n s k i . ' s u g g e s t s  e i t h e r  r l r a t  p e o p l e  r n i g h t  h a i e  p r e f ' e r r c d  r t i c h e s .  u ' h i c h  c o t t t a i l t  e i t h e r

the  s i lnu l taueogs or  the  a l te rna t ing  s i tua t i t -x r .  o r  tha t  th t - 'gau te  s i tua t io t - t  I i r l  t l t c  cxper l l l l e l l '

ta l  setr-rp] did not of f 'er the rratulal  c lues by u'hich hunrans uc'uld recogtt tse the r l lode at lc i

t r igger  ther r . resppnse coud i t iona l l y ' . , .  Pav lo r , , ian  1- r laye l  appe l red  t r )  ga i r t  l t to re  i t l  t l i . -  s i t t t i t l -

taneoL ls  gante  anc l  lF in t r  t su t  Fa i r ] -p lavers  in  the  a l te r t la t i t tg  ga l l l c . 'Apparent l \  o t - t r  P t ' t ' r -

pens i ty , fc r r  coopera t ton  has  no t  been f lne- tuned to  a  la t ' -ee  ex te l l t .  I t  shou ld  be  r lo ted  t l ta t

N4 i l insk i  and \ \ 'edek ind  concent fa tec j  on  f ind ing  s t ra te -u ies  $ l r rch  c lependet l  o r l l \  i l l l  \ \ ' h l r t

happened i1  the  las t  round,  an tJ  no t  on  thc  p lave ls 's tand i t rg .  Thev  d id  t to t  co t rs idc ' t .L ' t t t l -

t r i te  T i r  For  Ta t .  lb r . ins tance.  But  co l l l l l l r te f  s i rnu la t ions  shou ' t l ra1  c 'on t r i t c -  l ' i t  For 'Ta t

does  r ,e ry ,  l ,e l l  (and eye l  be t te r - than F in t r  t sLr t  Fa i r )  in  the  a l te t ' r ra t ing  Pr iso t tc ' r ' s  D i le r l r l t la .

I t  seerns rather di l f icul t  to test r i 'hether hunratt  sub. jects plal '  f ls11l1i te Ti t  For l 'at .  bv

t l te  u ,av .  The erper i luen ter  has  to  cause the  sub jec t  to  r t l i s - i t l tp le r l re t l t  a  coopt ' l ' a t l \e  l l l t r \e

in  such a  wav t6a t  6c  1 -ee ls  gLr i l t  ( ra ther  than aunovance a t  the  exper in te l l le rs ' in te r fe r ' -

ence ) .

6. THE SNO\\'DRIFT GA]\IE

Aporher  de ta i l  l i ke l l , to  p lagL l r -  e tho log is ts  on  t l te  look-o t r t  f i r t ' n lL t t t ta l  a ic l  i s  the  s i r l l i -

la r i t y  be t r , r ,een t l re  Pr isoner 's  D i lenr rna  sar r re  anc l  a  c lose  re la t i i ' e  $h ic l i  has  bL-c l ]  te l ' l l tec l

the  Sr r , r r . r / r . i f  ga l re  b -v  Rober t  Sugden:  'SLrppose,vou are  dr i r  ing  \ 'ou l ' c i l l  on  a  lOt le lY  l - t )ü r l

in  u . in te r .  Aud vou ge t  s tuck  in  a  snou 'd r i f t ,  a long n ' i th  o t te  o ther  car .  \ ' ou  a t ld  the  o t l te r

d r i1 .e r  5are  bo tS sens ib l l , ' b roLrght  shor ,e ls .  l t  i s  c lear .  then.  tha t  ) ,ou  s l t t lu l t l  bo th  s ta r t  d ig -

g ing .  OL is  i t ' l  The o t l re r  c i r i ver  ca l lno t  d ig  h is  own \ \ ra ) '  o l t t  o f  thc -  d r i f i  t t ' i tho t t t  t l i gg i r tg

) ,our  \ \ "ay  ou t  too .  I f  \ ,ou  th ink  he  is  capab le  o f  do ing  t l te  u t t t ' k  t - r t l  l i i s  o$ t l .  $ 'hV Lro thcr  10

he lp  l r in r? '  (Sr . rgden.  I98( r ) .

l1  u ,e  assu l te  t f ia t  r t  i s  be t te r  to  c lo  ha l f  the  d igg i r rg  a t ld  se t  o t t t  o f  the  s t loudt ' i f i  than

to  reura iu  s tyck .  bur  t l ra l  i t  i s  so  iu tpor lan t  1 r i  se t  o i t l  o f  l l t c  s t i r - rudr i f t  t l ra t  each l l la l 'e t
g ,ou l r l  ra ther .c lo  a l l  the  drgg ing  h i ruse l t ' t l i an  renur i r r  s tuck .  u 'e  o l r ta in  a  ra t tk  t ' r ' der i r lg  o f  t l l e

pav9f1 's . i r ,en  b1  I>R>,F I ; .  l ' h is  looks  l i ke  the  Pr isoner 's  D i le t r t r t la^  excent  tha t  the  paVofTs

p ancl ,S have beeu interchanget l :  t l re outcon-re fbr nrulual defect ion is less gooi l  that l  t i lat

lb r  r , r l i l a te la l  cp6prera t i< rn .  Bet le l  c lo  the  job  b t '  v r tu rse l f  than t to l  ge t  i t  t i ( ) l l c  a t  a l l '  Th is

lu ra) ,  seepr .  a t  f . i r s t  g lance.  a  r l inor  var ia t i rx r .  bu t  i t  i s  an  e t r t i re lv  d i l l ' e re r t t  [ ra l l -gante .  in

fact.

,As Slgden has pointed out.  the Snou'dr i f t  gante has the sat l te structt l l 'e as t l te t t luch

s tud iec l  C l t i ck t 'n  sanre .  r i , l r i ch  p laved an  essent ia l  rc ' le  in  p rov id ing  an  inc l i r idua l  ( ra rher '

than uroup)  se lec t ion  argLr lne l l t  f i r r  the  evo lL r t ion  o1 'co t rs t ra in ls  i t l  i t t t le rspec i l i c  1 ' tgh ts  (see

\ {a 'nar t l  Snr i th .  lg82) .  ln  t fue  Chtcken gau]e .  the  p lavers  [ rave  to  decrde  uhethcr  to  c -sca-

la te  a  1 ro te l t ia l l1 ,  dapgerous  conf l i c l  o r  u 'he ther  tne t 'e ly  to  d isp la l '  (and t ' c t rea t  i f ' thc  o the t '

p la l 'e r  s ta r ts  ge t r ing  r lean) .  l f  * 'e  labe l  esca la t ing  b : '  D"  a r l t i  d isp lav ing  bv  C ' -  r ' re  ob ta i r t

the sarne ralk grcler i lg of 1he outcorres as * ' i t l r  the Sttoudri l ' t  sal l l t l .  i t t  s1-r i t . -  t l f  t l le fact

that the opt iols in t [e t \ \ :o gal l tes hare a total ly di t - fbrent t t leanit- tg:  refusing help is cc'r-

ta i r r l l , ' somelh ing  e lse  t l ta t t  o f fe r ing  an  a l l -ou t  f igh t '
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Since the  Ch icken saure  hr rs  been thorough lv  s tuc l ied , ' . !L 'cAr . l  L rse  the  cor fesponc l ing
iesu l ts .  I t  fb l lou 's  tha t  fb r  one rounc l  o f  the  Sr rour i r i f t  ganre .  i t  l s  no t  necessar i l , v -  the  bes t  lo

p lay  D.  i .e .  to  de f -ec t . ' fhe  u ' r ,o lu t ion l r i l v  s f lb le  o l l t corne  r i , i l l  . : ven tua l l l ' depend r )n  bo lne
as1nrnet rv  benveen the  p laye ls .  a  seern ins l ; ;  a rb i t ra r . , '  l abe l l i i rg  o f  the  p lay 'e rs  resu l t ing

f ronr  the  u lo re  o r  less  cout ingent  h ls t ( ) fv  o f  the  e , , 'o lv ing  pr . rpu l l t ion .  r r ' rn in isccn t  in  h r rmi in

t r -n l rs  o l  a  'uor rn '  o r  couvent ion  l i ke  d r iv rng  on  ihe  le t i  f ianL l  s ide  r . rn  Br i t i sh  ron t ls .  An
. isvu lne t ry  ( in  age.  o r  s t fen .g th .  o r  o \ \nersh ip .  e tc . )  t lec ic les  n i r i ch  one o f  the  two p lay 'e rs

opts tbr C ancl u, ' l r ich tor D. fhis orrtcorre is cnt i rely di t ' f 'erent f l 'on-r t i re seent inglv sinr i lar

Pr isoner 's  D i lenr rn i i :  \ . ve  c iu l  r r t r  longer  expec t  n r t i tua l  co i )pera t ion .  o r  a  s t r i r tegv  I i ke

Pav lov  or  C lon t r i te  
- f i t  

l ro r ' [a t .

Th is  may shed sonre  l igh t  on  s ( )n re  recent  cont rovcrs l ' .  , \  g roup o f  be l iav ioura l

eco los is ts  r l i scoverec l  tha t  among l ions .  the  pr inc ip le  o t ' rec ip roc i ty  seemed n t r t  to  l io lc l .
' fha t ' .  i t  was  c la i rned.  ' t t r ro , , l s  r i  n ronkev  w ' rench iu to  th r -  c l r rss ic ,  e rp lanat ion  lb r  fhc  c - ro -

iL r t i c i r t  o f  c r . ropet i t t ion  in  a  se l i i sh .  r log- r - : r r t - t l rg  {o r  i ion-ea t -gaze i le )  , , lo r ld '  (see  \ lu r r ' l l .

l 9 e 5 ) .

Fern . i le  l ions  t r 'p ic r r l l y  l r re  in  p r i t l cs  o l ' tu ,o  fo  se \e i l  n re rnbets .  r t rou t tc l  rv i r i c i r  c ius te r

ihe i r  t lepenc len t  o f f tp r ing  anc l  a  coa l i t ion  o f  in r rn ig ran t  rnu les .  fhe  nra les  de f 'end the  pr ide

aga ins t  incurs ion  br , 'o t i re r  rna les ,  rvhereas  rhe  f -e rna les  de t 'enr !  the  te r r i to ry  agr r ins t  incur -

s ions  b-v -  o ther  fenra les .  fe r r i to r ia l  incur : ; i t l t t s  can  be  s imu ia te r - l  b -v  the  p lavback  o l  re -

c t r l c lec l  ro i r rs ,  and these rou t ine ly 'e i i c i t  coope la t i vu ' i le f 'ense.  I r t  response,  f -e t ra le ' l ions  pa i r

off  to apprrtach w'hat rnust seenr to thern an uuknou,n and poteut ial Iy dangeroLts enemy
( s e e  H e i n s o n  a n c l  P a c k e r .  1 9 9 5 ) .

I 'h is is s irni lar to the prclrr t<tr  in.sptet: t i r t r t  l r 'hereby pairs of st ickleback uirruer ly '  ap-

proach a  p ike  to  tes t  i t s  cur ren t  n rooc l  lnd  n- ro t i l ' u t ion . . \ : ;  [ ( )ng  i i s  the  s t i ck leback  a l rp r roach

together ,  the i r  r i sk  i s  r lo re  than ha l r ,ec l .  and l re  cau speak  o l ' coopera t iou .  l1 'one s t i c l< le -
i racrk  cons is ten t ly ' laqs  beh ind  and qa ins  in tb rmat ion  by ' r r 'a i t ing  rn  the  u ings .  th is  i s  a  c lear

case o f  de t 'ec t ion .  A  beaut i t i r l  ser ies  o f  e rper i rnents  by  N{ i l insk i  has  s i ro rvn  t l ' ta t  th is  i s  an

ins tance o f  the  repeated  Pr isonc ' r ' s  D i le l l rna  game (o f  the  s in ru l taneous sor t ,  by  the  rva 'y ) ,

anc l  tha t  the  s t i ck leback  use  a  s t fa teg) 'basec l  on  rec ip roca t ion  (see iV l i t insk i ,  1987) .

fhe  l ions ,  in  an  apparent ly  r ,e rv  s imi la r  s i tua t ion ,  scenr  no t  to  use  the  pr inc ip le  o f

rec ip loc i ty .  Indeed.  so t re  ( ) f ' the  l ions  t r . r rned oL l t  to  be  cons is ten t l . v  laggards ,  o thers  cous is -

ient lv bold clef 'enclers of the httrne rrrnge. I-he bold l rrrns dicl  r ;ot  change their  l , -ehaviottr ,
, l \en rr f ier l rar, ing experiencecl in r lany ' rour-r t is '  thc co'uvardl l '  behaviour of the laggarcls.
(Sot le  o f  these laggards ,  inc ic ' len ta l l v .  seem to  use  a  co t rd i t iona l  s t ra tegy ,  rush ing  fb r rv i r rd

i - 'n ly  t t  the  las t  rn inu te . ) rn l lo re  su lp r is ing  than the  d i r ,e rs i ty  o f  be l ia r , io l l r  ü rnong l ions  is  i t s

i 'e la t i re  f i x i t y :  e i i ch  l ioncss  l ias  her  charac ter -  tha t  o f  l tn  in t rep id  lea t le r  i r t tac l t ing  t tnco l t -
, t i t rona l l v .  o r  tha t  o la  f 'ee t -d r l , i i r i r rg  laggar r l  sh . . , ing  Lr \ ! ' i r v  i ionr  e \e rv  r i sk  o i r rn  i r l l  too  d i -

rect cr int l 'outat iou i r , r th u terr i tor iai  intrLrt ler.  fhe tact lh l t  thc laggards i t re l lot  l runishecl,
; tn t i  t l ra t  the  leaders  t . lo  no t  s t r )p  the l r  advance,  b t r t  ius t  q l l l r rce  l , .ack ,  l s  i r  s f rong u t 'g t t t t ten t

agarrrst  r  strategl/  baserl  t  n " [ ' i t  Ftr t '  fat  t t r  Pavlt t r ' .

I ) r tes  th is  iu rp [v  the  ' rna t lec lL rac l '  t t f  L -L l r rcn t  theor \  to  e r l i i a in  i - 'oopcra t i t tn ' ]  \ ! ' e  bc ' -

i ie r ,e  tha f  th is  i s  no t  t i re  cnse.  { r rdeed.  reurenrber  tha t  in  t l te  Pr i : r tner 's  D i le t t rn tA ,  ( ine  o f ' t l i e

cssent ia l  p le rc -qu is i tes  i s  tha t  a  p laver  r r l r t chec l  ; rq i r i r rs l  a  r le i t c r , r r  ob ta i r ts  a  l i i gher  payo i t ' i f

he  de t 'ec ts  than i f  he  coopera tes .  Cr rn  \vc  ass lune tha t  th is  conc l r l io t t  i s  t re t  her "c ' l  \ \ ' ha t  h rp-

pens to a l ioness pairer l  rv i th a def 'ector ' l  I f  s l ie cooperates by'  i r t l r , i rncir-r-q l l t l l l ly.  shc cer-

ta in lv  n lns  a  r i sk  to  be  lvoun i led  in  a  f igh t  aga ins t  the  in t ruc le r .  F l r r t  i f  the  l ioness  rc t rea ts .

th is  n teans  tha t  the  pr i r le  i s  g iv ing  r - rp  i t s  tc r r i to ry .  , \ s  the  a l r th ( . ) rs  o f  t l te  l ion  s tuc ly  wr i te ,

I rou 'ever . ' te r r i to ry  i s  essent ia l  fo r  s r rccess f r r l  b reed ing ' .  { t  cou ld  rve l l  be  tha t  th is  i s  a
grav 'e r  th rea t  to  the  leprodr rc t i ve  success  than the  r i sk  o f  sc luar ing  o l ' f  aga ins t  an  in t rL tc le r .
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Thi : r  i s ,  qu i te  c l i f f i : r 'e i l t  f i - ( ) l l l  t l te  scc t ra t ' io  r r i t l t  l l l e  1u 'o  s l i c l i l e l - ra t ' l '  t tL r l - r t 'oa t 'h i t rg  the i l ' 1 - r l i ' ; c '

I f  a  s t i c l i l c l l a ( ' l ;  a p n r g l i c L i c - s  a l l  b r ,  l i i t p s e l l ' .  l t q ' t ' i s l l , r ; , i  l i . ' 1  a i t d  r : : i i l  s  t " r ' l l l j l e l i  l r r t l ' , - :  i i  i "  i r i '

ta in l ' i  be  t tc r .  i l  t l r i s  c . l s . .  l ( ,  L , i r  c -  uP a t  a r r  e l r ' l v  s t : rg i  o i '1 l te  appt 'oar : l i "  t ' a the  t '  t l " la t t  le l t ' t r

abOut  l l r c  r . l l r r t i r ,a1 i0 i le l  S ta t t  ( ] l '  thc  p i f ;3  a t  o l r . ' . c ,  ( . ) \ \ l l  c \ l ] r l - rsc .  J t l s t  s i t  i t r l l l l i r rg  q t r i c t l v

1 \ \a \ , ( ip r ' s r  l to t  u tca i l  g iy i6Sr  r r t r  t i i e  leL l i l r - , r " , , ' .  I r ,  ( r rn l tas t .  i i -b i t l  h  l ions  de f 'ec1 ,  th t ' r t  s i t tL l t  t i , . ' l r

hecr , r l rcs  c l i t i ca l '  ' \ \ / i fhou t  i r  ten  i t ( r l ' ) ' .  a  f ' cu ra le  i i r - ' t t  l r l s  i i t t le  c l la r rce  o f  t ' ; i i s i t t . l  i t t : t  c t t i , s

a t i i l  s t i  lose : l  t l te  c l l ta t l ce  to  l . r l t s ' .  he l 'gc t rc : '  o r l  lo  t l i e  l Je \ '1  gd l r t ' l  a l i r ' r t t -1 l te  l - r t t t t t l tL i  l l t t c  t l ' '

evol  t t t  iort i t t ' \ '  success. '  (sec I ' l  e i t ts,ol  r  äf t t l  I ' l le l ;  el  -  i  9()  5 ] .

1 \c ,  s ( ) ( )p  as  \ \ 'e  ac ip l i t  t i t i : , .  r . ,e  a r  e  f i i . : cc l  n ' i t l r  thc 's t ro r ld r i l ' i  g i t l l l c . ' Jv ' t i  l i t ' l l s  be lo t t , " ' -

ing  tg  t |e  sanre  p i ide  apd czr l l cd  u l )p1  r ie l 'end ins  t l ie i r  te t t i to rv  u ' j i i  k t i t t t ' ,  eac l l  o t l te r  t t ' e l i

and  1 t i ,  a \ t 'aLe  0 f  r t ran1.  asV ln , le t t le t .  i r r  the  t r  s t le t l ' r , th .  agc"  S t i i t t lS  e tc .  l t  See l l l i l  r l t l t , t : i  i t l c ' -

capa l r i c  l6a1  lhe  t r i , t , i  l i ous  f i l c i  t l i e r t rse l re . ,  i t r  d i l fe reu t  ro les .  z i t i i l  l re l t cc '  r r  i l 1  i t i l o l l t  d i f Jc |c r l i

strale! i r-s l i t l  i r  Sr iou,dl i l t  g i  l l t ' .  I  hus u'e oulr l r i  nr) t  i ( )  bc st- t t ' l t t  isei i  r" ' i tet t  t t i t i '  of  the l i t . l t t : r

i s  c l r i c I e r r i t t g  o l t i .

\ \ ' e  haye secn tha t  seern ing l - i ' s l ig l t t  var ia t ionr , ;  in  the  ga l - t t c - - leac i rng  to  i l l l  i t l l e t ' t l r r t i t l ' -1

pr isopet. 's Di ler lura. f 'or. i lstal tce. crt  t6 a Suc,u'drr  , t  gal ler----c-zt t t  har 'a ret l larkablv cJt l '1 'eret.r t

o l l l co l - l tes .  There  are  o ther  fac to |s  tha t  a re . i l i s t  as  l i l te l_ r '  t0  a l lec t  the  ou tconte  i t i  a  f i r r lda-

mel t ta l  u ,a i . ' :  lb l  ins tance.  i f ' n 'e  assur re  tha t  l t lave l ' s  r :a t t  \ \a tch  hou ' the i r  r i ra ls  c lo  ag i r i r l s t

each o t i te r ,  o r  i t ' r i ,e  a l lou ' t l ra t  a  p lavcr  can b t "eak  o1 ' l  ü  repeated  ga t t re  a t rd  s ta r i  a l le \ \ ' \ \ i th

a6otSer .par tner .  These var ian ts  a re  l i ke ly  to  p la ) 'an  in rpor tan t  ro le .  espec ia l lY  in  so | l r i s t i -

ca tec l  c t - r r -nn iuu i t ies - fo r  ins tz rnce .  hunrar r  t r ib t ' s .  l ' he  an i r l vs is  o1 ' the  rePeatcd  Pt isonc t ' s

Di leptr tra garle by u.teans c, 1 ' theorettcal  or expet ' inrenl l r l  t l lathet l t l l t ics 1:rror ic les at t rcst a

f i rst  apl l roxir l lat iOn to the issue Of l . I tutual aid anrong hunrlrns. sr l l l let i l l l i ' . :  cr) l l lpafaLrle t t i

the  ro le  o f  n ro t io l  u ' i thou t  l i r c t ign  i r i  c lass ica l  n techat t i cs .  uh ich  is  va l rd  fb r -p lanetarY l l l t ) -

t i6n .  bLr i  ha ld lv  f -o r  an t ' t i r i l g  u )ore  dou 'n - to -ear th .  Nerer lhe less .  i t  p rov ides  r t l  esse t t t i i i i

j ump-o f f  po in t  fo l  expet ' i t t le i r ta I  researc I t .
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