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Ba t  soc ie t i e s  r epresen t  one  o f  the  mos t  soph is t i ca ted  ‘ f i s s ion- fus ion’  soc ie t i e s :  soc ia l  g roups  

d iv ide  in to  smal l  pa r t i e s  wi th  severa l  ind iv idua l s ,  and  fuse  aga in  to  fo rm a  l a rge  g roup .  How and  

why  the  f i s s ion - fus ion  pa t t e rns  emerge  in  ba t  popu la t ions  i s  s t i l l  poor ly  unders tood .  In  th i s  s tudy,  

we  deve loped  a  computa t iona l  mode l  abou t  roos t  se lec t ion  in  ba t  popu la t ions  to  theore t i ca l ly  

exp lo re  the  mechan ism and  adap t ive  s ign i f i cance  o f  f i s s ion- fus ion  behav io r  in  ba t  popu la t ions  by  

us ing  indexes  o f  f i tness .  In  the  mode l ,  we  assumed  fo l lowings :  ba t  ind iv idua l s  d i spe rse  to  

inspec t  qua l i ty  o f  po ten t i a l  roos t  they  may  swi tch .  The  ba t  b r ings  new in fo rmat ion  abou t  the  

qua l i ty  o f  po ten t i a l  roos t  to  he r  cu r ren t  roos t ,  and  sha res  the  in fo rmat ion  wi th  o the r  members  in  

the  same  co lony.  The  inspec t ion  p rocess  inc ludes  no i se  tha t  fo l low Gauss ian  d i s t r ibu t ion  wi th  

mean  o f  0  and  s tandard  dev ia t ion  o f  s .  Each  ba t  l ea rns  qua l i t i e s  o f  each  po ten t i a l  roos t  by  sha r ing  

in fo rmat ion ,  and  dec ides  which  roos t  they  shou ld  swi tch  by  compar ing  these  qua l i t i e s .  The  

impor tan t  pa ramete r  i s  l ea rn ing  ra te .  I f  l ea rn ing  ra te  i s  h igh ,  ba t s  use  recen t  in fo rmat ion  and  

fo rge t  the  pas t  in fo rmat ion  qu ick ly.  In  con t ras t ,  i f  l ea rn ing  ra te  i s  low,  ba t s  r emember  the  pas t  

in fo rmat ion  as  we l l  a s  the  recen t  in fo rmat ion .  We assume tha t  ba t s  en joy  h igh  f i tness  when  they  

a re  in  a  roos t  wi th  a  h igh  qua l i ty.  We c lass i f i ed  pa t t e rns  o f  g roup  fo rmat ion  accord ing  to  

sub-co lony  dens i ty  and  mean  so journ  t ime .  The  resu l t s  o f  compute r  s imula t ion  showed  tha t  g roup  

d iv i s ion  and  aggrega t ion  f requen t ly  happen  ( f i s s ion - fus ion  behav io r )  when  inspec t ion  e r ro r  i s  

l a rge  and  l ea rn ing  ra te  i s  in te rmedia te  o r  smal l .  A l l  the  members  o f  g roup  s tay  a t  the  same roos t  

( se t t l ement  pa t t e rn )  when  inspec t ion  e r ro r  i s  smal l .  Ba t s  change  the i r  roos t  in  synchron ized  

manner  wi th  a l l  o f  the  g roup  members  ( synchron ized  migra t ion  pa t t e rn )  when  bo th  inspec t ion  

e r ro r  i s  l a rge  and  l ea rn ing  ra te  i s  l a rge .  To  assess  how the  pa t t e rns  o f  roos t  se lec t ion  a ffec t  the  

f i tness  o f  the  ba t  co lony,  we  incorpora ted  the  d i sease  sp read ing  dynamics  in to  the  o r ig ina l  mode l  

by  combin ing  SIS  ( suscep t ib le  /  in fec ted  /  suscep t ib le )  mode l  and  l ea rn ing  mode l .  When  ba t  

ind iv idua l s  a re  in fec ted  by  d i sease ,  su rv iva l  and  b i r th  ra te  dec rease  and  overa l l  f i tness  a l so  

dec reases .  The  ex ten t  o f  f i tness  r educ t ion  due  to  d i sease  in fec t ion  i s  ca l l ed  cos t  o f  in fec t ion .  We 

found  tha t  when  the  cos t  o f  in fec t ion  was  smal l ,  ind iv idua l s  in  a  se t t l ement  pa t t e rn  a t t a ined  the  

h ighes t  f i tness  because  in fo rmat ion  exchange  abou t  roos t  qua l i ty  i s  the  mos t  e ff i c ien t  in  th i s  

g roup ing  pa t t e rn .  As  the  cos t  o f  in fec t ion  inc reased ,  f i tness  o f  f i s s ion- fus ion  behav io r  exceeds  

the  one  o f  se t t l ement  pa t t e rn .  Th i s  i s  because ,  in  f i s s ion - fus ion  pa t t e rn ,  sp l i t  in to  smal l  g roups  

e ffec t ive ly  hampers  d i sease  sp read ing ,  and  fus ion  in to  a  l a rge  g roup  enhances  the  qua l i ty  o f  

in fo rmat ion  exchange .  F rom these  resu l t s ,  we  conc lude  tha t  f i s s ion - fus ion  behav io r  improve  the  

f i tness  o f  co lony  wi th  a  combina t ion  o f  benef i t  f rom in fo rmat ion  t r ans fe r  abou t  roos t  qua l i ty  and  

cos t  de r ived  f rom spread  o f  in fec t ious  d i seases .   


