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Snyder, Lawrence H., Aaron P. Batista, and Richard A. trained to look at red buttons and to press green buttons. Eye position
Andersen. Saccade-related activity in the parietal reach regibn. and button presses were recorded with 2-ms resolution. Extracellular
Neurophysiol.83: 1099-1102, 2000. In previous experiments, wpotentials were recorded using tungsten electrodes inserted daily
showed that cells in the parietal reach region (PRR) in monkéyrough the medial, posterior quadrant of 19 mm (diameter) chambers
posterior parietal cortex code intended reaching movements in rmounted flush to the skull and centered at 5-6 mm posterior and
eye-centered frame of reference. These cells are more active wheriznal3 mm lateral (Horsley-Clarke coordinates). Activity from 206
arm compared with an eye movement is being planned. Despite tisiglated units from three adult animals was recorded during inter-
clear preference for arm movements, we now report that PRR neurtesved delayed saccade and delayed reach trials. [This included data
also fire around the time of a saccade. Of 206 cells tested, 29% Hiemn 131 cells from 2 animals used in previous studies (Snyder et al.
perisaccadic activity in a delayed-saccade task. Two findings indicd®97, 1998)]. Both tasks began with fixation and depression of the
that saccade-related activity does not reflect saccade planningillominated central button. After 750 ms, one of eight red (saccade
execution. First, activity is often peri- or postsaccadic but seldotask) or green (reach task) peripheral LEDs was flashed for 150 or 300
presaccadic. Second, cells with saccade-related activity were no mm® After a 0.8- to 1.6-s delay period, the central button was extin-
likely to show strong saccadic delay period activity than cells withowgfuished and the animal made an eye or arm movement (not both) in
saccade-related activity. These findings indicate that PRR cells do nomplete darkness to the remembered flash location. Eight trials of
take part in saccade planning. Instead, the saccade-related activitgach type were performed.
PRR may reflect cross-coupling between reach and saccade pathwayseuronal activity was measured in several intervals. Delay activity
that may be used to facilitate eye-hand coordination. Alternativelwas measured 150—600 ms after peripheral flash offset on both
saccade-related activity may reflect eye position information thdelayed saccade and delayed reach trials. Perisaccadic activity was
could be used to maintain an eye-centered representation of intendezhsured 40 ms before to 80 ms after the time of peak eye velocity.
reach targets across eye movements. Pre- and postsaccadic activities were measured 190—-40 ms before and
80-280 ms after the time of peak eye velocity, respectively. To
minimize contamination of these saccadic measurements by delay
INTRODUCTION period activity, activity in an equal-sized interval ending 250 ms
before the start of the measured interval was subtracted from pre-,
Recent evidence suggests that the parietal reach regjefi-, and postsaccadic measurements. An ANOYPAJ 0.05) then
(PRR) in the medial portion of the posterior parietal cortex ofas performed to detect significant effects of direction on firing rate
the monkey reflects the planning of a reach movement. Actiguring the delay and saccade epochs. The results we present did not
ity related to arm movements has been recorded in these me@ffiend on our specific choices of intervals; for example, similar

areas (e.g., Ferraina et al. 1997; Galletti et al. 1997; Snydef@ults were obtained when cue activity (50 ms before to 150 ms after
al. 1997), and these areas project to dorsal premotor corthde! offset) was used instead of delay period activity and when
: X adic measures were aligned using the start or end of the saccade

which codes reaching movements (Blatt et al. 1990; Boussa N qf .
et al. 1998; Johnson et al. 1996; Mushiake et al. 1997; Ship&% er than peak velocity.
al. 1998; Tanne et al. 1995). PRR is activated when a reach is

planned, and this activity continues until the reach is executB§SULTS

(Snyder et al. 1997). The activity is not sensory-specific: ac-pRR cells were strongly selective for arm compared with
tivity precedes reaches to both visual and auditory targeige movements (Snyder et al. 1997) (Figs. 1 and 2). Figure 1
(Cohen and Andersen 1998). The activity is motor specifishows data from one neuron. A green or red target flash
when an eye movement is planned to a memorized locatigehaded rectangles deft) instructed the animal to prepare
activity is absent or significantly reduced during the memolither a reachA) or a saccadeB). Green and red flashes
period (Snyder et al. 1997). Surprisingly, reach delay activitecurred at identical locations in space. Green flashes elicited
codes the impending arm movement with respect to the ey8arge and sustained response, while red flashes elicited a
(Batista et al. 1999). We now report that some reach-selectiy@aller, transient responséeff). Thus the cell was active
cells in PRR are also active during or just after saccadic ejfring the 1-s delay period between cue and response only if a

movements. reach was being planned.
Despite a strong preference for coding intended reaches over
METHODS intended saccades, this neuron showed saccade-related dis-

A square array of nine buttons (3.7 cm) containing red and glrecﬁarge. Firing increased at the time of saccade initiation in the
light-emitting diodes (LEDs) were placed 28 cm from rhesus monke Iayeq Saccaqe .taSB’(”ght)' In th'.s cell, activity began in
he perisaccadic interval and continued through the postsac-
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activity. A strong correlation might occur if a subset of cellthe case. Of 206 cells recorded in PRR, 59 had significant
coded plans for saccadic eye movements, as in the latgralisaccadic activity (40 ms before to 80 ms after peak eye
intraparietal area (Snyder et al. 1997). However, this was nailocity). Of these, 50 also had significant delay period activity
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Fic. 2. Delay activity of parietal reach region (PRR)
cells either with {op) or without (botton) saccadic re-
; sponses. Most cells were more active when a reach was
T - . . being planned than when a saccade was being planned.
Index of selectivity X axis) captures whether cells are
more active 150—600 ms after a cue instructs a delayed
saccade or a delayed reach (see text). Cells selective for
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(n=147) cells selective for planned arm movements fall on the
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before a reach. In 53 of 59 cells, delay activity was strongelosely aligned withsaccadedelay activity than withreach
before a reach than before a saccade. Only 6 of 59 cells showlethy activity. Instead, perisaccadic activity was less well
the reverse effect. These differences were significant in 37 aaligned with saccade delay activity than with reach delay
5 cells, respectively. Thus even within the subset of PRR ce#igtivity [data not shown: vector sum of the difference between
active during a saccade, the overwhelming majority were mdpeeferred directions of 75° for the 28 cells that showed both
active when a reach compared with a saccade was beRgjisaccadic and saccade delay activity> 0.20 (not signif-
planned. icantly different from a uniform distribution)]. Similarly, if
Figure 2 compares motor intention selectivity for PRR Ce"ggansaccadm activity reflected participation in saccad(_a plan-
with (top) and without bottor) presaccadic activity. An index MNg, We also would expect that the breadth of tuning of
of motor intention was calcuiated as (armeye)/(arm+ eye), perlsqccadlc activity would mor'e'closely resemble the bree}dth
wherearm was mean firing in the delayed reach task, agd of tuning c_Jf saccade delay activity than reach d_elay activity.
was mean firing in the delayed saccade task, measured 15¢1C€ again, the reverse was true. The correlation of median
600 ms after flash offset and well before the actual moveme}fdth at half-height between perisaccadic activity and saccade
The index could vary from-1 (selective for saccadic eyed€lay activity was only 0.01 (Pearson coefficieRt> 0.2),
movements) tor 1 (selective for arm movements). Cells withVnereas the correlation between peri-saccadic activity and
and without saccade-related activity had similar index valu&gach delay activity was 0.34(< 0.05).
(mean values 0.31 and 0.35; not significantly different by
Student’st-test). Thus the presence or absence of perisaccadicscussioN
activity was independent of the degree to which cells were . . . .
differentially active in the delay period preceding arm move- R€ach responses have been previously described in parietal
ments or saccades. cortex (e.g., Ferraina et al. 1997; Galletti et al. 1997; Hyvari-
Fifty-nine of 206 cells (29%) had significant perisaccadif€n et al. 1974; Mountcastle et al. 1975; Snyder et al. 1997).
modulation, and 70 (34%) had significant postsaccadic modg£CaUSe Primates often couple their eye and arm movements to
lation (ANOVA, P < 0.05). In contrast, only 14 (7%) hadVisual targets (Ballard et al. 1992), it is important to distinguish
significant presaccadic modulation. Fourteen of 206 cells is figtween visually evoked, reach-related, and saccade-related

significantly greater than the expected 5% false positive r@gtVity. In the current study, we used delayed saccade and
(x* test,P > 0.15). reach trials to show that neurons in PRR the activity of which

Perisaccadic activity was tuned in the same direction ésrelated to planning a reaching movement are also active at

intended reach activity (Fig. 3). We plotted the differenci€ time of a saccade. . .
between preferred directions for perisaccadic and reach delagata from delayed movement trials shows that cells in PRR
period activity for the 50 cells that showed both effects. Préf€ Selective for intended reaching movements. Cells are less
ferred directions were identified by the direction of eye mov@ctive when the animal plans a saccade compared with a reach

ment or intended arm movement resulting in the maxim igs. 1 and 2). This selectivity is even greater when a saccade
response. The vector sum of the angles representing the

ﬁm_d a reach are planned at the same time but in opposite

ference between preferred directions had an orientation @fections (Snyder etal. 1997). Despite this clear selectivity for
—1.2° and was highly significant (circular statistidd, < reaching movements, one-third of PRR cells also were acti-

0.0001, Fisher 1993). Thus the preferred directionseaich Vated during or just after a saccade (e.g., Fig. 1).
intention activity and perisaccadic activity were aligned. One interpretation of these data is that PRR contributes to

If perisaccadic activity reflected participation in saccadgfccade planning or execution. However, several lines of evi-

planning, we would expect perisaccadic activity to be mofince refute this idea. First, few PRR cells show presaccadic
activity. This contrasts with findings from the lateral intrapa-

rietal area (LIP), where cells are active while a saccade is being

c::"S .4 Vector sum: 4.2 de planned and also in the presaccadic interval (Barash et ql.
- -mledey 1991; Snyder et al. 1997). Second, one would expect that if
cells with saccadic activity are involved in saccade planning

2 and execution, then these cells would be more active when a

saccade compared with a reach is being planned. This was not

0 the case; PRR cells with and without saccade-related activity
. . were overwhelmingly reach selective, with no significant dif-

° ] I ference between the two groups (Fig. 2). Finally, the preferred
"9 0 e | 180 directions of saccade activity were closely aligned with the

Angle between peri- preferred directions of reach delay period activity (Fig. 3) but

saccadic and reach not with the preferred directions of saccade delay period ac-
i"te"}ir?_ns%‘);ﬁv“y tivity. Exactly the reverse pattern would be expected if perisac-

cadic and saccade delay activity was involved in coding in-

Fic. 3. Best directions for evoking perisaccadic activity are aligned wittended saccades.
the best directions for evoking reach delay period activity. Histogram shows A second interpretation of these data is that whenever the

the number of cells with particular angles between the direction evoking th&/es are moved. a plan is formed in PRR that would carry the
best perisaccadic response and the best reach delay period response. Vi ! . .
sum of the angles is-1.2° (), indicating that the directional tuning for 8 W{to the same target. On delayed saccade trials, this plan then

perisaccadic and reach intention activity is aligned. Only cells with significal® SUppressed somewhere between PRR and the motor output.
saccadic and reach intention activity are included. In this view, the activity in PRR during a saccade is a mani-
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festation of cross-coupling between reach and saccade p&#rasH, S., BRACEWELL, R. M., FocAssl, L., GNADT, J. W.,AND ANDERSEN
ways. A similar explanation was proposed to explain the smallR- A. Saccade-related activity in the lateral intraparietal area. I. Tem-
amount of activity that occurs in PRR in the delay interval Ecl){)aél ngle”'es; comparison with area Za.Neurophysiol 66: 1095~
.before'a saccade, :?md the small amount of activity that occnéﬁlsm" A P.; BUNEO, C. A SWwDER, L. H.. AND ANDERSEN R. A. Reach

in LIP in the delay interval before an arm movement (Snyderpjans in eye-centered coordinat&zience285: 257260, 1999.

et al. 1997). Cross-couplings between two sensory-motor traBsarr, G. J., ADERSEN R. A., AND STONER, G. R. Visual receptive field
formation pathways have been described previously in otheprganization and cortico-cortical connections of the lateral intraparietal area
motor systems (Mays and Gamlin 1995). In PRR, cross-cou{area LIP) in the macaqué. Comp. Neurol299: 421-445, 1990.

pling between eye and arm movement responses could refREEE e s S ot S e oot
a neural substrate for eye-hand coordination. rophysiol.80: 1132-1150 ‘1998 q
A third interpretation of these data is that saccadic signalsdd.ey v, E. ano Anbersen R. A. The parietal reach area (PRR) encodes

PRR are Use_d to maintain an eye-centered representation of th&iches to auditory targets in an eye-centered reference f8sneNeuro-
goal of an intended reach. Many PRR cells code the goakci. Abstr.24: 262, 1998.

location for an intended reach with respect to the direction BfrRRAINA, S., DHNSON P. B., GRRASTO, M. R., BATTAGLIA-MAYER, A., ER-
gaze (Batista et al. 1999: Cohen and Andersen 1998). [f th&OLANI, L., BIANCHI, L., LAcQuaNITI, F., AND CAMINITI, R. Combination of

. d and gaze signals during reaching: activity in parietal area 7m of the
eyes move after a target appears but before a reach is made, tm%]nkey. 3. Neurophysiol77: 10341038, 1997.

_pattem of activity in PRR changes to maintain target Iocatl%HER, N. I. Statistical Analysis of Circular DataNew York: Cambridge,

in an eye-centered frame of reference. The necessary compusgo3s.

tation could be performed in PRR, using corollary discharge GhLiermi, C., FatTorl, P., KuTz, D. F.,AND BATTAGLINI, P. P. Arm movement-

eye movement commands (Zeki 1986). related neurons in the visual area V6A of the macaque superior parietal
To maintain an eye-centered representation of target localobule. Eur. J. Neurosci9: 410-413, 1997.

tion, vectors representing eye movements would need to PE)Yé(ARlNEN, J.AND PORANEN,_A. Functlo_n of the parietal as_socwiltlve area 7 as
. . revealed from cellular discharges in alert monkeBsain 97: 673-692,
subtracted from vectors representing intended reach target$g,,

We might have expected that an efficient algorithm would codg,nson P. B., FErraina, S., BAncHI, L., AN CaMiNiTI, R. Cortical networks
eye movements and target locations using opposed rather thasr visual reaching: physiological and anatomical organization of frontal and
aligned preferred directions, given that these vectors must bearietal lobe arm region€ereb. Cortex6: 102-119, 1996.

subtracted, but this was not what we observed (Fig. 3). Furthésrs, L. E. ano Gamun, P. D. Neuronal circuitry controlling the near
work is required to determine which of these last two interprt—k‘/l—'esr’onsecu"- Opin. Neurobiol5: 763768, 1995.

. P . OUNTCASTLE, V. B., LyncH, J. C., GORGOPOULOS A., SAKATA, H., AND
tations of saccade-related activity in PRR is correct. Acuna, C. Posterior parietal association cortex of the monkey: command

n ) ) functions for operations within extrapersonal spateNeurophysiol38:
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