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D GAZE BHIHS NEARBY All R.
! 2, ®, LaPisle's & L
Y Dept. Pl;chol ' Univ ud. gy det Pnysiocl. I.,
nn:.v—notn:dn; & Dept. Psychol., Rutgers Univ., NJ
‘f sade accurate messurements of binocular eye and head
nts during conjugate and disjunctive gsze shifts between
i located within arm’s reach. Head and sye rotations were
4 to 1’ at 488 Kz with the Univ. Md. revolving fisld
or; head translations to 1 pm with an acoustic ranging device.
Lound that:
{1) Gaze shifts with the head free wers very accurate, a
prising outcome because with nearby targets, translational
mts of the eye (produced by head translations or rotations)
~ e the target on the retina and sust be taken into account;
: -(2) Gaze shifts with the head restrained often undershot the
, as if eye were on the basis of planned
) head
i~ {3} Saccade dynamics (peak qnln velocity, acceleration and
&uhr ion) were faster with the head free than the bead
3 ained. Dif head-{ and head ined gaze
;ihciun were too large to be explained by the addition of the
Nwiocity of the eye/hesd and head/space. High peak gaze velocities
'waxe found when head movemants were modest and when 8s tried to
p the head in place without aid of a biteboard, showing that
Fartificial head restraints p normsal dic per
Our results show that gaze control is far more sophisticated
"than assumed in prior models based on rotational signals only.
@asze shifts are guided by a representation of target position in 3D
P spacs, which is updated continucusly using signals coding head
i rotation, translation and target distance.

support: AFOSR 88-0171 & 91-00555; MEDIGOM 900-550-092

. 1735 —9:45

SACCADE LATENCY CHANGES AFTER LESIONS OF THE FRONTAL EYE
. FIELDS AND POSTERIOR EYE FIELDS IN MONKEYS.

Ismes C, Lynch, Junru Tian, and John §. Touliatos, Departments of Anatomy and
. Ophthalmology, University of Mississippi Medical Center, Jackson, MS.
The frontal eye fields (FEF) and the posterior eye fields (PEF) both contnbute to
the initiation and control of visually evoked dic eye
.. cortical lesions restricted to either area alone produce only modest mde deﬁcﬂs
In order to study the possible interaction between the FEF and the PEF in the control
- of saccades, four rhesus monkeys were trained to perform horizoatal and vertical
saccades of 8° to 24° amplitude to small (0.2°) visual targets. Latency and accuracy
were measured before and after bilateral FEF lesions and then afer the addition of
bilateral PEF lesions in 3 monkeys. Bilateral PEF lesions were followed by a
unilateral FEF lesion in one monkey.

In2 keys, mean de L for the 5 days following FEF lesions were
not different from means for the 5 days before the lesions. In a third, in which the
lesions included not only the anterior bank of the arcuate sulcus (as in the first two
monkeys) but also both banks of the principal sulcus, latency increased by 60%.
After combined FEF and PEF lesions, saccade latencies increased by 75% to 170%
of the pre-jesion values. The monkey in which a unilateral arcuate bank lesion was
combined with bilateral PEF lesions had normal latencies for saccades into the visual
hemifield ipsilateral to the FEF lesion. Virtually no saccades were made into the
cmtnlateml hemxﬁeld for 7 days followmg the FEF 1mon, and for the next 12 days,

d 165% of ip t de | These
results suggest that the FEF and thc PEF normauy work cooperatively to controt
visually guided saccades, and that cither area alone can mediate relatively normal
saccades. However, the loss of both areas produces significant saccadic impairment.

Supported by NIH EY04159

1736 — 10:00 v/

COMPARISON OF LATENCIES OF SACCADES ELICITED DURING FIXATION
AND SMOOTH PURSUIT. Richard C. Frecker, MD.. Ph.D., W, James MacLean,
M.A.Sc,, M. Eizenman, PAD., Ronald S, Collis, M.A,, Visual Sciences Laboratory,
Institute of Biomedi ing, University of Toronto, Toronto, Canada. M5S 1A4.

The literature suggests that when the oculomotor system is engaged in fixation prior to
mkmg a saccade, that saccadic latencies are longer than when the fixation is disengaged
prior to the saccade being ehcl(ed (upre.r: saccades elicited by tarpet blanking). We

d the present ine the effects on saccadic latency of prior
engagement in a smooth pursuit mk

Eight healthy subjects (4 male, 4 female) aged 24 - 49 were tested in 2 2-dimensional, 1-
kHz, corneal reflection eye tracker. The stimulus was a | mm green dot of constant, Jow
intensity, presented on an oscilloscope placed 25 cm from the cornea A total of 6,000
saccades were recorded, under three conditions: (mormal) random tarpet excursions (from
fixation in the primary position), within a randomized 1-2 S time imerval, of +5°, wa
new horizontal (H) or vertical (V) position (left/right; up/down); (anked) the same,
except that the visual target was extinguished for 100 mS immediaely prior to the
appearance of the new target; and, (pursuit) randomly elicited +5° saccades to a new H
or V position occurring from a A or V smoothly-pursued target moving at 3°/S.

A significam (p <.05) dacrascmlatu\cy (50 mS) compared to normal was observed with
target ing. This is with Hi reports. A significant (p< 05) increase
in latency compared to normal (20-35 mS) was seen for subjects engaged in prior pursuit.

H and V saccades elicited during both H and V pursuit (4 conditions) revealed inter-
individual differences, but group data showed a significant increase in saccadic latency for
all conditions. Four subjects showed significant i for ail 4 iti the
remaining 4 subjects showed significant increases for at least 2 of the 4 conditions. No
subjects showed a decrease in latency for any condition. The decreased laency with target
blanking suggests the possibility that overhead exists in fixation disemgagement prior to
generation of a saccade; our pursuit data may indicate a similar phenomenon related to
pursuit disengagemens.
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1737 — 10:15

MOTION DETECTION DEFICITS REVEALED BY STEP RAMP TRACKING
ERRORS IN MONKEYS WITH MAGNOCELLULAR LGN LESIONS. W.K. Page,
W.M. King, W.H Merigan, and LH.R. Maungell, University of Rochester Medical

Ceater & Center for Visual Science, Rochester, NY 14642,
Cuﬁcdmsdngdmnﬂmfmmnonnﬂhmmpuﬂlelpnhmyt These
d in the par llular layers of
d\emmaehmalmcuhmnxlem(l.GN) CamcaluwMTlndMST whnch
receive most of their retinal input via the d in
mm;uundmpmmandmvﬂemwummeocuhmnymfu
ocular tracking. To test the ib of the th © ocular
tracking of moving targets, wenndsumhu-nlnbommdlenmsofmpoeeuuln
layer 1 of the LGN in two macaque monkeys trained to pursue small target spots.
Monkeys served as their own controls. Targets were viewed monocularly through
the eye contralateral to the lesioned LGN, so that retinal images in the temporal field
were processed by the lesioned LGN, but images in the nasal field were processed
by the intact LGN. Eye movements were monitored using the search coil technique.
Ocuhrnchngwumdsemﬂmmmmelemmumgmpnmpmm
Both is d d and made 10 stationary targets
swppedmmmhammlﬁcld.emwhenthemwmexnmdydm. The
animals accurately pursued targets siepped onto their foveae and ramped temporally
or nasally at speeds up w0 20 deg/s. In contrast, smooth pursuit was absent until after
the occurrence of a saccade for targets placed in the temporal field and ramped away
from the fovea at 20 deg/s. Smooth pursuit was initiated, but eye velocity was
deficient, for targets stepped into the temporal field and ramped towand the fovea.
Pursuit of targets stepped into the nasal field was normal. Monkeys corrected for the
dxmuonofmgetmonmpmglmmmgd\emnphmdeofwch-upmudum

either field, but in the temporal field the was

EY04045 (King), EY05911 (Maunsell) AFOSR890041 (Merigan)

1738 —10:30

PLAIDS USED TO EVALUATE CORTICAL AND SUBCORTICAL
INVOLVEMENT IN HUMAN OPTOKINETIC NYSTAGMUS (OKN)

LR, Hacxds, T.L. Lewis and D. Maurer
York University, Toronto & McMaster University, Hamilton, Canada.

Young infants, unlike normal adults, show little or no OKN to monocular
tmmnmm-mmmwm:omnmmm
by path in early infancy (Lewis et al,, 1989), Here we

k the ical contribution to adults’ OKN by using a
methodnnlhrwthtuedpndoulywlthcau (Harris & Smith, ARVO, 1990).
Five normal adults viewed Type 11 plaids (Ferrara & Wilson, 1990) composed
of two overlapping drifting gratings differing in orieatation by 15 deg. The
Mnofwhwmmadegnonmmmm

indi that under monocular viewing, masalward

benll motion optimizes any crossed subcortical conmtribution while

temporailward coherest motion minimizes it. We recorded horizoatal eye

movement by infra-red reflection and asked subjects to report the perceived
direction of motion.

During bi lar viewing the direction of the slow phase of OKN fell
b the direction of of the and that of the coherent
motion (16 + 5 deg from the direction of the coherent motion). However,
monocular viewing did not affect the direction of OKN, a finding which suggests
little or no involvement of lnbelmical meclunlxm in tln mﬁon of adult
humans’ OKN. The mean correl 1 eye velocity and the
sine of the direction of verbal judgements was only 0.65 (0.91 ror single
gratings). This suggests that tbe pathways mediating OKN and those mediating
the perception of plaids’ may not be identical.

Supported by NTH EY03475 and NSERC (Canada) OGP0046271

1739 — 10:45

SPONTANEOUS NYSTAGMUS AND GAZE-HOLDING ABILITY IN MONKEYS
FOLLOW]NG INTRAVITREAL PICROTOXIN INJECTIONS. Rﬂﬂw
2. 'Depts of Neurology & Ophthalmology, Johns Hopkins Univ, Bal 5

MD 21205, “Depts of Behavioral Neuroscience & Psychiatry, Univ of Pittsburgh,
Pittsburgh, PA 15260.

GABA is a major inhibitory neurotransmitter in the primate retina, yet virtually nothing is
«now about the functional role of GABA in the monkey retina. We measured movements
of both eyes using search coils in 3 rhesus i L |

1 of 2 GABA {75-150 uL of 3. 3 mM plcmwx|n) Spontaneous
(OKN), and smooth pursuit movements were measured.
WimanOmimofme’,’ ion, a ined copjl p tag| develop
in the dark, with the slow phase in the |-t | di with respect 10

the injected eye. The duration of the nystagmus and the peak slow phase velocity increased
with the dose of picrotoxin ('4-> 2 hrs, 1543%s). [n a well-lit room, the nystagmus was
completely suppressed, even during monocular viewing through the injected eye. When the
lights were turned out, the nystagmus slowly increased to a steady-state value over a couple
of minutes. Smooth pursuit eye movements to a small target moving in a triangular
wavcform (1560'/5) and OKN to constant veloc:ty drum romuons (5-180°/s), both

ly and jarly, were unch d from pre-i ion values. For OKN, both the
initial pursuit and the velocity-storage components (OKAN) were measured.

This development of nystagmus in the dark after retinal GABA blockade is similar to that
described in the turtle, rabbit and cat, with the slow phase in the temporal-to-nasal direction
(Ariel et al., ] Neurophy 60:1022-35, 1988). This pattern of nystagmus also resembles the
nystagmus cvoked by electrical stimulation of the (contralateral to
the picrotoxin eye injection) {Schiff et ai., Exp Brain Res 70:1-14, 1988; Mustari and
Fuchs, J Neurophy 64:77-90, 1990). lmravi!real pi in may increase sp
activity of a selective population of retinal inputs 10 the contralateral pretectum. Picrotoxin
injections in other species also impair muon~dependem vmnl trackmg and gaze-holding
systems, which is thought to be mediated by disruption of d itive retinal
ganglion cells. This was not found in the monkey.

Supported by EY05978 & K02MHO00815 (MA), NS-26988 & EY01765 (RJT).
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,.n-unl‘!lb GASE IHIP'I‘S n:;nn Agl ! Ra
ALALDRAL - n.,zmq.nnn_ E. Kowler, .Q.__Im.l.!nl L.Pizlo’, & J.
Dept. Plsychol ¢ Univ. Md.; © Dept. Physiol. I.,
Srasmus Univ-Rotterdam; & ° Dept. Psychol., Rutgers Univ., NJ
_° %e made accurate measursments of binocular sye and head
;"ntl during conjugate and disjunctive gaze shifts between
targsts located within arm‘s reach. Head and eye rotations were
recorded to 1’ at 488 Hz with the Univ. Md. revolving fisld
monitor; head translations to 1 mm with an acoustic ranging device.
ge found that:

(1) Gase shifts with the head fres were very accurate, a
ngp:hug outcome because with nearby targets, translational
movements of the eye (produced by head translations or rotations)
displace the target on the retina and must be taken into account;

(2) Gaze shifts with the head restrained often undershot the
target, as if eys were q on the basis of planned
(but ) head 3

(3) Saccade dynamics (peak gaze velocity, acceleration and
deceleration) were faster with the head free than the head
restrained. Differences between head-free and head-restrained gase
velocities were too large to be explained by the addition of the
velocity of the eye/head and head/space. High psak gaze velocitiaes
ware found when head movements were modest and when Se trisd to
xeep the head in place without aid of a bitsboard, showing that
artificial head restraints p normal € per

Our results show that gaze control is far more sophisticated
than assumed in prior models based on rotational signals only.

Gase shifts are guided by a representation of target position in 3D
spece, which is updated continucusly using signals coding head
rotation, translation and targst distance.

support: AFOSR 88-0171 & 91-00555; MEDIGOW 900-550-092

1735 —9:45

SACCADE LATENCY CHANGES AFTER LESIONS OF THE FRONTAL EYE
FIELDS AND POSTERIOR EYE FIELDS IN MONKEYS.
lames C. Lynch, Iunru Tian, and John S, Touliatos, Departments of Anatomy and
Ophthalmology, University of Mississippi Medical Center, Jackson, MS.
‘The frontal eye fields (FEF) and the posterior eye fields (PEF) both contribute to
the initiation and control of visually evoked dic eye
G cortical lesions restricted to either area alone produce only modest mdcdeﬁmu
N In order to study the possible interaction between the FEF and the PEF in the control
of saccades, four rhesus monkeys were trained to perform horizontal and vertical
saccades of 8° to 24° amplitude to small (0.2°) visual targets. Lasency and accuracy
were measured before and after bilateral FEF lesions and then afier the addition of
bilateral PEF lesions in 3 monkeys. Bilateral PEF lesions were followed by a
unilateral FEF lesion in one monkey.

In2 keys, mean de I for the 5 days following FEF lesions were
not different from means for the 5 days before the lesions. In a third, in which the
£ lesions included not only the anterior bank of the arcuate sulcus (as in the first two
monkeys) but aiso both banks of the principal sulcus, latency increased by 60%.
After combined FEF and PEF lesions, saccade latencies increased by 75% to 170%
of the pre-lesion values. The monkey in which a uniiateral arcuate bank lesion was
combined with bilateral PEF lesions had normal latencies for saccades into the visual
hemifield ipsilateral to the FEF lesion. Virtually no saccades were made into the
contralateral hemifield for 7 days following the FEF Imon and for the next 12 days,

J saccade | i d 165% of ip These
results suggest that the FEF and the PEF normauy work cooperatively to controt
visually guided saccades, and that ¢ither area alone can mediate relatively normal
saccades. However, the loss of both areas produces significant saccadic impairment,

Supported by NIH EY04159

1736 — 10:00 V4
COMPARISON OF LATENCIES OF SACCADES ELICITED DURING FIXATION
. , W.,_James MacLean,
M.ASc., M. Eizenman, PhD., Visual Sciences Laboratory,
iomedi ineering, University of Toronto, Toronto, Canada. M5S 1A4.

The literature suggests that when the oculomotor system is engaged in fixation prior to
mahng a saccade, that saccadic latencies are longer than when the fixation is disengaged
prior to the saccade bemg elncmd (z.wreu saccades elicited by target blanking). We
the present the effects on saccadic {atency of prior
S engagement in a smooth pursuit mk

Eight heaithy subjects (4 male, 4 female) aged 24 - 49 were tested in 2 2-dimensional, 1-

kHz, corneal reflection eye tracker. The stimulus was a | mm green dot of constant, Jow

intepsity, presented on an oscilloscope placed 25 cm from the cornea. A total of 6,000

W saccades were recorded, under three conditions: (normal) random target excursions (from

i fixation in the primary position), within a randomized 1-2 S time imerval, of +5°, to a
new horizontal (H) or vertical (V) position (lef/right; up/down); (Manked) the same,
except that the visual target was extinguished for 100 mS immediaely prior to the
appearance of the new target; and, (pursuit) randomly elicited +5° saccades to a new H
or V position occurring from a A or V smoothly-pursued target moving & 3°/S.

A significant (p <.05) decrease in latency (50 mS) compared to normal was observed with

target blanking. This is i with li reports. A significant (p <.05) increase

in latency compared to normal (20-35 mS) was seen for subjects engaged in prior pursuit.

t H and V saccades elicited during both H and V pursuit (4 conditions) revealed inter-

T individual differences, but group data showed a significant increase in saccadic latency for

: all conditions. Four subjects showed significant i for all 4 iti the

remaining 4 subjects showed significant increases for at least 2 of the 4 conditions. No

subjects showed a decrease in latency for any condition. The decreased Latency with target

blanking suggests the possibility that overhead exists in fixation disengagement prior 1o

generation of a saccade; our pursuit data may indicate a similar phenomenon related to
pursuit disengagemens.
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MOTION DETECTION DEFICTTS REVEALED BY STEP RAMP TRACKING
ERRORS mMONKEYSWTmMAGNOCEu.ULARwNLESIONs !LK-E!&
WM King, W.H. Mcrigan, and JH.R. Magnsell, ity of Rochester M
Cmu&CenmfannlScwnce.RocmNYle
Cotical p i ofmiml' i unhzestwop-'lllelpnhways These
hy are d in the par llular layers of
mepmmmenlgmnnhnennclem(UGN) ComcalmMdeMS‘l‘ which
receive most of their retinal input vis the involved in
mmgmundwmmmdpmvﬂempuumﬂnomhmonsymfm
ocular tracking. To test the ib of the thway to ocular
mchnlofmovmgmwemnhumhwnhbomladlenomofmmuuhr
layer 1 of the LGN in two macaque monkeys trained to pursue small target spots.
Monkeys served as their own controls. Targets were viewed monocularly through
the eye contralateral tw the lesioned LGN, so that retinal images in the temponal field
were processed by the lesioned LGN, but images in the nasal field were processed
by the intact LGN. Eye movements were monitored using the search coil technique.
Ocuhtnchngwunmdnvmlmndumuthemmsumgmpnmpm
Both ani d d and made [ ] y targets
smﬂmuﬁamﬂﬁzﬁ,emw&nmmwmumydm The
animals accuraiely pursued targets siepped onto their foveae and ramped temporally
or nasally at speeds up to 20 deg/s. In contrast, smooth pursuit was abseat until after
the occurrence of a saccade for targets placed in the temporal field and ramped away
from the fovea at 20 deg/s. Smooth pursuit was initizted, but eye velocity was
deficient, for targets stepped into the temporal ficld and ramped toward the fovea.
Pursuit of targets stepped into the nasal field was normal. Monkeys corrected for the
d:monoftargclmoﬂonmpm;nmnnngﬂielmphmcholcuchupnmdam
cither field, but in the temporal field the was
EY04045 (King), EY0S5911 (Maunsell) AFOSR890041 (Merigan)

1738 — 10:30

PLAIDS USED TO EVALUATE CORTICAL AND SUBCORTICAL
INVOLVEMENT IN HUMAN OPTOKINETIC NYSTAGMUS (OKN)

LR, Harris, T.L. Lewis and D, Magrer
York University, Toronto & McMaster University, Hamilton, Canada.

Young infants, unlike normal adalts, show little or no OKN to monocular
tmmmmmmnmﬂklnmmtomhmedhud primarily
by path in earty § y (Lewis et al,, 1989). Here we

" tanrtical nath

ys’ contrib to adults’ OKN by using a
mahodnnlhrwthnlndpmhulywnhuu (Harris & Smith, ARVO, 1990).
Five normal adults viewed Type II plaids (Ferrara & Wilson, 1990) composed
ormmwmmmm;ummnwlsupm
dlmcﬂonofmluutmoﬂolm deg from the nearest compounent,
rid ind} that under monocular viewing, masalward

eohuul motion optimizes any crossed subcortical contribution while
tenporﬂnrﬂmh«utnwthlnlﬂmll.Wemrdedhho-m
mmwhhmm“d:skndnnbjmmnmnthem
direction of motion.

During binocular viewing the direction of the slow phase of OKN fell
b the di of of the p and that of the coherent
motion (16 + 5 deg from the direction of the coherent motion). However,
monocular viewing did not affect the direction of OKN, a finding which suggests
little or no involvement of subcortical mednnlnnl in the galenﬁnl of aduit
humans’ OKN. The mean cor ] eye velocity and the
sine of the direction of verbal judgements was only 0.65 (091 lbr single
gratings). This suggests that the pathways mediating OKN and those mediating
the perception of plaids’ may not be identical

Supported by NIH EY03475 and NSERC (Canada) OGP0046271

1739 — 10:48

SPONTANEOUS NYSTAGMUS AND GAZE-HOLDING ABILITY IN MONKEYS
FOLLOWING INTRAVITREAL PICROTOXIN INJECTIONS. Ropald ). Tusa' &
Michael Ariel®. 'Depts of Neurology & Ophthalmology, Jobns Hopkins Univ, Baltimore,
MD 21205, *Depts of Behavioral Neuroscience & Psychiatry, Univ of Pittsburgh,
Pittsburgh, PA 15260.

GABA is 2 major inhibitory neurotransmitter in the primate retina, yet virtually nothing is
xnow about the functional role of GABA in the monkey retina. We measured movements
of both eyes using search coils in 3 rhesus monkeys following monocular intravitreal

ions of a GABA (75-150 uL of 3.3 mM picrotoxin). Spontaneous

ag| g (OKN), and smooth pursuit movements were measured.
WithmZOmmsofthe‘,’ ion, a ined conjugate sp devel
in the dark, with the slow phase in the 1t

1ag p
p | direction with respect 10
the injected eye. The duration of the nystagmus and the peak slow phase velocity increased
with the dose of picrotoxin (%4->2 hrs, 15-43%s). In a weil-lit room, the nystagmus was
completely suppressed, even during monocular viewing through the injected eye. When the
lights were turned out, the nystagmus slowly increased to a steady-state value over a couple
of minutes. Smooth pursuit eye movements to a small target moving in a triangular
waveform (15-60°/s) and OKN to constant velocity drum rotations (5-180%s), both

larly and bi larly, were unch d from pre-i values. For OKN, both the
initial pursuit and the velocity-storage components (OKAN) were measured.

This deveiopment of nystagmus in the dark after retinal GABA blockade is similar to that
described in the turtle, rabbit and cat, with the slow phase in the temporal-to-nasal direction
(Ariel et al., ] Neurophy 60:1022-35, 1988). This pattern of nystagmus also resembles the
nystagmus evoked by electrical stimulation of the (contralateral to
the picrotoxin eye injection) (Schiff et al., Exp Brain Res 70:1-14, 1988; Mustari and
Fuchs, J Neurophy 64:77-90, 1990). Intravitreal pi in may increase sp
activity of a selective population of retinal inputs to the contralatera) pretectum. Picrotoxin
injections in other species also impair motlon-dependem visual mckmg and gaze-holding
systems, which is thought to be mediated by disruption of dirt itive retinal
gangiion cells. This was not found in the monkey.

Supported by EY05978 & K02MHO00815 (MA), NS-26988 & EY01765 (RJT).
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