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glycogen levels drop dur ing  win te r  and ear ly  spring,  the  
h ighes t  levels being a t t a ined  by  fall 9. 

Dur ing  dormancy ,  t he  loss of cer ta in  ions, as observed  
in Strophocheilus, m a y  be expla ined  a t  least  in par t ,  as 
due to  e l imina t ion  wi th  faeces and urine r igh t  a t  the  begin- 
ning of es t iva t ion  or h ibe rna t ion ;  it  is also possible  t h a t  
some ions m a y  be lost  w i th  the  mucus  p roduced  by  the  
animals ,  as no t iced  by  DEXHEIMER 10 in re la t ion to calcium 
incorpora ted  in the  mucus  p roduced  by  Helix. 

Rdsumd. P e n d a n t  l ' h iberna t ion ,  le Strophocheilus 
(Pulmon6, Mollusque) pe rd  de l 'eau, dn  sodium,  du 
calciun, du magn6sium,  du soufre, du cuivre, du fer et  des 
ca rbohydra t e s  to taux ,  mais  son t a u x  de po ta s s ium e t  
d ' iode  augmente .  E n  6tat  d ' e s t iva t ion ,  il y en a per te  

d 'eau,  de sodium, de magn6sium,  de cuivre, de fer e t  de 
ca rbohydra t e s  to taux ,  mais  accumula t ion  de calcium. 
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Recept ive  Fie lds  of S ing le  Cells  of  a M a r s u p i a l  Visua l  Cortex  of Didelphis virginiana 
Inves t iga t ions  of m a m m a l i a n  visual  cort ices have  

revealed a wide va r i e ty  of response  proper t ies ,  ranging  
f rom the  r a the r  l imited reper to i re  of t he  r a b b i t  I, 2 to the  
re la t ively  sophis t i ca ted  or a t  least  selective discr imina-  
t ions  found  for cat  ~ and  m o n k e y  a. These species, however,  
are all p lacen ta l  mammals .  The marsupia l  or pouch-  
bear ing mammals ,  on the  o the r  hand,  offer a more  
p r imi t ive  neocortex,  even to the  absence of a corpus 
callosum. How, then,  have  the  sensory  d i sc r imina t ion  
proper t ies  of th is  parallel ,  b u t  more  s lowly evolving 
m a m m a l i a n  visual  cor tex developed ? 

Materials and methods. To explore  th is  quest ion,  the  
recept ive  field and  associa ted  response  proper t ies  of 100 
single cells f rom the  visual  cor tex  of Didelphis virginiana, 
the  Amer ican  opossum, were s tudied.  Dur ing  tes t ing,  the  
animals,  12 young  adults,  were ma in t a ined  under  l ight  
u re thane  anes thes ia  in a s te reo tax ic  frame. The pupi ls  were 
di la ted and  the  corneas were f i t t ed  wi th  correct ive  con tac t  
lenses. 

An ape r tu re  made  di rec t ly  over  the  left  pos ter ior  pole 
of the  cor tex  and  resealed wi th  4% agar  gel, gave passage 
to s ta inless  steel or t ungs t en  microelec t rodes  (1-40 m~2) 
used to record f rom and to m a r k  single cell response  sites. 
These si tes  (all in layer  IV or shallower) were la ter  
localized histologically.  

The recep t ive  field of each cell was m a p p e d  using a 1 ~ 
85 cand le /m 2 spot  agains t  a 3.5 cand le /m 2 background.  
Response  to addi t iona l  visual  st imuli ,  diffuse and dis- 
crete, l igh t  and  shadow and of various edge geometr ies  
and areas were also measured.  

Results and discussion. The recept ive  fields of 99 of the  
100 cell samples  s tudied  here  could be ca tegor ized in to  3 
geometr ic  classes: (1) 'on '  fields; those  respond ing  
t h r o u g h o u t  the i r  e x t e n t  only to  the  onse t  of l ight ;  
(2) 'off '  f ields; those  respond ing  t h r o u g h o u t  the i r  ex t en t  
only to  t h e  cessat ion of l ight ;  and  (3) 'on-off '  f ields; those  

responding  t h r o u g h o u t  the i r  ex t en t  to  b o t h  onset  and  
cessat ion of l ight.  The remain ing  cell r e sponded  only  to  
moving  dark  edges, un i formly  in all direct ions,  bu t  could 
no t  be p lo t t ed  by  the  f lashing s t imulus  m e t h o d  used for 
the  others.  Tile f r equency  d i s t r ibu t ion  of these  classes, 
toge the r  w i th  the i r  d i amete r s  and  eccentr ici t ies  f rom tile 
reference axis, appea r  in Table  I. The Figure  shows the  
d i s t r ibu t ion  of these  classes when  pro jec ted  in to  visual  
space re la t ive to  t he  optic  nerve  head  center .  No signifi- 
can t  re la t ionship  was  found  for any  of the  groups be tween  
recept ive  field d i ame te r  and eccent r ic i ty  fronl t he  re- 
ference axis in any  meridian,  nor  were s ignif icant  dif- 
ferences of field geomet ry  or general  response  proper t ies  
be tween  cells of the  upper  t ape t i zed  and lower non-  
t ape t i zed  re t ina  evident .  

Among  the  unique  character is t ics  of th is  cort ical  re- 
cept ive  field popu la t ion  was the  absence  of m u t u a t l y  
inh ib i t ing  response  zones wi th in  a given recept ive  field. 
Ne i ther  t he  concent r ic  organizat ion,  as occurs in t he  
r abb i t  visual  cor tex  1, nor  the  l inear  divis ion of zones, as 
in the  ' s imple '  fields repor ted  by  HUBEL and  WIESEL a, 4 
for the  ca t  and  m o n k e y  visual  cort ices were found.  The 
presence  of an tagonis t i c  zones w i th in  these  fields was  
tes ted  by  compar ing  local field responses  under  d i f fe rent  
re t ina l  a d a p t a t i o n  s ta tes  and  by  s t imula t ing  the  pe r iphe ry  
of the  field while s a tu ra t ing  the  field center .  I n  all cases 
the  homogene i ty  of response  t h r o u g h o u t  these  fields re- 
mained.  In  addi t ion,  area-response de te rmina t ions  showed 
only s imple summat ion ,  i.e. as s t imulus  area was  in- 

1 G. B. ARDEN, H. IKEDA and R. M. MILL, Na tu re  21d, 909 (1967). 
.2 A. HUGHES, J.  Physiol .  198, 120 (1968). 
3 D. •. HUBEL and T. N. WIESEL, J.  Physiol .  160, 106 (1962). 
4 D. H. HUBEI, and  T. N. WIESEL, J. Physiol .  795, 215 (1968). 

Table I. Distribution of photieally responding cells of a marsupial (D. virginiam~) visual cortex by receptive field geometry 

Receptive No. % Mean Standard Range Mean Standard Range 
field type diameter deviation eccentricities deviation 

On 31 31 20.16 ~ 8.74 ~ 5 ~ 44 ~ 29.24 ~ 12.81 ~ 5~ ~ 
Off 15 15 19.87 ~ 9.26 ~ 4~ ~ 32.93 ~ 23.83 ~ 20-94 ~ 
On-Off 53 53 17.75 ~ 8.73 ~ 5~ ~ 29.28 ~ 12.31 ~ 50-56 ~ 
Unelassed 1 1 

100 
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creased t h e  n u m b e r  of spikes  resu l t ing  per  s t imu lus  in- 
c reased regu la r ly  to  t he  field b o u n d a r y  as well, f u r t h e r  
s u p p o r t i n g  t he  absence  of m u t u a l l y  i n h i b i t o r y  i n t e rna l  
zones. 

Tab le  I I  shows t he  d i s t r i b u t i o n s  of cells wh ich  could be  
s t i m u l a t e d  b y  e i the r  r e t i n a  or j u s t  one. Th6 re l a t ive  
d o m i n a n c y ,  i.e. t h e  eye r equ i r ing  t h e  m i n i m u m  s t imula -  
t i on  to give a response,  is also shown.  T he  c o n t r a l a t e r a l  
p r e d o m i n a n c e  a m o n g  t h e  m o n o c u l a r l y  d r iven  cells would  
be  expec ted  based  on t h e  h i g h  pe rcen t age  of opt ic  ne rve  
f ibers  (about  80%) crossing a t  t he  opt ic  chiasm.  The  
g roup ing  of cells of t he  same  d o m i n a n c e  seen successively  
w i t h i n  a single p e n e t r a t i o n  suggests  a ve r t i ca l  c o l u m n a r  
o rgan i za t i on  similar ,  for  example ,  to  t h e  c o l u m n a r  
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D i s t r i b u t i o n  i n  v i s u a l  s p a c e  of  r e c e p t i v e  f i e lds  of  cei ls  of t h e  v i s u a l  
cortex of the marsupial D. virginiana. 

T a b l e  I I .  D i s t r i b u t i o n s  of  m o n o c u l a r l y  a n d  b i n o c u l a r l y  r e s p o n d i n g  
cel ls  f r o m  a m a r s u p i a l  (D. virginiana) v i s u a l  c o r t e x  b y  r e c e p t i v e  f ie ld  
g e o m e t r y  a n d  d o m i n a n c y  

M o n o c u l a r  cel ls  B i n o c u l a r  cel ls  
R i g h t  eye  L e f t  e y e  R i g h t  eye  L e f t  eye  
o n l y  ~ o n l y  b d o n f i n a n t  ~ d o m i n a n t  b 

E q u a l  

O n  12 2 3 5 9 
Of f  11 2 1 1 
O n - O f f  28 6 5 4 10 

U n c l a s s e d  1 

C o n t r a l a t e r a l  eye.  b I p s i l a t e r a t  eye.  

organ iza t i on  found  for o r i e n t a t i o n  of s imple  fields of 
cells of t he  ca t  cor tex  5. S u m m a t i o n  b e t w e e n  t he  2 monocu-  
lar  field of a single cell, w h e n  s t i m u l a t e d  s imul taneous ly ,  
could be seen as well. 

C o m p a r i n g  t h e  cor t ica l  v i sua l  response  reper to i re  of 
th i s  a n i m a l  w i t h  t h a t  of his  super io r  coll iculus ~, more  
differences  t h a n  s imi lar i t ies  are n o t e d ;  e.g. (1) t he  pre-  
sence of 3 bas ic  geomet r i ca l  field o rgan iza t ions  a t  t he  
cor tex  c o m p a r e d  w i t h  8 or more  a t  the  mesencepha l i c  
level ;  (2) t h e  v i r t u a l  absence  of m u t u a l  i n h i b i t o r y  zones 
w i t h i n  a cor t ica l  r ecep t ive  field; a l t h o u g h  s imi la r  homo-  
geneous fields were found  for some cells of t h e  super ior  
colliculus, m a n y  concent r ic ,  as well  as a symmet r i c ,  
a n t a g o n i s t i c  zones were found  too ; (3) t he  h i g h e r  n u m b e r  
of b inocu l a r l y  d r iven  cells found  a t  t h e  cor t ical  level, o f ten  
w i t h  addi t ive ,  i.e. r i g h t  p lus  lef t  eye s u m m a t i o n  charac-  
te r i s t ics ;  s u c h  b inocu la r  s u m m a t i o n  was less read i ly  
d e m o n s t r a t e d  a t  t he  mesencepha l i c  level ;  (4) s h o r t - t e r m  
h a b i t u a t i o n  to  r epe t i t i ve  s t i m u l a t i o n  was m u c h  more  
c o m m o n  a t  t h e  col l icular  levelL I n  t e r m s  of s imi lar i ty ,  
however ,  cells a t  b o t h  t he  cor t ica l  a n d  m i d b r a i n  levels 
were se ldom found  select ive to m e r i d i o n a l  or d i rec t ion  
cha rac te r i s t i c s  of t h e  s t imulus  ; cells a t  b o t h  levels, on t h e  
o t h e r  hand ,  f r e q u e n t l y  d e m o n s t r a t e d  discre te  ranges  of 
ve loc i ty  response  a n d  of ten  h a d  o p t i m u m  veloci t ies  for 
m a x i m u m  exc i ta t ion .  

This  m a r s u p i a l  v i sua l  cor tex  t h e n  appea r s  to  offer in  
p r imi t ive ,  or  a t  leas t  early,  fo rm a wide v a r i e t y  of geo- 
me t r i c  a n d  response  p roper t i e s  found  in more  sophis t i -  
ca ted  s tages  of d e v e l o p m e n t  a m o n g  t h e  h igher  p l acen t a l  
m a m m a l s ,  sugges t ing  th i s  neo-cor tex  as an  u n i q u e  neuro-  
physiological ,  a n a t o m i c a l  mode l  of in te r -order ,  as well as 
s y n a p t i c  level,  d e v e l o p m e n t  a m o n g  t h e  m a m m a l s  8. 

Zusammen/assung. E t w a  40% y o n  100 Zellen v o m  
visue l len  K o r t e x  des Beu te l t i e res  Didelphis virginiana 
k o n n t e n  e n t w e d e r  yon  der  r e c h t e n  oder  l i nken  R e t i n a  
gereiz t  werden .  I n  der  Regel  wa r  eine R e t i n a  d o m i n a n t .  
Areale  S u m m a t i o n  i n n e r h a l b  u n d  zwischen den  mono-  
kul~iren F e l d e r n  war  v o r h a n d e n ,  obschon  gegensei t ige 
H e m m u n g  i n n e r h a l b  eines r e z e p t i v e n  Feldes  n ich t  be- 
o b a c h t e t  wurde.  __ 
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E l e c t r o n  M i c r o s c o p i c  O b s e r v a t i o n s  o n  t h e  I n n e r v a t i o n  o f  t h e  I n t e s t i n a l  I n n e r  M u s c l e  L a y e r  

The  inne r  muscle  l ayer  of m a m m a l i a n  smal l  in tes t ine  
is r i ch ly  suppl ied  w i t h  n e r v e  f ibres  ( 'p lexus  in ter fasc icu-  
la i res  et p lexus  t e r m i n a u x ' ,  CAJAL1). U l t r a s t r u c t u r a l  ob- 
s e rva t ions  o n  i n t r a m u s c u l a r  ne rve  f ibres  h a v e  been  pro- 
v ided  by  RICHARDSON 2 a n d  TAXI 3. I t  has  r ecen t ly  been  
s h o w n  t h a t  these  inc lude  ad renerg ic  ne rve  f ibres :  f ibres  
r i ch  in ad rene rg i c - type  vesicles 4 h a v e  been de tec ted  b y  
e lec t ron  mic roscopy  s; f luorescence mic roscopy  (me thod  
of FALCK a n d  I-IILLARP) ha s  d e m o n s t r a t e d  t h e  presence  

of c a t e c h o l a m i n e  c o n t a i n i n g  f ibres  ~. The  p re sen t  p a p e r  
r epo r t s  a more  de ta i l ed  ana lys i s  of t h e  u l t r a s t r u c t u r a l  
f ea tu res  of t h e  i n t r a m u s c u l a r  plexus.  

Fo r  th i s  purpose,  samples  of sma l l  i n t e s t ine  f rom 4-6-  
m o n t h - o l d  a lb ino  r a t s  (Epimys norvegicus, var .  albina, 
Erxl .  were f ixed in 4% g l u t a r a l d e h y d e  in 0 . 1 M  phos-  
p h a t e  buf fe r  (pH 7.4) pos t - f ixed  in o s m m m  d e h y d r a t e d  
in  alcohol  a n d  e m b e d d e d  in Ara ld i t e  (CIBA). U l t r a - t h i n  
sect ions  were s t a ined  w i t h  u r a n y l  a c e t a t e  a n d  lead c i t ra te ,  


