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T h e Effect s o f  Populat io n Densit y a n d Resourc e A b u n d a n c e o n th e Evolut io n o f 

Cooperat iv e Strategie s 

Kyle Wagner (elyk@cs.indiana.edu) 
Departmen t  o f  Compute r  Science ;  Indian a Universit y 

Lindle y Hal l  21 5 

Bloomington ,  I N 4740 5 U S A 

Di d som e specie s evolv e communicatio n t o perfor m co -
operativ e tasks ? MacLenna n an d Burghard t  (1993 )  use d a n 
artificia l  lif e approac h calle d syntheti c etholog y t o sho w tha t 
animal s migh t  evolv e a  signalin g syste m t o facilitat e coopera -
tio n whe n cooperatio n lead s t o greate r  fitness  (thei r  simulate d 
organism s wer e calle d simorgs) .  Whil e thei r  result s wer e in -
teresting ,  th e us e o f  syntheti c etholog y di d no t  allo w the m t o 
investigat e wha t  a  mor e realisti c simulatio n migh t  reveal .  I n 
particular ,  organism s livin g i n a  spatial ,  tempora l  worl d wil l 
hav e othe r  option s availabl e t o effec t  cooperation .  T w o o f 
th e possibl e strategie s tha t  ca n evolv e t o ai d cooperatio n ar e 
signal-seeking ,  wher e simorg s tel l  othe r  simorg s tha t  they'v e 
foun d a  resource ,  an d company-seeking ,  wher e simorg s mov e 
aroun d unti l  the y occup y th e sam e secto r  a s anothe r  simorg . 
Th e first  strateg y use s signals ,  bu t  th e secon d doe s not . 

Thi s projec t  extend s MacLenna n an d Burghardt' s studie s 
by usin g a  two-dimensiona l  worl d an d allowin g th e simorg s 
t o m o v e abou t  th e worl d fo r  man y timestep s (on e outpu t  ac -
tio n pe r  timeste p fo r  eac h simorg) ,  gatherin g resources .  Co -
operatio n i s define d a s a n ac t  tha t  mus t  b e performe d wit h 
severa l  simorg s i n orde r  t o gai n a  benefi t  o f  som e kind . 
To facilitat e cooperation ,  simorg s m a y sen d signal s t o othe r 
simorg s i n sector s beyon d thei r  own .  The y ca n als o recog -
niz e whe n a  resourc e o r  anothe r  simor g i s i n th e sam e secto r 
as the y ar e (se e figure  1) .  I f  severa l  simorg s ar e i n th e sam e 
secto r  a s a  resource ,  the y al l  shar e som e o f  th e benefi t  o f  thi s 
resource .  On e simor g alon e canno t  gai n fitness  fro m a  re -
source ;  thus ,  cooperatio n i s necessar y t o gai n fitness.  The y 
ar e rewarde d wit h fitness  point s whic h ar e late r  use d b y a  ge -
neti c algorith m t o selec t  parent s fro m th e populatio n an d mat e 
the m t o produc e th e populatio n fo r  th e nex t  generatio n o f  th e 
run . 
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Figur e 1 :  Th e brai n o f  a  simorg :  a  simpl e stimulus-respons e 

mechanism ,  "move "  outpu t  ca n eithe r  b e Remain ,  Taxi s 

(mov e toward s th e inpu t  signal )  o r  Wander . 

This is an exploratory study that is in progress. Two vari-
able s ar e bein g manipulated :  populatio n densit y an d resourc e 
abundance .  Populatio n densit y i s th e rati o o f  th e numbe r  o f 
simorg s i n an y give n generatio n t o th e numbe r  o f  sector s i n 

th e world .  Resourc e abundanc e refer s t o h o w ofte n a  resourc e 
wil l  appea r  i n a  give n sector .  M y hypothesi s i s tha t  populatio n 
densit y an d resourc e abundanc e affec t  wha t  typ e o f  strateg y 
evolve s whe n cooperatio n i s required . 

A denotatio n matri x (MacLenna n an d Burghardt ,  1993 ) 
ca n indicat e wha t  kind s o f  strategie s hav e developed .  I t  i s 
a tabl e wit h tallie s o f  response s t o th e variou s possibl e inputs . 
I f  on e entr y i s particularl y large ,  thi s usuall y indicate s th e 
convergenc e o f  som e reactio n t o certai n stimuli .  Tabl e 1  (firs t 
column )  show s on e suc h matri x fo r  signa l  input s afte r  19 0 
generation s i n on e ru n o f  th e simulatio n ("runl") .  Th e othe r 

colum n o f  number s come s fro m a  separat e ru n ("run2" )  whic h 
had a  hig h populatio n densit y an d ver y abundan t  resources . 
Signalin g di d no t  evolv e here .  Anothe r  denotatio n matri x fo r 
thi s ru n (omitte d fo r  spac e reasons )  show s tha t  mos t  o f  th e 
populatio n evolve d t o sta y wit h othe r  simorg s an d wande r  i f 
alon e o r  righ t  afte r  a  resourc e ha d bee n gained . 

Tabl e 1 :  Compilatio n o f  tw o denotatio n matrice s fo r  signa l 

inpu t  vs .  output .  I n colum n 1  (runl) ,  th e simorg s ten d t o 

move toward s th e sourc e o f  signa l  ("taxis") .  I n run 2 (colum n 

2)  simorg s evolve d neve r  t o sen d signals ,  s o ther e ar e fe w 

response s ou t  o f  a  possibl e severa l  thousand . 

Output(Move/Signal) Signal (runl) Signal (run2) 

Remain/N o signa l  29 3 0 

23 5 0 

280 2 4 

1 4 

51 0 

752 0 

Remain/Signa l 

Taxis/N o Signa l 

Taxis/Signa l 

Wander/N o Signa l 

Wander/Signa l 

Earlie r  experiment s wit h a  relate d simulatio n showe d th e 
evolutio n o f  company-seekin g t o b e a  somewha t  uncommo n 
development .  Suc h behavio r  ha s no t  ye t  bee n observe d i n thi s 
simulation .  Whil e cooperatio n i s certainl y a  sufficien t  pres -
sur e fo r  th e evolutio n o f  communication ,  i t  i s  no t  a  necessar y 
condition .  Othe r  cooperativ e strategie s ca n als o evolv e whic h 
do no t  involv e signaling . 
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