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Discharges of Superior Colliculus Neurons during Head 
and Eye Movements of the Alert Cat 

M. Straschill 1 and F. Schick 

Max Planck Institut fiir Psychiatrie, Kraepelinstr. 2 u. 10, D - 8000 Miinchen 40, 
Federal Republic of Germany 

Summary. 452 single neurons from the superior colliculus were recorded in 
awake and non-paralysed cats. 75 neurons were obtained from cats with 
unrestrained horizontal head movements.  

228 neurons remained unaffected by saccadic eye movements. Eye 
movement related discharge followed the onset of saccades in 156 neurons 
either only in the presence of a visual pattern (92 neurons) or in darkness, 
too (64 neurons). The latter reaction type probably depends on eye muscle 
afferents. 

In 48 neurons eye movement  related activity preceded the onset of eye 
movements. 12 neurons fired in synchrony with eye movements of any di- 
rection (type I). 30 neurons were excited during contralaterally directed 
eye versions within or into the contralateral head related hemifield. They 
were inhibited when the eyes moved within or into the ipsilateral head re- 
lated hemifield (type II). 6 neurons with constant maintained activity dur- 
ing fixation were inhibited by ipsilaterally directed saccades, but remained 
unaffected by contralateral eye movements.  

Head movement  related discharge followed the onset of head move- 
ments in 20 neurons only in presence of a visual pattern and also in dark- 
ness in 6 neurons. Ipsilateral head movements or postures strongly sup- 
pressed maintained activity and visual responsiveness of some neurons. 

15 neurons discharged in synchrony with and prior to contralateral head 
movements. Ipsilateral head movements inhibited these neurons. Activa- 
tion or inhibition were usually related to movement  a n d  to posture, excep- 
tionally to movement  or to posture. 

Electrical stimulation of recording sites of these neurons through the re- 
cording microelectrode elicits contralateral head movements.  

Key words: Colliculus superior - Single neurons - Eye movements - Head  
movements - Cat 
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Introduction 

In  r e c e n t  yea r s  a c o n s i d e r a b l e  a m o u n t  o f  e v i d e n c e  has  a c c u m u l a t e d ,  t h a t  t h e  

m a m m a l i a n  s u p e r i o r  co l l i cu lus  s e r v e s  as a s e n s o - m o t o r  i n t e g r a t i o n  c e n t e r  o f  

t h e  o r i e n t i n g  r e s p o n s e .  S e n s o r y  s t imu lus  p a r a m e t e r  and  d rugs  i n f l u e n c e  t h e  
b e h a v i o r a l  r e s p o n s e  a n d  co l l i cu la r  n e u r o n a l  r e a c t i o n s  in an  a n a l o g o u s  m a n n e r  

( i s o p a r a m e t r i c  p a r a l l e l i s m )  ( H o r n  a n d  Hi l l ,  1966 ;  S t rasch i l l  a n d  H o f f m a n n ,  

1969) .  E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  co l l i cu lus  s u p e r i o r  e l ic i ts  m o t o r  c o m p o -  

n e n t s  o f  t h e  o r i e n t i n g  r e a c t i o n  ( S z y k a  a n d  R a d i i - W e i s s ,  1971 ;  S t rasch i l l  a n d  

R i e g e r ,  1973) .  L o s s  o f  o r i e n t i n g  r e s p o n s e s  t o w a r d s  s t imul i  in t h e  c o n t r a l a t e r a l  

s e n s o r y  f i e ld  fo l lows  d e s t r u c t i o n  o f  o n e  co l l i cu lus  s u p e r i o r  ( S p r a g u e  a n d  

M e i k l e ,  1965) .  T h e  resu l t s  o f  t h e  p r e s e n t  s t udy  p r o v i d e  f u r t h e r  e v i d e n c e .  T h e y  

show,  t h a t  d i s cha rges  o f  s o m e  n e u r o n s  o f  t h e  ca t  s u p e r i o r  co l l i cu lus  a c c o m p a n y  

h e a d  o r  e y e  m o v e m e n t s ,  w h i c h  a re  m a i n  m o t o r  c o m p o n e n t s  o f  t h e  o r i e n t i n g  

and  s e a r c h i n g  p r o g r a m  of  t h e  an ima l .  A n  abs t r ac t  o f  t h e  p r e s e n t  resu l t s  has  

b e e n  p r e v i o u s l y  r e p o r t e d  (S t rasch i l l  e t  al.,  1974) .  

Methods 

Preparation: Approximately 50 experiments were conducted on 10 chronically prepared cats. 
Surgery was performed under pentobarbital anesthesia about five days before the first experiment. 
A 10 mm trephine hole was made over the occipital cortex with its center at frontal and lateral 
zero (HC-stereotaxic coordinate system). A metal cylinder was fitted onto the opening and em- 
bedded in a surrounding mould of dental cement hardened on the skull. This cylinder served as 
basement for a hydraulic mirodrive. Silver silver-chloride portable electrodes were implanted sub- 
cutaneously at the outer canthi of the eyes for recording the electrooculogram (EOG) in the 
horizontal plane and at the upper and lower margin of the orbit for recording in the vertical plane. 
In a first series of experiments (6 cats), two steel tubes were placed transversely across the dorsal 
surface of the skull, fixed by dental cement with their ends left exposed. In a second series of ex- 
periments a vertically oriented bolt was implanted into the occipital bone at midline position. 
These methods of preparation were largely adapted from Noda et al. (1969), whose description 
should be consulted for further details. Guiding principles in care and use of animals were strictly 
observed. 
Recording: During the experiment the cat was comfortably placed on a hammock in front of a 
semicylindrical screen. The head was fixed in the horizontal plane by mounting the transverse 
tubes on pairs of earbars fixed in the stereotaxic frame. In a second series of experiments, the ver- 
tically oriented, skull implanted bolt was inserted into the headholder via a joint which rotated 
frictionfree. This arrangement permitted the animal to perform head movements in a horizontal 
plane with the vertical bolt serving as rotation axis. Head movements were monitored by a low- 
torque potenfiometer driven by the rotating bolt. Eye movements were recorded by electrooculo- 
graphy through DC-coupled amplifiers. Records of ocular pursuit movements to visual stimulus 
movements of known amplitude were used to calibrate the EOG. The right or left superior col- 
liculus was stereotaxically reached after penetration of the intact dura and the overlying brain 
structures. The electrodes were lowered into the colliculus by means of a hydraulic micro drive, 
which was fixed to the headholder (first series of experiments). The appearance of visually driven 
activity at the arrival of the collicular surface served as landmark for depth determination during 
the experiments. Action potentials were recorded by means of tungsten electrodes, fed through 

�9 cathode followers and amplifiers, displayed on oscilloscope and recorded on film together with 
EOG potentials. 
Stimulation: Moving and stationary visual stimuli were projected onto a hemicylindrical screen by 
a projector, which could be rotated around its three axis. The projected stimuli consisted of bright 
discs and gratings of alternating black and white stripes. Unit activity was recorded together with 
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eye movements during darkness and with each stationary and moving visual pattern. Approximate 
determination of receptive field position was attempted during periods of fixation in primary posi- 
tion. 

Results 

A. Neuronal Activity Associated with Eye Movements 

Activity of 452 collicular neurons was recorded together with a sufficient 
number of spontaneous eye movements to exclude or verify a correlation be- 
tween the two events. Activity was recorded in total darkness and in the pres- 
ence of stationary stimuli such as a bright disc, or a grating filling the whole 
visual field. The same stimuli were moved through the receptive region with 
velocities up to 400 deg/sec. The localized stationary stimuli were projected 
into that region of the screen which consistently yielded a neuronal response to 
small stimulus movements or to flashed light spots. Under  these experimental 
conditions the following neuronal reaction types could be distinguished. 

I. Lack of Correlation between Neuronal Discharge and Eye Movement  

228 neurons (55%) showed no alteration of their maintained discharge in 
darkness, or in the presence of the stationary pattern, when the cat made sac- 
cades. These neurons were usually direction-selective, unreactive to stimulus 
velocities higher than 50 deg and located in layers below the stratum opticum. 

II. Eye Movement Related Neuronal Discharge Following Onset of Eye 
Movements 

156 neurons discharged in synchrony with eye movements in the presence of a 
stationary visual pattern. The discharge followed the onset of eye movements 
after a variable latency. 92 neurons of this group were silent, or discharged in- 
dependently of eye movements when the animal stayed in total darkness, but 
fired in synchrony with eye movements when a stationary visual pattern was 
presented. The latency of this discharge was fairly constant and ranged be- 
tween 50 and 75 msec when the animal faced a visual pattern filling its whole 
visual field. In neurons with relatively small receptive fields the latency became 
more variable and the correlation between eye movements and discharge less 
strict when the whole field pattern was replaced by a small stationary object. 
The reaction was usually phasic consisting of a single burst of short duration, 
occasionally phasic tonic continuing throughout the fixation period. All 
neurons, which were directionally unselective when tested with moving visual 
stimuli, fired in synchrony with eye movements of any direction. 20 direction- 
ally selective units fired independently of eye movement  direction, 16 direc- 
tion-sensitive units discharged with eye movements opposite to the preferred 
direction. Lack of synchrony in the absence of a visual pattern, dependence of 
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Fig. 1. Eye movement related reactions following onset of eye movements. 1 Vertical elec- 
trooculogram: Upward deflection corresponds to upward directed eye movements. 2 Horizontal 
electrooculogram: Downward deflection corresponds to contralaterally directed eye movements. 
3 Neuronal discharge in total darkness 

discharge latency on the extension of the visual pattern in the visual field and 
opposed direction selectively for stimulus and for eye movements suggest that 
these movement-detecting neurons discharge when retinal images of stationary 
objects are displaced by eye movements. 

Reaction properties of a second subgroup comprising 64 neurons suggest 
convergence of visual and eye muscle proprioceptive excitatory inputs. Eye 
movements synchronous discharge persisted in total darkness in these neurons 
(Fig. 1). For the same neuron, latency varied from 25-125 msec depending 
upon the initial eye position. In agreement with the findings of Rose and Ab- 
rahams (1975) each neuron required a certain minimal displacement of the 
eyes from the primary position to be excited. This displacement threshold 
ranged from 5-15 deg. In 49 neurons the fixed point which had to be trans- 
versed, was situated in the contralateral visual hemispace, in 15 neurons ocular 
deviation from the midline in either direction led to discharges. If a neuron was 
direction-sensitive for both stimulus and eye movements, the preferred direc- 
tions agreed. In presence of a visual pattern 36 neurons gave a phasic tonic re- 
sponse in synchrony with eye movements. 18 neurons discharged phasically 
with a brief burst. In darkness all reactions were phasic. 

III. Eye Movement Related Activity Preceding Onset of Eye Movements 

48 neurons discharged or paused in synchrony with slow and saccadic eye 
movements in darkness and in presence of a stationary pattern. The onset of 
discharge (pause) preceded the onset of eye movements. In neurons tested in 
animals with mobile head only searching (scanning) or orienting (stimulus trig- 
gered) saccades and pursuit movements were accompanied by neuronal reac- 
tions. These neurons remained unaffected during rapid and slow phases of nys- 
tagmus following passive horizontal head movements. Three reaction types 
could be distinguished. Type I (12 neurons) discharged in synchrony with eye 
movements of any direction or amplitude (Fig. 2A). Discharge preceded onset 
of eye movements by 150 msec and continued up to 500 msec into the post- 
saccadic fixation period. Asymmetry of responses to contralateral eye move- 
ments was observed in 4 neurons of this type. Contralateral saccades evoked 
stronger responses. Type II (30 neurons) discharged only in synchrony with 
contralaterally directed eye movements. Ipsilaterally directed eye movements 
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F i g .  2A-D.  Types of eye movement related reactions preceding onset of eye movements. A Direc- 
tion unspecific reaction (type I). B, C Direction specific reaction (type II): Neurons are activated 
with contralaterally directed saccades and are unresponsive (B) or inhibited (C) with ipsilaterally 
directed saccades. D Inhibition associated with ipsilateral saccades (type III). Constant maintained 
activity during fixation and during contralateral saccades. Registration as in Figure 1 
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Fig. 3A and B. Graphical representation of target point of saccades associated with neuronal reac- 
tions of type II. Zero position corresponds to initial eye position prior to saccades (A) or to primary 
position of the eyes (B), Abscissa: Horizontal deviations (deg.) from zero position. Ordinate: Verti- 
cal deviation from zero position. Arrows in B denote direction of saccades without a response. 
Figure 3B demonstrates, that only contralaterally (resp. ipsilaterally) directed saccades with target 
points in the contralateral (resp. ipsilateral) hemifield are associated with activation (resp. inhibi- 
tion) 
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Fig. 4A and B. Graphical representation of discharge properties of reaction type III during fixation 
A and during eye movements B. Zero position: Initial eye position prior to saccades. Abscissa: 
Horizontal deviation of postsaccadic fixation points. Ordinate: Number of impulses/sec during 
fixation period (A) and during the actual eye movement (B) 

eficited either no response (Fig. 2B) or active suppression of maintained activ- 
ity (Fig. 2C). Saccades of a wide range of amplitudes (Fig. 3A, B) were ac- 
companied by neuronal activation or inhibition. Location of the saccade's 
target in the contralateral hemifield (related to primary position of the eyes) as 
well as contralateral direction of the saccade were necessary conditions of 
neuronal activation (Fig. 3B). Hence saccades starting from the ipsilateral resp. 
contralateral hemifield must traverse primary position to evoke an excitatory 
resp. inhibitory response (Fig. 3B). Neurons were activated prior to and during 
the saccadic movement�9 Discharge extended into the fixation period for 
200 msec to 2 sec. There was no consistent relationship between durations of 
fixation periods and durations of neuronal activations. Saccade synchronous 
inhibition was usually confined to the period of actual saccadic movement. 
Type III neurons (6 neurons) exhibited an essentially constant maintained dis- 
charge rate during fixation (Fig. 4A)�9 Prior to or coincident with a saccade in 
the ipsilateral direction the unit ceased firing (Figs. 2D, 4B). The suppression 
of activity lasted for the duration of the rapid eye movement. Two units of this 
type showed a burst-like postsaccadic activation following contralateral sac- 
cades in addition to the suppression with ipsilateral saccades. Recording sites 
of type I, II and III neurons were restricted to the stratum medium or stratum 
profundum. The majority of reaction types I, II or III was responsive to visual 
stimulation. Units discharging with saccades of any direction (type I) were usu- 
ally not direction-sensitive when tested with moving visual stimuli. Saccade di- 
rection selective units of type II usually preferred contralaterally directed 
stimulus movements. 

B. Neuronal Activity Associated with Horizontal Head Movements 

In a second series of experiments the cats were able to perform eye movements 
as well as horizontal head movements. The limit of head movements was 
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Fig. 5a and b. Patterns of eye-head movement coordination and head movement related neuronal 
reactions, a A single large saccade is followed by a slow eye movement of opposite direction, while 
the head is still moving. Neuronal reaction follows onset of head movement in total darkness. 
b The head movement is accompanied by a series of saccadic and slow eye movements. Neuronal 
activation precedes onset of head movement. Registration: a: Upper trace: Horizontal EOG. Up- 
ward deflection in a and downward deflection in b correspond to contralateral eye movements. 
Middle trace: Head movement. Downward deflection in a and upward deflection in b correspond 
to eontralateral head movement 

45 deg  to e i ther  side. Veloc i t ies  of  h e a d  m o v e m e n t s  r a n g e d  b e t w e e n  40 and  
100 deg/sec .  D u r i n g  o r ien t ing  and  search ing  m o v e m e n t s  two pa t t e rn s  of  se-  
quences  of  e y e - h e a d  coo rd ina t i on  were  observed .  

1. A large  saccadic  eye  m o v e m e n t  p r e c e d e s  the  onse t  of  a head  m o v e m e n t  
of  equa l  d i rec t ion  by  3 0 - 5 0  msec.  A f t e r  t e r m i n a t i o n  o f  the  saccade  the  eyes  
m o v e  s lowly in o p p o s i t e  d i rec t ion  to ma in t a in  f ixat ion,  whi le  the  head  is still  in 
p rocess  of  m o t i o n  (Fig. 5A) .  This  p a t t e r n  was o b s e r v e d  when  the  an imal  m a d e  
o r ien t ing  m o v e m e n t s  t owards  visual  o r  acous t ic  st imuli .  

2. The  h e a d  m o v e m e n t  is a c c o m p a n i e d  by  a series of  saccades  and  slow eye  
movemen t s .  The  saccades  are  m a d e  in d i rec t ion  of  the  h e a d  m o v e m e n t ,  the  
s low eye  m o v e m e n t s  in o p p o s i t e  d i rec t ion .  The  ini t ial ,  usua l ly  la rges t  saccade  
of  the  series  begins  be fo re  or  s imu l t aneous  with the  head  m o v e m e n t .  This  pa t -  
te rn  was o b s e r v e d  when  the  cat s canned  its visual  e n v i r o n m e n t  (Fig. 5B). 

I. N e u r o n a l  R e a c t i o n s  Fo l lowing  O n s e t  of  H e a d  M o v e m e n t s  

20 ou t  o f  62 visual ly  r e spons ive  units  d i scha rged  in synch rony  with h e a d  
m o v e m e n t s  in p r e s e n c e  of  a visual  p a t t e r n  bu t  no t  in to ta l  da rkness  af ter  a la-  
t ency  of  5 0 - 1 0 0  msec.  In  6 out  of  75 neu rons  head  m o v e m e n t  synchronous  
d i scharge  pe r s i s t ed  in absence  of  a visual  pa t te rn .  Ips i -  and  con t r a l a t e r a l  h e a d  
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Fig. 6A-C. Types of head movement related reactions of collicular neurons. A, B Direction 
specific activation during contralateral head movements and head postures (phasic-tonic reaction). 
C Dependence of maintained discharge rate on contralateral deviation from primary head position 
(tonic reaction). Registration: A, B Upper trace: Horizontal EOG. Upward deflection corresponds 
to ipsilateral eye movement. Middle trace: Head movement: Upward deflection corresponds to 
contralateral head movement. Lower trace: Neuronal reaction. C Upper trace: Head movement. 
Downward deflection corresponds to ipsilateral head movements. Lower trace as in A and B 

turning was accompanied by neuronal  activation after a latency of 10-25 msec 
(Fig. 51) .  

In 30% of visually responsive units visual responsiveness and spontaneous 
activity was strongly suppressed, when the head moved  to the ipsilateral side or 
when it was kept in a maintained position of ipsilateral abduction. The sup- 
pressive effect increased with increasing head deviation f rom the midposition. 
Ipsilateral head movements  or posture suppressed also excitations due to eye 
muscle proprioceptive input. During ipsilateral head movements  two tonically 
firing neurons with eye movement  related activity of type I I  were completely 
silent. 

II. Neuronal  Activity Preceding Onset  of Head  Movements  

From 75 units, which were recorded in animals with unrestrained horizontal 
head mobility, 15 discharged in synchrony with contralateral head movements  
(Fig. 5B, Fig. 6A, B). Ipsilateral head turning evoked partial or complete sup- 
pression of discharge. Activity of these neurons was neither affected by eye 
movements  nor by passive head movements .  Most units fired during the period 
of head movements  and when the head was maintained in a posture of con- 
tralateral abduction (Fig. 6A, B). Discharge rate increased with increasing 
speed of head movements .  Three neurons discharged only when the head was 
actually moving but not during phases of maintained contralateral abduction. 
Two neurons were little influenced by head movements  but exhibited a main- 
tained discharge, whose rate was proport ional  to the amount  of horizontal con- 
tralateral  deviation f rom pr imary head position (Fig. 6C). 10 neurons re- 
sponded directionally sensitive to moving visual stimuli. Preferred stimulus and 
head movements  agreed. Multimodal convergence of visual, somatosensory 
and acoustic inputs was observed in 8 of these units. Recording sites of units 



Tectal Neurons and Ocular and Head Movements 139 

with head movement related activity were restricted to the medium or pro- 
found collicular layers. Electrical stimulation at the recording sites of such 
neurons evoked contralateral head turning, whose amplitude depended upon 
the duration of the electrical stimulus. Threshold current intensity was 2 9A. 
With increasing current strength the speed of head movements increased. 

Discussion 

The results of the present study demonstrate that a considerable proportion of 
tectal movement-detecting neurons remains unaffected when retinal images of 
stationary objects are displaced by eye movement. These neurons probably 
correspond to those preferring low or medium stimulus velocities (Dreher and 
Hoffmann, 1972). A smaller proportion responds to saccade-induced image 
shifts as well as to rapidly moving stimuli. In agreement with the findings of 
Abrahams and Rose (1975), neurons with properties suggesting eye muscle 
proprioceptive input were observed here. Their functional significance remains 
obscure. Since eye muscle afference excites tectal neurons mostly after comple- 
tion of the saccadic movement, it can contribute little to the latter's execution. 
Theoretically, it might be involved in eye-head coordination augmenting activ- 
ity of cells of origin of the tectospinal tract. Projection of extraocular afferents 
to cells of origin of the tectospinal tract has been demonstrated (Abrahams and 
Rose, 1975). In our sample, however, cells suggestive of receiving eye muscle 
afference were not involved in head movements whereas neurons, whose activ- 
ity was clearly related to head movements, were not influenced by eye move- 
ments. 

Neurons, whose eye movement related activity changes precede onset of 
eye movements, were previously described in the brainstem of monkeys and 
cats (Luschei and Fuchs, 1972; Cresty and Baker, 1976) and in the colliculus 
superior of monkey (Schiller and Koerner, 1971; Wurtz and Goldberg, 1972) 
and cat (Straschill and Hoffmann, 1970; Arduini et al., 1974). We are unable 
to explain the high percentage of collicular eye movement related neurons 
(80%), as reported by Arduini (1974) in contrast to our previous and present 
results. It cannot be due to the fact, that their eye movement related popula- 
tion includes neurons with eye muscle afference, since the latter require higher 
eye movement velocities than the enc6phale isol6 preparation can achieve 
(Arduini et al., 1974; Rose and Abraham, 1975). Collicular neurons of the 
monkey discharged prior to saccades of certain amplitudes and directions 
(Schiller and Koerner, 1971; Wurtz and Goldberg, 1972), whereas feline 
analogues of our present study were independent of the saccade's amplitude, 
but required saccades of certain directions made within or into the contralat- 
eral hemifield (related to primary position of the eyes) to be excited or sup- 
pressed. 

The functional significance of the monkey's collicular eye movement re- 
lated neurons is not clear. Some authors suggest involvement in the 
mechanisms subserving object localization onto the fovea (foveation) (Schiller 
and Koerner, 1971; Robinson, 1972), others conclude from their findings, that 
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these neurons contribute to the execution of oculomotor components of the 
orienting response (Wurtz and Goldberg, 1972). 

In the cat a certain degree of specificity of collicular eye movement related 
function is suggested by the observation that only spontaneous or stimulus 
triggered saccades but not rapid phases of vestibular nystagmus were accom- 
panied by neuronal discharges. Since these discharges were not specifically as- 
sociated with eye movements of a certain amplitude, they cannot control 
foveation. But they may initiate contralateral orienting or searching eye 
movements,  whose precise execution is determined by other parts of the 
oculomotor system. 

Patterns of eye-head coordination of the cat resembled closely those ob- 
served in monkeys during triggered or scanning head movements (Bizzi et al., 
1972). The analysis of the role of central programs and peripheral vestibular 
feed back in eye-head coordination of the monkey (Bizzi et al., 1972) may 
thus well apply to the cat. 

Head movement synchronous activation or inhibition following onset of ac- 
tive and passive head movements may result from neck muscle afferents or 
from vestibular input. The existence of neck muscle afferents to cat collicular 
neurons has been convincingly demonstrated (Abrahams and Rose, 1975). 

The few studies on a possible vestibular influence on collicular neurons 
yielded contradictatory, negative (Potthoff et ah, 1967; Rieger and Straschill, 
1973) or positive (Bisti et al., 1972) results. 

In contrast to eye movement related neurons, discharge of head movement  
related units reflected closely the parameters of head movements or postures. 
Analogous to oculomotor neurons of the brainstem (Luschei and Fuchs, 1972), 
these directionally selective neurons fired with contralaterally directed head 
movement  and did not require contralateral version movements within or into 
the contralateral hemifield (related to primary head position) as did collicular 
eye movement related units. The good correspondence between discharge 
parameters of collicular head movement  related neurons and motor execution 
suggests to regard the deeper layers of the colliculus superior as a premotor  
center of spinal neck muscle motoneurons.  The existence of many monosynap- 
tic tectospinal connections to neck muscle motoneurons mediated through the 
tectospinal tract (Anderson et ah, 1971) and the fact, that electrical stimula- 
tion of cat's deep collicular layers elicits easily head movements (Szyka and 
Radii-Weiss, 1971), support this hypothesis. From the absence of head move- 
ment related neurons in the monkey colliculus superior Robinson and Jarvis 
(1974) conclude that in the primate this structure is not the site for the genera- 
tion of head movements. 

Acknowledgements. This work was supported by the Deutsche Forschungsgemeinschaft. 

References  

Abrahams, V.C., Rose, P.K.: Projections of extraocular, neck muscle and retinal afferents to the 
superior colliculus in the cat: their connections to the cells of origin of the tectospinal tract. J. 
Neurophysiol. 38, 10-18 (1975) 

Anderson, M., Yoshida, M., Wilson, V.J.: Influence of superior colliculus on cat neck 
motoneurons. J. Neurophysiol. 34, 898-907 (1971) 



Tectal Neurons and Ocular and Head Movements 141 

Arduini, A., Corazza, R., Marzollo, P.: Relationship of the neuronal activity of the superior col- 
liculus to eye movements in the cat. Brain Res. 73, 473-481 (1974) 

Bisti, S., Maffei, L., Piccolino, M.: Variations of the visual responses of the superior collieulus in 
relation to body roll. Science 175, 456-457 (1972) 

Bizzi, E., Kalil, R.E., Morasso, P., Tagliasco, V.: Central programming and peripheral feedback 
during eye-head coordination in monkeys. In: Cerebral control of eye movements and motion 
perception. Bibl. ophthal., Vol. 82, pp. 220-232. Basel: Karger 1972 

Dreher, B., Hoffmann, K.P.: Properties of excitatory and inhibitory regions in the receptive fields 
of single units in the cat's superior colliculus. Exp. Brain Res. 16, 333-353 (1972) 

Gresty, M., Baker, R.: Neurons with visual receptive field, eye movement and neck displacement 
sensitivity within and around the nucleus prepositus hypoglossi of the alert cat. Exp. Brain Res. 
24, 429-433 (1976) 

Horn, G., Hill, R.M.: Responsiveness to sensory stimulation of units in the superior colliculus and 
subjacent tectotegmental regions in the rabbit. Exp. Neurol. 14, 19%223 (1966) 

Luschei, E.S., Fuchs, A.: Activity of hrainstem neurons during eye movements of alert monkeys. 
J. Neurophysiol. 35, 445-461 (1972) 

Noda, H., Manohar, S., Adey, W.R.: Spontaneous activity of eat hippocampal neurons in sleep 
and wakefulness. Exp. NeuroL 24, 217-231 (1969) 

Potthoff, P.C., Richter, H.P., Burandt, H.R.: Multisensorische Konvergenzen an Hirnstamm- 
neuronen der Katze. Arch. Psyehiat. Nervenkr. 210, 36-60 (1967) 

Rieger, P., Strasehill, M.: The effect of body tilt upon transfer and output function of neurons of 
the cat's superior colliculus. Pflfigers Arch. 344, 187-193 (1973) 

Robinson, D.A.: Eye movements evoked by collicular stimulation in the alert monkey. Vision 
Res. 12, 1795-1808 (1972) 

Robinson, D.L., Jarvis, C.: Superior colliculus neurons studied during head and eye movements of 
the behaving monkey. J. Neurophysiol. 37, 533-540 (1974) 

Rose, P.K., Abrahams, V.C.: The effect of passive eye movement on unit discharge in the 
superior colliculus of the eat. Brain Res. 97, 95-106 (1975) 

Schiller, P.H., Koerner, F.: Discharge characteristics of single units in superior colliculus of the 
alert rhesus monkey. J. Neurophysiol. 34, 920-936 (1971) 

Sprague, I.M., Meikle, T.H.: The role of the superior colliculus in visually guided behavior. Exp. 
Neurol. 11, 15-146 (1965) 

Straschill, M., Hoffmann, K.P.: Effect of D-amphetine on the activity of single neurons of the cat's 
tectum optieum. Experientia (Basel) 25, 373 (1969) 

Straschill, M., Hoffmann, K.P.: Activity of movement sensitive neurons of cat's teetum opticum 
during spontaneous eye movements. Exp. Brain Res. 11, 318-326 (1970) 

Straschill, M., Rieger, P.: Eye movements evoked by focal stimulation of the cat's superior eol- 
liculus. Brain Res. 59, 211-227 (1973) 

Straschill, M., Schick, F., Hoffmann, K.P.: Neuronal activity of the cat's colliculus superior related 
to eye- and horizontal head movements. Pfliigers Arch. 347, Suppl. R 27 (1974) 

Szyka, I., Radii-Weiss, T.: Electrical stimulation of the tectum in freely moving cats. Brain Res. 
28, 567-572 (1971) 

Wurtz, R.H., Goldberg, M.E.: Activity of superior collieulus in behaving monkeys. II. Cells dis- 
charging before eye movements. J. Neurophysiol. 35, 575-586 (1972) 

Received May 5, 1976 


