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Abstract  We evoked both ear and eye movements in 
area 8b, the rostral area of frontal cortex, in two mon- 
keys. In some sites it was possible to evoke only ear 
movements or only eye movements; in other locations 
we evoked both ear and eye movements by varying the 
intensity of electrical stimulation. The electrically 
evoked ear movements were forward, or backward, or 
oblique (upward-forward; upward-backward). In two 
penetrations the ear movements were bilateral, in the 
other penetrations they were contralateral. Ipsilateral 
ear movements were not observed. The evoked eye 
movements were mainly fixed-vector saccades, con- 
tralateral and with an upward orientation of about 45 ~ 
If we considered only the sites where the threshold was 
equal to or lower than 50 gA, the stimulation of this 
area evoked mainly ear movements. In addition we 
recorded the electrical activity of 195 neurons. Of these 
neurons: 74% (145/195) discharged before ear move- 
ments (ear cells); 20% (40/195) discharged before ear 
and eye movements (ear-eye cells); 5% (10/195) dis- 
charged only before eye movements (eye ceils). Ninety- 
one percent (132/145) of ear cells presented a preferred 
direction; 90% (36/40) of ear-eye cells presented a pre- 
ferred direction for ear movements, and 15% (6/40) pre- 
sented a preferred direction for eye movements. Eighty- 
five percent (34/40) of cells did not present a preferred 
direction for visually guided saccades and were active 
when the monkey made saccades toward the unlit 
targets (checking saccades). Our results show that a field 
of area 8b is related to ear movements and to eye-ear 
movements. The findings that it is possible to obtain 
both ear and eye movements with low-intensity currents 
and that there are cells firing for the two types of move- 
ments suggest that area 8b may be involved in the orien- 
tation and coordination of both ear and eye. This area 
might be considered a rostral extension of supplemen- 
tary eye field (SEF) or a different region. However, 
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based on its distinct functional characteristics and con- 
nectivity, it is probably better regarded as a separate 
field. Regardless, the combination of 8b and SEF may 
constitute a cortical center for orienting processes. 
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Introduction 

The dorsomedial frontal cortex of macaque monkey is 
made up of superior area 6 (Brodmann 1905) and area 
8b of Walker (1940). The anterior part of superior area 
6 is also named area 6a~ (Vogt and Vogt 1919) or FC 
and part of FB (Von Bonin and Bailey 1947). Mott and 
Schaefer (1890) found that electrical stimulation of area 
6a~ evoked eye movements in the contralateral direc- 
tion. Later Levinsohn (1909) also electrically evoked eye 
movements caudally (area 6a~) and ear movements ros- 
trally (area 8b). 

The involvement of area 6a[3 in oculomotor process- 
es has been investigated, and a region where neurons are 
related to spontaneous and visual guided saccades has 
been found by Schlag and Schlag-Rey (1987); they 
called this area the supplementary eye field (SEF). 
Moreover, fixation cells were described (Bon and Luc- 
chetti 1990, 1992; Schlag et al. 1992). In addition, Schall 
(1991) described many types of sensory and motor cells. 
He suggested a sensorimotor integrative role for SEF in 
skeletal and oculomotor movements. SEF has been 
reinvestigated by Russo and Bruce (1993) to verify 
whether eye movements are organized in craniotopic or 
retinotopic coordinates. 

During a previous study, in agreement with Levin- 
sohn (1909) and Schlag and Schlag-Rey (1987), we noted 
that electrical stimulation rostrally to SEF evoked ear 
movements. Furthermore, Parthasarathy et al. (1992) 
noted again the presence of electrically evoked ear 
movements in and around SEF in the monkey. 
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The aim of this report was to elucidate the character- 
istics of both ear and eye movements evoked by stimula- 
tion and the information encoded by unit activity of 
area 8b. Preliminary results were presented at the 23rd 
Annual Meeting of the Society for Neuroscience, Wash- 
ington D.C., 1993. 

Materials and methods 

Behavior 

The experiments were carried out on two Macacafascicularis. The 
animals were cared for in accordance with European Community 
standards for the care of laboratory animals. They were trained on 
fixation and saccade tasks. Preliminary training was done with the 
apparatus mounted on the monkey's home cage. Each monkey 
learned to press a bar to illuminate a bicolored, light-emitting 
red/green diode (LED; Siemens LS110). After a random time peri- 
od (0.5-5.0 s), the LED turned from red to green for a fixed period 
of time (0.5 s). The animal had to release the bar during the green 
period to receive a liquid reward. After the monkey learned to 
perform this fixation task in the cage, it was taught to sit in a 
primate chair and perform a saccade task. In this task several 
LEDs could become red before the last one turned green. Each 
LED switched on simultaneously with the offset of the previous 
LED. The animal had to release the bar during the green period 
to receive a liquid reward. An acoustic cue marked the start of the 

�9 task; the animal was then free to begin the trials at will. The 
acoustic cue remained on throughout the series of trials and 
switched off at the end. The LEDs, which were 0.05 ~ in diameter, 
were positioned 200 cm in front of the monkey. 

The trial was not aborted if the animal made an extra saccade. 
During the task the animal sometimes made extra saccades to the 
unlit targets, apparently to check whether the LED was on. We 
considered these extra saccades self-initiated, probably because 
the monkey disliked losing the reward, and we called them 
"checking saccades." 

After the monkeys learned to perform the saccade task, they 
were prepared for the eye position measurement and head re- 
straint. After 1 week the monkeys were trained with the head fixed 
in place until they performed the saccade task successfully at a 
level of 90-100%. Then the animals were prepared for the record- 
ing of unit activity. 

We tried unsuccessfully to train one monkey to move the ear in 
selected directions. In order to obtain ear movements in all possi- 
ble directions, we oriented the ear with scratches or noises. When 
we stopped the acoustic stimulation, the monkeys moved the auri- 
cle and we recorded these self-initiated ear movements. With this 
approach, generally the movements of both ears were symmetri- 
cal. 

In order to verify whether one or both ears were involved in 
the unit activity, we tried to test only one ear, but this approach 
was unsuccessful, since the animal generally moved both ears. 
Owing to the difficulty of this approach, we abandoned the at- 
tempt to observe the ear movements as social signals, which are 
significant in nature. During these experiments we kept the two 
animals alert by delivering some drops of water between tasks. 

Surgery 

Using aseptic techniques, with the monkeys under general anes- 
thesia (ketamine 10 mg/kg i.m. and intravenous thiopental sodi- 
um), one hollow stainless steel cylinder was attached to the skull 
with four screws and cemented in place to allow a painless fixation 
of the head. A search coil was implanted subconjunctivally (Judge 
et al. 1980), and four stainless steel wires were inserted into the 
neck muscles to monitor the electromyographic activity (EMG). 
Then, a stainless steel chamber for the electrophysiological inves- 
tigation was implanted vertically in each hemisphere. 
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Fig. 1 A Method of recording ear movements. The coil was at- 
tached to the auricle by adhesive tape at each experimental ses- 
sion. The same magnetic fields allow both ear and eye movement 
recordings. B Evoked saccades; C evoked ear movements. D Ex- 
ample of stimulation with the ear in different positions: the first 
stimulation is ineffective; the second stimulation, with the ear in a 
different position, is effective (position dependent). Ear and eye 
signals have a different gain. (EYE H, V horizontal and vertical 
components of eye movements, STIM electrical stimulus, EAR H, 
Vhorizontal and vertical components of ear (auricle) movements) 

Physiological methods and data analysis 

Eye movements were recorded by the search coil technique, using 
the phase-detection method (Remmel 1984). The same technique 
was used for ear movements, applying a search coil to the ears of 
each animal with adhesive tape at the start of each experimental 
session (Fig. 1A). This system allowed us to define the beginning 
and end of an ear movement, but not other parameters 
(Fig. 1B,C). In fact, our search coil system defines a movement in 
two dimensions (x-y) while the ear movements are in three dimen- 
sions (x-y-z). At the same time we used a TV infrared system and 
videotape to observe the movement on- and off-line. The camera 
was positioned as the experimental situation required. 

With this approach we were able to record a signal with x and 
y coordinates. We could then define the timing of the ear move- 



M1 M 2  A 

FOC  
6al3 J ~ ~ /  SAS 

AP 20 mm 111 . mm 

261 

M1 LEFT M2 LEFT 

M1 RIGHT M2 RIGHT 

�9 " " ~  ~, 3 

6 ~ 4_  

CAUDAL 4 I~ ROSTRAL 

3 m m  

Fig. 2 Top: view of brains of two monkeys (MI, M2), the small 
dark ellipses indicate the zones of investigation. A, Magnification 
of one of four studied regions (a). FGC frontal granular cortex, 8b 
disgranular cortex, 6aft agranular cortex; 1-2-3 investigated zones 
caudal to 8b: 1 cortical zone with cells related to eye (SEF), eye- 
brow, eyelid, mouth, neck, trunk, and shoulder movement, 2 corti- 
cal zone with prevalently arm-cells, 3 cortical zone with leg and 

hip joint-cells; PS principal sulcus, SAS superior arcuate sulcus, 
IAS inferior arcuate sulcus, DI dimple from a blood vessel. Bot- 
tom: Sections of four hemispheres where coagulation marks (verti- 
cal lines) were made. The dashed lines show the borders of cortical 
area 8b with area 6al3 and frontal granular cortex (FGC); marks 
represent the granular cell layer 
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ment with the unit discharge and compare the x- and y-signal with 
that observed by both experimenters on- and off-line with the 
infrared TV system. When the evoked movement or the unit activ- 
ity were ambiguous, we observed the ear movement directly and 
rejected doubtful results of stimulation or unit activity. Electrical 
stimulation was induced using a two-channel stimulator connect- 
ed to two constant-current stimulus isolation units, wired to 
provide biphasic square-wave pulses. The stimulation was execut- 
ed every 500 Ix in each penetration by epoxylite-coated tungsten 
electrodes, while the monkeys were alert and looking around in a 
brightly lit or dark room, or during attentive fixation task. 

The ear movements were evoked with an intensity of current 
ranging from 20 to 85 IxA, a frequency of 250 Hz, and a duration 
ranging from 70 to 120 ms. The eye movements were evoked with 
an intensity of current ranging from 15 to 100 IxA, a frequency of 
330 Hz, and a duration ranging from 70 to 120 ms. We used two 
different frequencies of stimulation since we observed that one was 
best to move the ear and one, the eye. 

The evoked eye and ear movements were distinguished from 
self- generated movements, using the following criteria: (1) the 
movement had to follow at least 60% of threshold stimulations; 
(2) the starting position had to be the same for the eye and approx- 
imately the same for the ear auricle; (3) the delay had to be con- 
stant (_+ 20 ms). 

The EMG activity of the neck muscles monitored the animal's 
attempts to rotate the head. Single neurons were isolated with 
epoxylite-coated tungsten electrodes that were advanced through 
the dura with a hydraulic microdrive (Narishige MO-95B). The 
microelectrode signal was amplified (Bak MDA-4) and passed 
through a custom-built band-pass filter (50(~7500 Hz) to elimi- 
nate artifact from the 50- and 75-kHz coil drivers. Then it passed 
through a window discriminator (Wpi 121) that generated unit 
pulses to be sampled by the computer. The eye and ear move- 
ments, stimulus, and spike activity were sampled at l kHz and 
stored by a Macintosh system for off-line analysis. 

Coagulation marks were made by d.c. (10 IxA for 15 s) at some 
of the recording sites, for histological reconstruction. At the end of 
the experiments, the animals, under deep anesthesia, were per- 
fused with a 0.9% NaC1 solution followed by 5% formalin. Subse- 
quently, the brain was sectioned in 60-Ixm slices and stained with 
thionin. 

Results 

We studied area  8b with electrical s t imula t ion  and  uni t  
act ivi ty recording.  The  cy toarch i t ec ton ic  o rgan iza t ion  
indicated  tha t  s t imula t ion  and  record ing  sites were lo- 
calized in the f ronta l  d i sgranu la r  cortex, area 8b of  
Walker  (1940), and  in the an te r ior  f rontal  ag ranu l a r  cor-  
tex, area  6al3 (Fig. 2). In  these exper iments  we localized 
in area  6a[3 m a n y  different type  of  cells: (1) saccade and  
f ixat ion cells (SEF) toge ther  with cells related to ear, 
mou th ,  neck, t runk,  and  shoulder  m o v e m e n t s  (Fig. 2A, 
1); and  (2) a region with main ly  a rm  cells media l ly  
(Fig. 2A, 2) and  some leg cells m o r e  caudal ly  (Fig. 2A, 
3). The  neu rons  r ecorded  in area  6al3 are unde r  investi- 
ga t ion ;  as a first app rox ima t ion ,  we have recognized  a 
r o u g h  s o m a t o t o p i c  organiza t ion .  

S t imula t ion  s tudy  

In  the two animals ,  in four  hemispheres ,  we found  loca-  
t ions in which  it was possible to evoke  only  ear  or  only  
eye m o v e m e n t s ;  in o ther  loca t ions  we evoked  b o t h  ear  

and  eye m o v e m e n t s  va ry ing  the intensi ty of  electrical 
s t imula t ion  (Figs. 3, 4). The  electrical s t imula t ion  
evoked  the m o v e m e n t  of  b o t h  ears in only  two penet ra-  
t ions;  in the o ther  cases the ear  act ivated was cont ra la t -  
eral. In some  pene t ra t ions  it was impossible  to define 
the cor rec t  d i rec t ion because  of  p o o r  co l labora t ive  be- 
hav io r  of  the animal.  

In our  exper iments  the  evoked  ear m o v e m e n t s  were 
strictly pos i t ion  dependen t  (Fig. 1C,D). If  the m o n k e y  
ma in ta ined  the ear fo rward  at the t ime of  s t imulat ion,  
we did no t  ob ta in  a fo rward  movemen t .  In  o rder  to 
evoke  an  ear  m o v e m e n t  in a cer tain direct ion,  we h a d  to 
s t imulate  when  the ear, m o v e d  by  the animal,  was  still in 
a different spatial  posi t ion.  We defined the direct ion of  
m o v e m e n t s  dur ing  and  after the exper iment  by recon-  
s t ruc t ion  of  single frames of  videotape.  The  di rect ion of  
m o v e m e n t  was accepted  when  the two researchers  
agreed  on  it. The  obl ique  direct ions were a p p r o x i m a t e d  
to 45~ this value represents  a m e a n  of  at least five stim- 
ula t ions  for each site. Since the an imal  m o v e d  the auri-  
cle itself, it was difficult to  s t imulate  repetit ively with the 
auricle exact ly at the same spatial  posi t ion.  Mos t  of  the 
electrically evoked  ear m o v e m e n t s  observed  in our  ex- 
per iments  were forward,  backward ,  and  obl ique (up- 
ward- fo rward ,  upward -backward ) .  Even  if a clear m a p  
does no t  exist, the fo rward  and  u p w a r d - f o r w a r d  move-  
ments  were represented medially,  while the b a c k w a r d  
and  u p w a r d - b a c k w a r d  m o v e m e n t s  were represented 
laterally (Figs. 3, 4). 

The  evoked  eye m o v e m e n t s  were usual ly f ixed-vector  
saccades, and  only  occas ional ly  did we find end-di rec ted  
saccades or  mixed  direct ions (Figs. 3, 4). For  fixed-vec- 
tor  saccades,  electrical s t imula t ion  was no t  effective at 
all when  the animal  was pe r fo rming  a f ixation task, even 
if we increased the cur rent  intensi ty by twice or  more.  
On  the con t ra ry ,  the electrical s t imula t ion  could  elicit 
end-di rec ted  saccades  dur ing  the f ixation task;  bu t  the 
cur ren t  had  to be doub l ed  and  the eye m o v e m e n t s  were 
smaller  t han  when  the animal  was no t  fixating. Mos t  of  
the f ixed-vector  saccades were contra la tera l ,  with an  
or ien ta t ion  of  a b o u t  45 ~ upward ,  and  the ampl i tudes  of  
evoked  saccades  were main ly  independen t  of  the start-  
ing orbi tal  posi t ion.  

Fig. 3 Representation of the brain area of one monkey (M1) stud- 
ied with electrical stimulation. The dimple (DI) is the landmark for 
the penetrations, which are oriented rostrocaudally from top to 
bottom: (R rostral, C caudal). Top: representation of evoked ear 
movements. Arrows represent the mean direction of ear move- 
ments in each site; current threshold values are shown. Bottom: 
representation of evoked eye movements. The arrows represent 
the directions at each site; current threshold values are shown. 
(EAR penetrations where electrical stimulation evoked only ear 
(auricle) movements, E A R  > > > EYE penetrations where the cur- 
rent threshold to evoke ear (auricle) movements was lower than 
that to evoke the eye movements, E A R <  < <EYE penetrations 
where the current threshold to evoke ear (auricle) movements was 
higher than that to evoke eye movements, EYE the penetrations 
where stimulation evoked only eye movements, undefinable direc- 
tion in these sites we were unable to define the true direction of ear 
or eye because of poor collaborative behavior of the animal) 
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Fig. 4 Representat ion of the brain area of one monkey (M2) stud- 
ied with electrical stimulation. The dimple (DI) is the l andmark  for 
the penetrations,  which are oriented rostrocaudally,  from top to 
bottom (R rostral, C caudal). Top: representat ion of evoked ear 
movements .  Arrows represent the mean  direction of ear move- 
ments  in each site; current  threshold values are shown. Bottom: 
representat ion of evoked eye movements .  The arrows represent 
the directions at each site; current  threshold values are shown. 
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(EAR the penetrat ions where electrical st imulation evoked only 
ear (auricle) movements,  E A R  > > > EYE the penetrat ions where 
the current  threshold to evoke ear (auricle) movements  was lower 
than  that  to evoke the eye movements,  E A R  < < <EYE the pene- 
trat ions where the current  threshold to evoke ear (auricle) move- 
ments  was higher than  that  to evoke eye movements,  EYE the 
penetrat ions where st imulat ion evoked only eye movements)  
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Fig. 6 Examples of unit activity recordings: A burst cells; B tonic 
activity; C burst-tonic activity. (H horizontal component, Vverti- 
cal component, U unit activity) 
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Fig. 7A,B Examples of ear-eye cells. These cells showed a burst of 
activity before both ear and eye movements, and also showed a 
preferred direction for both ear and eye movements 

The e lec t romyogram of neck muscle activity did not  
show increased activity during the stimulation phase. In 
each penetrat ion,  the threshold was higher in the super- 
ficial layers, and in most  penetrat ions the direction of 
evoked movements,  eye or ear, was the same at all levels 
of stimulation. 

In accordance with Bruce and Goldberg (1985) we 
considered focal points of stimulation those in which 
low current  intensity, equal or inferior to 50 pA, could 
elicit ear or eye movements.  This approach emphasized 
that  stimulation of area 8b evoked mainly ear move- 
ments, then ear-eye movements,  and rarely pure eye 
movements.  It is interesting to observe also that, in the 
sites where both  ear and eye movements  where evoked, 
the threshold for ear movements  was often lower 
(Fig. 5). 

In the focal points where we found ear-eye move- 
ments, the directions of ear movements  were forward, 
and eye movements  were contralateral  and upward. In 
addition, we observed that  when the animal performed 
an attentive fixation the threshold for evoked ear move- 
ments was unchanged. The delay of both  ear and eye 
evoked movements  ranged from 40 to 200 ms, most  fre- 
quently from 50 to 150 ms. 

Unit  activity recording 

We recorded the electrical activity of 301 neurons. One- 
hundred cells were discarded, as it was impossible to 
define with certainty the ear movement  direction. The 
inability to define the ear direction was a consequence of 
poor  collaborative behavior  of the animals during some 
penetrations, particularly in the second monkey  (M2). 
Of the remaining 201 cells, 6 of them were active for 
acoustic stimuli and were not  related to ear or eye 
movements.  Of 195 neurons 74% (145/195) discharged 
before ear movements,  20% (40/195) discharged before 
ear and eye movements,  and 5% (10/195) discharged 
only before eye movements.  

The recorded ear cells showed the following patterns 
of activity: burst, tonic, and burst-tonic (Fig. 6). The ear- 
eye cells discharged before both  ear and eye movements  
with a double burst of activity (Fig. 7) and tended to be 
located where the electrical stimulation evoked ear-eye 
movements  with low current intensity. The lead time of 
the discharge ranged from 200 to 1400 ms for ear move- 
ments and from 400 to 1400 ms for eye movements.  
More  frequently the lead time for both  ear and eye 
movements  was from 600 to 900 ms. The onset of dis- 
charge was selected when the interspike interval was 
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Fig. 8A,B Ear cells with a preferred direction. C ear-eye cell with 
a preferred direction for both ear and eye movements 
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equal to or less than 100 ms. This value was arbitrarily 
selected in relation to spontaneous and evoked move- 
ment activity frequency, as reported below. 

A preferred direction was observed in 91% (132/145) 
of ear cells, with a mean discharge frequency of 18 
spikes/s (SD _+ 5 sp/s). The spontaneous activity of these 
cells was very low (2___ 2 sp/s; Fig. 8A,B). Of the other 
cells (13/145), 6 neurons did not show a clear selectivity 
for direction, but discharged in all directions tested, 7 
cells discharged for position (4 tonic neurons) and for 
position and direction (3 burst-tonic neurons). 

The animals did not move the ear along the vertical 
axis spontaneously or in response to electrical stimula- 
tion. A preferred direction was observed for ear move- 
ment in 85% (34/40) of ear-eye cells and 15% (6/40) 
presented preferred direction for eye movements 
(Fig. 8C). The mean discharge frequency for ear move- 
ments was 18 sp/s (SD_+5 sp/s). The activity for eye 
movements was 21 sp/s (SD_+ 3 sp/s). Spontaneous ac- 
tivity was very low (2 +_ 2 sp/s). 

The 6 neurons with a selective direction were active 
for visually guided saccades. The other 34 neurons dis- 
charged when the monkey made an extra saccade to- 
ward unlit targets. We considered such extra saccades as 
self-initiated, probably because the monkey disliked los- 
ing the reward, and called them checking saccades. 
These checking saccades did not show a selective direc- 
tion (Fig. 9). 

During the recordings the ear cells showed a pre- 
ferred direction in many penetrations similar to that 
evoked by the electrical stimulations. Moreover, the 
cells recorded in the same site of penetration could 
present different preferred directions. This aspect might 
be related to the angle of the electrode with the surface 
of the cortex. The maps (Fig. 10) illustrate the direction 
encoded by the majority of cells or those found in the 
superficial layers. Although it should be noted that 
these results were obtained from only two monkeys and 
from a small sample of cells, a clear distribution of direc- 
tions does not appear; however, the forward movements 
seem to be represented medially and backward move- 
ments, laterally. 

Fig. 9 Top: saccade task and saccade behavior. After the animal 
pressed the bar (b), the first target (T1) turned red (r); when T1 
turned off, the second target (T2) turned red, then green (g), and 
during this period the animal released the bar to receive the re- 
ward. Saccade 2 was the first saccade toward T2, while saccade 3 
was a "checking" saccade toward T1, which was unlit. The trial 
was not aborted if the animal moved the eye away from the cor- 
rect target. (2"', 2 . . . .  visually guided saccades, 3" checking sac- 
cade). B o t t o m :  Cells showed brisk activity during checking sac- 
cades and weak or background activity during visually guided 
saccades. These ear-eye cells did not show a preferred direction for 
eye movement 



M1 

LEFT HEMISPHERE RIGHT HEMISPHERE 

~ 0 0 -  
moo=  0 { 0 0  
O o O -  ~ ~ - 0 o 0  

o l o x O x  a K ~o 

' < > ' < > '  \ f " ~  1 '<> '<> 
2 mm I ~ I I 

C 

EAR , ~  EAR and EYE II ARM and NECK [ ]  UNDEFINABLE DIRECTION 

a EAR-EYE )1( EYE O ACOUSTIC ~ DIRECTION 

269 

M2 

Fig. 10 Map  of ear directions coded by ear and ear-eye cells in 
monkeys M1 and M2. In four penetrat ions the cells did not  show 
a preferred direction. In three penetrat ions we found bo th  ear and  

eye cells. In M2 the representat ion of ear direction (undefinable 
direction) is scarcer than in M1 because of poor  collaborative 
behavior  of M2 
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Discussion 

The present study demonstrates that stimulation evokes 
mainly ear movements and ear-eye movements in area 
8b, with a preferred direction and with a threshold equal 
or less than 50 pA. The evoked saccades are mainly of 
the fixed-vector type, and attentive fixation inhibits eye 
but not ear movements. 

These data are in apparent disagreement with those 
of Mitz and Godschalk (1989). They evoked mainly 
goal-directed eye movements in area 8b. These differ- 
ences could be the consequence of many factors: (1) the 
difficulty in evoking ear movements (position depen- 
dent); (2) the different frequency of electrical stimulation 
used to evoke eye and ear movements; (3) different pri- 
mate species and behavioral conditions; (4) different 
sites that show diverse evoked patterns. 

In our study the recording of electric activity of single 
cells showed discharge neurons related to a preferred 
direction of ear movements. In most ear-eye cells the 
direction selectivity affected only ear movements. The 
cells are characterized by a long lead time with a peak 
value of 1400 ms and a mean value of 800 ms for both 
ear and eye movements. Similar long-lead burst neurons 
were described by Tanji et al. (1980) in supplementary 
motor cortex. The authors suggested that the differences 
in the delays in motor areas might be related to the rank 
of the motor area. Particularly, motor areas with a con- 
sistent number of long-lead bursters are involved in the 
initiation of movement and intentional processes. 

The presence of ear-eye cells with eye activity unre- 
lated to parametric characteristics of checking saccades 
suggests the presence of an activation phenomenon. 
These cells are characterized by a complex dichotomous 
behavior: (1) they are specific for direction of ear move- 
ments; (2) they are unspecific for the direction of eye 
movements, but specific for self-initiation of eye move- 
ments without a trigger signal. 

Other investigators have noted evoked ear move- 
ments in different areas of prefrontal and frontal cortex 
related to eye movements in frontal eye field (FEF; Rus- 
so and Bruce 1993) and in SEF (Schlag and Schlag-Rey 
1987; Partasarathy et al. 1992). The inconsistent reports 
about ear representation in these areas could be related 
to the difficulty in evoking ear movements. Alternative- 
ly, SEF and FEF might be more involved in eye control 
than in ear and eye control. 

The presence of ear-eye cells suggests further consid- 
erations. Animals in nature move the ear auricle to im- 
prove localization of noises in the environment. Hu- 
mans have lost this behavioral ability, but have kept the 
eye-head coordination. At present, we have more 
knowledge about eye-head movement coordination and 
the neural structures involved (Hyde and Toczek 1962; 
Bizzi et al. 1971; Roucoux et al. 1980; Zangermaister 
and Stark 1982; Van der Steen et al. 1986; Peck 1990). 
than about ear-eye coordination. If we extend the possi- 
ble duality of mechanisms found for eye-head coordina- 

tion to ear-eye coordination, we might consider this 
field as a center for ear-eye coordination. 

The open question is: should this field be considered 
an extension of SEF or a different area? Previous re- 
ports localized SEF in the agranular frontal cortex cau- 
dal to area 8b. The principal differences between SEF 
and this zone are: (1) during recording activity and stim- 
ulation we did not find cells related to arm movements 
or visual cells, both of which have been found in SEF 
area 6al3 (Schlag and Schlag-Rey 1987; Bon and Luc- 
chetti 1992; Schall 1991); (2) few sites of stimulation 
evoked end- or goal-directed saccades, and most evoked 
saccades were certainly fixed vector; (3) sites with dou- 
ble evoked movements have not been described in SEF; 
(4) the threshold was higher for ear movements caudally 
to area 8b. In addition, preliminary anatomical results 
regarding the connections of area 8b and area 6a[3 sug- 
gest that different projections do exist. Particularly, area 
8b is connected with 6a[3 and not with FEF, while SEF 
is strictly connected with FEF (Camarda et al. 1991). A 
cortical zone specific for ear movements was found by 
Burman et al. (1988) near the FEF. 

Conclusions 

The presence of very long lead bursters in relation to 
self- initiated ear and eye movements suggest that this 
field in area 8b is involved in the initiation of these two 
movements, and it may be considered a high-rank cen- 
ter involved in premotor activity, particularly to localize 
sounds in space. The cytoarchitecture of area 8b and the 
physiological and preliminary anatomical results sug- 
gest that this field is not SEF proper, but the cortical 
connections hint that it is closely linked with SEF. We 
propose that this zone is a premotor center for ear-eye 
coordination for orienting processes. In addition, the 
observations that: (1) the localization of this cortical 
zone near SEF related to ear movements; (2) there is a 
similar zone near FEF; (3) there are strict connections 
between SEF and FEF; and (4) FEF is involved in au- 
rally guided saccades (Russo and Bruce 1994) suggest 
that areas FEF and SEF, with their neighboring ear 
zones, might be involved in parallel and serial controls 
of spatial localization of sounds. 
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