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visual field

Representation of the Visual Field in the Brain
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Suprachiasmatic Nucleus (SCN)

SCN Divisions: core & shell



Core
bilateral inputs from retina, LGNv, midbrain raphe,
Inputs from ganglion cells containing photopigment (melanopsin)
neurons contain vasoactive intestinal poypeptide (VIP)

Shell
inputs from brain stem, hypothalamus, basal forebrain, limbic
neurons contain vasopressin (AVP) and GABA

Function
Individual neurons: circadian oscillators (maintain rhythmic firing rate in culture)
Coupled to form a pacemaker
Lesions abolish sleep/wake cycle and other hormonal & behavioral rhythms
Serves as a primary biological clock

Suprachiasmatic Nucleus (SCN)
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Lesions of suprachiasmatic nucleus abolish light/dark cycles
 of activity in a rat



Pretectum

Nucleus of the Optic Tract (NOT)

Inputs
Bilateral retinal projections
Visual cortex (e.g. V1, MT,MST)

Outputs
Edinger-Westphal nucleus
LGN

Neuronal properties
Respond to fast motion
Binocular

Function
Stabilize retinal image
Pupillary control 
Role in fixation and optokinetic nystagmus (OKN)



Pretectum plays an important role in the pupillary reflex

Pretectum controls the action of the pupillary constrictor muscle
via its projection to both Edinger-Westphal nuclei.

Normal pupillary reflex

Left Efferent Pupil
Defect







Accessory Optic System (AOS)

Inputs

  from contralateral retina (slow conducting fibers)
  topographic projections from cortex

Outputs

  AOS --> Inferior olive -->cerebellum

Neuronal properties

 Neurons are selective to direction of slow motion

FunctionFunction

  Stabilize image on the retina
      Involved in optokinetic nystagmus (reflex stabilizing retinal image)

      Neurons detect retinal slip; these signals activate eye  muscles to cancel retinal slip
      AOS works with vestibular system to detect self-motion and stabilize eye & head in space
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Superior Colliculus
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Representation of Visual Space in Superior Colliculus



7 layers
I,II,V,VII  fibers
II,IV,VI   cell bodies

Functional segregation

Superficial layers

Deep layers

Superior Colliculus



Superficial layers (I,II,III)
 inputs from retina
  10% of ganglion cells (few M, some γ)
 inputs from cortex
   ipsilateral, foveal, topographic from layer 5
    FEF (frontal eye fields)
   extrastriate

 Retinotopic map
  Central 10o occupied 30% of surface
    Contralateral visual field in primates (contra/ipsi retina)

 Visually responsive neurons
   Center/surround organization; not selective for stimulus shape
    Binocular
   Slowly conducting
 Behavioral modulation of visual responses
    enhancement before saccade into receptive field

 Function
    initiation of eye movements

involved in directing spatial attention

Superior Colliculus



Deep layers (V,VI)
  Inputs from all sensory systems

  Outputs to brain stem (related to motor control. E.g. eye movements)

  Locations in SC represents space around the animal
    Multisensory responses 

(e.g. acoustic, tactile, visual originating from the same region of space)
   Enhanced response to multisensory stimulation from the same region of space  

 Movement fields
  Neurons active before eye movements (saccades) of specific amplitude and direction
   (e.g 20o from any orbital position)

 topographic map of movement fields across SC

Function
  visual orienting reflexes
  multisensory integration in goal oriented behaviors
 

Superior Colliculus
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      P-cells      M-cells    Blue- cells

number 80% 10% 6%

Soma size medium large small

RF  size small large large

conduction slow fast very  slow
velocity

color red-green no bue-yellow

Properties of the 3 most numerous retinal-LGN cells



Organization and properties of LGN

Receptive field properties

   Parvocellular neurons
   red-green color, high spatial resolution, low contrast sensitivity,

 low temporal resolution

   Magnocellular neurons
   high contrast sensitivity, high flicker rates (speeds), low spatial resolution

   Blue neurons
   yellow-blue color, low spatial resolution, low contrast sensitivity, 

low temporal resolution



Inhibitory Surrounds of Receptive Fields in the retina and LGN



Red-green  P-cells in the LGN
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M-cells in the LGN
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Blue ON-yellow OFF cell in the LGN
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Spatial contrast sensitivity
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contrast spatial frequency highlow



1

10

100

1 10 100

Spatial Frequency (c/deg)

1

10

100

300

Co
nt

ra
st 

Se
ns

iti
vi

ty
G

rating Contrast (%
)

Spatial Frequency (c/deg)

Contrast
Co

nt
ra

st 
Se

ns
iti

vi
ty

HighLow

High Low

Contrast Sensitivity Function



0.1 1 10 100

C
on

tr
as

t S
en

si
tiv

ity

Spatial Frequency (c/deg)

M-cell

P-cell

1

10

100

0.1 1 10 100
Temporal Frequency (Hz)

M-cell

P-cell

1

10

100

Spatiotemporal Properties of P and M-cells in the LGN



Effects of P and M lesions in the LGN
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intact acuity

loss of color vision intact color vision

loss of sensitivity to fine, slowly
moving or flickering patterns

loss of sensitivity to coarse, fast
moving or flickering patterns

loss of acuity

Effects of LGN Lesions in Primates

P- lesion M - lesion


