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The topographic representation o f the rabbit's retina on the cortical and sub-cortical 
visual centres has been demonstrated by histological methods. Brouwer and Zeeman (1926) 
made localised retinal lesions and succeeded in demonstrating a consistent topographical 
projection o f the retinal quadrants on the lateral geniculate nucleus and superior colliculus, 
while Putnam and Putnam (1926) studying the effect o f localised cortical lesions produced 
evidence of a fixed and definite anatomic projection on to the lateral geniculate nucleus. 
More recently electrophysiological methods have been used to confirm and extend these 
findings. Thompson, Woolsey and Talbot (1950) using a small photic stimulus determined 
the retinal representation on the exposed surface o f the rabbit's cortex; H a m d i and W h i t -
teridge (1953) established the projection o f the meridians o f the visual field on the collicular 
surface, while Choudhury and Whittcridge (1965) have described the visual field projection 
on the rabbit's geniculate nucleus. The experiments described below were designed to 
map the visual field o f the rabbit on the collicular surface in sufficient detail to enable a 
quantitative description o f the visual field projection to be made. 

M E T H O D S 

Rabbits were anaesthetized wi th chloralosc 100 mgm./kg. , and urethane 1 mgm./kgm 
given intravenously and fitted in a stereo-taxic head-holder specially designed to achieve 
rigid head fixation and yet allow a clear field o f vision to the laterally placed eye. The 
head-holder was so arranged as to keep the eye at the centre o f a perimeter wi th the sagittal 
suture of the skull at right angles to a horizontal axis passing between the eye and the refe­
rence point of the perimeter. The stereo-taxic co-ordinates o f Sawyer, Everett and Green 
(1954) were used to reach the colliculus and the responses evoked by a small spot o f light 
in the visual field were recorded through stainless steel needle microelectrodes o f 'tip dia­
meter 2-iOfj. connected through a cathode-follower to a conventional R C amplifier. These 
responses were displayed on a cathode-ray tube and monitored through an audio-amplifier 
and speaker. The visual field was searched using a neon flash o f short duration and more 

irate localization made with a circular spot o f light 1 m m . in diameter on the perimeter 
subtending an angle o f 10' at the eye. The position o f the stimulus spot in the visual 

d was defined using a system o f spherical polar co-ordinates wi th a horizontal axis o f 
rencc and in each experiment several o f these field localizations were obtained corres-
ding to the different electrode placements on the colliculus. A t the end o f each experi-
t the projection o f the myelinated nerve fibre band o f the retina on the perimeter was 
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determined using an indirect binocular ophthalmoscope. The animal was then killed and 
perfused through the aorta with 10% buffered formol-saline and serial sections o f the brain 
made to check on the accuracy o f the electrode placements. 

R E S U L T S 

The COlhtular w f a t t is devoted to the representation of a relatively narrow band shaped 
area o f visual field. A l o n g the h o r i z o n t a l axis o f the field the band extends for nearly i8o°, 
but p r o j e c t s further peripherally into the nasal field than into the temporal. This horizontal 

axis is representee/ a/ong t k e antero-posterior diameter o f t h e c o l l i c u l a r surface, t h e nasal 
field being projected to the anterior end o f the colliculus. In the vertical axis o f the field 
the band is o f near uniform width, the greater portion o f it ly ing below the horizontal field 
axis. This narrow extent o f field is represented across the transverse diameter o f the co l ­
liculus, the limited upper field projecting medially, the larger lower field laterally. 

SUPERIOR 

90 

RABBIT. VISUAL FIELD OF LEFT EYE. 

FIG . la . Visual field localization of the surface responses as recorded on a spherical polar co-ordinate perimeter. The suc­
cessive responses, from an antero-posterior row of numbered electrode placements on the dorsal surface of the colli­
culus, are joined by lines. The axis of the perimeter is horizontal, passes through the rabbit's eye and is at right 
angles to the axis of the rabbit's head. Due to the rotation of the eye, the field band axis is parallel to the 15°-0-195' 
meridian. 
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In the experimental animal whose head is fitted in the head holder, the long axis o f the 
visual field does not coincide w i th the true horizontal meridian, but is tilted down in the 
nasal field through 20°—30 0 . The projection maps (Fig. 1) however, show the long axis 
of this tilted band ly ing parallel to the perimetric projection o f the myelinated nerve 
fibre band. In the intact and unanaesthetized animal, however, direct ophthalmoscopic 
examination shows that the eye is so held that the myelinated and is truly horizontal ; it is 
thus inferred that the visual field band o f the intact rabbit is also a horizontal one. 

RABBIT D O R S A L V l t W , R I G H T SUPERIOR C O U I C U L U S 

ic. lb. Visual field localization of the surface responses as recorded on a spherical polar co-ordinate perimeter. The suc­
cessive respons, from an antero-posterior row of numbered electrode placements on the dorsal surface of the 
colliculus, are joined by lines. The axis of the perimeter is horizontal passes through the rabbit's eye and is at 
right angles to the axis of the rabbit's head. Due to the rotation of the eye, the field band axis is parallel to the 
15°-0-195° meridian. 
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N o localized responses could be obtained from the collicular surface for stimulus posi­
tions lying outside this limited extent o f field. I f such areas do have a collicular represent­
ation, they must then be on a very narrow r i m o f collicular substance situated at its extreme 
periphery. The retinal convergence to such an area would then be so great as to preclude 
the likelihood o f localised field responses. 

The representation o f a band shaped area o f field on the colliculus distorts the projection 
o f the circles o f equi-angular deviation o f the field into ellipses on the collicular surface. 
Magnification factors, i.e. the linear extent o f surface devoted to the representation o f 10 
o f visual field (Daniel and Whitteridge, 1961), have been used to describe quantitatively the 
extent o f this distortion. Thus for points along the horizontal axis the magnification factor 
is almost uniform at 0.035 mm./degree, whereas along the vertical axis they are nearly 0.16 
mm./degree at the centre, falling off to 0.022 mm./degree for field positions 30 0 above and 
below the field centre. (Fig. 2). 
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FIG. 2a. Magnification factors from five experiments along the horizontal and vertical axes of the visual field. 

D I S C U S S I O N 

In inframammalian vertebrates the optic tectum receives the bulk o f the optic tract, 
whereas in the mammalian forms the tract is distributed partly to the tectum and colliculus, 
and partly to the lateral geniculate nucleus and cortex. In the lower mammals, the insecti-
vores and rodents, the fibres terminating in the cortex do not exceed the collicular ones, 
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afferents remains as much in doubt. Barris, Ingram and Ranson (1935), and O'Leary (1940) 
were o f opinion that the collicular afferents were thin collateral branches o f thicker tract 
fibres passing to the geniculate nucleus, whereas Cajal (1911) and Bishop and Clare (1955) 
believed that the colliculus was innervated by a special variety o f retinal afferents that con­
stituted a structural and functional entity. 

Evidence for a functional differentiation between the collicular and geniculo-cortical 
pathways has been suggested by A l t m a n and Malis (1962). Evoked potentials f rom the 
colliculus in response to a flash o f light or electrical stimulation o f the optic nerve require a 
higher stimulus threshold and exhibit significantly longer latencies than cortical responses 
obtained under the same conditions. 

In view o f these differences, the patterns o f retino-topic projections on the colliculus 
i n contrast to that on the geniculo-cortical system assumes a special significance. In the 
cat the projections on the lateral geniculate nucleus, (Seneviratne, 1963), and the primary 
visual cortex (Bilge, Seneviratne and Whitteridge, 1963) show an identical pattern o f dis­
tortion, the lower quadrant o f the hemi-field being represented on an area much larger than 
that devoted to the upper quadrant. Apter's (1945) data for the collicular projection, 
however, is not sufficiently precise to allow for a direct quantitative comparison between 
the cat's collicular and geniculo-cortical projections. 

POSTERIOR 

A B 

FIG. 3. A . Visual projection map on the surface of the colliculus in parallel co-ordinates as obtained by converting the 
experimental data of Fig. 1. In the construction of this map the 15°-0-195° meridian which passes through the 
long axis of the visual field band is chosen as the horizontal meridian, and the 105o-0-285" as the vertical. ' + ' 
indicates meridians of the upper field,' —' meridians of the lower field. N and T indicate nasal and temporal 
fields respectively. 

B . Visual projection map on the surface of the lateral geniculate nucleus of the rabbit (after Choudhury and Whit­
teridge, 1965). 



R E T I N O - C O L L I C U L A R P R O J E C T I O N I N T H E R A B B I T 61 

Choudhury and W h i t t c r i d g e s ( i p 6 j ) s t u d y o f t h e r e t i n a l p r o j e c t i o n o n the g e n i c u l a t e 
o f the rabbit enables a direct comparison to be made between the collicular and geniculate 
projections, (Fig. 3). The geniculate projection shows a magnification only i n the part 
representing the anterior nasal field, i.e. the area o f the rabbit's limited field o f frontal bino­
cular vision, whereas the collicular projection shows a marked increase in the areas repre­
senting the vertical plane extending from the nasal to the temporal fields. These morpho­
logical differences could correspond to the functional needs o f the rabbit; geniculo-cortical 
areas o f high resolution subserving the binocular anterior nasal field, and the collicular band 
o f high resolution along the whole narrow extent o f the vertical plane compensating for its 
limited extent. These results would accord well w i th de Kleijn's (1921) demonstration 
that the rabbit can accurately stabilize the horizontal meridian o f its eye while the head is 
moved through ioo° in a fore and aft plane, i.e. rotated about a bi-temporal axis. It is 
hence likely that the colliculus is concerned mainly wi th the integration o f the vestibulo-
ocular reflex, enabling the rabbit to keep within its narrow visual field objects o f interest 
to it, while the phylogenetically newer geniculo-cortical pathway analyses in detail, the 
object o f its concern. 
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