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RECENT SINGLE-UNIT recording studies of the 
alert rhesus monkey superior colliculus have 
disclosed that the deeper layers of this struc- 
ture contain cells which discharge in asso- 
ciation with eye movement (15-17, 23, 24). 
Such units fire selectively prior to saccades 
of a specific direction and size, irrespective 
of the position of the eye in orbit. 

Stimulation studies of the superior col- 
liculus have so far produced conflicting re- 
sults. Some reports suggest that in the alert 
cat stimulation brings the eye to a certain 
position in orbit irrespective of eye position 
prior to stimulation (1, 9, 19). Thus, the size 
and direction of elicited saccades is reported 
to vary as a function of initial eye position. 

By contrast, in the alert monkey it has 
recently been reported that stimulation pro- 
duces conjugate saccades of a specific size 
and direction; these parameters are the 
same no matter where the eye is in the 
orbit prior to stimulation (12, 15, 16). The 
stimulation map of Robinson (12) shows a 
reasonable correspondence with the recep- 
tive-field map of the superior colliculus re- 
ported by Cynader and Berman (5). 

The aim of this study was to clarify the 
relationship between recording and stimu- 
lation data by using methods which allow 
a direct comparison. We used alert rhesus 
monkeys which had one eye immobilized 
for the mapping of visual receptive fields. 
The other eye was normal, thus permitting 
the study of eye movement. Stimulation and 
recording were carried out using the same 
low-resistance microelectrode; for each site 
sampled, records were obtained for both 
single-unit activity and for electrical stimu- 
lation. 

Received for publication May 9, 1972. 

METHODS 

The experiment was carried out on four 
rhesus monkeys. For three of the animals the 
methods were similar to those described by 
Schiller and Koerner (17). One eye of each 
monkey was immobilized by transection of the 
3rd, 4th, and 6th cranial nerves; d-c eye- 
movement electrodes were implanted around 
the orbit of the moving eye. A set of four 
screws, for subsequent securing of the head, and 
two adjustable ball-and-socket joints, with stain- 
less steel tubes aimed at the superior collicu!i, 
were implanted on the skull (details in ref 1’7). 
Placement of the tubes also permitted access to 
the abducens nucleus. In the fourth monkey we 
did not immobilize the eye. In this animal the 
effects of stimulation on conjugate eye move- 
ments were examined. 

During the recording-stimulation experi- 
men ts, the animal’s head was secured using 
the skull screws (7). The fovea of the im- 
mobilized eye was mapped onto a tangent 
screen facing the animal. Unit activity, stimula- 
tion marker, and eye-movement activity were 
recorded on magnetic tape and were displayed 
on a multichannel stripchart recorder (Visi- 
corder). Eye-movement calibration was carried 
out in a manner previously described (14). 

The general procedure in this study entailed 
the lowering of the microelectrode into the 
superior colliculus, recording the activity of 
single units and mapping their receptive fields, 
and then stimulating the recording site through 
the same microelectrode. In the superficial lay- 
ers primary emphasis was placed on locating 
receptive fields relative to the fovea and then 
determining the size and direction of saccades 
elicited by electrical stimulation. In the lower 
layers, where one encounters cells related to 
eye movement, a comparison was made between 
the “motor fields” (see Schiller and Koerner, 
ref 17) obtained with single units and with 
electrical stimulation. 

Glass-coated platinum-iridium microelectrodes 
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were used (21). We found that passing ZOO-pa, 
.5-msec pulses at 500 Hz produced no discernible 
damage to these electrodes. Since the range of 
stimulation was generally between 1 and 150 pa, 
we could use these electrodes repeatedly with- 
out affecting the quality of the recording. In 
the three monkeys with immobilized eyes, 59 
penetrations were made into the colliculi and 
4 into the abducens nuclei. In the fourth 
monkey 10 sites were stimulated. 

At the termination of the experime nts ani- 
mals were sacrificed and the recording sites 
were verified histologically. 

RESULTS 

Single-unit recording 

The results of the recording data of this 
study are similar to those we have already 
reported (17). In the superficial layers (strata 
griseum superficiale and opticum), units ap- 
peared to respond only to visual stimuli. 
They showed neither directional selectivity 
nor orientational specificity. Unit discharge 
was independent of the sign of contrast; 
thus, flashing stimuli elicited both on- and 
off-bursts. The most effective stim ulus was 
a moving one; responses could be obtained 
over a l,road range of stimulus velocities. 
Generally, stimuli smaller than the size of 
the receptive field elicited the greatest num- 
ber of discharges; large spots or diffuse light 
were quite &effective in driving the unit. 

As the electrode descended more deeply 
into the colliculus, the properties of light- 
driven cells changecl in a rather subtle 
fashion. Cells no longer responded to 
smoothly moving stimuli. Instead, the best 
response 
rapid, je 

was obtained either to flashes or to 
rky stimulus displacements. 

In the lower layers (strata griseum inter- 
mediale, and griseum profundum) of the 
superior colliculus, cells related to eye move- 
ment predominated. Typically, they began 

SPONTANEOUS E.M. 

their discharge 50-200 msec prior to a sac- 
cade, increasecl in frequency until the onset 
of the saccade, and then rapidly terminated 
their firing. Unit discharge was specifically 
associated with saccades of a particular size 
and direction, inclepenclent of initial eye 
position. The size of the motor fields (the 
range of saccade sizes and directions as- 
sociated with a single unit) varied, primarily 
as a function of retinal eccentricity. The 
smallest fields we found were about 3” 
in diameter, the largest about 25”. 

Eye-movement units appeared to be 
tuned; the response was most vigorous 
with saccades going to the center of the 
motor field. The majority of these units 
had a dual property; not only dicl they fire 
in association with certain saccacles, but 
they also had visual receptive fields, which 
when stimulated with flashecl or jerkily 
moving stimuli would, albeit weakly ancl 
erratically, produce a response. The recep- 
tive fields of such units were located prior 
to eye movement in that part of the visual 
field to which the fovea was directed by the 
saccacle, which was associated with unit 
activity. Units with this dual property had 
practically no spontaneous activity. 

Advancing the electrode past the region 
where these’ cells were locatecl we observed 
a further sul,tle change. Units fired in as- 
sociation with saccacles of specific sizes ancl 
directions, but they had a relatively high 
spontaneous activity and they did not ap- 
pear to have visual receptive fields. 

Many of the cells related to eye move- 
ment also responclecl during optokinetic and 
vestillular nystagmus. Figure 1 shows this. 
Optokinetic nystagmus was elicited with 
movimg Hack and white stripes. Vestil>ular 
nystagmus was proclucecl l,y irrigating the 
outer ear with cold water. Under such 

VESTIBULAR NYSTAGMUS OPTOKINETIC NYSTAGMUS 

HEM,-, 
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FIG. 1. Discharge characteristics of a ccl1 in the dccpcr layers of superior colliculus. Discharge occurs 
prior to spontaneous saccadcs and prior to the fast phase of vcstibular and optokinetic nystagmus. Rec- 
ords of the vestibular nystagmus were obtained in the dark. 
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conditions the size and direction of saccades 
was still a critical factor; unit firing oc- 
curred both in the light and in total dark- 
ness, but only with appropriate saccades. 

(>nly a portion of the units tested dis- 
charged in association with ves ti I>ular nys- 
tagmus. It is difficult to state unequivocally 
whether those units which were silent failed 
to discharge because the size and direction 
of the fast phase was inappropriate or be- 
cause these units are unresponsive during 
any kind of vestibular nystagmus. Because 
of this problem no meaningful statement 
can be made regarding the percentage of 
units which may be activated during ves- 
tibular nystagmus. However, both kinds of 
eye-movement units, those which had visual 
receptive fields and those which did not, 
could be driven with optokinetic and ves- 
tibular nys tagmus. 

Stin2ztZntion 

In order to clarify eye-movement response 
characteristics to electrical stimulation, we 
compared the effect of such stimulation in 
the superior colliculus with that in the 
abducens nucleus. 

The results of such a comparison are 
shown in Fig. 2. Stimulation of the abducens 
nucleus showed the size of tile elicited eye 
movement to be a function of both the 
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duration and frequency of the stimulus 
train; the longer the duration and higher 
the frequency (up to 600 Hz), the larger 
and faster the eye movement. Response 
latency was lo-15 msec. 

By contrast, stimulation of the superior 
colliculus produced very different effects. 
Differing frequencies between 150 and 600 
Hz brought about no observable change 
in the direction, size, or velocity of the 
elicited saccade. The same was true for 
stimulus-train duration; saccacle parameters 
remained unaffected. However, when train 
duration exceeded about 150 msec, we 
could see an interesting new effect. Instead 
of one saccade we now saw two, with an 
intervening fixation. Increasing stimulus 
duration further produced additional sac- 
cades with intervening fixations. The eye 
moved in a series of machinelike steps. Each 
saccade was of the same size and direction. 
The initial response occurred 20-30 msec 
after the onset of stimulation. 

The effects described so far were ob- 
served in all layers of the colliculus. How- 
ever, the curl-en t threshold for eliciting an 
eye movement changed quite notably as a 
function of depth of the penetration, de- 
creasing with depth down to the level of 
the eye-movement cells. At this level thresh- 
old was at its minimum, being between 1 

I I I I l I m 

100 200 300 400 500 600 750 Hz 

SUPERIOR COLLICULUS 

1400 ms 

FIG. 2. Effects of electrical stimulation in the abducens nucleus and the superior colliculus as a func- 
tion of burst duration and frequency. The long staircase of saccades shown at the bottom of the figure 
was elicited by stimulating within the anterior tip of the superior colliculus. All eye-movement records 
are horizontal with saccades going to the left. 
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and 5% of the threshold at the collicular 
surface. Deeper than this level, threshold 
increased. For short bursts, increasing stim- 
ulating current from threshold to 5 times 
threshold or more produced no noticeable 
change in the size and direction of saccades 
at any site. With long bursts of stimulation, 
however, the number of saccades increased 
to some extent (with an accompanying de- 
crease in the duration of the intersaccade 
fixations) as a function of stimulus intensity. 
This too was found to be the case through- 
out the colliculus. 

Stimulating the superior colliculus in the 
monkey with normal eyes always produced 
conjugate saccades. In all other respects 
the response characteristics were the same. 
Low-velocity eye movement analogous to 
smooth pursuit was never elicited success- 
fully in any of the monkeys, even when the 
frequency was varied during the stimulus 
train. 

Thus, it appears that the noted dimen- 
sions of saccades were unaffected by the 
parameters of electrical stimulation in the 
superior colliculus. The elicited saccades 
were also relatively independent of the 
position of the eye in the orbit prior to 
stimulation. This is shown in Fig. 3. 

Some variability in the direction and size 
of the saccades can be observed in Fig. 3. 
Part of this may be due to lack of linearity 
in the eye-movement recordings at extreme 

FIG. 3. Saccades elicited by stimuIation of a sin- 
gle site of the superior colliculus. Dot shows initial 
eye position. Arrow shows size and direction of sac- 
cade produced by the stimulation. 

eye positions. To determine better the 
variability of the actual eye movement, we 
stimulated at four collicular sites a large 
number of times, initiating the stimulation 
only when the animal was looking within 
IO0 of straight ahead. This way we were 
within the range of linearity of our record- 
ing system. 

The distribution of saccade sizes and 
directions for one stimulated site (11 pa) 
is shown in Fig. 4. The mean saccade size 
for this site was 7.2’ with a standard devia- 
tion of 1.1 O. The direction of the saccade 
was to the left having a mean angle of 
99.1” and a standard deviation of 9.1”, 
where up = O”, left = 90°, down = 180°, 
and right = 270’. At the three other sites 
stimulated in this fashion mean saccade sizes 
were 3.1 2 1.0” SD, 8.7 -+ .96” SD, and 27 
+ 3.4” SD. - 

At 18 other sites 20 or more stimulus 
trains were delivered with the eye in ran- 
dom initial positions. Because of nonlinear- 
ities in the eye-movement recording system 
at extreme eye positions, this technique may 
somewhat overestimate the variability of 
elicited saccades. However, the technique 
does provide an upper limit to this variabil- 
ity. For each site the following statistics 
were calculated: mean saccade length, stan- 
dard deviation of saccade length, and stan- 
dard deviation of saccade direction. No 
systematic difference was found between 
superficial and deep sites in these measures 
of variability. Standard deviation of saccade 
length showed a tendency to increase with 
saccade length (Pearson’s product-moment 
correlation coefficient r = .685, significant 
P < .OOl by Fisher’s z transform). Thus, 
for the 11 sites with mean saccades smaller 
than 13” (range: 4.1-12.9”), standard devia- 
tion of saccade length ranged from .7 to 
2.6” (median = 1.7”); for the 7 sites with 
mean saccades greater than 13” (range: 
13.8-27”), standard deviation of saccade 
length ranged from 2.3 to 5.0” (median = 
3.7”). Standard deviation of saccade direc- 
tion ranged from 5.6 to 21.0” (median = 
9.9’) and showed no significant relation to 
mean saccade length or direction. 

We found, in agreement with Robinson 
(12) that the only determinant of the size 
and direction of elicited saccades was the 
site of stimulation. In the anterior part of 
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map (5). In the next section this correspon- 
dence is examined more closely. 

Comparisons between stimulation 
and recording 

SUPERFICIAL LAYERS. In the superficial 
layers we first determined the location of 
the receptive field of each unit and then 
stimulated at the same site. For stimulation 
we routinely employed a 70-msec train of 
.5-msec rectangular cathodal pulses at 300 
Hz; all thresholds stated are for this pulse 
configuration. Threshold for eliciting an eye 
movement in the superficial layers decreased 
from a range of 150400 pa at the surface 
to about 15 pa. The mean elicited saccade 
size and direction were determined on the 
basis of 8-14 repeated stimulus trains. Eye- 
movement calibration was obtained using 
a perimeter with peepholes (14) and was 
done immediately after stimulating. The 
basic relationship between stimulation and 
recording is shoin for 14 sites in Fig. 5. 

Of a total of 43 sites studied in this man- 
ner in two animals, complete data were 
gathered at 28. For these 28 sites the cor- 
respondence between visual receptive fields 
(median diameter 4.8”) and the saccades 
elicited by electrical stimulation (all at less 
than 150 pa) was assessed from plots like 
Fig. 5. The termination of the mean sac- 
cade at these 28 sites fell at a median dis- 
tance of 2O visual angle (t2” interquartile 
range) from the receptive-field center; in 
72% of the cases this was inside the recep- 
tive field. The distribution of the saccades 
around the receptive-field centers was ran- 
dom. For the 15 sites in two animals at 
which saccades were elicited with less than 
30 pa, the correspondence between stimula- 
tion and recording was even better; the 
mean saccade fell at a median distance of 
lo (&lo interquartile range) from the re- 
ceptive-field center. 

DEEPER LAYERS. As one progressed to the 
deeper layers of the superior colliculus, the 
stimulating-current threshold for eliciting 
saccades dropped dramatically. In the region 
previously identified as having primarily 
visual cells which responded to jerky stim- 
ulus displacement, the stimulation thresh- 
old for eliciting a saccade was 15-30 pa. 
Once the region was reached where eye- 
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FIG. 5. Effects of recording and stimulation in the superficial layers of the superior colliculus. The 
visual map with the receptive fields of 14 units is superimposed on the motor map with its arrows rep- 
resenting the electrically elicited saccades at each of the 14 sites. The length of each arrow represents 
the mean length of 8-14 stimulation-elicited saccades; the direction of each arrow represents the mean 
direction of saccades. HM = horizontal meridian, \‘M = vertical meridian. 

movement cells predominate, the threshold 
went down to l-9 lla. The current passed 
at these low levels appeared to produce 
little if any damage, since one could almost 
invariably record from the same unit after 
stimulation. 

Figure 6 shows records from a typical 
unit related to eye movement in the superior 
colliculus, the effects of electrical stimula- 
tion at that site, and the response of the 
same unit after stimulation. 

To assess the relationship between unit 
activity and stimulation, “motor maps” 
were drawn for a total of 30 recording 

RECORDING STIMULATION RECORDING 

UNIT<-+ STIMULATION- UNIT.-*- 

_ VE#o YEW-L-J--- 

$OOMSEC ’ 

FIG. 6. Recording and stimulation at one site in 
the deeper layers of the superior colliculus. Saccade- 
associated unit burst is shown before and after elec- 
trical stimulation. 

sites. These maps were obtained by taking 
long strips of recording and stimulation 
data. The size and direction of each sac- 
cade was measured and plotted, and its 
relationship to unit activity or stimulation 
assessed. A typical map of this sort is shown 
in Fig. 7. A very close relationship was 
found; for all 30 sites studied in this man- 
ner, the fields established by stimulation 
were almost completely enclosed by the 
fields established by recording. 

DISCUSSION 

The results of this study show a close 
correspondence between single-unit record- 
ing and electrical stimulation in the su- 
perior colliculus. In the superficial layers 
electrical stimulation elicited saccades which 
brought the fovea1 projection onto that 
part of the visual field occupied by the 
receptive field of the unit prior to the 
initiation of movement. In the deeper layers 
the motor fields obtained bv stimulation 
and by recording were in the same region. 
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FIG. 7. Motor map obtained with recording and stimulation in one collicular site. Open circles show 
spontaneous saccades not associated with unit activity. Filled circles represent saccadcs associated with 
unit activity. Dotted circles represent saccades associated with weak unit discharge. Saccades elicited by 
slimulation arc shown by X. 

In a recent study Goldberg and Wurtz 
(8) reported that in the superficial layers 
(strata griseum superficiale and opticum), 
some of the units show an enhanced dis- 
charge to a visual stimulus when a saccade 
toward that stimulus follows. Since our 
monkeys were not trained, we were unable 
to observe this interesting effect. In our 
situation eye-movement-associated bursts in 
these two layers occurred only after sac- 
cades in light, probably as a result of the shift 
of visual patterns on the retina, and did not 
occur at all in darkness. In the lower layers 
(strata griseum intermediale, album inter- 

mediale, and griseum profundum) the eye- 
movement-related properties of units be- 
came distinct in that they discharged 
prior to certain saccades. Eye-movement- 
related discharge occurred in light even 
in the absence of any preceding change 
in visual pattern and for many of these 
units was also demonstrable in darkness. We 
previously reported that a high percentage 
of these eye-movement units have visual 
receptive fields (1’7). Our subsequent work, 
including this report, showed a similar ratio 
for the more superficial eye-movement units 
and also disclosed the deeper type of eye- 
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movement units with higher spontaneous 
activity which do not appear to have visual 
receptive fields. Wurtz and Goldberg (23, 
24) obtained a lower overall percentage of 
eye-movement units with visual receptive 
fields. This slight discrepancy may reflect 
differences in sampling or in preparation. 
With the immobilizecl eye we may have 
been able to spend more time searching for 
visual receptive fields, which for many of 
these units were hard to find because the 
units’ discharge to visual stimulation was 
frequently weak and erratic. 

Asanuma and his collaborators (2, 18) 
have recently reported eliciting motor re- 
sponses by stimulation of motor cortex with 
currents of similar magnitude to those we 
employ in the colliculus. Their measure- 
ments indicate that 5+a, .2-msec cathodal 
pulses (equivalent by the strength-duration 
relation of Stoney et al. (18) to 3 pa of the 
.5-msec pulses we employ) directly excite 
cortical cells within about 65 pm of the 
electrode tip (18). Furthermore, short pulse 
trains at this level of stimulation, which 
produced motor effects with the electrode 
in gray matter, never produced motor effects 
when the electrode was pushed into white 
matter, suggesting that this level of stimula- 
tion was virtually ineffective to fibers (2). 
There are cvtoarchitectural differences be- 
tween motor cortex and colliculus. Further, 
there are differences between the pulse 
configurations employed in the current 
study and those of Asanuma et al. (2). 
Despite these differences, however, the fact 
that the threshold for eliciting an eye move- 
ment was commonly less than 3 pa when the 
electrode tip was in the region of the eye- 
movement units suggests that collicular 
stimulation may produce its effect by excita- 
tion of the eye-movement units. 

The findings reported here suggested to < 
us the possibility that the superior colliculus 
plays a role in mechanisms involved in 
foveation. In addition to the basic corre- 
spondence between stimulation and record- 
ing data, there are the very low thresholds 
and high-command value of stimulation, 
as indicated by the immediacy and consis- 
tency of the response. The fact that the 
size and direction of the saccades do not 
depend on initial eye position in orbit, as 
shown also by long-duration stimulation 

which elicits a staircase of repeated sac- 
cades each having the same size and direc- 
tion, clearly indicates a coding relative to 
the fovea. 

Two problems exist regarding the fovea- 
tion hypothesis. One is that the accuracy 
of oculomotor target acquisition in the 
monkey appears much greater than one 
would expect on the basis of the size of 
both the receptive fields and the motor fields 
of eye-movement units. While collicular 
visual receptive fields are very small near 
the fovea, sometimes only I/** in diameter, 
field size rapidly increases as a function of 
retinal eccentricity; 20-30” from the fovea 
field sizes of 10” or more are common even 
though the optimal stimulus within the 
field may only be 3-5”. The motor fields of 
the lower layers show a similar pattern. 
Fields associated with small saccades may 
be 3-4” in diameter, while fields associated 
with large saccades may be as much as 15- 
25* in diameter. By contrast, we found that 
monkeys trained to acquire visual targets 
with saccadic eye movements show a stan- 
dard deviation of 1.6” for the length of the 
initial saccade to an actual target when this 
target appears 10” from the fixation point. 

Several observations mitigate the discrep- 
ancy between the size of the eye-movement 
units’ motor fields and the accuracy of 
primate target acquisition. One is that eye- 
movement units appear to be tuned (17, 
24). A more vigorous unit discharge is ob- 
tained to saccades going to the center of 
the motor field than to its periphery. This 
may further be sharpened by the collective 
action of numerous units within a given 
area. Moreover, our data from repeated 
stimulation show a narrow distribution of 
saccade sizes and directions (Fig. 4), which 
compares favorably with the noted be- 
havioral data. 

The second problem regarding the fovea- 
tion hypothesis has to do with the findings 
of lesion studies in monkeys. Pasik, Pasik, 
and Bender (11) claimed no deficit in eye 
movement as a result of colliculus ablation. 
Compelling support for this position comes 
from the recent work of Wurtz and Gold- 
bery (25); they also failed to find deficits in 
the’accuracy of target acquisition after col- 
liculus lesions, although they did note an 
increase in the latency of the saccadic re- 
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sponse. By contrast, Denny-Brown (6) found 
extensive deficits in eye movement and 
other coordinated motor acts after collicu- 
lectomy. In our hands conflicting results 
have been obtained. Monkevs show a defi- 
ni te eye-movement deficit immediately after 
ablation. Subsequently, however, some of 
them recover completely over a period of a 
few weeks or months, while others fail to 
do so. 

Thus, the ablation data do not provide 
ready support for a foveation hypothesis. 
However, it is expected that, like most func- 
tions, this one may be multiply represented, 
permitting other brain structures to contrib- 
ute to it. 

In line with this observation is the fact 
that the superior colliculus is not the only 
structure from which stimulation elicits 
saccades of specific sizes and directions ir- 
respective of stimulation parameters and 
initial eye position. Similar effects have been 
reported for the frontal eye fields (13) and 
for visual cortex (15, 16). In both of these 
structures, the current levels needed to 
elicit eye movements are much greater 
(frontal eye fields 40-1,500 pa, visual cortex 
200-2,000 pa). In addition, the correspon- 
dence between unit data and stimulation 
is poor in both of these regions. This may 
be due to current spread in visual cortex, 
but in the frontal eye field the situation 
is even more obscure, as can be seen by 
comparing the data of Robinson and Fuchs 
(13) with those of Bizzi and Schiller (4). 
Nevertheless, these three structures seem 
definitely to be involved in some aspects of 
eye movement, although the nature of the 
contributions made bv each structure and 
their interrelations remain to be specified. 

Two additional hypotheses regarding col- 
licular function have currently been ad- 
vanced. Wurtz and Goldberg (23, 25) pro- 
posed that the superior colliculus could 
serve the function of alerting the organism 
to stimuli in the visual field. Such a hypothe- 
sis does not require the motor field specifi- 
city the foveation hypothesis necessitates. 
Wurtz and Goldberg’s finding of increased 
saccade latency without an accompanying 
deficit in the accuracy of target acquisition 
may be seen as favoring this view. How- 
ever, we know of no direct evidence avail- 
able at this time to decide between the 

foveation and the alerting or attention 
hypotheses. 

A third hypothesis proposes that the col- 
liculus is involved in corollary activity (10, 
20). Two versions of this hypothesis may be 
noted. One proposes a mechanism requiring 
only an indication that an eye movement 
is going to occur (22). The colliculus would 
seem far too elaborate a structure to carry 
out such a simple task. A second version of 
a corollary hypothesis requires the specifica- 
tion of an impending eye movement in 
terms of a coordinate system stating to 
what position in orbit the eye will move 
(19). The corollary discharge is believed, 
in this context, to serve the function of 
indicating the location of the eye in orbit, 
thereby enabling proper orientation toward 
objects in space. The superior colliculus of 
the monkey would seem to be ill suited for 
this task, since it does not appear to code 
any eye-orbit relationship. 

SUMMARY 

I. The superior colliculus of alert rhesus 
monkeys was investigated. One eye of each 
animal was immobilized by transection of 
the 3rd, 4th, and 6th cranial nerves. The lo- 
cation of receptive fields of single units, 
their properties, and relation of unit dis- 
charge to eye movement were studied at 
various depths within the superior colli- 
culus. Following recording at each site elec- 
trical stimulation was delivered through the 
same microelectrode and the resulting eye 
movement was compared with the recording 
data. 

2. The recording data show, in agree- 
ment with previous reports, that in the su- 
perficial layers units appear to respond ex- 
clusively to visual stimuli. In the deeper 
layers cells related to eye movement predom- 
inate. The latter discharge prior to saccades 
of a specific size and direction. 

3. Stimulation of the superior colliculus 
elicits saccades of particular angular extents 
and directions that are relatively indepen- 
dent of stimulation parameters and are de- 
termined by the site of stimulation. Thresh- 
old for eliciting saccades drops from 400 pa 
in the superficial layer to as low as 1 pa in 
the deeper layers of the colliculus. Pro- 
longed stimulation elicits a staircase of iden- 
tical saccades. 
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4. A close corresponclence was obtained 
between recording and stimulation data. In 
the superficial layers the size and direction 
of elicited saccades were such as to bring the 
Eoveal projection onto that part of the vi- 
sual field occupied by the receptive field 
prior to the initiation of movement. 

5. In the deeper layers, stimulation pro- 
duced saccacles which duplicated the char- 
acteristics of the spontaneous saccacles spe- 
cifically associated with unit clischarge. At 
each site the motor maps defined by the clis- 
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