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March 15, 2017; doi:10.1152/jn.00278.2016.—Common trends observed in many visual and oculomotor-related cortical areas include
retinotopically organized receptive and movement fields exhibiting a
Gaussian shape and increasing size with eccentricity. These trends are
demonstrated in the frontal eye fields, many visual areas, and the
superior colliculus but have not been thoroughly characterized in
prearcuate area 8Ar of the prefrontal cortex. This is important since
area 8Ar, located anterior to the frontal eye fields, is more cytoarchitectonically similar to prefrontal areas than premotor areas. Here we
recorded the responses of 166 neurons in area 8Ar of two male
macaques while the animals made visually guided saccades to a
peripheral sine-wave grating stimulus positioned at 1 of 40 possible
locations (8 angles along 5 eccentricities). To characterize the neurons’ receptive and movement fields, we fit a bivariate Gaussian
model to the baseline-subtracted average firing rate during stimulus
presentation (early and late visual epochs) and before saccade onset
(presaccadic epoch). One hundred twenty-one of one hundred sixtysix neurons showed spatially selective visual and presaccadic responses. Of the visually selective neurons, 76% preferred the contralateral visual hemifield, whereas 24% preferred the ipsilateral
hemifield. The angular width of visual and movement-related fields
scaled positively with increasing eccentricity. Moreover, responses of
neurons with visual receptive fields were modulated by target contrast,
exhibiting sigmoid tuning curves that resemble those of visual neurons in upstream areas such as MT and V4. Finally, we found that
neurons with receptive fields at similar spatial locations were clustered within the area; however, this organization did not appear
retinotopic.
NEW & NOTEWORTHY We recorded the responses of neurons in
lateral prefrontal area 8Ar of macaques during a visually guided
saccade task using multielectrode arrays. Neurons have Gaussianshaped visual and movement fields in both visual hemifields, with a
bias toward the contralateral hemifield. Visual neurons show contrast
response functions with sigmoid shapes. Visual neurons tend to
cluster at similar locations within the cortical surface; however, this
organization does not appear retinotopic.
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have suggested that the lateral prefrontal
cortex (LPFC) plays a role in cognitive control of visually
guided oculomotor behavior (Barone and Joseph 1989), encoding rules for goal-directed behavior (Miller 1999; Wallis et al.
2001; Wise et al. 1996), adaptive response strategies (Genovesio et al. 2005), attention (Everling et al. 2002; Lennert and
Martinez-Trujillo 2011, 2013; Rossi et al. 2007; Tremblay et
al. 2015), working memory (Mendoza-Halliday et al. 2014;
Miller 1999), decision making (Kiani et al. 2014; Seo et al.
2007), and the ability to suppress automatic behavioral responses (Wegener et al. 2008).
In particular, area 8Ar—the region of the LPFC between the
arcuate sulcus and the posterior tip of the principal sulcus
(Petrides and Pandya 1999; Preuss and Goldman-Rakic 1991),
just anterior to the frontal eye fields (FEF) (Stanton et al.
1989), is a cortical area that likely plays a role in visuomotor
integration within the saccade generation network on the basis
of its connectivity and response properties. Namely, area 8Ar
shares connections with parietal areas responsible for visuospatial processing including areas LIP and 7 (Andersen et al. 1990;
Barbas and Mesulam 1981; Petrides and Pandya 1999; Schall
et al. 1995b) and is heavily interconnected with the neighboring areas in the LPFC such as area 9/46 and with the FEF
(Stanton et al. 1993; Yeterian et al. 2012).
Topography—the orderly projection of sensory receptors
onto the cortex—is an organizing principle preserved throughout much of the saccade generation network. For instance,
rough retinotopic maps are described in visual areas V4 (Gattass et al. 1988) and MT (Maunsell and van Essen 1983;
Ungerleider and Desimone 1986; Van Essen et al. 1981) and
frontal areas such as FEF (Bruce et al. 1985; Stanton et al.
1989). Areas of the parietal cortex such as LIP (Arcaro et al.
2011; Ben Hamed et al. 2001; Blatt et al. 1990) are also
thought to have topographic organization; however, this issue
has not been settled. In addition to retinotopy of visually
selective neurons, microstimulation of the FEF in macaques
has revealed a topographic organization of saccade amplitude
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but not direction (Bruce et al. 1985; Stanton et al. 1989). When
stimulated, the dorsomedial portion (in the superior limb of the
arcuate sulcus) of FEF produces large-amplitude (15–20°)
saccades and the ventrolateral portion (in the inferior limb of
the arcuate sulcus) elicits small-amplitude saccades (Bruce et
al. 1985). However, it is less clear to what extent the more
anterior and superficially located area 8Ar contains a topographic representation of visual and oculomotor space.
Neurons in visual and oculomotor areas respond preferentially to stimuli shown at certain locations in visual space or
before saccades toward such locations. This spatially selective
firing delineates receptive fields (RFs), the location at which a
visual stimulus evokes a firing rate above baseline, and movement fields (MFs), the saccade target location eliciting firing
rates above baseline. The baseline is defined as the firing rate
when the animal is not engaged in a specific task and visual
targets are not present. Suzuki and Azuma (1983) report
isocontour lines of RF size and eccentricity within area 8Ar.
They found that RF size and eccentricity increase as one moves
medially from the inferior arcuate sulcus toward the posterior
tip of the principal sulcus. They also observed that RF size, but
not eccentricity, increases as one moves anteriorly from the
knee of the arcuate sulcus toward the principal sulcus (Suzuki
and Azuma 1983). However, these analyses have not been
replicated, and to our knowledge no study to date has examined
the response properties of RFs and MFs in area 8Ar in detail.
Here we recorded neural responses from the left area 8Ar of
two macaques while the subjects performed a visually guided
saccade task, using a multielectrode array (MEA). We systematically characterized the RF and MF properties of 8Ar neurons
in terms of their spatial extent across eccentricity and contrast
sensitivity and investigated the relationship between cortical
location and spatial representation. We found that 76% of the
recorded neurons preferred the contralateral visual hemifield,
whereas 24% preferred the ipsilateral hemifield. Moreover,
neurons with RFs and MFs at similar spatial positions were
clustered within the same region of the cortical surface.

Subjects and ethics statement. All procedures were carried out
pursuant to the Canadian Council for Animal Care guidelines and
were preapproved by the McGill University Animal Care Committee.
Recordings were made from the dorsolateral prefrontal area 8Ar
(Petrides and Pandya 1999) of two adult male cynomolgus macaques
(Macaca fascicularis), henceforth referred to as monkeys JL and F.
Animals were pair-housed in large enclosures; interaction with facility
personnel, treats, and toys were provided daily to enrich the environment. On experimental days fluid intake was restricted, and a juice
reward was earned by the animals upon successful completion of the
task. Water intake was supplemented to guarantee that animals received a minimum of 35 ml·kg⫺1·day⫺1, even if animals failed to
obtain this amount during the experiment. Fresh fruits and vegetables
were also provided daily. Animals were monitored for signs of
distress or illness. Criteria used to define distress or illness included
changes in body weight, grooming habits, and water intake, and these
were recorded daily. Other physiological markers of well-being—
such as blood cell count, hemoglobin, hematocrit, and kidney function—were examined quarterly. Any indication of discomfort or
illness resulted in cessation of the experiment until treatment and
recovery were completed, as determined by an animal welfare
veterinarian.
Head post and microelectrode array implantation. Before the
experiments, three head posts were implanted on each animal: one
positioned on the midline posterior to the supraorbital ridge and two
placed superior to the external occipital protuberance on the petrosal
bones. The head posts allowed for fixation of the animal’s head during
experimentation.
A 96-channel MEA (4 mm ⫻ 4 mm; Blackrock Microsystems)
(Maynard et al. 1997; Normann et al. 1999) was implanted in the left
dorsolateral prefrontal area 8Ar of each monkey—in the prearcuate
gyrus between the posterior end of the principal sulcus and the knee
of the arcuate sulcus (Fig. 1A), as detailed in Leavitt et al. (2013).
Briefly, a craniotomy was made by using a high-powered drill (Anspach) to reveal the principal and arcuate sulci. The dura was opened
and the MEA inserted with an array gun (Blackrock Microsystems) to
a depth of ~1–1.5 mm from the cortical surface. We performed a
duraplasty with synthetic dura (Durepair, Medtronic, Minneapolis,
MN) and replaced and secured the bone flap with fixation plates and
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Fig. 1. Recording site and visually guided saccade task. A:
recording site. A microelectrode array (MEA) was implanted
in the left area 8Ar of each monkey, posterior to the posterior
end of the principal sulcus and anterior to the arcuate sulcus.
Schematic shows cytoarchitectonic delineations of area 8Ar
and neighboring prefrontal areas identified by Preuss and
Goldman-Rakic (1991) and Yeterian et al. (2012). Photographs show recording site for monkeys JL (top) and F
(bottom) relative to the sulci labeled in the schematic. C,
caudal; D, dorsal; R, rostral; V, ventral. B: timeline of visually
guided saccade task. After 650 ms of fixation, a peripheral
sine-wave grating appears at 1 of 40 locations arranged along
8 polar angles (45° intervals) and 5 eccentricities (3 dva
intervals); white dotted circles indicate possible stimulus
locations. Monkey maintains central fixation for 650 ms, and
at 1,300 ms monkey is cued to saccade to the stimulus upon
extinguishing the central fixation point. Monkey receives
juice reward upon successfully shifting gaze to target.
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which the eye (gaze) velocity exceeded the threshold of 25°/s to when
it returned to that threshold. Peak velocity was considered to be the
maximal velocity during a saccade. Saccade end-point location was
determined as the eye position when eye movement velocity returned
to the saccadic velocity threshold. To quantify saccade precision we
measured the area covered by clusters of saccade end points around a
target; only saccade end points from hit trials were included in the
analysis. An ellipse was fit to the cluster of saccade end points to a
given target with the least-squares method, and its area was computed
as a measurement of saccade end-point spread (Fig. 2C).
Receptive and movement fields. To determine whether RF and MF
width scales with eccentricity, we plotted the tuning curve at each
eccentricity for the RFs (visual epochs) and MFs (presaccadic epoch).
To obtain the tuning curve at each eccentricity, we fit a Gaussian
function (Eq. 1) to the activity as a function of the angle f(x), using the
nonlinear least-squares method:
1

f 共 x兲 ⫽ a ⫹ b ⫻ e⫺ 2 ⫻

冉 冊

x⫺ 2

(1)



where a is the baseline or intercept, b is the height or amplitude of the
peak,  is the standard deviation, and  is the mean. To minimize
error in the Gaussian model fits and to account for the circular nature
of the data, tuning curves were centered on the peak or maximal
response. The tuning width for a given eccentricity was determined
from the standard deviation of the corresponding Gaussian function.
The RF and MF width at each eccentricity (r, in dva) was considered
to be the arc length (s, given in dva) subtended by the angular width
of tuning (, in degrees) (Eq 2).
s⫽r⫻
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screws (Synthes). All surgical procedures were carried out under
general anesthesia administered via an endotracheal tube. Animals
were fully recovered from surgery within 1 wk.
Data collection. During the experimental session, eye positions
were tracked with an infrared eye tracker at a sampling frequency of
500 Hz (EyeLink 1000, SR Research, Ottawa, ON, Canada) (Khayat
et al. 2010). The neuronal signal was amplified via a headstage
(ICS-96) for a reduced-noise signal, band-pass filtered (0.3 Hz/1 pole,
7.5 kHz/3 pole, analog), and digitized (16 bit, 1 V/bit, sample rate of
30 kHz) with a neuronal signal processor (Cerebus, Blackrock Microsystems). Spike waveforms were acquired by setting a threshold of
⫺4 to ⫺4.5 ⫻ the noise amplitude of the digitized, high-pass filtered
raw signal.
For single-unit analysis, individual neurons were isolated based on
waveform properties such as peak-to-peak amplitude in principal
component space using Offline Sorter (Plexon). The MEA electrodes
were evenly spaced along intervals of 0.4 mm and arranged into three
blocks of 32 simultaneously recorded electrodes. Each session comprised data collected from one of the three blocks (A, B, C) (Leavitt et
al. 2013).
Task. A custom computer program recorded the behavioral data
(eye signals and lever presses) and presented the visual stimuli. The
screen was positioned 100 cm from the animals’ eyes. A trial was
initiated when the monkey held gaze position within a 2° window of
a central fixation point (0.08°2) and pressed a lever to indicate
willingness to start the trial. After fixation for 650 ms, a sine-wave
grating (2.5 cycles/°, 1° visual angle in diameter, oriented at 90° to the
horizontal, luminance contrast of 3%, 5%, 10%, 20%, or 35%)
appeared at 1 of 40 randomly selected locations, arranged along eight
polar angles in steps of 45° and five eccentricities spaced in increments of 3 degrees visual angle (dva) (Fig. 1B). The monkey maintained central fixation for 650 ms of stimulus presentation, after which
the central fixation point was extinguished, cuing the monkey to
saccade to the peripheral stimulus. If the monkey initiated the saccade
within 125– 600 ms of the response cue, and the saccade end point
landed within a radius of 1.25 dva of the stimulus, a juice reward was
given. Fixation breaks, premature lever releases, or failing to land on
the saccade target resulted in a failed trial, which was aborted without
reward.
Data analysis. All data analysis was conducted with MATLAB
software (MathWorks, Natick, MA). Spike waveforms were stored as
discreet spike event times (the nearest millisecond following threshold
crossing). For single-cell analysis, we recorded from a total of 166
neurons (60 in monkey JL; 106 in monkey F) across three sessions for
each subject. In each session, we recorded from a block of 32 channels
designated as blocks A, B, and C, which together comprise an entire
array. For monkey JL we isolated neurons from blocks A, B, and C,
and in monkey F we isolated neurons from two sessions in block B and
one from block C. Any isolated neurons with a maximum firing rate
of ⬍1 spike/s were excluded from analysis. For topographic analysis,
we used the thresholded signal on the electrodes from blocks A, B, and
C for both animals in order to maximize the number of electrodes
included in the analysis.
For single-cell RF and MF analysis, to ensure sufficient trial
numbers, we pooled across trials with the highest contrast levels
(10%, 20%, and 35% contrast) and measured the average visual and
movement activity of area 8Ar neurons during the early visual
(duration 250 ms; 100 ms after stimulus onset), late visual (duration
250 ms; 350 ms after stimulus onset), and presaccadic (duration 100
ms; immediately before saccade onset) epochs and the baseline firing
rate (duration 250 ms; 250 ms after trial initiation) (see Fig. 3B). We
divided the visual epoch into early visual and late visual periods to
account for temporal dynamics of the visual response. The peristimulus time histogram was computed across an average of 18 trials (SD ⫽
7) in 50-ms bins.
Saccade precision and kinematics. We recorded the monkeys’ eye
position and calculated the duration of the saccade: from the time at
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Fig. 2. Saccade kinematics and saccade precision for monkeys JL (left) and F
(right). Only saccade end points from hit trials are included. A: saccade
duration as a function of eccentricity. Duration was calculated from the eye
velocity trace as the time from when the velocity first exceeded the threshold
(25°/s) to when it returned to threshold. B: saccade peak velocity as a function
of eccentricity. C: saccade end-point spread as a function of eccentricity. The
spread of the saccade end-point clusters is derived from the area of the ellipse
fit to the cluster of end points at each target location.
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To assess the spatial extent and location of the RFs (comprising
early and late visual epochs) and MFs (presaccadic epoch), a twodimensional Gaussian function was fit to the baseline-subtracted
average activity at the 40 locations, and values between stimulus
locations were interpolated (linear interpolation):
1

f 共x, y 兲 ⫽ a ⫹ b ⫻ e⫺ 2⫺ ⫻

冋冉 冊 冉 冊 冉

2⫻⫻共 x⫺x兲 ⫻共 y⫺y兲
x⫺x
x⫺y
⫹
⫺
x
y
x⫻ y

冊册

(3)

where f(x, y) is the response at location (x, y), a is the intercept, b is
the amplitude,  is the correlation between x and y, and x, y, x, y
are the mean and variance/width along the Gaussian in the x- and
y-axes, respectively. The peak of the Gaussian indicates the preferred
location of a given neuron. Neurons were considered tuned for a given
epoch if activity at one location was significantly modulated (KruskalWallis test, P ⬍ 0.05) with a goodness of fit (R2) ⬎ 0.75 for the
Gaussian model (as per Hair et al. 2012). Some units exhibited
activity at one or more locations that was vigorously suppressed
below baseline. We categorized any unit with suppression of at least
50% the magnitude of the peak activation of that cell as a “suppressed
cell.” We only considered selective neurons (n ⫽ 121) in our singlecell RF and MF analysis.
Contrast response functions. Visual neurons in the macaque LGN
as well as areas V1 and MT have demonstrated a saturating relationship between the neural response and increasing stimulus contrast
(Albrecht and Hamilton 1982; Sclar et al. 1990). However, it is still
unclear how contrast is encoded in LPFC area 8Ar. We examined the
response of 7 visual (tuned in early visual epoch; Kruskal-Wallis test,
P ⬍ 0.05), 61 visuomovement (tuned in early visual and presaccadic
epochs; Kruskal-Wallis test, P ⬍ 0.05), and 7 movement (tuned in
presaccadic epoch; Kruskal-Wallis test, P ⬍ 0.05) neurons in response to stimuli of 3%, 5%, 10%, 20%, and 35% contrast [contrast ⫽ ⌬L/Lmin, where ⌬L is the maximum luminance minus the
minimum luminance (Lmin)] (Michelson 1927). We included in the
analysis only cells for which there were at least three trials presented
at each contrast level and exhibiting a maximum firing rate across all
contrast of at least 5 spikes/s. We first subtracted the baseline firing
rate to determine how contrast modulates activity relative to baseline.
We then fit a sigmoid function to the contrast response:
R⫽

Rmax ⫻ Cn
Cn ⫹ Cn50

⫹M

(4)

where Rmax refers to the difference in firing rate between response
at saturation and response at lowest contrast level (M). C50 represents the contrast at which the activity is at half saturation, and n
is the slope of the sigmoid function (Martínez-Trujillo and Treue
2002). We included only cells with a goodness of fit (R2) ⬎ 0.7
(Hair et al. 2012).
Response latencies. Previous studies have observed that the distribution of interspike intervals in a spike train can be modeled by the
Poisson distribution (Hanes et al. 1995). Poisson spike train analysis
can therefore determine periods of significant neuronal activation by
comparing the observed number of spikes within a given interval to
the number that would be predicted if the spikes followed a Poisson
distribution (the null hypothesis).
Using this analysis method, we computed a surprise index (SI),
which acts as a metric of the improbability that a burst of neural
activity occurs by chance. The SI is computed thus:
SI ⫽ ⫺logP

(5)

where P is the probability of a Poisson-distributed (random) spike
train. The Poisson formula is as follows:

P ⫽ e⫺rT

⬁

兺 共rT兲 ⁄ i !
i

(6)

i⫽n

where P is the probability that a spike train with a mean firing rate (r)
will contain n or more spikes in the time interval (T) (Hanes et al.
1995).
Clustering. We assessed whether the preferred location (in Cartesian coordinates) of the neurons on a given electrode displayed
nonrandom spatial organization on the cortex. The preferred location
on a given channel was defined by the location of the peak of the
bivariate Gaussian fit to the baseline-subtracted thresholded activity
on an electrode. We examined the coefficient of determination (R2) as
a metric of goodness of fit. Only electrodes with an acceptable
goodness of fit (R2 ⬎ 0.5) were considered for clustering analysis.
To determine whether similar preferred locations were anatomically clustered, we utilized Moran’s I, a measure of spatial autocorrelation (Moran 1950; Zuur et al. 2007). Moran’s I is defined as
I⫽

兺 i 兺 jij共Xi ⫺ X兲共X j ⫺ X兲
2
兺 i 兺 jij
兺 i共Xi ⫺ X兲
N

(7)

where N is the number
 of spatial units as indexed by i and j, X is the
variable of interest, X is the mean of X, and ij is an element of a
matrix of spatial weights. Moran’s I ranges from ⫺1 to ⫹1, with
negative values indicating that channels with similar values are
maximally mutually separated and positive values indicative that
similar values occupy neighboring electrodes. A value of 0 indicates
a random spatial relationship of values on the array.
RESULTS

We recorded the activity of 166 neurons in the left area 8Ar
of two macaque monkeys. The animals correctly learned and
performed the task. The performance was higher than 95% in
all sessions (3 sessions per subject).
Saccade kinematics and precision. Saccades made by the
animals follow stereotypical kinematics rules, namely, the
duration and peak (maximal) velocity of saccades scale as a
function of saccade amplitude, thus following the main sequence (Bahill et al. 1975). Figure 2 shows the data from
monkeys JL and F. We plotted the saccade duration (Fig. 2A)
and saccade peak velocity (Fig. 2B) as a function of eccentricity; both animals displayed very similar saccade kinematics.
Both the mean saccade duration (Fig. 2A) and peak velocity
(Fig. 2B) displayed a monotonic positive scaling with eccentricity. The saccade end-point spread, a measure of saccadic
precision, was determined at various eccentricities from the
area of ellipses fit to saccade landing position clusters around
the target center position. The area of saccade-end point
clusters monotonically increased as a function of eccentricity
(Fig. 2C), in agreement with previous studies (Kowler and
Blaser 1995).
Visual and movement response properties. We isolated the
responses of 166 neurons (60 in monkey F and 106 in monkey
JL) during the different periods of the task. Figure 3A shows
the peristimulus time histograms (50-ms time bins) of an
example neuron’s (FS2C12U2) activity corresponding to the
40 stimulus locations. In line with previous studies, we observed different visual response profiles among single cells
(Fig. 3, C–F) (Mikami et al. 1982; Suzuki and Azuma 1983):
phasic activation, tonic activation, phasic-tonic activation, and
tonic suppression. We divided the visual period— during
which the monkey fixated while a peripheral stimulus ap-
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Fig. 3. Task epochs and example singleunit activity (neuron FS2C12U2). A:
peristimulus time histograms (PSTHs)
represent the single-unit responses over
the time course of an entire trial at the
40 different locations. B: task epochs
superimposed on a PSTH of activity at a
single location, highlighted in A. C–F:
visual response profiles of representative neurons. PSTHs were plotted at the
location of the RF center. Shown are the
response profiles of neurons exhibiting
tonic activation (C), phasic-tonic activation (D), phasic activation (E), and
tonic suppression (F). Bin width is 50
ms. Visual activity (after stimulus onset, before saccade cue) is shown in
black. x-Axis: time in milliseconds; yaxis: response rate in spikes per second.
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peared—into “early visual” and “late visual” epochs to account
for the temporal dynamics of the visual response and to ensure
that the visual time window was similar to that for the presaccadic epoch (colors in Fig. 3B delineate epochs).
Because of its extensive connections with visual and oculomotor areas within the saccade generation circuit, area 8Ar
likely plays a role in visuomotor integration and preparation of
saccades. One of our goals was to determine whether the
neurons’ RFs and MFs exhibit a Gaussian shape and scale with
eccentricity, a trend observed in other visual (Schall 1995) and
oculomotor (Sparks et al. 1976) areas. We plotted tuning
curves—the mean activity across polar angle—for each eccentricity (Fig. 4A). We then determined the angular width of
tuning from twice the standard deviation of a univariate Gaussian to the peak-centered tuning curve at each eccentricity (Fig.
4A, inset). Figure 4B shows that RF and MF width scale
positively as a function of eccentricity (Kruskal-Wallis test,
P ⬍ 0.05).
It has been reported that RFs in area 8Ar tend to be
large—ranging from 10 ⫻ 10 to 60 ⫻ 60 dva (Mikami et al.
1982)—and show a bias for the contralateral visual hemifield
(Suzuki and Azuma 1983). Figure 5A shows the RFs measured
during the early and late epochs of visual stimulation and the
MF of two example neurons. The spatial extent of both fields
was very similar. We estimated the RF and MF centers from

Cue
Stimulus
Onset Saccade

the Cartesian coordinates of the peak of the bivariate Gaussian
fit to the activity. We followed the same procedure for all 166
of the recorded neurons. We excluded 45 (27%) of the 166
single units that failed to demonstrate significant response
modulation compared with baseline in any of the epochs (Fig.
5B). Of the neurons that were tuned (n ⫽ 121, Kruskal-Wallis
test, P ⬍ 0.05), 68 (56%) were visuomovement cells (tuned in
either early visual or late visual and presaccadic epochs); 39
(32%) were visual cells (tuned in either early or late visual
epoch); and 14 (12%) were movement cells (tuned in the
presaccadic epoch only) (Fig. 5B). Of the cells that were
visually selective (including visual and visuomovement cells,
n ⫽ 107), 81 (76%) preferred the contralateral visual hemifield,
that is, the peak of the Gaussian defining the RF center was
contralateral to the recording site. By contrast, only 26 (24%)
of the units preferred the ipsilateral hemifield (Fig. 5C). This
bilateral representation with a contralateral bias agrees with
previous studies reporting 42% ipsilateral and 58% contralateral preference in the LPFC (Lennert and Martinez-Trujillo
2013). Movement neurons also displayed a preference for the
contralateral hemifield, with 10/13 (77%) of MFs in the contralateral hemifield compared with 3/13 (23%) in the ipsilateral
hemifield (Fig. 5D) and 1 that lay on the meridian.
Suppression below baseline. Whereas most cells exhibited
only elevated response in their RF and MF, a subset (n ⫽ 15)
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of visually selective cells had zones of suppression relative to
baseline as well as zones of activation above baseline within
their RF (Fig. 5A, bottom). We considered a cell to be suppressed if the magnitude of suppression was at least 50% of the
peak activation of that cell. We characterized cells exhibiting
only activation as nonsuppressed. The characterization of suppressed cells is such that cells with a low baseline firing rate
may not be considered suppressed, as the magnitude of suppression is inevitably limited by the baseline activity. For our
purposes, a neuron’s “preference” was considered the location
of peak activation above baseline, for both suppressed and
nonsuppressed neurons. For suppressed cells, the zone of
suppression was invariably in the antipreferred location of the
cell. Our conservative criteria may underestimate the proportion of suppressed cells; it was intended to avoid false
positives.
There was a strong bias for representing the contralateral
visual hemifield among nonsuppressed cells (Fig. 5C). However, a significantly higher proportion (z score, P ⬍ 0.05) of
suppressed cells preferred the ipsilateral hemifield (9/15; 60%)
compared with the proportion of nonsuppressed cells preferring the ipsilateral hemifield (17/92; 18%) (Fig. 5C). Conversely, only 6/15 (40%) of suppressed cells compared with
75/92 (82%) of nonsuppressed preferred the contralateral
hemifield. Therefore, suppressed cells tended to have a stronger preference for the ipsilateral hemifield compared with
nonsuppressed cells.
Receptive field-movement field overlap. We examined
whether the RF and the MF of the visuomovement neurons
overlap. To this end, we determined the center of the RF (early
visual epoch) and MF (presaccadic epoch) and computed the
Euclidean distances between them for 17 cells in monkey JL
and 30 cells in monkey F. We found that for most cells the RF
and MF centers were located within 4 dva of each other (Fig.
6A). However, in some neurons, particularly in monkey F, the
field shifted by ⬎10 dva from the early visual to the presaccadic epoch. This suggests that in some recorded neurons a
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complex transformation from visual signals into motor commands may take place.
We also compared the size of the RF and MF. We calculated
the elliptical area of the bivariate Gaussian model from the
standard deviation along the minor and major axes. There was
a significant positive correlation between RF and MF size for
the visuomovement neurons of both monkeys JL and F (Pearson’s correlation, P ⬍ 0.05) (Fig. 6B). There was a tendency,
particularly in monkey F, for the MFs to be slightly larger. We
examined whether difference in size was correlated with the
magnitude of the field shift and found a poor correlation
between the two variables, with a weak correlation in monkey
F (Pearson’s correlation, P ⬍ 0.05) and a nonsignificant
correlation in monkey JL (Fig. 6C). Our relatively small sample
size makes interpretation of these results difficult. Therefore,
this question needs to be addressed with a larger sample size in
future studies.
Contrast response functions. Whereas the relationship between contrast level and visual response has been thoroughly described in early visual areas, fewer studies have
elucidated how contrast is encoded in higher cortical areas,
and to our knowledge none has addressed this question in
area 8Ar. We examined the contrast response function in
representative visual, visuomovement, and movement cells
(Fig. 7A). As anticipated, visual and visuomovement (but
not movement) cells exhibited a sigmoidal relationship
between neural response and contrast level in the early
visual epoch with no modulation of response as a function of
contrast during the presaccadic epoch. We determined that
19 of 67 (28.4%) visually selective cells in monkey F and 14
of 40 (35.0%) in monkey JL were modulated by contrast
(R2 ⬎ 0.7) in the early visual epoch (Table 1). From these
best-fit models of sigmoid function, we determined the
distribution of parameters for the contrast response functions of visually selective cells in area 8Ar (Fig. 7B). Cells
demonstrated a median Rmax of 18.0 for monkey F and 20.8
for monkey JL; exponent (n) of 2.9 for monkey F and 3.1 for
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monkey JL; semisaturation constant (C50) of 5.6 for monkey
F and 3.9 for monkey JL; and a minimum-contrast response
(M) of ⫺1.4 for monkey F and ⫺1.8 for monkey JL (Table
1). The parameter distributions were the same between
individuals, save for the C50, which was lower in monkey JL
(Table 1; Wilcoxon rank sum, P ⬍ 0.05). This may reflect
individual differences in contrast sensitivity between the
two animals. We also examined response latency of contrast-modulated cells (n ⫽ 33) using Poisson spike train
analysis (as detailed in Hanes et al. 1995; Legéndy and
Salcman 1985) and plotted these latencies as a function of
contrast (Fig. 8). We found that the response latency decreases monotonically as a function of contrast.
Topographic organization of location preference. A hallmark study into the systematic anatomical organization of RF
size and eccentricity in the LPFC revealed isocontour lines of
these neuronal RF features in the region between the arcuate
sulcus and the posterior tip of the principal sulcus (Suzuki and
Azuma 1983). Although the systematic organization of unidimensional variables (eccentricity or angle) has been queried,
anatomical clustering according to the two-dimensional preferred location has not been described.

The preferred location of an electrode on the array was
mapped onto its cortical position according to a two-dimensional spatial color map (Fig. 9C). Space was discretized into
five eccentricities and four quadrants. Moran’s I (spatial autocorrelation) was computed over every unique distance between
elements on the array, considering first only the nearest neighbors and increasing the spatial scale until the entire array was
considered. Comparisons of location selectivity on a single
electrode with itself (distances of 0) were excluded. Chance
values were obtained via permutation test. We randomly shuffled each electrode’s spatial preference label (excluding the
nontuned electrodes) 1,000 times, taking the 95 percentile
range of chance values (Fig. 9B, gray shaded region) for
comparison with our experimental Moran’s I values. The
analysis of Moran’s I revealed clusters of similar location
preference on the cortex up to a spatial scale of 4 mm for
monkey JL and 1.5 mm for monkey F (Fig. 9B).
We also analyzed the degree of clustering of neurons according to their preferred angle and eccentricity. We mapped
the preferred angle (discretized into quadrants) and the preferred eccentricities onto the arrays according to the respective
spatial color maps (Fig. 10C) and applied Moran’s I analysis to
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difference in size (MFarea ⫺ RFarea) is plotted against the magnitude of the field
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determine the degree of clustering according to these spatial
dimensions. Monkey F did not show any clustering according
to angle or eccentricity (Fig. 10B). For monkey JL, however,
we found that neurons with similar angular preference were
clustered between 1 and 4 mm for the early visual epoch and
up to 4 mm for the late visual and presaccadic task epochs (Fig.
10B). Taken together, the topographic analysis suggests that
neurons with RFs and MFs in similar locations were clustered
on the cortical surface.
DISCUSSION

We showed that area 8Ar of the LPFC contains spatial
representations of both visual hemifields, although biased toward the contralateral visual hemifield. These representations
comprise populations of neurons with visual, movement, and
visuomovement activity. Neurons within the area have Gaussian-shaped RFs and MFs that scale with eccentricity. The
responses of visual and visuomovement neurons are modulated
by stimulus contrast. We also observed that neurons with RFs
in the ipsilateral hemifield tend to exhibit activity suppressed
below baseline when a stimulus is presented in locations
opposite to their excitatory RFs. Finally, although area 8Ar
receives a multitude of inputs (Yeterian et al. 2012) from
retinotopically organized cortical areas—including area MT

and V4 (Felleman and Van Essen 1991)— our results do not
support the notion that area 8Ar is retinotopic. However, we
found clusters of neurons with similar RF locations in both
animals during the early period of the visual response.
Response properties of neurons in area 8Ar. Several response profiles have been reported in area 8Ar neuronal populations, including phasic activation, tonic activation, phasictonic activation, and tonic suppression (Mikami et al. 1982;
Suzuki and Azuma 1983). Phasic activation is characterized by
a brief surge of discharge shortly (~100 ms) after the appearance of the visual stimulus, after which activity returns to
baseline within 750 ms (Mikami et al. 1982). Cells exhibiting
tonic activation, however, increase their firing rate and maintain it until the stimulus is removed. Phasic-tonic activation is
characterized by a transient surge in firing rate followed by
steady discharge lasting the duration of the visual stimulus.
Tonic suppression below baseline is apparent in some cells
with high baseline firing rate during fixation and maintains
suppression as long as the visual stimulus is presented. In the
present study, we observed examples of each of these response
profiles (Fig. 3, C–F).
It is known that the spatial resolution of vision becomes
increasingly coarse moving from the fovea toward the periphery (Schall 1995; Spillmann et al. 1987). One proxy for the
decrease in visual acuity toward the periphery is the relationship between RF size and eccentricity, as these two factors
have been found to vary systematically and inversely as a
function of distance from the fovea across many visual areas
(Hubel and Wiesel 1974; but see Dow et al. 1981). This trend
results from the high foveal receptor density in the retina and
a gradient drop-off toward the margins. Moreover, because
fewer neurons are devoted to representing the visual peripheral, eccentric RFs are larger. Indeed, a positive relationship
between RF size and eccentricity has been demonstrated in
area V1 (Van Essen et al. 1984). Cortical magnification is
greater in V1 compared with area 8Ar (present study); this is
reflected in the fact that the small, parafoveal RFs in V1—
which range from 0.25° to 0.75° in diameter (Hubel and Wiesel
1968)—are much smaller than the width of RFs near the fovea
in area 8Ar (ranging from ~2° to 7°) (present study, Fig. 4B).
We observed large RFs whose width scales with eccentricity
(Fig. 4). In contrast to the smaller, Gaussian RFs in early visual
areas, RFs of area 8Ar neurons tend to be elongated and extend
across multiple eccentricities. It is possible that RF shapes in
this area are more complex than reported here; with our
mapping stimulus, it is difficult to estimate the exact shape of
these RFs (e.g., deviation from a Gaussian shape or the existence of multiple excitatory and inhibitory fields). In interpreting Gaussian fits one must take into account the sampling
resolution of the current method. The Gaussian model estimated the peripheral boundaries with less certainty than at
more foveal locations, because the probe resolution decreases
in the periphery. This occurs as a trade-off between sampling
resolution and the parameters tested, such as location and
contrast level. Sampling resolution in the periphery was reduced in order to ensure enough trials for each condition (40
locations with 5 contrast levels). This sampling method guarantees sufficient trials for the analysis of neuronal responses
but has the disadvantage of a nonhomogeneous sampling of
eccentricities.
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One issue that makes it difficult to fully characterize the RF
profiles of these neurons is that RFs in this area can change
dynamically under different conditions. For example, RFs in
extrastriate, parietal, and prefrontal areas such as MT (Womelsdorf et al. 2008), V4 (Tolias et al. 2001), LIP (Ben Hamed
et al. 2001), and the LPFC (Lennert and Martinez-Trujillo
2013) have been shown to change depending on task type. In
the present study, we have used a limited set of stimuli and a
relatively simple task; thus our results in terms of RF and MF
profiles may change under different task conditions.
We categorized neurons according to their visual, movement, and visuomovement activity. Visual cells are considered
those with significant activity in response to visual stimuli but
not preceding a saccade; movement cells discharge immediately preceding a saccade; and visuomovement cells discharge
in response to visual stimuli as well as immediately preceding
a saccade, according to the criteria established by Bruce and
Goldberg (1985). We focused on presaccadic activity, as opposed to postsaccadic activity, as we were interested in the
signal preceding saccade execution, which may contribute to
saccade planning. We found that, of the 166 isolated neurons,
45 (27%) did not respond to the stimulus or in preparation for
a saccade. Of the cells exhibiting significant modulation (n ⫽
121), we found 68 (56%) visuomovement neurons, 39 (32%)
visual neurons, and 14 (12%) movement neurons (Fig. 5B).
These results are in agreement with those of Takeda and
Funahashi (2002), who recorded from single neurons within
the periprincipal region of the LPFC, rostral to area 8Ar, during
an oculomotor delayed-response task. They found that 86% of
neurons encoded visual stimulus location (visual cells) and
Table 1. Median parameter values of contrast response functions

13% encoded the saccade location (movement cells). Although
the exact proportion of cells with visual, movement, or visuomovement tuning is difficult to determine with single-cell
recordings, because of sampling bias, these studies strongly
suggest that visuomovement cells are the most frequently
encountered type, followed by visual and movement cells.
Hemifield representation bias. A bias for representation of
the contralateral hemifield in saccade-related and visual activity is common among many visual and oculomotor areas. For
example, presaccadic neurons within the FEF overwhelmingly
prefer saccades toward the contralateral hemifield (Bruce and
Goldberg 1985). Indeed, a bias has been reported for contraversive saccades among saccade-related neurons in LIP (Patel
et al. 2010), in the SEF (Schlag and Schlag-Rey 1987), in the
superior colliculus (Sparks and Mays 1980), and in the
periprincipalis region of the LPFC (Funahashi et al. 1991).
In the present study, we found that 81 (76%) of visually
selective cells (n ⫽ 107) preferred the contralateral hemifield,
compared with 26 (24%) ipsilaterally preferring cells (Fig. 5C).
Lennert and Martinez-Trujillo (2013) sampled populations of
neurons in area 8Ar and in the anteriorly adjacent area 9/46 and
observed a proportion of 58% neurons preferring contralateral
and 42% preferring ipsilateral visual targets, indicating that as
one moves rostrally within the LPFC the representation of the
300
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visual field may become less biased toward the contralateral
hemifield.
Visual information from the ipsilateral hemifield necessarily
crosses the midline via the corpus callosum at some point along
the visual processing stream. There is callosal input onto the
LPFC from the homotopic area of the opposite hemifield
(Goldman-Rakic and Schwartz 1982) as well as sensory and
association areas (Barbas et al. 2005). Recent work by Lennert
and Martinez-Trujillo (2013) has indicated that ipsilateral and
contralateral neurons may play a different role in target selection. The response profiles of the neurons in the same task
differ depending on the relevance of the stimulus in the RF.
These authors proposed that contralateral neurons seem to be
more engaged in target selection, while ipsilateral neurons
seem to be more engaged in sustaining attention on a target
once it has been selected. However, to fully clarify this issue,
one must extend the results of these studies to a variety of tasks
and RF mapping methods that go beyond the scope of the
present study.
Contrast response functions. It has been suggested that
higher-order cortical areas represent more complex stimulus
features (Maunsell and Newsome 1987); it is unclear to what
extent these areas allocate resources to encode simpler stimulus

A

features, e.g., contrast. In comparison to neurons in early visual
areas, the neurons in higher-order areas tend to have a lower
semisaturation constant (C50) and thus higher contrast sensitivity. For instance, macaque LGN and V1 neurons have
demonstrated a median C50 of 0.11– 0.5 and 0.33, respectively
(Sclar et al. 1990). By contrast, MT neurons display a strikingly lower median C50 value of 0.07 (7% contrast normalized
to 1.0) (Sclar et al. 1990). Similarly, area 8Ar neurons exhibit
a low median C50 of 4 – 6% contrast (present study, Table 1).
Although comparisons between studies is difficult because of
different methods of measuring luminance contrast and different display features, our results suggest that neurons in area
8Ar have sigmoid contrast response functions and contrast
sensitivity similar to neurons in early visual areas.
The distribution of latencies as a function of contrast in our
sample also follows a well-described trend (Albrecht et al.
2002) for latencies to be shorter at higher contrast values (Fig.
8). Our results suggest that visually selective neurons in 8Ar
inherit their contrast sensitivity from visual neurons.
Topographic organization. An outstanding question is
whether RFs of neurons in area 8Ar of the LPFC show a
defined topography (e.g., retinotopy). Previous studies have
suggested anatomical clustering of neurons with similar re-

Monkey JL

Monkey F
PS
PS
D
C

R

AS

Early visual
Moran’s I

B
0.2

Early visual

Presaccadic

Late visual

Presaccadic

0
-0.2

0

2

4

0

2

4

0

2

4

0

2

Spatial scale (mm)

Preferred
angle

C

Late visual

Angle
Eccentricity

Preferred
eccentricity

Fig. 10. Anatomical clustering as a function of angle and
eccentricity. A: schematic illustrating position of array
implants. B: magnitude of clustering (Moran’s I) as a
function of angle and eccentricity. Dashed lines of each
color indicate the extent of significant clustering for each
spatial dimension. C: preferred angle (top) and eccentricity (bottom) mapped onto array according to their respective color maps. Gray channels are nontuned; black channels are ground electrodes.

AS

V

J Neurophysiol • doi:10.1152/jn.00278.2016 • www.jn.org
Downloaded from journals.physiology.org/journal/jn (174.119.021.086) on August 16, 2020.

4

0

2

4

0

Spatial scale (mm)

2

4

VISUAL AND PRESACCADIC ACTIVITY IN AREA 8A OF MACAQUE

sponse properties (Kiani et al. 2015; Suzuki and Azuma 1983)
in the PFC. Indeed, Kiani and colleagues (2015) recorded from
microelectrode arrays implanted on the prearcuate convexity in
a location very similar to our implantation site. They sampled
a number of locations in the visual field and observed RF and
MF profiles (Supplemental Fig. S9 in Kiani et al. 2015) similar
to those found in the present study (Fig. 5A) and conducted a
comparison of RF similarity that mirrors our analysis of RF
and MF overlap (Fig. 6).
However, differences in recording techniques may render a
comparison between previous studies and the present study
difficult. In the case of Suzuki and Azuma (1983), the location
of penetrations with single electrodes are difficult to analyze
since the brain may change in volume during the experiments
because of repeated injuries of blood vessels in the region,
edema, and dural thickening. In our case, the use of chronically
implanted MEAs and intraoperatory pictures allows for a fixed
reference system in which the topography of RFs and MFs can
be analyzed relative to the position of the neurons on the
cortical surface and to fixed landmarks that are visible after
dura mater opening (e.g., the arcuate sulcus). Nonetheless,
recording with MEAs may also have some limitations, namely,
arrays sample neurons from a fixed cortical layer parallel to the
array plane, neurons could be sampled twice in different days,
and there is a fixed area of 4 ⫻ 4 mm where samples are taken
from.
Our results quantitatively demonstrate that groups of neurons with RFs in similar locations were anatomically clustered
(Fig. 9B), with a slight trend for the upper contralateral visual
field to be represented in the ventrolateral portion of the array
and the lower contralateral visual field to be represented in the
dorsomedial part of the array (Fig. 9C). Indeed, these results
agree with those of Savaki et al. (2015), who utilized [14C]deoxyglucose quantitative autoradiography to examine activity in
the prefrontal cortex of macaques during saccades. Similar to
the present investigation, they found a dorsal-to-ventral gradient within area 8Ar representing the contralateral lower to
upper visuo-oculomotor space. Taken together, these findings
indicate a topographic arrangement of visuo-oculomotor space
within area 8Ar.
In the present study, area 8Ar RFs were typically large and
eccentric (Fig. 5A). This is in concordance with previous
reports of neurons in the region between the principal sulcus
and the arcuate sulcus (the middle arcuate area) having large,
somewhat eccentric RFs (Suzuki and Azuma 1983). Suzuki
and Azuma (1983) recorded from the prearcuate cortex spanning from the inferior to the superior limb of the arcuate sulcus
and reported a trend for smaller foveal and parafoveal RFs in
the inferior portion of the prearcuate cortex, in the approximate
location of area 45 (Petrides and Pandya 1999). There is a
topographic organization of increasing RF size moving from
the inferior toward the middle arcuate area (Suzuki and Azuma
1983). Thus the population of neurons spanning the prearcuate
cortex— bounded dorsally by area 8B and ventrally by area
45—likely contains a complete map of eccentricities, and the
present study samples from the portion of the map representing
an intermediate range of eccentricities (~15 dva).
Although we examined clustering according to eccentricity
(Fig. 10B), we did not observe the isocontour lines of RF
eccentricity reported by Suzuki and Azuma (1983). This could
be attributed to the fact that our clustering algorithm was less
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sensitive to the geometry of a line or the fact that the present
study mapped eccentricity out to 15 dva, whereas Suzuki and
Azuma (1983) mapped a much larger range of eccentricities
(out to 60 dva). Furthermore, Suzuki and Azuma (1983) used
Macaca mulatta whereas the present study used Macaca fascicularis; therefore the different results may be ascribed to
species differences.
Although, similar to the FEF, area 8A contains the visual
and motor spatial representation of a visual and saccadic target,
this area may show functional differences compared with its
caudally adjacent neighbor (the FEF). For instance, we find
clustering of neurons representing the vector angle of saccades
(Fig. 10B), whereas in the FEF there is topographic organization of the saccadic amplitude but not angle (Bruce et al. 1985;
Stanton et al. 1989). Nevertheless, this finding was only clearly
present in one animal; thus this issue needs to be examined in
more detail with a larger sample size (number of animals) and
homogeneous mapping procedures across areas.
The difference in spatial representation (foveal vs peripheral
representation) recapitulates the cytoarchitectonically defined
prefrontal areas, although functional borders appear to be
gradual. Area 45 receives projections from the inferotemporal
cortex area TEO (Webster et al. 1994) representing central
vision, whereas medial area 8Ar receives input from the
posterior parietal cortex (Yeterian et al. 2012), representing
peripheral vision (Motter and Mountcastle 1981; Schall 1995).
This trend of central to peripheral, ventrolateral to dorsomedial
RF eccentricity in the prearcuate gyrus corresponds to the trend
of small-amplitude saccades in ventrolateral portion of the FEF
and large-amplitude saccades in the dorsomedial FEF (Bruce et
al. 1985).
One interesting finding in our study is that the two neuronal
populations of the animals show different tendencies to cluster,
at least in respect to the degree of clustering. Clusters of
neurons preferring similar location in the visual field seem to
be larger and better defined in monkey JL compared with
monkey F (Fig. 9). This difference may be the result of
individual variability between animals, e.g., patterns that are
intrinsic to each individual according to the interplay between
genetically determined connectivity and the effect of environmental stimulation. Alternatively, this variability may be a
feature of the prefrontal cortex that is not found in visual areas
and may reflect the sole effect of environmental variables on
the wiring of the LPFC. Since previous studies have reported
that when animals are trained in a motion direction task
neurons in area 8Ar are selective for motion direction (Mendoza-Halliday et al. 2014), we tend to support the latter
hypothesis (selectivity shaped by learning experience). It is
impossible to answer this question with our data; however, the
fact that we found such differences in topographic organization
between animals opens new questions and hypotheses regarding the role of the prefrontal cortex in individual variability in
cognitive skills.
Cells suppressed by visual stimulus at the antipreferred
direction. Some visually selective cells in the FEF have been
reported to show suppression when a saccade was prepared
toward a visual target presented outside the RF (Burman and
Segraves 1994), particularly when the target was presented in
the hemifield contralateral to that cell’s RF (Schall et al.
1995a). Within the LPFC, there have been reports of cells with
activity suppressed below baseline in a restricted portion of the
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visual field (Mikami et al. 1982). We also characterized a
subset of cells with a zone of brisk suppression in the location
opposite the zone of activation (Fig. 5A), and there was a bias
for these suppressed cells to have RF and MF peak activation
in the ipsilateral hemifield (Fig. 5C).
Recent studies suggest that, during target selection, populations of prefrontal neurons compete or cooperate for preferential processing of a visual stimulus. To this point, during target
selection, pairs of FEF neurons with overlapping RFs coordinate by firing in synchrony when a target is placed within the
overlapping portion of the RFs. By contrast, neurons with nonoverlapping RFs compete, firing out of synchrony when the target
appears in the RF of one neuron but not the other (Cohen et al.
2010). In the present study, suppressed cells tended to have zones
of activation in the ipsilateral hemifield (Fig. 5C). Some proportion of neurons with contralateral RFs likely suppresses activity of
ipsilaterally preferring cells via inhibitory interneurons. These
inhibitory circuits may mediate biased competition (Desimone
and Duncan 1995) between hemispheres.
Differences and similarities between area 8Ar and FEF.
There are a few functional differences in the properties of
neurons in area 8Ar reported here and those of neurons in the
FEF reported by other studies. It should be noted that many
studies of the FEF include recordings spanning both the
prearcuate gyrus and the rostral bank of the arcuate sulcus,
making it difficult to differentiate the response properties
between FEF and 8Ar. Visually responsive cells in the FEF are
usually not feature selective, although it has been reported that
with training some cells can gain feature selectivity (Bichot et
al. 1996). By contrast, neurons in area 8Ar demonstrate feature
selectivity in sustained activity during a delayed match-tosample task (Mendoza-Halliday et al. 2014). Finally, the sensory neurons in the FEF tend to strongly prefer the contralateral
visual hemifield (Schall 1991), whereas visually selective neurons in area 8Ar display a greater degree of bilateral representation, with a bias toward the contralateral hemifield (Fig. 5C).
There appears to be no sharp delineation in response properties
in FEF and area 8Ar, but rather a gradient of function moving
rostrally.
Considered together, these data suggest that area 8Ar and the
FEF may play functionally distinct roles in executive processes
involved in the generation of saccades, with the FEF more
directly linked to saccade execution. However, the function
and connectivity of these two areas are intimately linked; thus
they likely work in coordination to select a target for saccades.
For example, injection with the retrograde tracer horseradish
peroxidase reveals afferent projections to the superior colliculus originating in both the FEF (within the anterior bank of the
arcuate sulcus) and area 8Ar (on the prearcuate gyrus) (Fries
1984). One possibility is that area 8Ar is more involved in
integrating different types of signals including sensory, reward
value, attention, working memory and others, while the FEF is
more involved in generating the final gaze command to direct
the eyes in space toward objects of interest. The precise
mechanism of this process will be addressed by future studies.
Conclusions. Area 8Ar displays visual and saccade-related
activity and shares connections with a multitude of visual and
oculomotor areas. We found that area 8Ar contains populations
of visual, movement, and visuomovement neurons, with RFs
and MFs representing both visual hemifields, and that some of
the visually selective neurons were modulated by increasing

contrast levels. Therefore, we conclude that area 8Ar likely
plays a role in visuomotor integration in preparation for saccades. Future studies are necessary to elucidate the mechanism
whereby area 8Ar integrates visual information to influence
saccade target selection. Although the topographic organization of the LPFC (particularly retinotopy) remains uncertain,
we have demonstrated that neurons with similar RF and MF
locations are anatomically clustered within an area of 4 ⫻ 4
mm of 8Ar, particularly with respect to RF location during the
early periods of visual stimulation.
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