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Abstract. The receptive field organization of neurons in the superior colliculus 
of the cat was investigated. Extracellular recordings from single units were made 
during the stimulation of their receptive fields by flashing light-spots and dif- 
fuse light illumination. According to the differences in their organizations receptive 
fields were classified as "homogeneous", if the response pattern to flashing spot 
was the same in every point of the receptive field; and "heterogeneous", if the 
pattern of response of the cell changed irregularly as a function of a change 
in the location of the flashing spot. Receptive fields were also classified accord- 
ing to the latency distribution throughout the receptive field. The latency of the 
"on" response evoked by a flashing light-spot was measured. Two types of receptive 
fields were observed: homolatent, if there were no significant differences in the 
latencies between neighboring points in the receptive field; and heterolatent, if 
the latencies of responses were irregularly distributed and significant differences 
in latencies between neighboring points existed. I t  is concluded that the receptive 
fields in the cat's colliculus superior have granular structure. 

INTRODUCTION 

The concept of visual receptive field was first formulized by Hartline 
(I), who defined it as a region of the retina whose illumination elicits 
a response in a certain cell. Response patterns of ganglion cells evoked 
by retinal stimulation by light were characterized as "on", when the 
cell responds to the onset of light; as an  "off"-response, when evoked 
by cessation of light; and "on-off" when the cell responds to both. Using 
stationary flashing light-spts, the detailed structure of receptive fields 
of neurons in different levels of the visual pathway has been explored. 
It is established now that the ganglion cells of the retina and that of the 
lateral geniculate body have concentric receptive fields. This means that 
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the central part of the receptive field, when stimulated, evoked an "on" 
or "off" response in the cell and that the circular surround evoked a res- 
ponse oppsirte to that of the center (5, 9). 

The receptive field organization differs at each level of the central 
nervous system. At higher levels the organization of receptive fields 
becomes more complicated. The neurons of visual cortex, for example, 
possess simple, complex and hyper-complex types olf receptive fiellds 
according to the classification of Hubel and Wiesel (6, 7). 

Receptive fields of mildbrain neuwns have a rather homogeneous 
structure im compa~ison with the receptive fields of retinal ganglion 
cells (2, 11). A spot of light flashing in such a receptive field evoked 
more or less the same pattern of response, regardless of its localization. 
Generally it was a phasic "on-off" response. 

We think that additional information is eeded to describe fully the 
visual receptive fields in the midbrain. Me urements of latencies of 
neuronal responses at  successive positions of a flashing light spot along 
a path thmugh the receptive field and investigation of patterns of res- 
ponses from different parts of the receptive field are necessary. 

In this sturdy some new properties of visual receptive fields will be 
described. The response patterns to visual stimuli of neurons in colli- 
culus superior were investigated, and measurements of latencies were 
done. The evidence obtained in this way indicated that, the majority of 
receptive fields were not homogeneous, but have a mozaically organized 
heterogeneous structure. 

METHODS 

Fifty six adult cats were used. Under ether anesthesia a pretrigerninal 
midpotine transection was performed. Experilments began 2 hr later in 
order to dew time for the ether anesthesia to subside. The animals were 
immobilized by Flaxedil. To keep the eyes in a fixed position, high doses 
of Flaxedil were used (60 mg!hr, given intravenously). Completely para- 
lyzed animals were artificially ventilated, using a Palmer constant- 
volume pump; the stroke volume was 20 ml and the respiratory rate, 
18-19Imin. The pupils were fully dilated with l0/o atropine sulfate, aind 
the nictitating membrane was fully retracted by instilling 100/o neo- 
synephrine (phenylephrine hydrochloride). Contact lenses of 0 dicrpters 
were used to prevent the corneal surfaces from drying and becoming 
cloudy. A clinical ophthalmmmpe was used for viewing the retina and 
checking the transparency of the cornea. 

In each experiment the coordinates of the blind spot were mapped 
with a narrow~beam reversible ophthalmoscope (the beam width was lo), 
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and then the center point of area centralis was calculated (12). Thus all 
the receptive fields measured could be mapped in relation to the area 
centralis. 

For the measurement of visual receptive fields a perimeter-like device 
with white semi-concave screen was used. The screen sdbtended 60" of 
visual angle, and the animals' eyes were a t  a distance of 70 cm from 
the perimeter screen. The arrangement of the perimeter enables the 
screen to be placed anywhere in the visual field a t  a constant distance 
from the cat's eyes, and thus permits an exploration of the whole retina. 

As visual stimuli, diffuse light flashes and circular light spots were 
used (1.5", 2.25" and 5" in diameter). They were projected on the screen 
by a slide projector. The parameters of flashing and spot movements 
were controlled by a Grass stimulator, using a servo-mechanism. 

In each experiment the intensity of background illumination and that 
of the light-spot was measured using a SEI photometer. It ranged bet- 
ween 0.2 cdlmz for badground illumination and 4-6 cdlm, for light- 
spots. The intensity of illumination by diffuse ligh't flashes was 8 cdfmz. 
Generally experiments were done in scotopic light conditions. 

Single unit activity was recorded extracellularly. Tungsten wire 
electrodes (0.1 mm in diameter) were electropolished in a saturated solu- 
tion of NaNO, using 7-9 v a-c (4). The tip diameter of the electides 
was from 1.5 to 3 p ;  the resistance after covering by vinyl varnish was 
30-50 MSZ. The microelectrode was connected to a high-input impedance 
cathode follower and then to an amplifier with high-pass filter (Grass 
P-6). A Schmitt-trigger circuit detected the action potentials producing 
standard pulses. These pulses were fed into an ANQPS-1 digital analyzer 
(8), which was used to compute histograms of average responses. Each 
histogram was a sum of unit responses to 20-30 repetitions of stimuli, 
distri'buted in 512 analyzer bins. 

After experiments electrolytic lesions were made by passing 0.5 ma 
d-c for 30 sec, the brain electrode being positive. After perfusion with 
physiological solution and 10010 formalin solution, 30 /i-thick histological 
sections of the brain were made and stained by the Nissl method. The 
electrode tracks in each experiment were identified. 

RESULTS 

Receptive fields were mapped for 78 single units. The data presented 
in this paper were gathered on the basis of responses from neurons 
observed for periods of 2 to 4 hr. This time was necessary for adequate 
analysis of response p a t t m s  of single units when different types of 
testing stimuli were used. 
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-4fter an identification of the cell as visually sensitive (using figures 
moved by hand) and after determination of its spike shape as a somato- 
dendritic response, detailed exploration of the entire receptive field of 
the neuron was done. 

First, a stimulus consisting of a diffuse illumination of the retina by 
0.8'sec flashes was applied. A minority of cells studied had tonic res- 
ponses lasting for the  duration of either light or dark periods of the 
stimulus cycle. A majority of neurons observed phasic "on-off" responses 
to  the diffuse flashing light, i.e., a burst of spikes a t  the  onset and 
cessation of light. 

After this procedure, responses to  a small spot of light, generally 5' 

light dark 
Bw-3.2mser - 50 

Fig. 1. Heterogenous receptive field of a neuron in the superior colliculus. A-G, I 
and J: Post stimulus-time (PST) histograms of responses to a spot 5' in diameter, 
flashing in different parts of the receptive field. H and K: PSTH of responses 
to diffuse light flash and moving spot, respectively. Circles show the location of 
light-spot. Arrows point to corresponding response patterns. The numbers in the 
circles show the latency of the  "on" response in msec. In all figures the rate of 
flashing light was 0,8lsec and illumination of light-spot 4 cdIm2. N, number of 

repetitions; Bw, bin width. 
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in diameter, flashing at the same rate (0.81sec) were tested. The light 
spot was then placed in different parts of the receptive field, and res- 
ponse patterns of the cell were studied using the averaged post-stimulus- 
time histogram method (PSTH). 

In the present experiments we were interested not only in the general 
pattern of response, but also in how they were altered as a function 
of spot localization. Thus we paid special attention to the proportions of 
"on" and "off" components of the general response. Then it became 
clear, that most of the visual receptive fields described by us as "homo- 
geneous" (2) really were not so. 

Fifty two per cent of the receptive fields had a more complicated 
structure. The proportions of "on" and "off" components changed in 
these receptive fields when the localization of the light-spot was changed. 
We called these receptive fields "heterogeneous". Fo'r example, the re- 
ceptive field shown in Fig. 1 could be interpreted as homogeneous, but 
this is only a first impression. When analysed in more detail, certain 
differences in response patterns of the cell to the stimulation of different 
points of its receptive field could be found. Although sometimes minute, 
the differences clearly existed. Comparing the histograms B and E of 
Fig. 1, one can see in both histograms that there were "on-off" responses; 
but in B the "off" component prevailed; and in E the "on" component 
dominated. Actually, there were no two histograms of respmses of the 
cell represented in Fig 1 which were identical. 

Nearly 43O/o of receptive fields of neurons in the colliculus superior 
of the cat had a purely "homogeneous" structure. In these receptive 
fields the proportions of "on" and "off" components were not changed 
by changing the localizatiofn of the flashing light-spot (Fig. 2). 

A small percentage (5O/o) of receptive fields had a narrow surrounding 
strip with a response pattern opposite to that of the center. One such 
neuron, with a more or less concentrically organized structure of the 
receptive field, is presented in Fig. 3. The histograms show a post- 
stimulus-time analysis of the frequency of responses of the cell to mov- 
ing stimuli. When the light rectangle was less than 2Ox3O, the cell res- 
ponded vigorously to  its movement (Fig. 3A). In this situation the stimuli 
excited the center of the receptive field, and surround inhibition was 
not detectable. When the size of the stimulus was increased (up to 20°), 
inhibition of response occurred when the spot moved across the receptive 
field (Fig. 3BC), and exite the inhibitory surrounding. 

The next step in the detailed examination of receptive field organiza- 
tion of neurons in the superior colliculus was the investigation of laten- 
cies of responses. 

The highly complicated nature of the receptive field organization 



Fig. 2 .  Homogeneous receptive field. There were no significant differences between the "on" and "off" components of response 
of the cell to changing of the location of the flashing spot. 

Explanations as in Fig. 1. 
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Fig. 3. Responses of the neuron to mov- 
ing stimuli when the receptive field 
had an inhibitory surround. A: PST 
histogram of responses to horizontal 
movement of a square (5' X 6') 
through the central part of the re- 
ceptive field. B: PST histogram of re- 
sponses to movement of a 2' X 40' 
strip of light through the entire re- 
ceptive field. Inhibition of the responses 
occurs. C: PST histogram of responses 
to the movement of light square 
10' X 38'. Inhibition of the responses 

is apparent. 184 sec 

became more obvious when latencies of responses to the flashing spot 
were measured. There were three types of latency distribution in the 
receptive fields. 

The first type was characterized by minimal differences in latencies 

5 - 

Fig. 4. Latency distribution in a homolatent 
-85 go 

5 

I I I 

95 100 105' * receptive field. Circles represent the location 
of the flashing light-spot. Numbers in circles 

- Area centralis show the latency of the "on" response 

7 (in msec). 
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of responses evoked from the central and peripheral parts of receptive 
fields respectively. Figure 4, represent such a receptive field. There were 
almost no differences in the latencies of responses to the light-spot 
flashing in different parts of the receptive field. 

The second type of receptive fields have the well-known differences 
in the latency of responses elicited from the central and peripheral parts 
of the receptive field. Responses evoked by the excitation of the central 
part, as a rule, have shorter latencies in comparison with the peri- 
pherally evoked responses. One example of such receptive field is shown 
in Fig. 5. 

t Area central~s 

Fig. 5. A receptive field with regular distribution of latencies. Central part of the 
field has shorter latencies. Explanations as in Fig. 4. 

We referred to the two types of receptive fields described above as 
homolatent, in co,ntrast to the heterolatent receptive fields where con- 
siderable, and also irregular differences existed in the latency distribu- 
tion within the receptive field. An example of such a latency distribu- 
tion is presented in Fig. 6. The spot flashing in the very center lof the 
receptive field elicited a response with longer latency than the spot 
flashing in the peripheral parts (compare 70.4 msec in the center with 
57.6 msec in the periphery). There existed an irregular distribution of 
latencies over the entire receptive field presented in Fig. 6. Sometimes 
the differences in latencies between nearby points reached values of 20 
msec. Probably this complicated irregular distribution of latencies 
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l o t  

Area centrolis 

Fig. 6. A heterolatent receptive field. Distribubion of latencies is irregular. The 
central part has a longer latencies. There were significant differences in latencies 

between neighboring points. Explanations as in Fig. 4. 

throughout the receptive field has an important meaning in the analysis 
of visual information in the midbrain. 

We tried to find a correlation between the pattern of responses and 
the latency distribution measured for the same receptive field. We were 
unable to find any correlation between them. The homogeneous receptive 
fields had either a heterolatent or homolatent organization. Attempts to 
find some correlation between the responses to moving stimuli and la- 
tency distribution in  the receptive field were also made. Initially we ex- 
pected that the cells with more specific responses, i.e. direction sensi- 
tive, should have a more complicated heterogeneous and heterolatent 
structure of their receptive fields. But the experimental data did not bear 
out this expectation. The direction-sensitive neurons could possess homo- 
geneous, homolatent receptive fields as well as heterolatent and hetero- 
geneous receptive fields. The same was true for direction-nonsensitive 
neurons. 

DISCUSSION 

It is well-known from anatomical and physiological data that visual 
information, before reaching the cortical level, is received by neurons 
of the primary visual subcartical structures: lateral geniculate body, pre- 
tectum, superior colliculi and accessory optic nuclei. Recent data of 
Sprague, Berlucchi and Di Berardino (10) have emphasized the role of 
midbrain centers in the  performance of visual discrimination tasks. Prob- 
ably the midbrain visual centers of the cat are engaged, in the analyses 
of visual information concerned to  the patterned stimuli. We consider 
the detailed structure of receptive fields in midbrain centers as the basic 
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problem to be investigated in the way of exploration of the mechanisms 
uderlying these analytical processes in the midbrain. 

The comparison of our data with the well-known facts on the struc- 
ture of the lateral geniculate and ganglion cell receptive fields enable 
us to attempt some generalizations. First, there are clear-cut differences 
in the organization of receptive fields at the subcortical level. For ex- 
ample, the geniculate neurons have circular, concentric types of receptive 
fields. The organization of these fields is characterized by antagonistic 
center-sumund portions, so they are classified as "off" center and "on" 
center, respectively. The sizes of these receptive fields are rather small, 
on the average 10" in diameter. On the contrary, in the majority of cases 
the midbrain visual receptive fields are not circular but are rather larger 
(30-40" in average) and irregular in shape, and a small percentage of 
them have antagonistic surrounds. 

Our data have added some information about the structure of the 
midbrain visual receptive fields. By investigating systematically the entire 
receptive field we found a heterogeneity in their substructure. It  was 
revealed that the latency of responses from each point of the field could 
differ and that these differences could be up to  20 msec for neighboring 
points. These findings suggest that there exist a kind of granular 
organization within the visual receptive field, which is probably ade- 
quate for detecting patterned stimuli. 

On the basis of our results it is difficult to determine what the 
function of the superior culliculus is. However, one can assume that such 
complicated structure of receptive fields serves for more than the well 
known mle of superior collioulus in the organization of oculomotor re- 
actions. Obviously, such an intricate mozaic structure of receptive fields 
is rather suitable for the perception of contrast patterns. As a conse- 
quence, one can suggest that there is some distribution of functional 
analysis of visual infomation on the level of sulbcortex, as we mentioned 
in the previous paper (3). The information about movements anld pattern 
vision would be analysed partly in the midbrain centers. Then elaborated 
to a certain degree, it reaches the visual &ex. Such a multilevel system 
would be reliable in  a axnplete analysis of visual information. 

This investigation was supported by Project 09.4.1 of the Polish Academy of 
Sciences and by Foreign Research Agreement 05.275.2 of the U.S. Department of 
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