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A n Ecologica l  A p p r o a c h t o th e Neura l  C o d e 

Akaysha C. Tkng'-^ & Terrence J. Sejnowski'-^ 

Howar d Hughe s Medica l  Institute ' 
Computationa l  Neurobiolog y Lab ,  Th e Sal k Instinit e 

U J o U a . C A 9203 7 

and 

Departmen t  o f  Biology ' 
Universit y o f  California ,  Sa n Dieg o 

L a Jolla,C A 9209 3 
{ t a n g , t e r r y } 9 s a l k . e d u 

In t roduct io n 

Th e primar y mod e o f  neura l  signalin g involve s th e genera -
tion ,  transmissio n an d transformatio n o f  spik e train s b y neu -
rons  i n th e centra l  nervou s system .  Th e debat e concernin g 
spik e timin g versu s rat e codin g ha s receive d increasin g atten -

tio n amon g neuroscientists ,  particularl y withi n computationa l 
neuroscience(Shadlen & Newsome .  1994 ;  Softky ,  1995 ;  The -
unisse n &  Miller ,  1995) .  I t  i s  widel y believe d tha t  neuron s i n 
th e nervou s syste m ar e noisy ,  an d tha t  therefor e onl y th e rat e 

or  frequency  o f  firing  coul d reliabl y serv e a s a  neura l  code . 
Recend y thi s lon g hel d vie w ha s bee n directl y challenge d b y a 

number  o f  studies .  Unde r  tighd y controlle d inpu t  conditions , 
cortica l  neuron s i n th e mammalia n brai n ar e capabl e o f  gener -
atin g rathe r  precisel y time d spik e trains ,  i n bot h ra t  brai n slice s 
and behavin g monkey s (Maine n &  Sejnowski ,  1994 ;  Gallant , 
1 9 % ) .  Informatio n theoreti c analysi s ha s bee n successfull y 
applie d t o thi s codin g problem ,  an d provide s answer s t o th e 
questio n o f  h o w muc h informatio n i s containe d i n a  spik e trai n 
OBialek ,  Rieke ,  d e Ruyte r  va n Stevenick ,  &  Warland ,  1991) . 
Althoug h powerfid ,  informatio n theor y ha s no t  ye t  answere d 
th e crucia l  questio n o f  whethe r  th e informatio n measure d i s 
relevan t  t o th e neura l  syste m i n th e generatio n o f  behaviora l 
outpu t 

The specificity hypotheses 

Fro m a n ecologica l  poin t  o f  view ,  th e relevanc e o f  th e infor -
matio n code d i n a  spik e train ,  b e i t  i n a  rat e cod e o r  a  spik e 
timin g code ,  depend s heavil y o n th e "what "  aspec t  o f  th e in -
formatio n an d th e surviva l  valu e o f  it s  appropriat e process -
ing .  Dependin g o n wha t  i s t o b e encode d i n th e organism' s 
environment ,  on e typ e o f  cod e m a y serv e a s a  bette r  candi -
dat e tha n another .  Th e onse t  o f  a  stimulus ,  e.g .  th e appear -
anc e o f  a  tiger ,  ha s t o b e code d wit h greate r  tempora l  preci -
sion ,  an d wit h greate r  reliability ,  tha n th e exac t  patter n o f  th e 
tiger' s fu r  coat .  Thi s propose d dependenc y o f  a n optima l  cod e 
on th e typ e o f  informatio n t o b e encode d implie s a t  leas t  thre e 
classe s o f  testabl e hypotheses :  modalit y specificity ,  propert y 
specificity ,  an d domai n specificity . 

First ,  th e optima l  codin g schem e shoul d depen d o n th e 
sensor y noodalit y unde r  discussion ,  becaus e differen t  sensor y 
modalitie s m a y b e o f  differen t  importanc e t o a  give n organ -
is m i n a  give n environment .  Secondly ,  th e optima l  cod -
in g schem e shoul d sho w propert y specificit y withi n a  give n 

modality ,  becaus e differen t  sensor y properties ,  suc h a s color , 
form ,  onset/offset ,  o r  motio n o f  a  stimulus ,  m a y b e o f  differen t 

predictiv e value s fo r  a n organis m explorin g it s environment . 
Finally ,  th e optima l  codin g scheme ,  an d i n particula r  whethe r 
a spik e timin g cod e i s required ,  shoul d depen d o n whethe r  th e 

physica l  variable s definin g th e stimulu s ar e rapidl y varyin g i n 
th e tim e domain . 

Implications 

We investigat e thes e thre e classe s o f  hypothese s b y reviewin g 
and reexaminin g th e singl e an d multicellula r  recordin g litera -
tur e involvin g multipl e sensor y modalitie s an d multipl e sen -
sor y propertie s withi n a  give n modality .  Th e final  implicatio n 
of  th e specificit y hypothese s i s tha t  i t  woul d b e hard ,  o r  per -
hap s eve n impossible ,  t o find  a  genera l  codin g schem e appli -
cabl e t o al l  type s o f  informatio n presen t  i n th e sensor y envi -
ronment.  Therefore ,  conclusion s concernin g th e codin g prob -
le m withou t  referenc e t o th e "what "  aspec t  o f  th e informatio n 

woul d b e difficul t  t o interpret .  Perhap s i t  i s  th e modality ,  prop -
erty ,  an d domai n specificit y o f  th e neura l  cod e tha t  account s 
fo r  th e heterogeneit y o f  experimenta l  result s supportin g bot h 
rat e code s an d spik e tim e codes . 
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