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an absolute depth judgment with respect
to fixation, while fine stereopsis requires
the judgment of relative depth, i.e., com-
paring depth across space; (2) the partic-
ular coarse stereopsis task used requires
the monkey to discriminate a signal in
noise, while the fine task does not; (3)
the range of disparities is quite different.

Chowdhury and DeAngelis (2008) repli-
cate the finding that monkeys initially
trained on coarse stereopsis show im-
paired coarse depth discrimination when
muscimol is injected into MT. Remark-
ably, the same animals, after a second
round of training on fine stereopsis, are
unimpaired at either fine or coarse depth
discrimination by similar injections. More-
over, recordings in MT show that neuronal
responses are not altered by learning the
fine stereopsis task. Given the differences
between the tasks and the large number

of visual areas containing disparity-sensi-
tive neurons, one might not be surprised
to find different areas involved in the two
tasks. But it is quite unexpected that
merely learning one task would change
the contribution of areas previously in-
volved in the other. Chowdhury and
DeAngelis conclude that the change in
outcome reflects a change in neural de-
coding—decision centers that decode
signals to render judgments of depth,
finding MT signals unreliable for the fine
stereopsis task, switch their inputs to se-
lect some better source of disparity infor-
mation. Candidates include ventral
stream areas V4 or IT, where relative dis-
parity signals have been reported (Orban,
2008) and which contain far more neurons
than MT (Figure 1). When challenged
afresh with the coarse depth task, these
same decision centers may now find that

their new sources of information can solve
the coarse task as well as the old ones.
MT is no longer critical.

Perhaps in other monkeys MT would
never have a role in stereopsis at all.
ChowdhuryandDeAngelis’monkeyswere
trained simultaneously or previously to
discriminate motion, which engages MT.
Faced with a qualitatively similar random
dot stimulus, it might make sense for the
cortex to try to solve the new problem of
stereopsis with existing decoding strate-
gies. But if the animals were initially trained
on a different task—say, a texture discrim-
ination—MT might never be engaged at
all. It would also be interesting to see the
outcome if monkeys were trained on depth
tasks that were less different and could
be interleaved in the same sessions, for
example noise-limited depth judgments
using similar absolute or relative disparity

Figure 1. A Scaled Representation of the Cortical Visual Areas of the Macaque
Each colored rectangle represents a visual area, for the most part following the names and definitions used by Felleman and Van Essen (1991). The gray bands
connecting the areas represent the connections between them. Areas above the equator of the figure (reds, browns) belong to the dorsal stream. Areas below the
equator (blues, greens) belong to the ventral stream. Following Lennie (1998), each area is drawn with a size proportional to its cortical surface area, and the lines
connecting the areas each have a thickness proportional to the estimated number of fibers in the connection. The estimate is derived by assuming that each area
has a number of output fibers proportional to its surface area and that these fibers are divided among the target areas in proportion to their surface areas. The
connection strengths represented are therefore not derived from quantitative anatomy and furthermore represent only feedforward pathways, though most or all
of the pathways shown are bidirectional. The original version of this figure was prepared in 1998 by John Maunsell.
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(Wayne Maddison)

Vision in jumping spiders

(Bair & Olshausen, 1991)



One-day old jumping spider
(filmed in the Bower lab, Caltech)



304 D.E. Hill 

A 

~ 5  

Fig. 1A ~nd B. Two sequences  of indire ct purs uit of a  s ta nda rd lure  (ha nging fly) by a  ma ie  P . 
pulcherrimus. S e que ntia l (numbe re d) pos itions  during the  purs uit were  tra ce d from proje ctions  of a  
se ries  of individua l photogra phs  ta ke n with e le ctronic flash. In  each case  the  lure  was  re move d 
imme dia te ly a fte r the  initia l orie nta tion to the  pre y (1). A The  s pide r orie nte d to the  pre y pos ition 
(1), turne d a nd wa lke d to the  s te m of the  p la nt (2), a nd the n reoriented to face  the  expected pos ition 
of the  pre y from a  ne w pos ition (3). S ubs e que ntly the  s pide r continue d its  a s ce nt (4) to a tta in  the  
obje ctive  pos ition (5). B Afte r orie nta tion to the  pre y (1), the  s pide r re a che d for a n  a va ila ble  dra gline  
(2) which it climbe d to the  s te m (3), a nd  the n re orie nte d to face  the  obje ctive  (4). Aga in, purs uit 
continue d (5) until the  s pide r a tta ine d the  obje ctive  pos ition (6) 

r e q u ir in g  e ith e r  a  r ig h t  o r  a  le ft t u rn ,  s u g g e s ts  th a t  fa m ilia r ity  with  th e  p r o b le m  
c a n n o t  a c c o u n t  fo r th e  o b s e rve d  re s u lts .  In  s im ila r  s it u a t io n s  wh e re  a  r o u t e  o f 
a c c e s s  wa s  n o t  re a d ily  vis ib le ,  th e  s p id e rs  g e n e ra lly  c o n d u c t e d  a n  e xte n s ive  s e rie s  
o f tu rn s ,  p r e s u m a b ly  in  s e a rc h  o f s u c h  a  ro u te .  Vis u a l o r ie n t a t io n  t o w a r d  a  r o u t e  
o f a c c e s s ,  p r io r  to  p u r s u it  o f th a t  r o u t e  o f a c c e s s ,  is  re a d ily  d e m o n s t r a t e d  in  a  
n o ve l s itu a t io n .  A s ig h te d  p la n t  c o n fig u r a t io n  wh ic h  re p la c e s  th e  p r im a r y  
o b je c t ive  (p re y p o s it io n )  a s  a  d e t e r m in a n t  o f im m e d ia t e  b e h a v io r  is  t e r m e d  a  
s e condary objective . 

Orientation by Jumping Spiders During the Pursuit of Prey
(D.E. Hill, 1979) 
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Fig. 3. A A s imple  s e gme nt of line a r purs uit in a  horizonta l plane , a s  vie we d from a bove . The  s pide r 
faces  the  pre y (1), which is  imme dia te ly re move d from vie w as  the  s pide r turns  to run in purs uit (2), 
a nd the n s tops  to re orie nt (3). B De finition of te rminology us e d to de s cribe  the  purs uit s hown in (A). 
C Circula r a re na  us e d for the  obs e rva tion of orie nta tion by the  s pide r during purs uit on the  
horizonta l ba r, a s  vie we d from a bove . The  inne r white  pa pe r cylinde r (1) rises  to the  le ve l of the  top  
of the  running ba r, while  the  oute r cylinde r (0) extends  to a  he ight of 30 cm a bove  the  bar. P rior to 
e a ch tria l, the  s pide r was  le d ba ck to a  ce nte r pos ition (1) on the  horizonta l ba r with a  s ta nda rd lure , 
to ma inta in a  cons ta nt pre y dis ta nce  of a bout 25 cm a t the  initia l s ighting. To initia te  e a ch tria l, the  
pre y was  pre s e nte d to the  s pide r in a  circumfe re ntia l pos ition (2). S ubs e que ntly, a s  the  pre y wa s  
droppe d be low the  vie w of the  s pide r (be tween the  two cylinders ), the  s pide r ra n to a  ne w pos ition (3) 
on the  horizonta l ba r a nd re orie nte d in the  dire ction of pos ition (4) on the  circumfe re ntia l sca le . 
F rom a  re cord of va lue s  1-4, the  de s criptive  te rms  de fine d in (B) could be  ca lcula te d for e a ch tria l. D 
P e rs pe ctive  vie w of horizonta l ba r in corridor, s howing how the  s us pe nde d fly could be  conce a le d in 
the  trough during the  purs uit a nd re orie nta tion of the  spider. E Horizonta l ba r in corridor vie we d 
from a bove . As  in (C), a  re cord of pos itions  I-4  wa s  ma de  for e a ch tria l. The  pre y dis ta nce  for a  give n 
0 could be  va rie d by cha nging the  dis ta nce  (L) be twe e n the  ba r a nd the  pe riphe ra l (fly pos ition) s ca le  

d ir e c t ly  (0c) in c re a s e s .  As  s h o w n  h e re  (F ig .  4 A),  0c wa s  a n  e ffe c t ive  p r e d ic t o r  o f 
th e  o b s e r v e d  r e o r ie n t a t io n  a n g le  (0r). 

A m o r e  r ig o r o u s  d e m o n s t r a t io n  o f th e  ro le  o f t h e  im m e d ia t e  r o u t e  (o r 
d ir e c t io n  o f p u rs u it )  a s  a  re fe re n c e  d ire c t io n ,  to  th e  e xc lu s io n  o f p e r ip h e r a l v is u a l 
c u e s ,  is  p r o v id e d  b y  th e  a b ility  o f Phidippus  to  c o m p le t e  a  s e g m e n t  o f p u rs u it ,  
fo llo w e d  b y  a n  a c c u r a t e  r e o r ie n t a t io n  (with  0~ a s  a  p r e d ic t o r  o f 0~), in  c o m p le t e  
d a rkn e s s  (F ig .  4 B).  

It  is  e v id e n t  t h a t  e a c h  r e o r ie n t a t io n  r e p re s e n t s  a n  a t t e m p t  b y th e  s p id e r  to  
fa c e  th e  e x p e c t e d  p o s it io n  o f its  p re y.  B a s e d  u p o n  d e fin it io n s  p r o v id e d  in  
F ig .  3 B,  o n e  c a n  c o n c lu d e  th a t  0~ ( th e  o p t im a l r e o r ie n t a t io n  a n g le )  is  a  fu n c t io n  
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Fig . 4. A Be h a vio r o f a  fe m a le  P. pulcherrimus  o n  th e  h o riz o n ta l b a r (Fig . 3C), in  re s p o n s e  to  a  
va ria b le  d ire c tio n  o f p re y p re s e n ta tio n  (va ria b le  0). He re  th e  m e a s u re d  a n g le  o f re o rie n ta tio n  with  
re fe re nce  to  th e  d ire c tio n  o f p u rs u it  (0~) is  p re s e n te d  a s  a  fu n c tio n  o f b o th  th e  in itia l o rie n ta tio n  a n g le  
(0) a n d  th e  c a lc u la te d  (m o ve m e n t  c o m p e n s a te d ) re o rie n ta tio n  a n g le  re q u ire d  to  b rin g  th e  s p id e r to  
fa ce  th e  o rig in a l p re y p o s itio n  d ire c tly (0c). As  in  s u b s e q u e n t figure s , th e  lin e a r re g re s s io n  o f Y o n  X 
is  in d ic a te d  a s  a  dashed line . B Be h a vio r o f a  d iffe re n t fe m a le  P. pulcherrimus  o n  th e  h o riz o n ta l ba r.  
As  in  (A), th e s e  d a ta  we re  o b ta in e d  with  th e  a p p a ra tu s  d e s c rib e d  in  F ig . 3C . F o r th e s e  tria ls ,  
h o we ve r,  th e  o ve rh e a d  lig h t wa s  s witc h e d  o ff a s  s o o n  a s  th e  s p id e r tu rn e d  to  ru n  in  p u rs u it.  O n ly 
th o s e  tria ls  in  wh ic h  th e  re o rie n ta tio n  tu rn  h a d  b e e n  e xe c u te d  comple te ly p rio r to  th e  tim e  a t wh ic h  
th e  lig h t wa s  s u b s e q u e n tly tu rn e d  o n  (s e ve ra l s e c o n d s  la te r) a re  s h o wn  he re . In  o n e  o f th e s e  tria ls  th e  
s p id e r wa s  e ve n  p re p a rin g  to  ju m p  in  th e  p re y d ire c tio n  a s  th e  ligh t we n t on .  In  a  n u m b e r  o f tra ils ,  
th is  s p id e r d id  n o t  re o rie n t un til a fte r th e  lig h t wa s  s witc h e d  o n ,  a n d  th e s e  tria ls  we re  n o t  re c o rd e d .  
In  a ll re s p e c ts  th e s e  d a ta  c o m p a re  with  th o s e  co lle c te d  u n d e r c o n d itio n s  o f c o n tin u o u s  illu m in a tio n ,  
a s  in  (A). It s h o u ld  b e  n o te d  th a t  th e  s p id e rs  always  re o rie n te d  to  th e  c o rre c t s ide  (wh e th e r rig h t o r 
le ft) o f th e  b a r 
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Fig . 4. A Be h a vio r o f a  fe m a le  P. pulcherrimus  o n  th e  h o riz o n ta l b a r (Fig . 3C), in  re s p o n s e  to  a  
va ria b le  d ire c tio n  o f p re y p re s e n ta tio n  (va ria b le  0). He re  th e  m e a s u re d  a n g le  o f re o rie n ta tio n  with  
re fe re nce  to  th e  d ire c tio n  o f p u rs u it  (0~) is  p re s e n te d  a s  a  fu n c tio n  o f b o th  th e  in itia l o rie n ta tio n  a n g le  
(0) a n d  th e  c a lc u la te d  (m o ve m e n t  c o m p e n s a te d ) re o rie n ta tio n  a n g le  re q u ire d  to  b rin g  th e  s p id e r to  
fa ce  th e  o rig in a l p re y p o s itio n  d ire c tly (0c). As  in  s u b s e q u e n t figure s , th e  lin e a r re g re s s io n  o f Y o n  X 
is  in d ic a te d  a s  a  dashed line . B Be h a vio r o f a  d iffe re n t fe m a le  P. pulcherrimus  o n  th e  h o riz o n ta l ba r.  
As  in  (A), th e s e  d a ta  we re  o b ta in e d  with  th e  a p p a ra tu s  d e s c rib e d  in  F ig . 3C . F o r th e s e  tria ls ,  
h o we ve r,  th e  o ve rh e a d  lig h t wa s  s witc h e d  o ff a s  s o o n  a s  th e  s p id e r tu rn e d  to  ru n  in  p u rs u it.  O n ly 
th o s e  tria ls  in  wh ic h  th e  re o rie n ta tio n  tu rn  h a d  b e e n  e xe c u te d  comple te ly p rio r to  th e  tim e  a t wh ic h  
th e  lig h t wa s  s u b s e q u e n tly tu rn e d  o n  (s e ve ra l s e c o n d s  la te r) a re  s h o wn  he re . In  o n e  o f th e s e  tria ls  th e  
s p id e r wa s  e ve n  p re p a rin g  to  ju m p  in  th e  p re y d ire c tio n  a s  th e  ligh t we n t on .  In  a  n u m b e r  o f tra ils ,  
th is  s p id e r d id  n o t  re o rie n t un til a fte r th e  lig h t wa s  s witc h e d  o n ,  a n d  th e s e  tria ls  we re  n o t  re c o rd e d .  
In  a ll re s p e c ts  th e s e  d a ta  c o m p a re  with  th o s e  co lle c te d  u n d e r c o n d itio n s  o f c o n tin u o u s  illu m in a tio n ,  
a s  in  (A). It s h o u ld  b e  n o te d  th a t  th e  s p id e rs  always  re o rie n te d  to  th e  c o rre c t s ide  (wh e th e r rig h t o r 
le ft) o f th e  b a r 



back of the lure and dangled it on the end of a
human hair from the bend in the rod immediately
above the dish. We positioned the lure 10 mm
above the dish bottom and jiggled it by passing a

current through a hidden magnetic coil every 5 s
until the test spider oriented towards it.

Positioning the lure 10 mm above the dish
meant that the test spider could see the lure from

Figure 1 a-c.

Animal Behaviour, 53, 2260

Navigation
(Tarsitano & Jackson 1997)



Head-direction cells in ellipsoid body of Drosophila
(Seelig & Jayaraman 2015) 

Ellipsoid body activity
(calcium imaging

Decoded vs. actual head dir.



How to build a model of world from sensory data?



Bayesian inference

<latexit sha1_base64="JmGyoXU4Fm1dG1ey9V44ame/3og=">AAACDXicbVBPS8MwHE39O+e/qUcvwSGsIKOVgV6EoTvsWMG5wVpGmqVbWJqWJBVGtw/gxa/ixYOCePXuzW9juvWgmw8CL++9H8nv+TGjUlnWt7Gyura+sVnYKm7v7O7tlw4O72WUCExaOGKR6PhIEkY5aSmqGOnEgqDQZ6Ttj24yv/1AhKQRv1PjmHghGnAaUIyUlnqlslNpThomvIJuIBBOnUpj0jTdMy2b0+xmTos6ZVWtGeAysXNSBjmcXunL7Uc4CQlXmCEpu7YVKy9FQlHMyLToJpLECI/QgHQ15Sgk0ktny0zhqVb6MIiEPlzBmfp7IkWhlOPQ18kQqaFc9DLxP6+bqODSSymPE0U4nj8UJAyqCGbNwD4VBCs21gRhQfVfIR4iXYrS/WUl2IsrL5P2edWuVW37tlauX+d9FMAxOAEVYIMLUAdN4IAWwOARPINX8GY8GS/Gu/Exj64Y+cwR+APj8wcuzJhZ</latexit>
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Area V1



Macaque visual cortex

inflated flattened



an absolute depth judgment with respect
to fixation, while fine stereopsis requires
the judgment of relative depth, i.e., com-
paring depth across space; (2) the partic-
ular coarse stereopsis task used requires
the monkey to discriminate a signal in
noise, while the fine task does not; (3)
the range of disparities is quite different.

Chowdhury and DeAngelis (2008) repli-
cate the finding that monkeys initially
trained on coarse stereopsis show im-
paired coarse depth discrimination when
muscimol is injected into MT. Remark-
ably, the same animals, after a second
round of training on fine stereopsis, are
unimpaired at either fine or coarse depth
discrimination by similar injections. More-
over, recordings in MT show that neuronal
responses are not altered by learning the
fine stereopsis task. Given the differences
between the tasks and the large number

of visual areas containing disparity-sensi-
tive neurons, one might not be surprised
to find different areas involved in the two
tasks. But it is quite unexpected that
merely learning one task would change
the contribution of areas previously in-
volved in the other. Chowdhury and
DeAngelis conclude that the change in
outcome reflects a change in neural de-
coding—decision centers that decode
signals to render judgments of depth,
finding MT signals unreliable for the fine
stereopsis task, switch their inputs to se-
lect some better source of disparity infor-
mation. Candidates include ventral
stream areas V4 or IT, where relative dis-
parity signals have been reported (Orban,
2008) and which contain far more neurons
than MT (Figure 1). When challenged
afresh with the coarse depth task, these
same decision centers may now find that

their new sources of information can solve
the coarse task as well as the old ones.
MT is no longer critical.

Perhaps in other monkeys MT would
never have a role in stereopsis at all.
ChowdhuryandDeAngelis’monkeyswere
trained simultaneously or previously to
discriminate motion, which engages MT.
Faced with a qualitatively similar random
dot stimulus, it might make sense for the
cortex to try to solve the new problem of
stereopsis with existing decoding strate-
gies. But if the animals were initially trained
on a different task—say, a texture discrim-
ination—MT might never be engaged at
all. It would also be interesting to see the
outcome if monkeys were trained on depth
tasks that were less different and could
be interleaved in the same sessions, for
example noise-limited depth judgments
using similar absolute or relative disparity

Figure 1. A Scaled Representation of the Cortical Visual Areas of the Macaque
Each colored rectangle represents a visual area, for the most part following the names and definitions used by Felleman and Van Essen (1991). The gray bands
connecting the areas represent the connections between them. Areas above the equator of the figure (reds, browns) belong to the dorsal stream. Areas below the
equator (blues, greens) belong to the ventral stream. Following Lennie (1998), each area is drawn with a size proportional to its cortical surface area, and the lines
connecting the areas each have a thickness proportional to the estimated number of fibers in the connection. The estimate is derived by assuming that each area
has a number of output fibers proportional to its surface area and that these fibers are divided among the target areas in proportion to their surface areas. The
connection strengths represented are therefore not derived from quantitative anatomy and furthermore represent only feedforward pathways, though most or all
of the pathways shown are bidirectional. The original version of this figure was prepared in 1998 by John Maunsell.
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Lateralization of the visual pathways



V1 is highly overcomplete
Temporal reconstruction o f  the image 

The homunculus also has to face t'he problem that  the image is often nioving 

continuously, but is only represented by impulses a t  discrete moments in time. I n  

these days he often has to deal with visual images derived from cinema screens and 

television sets tha t  represent scenes sampled a t  quite long intervals, and we know 

IVb 

0 1mm
C I 

FIGURE8. A tracing of the outlines of the granule cells of area 17 in layers IVb  and IVc of 

monkey cortex, where the incoming geniculate fibres termmate (from fig. 3 c of Hubel & 

Wiesel 1972) The dots at the top lndlcate the calct~lated separation of the sample points 

coming In from the re t~na ,  allowing tmo per cycle of the higllest spatial frequency 

resolved. The misaligned vernier a t  rlght has a displac~ment corresponding to one sixth 

of the sample separation, or 5' for 60 cycle/deg optimum aclutp The 'grain' in the 

cortex appears to be much finer than In the retlna. 

that  he does a good job a t  interpreting them even when the sample rate is only 

16 s-l, as in amateur movies. One only has to watch a kitten playing, a cttt hunt- 

ing, or a bird alighting a t  dusk among the branches of a tree. to appreciate the 

importance and difficulty of the ~ ~ i s u a l  appreciation of motion. Considering this 

overwhelming importance it is surprising to find how slow are the receptors and 

how long is the latency for the message in the optic nerve, and e~-en  more surprising 

to find how well the system works in spite of this slowness. 

Recent psychophysical work has improved our understanding of these problems. 

At one time i t  was thought that image motion aided resolution (Narshall SI Talbot 

1942),but this was hard to believe because of the bll~rring effect of the eye's long 

LGN 
afferents

layer 4 
cortex

Barlow (1981)



1 mm2 of cortex contains 100,000 neurons and 
receives input from ~14x14 ‘pixels’ in retina



Single-unit electrophysiology



Extracellular microelectrode recordings can be 
used to measure action potentials 



Mapping of simple cell receptive field



V1 - topographic representation



Cortical magnification

courtesy of Arash Fazl
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Fig. 14. The visual field (A) and its representations in LGN layer 6 (B) 
and striate cortex (C) (Van Essen et al., '84). As in Figure 8, the visual field 
has been divided into small, approximately square regions by a grid of 
isoeccentricity and isopolar angle lines. The transformations of this grid are 
shown on the layer-6 and cortical maps. The darkened line in Figure 16A 

isotropies in terms of a simple rule for combining inputs 
from two eyes into what is ultimately a single binocular 
map in visual cortex. It could also account for the observa- 
tion of Hubel et al. ('74) that the representation in layer 4C 
is anisotropic, if one assumes that their recordings were 
somewhere near the horizontal meridian representation. 
On the other hand, it is unclear how this scheme should be 
expanded to include the integration of inputs from the 
remaining LGN layers, where the anisotropies are not the 
same as in layers 6 and 5 .  

Another useful way of examining the relationship be- 
tween visual centers is to compare the relative numbers of 
cells devoted to any given part of the visual field. For the 
geniculocortical pathway, we used the expressions for cel- 
lular magnification for each LGN layer obtained in the 
present study and the expression for areal magnification in 
striate cortex obtained previously (Van Essen et al., '84), 
adjusted by the cell counts for different layers determined 

J 

5mm 

represents the perimeter of the macaque visual field. (Note inverted cortical 
and LGN maps.) The central 5" of the visual representation has been 
stippled in A, B, and C. Several visual field compartments along the hori- 
zontal or vertical meridia and their corresponding LGN and cortical repre- 
sentations have been darkened for comparison. 

by O'Kusky and Colonnier ('82). Figure 16 shows three 
different cellular ratios plotted as a function of eccentricity: 
1) total number of striate neurons per LGN neuron; 2) 
number of layer 4A and 4Cp neurons (i.e., those in parvicel- 
Mar-recipient layers) per parvicellular neuron; and 3) 
number of layer 4Ca neurons per magnocellular neuron. 

Various sources of inaccuracy in our quantitative analy- 
sis of LGN topography have been discussed in preceding 
sections, and it is appropriate to consider their implications 
for interpreting the curves in Figure 16. The uncertainties 
are neither so small as to be completely negligible, nor so 
large as to render the curves meaningless. Unfortunately, 
it is not possible to calculate precise uncertainty limits, 
given the diverse nature of the different sources of error 
and the difficulty in assessing their exact magnitude. Our 
best estimate, once all sources of error are taken into con- 
sideration, is that the points on each of the curves have an 
absolute accuracy of a factor of two or three, and that the 

“…despite the fact that the 
estimated total number of LGN 
cells is similar to the total number 
of retinal ganglion cells, their ratio 
must vary from many LGN cells 
per retinal ganglion cell for the 
fovea to fewer than one LGN cell 
per retinal ganglion cell in the 
periphery.”

Foveal oversampling in LGN and Cortex
(Connolly & Van Essen, 1984)

LGN

V1
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Fig. 15. On the right, the anisotropic layer-5 and layer-6 representations 
of small squares in the visual field near the horizontal meridian (A). These 
representations send anisotropic inputs (B) to striate cortex. which, when 

they converge on layer 4C (0, produce an isotropic visual representation in 
cortical "modules" (D). In E, the cortical modules are shown inserted into a 
slice of striate cortex. 
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Fig. 16. Cell ratios as a function of eccentricity in the geniculocortical 
pathway. The large-dot line shows the total number of striate nerons per 
LGN cell. This ratio was calculated as Ma (cortex) X (cells/mm2 surface 
area)/M, (LGN), where Ma (cortex) is the areal magnification factor for a 
standardized striate cortex (equation 8 from Van Essen et al., '84); cells/ 
mm2 was taken from O'Kusky and Colonnier ('82). and M, (LGN) is the 

total LGN cellular magnification factor from Table 1. The small-dot line 
shows the number of 4A and 4C0 cells per parvicellular cell, calculated as 
Ma (cortex) x (4A + 4Cp cells/mm21 x M, (parvi), with appropriate data 
from the same three sources. The dashed line shows the number of 4Ca 
cells per magnocellular cell, calculated as M, (cortex) x (4Cn cells/mm2) x 
M, (magno). 

Eccentricity

Cortex:LGN 
cell ratio

Cortex:LGN cell ratio ranges from 1000:1 in fovea 
to 100:1 in periphery

(Connolly & Van Essen, 1984)



Primary visual cortex slice (Nissl stain)

Cortical layers



Connections of cortical layers in V1



Ocular dominance columns
(Horton)



1 mm2 of cortex analyzes ca. 14 x 14 array of retinal
sample nodes and contains 100,000 neurons


