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The purpose of this tudy was to establish electro- physiologically 

the projection of the visual field on the cerebral cortex of the rat, 

to relate this to what is known about vision in the rat, and to compare 

it with the cortical projection established for other mammals. 

METHODS 

26 albino and 5 pigmented rats, wei °king from 200 to 550 grams 

were used in 27 experiments. 

Anaesthesia 

After induction with ether, a number of anaesthetic agents 

have been tried - pentobarbitone sodium (Nembutal), chloralose, 

ohlora_Cose - urethane mixtures, urethane, and paraldehyde. The most 

,suitable have been urethane (1.4 g. /kg. as a solution containing 25 g. 

urethane and 0.9 g. .sodium chloride in 100 ml. of distilled water), 

and paraldehyde (1 ml./kg. - Sefton and Swinburn 1964), both given 

intra- muscularly or intra- peritoneally. With both u :cethane and 

paraldehyde satisfactory levels of anaesthesia (just deep enough to 

cause loss of the withdrawal reflex in the foot) have been maintained 

for up to 22 hours, by giving additional half -doses as required 

(approximately every 3 -4 hours). 

The trachea was cannulated through the mouth with a polythene 

cannula(external diameter 2mm.). This route reduces the chance of 

kinking and provides an accessible airway. Oxygen was administered 

down the cannula through a fine polythene tube (external diameter 

approximately 1/3 of the internal diameter of the tracheal cannula at 

a rate of 3 -5 ml. /min. This provides an oxygen supply well in excess 

of the resting oxygen uptake of the rat (Simpson and Morgan 1965). 

o 
Temperature was maintained at 35-37 C by an electric blanket 

regulated by a rectal thermistor and checked at intervals with a 

rectal mercury thermometer. 

Skull / 
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Skull and Cortex 

The skull was: opened under binocular magnification 

using a dental burr, and a circle of bone 10-12 mm. in diameter was 

removed. The posterior border of the craniotomy was one or just 

posterior toy the lambdoid suture, and the medial border was 1 -2 mm. 

from the mid -line. In most experiments the transparent dura was left 

intact and electrode penetrations made through it. 

In all experiments the left cortex was exposed, and the ri-__-ht 

eye stimulated. The craniotomy was sealed with transparent agar zell 

(Ionagar No. 2, 2.5% w/v in normal saline, applied at 40-44°C) to 

minimise pulsatile movement of the cortex. 

In most experiments a camera lucida drawing was made of the -ra-cular 

pattern of the exposed cortex, to assist in placing of the electrodes, and 

also to see if it bore any constant relation to the visual cortex, as 

is described in the squirrel monkey (Cowey 1964). In fact no con< -tant 

relation to the visual cortex was obmerved. 

The animal was placed in a specially designed holder, with an 

incisor bar 3 mm. below the inter - aural plane, i.e. approximately 

in the conventional stereotaxic position (Konig and Klippel 1963). 

Anteriorly the holder was insulated by being mounted in Perspex. The 

holder, the micro - manipulator and the upper part of a rat <kull in 

position, are shown in fig. 1. 

Eye 

The pupils of both eyes of the albino rats were dilated with 10% 

phenylephrine, but thi i- ineffective in pigmented rats, and 1% 

homatropine had to be employed (a s-.imilar ob ~ervation about human 

irides has been made by Obianov and Rand 1965). 

The left eye was protected (Cowey 1964) by a drop of fluid -ilicone 

(MS 200 - Hopkins and Williams), then closed by traction _n a 'uture 

through the upper lid, enabling the eye to be easily opened for binocular 

stimulation. 

Immobilisation/ 
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I:-!mobili ation of the right eye was obtained by sewing it, by 

means of four fine ophthalmic sutures inserted through the conjunctiva 

close to the limbus, to a rigidly fixed metal ring which was adjustable: 

in position. 

Corneal clarity was maintained for up to 24 hours by dripping 

sterile saline, at room temperature, on to it from above, at a rate 

of 15 drops !min. 

The animal was then positioned o that its right eye was at the 

centre mf a brass perimeter of radius 23 cm. and using a Fison 

binocular ophthalmoscope with a +20D. condensing lens, the optic 

disc(point of origin of the rstinal arteries) was lined up to coincide 

with the axis of the perimeter(i.e. the representation of thé. optic 

disc in the visual field was 0°, 0d). 

The position of the disc was checked ophthalmo topically at intervals 

throughout all experiments and it was found that its position stayed 

constant, showing that immobilisation of the eye was adequate. 

Stimulus 

This was by a flash from a small neon bulb driven by a 10 -20 

ms. square pulse from a double pulse -timulator(Electro- Physiological 

Instruments Ltd.) at a frequency of 1 per sec. The flash when delivered 

o 
at the perimeter subtended approximately 2 at the eye. 

Visual responses were first detected by holding the neon close 

to the eye, and were then localised by moving the neon at the perimeter. 

"Binocularity" was tested by holding the neon bulb close to the 

open left eye, while shielding the right eye with aluminium foil. 

The animals were not dark adapted and the experiments were 

performed under dim background illumination. 

Recording/ 
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Recording 

Electrodes of three types have been employed - silver ball, 

glass micro -electrodes filled with Wood's metal and platinised at the 

tip, and tungsten micro- electrodes(Hubel 1957). Most of the data:-were 

obtained with the latter type, since the visual cortex i too small 

to be mapped with silver ball electrodes, and Wood's metal electrodes, 

while excellent for recording from single cells, are not ,sufficiently 

robust to be used through agar and dura in mapping experiments in 

which a large number of penetrations have to be made, changing the 

electrode as infrequently as po,--sible. 

Recording was via a cathode follower, Tektronix 122 pre -amplifier 

and a Tektronix 564 storage oscilloscope, with audio amplification in 

addition. 

Positioning of electrodes 

The electodes were held in a conventional 

electrode holder and were placed in position ù7ing a standard Prior 

micro manipulator. Two positions of the micro -manipulator were used, 

either vertical or at 38° to the vertical, the oblique position 

approaching from the lateral side and enabling more of the dorso- 

lateral surface of the cortex to be reached. The micro - manipulator 

used in most experiments is shown in fig. 1. 

Movement of the electrodes in most experiments was by a series 

of 0.5 mm. steps, either laterally or anteco-pooteriorly, across the 

cortex. The accuracy of the micro - manipulator was checked by making 

a line of electrode penetrations through a piece of graph paper as 

well as by direct measurement on the cortex, and. it was found to give 

equal 0.5 mm. steps. 

Steps of 0.25 mm. were made in everal experiments, but these 

were not so accurate, partly because of very slight sliding of the 

micro- manipulator when in tie oblique position, and partly because 

of deflection of the electrode into the path of the previous 

electrode penetration in the agar; also it would require more than 

200 electrode penetrations(or over 70 hours of experiment) to map the 
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whole visual area in 0.25 mm, steps, so most experiments we---e done 

using 0.5 mm. steps. 

At the conclusion of each experiment selected electrode penetrations 

were marked by driving a sooted electrodd along the line of the 

penetration. The brain was fixed by perfusing the animal through the 

left ventricle of the heart with 10% formol saline ; after this the 

vault of the skull was removed with bone forceps and a camera lucida 

drawing was made .of the exposed cortex showing its borders, the marked 

electrode penetrations, the position of the bre;ma and lambda, and a 

millimetre scale. 

The actual experimental arrangement is shown in fis. 2 which 

gives a view taken from the centre of the perimeter. 

Conventions 

Only the right visual field and left cerebral cortex are 

in an all visual be 

orientated as in fig. 3. 

ee 

Dorsal views of the cerebral cortex all have the posterior border 

of the cortex at the top, and the medial border at the left, of the 

diagram. All dorso- lateral views of the cerebral cortex are drawn 

with the posterior border to the right of the diagram. 
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RESULTS 

Criteria of a Visual Response 

A visual response was taken to be a 

consistent wave or burst of spikes at a latency of 70 ms. or less after 

the neon flash. The average size of the evoked response was 209uV, the 

most obvious component usually a downgoing wave, representing an increase 

in negativity at the electrode. Latencies were in the ranee 30 -70 ms. 

The visual field localisation that was recorded, wasrthat point 

in the visual field at which the consistent response had the shortest 

latency, and it was usually found that this was also the point giving 

the lare7t wave or the sharpest spike response.Localisations usually 

seemed quite sharp, but the techniques used limit the accuracy of each 

localisation to not more than + 5 %ö. Thmee typical records are shown, all 

obtained with the neon at the perimeter. 

Record 1. A wave response 

209uV in amplitude, at a 

latency of 50 mi. 

Record 2. A burst of spikes, 

at latency of 60 mS. 
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Record 3. Top - a 40 mS. wattle 

with the neon at the final 

localisation in the visual field. 

Bottom - a 50 mS wave 

obtained on moving the neon 100 

in any direction. 

A response was designated as non- visual (shown by iT on diagrams), 

when there was no constant response to the neon flash, and as generalised 

(shown by 0 on diagrams) when a constant response is given which has the 

same latency with the stimultts in all four quadrants of the visual field. 
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GENERAL ARRANGEMENT OF THE CEREBRAL CORTEX 

Fig. 4 shows the areas from which the visual responses have been 

obtained and their position on the cerebral cortex. The posterior, medial 

and anterior borders are well defined, the posterior border lying about 

1 mm. from the posterior border of the hemisphere (as seen from vertically 

above in the stereotaxic position), the medial border about 2 mm. from 

the mid -line, and the anterior border some 5.5 mm. anterior to the 

posterior border. The lateral border has not been satisfactorily 

defined, and visual responses have been obtained from as far down the 

convex dorso- lateral surface of the hemisphere as the micro -manipulator 

could reach. 

Three areas are shown (see also fig. 5) which have been tentatively 

distinguished from one another according to the change in position in 

the visual field produced as the electrode is moved to successively 

morelateral positions (Thompson, Woolsey and Talbot 1950 ; Hubel and 

Wiesel 1965). In the first area (visual I - not labelled in fig. 5), 

as the electrode moves laterally, the positions in the visual field 

move progressively towards the mid -line of the animal, or even beyond 

it. At the boundary between areas I and II this movement is replaced 

by a contrary one, and the positions in the visual field retrace their 

path ; finally at the boundary between areas II and III some evidence 

appears of a reversion to the original direction of movement. 

Visual I 

The primary visual area is approximately pear shaped, is some 

3mm. in diameter at its widest point and some 5 mm. long in its longest 

axis, and within this area the whole visual field is represented in a 

topographically:' well organised manner as shown in fig. 5. 

The vertical meridian (900 -2700 line) of the visual field is repre- 

sented approximately in the sagittal plane with its lower limit anterior 

to its upper limit, and placed slightly more medially on the cortex 

than its upper limit. 

© 
The horizontal meridian (0 -180 

o 
line) is » epresented aroroximately 

at an angle of 30°to the coronal plane with its nasal limit lateral on 
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the cortex and more anterior than its temporal limit. 

This area is apparently distorted by a narrow tongue of cortex 

here included in visual II, approximately 1 mm. wide and 2 mm. long, 
i 

intruding into its lateral aspect at a point corresponding to a portion 

of the visual field just below the horizontal meridian, and extending 

to the 300 
d 
radial meridian. 

Visual II 

This is lateral to visual I, and is a narrow strip some 1 mm. 

wide at its widest point, extending along the lateral border of visual I , 

narrowing considerably above and below. This area is also shown as 

extending into visual I as the narrow tongue described above. 

Visual II is very small and consequently more difficult to study, 

but all observations made confirm that the whole visual field is 

re- duplicated within it, the lower part of the visual field again being 

anterior as in visual I, and the upper part posterior, but both represented 

in mirror -image fashion. 

The representation within the narrow portion described above as 

intruding into visual I is difficult to reconcile with that in the 

adjoining areas of visual I, but in .everal experiments there is a 

suggestion that the representation within it is arranged to some extent 

as a mirror image of visual I, so that it has been provisionally 

assigned to visual II. 

Visual III 

This area has usually been met only in one or two far lateral 

electrode penetrations in any transverse line of penetrations, where the 

visual field localisation has unexpectedly moved back towards the 

sagittal plane. This area of cortex is just at the lateral limit of the 

cortex accessible in thesd experiments so that its medial edge has only 

just been entered, and its lateral border has not been defined. But in. 

the / 



the anterior part of the visual area visual II seems to become very 

narrow, and lateral to this is a relatively large area which has been 

provisionally assigned to visual III. This area covers a small part 

of the inferior nasal quadrant of the visual field, and has been entered 

in only one experiment, experiment 27. 
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MAGNIFICATION 

It is clear from fig. 5 that all four qiijrants of the visual field 

do not occupy the same area of visual cortex, and that the upper nasal 

quadrant representation covers a larger cortical area than that of the 

upper temporal quadrant,and the lower nasal quadrant covers a much 

larger area than the lower temporal quadrant. 

S4icient cortical points have not been obtained within the upper 

nasal quadrant to define conclusively the radial meridians,but three 

o 
experiments have shown the sector Oo- 30 as larger than either 30 - 60© 

or 60o- 90 . The concentric meridians are also distributed eccentrically 

o o o 
in this sector, in that the 20 area between 40 and 60 covers a larger 

cortical area than would be expected. 

o o 
Within the lower nasal quadrant the sector 300 - 330 covers a 

o 
larger area than either of the other two 30 sectors in this quadrant, 

o 
and the part of the visual field peripheral to the 40 concentric 

meridian covers a very much larger area of the cortex than the part 

central to it. 

It has been the practice in outer studies, e.g. Daniel and Whitteridge 

(1961) on the monkey, to express magnification quantitatively as so 

many millimetres of cortex per degree of visual field, but the rat visual 

cortex is so small and the distance between electrode penetrations 70 

relatively large, that little reliance could be placed on any '..uch 

measurements in the rat. 

But it is clear from fig. 5 that in visual I the upper nasal field, 

especially peripherally near the horizontal meridian, is relatively 

manified, and that there is an area of even greater magnification in the 

0 
peripheral part of the middle 30 sector of the lower nasal field. 

Visual II is so relatively small that no attept has been made to 

draw a complete map within it, so that it has not been possible to 

determine to what extent the magnification in visual I is reproduced in 

visual II. 

Only one or two points have been obtained in the posterior and 

central! 



central parts of visual III, and the anterior part of visual III seems 

to be devoted largely to the peripheral part of the inferior nasal visual 

o o 
field between the concentric meridians 50 and 80 . 

BOUNDARIES OF THE VISUAL FIELD 

o o 
These were found to be 55 temporal and 70 nasal to the optic disc 

o o 
in the horizontal meridian, and 70 above and 80 below the optic disc 

in the vertical meridian. This would seem to conflict with the observations 

of Lashley (1932 ) who found that light could reach the rat retina 

P 0 
from anyAoint within an angle of 207 in front of the eye, but certainly 

the boundaries of the physiological visual field here described above, 

below and temporal to the optic disc coincide with the mechanical 

borders of the head holder, so that it is quite possible that the 

visual field extends further in these directions. Also Lashley studied 

excised rat eyes, and it is likely that some part of the boundary 

of the visual field will in fact be formed by the peri- orbital structures 

as in Man. 

Lashley (1932) predicted that since the optic disc covered 6.3% 
o 

of the diameter of the retina, the blind spot would cover 11 of visual 

field, and in fact responses have never been obtained from the central 

10 
o 
of visual field. 

BINOCULARITY 

In previous work it has usually been understood that a binocular 

response is one in which a response via either eye is given at one 

cortical locus by a stimulus at one point in the visual field. Since 

the above definition assumes that the axes of the two eyes are correctly 

aligned and here the "binocular" stimulus was a neon flash applied 

close to a non -immobilised eye, I intend to substitute for binocular 

response the term ipsilateral response ; obtained when an ipsilateral 

light flash produces a cWical response. It was found in a number of 

experiments / 
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experiments that ipsilateral responses' could regularly be obtained 

from an area of visual I representing an area of visual field nasal 

to line B in figures 3 and 5, and were never obtained from the area 

temporal to this line. 

All of visual II concerned with that area of visual field nasal 

to line B gave ipsilateral responses, but few penetrations gave 

localisatïons'in the visual field temporal to line B so that it is 

not possible to say conclusively if this area of visual II gives 

ipsilateral responses or not. 

Most of the points obtained in visual III gave ipsilateral 

responses, but a number of points in its far anterior part did not 

give such responses. 
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DISCIISSION 

Position and boundaries of the vi -ual cortex. 

A number of attempts have been made to define the visual cortex 

of the rat anatomically, notably those of Fortuyn(1914) and Krieg(1946), 

who both divided the cerebral cortex into areas on a cytoarchitectonic 

basis, and fig. 6 shows the visual area of 7ortuyn and that of Krieg 

(areas 17, 18 and 18a). 

Visual I corresponds approximately with the visual area of Fortuyn 

except posteriorly where he shows it as extending down the posterior 

surface of the hemisphere. 

Visual I corresponds approximately with Krieg's area 17 ; most of 

visual II is in his area 18a ; his area 18 and the posterior part of 

18a were found to be non visual. That there is some association 

between area 17 and area 18a is confirmed by the work of Nauta and 

Bucher (1954) on the connections of area 17 - although other intra- 

cortical connections exist, the only cortico- cortical liks (i.e. via 

white matter) from 17, are to 18a. Lastly, visual responses were 

obtained from rather further forward than would be expected from Krieg's 

figure of area 17, geographically, if not histologically, within his 

area 7. 

Krieg states that the most marked histological division in the 

occipital cortex is that between ardas 17 and 18, which here is 

confirmed physiologically. 

These results differ from those of Le Mesurier and Woolsey (1948) 

and Woolsey (1952 - fig. 7) who, using gross photic stimulation, 

reported that in the rat the visual area corresponded approximately 

to Krieg's areas 17, 18 and 18a. 

Similar studies have been done on the porcupine (Lende and 

Woolsey 1956) and the guinea pig (Ziegler 1964), and their results 

are also shown in fig. 7 for comparison. 

Kimura (1961), using gross photic stimuli and recording with 

Nichrome wire electrodes moved across the cortex in large (2 mm.) 

steps, reported that the most active area of the rat visual cortex 
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was some 2 mm. in diameter, and had its centre 5 -6 mm, posterior to the 

coronal suture and 3 -4 mm. from the mid -line. His active area thus 

corresponds to the representation of the inferior nasal visual field in 

visual I. 

Organisation within the visual cortex. 

Anatomically Lashley (1934b.) determined the respective positions 

of the projections of the four quadrants of the visual field on the 

cortex (fig. 8). By making small lesions in the occipital cortex 

(indicated by small circles in fig. 8), he destroyed small bundles 

of fibres projecting to localised areas of the cortex, and consequently 

produced retrograde degeneration in the corresponding cells of the 

lateral geniculate nucleus. He compared this pattern of geniculate 

degeneration with that obtained by making lesions in different areas 

of the retina, to produce the _projection of the retinal quadrants on 

the cortex. 

His quadrant projection, as indicated by the large letter F. in 

fig. 8, agrees with the map shown in fig.5, but his zones of the 

visual field, as indicated by the areas between the dotted lines, are 

orientated on the cortex at an angle differing by almost 90 from the 

corresponding visual field zones in fig. 5. In view of the difficulties 

of his technique it is remarkable how closely his projection resembles 

the one here presented. 

The efferent pathways from occipital cortex to superior colliculus 

have been studied by.Lund (1966), who made localised lesions in the 

cortex and stùdièd the ::projection of the degenerating axons to the 

superior colliculus. He describes two areas in the cortex the posterior 

one corresponding approximately to cortical visual area I and projecting 

to the superficial three layers of the superior colliculus in a 

topographically well organised manner. The arrangement of this efferent 

path from visual I to the colliculus corresponds with the retinal 

projection on the colliculus (Forrester and Lai - personal communication). 

The/ 
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The more anterior of Lund's two areas, which is just anterior to his 

other area, projects to the deeper two layers of the colliculus, and 

its lateral part projects to the collioulus deep to that area concerned 

with the inferior nasal field of vision. 

It is possible that this lateral part'of Lund's anterior cortical 

area corresponds to that anterior hart of visual III which has already 

been described as concerned with an area far out in the inferior naal 

field of vision. It has been discovered (Forrester and Lal - personal 

communication) that the superficial laminae of the superior colliculus 

contain a well organised projectißn of the visual field which is 

regularly arranged and contains no magnified areas. Thus it would be 

interesting if the deeper layers of the colliculus were mapped to see 

if the high degree of cortical magnification of the outer part of the 

inferior nasal field was still present in that deep part of the superior 

colliculus to which Lund's antero -lateral area projects. 

Division info. Visual I, II and III. 

The .successive encountering of visual I, II and possibly III as 

one moves laterally across the cortex is in agreement with the relative 

positions of these areas as described by others e.g. Thompson, Woolsey 

and Talbot (1950) in the cat, as is the finding that visual II is 

arranged as a mirror image of visual i but on a much smaller scale. 

What seems different in the rat is this narrow tongue of visual 

II extending medially into visual I, and this arrangement has not 

been described in any other animal. Its presence may be related to the 

large part of this tongue devoted to that area of the nasal visual field 

o 
40 - 600 out near the horizontal meridian, which has already been 

described as a magnified area in visual I and may be simply a device 

for increasing the area of cortex available to visual II. 

The antero -lateral part of the visual cortex, here provisionally 

assigned to visual III, is largely devoted to a part of the inferior 

nasal/ 



In the monkey it has been shown (Myers 1962, Choudhury, 

Whitteridge and Wilson 1965) that it is only the lateral edge of 

visual I and an adjoining strip of visual II which have callosal 

connections with the contralateral cortex. This area of cortex 

is concerned with the mid -line, and it has been shown (Choudhury, 

Whitteridge and Wilson 1965) that these callosal connections 

could serve a function in "linking up" the two halves of the visual 

field across the mid -line. It seems likely that a similar state of 

affairs exists in the rat, since Nauta and Bucher (1954) report 

that removal of one occipital cortex causes degeneration in the 

opposite hemisphere only in the lateral one -third of area 17, and an 

adjoining strip of area 18a. i.e. that part of the cortex which has 

here been shown to be concerned with the area of the visual field 

near the mid -line. 
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nasal visual field which is magnified in visual I. It is possible that 

this corresponds with the large representation of the area centralis 

in visual III that is described in the cat by Hubel and Wiesel (1965), 

and it may also be related to part of the anterior cortical area of 

Lund (1966) which projects to the deeper layers of the ipsilateral 

superior colliculus. 

Magnificátion. 

Representation of a part of the visual field by a 

disproportionately large amount of visual cortex is termed cortical 

magnification, and is usually associated with a specialised part of 

the retina, such as the fovea in Man and the monkey, the area.centralis 

in the cat or the horizontal band in the rabbit. 

In 1932 Lashley, observing eye movements in the rat, concluded 

that it had a fixation point which was situated some 50 in front of 

the pupillary axis (approximately the same as the axis of the optic 

disc) in the horizontal meridian. This is exactly what is shown in 

fig. 5 where there, is a definite area of cortical magnification some 

o 
50 out in the horizontal meridian. 

Lashley (1932) also made ganglion oell counts in different parts 

of the retina, and found the highest count mid-way between the Optic 

disc and the temporal edge of the retina, i.e. in that area corresponding 

to that part of the visual field that is cortically magnified, and to 

Lashley's fixation point. 

His ganglion cell counts also show a higher concentration in the 

upper temporal quadrant of the retina, and this correlates well with 

the area of magnification shown in fig. 5 in the inferior nasal visual 

field. 

Binocularity. 

Primates and cats possess forwardly directed eyes and there 

ìs 
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is a considerable amount of decussation (60% in primates - Le Gros 

Clark 1945) of the fibres of their optic nerves at the chiasma. Their 

visual system divides their visual space into two halves by a vertical 

"line" in front of them, and presents each half to the contralateral 

cerebral hemisphere. Recording from one hemisphere shows a projection 

of part of the contralateral retina up to the vertical "line ", and 

superimposed on this the projection of the corresponding rart of the 

ipsilateral retina. 

The rat eye is not directed forwards, but considerably laterally 

and also somewhat upwards (Lashley 1932), and there is said to be 

about 80% decussation of the optic nerve fibres at the rat optic chiasma 

(Walls 1963). This situation does not preclude the same basic arrangement 

as in primates and cats, but if the arrangement is the same, it may be 

expected (á) that part of the visual field available to one eye is not 

represented via that eye on the contralateral cortex,but on the 

ipsilateral cortex ; and CO that on the ipsilateral cortex this part 

of the field is represented via both eyes, a point in the field 

corresponding to one point in the cortex, but by á duplicated pathway. 

It may also be expected (o) that eye movements are controlled so as to 

maintain a constant overlap measured at the retina, and the same 

orientation for each eye of the line dividing visual space into a 

" contralateral cortex" and an " ipsilateral cortex" section. 

The representation of the retina upon the cerebral cortex of the 

rat can now be examined to decide how far these expectations are 

fulfilled. It is necessary to establish the position, in the vis=ual 

field, of the median sagittal plane in front of the animal during 

normal life, since it is to be expected that this -lane will be closely 

related to the "line" dividing visual space into two parts. To do this 

one must establish the axis of the eye during normal life. Lashley (1932) 

observed the natural axis of the eye and believed that it varied between 

two directions, depending on whether the rat was watching what lay 

before its vibrissae, or a stimilus card some 20 cm. away. The natural 

axis 



- 18 - 

axis has been observed ophthalmoscopically in a tranquillised rat 

( "Sernylan" (Parke- Davis) - 20 mg. :kg. intra- peritoneally) in the 

stereotactic position, and the axis found lies between Lashley's two 

directions. With the perimeter aligned along this axis, it was possible 

to determine the normal position of the median sagittal plane in the 

visual field of one eye. The position of this plane was observed along 

various radial meridians and is shown as line M in fig. 3. 

It is now possible to examine the expectations mentioned above - 

(a) Part of the field of one eye "beyond the mid -line" ( B in fig. 9 ) 

z.hould be missing from the contralateral cortex. but uhe projection 

given here (fig. 5) appears to include the whole of the field of the 

contralateral eye, to ct least 60o out, thus extending well across the 

median sagittal plane over a large part of the margin of the visual 

field, and no evidence has appeared of a missing part. This could mean 

(1) that determination of the natural position of the eye was inaccurate- 

or (2) that in the rat a large part of visual space is represented on 

both hemispheres, and not on one or the other as in primates and cats. 

Before accepting (2) as an explanation it will be necessary to re- determine 

the natural axis of the eye in a normally conscious (not "tranquillised ") 

rat looking at a distant mid -line object. 

(b) Only part of the field of the ipsilateral eye, A in fig. 9, i.e. that 

part "beyond the mid -line ", should be represented on the cortex. Since 

the ipsilateral eye was not fixed to a ring in these experiments it 

is not possible to determine directly what part of it fiela is 

represented on the ipsilateral cortex. But part A of visual space is 

also represented on the cortex via the contralateral eye, so that the 

extent of A can be measured by determining how much of the co ,:ical 

representation of the contralateral visual field gives ipsilateral 

responses (this is of course assuming that corresponding points in the 

two retinae are represented at the same cortical locus, as in primates 

and cats). It appears to be: remarkably large, and examination of figures 

3 and 5 (the area nasal to line B) shows that near the horizontal 

meridian it begins well across the mid -line (line M), and reaches beyond 

the 
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the axis of the contralateral eye. This could mean (1) that "cortical 

spread" of the wave response was occuing - because of the relatively 

crude method of assessing ipsilateral responses this cannot be ruled 

out, to do so would require fixation of the ipsilateral eye and location 

of the responses within the visual field ; or (2) that the rat possesses 

a considerable degree of convergence and employs binocular vision to 

a greater degree than has previously been suspected - this is possible 

but for this to be proved would again require more adequate assessment 

of the area of visual field giving ipsilateral responses. 

(o) As mentioned above it seems likely that the rat can converge its eyes 

to a considerable extent, and Lashley (1932) considered that he could 

observe such movements of convergence, but he was unable to observe 

consensual movements, such as occur in primates and cats, in which the 

"line" dividing visual space may deviate greatly from the median sagittal 

plane to one or other side. 

Finally as regards eye movements, fig. 3 shows that ipsilateral 

responses were given over a larger area of cortex in the projection of 

the upper part of the visual field, than in that of the lower visual 

field. This suggests that, as well as binocular convergence, the rat 

has eye movements of axial rotation so that the upper field is converged 

more than the lower. Such movements were suspected by Lashley (1932) 

who, although unable to observe such movements directly, showed that 

the insertion of the extra- ocular muscles was such that movements of 

axial rotation would be possible. 
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SUMMARY 

The projection of the visual field on the cerebral cortex of the 

rat has been studi:ted using electro- physiological methods, and the 

techniques used for anaesthesia, preparation, stimulation and recording 

have been described. 

The borders of the visual area of the cerebral cortex have been 

defined except laterally, and its position on the cortex has been 

compared with that described by other writers. 

The visual area has been sub -divided into a primary visual area - 

visual I, visual II and provisionally, visual III, on a topographical 

basis, as has been done for the cat. Visual I and visual II each contain 

a topographically well organised projection of the whole visual field, 

that of visual II being a smaller mirror image of that in visual I. A map 

has been drawn of the visual field projection to visual I, but not of 

the projection to visual II. The anterior part of visual III seems to 

be devoted to a relatively small part of the visual field, a part 

found also to have a large representation in visual I, and a relation 

is postulated :between this area and an efferent projection to the 

superior colliculus. 

The map of the projection of the visual field on visual I shows 

magnification of two areas, and this has been correlated with previous 

retinal ganglion cell counts. 

An attempt has been made to. compare the visual system of the rat 

with that of primates and cats whose visual spacë.'is divided vertically 

at the mid -line, each half of the visual field projecting to the 
ro ,; 

contralateral cerebral hemisphere, but there is not sufficient experimental 

evidence to establish the degree of similarity or difference between 

tbem in this respect. 

It is likely that the rat has a considerable amount of binocular 

vision, and that it possesses eye movements of both convergence and 

axial rotation. 



APPENDIX 

Some of the points mentioned in the text are illustrated in the 

following three experiments. 

Experiment 27. 

This is presented to show the divisions between visual 

I, II and III, and also illustrates magnification. 

For the area above the horizontal meridian, as one goes laterally 

across the cortex it is clear that in visual I the field locations 

become progressively more nasal, but at the junction between I and II 

they reverse and move temporally (3, 21,22), or change direction sharply 

(8). 

The area below the horizontal meridian is best studied by 

following the visual field locations of points on the cortex traced 

anteriorly. Thus points 16 -46 are clearly seen to bear the same 

relationship to one another in the visual field as in the cortex, and 

I have considered this regular type of arrangement characteristic of 

the primary visual area (visual I). 

In the line 17 -59, all points are regularly arranged in the visual 

field except 31 and 42 ; 31 being lower in the visual field than any of 

the others, and the location of the next anterior penetration 42 is 

returning towards the horizontal meridian, then the direction reverses 

with penetration 47 to continue in its original downward path. The same 

is seen in the next line 18 -60, where 41 obviously departs from the 

trend of the others. Point 48 may seem a little displaced but scrutiny 

of the protocol shows that this was a difficult location to make, so that 

it might in fact have been actually located above 57.In the next line , 

19 -49, 19 is below 24 in the visual field, but there is only 5 of 

difference between them in the visual field, and only 0.25 mm. between 

them in the cortex, and I do not feel justified in excluding 24 from 

visual I. On the other hand, point 33 is lower in the visual field than 

49, with 0.75 mm. of cortex between them, and 40 is on the horizontal 

meridian, so that these have both been included in visual II. 

The/ 
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The lower part of visual II is best defined by again studying the 

visual field positions of points as one moves laterally across the 

cortex. In the line 45 -52 there is a 90 change of direction after 49, and 

e 
then a 90 change in the opposite direction after 51. These changes 

suggest putting 50 and 51 in visual II, and 52 in visual III, but are 

obviously not ideal criteria for the Aivision. In the line 58 -53, there 

is a clearly marked change of direction at point 56, and 56, 55 and 54 

are more convincingly in visual II, while 53 reverses the direction by 

b 
180 and has thus been assigned to visual III. The lower part of visual II 

becomes progressively narrower here, and there is a sharp reversal of 

direction after 60, and again after 61, so that only point 61 is in 

visual II. At this level the lateral border of visual II is formed by 

the 270 ° radial meridian (see -,oint 65). 

This is the only experiment in which much of the antero -lateral 

surface of the cortex has been studied,and there is a large area of 

cortex here concerned with a relatively small part of the visual field. 

Since the points in the most anterior part of what has been called 

visual III cover an area of the visual field which does not seem at 

first sight to be represented in visual I, it could be argued that they 

are part of visual I and not of visual III. But in addition to the 

representation here assigned to visual III, most of this part of the 

visual field could in fact be represented within the visual I of fig. 5. 

For point 62 is very near to 49 (visual I) and 63 acid 64 are very near 

to 60 (visual I). From the map it is likely that cortical [-.oints corres- 

ponding to 66 and 67 could be found in visual I, and there is still 

room in visual I for 69 to be represented in front of 59. 73 is in an 

area included in visual I. It may seem unlikely, but it is just possible 

that points 70 and 71 could be represented in vi ̂ ual I anterior to point 

60. My other criterion for calling this area visual III is of course the 

presence of the lower part of visual II just medial to it. 



Experiment 21. 

This again shows the division between visual I and II. 

Note the reversal of trend through 1800 in the upper part of 

visual III and the reversal again of point 6 as visual III is encountered. 

By following the cortical points anteriorly again, one can see that 

points 21 and 20 would be out of place if included in visual I. Points 

17, 18 and 19 all gave non -localisable visual responses : at this 

juncture the time was "-23.00 hours and the animal had been without food 

for some 15 hours, so 1 ml. of 5% glucose was given intra- peritoneally, 

and 15 minutes later a. good localisation was obtained at point 20. 

So whether points 17, 18 anc? 19 can truly be said to give non -localisable 

responses normally is open to doubt - certainly other experiments 

suggest that localisable responses can be obtained from this part of the 

visual cortex. 
o 

Points 32 -34 clearly show a reversal of trend of almost 180 and 

o 
extend to the 270 radial meridian. 

Point 38 is obviously in visual III and although 45 was difficult 

to locate, it was definitely nasal to 38, and consequently has been 

placed in visual III.' 
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Experiment 22. 

This is presented to show the posterior and medial borders 

of visual I, the boundary between visual I and II, and points in visual 

II in the temporal half of the visual field. 

At points 23 and 5 the electrode met some obstruction. The non- visual 

responses were very definitely non -visual, and clearly show the posterior, 

and upper part of the medial, border of visual I. 

Line 28 -31 clearly shows a 1800 change in direction, and defines 

visual II as extending to the temporal border of the visual field, 

before reversing again after 31. Points 30, 31, 34 and 35 in visual II 

are located in the temporal part of the visual field. 
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