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V i s u a l  R e c e p t i v e  F i e l d s  f r o m  C e l l s  o f  a M a r s u p i a l  (Didelphis  virginiana) S u p e r i o r  C o l l i c u l u s  

As p a r t  of a deve lop ing  s u r v e y  of i n f o r m a t i o n  p rocess ing  
t h r o u g h o u t  t he  m a r s u p i a l  v i sua l  p a t h w a y s  72 cells of t h e  
super io r  col l iculus of Didelphis virginiana, t h e  c o m m o n  
A m e r i c a n  opossum,  were  s tud ied .  A b r o a d  r a n g e  of 
r ecep t ive  field geomet r i e s  a n d  r e sponse  p rope r t i e s  were 
f o u n d  r e p r e s e n t e d  a m o n g  t h e m .  Desc r ibed  he re  are  51 of 
t he se  cells, t hose  for  w h i c h  c o m p l e t e  s u r v e y  i n f o r m a t i o n  
u n d e r  u n i f o r m  cond i t i ons  was  ga the red .  

Twe lve  an imals ,  b o t h  ma le  a n d  female,  of we igh t s  
0 .8-3.5 kg  were s tud ied  u n d e r  mi ld  genera l  a n e s t h e s i a :  
6 m l / k g  b o d y  w e i g h t  of 20% e t h y l  c a r b a m a t e  in saline.  
Q u a n t i t a t i v e  i n f o r m a t i o n  was t a k e n  on ly  w h e n  r e a d y  
f lexure  of t h e  fo r epaw could  be  ell icited. Th i s  a n e s t h e t i c  
s t a t e  was  f o u n d  f rom ear l ier  work  to  be  no  more  de t r i -  
m e n t a l  to  cell r e spons iveness  t h a n  dece r eb r a t e  a n d  enc6- 
p h a l e  isol6 t e c h n i q u e s  1. 

Once m o u n t e d  in a s t e r eo t ax i c  f r a m e  g iv ing  comple t e  
access  to  b o t h  m o n o c u l a r  a n d  b i n o c u l a r  fields, t h e  pup i l s  
were  d i l a t ed  w i t h  1% c y c l o p e n t o l a t e  hydroch lo r ide ,  a n d  
t h e  eyes  r e f r ac t ed  a n d  f i t t ed  w i t h  c o n t a c t  lenses to  b r ing  
t h e  r e t i n a e  i n to  e o n j u g a c y  w i t h  t he  i 14  cm t e s t i ng  plane .  
F o r  p l o t t i n g  purposes ,  h o r i z o n t a l  a n d  ve r t i ca l  zero were  
t a k e n  r e l a t i ve  to  a n  axis  p r o j e c t i n g  f rom t h e  infer ior  
b o r d e r  of t h e  op t ic  disc, t h r o u g h  t h e  c e n t e r  of t h e  pupi l .  
A l t h o u g h  eye m o v e m e n t s  were  r a r e ly  e n c o u n t e r e d ,  t he  
field b o u n d a r i e s  were  r echecked  f r e q u e n t l y  for  i n t e r i m  
d i sp l acemen t .  

A n  a p e r t u r e  4 X 4 m m ,  m a d e  d i r ec t ly  ove r  t h e  lef t  
super io r  col l iculus  a n d  resea led  w i t h  4 %  a g a r  gel, gave  
passage  to  t h e  s ta in less  s teel  mic roe lec t rodes  (40 m~2) 
used  to  r ecord  f r o m  a n d  to  m a r k  s ingle  cell r e sponse  sites.  
These  s i tes  were  l a t e r  local ized h i s to log ica l ly  b y  P r u s s i a n  
b lue  r eac t i ons  seen in  t h e  f rozen sec t ions  m a d e  of each  
b ra in .  

T h e  r ecep t i ve  field of e ach  col l icular  cell was  m a p p e d  
us ing  a 1/o, 10 m cand le  s p o t  aga i n s t  a 1 m c a n d l e  back -  
g round .  R e s p o n s e  to  a d d i t i o n a l  v i sua l  s t imul i ,  diffuse a n d  
discrete ,  l i gh t  a n d  s h a d o w  a n d  of va r i ous  edge geomet r i e s  
a n d  a reas  were  also measu red .  A r a n g e  of a u d i t o r y  
(e.g. clicks, tones)  a n d  t ac t i l e  (e.g. local ized m o v e m e n t  of 
t h e  fu r  b o t h  c o u n t r a l a t e r a l l y  a n d  ips i la te ra l ly)  s t imu l i  
were  g iven  d u r i n g  t h e  s u r v e y  of each  cell as well. 

F o r t y - s i x  cells of t he  s a m p l e  desc r ibed  he re  cou ld  be  
classified in to  3 geomet r i c  ca tagor ie s :  (1) h o m o g e n e o u s  
response  fields;  those  g iv ing  t he  s ame  fo rm of r e sponse  
(e.g. on ly  'on ' ,  on ly  'off '  or  a lways  ' on '  a n d  'off ' )  t h r o u g h -  
o u t  t h e i r  r ecep t ive  f ields;  (2) concen t r i c  g e o m e t r y  fields, 
h a v i n g  oppos ing  c e n t e r  a n d  s u r r o u n d  responses ;  a n d  
(3) fields of a s y m m e t r i c  geome t ry .  T a b l e  I gives t h e  
o c c u r r a n c e  of these  classes a n d  t h e i r  s u b t y p e s  w i t h i n  t h i s  
sample ,  t o g e t h e r  w i t h  t h e  d i a m e t e r s  a n d  eccen t r i c i t i e s  
f rom t h e  re fe rence  axis  each  g roup  d i sp layed .  T h e  F igu re  
shows t h e  d i s t r i b u t i o n  of these  classes in  v i sua l  space,  
i n d i c a t i n g  t h e  o r i e n t a t i o n  of d i rec t iona l  or  m e r i d i o n a l  
se lec t iv i t ies  w h e n  p r e s e n t  ~. 

T a b l e  I f  s u m m a r i z e s  t h e  specia l ized re sponse  p r o p e r t i e s  
of t he se  cells a n d  t h e i r  f requenc ies  of occu rance  w i t h i n ,  
t he  classes. These  p rope r t i e s  i nc luded  i n t e r m o d a l i t y  re- 
spons ivenes s  8 of t he  s ingle cell be ing  t e s t e d  (all in  t h i s  
s a m p l e  r e s p o n d e d  pho t ica l ly ,  7 to  b o t h  pho t i c  a n d  audi -  
t o r y  s t imu l i  a n d  2 a t  al l  3 m o d a l i t y  s t imul i ) ;  t h e  occur-  
r a n c e  of r a p i d  h a b i t u a t i o n 4 ;  d i r ec t iona l  or  m e r i d i o n a l  
se lec t iv i ty~ ;  t h e  m a x i m a l l y  ef fec t ive  s t i m u l u s  ve loc i t ies ;  
a n d  t he  c a p a b i l i t y  of c e r t a i n  of these  cells to  be  d r i v e n  
b y  s t imu l i  to  e i t h e r  eye. 

Special  m e n t i o n  shou ld  be  m a d e  of t hose  cells of t h e  
a s y m m e t r i c  class above ,  each  of t he  3 s tud ied  h a v i n g  a 
n e a r l y  ve r t i ca l  d iv i s ion  of i t s  i n t e r n a l  r e sponse  geome t ry ,  
specif ical ly :  (1) a p u r e  'off '  r e sponse  in t he  a n t e r i o r  zone 
a n d  a pu re  ' on '  r e sponse  in t h e  pos t e r io r  zone ;  (2) a n  
'on-off '  r e sponse  t h r o u g h o u t  t he  a n t e r i o r  zone a n d  a n  'off '  
response,  only,  in t h e  pos te r io r  zone ;  (3) a pu re  ' on '  
r e sponse  in  t h e  a n t e r i o r  zone a n d  a p u r e  'off '  r e sponse  in  
t h e  pos t e r io r  zone.  T h e  i n d i v i d u a l i t y  of such  zones  (e.g. as 
in (2) above ,  h a b i t u a t i o n  of t h e  pos t e r io r  zone to  local  
p h o t i c  s t imul i  whi le  t h e  a n t e r i o r  zone c o n t i n u e d  t o  r e spond  
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Table I. Distribution of photically responding cells of a marsupial (D. virginiana) superior eolliculus by receptive field geometry 

Field geometry N % Diameter ~ ° Diameter Eccentri- Eccentri- 
range ° city ~ ° city 

range ° 

(1) Homogeneous 'on' 30 58 85.7 6-167 
a = 4- 44.8 

Homogeneous 'off' 1 2 98.5 
Homogeneous 'on-off' 2 4 40.0 20-60 

(2) 'On' center, 'off' surround 3 6 63.3 45- 90 
'On' center, 'on-off' surround 3 6 119.6 102.5-147 
'On-off' center, 'off' surround 3 6 80.2 41.5-111 
'On-off' center, 'on' surround 1 2 83.0 

(3) Asymmetric 3 6 100.2 39.5-135 

Not classified geometrically 5 10 

Total 51 100 

22.2 0-70.1 
a = 4- 14.9 

25.3 
55.5 40.8-70.2 

23.7 11.240.0 
24.3 7.140.3 
14.4 2.8-25.3 
32.3 

40.0 22 -69.9 
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Table II. The occurrance of special response properties among photically responding cells of a marsupial (D. virginiana) superior colliculus 

Field geometry N Intermodality: Rapid Selectivity of: Average Binoc- 
Auditory Tactile habituation Meridian Direction optimum Marly 

velocity (°[sec) driven 

(1) Homogeneous 'on' 30 4 i 8 2 1 75 9 
Homogeneous 'off' 1 0 0 0 0 0 170 0 
Homogeneous 'on-off' 2 1 0 2 I 0 70 I 

(2) 'On' center, 'off' surround 3 0 
'On' center, 'on-off' surround 3 0 
'On-off' center, 'off' surround 3 1 
'On-off' center, 'on' surround 1 0 

(3) Asymmetric 3 I 

Not classified geometrically 5 0 

Total 51 7 

0 1 0 0 83 0 
0 1 0 1 48 0 
0 1 0 0 87 0 
0 0 0 0 180 0 
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Distribution and properties of 50 visual receptive fields of cells of the 
superior coIticulus of the marsupial D. virginiana. 

t o  these  s ame  st imuli)  sugges ts  t h a t  these  fields m a y  be 
compos i t e s  of several  gangl ion cell i npu t s  as descr ibed  a t  
t h e  la tera l  genicula te  level of t he  r a b b i t  b y  ARDEN 5 

Final ly ,  5 fields of th is  s ample  r e sponded  too  in- 
a d e q u a t e l y  to  discrete  s t imul i  to  be classified geometr ic-  
al ly;  t h e y  m o s t  c o m m o n l y  d i sp layed  a rapid ,  b u r s t y  kind 
of ac t iv i ty ,  o f ten  inh ib i t ed  by  gross or mov ing  st imuli ,  or 
to  changes  of a m b i e n t  i l luminat ion .  The  sub t i l i t y  of in- 
h ib i t ion  and  proness  to  h a b i t u a t e  rap id ly  m a d e  these  cells 
diff icul t  to  descr ibe quan t i t a t i ve ly .  Only  1 could be 
dr iven  b inocular ly  and  1 r e sponded  to  aud i t o ry  and  
tac t i le  as well as pho t i c  st imuli .  

Histological ly,  t he  cells of th is  s t u d y  were  localized in  
t he  3 do r sa lmos t  layers  of t he  super ior  colliculus: t h e  
s t r a t u m  zonale,  s t r a t u m  gr iseum superf iciale  a n d  t h e  
s t r a t u m  o p t i c u m as def ined by  TsAI 6. 

F r o m  th i s  ini t ial  su rvey  i t  appea r s  t h e n  t h a t  t h e  
super ior  colliculus of D. virginiana, a long endur ing  
(Eocene period) marsupiM, incorpora tes  r ecep t ive  field 
geomet r ies  a n d  p rope r t i e s  s imilar  to  those  of ce r ta in  
p lacen ta l s  (e.g. t h e  rabbitT).  These  special ized p roper t i e s  
inc lude  r ap id  hab i tua t i on ,  i n t e r m o d a l i t y  respons iveness  
(audi to ry  a n d / o r  tac t i le  in add i t i on  to  visual),  se lec t iv i ty  
for mer id iona l  or  a pa r t i cu la r  d i rec t ion  of m o v e m e n t ,  de-  
l imi ted  ranges  of ve loc i ty  response,  a m b i e n t  f l luminaf ion  
sens i t iv i ty  and,  for 20% of the  cells sampled ,  t he  capa-  
b i l i ty  to  be d r iven  b y  s t imul i  to  e i ther  eye 8. 

Zusammen]assung. Einze lne  Zellen in der  Region  des 
super ior  colliculus des Beute l t ie res  Didelphis virginiana 
k 6 n n e n  yon  der  l inken  oder  auch  r ech ten  ]Retina s t imu-  
l ier t  werden .  Diese Zellen verf i igen fiber eine gu t  en t -  
wickel te  i n t e rmoda le  Reakt ionsf / ih igkei t ,  Selekt ivi t i i t  ge- 
geni iber  ge r i ch te te r  t3ewegung und  rasche  Gewohnhe i t s -  
bi ldung.  Ze l lpopula t ionen  derse lben  Region  reprAsen- 
t i e ren  eine grosse Anzah l  yon  erecept ive  field>~-Geomet- 
rien. 
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