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Abstract--E!e rno\emcnts o f  normal nlpnkc!c and nlonke)s u i th  pul\inar lesions \\ere 
recorded on \idea tape as the an~mals spontancousl~ scanned a con~ple\ stinlulus array. 
During the test sesston. color \\.as added to onc stinlulus in  the arra?. Although rnonkr)s \\ith 
pulbinar leb~ons \rue not  nipa aired In either \isual orientation or habituation to t h~s  nosel 
stimulus. their e!e mo\enients were abnormal in t uo  \\a)s. First. the) appeared \isuall> cap- 
tured b) the stimuli. making li'\\. saccadcs otf the arra!. Second. i h s ~ r  tixations uerc atmormally 
prolonged. These c)o-mo\cment abnormalit~es appcared to be associated u i th  a Jlsordcr in 
visual processing rather than an inipalrnient In wulomotor control. 

TIIERE is strong evidence from both anatomical and electrophysiological studies that the 
pulvinar nucleus in primates mediates some aspect of  visual function (for a recent review, 
see [I]). However. the results o f  behabioral studies have provided little information regard- 
ing the nature of this function. Despite extensive reciprocal connections betueen the pulvinar 
and cortical areas insolved in higher levels o f  visual processing. i.e. striate (2- 101. prestriate , 

[3-6, 8. I I-.16j, and inferior temporal cortex [ I  1. 13-15, 17-19]. monkeys \vith pulvinar 
' 

lesions perform normally on a variety o f  visual discrimination tasks (20-721. Since the 
pulvinar recei\es additional input from ,the superficial layers o f  the superior collicuius 
[21.23-261. damage to the pulvinar may instead produce oculomotor impairments similar to 
those described in monkeys with collicular lesions ('7-333. Indeed. there are neurons in the '. 

pulvinar which respond not only to visual stimuli (33-371. but to eye movements as %ell [38]. 
Recently we reported an analysis of  both the oculomotor function and the discrimination 

capability o f  monjieys with pulbinar lesions [39]. Although these monkeys were unimpaired 
in learning the visual discrimination problem, they demonstrated two eye-movement ab- 
normalities. Unlike normal monkeys. monkeys with pulvinar lesions appeared visually 
captured by the stimuli, shoiiing a paucity of  saccades to blank areas o f  the display. I n  
addition, their fixations were abnormally prolnnged. nearly 500 msec longer than those of 
normal monke)~. These abnormalities appeared t ~ b e  related to a disorder in visual process- 
ing associated with discrimination learning rather than to an.oculomotor impairment. - The purpose c?f the present study was to determine. ~rhether monkeys with pulvinar 
lesions would demonstrate eje-mobement abnormalities when they sporrtcr,rc~ous/t~ viewed 
visual stimuli. Spontaneous vieuing \\as studied in a paradigm i n  which visual orientation 
and habituation could also be examined (see (401 and (41)). 

- 
*Present affiliation: Lahoratory o f  Sensorimolor Research, National Eye Institute. NIH. Reprint 
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METHOD 
Strhicrr.c 

The subjects were eight young adult rhcsus monkeys f.\lurc~ru ~ ~ r r r l ~ r r u )  of both sc\es. ueighing from 4 to 
6 kg at the time o f  surgery. Four o f  these monkel$ had bilateral les~ons of the pulbinar nucleus (Group P) 
and four were unopcrated controls f(;roup N). A l l  sbhjects were the same as those who participated in the 
visual discrim~nation e p r ~ m e n t  pre\iously reporled (3Oj. 

Bruin svrgery and hisrolc~gy 
Al l  monkeys in Group P underwent surgery at least 4 months prior to behavioral testing. Pulvinar laions 

were produced by passing radio frequency current through stereotaxically placed electrodes. Con~plete 
details o f  surgical and histological procedures are reported elsewhere (22). 

Pulvinar lesions o f  individual animals, plotted onto standard coronal sections of  a normal monkey brain. 
are presented in Fig. I. The lesions in  all four monkeys were extensive. but subtotal, in all cases sparing the 

PULVlNAR LESIONS 

FIG. I. Pulvinar lesions o f  individual monkeys plotted onto coronal sections o f  a standard 
monkey brain. Coronal sections areat stereotaxiccoordinates o f  AP - 2.0. : 1 .O,O.Oand - 1 .O. 
Blackened areas indicate the lesion; stippled areas indicate complete cell loss and dense gliosis. 
Actual tracings of coronal.sections through the thalamus o f  each monkey with pulvinor damage 

are published elsewhere (421. 

anterior portion o f  the nucleus. Hourver. in  two o f  the monkeys (P-GI 7 and P-GI91 the caudal extent of 
pulvinar lateralis and pulvinar inferior was completely destroyed. I n  addition to pulvinar damage, passage 
o f  the electrode consistently produced minimal bilateral damage to  the fornix and corpus callosum. There 

'was no detectable damage to either the pretectal region or the superior colliculus, although the lesion did 
encroach on the brachium o f  the colliculus in  all animals. 

Eye movements o f  monkeys were rccorded using the Mackworth corneal reflection technique (431. Details 
o f  the adaptation o f  the apparatus for recording eye movements o f  unrestrained monkeys are reported 
elsewhere 144). I n  the present experiment. the monkey viewed stimuli through the eye port o f  a test chamber 
equipped with an electronically controlled shut~er. The stimuli were rear-projected onto a transparent display 
screen (25 cm . 25 cm) placed 38 cm from the eye port. A half-silvered mirror was placed at a 45" angle 
between the eye port and the stimulus display. A television camera with a telephoto lens was positioned at the 
side o f  the test chamber. ' from the animal's line o f  sight; i t  was focused upon the half-silvered mirror and 

\ recorded the image ofthe ? onkey'seye with the reflection ofthestimulus display upon thecornea. The output 
o f  the camera was continuously monitored during test sessions and stored on video tape for subsequent 

v 
data analysis. 
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Pr~or to testing. all operaled and normal monkeys were trained to pos~tion one eye in the eye port of the 
test chamber and scan a photograph of a monkey hce. The stimulus array used during testing consisted of 
16 geometric figures; each tigurc ~nrasured 4.5 cm . 4.5 cm (6.75 visual angle). The array was presented 
for 5-xc trials wcth a 30-suc ~ntertrial interval. 40 trials per day, on two consecutive days. Monkeys were 
rewarded with a single banana pcllet at the end ofeach trial. At no time during testing were rewards given for 
selective patterns of scanning. 

FIG. 2. Stimulus arrays used in the present study. A was presented on trials 1-10 and 31 -40 of 
each day's session; B was presented on trials 11-30. The circle with the slanted lines in B i s  
the stimulus which was colored red on day I of testing; on day 2. the circle in the top line crf 

the array was'colored red. 

4: On the first and la 10trials of each day's session. all of the 16 figures within the array appeared as white 
stimuli on a black bac ground, as shown in Fig. ?(A). On the middle 20 trials of each day's session, a single 
figure within the array was colored red. as shown in  Fig. XB). Visual orientation and habituation to this 
novel stimulus were recorded by video taping eye movements as the monkey scanned the sti~nulus array. 

Vidto tape and data amlysis 
Upon completion of behavioral taring. a trial-by-trial analysis of the video tape records was made. For 

each trial, the monkey's point of fixation on the stimulus display was determined at 20-msec intervals using 
a semiautomated computer graphics system. The technique for determining the.point of fixation was as 
follows. Two computer-generated right angle cursors and a circular cursor of adjustable diameter were 
suptrimposed on stopped frames of the video tape. An observer precisely positioned the circular cursor over 
the image of the monkey's pupil and positioned the right angle cursors over the corneal reflections of the 
bottom corners oT the stimulus display. The cursor coordinates for every sixth frame were scored i n  this 
manner and were stored in digital form on magnetic tape. Subsequently. the coordinate data from these 
scored frames were integrated with information regarding the position of the stimuli within the display. 
thereby determining at ZWmsec intervals the monkey'spoint of fixation on the display. The resolution of the 
eye-movement system, which was approximately =2- of visual angle. was well within the accuracy required 
for discriminating between fixations made among the stimulus figures within the display. 

Mann-Whitney U tats (two-tailed) were employed to test for significant differences between Groups P 
d N. Within eroup comparisons were made using the t ta t  for related means (two-tailed). Al l  tats were 

on the combined data from the 2 days of toting. 

RESULTS 
Visual orientation and habituation 

A comrarison of the visual fixations of monkeys in Group P with those in Group N 
revealed that pulvinar lesions did not affect either visual orientation or habituation to the 
novel stimulus. Data in Fig. 3 indicate that both normal monkeys and those with pulvinar 
lesions oriented to novelty by shifting their gaze toward the stimulus to which color was 
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FIG. 3. Visual fixations directed lo the novel stimulus by normal monkeys and by monkeys with 
pulvinar lesions. Trial blocks I ,  2. 7, and 8 are the control trials in which all figures within the 
array. including the novel stimulus, appeared whitc on a black b;lclground; trial blocks 3 
through 6 are the trials in which the novel stimulus was colored red. The data in this and all 

subsequent figures are the combined results from the 2 days of testing. 

occurred at varying rates for individual animals, but was clearly evident in all monkeys by 
trial block 6. There was no significant difference in the rate of habituation from trial block 3 
to trial block 6 between the normal and operated iroups (U = 5. P = 0.486). Although 
monkeys with pulvinar lesions appeared to ignore the novel stimulus when it was no longer 
colored red, this effect was not significant on trial block 7 (U  = 4, P = 0.342) or trial block 8 
(0 = 5, P = 0.486). 

Visual scontibrg 

A comparison of the distribution of visual fixations directed on'and off the stimulus array . 

for monkeys in Groups P and N indicated that pulvinar lesions produced a restricted pattern 
of visual scanning. As shows. in Fig. 4, normal monkeys fixated 'the stimuli approximately 
60% of the time throughout testing; that is, almost 40% of their fixations were directed off 
the stimulus display. This was true even on trial blocks 2 and 3 when the novel stimulus was 
present. By contrast, monkeys with pulvinar lesions consistently maintained attention to the 
stimuli; fewer than 15% of their fixations were directed off the display, a significant differ- 

(0 = 2, P =0.114). 

Duration of I-isualfixations 

A comparison of the mean duration of visual fixations of monkeys in Group P with those 
in Group N sh6wcd that, throughout testing, the fixations of the operated animals were 
abnormally prolonged. Data in Fig. 5 indicate that, for normal monkeys. the duration of 
visual fixations consistently averaged between 210 and 270 msec, whether the animals 
were fixating the novel stimulus or fixating one'of the other I5 figures in the array. ~hus ,  
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FIG 5. Mean duration ufyisud fixations tnin-1 over thr courr orlnting br nornul ,,nnln, 
and for monken wilhpulvinrr ksions. The L t r  arc .,crapnt br [htnr ,jtrtlOns 
directed toward the novel stimulus and for those fixations d i m l d  tow,ar~ all tb o,b I 

figures in the stimulus arr;ay. 
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DISC'USSION 

j stimulus, da~nagc to the pulvinar did influcncc visual behavior. Unlike normal ~liollkcys, 
monkey\ \ d h  pulvinar lesio~is appeared visually ci~ptured by the stimulus array, showing, 

I 
fc\\ sac~adcs to points outside i t s  bourltdaries. Moreover, these monkeys demonstrated 
ahnorlghlly prolonged fixafions,,an emcct which tvas elihilnced by the novclty or salicncc of 
the vdual s~imulus. These results extend our prior findings by showing {hat eye-movement 
abn,&nialities prodlrced by pulvinar damage occur not only during discrimination learning. 

1 

! 
1. 

1 attempt.to compensate for such a processing impairment. This hypothesis would explain 
the finding [hat monkeys with p ~ l v i n i ~ r  lesions fail visual discrimination problems only . 
\\.hen the stimirli are flashed very briefly [48], a situatior~ which would greatly disrupt dis- 

I 
i 

crimination learning in animals who require proloriged periods o f  observation to adequilrely 
process visual information. 

should be a function o f  the processing demands placed upon the animal, either by the nature 
of the strmulus fixated or by the complexity ofdlhe test situation. The combined results from ' .  

i( 

I. 

While these data suggest that pulvinar damage produces a disorder in visual processing, 
a second hypothesis deserves consideration; the eye-movement abnormalities observed after 
ablation of the pulvinar may be due to alterations in oculomotor function. However, the 
results of neurological tests indicated that visual pursuit, horizontal nystagmus, convergence. -. 

I vertical and horizontal saccades. and pupillary reflexes were normal in the monkeys with pul- 
\ vinar. lesions. Although quantitative measurements were not made, their eye-movement 

velocities appeared normal as well. These findings attest to the basic integrity of the oculo- 
motor system in monkeys with pulvinar lesions, but they do not demonstrate that all 
aspects of their oculoriivtor cafiabilities are normal. For example, they may have difficulty 
initiating visually-guided eye movements. Their prolonged fixations w'ould t h q  reflect an 
increased latency to initiate successive saccades. Increases in saccadic latencj have been 

*The effects produced By inadvertent dqmage lo the superior colliculus were consid~red a t  length in our 
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with pulvinitr I c~ ion5  urc3 capablc ~ I ' m o v i n p  their cycs rapidly, allhough they d o  not typically 

d o  so. blorcover. the visual caplure t)b.\crvcd in thcsc niot\hcys i b  not c;~sily chpla~ncd hy  an 

impairment i n  the i ihi l i ty t o  i l i i t iatc visunlly-guided eye movcrncnts. Noncrhclcss. rigorous 

formalired testing of the i r  eye movcmcnts hoth i n  tl ic l ight and i n  the dark \\.ill he necessary 

of' his laborator, at St;tnFord Utu\c.rslt! to conduct this rcr;trclt. '1-llc. rcscarcl~ \V;IS supportctl in part hy 
N I I I  Postdt~tor;ll Fellowship hl'55hlV to I.. (i. Llngcrlcidcr .~nd b? NISlH (ir;~nt hltll2970 IO K. 11. 
Pribrarn. A prelitninary report ol' the lindings \ u s  prcsbntcd at Ihc St~clcty for I.lcurosclcncc 7th Annual 
Meeting. Anaheim, I977 [49]. 
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On .a t.nrep,is~ri sur ~ ~ d i n  Irs mouvrwnts uruleircs de singes nnrrnaux et 

dr singrs avrc l6sivns du pulvi,~.lr alorr que lrur regard balayait spantan6msnt un 

stiwlur cumplexe. Pendant la session d'examcn, une coulrur 6tnit djuutGr B un 

Jes stimlua de la prCsentation. Biun que Lcs singes avec lis~ons du pulvinar'n'iraient 

troublCs ni Jans Ieur orientation visurlle ni dana l'habituation 3 ce nouveau stimlus. 

lcurs moyvrments oculaires devcnaier.~ anormaux de 2 fasons : I '  ils apparoissaicnt 

capturis optiqucmenr par Ips stimlus et pe:t d e  sarcades s'exirutairnt en dehors du 

dispusitif; 2' Irurs fixations Gfaien: anormalemcnt prolongies. Crs anom~lies des  

muuvemants orulaires apparaissent assuciGea S un disordre du rraitement visuel plutat 

qu'A un trouble du contrB1e orulo-wtrur. 

Deutschsprachige Zusanmenfassung: 

Die Blickbewegungen von normalen Affen und von Affen n i t  
Pulvina-Usionen wurden auf Video-Wndern r e g i s t r i e r t ,  wlhrend 
d ie  Tiere spontan eine komplexe Stimulusanordnung absuchtenb 
Wghrend der  Testsitzungen wurde einem Stimulus d ie  Anordnung 
Farbe beigefugt. Obwohl d ie  Affen n i t  Pulvina-Usion wader 
i n  i h r e r  v isuel len  Orientierung noch i n  i h r e r  Gewahnung an 
diesen neuen Stimulus eingeschr3nkt waren, waren d ie  Blick- 
bewegungen i n  zweierlei  Weise abnorm. Zum einen schienen s i e  
durch d i e  Stimuli  v i s u e l l  gefangen, indem s i e  nur wenige 
Sakkaden van der Anordnung weg machten. Zum anderen waren ih re  
Fixationen abnorm ver l lnger t .  Diese Abnormitlten der  Blick- 
bewegung schienen eher  m i t  e i n e r  Starung i n  der  v isuel len  
Verarbeitung verbunden zu s e i n  a l s  n i t  e ine r  Einschrlnkung 
der oculbmotorischen Kontrolle . 
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