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D i s c r i m i n a t i o n  Charac ter i s t i c s  of the Tur t l e ' s  Ret ina l  G a n g l i o n  Cells  

The funct ional  proper t ies  of popula t ions  of re t inal  
ganglion cells and  the i r  associated neural  ne tworks  have  
been s tudied  in mammals1 ,  amphibia3,  a, birds4, and  
teleosts  5, bu t  l i t t le is known  of ganglion cell behav ior  in 
the  case of repti les  6,~. The presen t  work  examined  the  
processing of in format ion  at  th is  neuronal  level in the  
eas te rn  box  tur t le ,  Emys  blandings. 

A p l a t i num microelect rode de tec ted  extracel lu lar ly  the  
act ion poten t ia l s  f rom the  ganglion cell 's axon  in t he  iso- 
la ted eye cup. Images  of l ight  and  shadow st imul i  in an 
object  p lane  were pro jec ted  onto  the  re t ina  by  a lens 
system.  In  a to ta l  of 22 ret inas,  109 ceils were tes ted .  

The grea t  ma jo r i ty  (91% ) of the  cells when  l ight  a d a p t e d  
responded  to reduc t ion  of l ight  f lux to  the i r  recept ive  
fields, p roduced  e i ther  by  a reduct ion  in t he  t e s t  l ight ' s  
in tens i ty  or by  enc roachmen t  of a dark  image onto  the  
recept ive  field. A smaller  p ropor t ion  of the  cells r e sponded  
to  an increase of l ight  f lux to the i r  recept ive  fields; th is  
p ropor t ion  increasing (to 76%) wi th  dark  adap ta t ion .  See 
Table I. 

An encroaching dark  edge p roved  to be a general ly effec- 
t ive  s t imulus  (i.e., for 93 (97%) of the  96 cells tes ted ,  and 
over a b road  a d a p t a t i o n  range, 4.6 log10 units).  In  th is  popu-  
lat ion of cells effective velocities of enc roachmen t  ranged 
f rom 15 tzm/sec to grea ter  t h a n  470,000 vm/sec.  The 
effective ranges for individual  cells were more  l imi ted  
(e.g. 75 ~xm/sec to  600 ~zm/sec) and  m a n y  cells r esponded  
max ima l ly  to a par t icu lar  velocity.  For  t he  popu la t ion  
these  op t ima l  velocities ranged from 75 ~xm/sec to 2250 
tzm/sec. 

F i f teen  cells of 88 tes ted  (17%) responded mos t  s t rongly  
to a da rk  line or dark  edge when  it encroached  f rom a 
par t icu lar  direction.  This direct ional  se lect iv i ty  occurred 
in 3 pa t t e rns .  In  one (7 cells), the  response occurred only  
for angles wi th in  a l imi ted  devia t ion  f rom the  prefer red  
direction.  In  the  second (3 cells), the  response was absen t  
or marked ly  reduced  for a par t icu lar  d i rec t ion  of en- 
c roachmen t  and increased wi th  devia t ion  f rom t h a t  direc- 
tion. In  the  th i rd  (5 cells), the  response was weak  or 
absen t  except  for m o v e m e n t s  along a par t icu lar  meridian,  
and was s t ronger  for one of the  di rect ions  along t h a t  
meridian.  In  addit ion,  5 o ther  cells showed this  mer id ional  
se lect iv i ty  for a da rk  edge wi thou t  any  accompany ing  
direct ional  select ivi ty.  

Thi r ty -s ix  cells r e sponded  b o t h  to an encroaching l ight  
edge and  to a da rk  edge. These included 4 of t he  cells 
hav ing  direct ional  se lec t iv i ty  and  i of the  cells hav ing  only  
mer id iona l  select ivi ty.  A very  few cells (5) r esponded  to 
an encroaching light,  b u t  no t  dark,  edge. None of t h e m  
was direct ional ly  or mer id iona l ly  selective. 

A b r u p t  changes  of l ight  in tens i ty ,  i.e., onse t  or cessat ion 
of e i ther  diffuse or local i l luminat ion,  also proved  to  be 
effect ive s t imul i  for 100% of t he  106 t e s t ed  ceils. The 
d i s t r ibu t ion  of responses  is given in Table  I. Many  ceils 
(28) also d ischarged in response  to  smal l  changes  in the  
level of diffuse i l luminat ion.  Changes  as small  as 0.02 
log10 in tens i ty  were effective.  

The recept ive  fields for response  to  a moving  edge were 
circular in 72 out  of 78 cells measured,  the  remain ing  6 
fields be ing elliptical. The circular  field d iameters  ranged  
f rom 75 vm to 450 ~zm wi th  an average  d i ame te r  of 206 ~zm 
for response  to a da rk  edge (70 cells) and of 186 ~zm for 
response  to  a l ight  edge (24 cells). 

Most  of the  cells were fired by  a moving  dark  line (92 
ceils) or l ight  line (40 cells) or by  b o t h  (36 cells). U n d e r  
condi t ions  of op t ima l  veloci ty,  in tens i ty ,  and  di rec t ion  
for each cell, responses  were co mmo n l y  ob ta ined  for da rk  
line wid ths  of less t h a n  40 ~.m (but more  t h a n  12 ~zm) and  
for l ight  line wid ths  of 25 ~zm and  less. 

W h e n  t e s t ed  by  dark  and  l ight  moving  edges or flashes, 
the  t ype  of response (ON, OFF ,  or ON/OFF)  was found  
to  be the  same t h r o u g h o u t  the  recept ive  field of each cell 
(95 cells) wi th  t he  except ion  of 5 cells which  evidenced a 
cen te r - su r round  organizat ion.  See Table  II .  
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Table I. Detection of flashes and moving edges 

Stimulus type Cells responding to diffuse Cells responding to localized Ceils responding to both kinds 
flashes flashes of flashes 
No. tested No. responding No. tested No. responding No. tested No. responding 

Flash on 78 59 (76%) 
Flash off 95 88 (93%) 
Flash on/off 71 46 (65%) 

47 30 (64%) 30 15 (50%) 
67 54 (81%) 65 52 (80%) 
44 24 (55%) 38 20 (53%) 

Stimulus type: All cells responding Cells showing only 
Encroachment by to movement directional selectivity 

to movement 
No. % Total pop. No. % Total pop. 

Ceils showing both Ceils showing only 
directional and meridional meridional selectivity 
selectivity to movement 
No. % Total pop. No. % Total pop. 

Dark edge only 56 58 
Dark or light edges 36 37 
Light edge only 5 5 
No. of cells tested 97 100 

8 8 
2 2 
0 0 

10 10 

11 11 4 4 
4 4 1 1 
0 0 0 0 

15 15 5 5 
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Table  I I .  Response proper t ies  dependent  on sub-uni t  organizat ions  of the recept ive field 

]~XPERIENTIA 26/4 

Response p roper ty  No. cells tes ted No. cells responding 

Center-surround organiza t ion  95 
Direct ional  se lec t iv i ty  �9 92 
Meridional selectivity ~ 90 
Intermittent moveinent of: 

Dark edge 30 
Light edge 11 

Response to alternation of dark images displaced relative to each other in the receptive field 3 
Surround inhibition 12 
Difference in receptive field size for spatial vs temporal changes in the stimulus 9 
Difference in spectral sensitivity of center vs surround 1 

5 (5%) 
18 (20%) 
10 (11%) 

25 (84%) 
7 (64%) 
2 (67%) 
7 (58%) 
8 (89%) 
1 (100%) 

a To da rk  edge or l i gh t  edge or both.  

E v i d e n c e  was found  for s u b - u n i t  o rgan iza t ions  of t he  
recep t ive  field for 51 cells of 99 cells tes ted .  The  tes t s  
a n d  t he  p r o p o r t i o n  of ceils found  b y  each  t e s t  to  h a v e  
these  field o rgan iza t ions  are g iven  in Tab le  I I .  The  
m e c h a n i s m s  of d i rec t iona l  se lec t iv i ty  and  of response  to 
i n t e r m i t t e n t  m o v e m e n t s  h a v e  been  mode led  in t e r m s  of 
such  s u b - u n i t  o rg /miza t ion  s, 9. Mer idona l  se lec t iv i ty  can  
s imi la r ly  be  mode led  b y  s u b - u n i t  m e c h a n i s m s  10. 

I n  a n  in i t ia l  s ample  of 6 re t ina l  gang l ion  cells all 
showed  a s h a r p  decrease  in spec t ra l  s ens i t i v i ty  a t  sho r t  
w a v e l e n g t h s  in  co r respondence  to t he  h igh  a b s o r p t i o n  a t  
those  w a v e l e n g t h s  b y  t he  colored oil d rople t s  of th i s  
r e t i n a  11. 

The  gangl ion  cell p o p u l a t i o n  of the  t u r t l e ' s  r e t i n a  shows 
a b r o a d  reper to i re  of d i sc r imina t ions .  T he  ensembles  of 
d i s c r im ina t i ons  shown  b y  each  of t he  gangl ion  cells 
g raded  in to  each  o t h e r  r a t h e r  t h a n  fa l l ing in to  d is t inc t ,  
m u t u a l l y  exclus ive  classes. Th i s  a r r ay  of d i sc r imina t ions  
would  seem to p rov ide  a r e t i na l  m e c h a n i s m  especial ly  
su i ted  for v i sua l  de t ec t ion  of m o v i n g  ob jec t s  and  shadows  12. 

Zusammen/assung. Die R e a k t i o n s c h a r a k t e r i s t i k e n  von  
Gangl ienze l len  der  N e t z h a u t  eines tZeptils (Emys 
blandings) w u r d e n  u n t e r s u c h t  und  d a b e i  tes tgestel l t ,  dass 
die Gangl ienze l len  mann ig fa l t i ge  D e t e k t i o n s c h a r a k t e r i s -  
t i k e n  aufweisen.  
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React iv i ty  of  J u x t a g l o m e r u l a r  Granule  Cells  to 
A b s e n c e  of the  A d r e n a l  B o d i e s  

The  j u x t a g l o m e r u l a r  region of the  m a m m a l i a n  k i d n e y  1, 
a n d  p r o b a b l y  t h e  g ranu le  cells t hemse lves  2, are t he  source 
of renin,  a n d  t he  r en in -ang io t ens in  s y s t e m  affects  t he  
secre t ion  of a ldos te rone  3 in some species a t  least,  w i t h  
ang io t ens in  as a d i rec t  s t i m u l a n t  of t he  ad r ena l  cortex*.  
Ang io t ens in  is not ,  of course, t he  on ly  s t imulus  to  aldo- 
s te rone  secret ion,  a n d  even  a f t e r  n e p h r e c t o m y  t he  l a t t e r  
m a y  be increased  b y  m a j o r  surgery  5 or h a e m o r r h a g e  s, for 
example .  The  converse  re la t ionship ,  t he  possible  s t imula -  
t ion  of j u x t a g l o m e r u l a r  cells t h r o u g h  t he  m e d i a t i o n  of t he  
ad r ena l  cortex,  ha s  rece ived  less a t t en t ion .  A l t h o u g h  aldo- 
s te rone  does n o t  d i rec t ly  s t i m u l a t e  t he  secre t ion of r en in  
in dogs 7, exogenous  minera locor t i co id  can  increase  j u x t a -  
g lomeru la r  a c t i v i t y  in  ratsS. 

W e  h a v e  the re fore  i n v e s t i g a t e d  the  r eac t ion  of j u x t a -  
g lomeru la r  g ranu le  cells in t he  absence  of t he  adrenals .  
Our  ear l ier  s tud ies  9 showed  t h a t  t h e  j u x t a g l o m e r u l a r  
g ranu le  i ndex  10,11 was no t  on ly  lowered b y  increas ing  t he  
i n t a k e  of sodium,  as expec ted  1~, b u t  was  ra ised  w h e n  
p o t a s s i u m  i n t a k e  was increased,  c o n t r a r y  to a n  ear l ier  
r e p o r t  13. I n  o rder  to  ca r ry  ou t  a s imi la r  e x p e r i m e n t  in  t he  
absence  of t h e  adrenals ,  a d u l t  r a t s  a f t e r  a d r e n a l e c t o m y  
were g iven  sod ium or p o t a s s i u m  chlor ide as 2% solu t ions  
for d r ink ing ,  offered ad  l i b i t u m  b u t  w i t h o u t  choice of o t h e r  
fluid. A p r e l i m i n a r y  e x p e r i m e n t  showed t h a t  th i s  potas-  

C h a n g e s  in S o d i u m  and P o t a s s i u m  Intake  in the 

s ium loading  ki l led ad rena l ec tomized  r a t s  w i t h i n  24 h. 
However ,  such  an ima l s  su rv ived  if t h e y  were f i rs t  g iven 
sod ium chloride,  as will  be descr ibed.  
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