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PULVINAR LESIONS IN MONKEYS PRODUCE ABNORMAL
3 SCANNING OF A COMPLEX VISUAL ARRAY

Litsan G, Uscaniemes® /
Laboratory of Seurvgnichidogy. Mutional Insiae of Memal BleaBh, HBeimeada, SMarlend 0005, 1L Hﬁ'&
- HTH|
Camo A, CHESTLSSLS
Deparirent of Psyohologs . Vawser College, Poughbeeprs:, bew Yoek 12000, LS A

Abstraci—Ese moserngeds of norral mpikay and moekess wath pulsinar ksioms were
recifded on vadeo e s 1R animeils spasmlardviisly soanned o consgies SLinwalis strdy

Driiridg 1 1681 dpwhioi, LORaT Wwask allddd) bo gty slifiadin i Ehe ddran, AlBongh mankdss wiih
pulsirar lesioss were nol smpaired i ciher visual crmentadion or hahiluaison 1o the nosel
SO lus, IReir @b MO cmemls were sbnosmal in two wase. i, they appeaned sesually cap-
pupesd By ehe stimigh, makisg e saccades niFihe arras . Secomd i%ir linabions were abnormalls
prolosged. These coe-movement abnormaldics apneared 1o be 33sociaed with o disedder in
WigLa] proetsing Pelhed ARG SR bl iflon] on dsulossilod Sonilicl

Tieert e strong evidence from both anatomical and electrophysiological studies that the
pulvinar nucleus in primofes mediates some aspect of visual function {for 4 recent feview,
see [1]3, However, the resulis of behavioral studies have provided linde information regard.-
ing the nature of this Munction. Despile exiensive reciprocal connectrons between the palvinar
and corbcal areas snvodved i higher lesels of visual processng, i.e. sinate | 2-10]. presinaie
[3-6, B Ul-16], and nferior temporal corlex [11, 13-15, 17-19L moenkeys with pulvinar
lesions perform normally on o waniety of viseal discrimination tasks [20-22], Siace the
pulvinar recenes additional input from the superficaal layers of the superor colliculus
fZ1. 23-26). damage to the pulvinar may instead produce oculomolor impairments: samdar v
ihose described m monkevs wah collicular lesons [27-33), Indesd, there are newrons in the
pulsinar w Rich respomd not only 1o visual stimul [ 34-37], bul 10 eye movements as aell |33|
| Recently we reporied an analysss of hoth the oculomotor function and the discrimination
capabality af monkeys with puhinar kesions | 3], Ahhough these monkeys were unimpanred
in learning the vl discrimination problem, ihey demonsirated tao eye-movement abe
normalities, Unlike normal monkeys, monkeys nith pulvinar bessons appeared sisually
captured by the stimuli, showing a paucity of saccades to blank areas of the display. In
addition, ther lixalions weére abnormally prolanped. mearly 5 msec longer than ihose of
normal monkeys. These abnormalities appeared 1o be related 1o 3 disorder in sisual process.
ing associated with discAaminanon learming rather than to an aculomotar impairment,

- The purpose of the present stimly was o delermine whether monkevs with pulvinar
fesions would demonstrate gye-mesement abpormulities when they spoarareousle viewed
wisgil stimul, Sponptaneous viewing was studied in o paradigm in whech vissal orentation
and habituation could also be cxamined (see [$0] armd [41]).

T
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METHOD
Kahjreni
The sshincts were oght yowng alull riwosos monkeys | Waveva mifurw of borh seaes, scghing from 4 10
& kg un ehe ume Al surgeny, Foir al IBese mosikey 4 Baad Balaiveal lesioss off the pubomar necleus (Gooup P
anmd four were wnoporaicd comired (Grown Sk AN subg e the same &6 those whi parisipabed i e
wiikad] disCiumina D caperimenl fires iy deporeod [ 19

Beain pergery and Biciafigy

All mopkeys in Gerpup P usderwsnt surgery al lgast 4 monifs prioy 1o behavioral temting. Palvinar lessions
were produced by passing radm freguemcy currerd through slercotaucally pleccd elecingdei, Complete
die ik ol sungnis] ol hislological procedures are reporied elsewhers [12].

Pudvenar lessons of indivediusl anomals. cdomed antn standard esranal sactsns al & normal maakey brain,
are presenied s Fig. | The lesiors in all lour monkeys were eutensive, but sulbtotal, in 61l caces spaing 1he

FULVIMAR LESICHS .

Fici. |. Pubsimar fesions of individus| mankeys ploted onlo coronal sections ol a siandard

mankey Beain Cononal sesticen are at stereolasic coordanaies of AF - 20, - 1.0, 00and = 1.0

Blackened areas indicate the besion ; stappled greas indicate camplcts cell loss and denie gliosis

Aztual iracengs of coremalsections through the thalamus of each monkey wilth pulvinar damage
are publiahed ehewhere [42)

arderior portion of ihe mecleus. Mowever, miwo of the monkevs (P-GIT and P-G 1% the cawdal exiant of
pulvinar lingralin and palvinar alerios was compledcly destroyed. In sddition to pulvinar damage, passage
o ke electrode consistendly produsced minimal tilsteral damage 1o the Tovms and oonpus Calbeduns. Thare
wii no deteceable damage o either the prelectnl ragles or the wuperar collicubus, alikough 1k besion did
encmaach on the brachivm of ike collicule in all asémals.

A pparating

Ere movemens al mankeys wire recorded usang 186 Mackworih corneal reflection techrique [43]. Deiails
of the adapiation of ihe apparatus for recording eye movernents of ureesirired moskors are reporied
elnewhere |43 In 1he presenl eapetimnl, L Monkey vicwnd stifeli ithrough the eye port of a iesi chamber
equepped with an electronically controlled shutier. The stimsull were rear-progeceed onlo a trasspenent display
scheen (25 em 25 emb pliced 13 £ from the eye pore, A Rall-sileered mirror was placed at a 457 argle
berween the cye port and the stimudus display. A& television camera with & telephaio lens wai pessaned af 1he
sude of ihe tesn chambes, [reem the arsmals Lo of Sight ;i@ was fowesd wpon the hall-silvered murnor and
recodded (he image of the meskey s cpe wilk the reflection of the stimulbus display wpon ke comres, The autpul
of the camera was continuously mosdiored during vest sessions asd stored on vides Lape for subsequend
dabs analvsis,
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Provealuss

Prove 1o lesting, sl operaied snd neamal monkeys were rdaned 10 posiliod one e i The eve puet of the
tesd chamiber and wan o phosograph of § monkey lace, The stimules aray used dwnng lesting conssted of
I# promebne figures: each figure measured 4.5 cm © 4.5 cmi (& 75 wrieul anglel. The array wat presesied
far 3eder trials wigh & 3-sec inkerurinl onlerval, 40 trads per day, on re0 consecutive days, Monkeys were

rewarded wiib 2 single banang peliel ai the end of cachiral. &) nolame dunmg Lesting were rewards given lar
elective pavieind ol wanning

Fici. 2. Stimulus arrsyi used in the preson) @udy. & wai presenied oa irials 0=10 znd 1 -0 of

each day's sedason | B was presenied on inafy L L-M. The corcle with the slanied lines en B o

ket stimmilus shich was colared red of day | nLIr'.Ilﬂ.. an &y 1. ke circle in the 1op ling of
ibe array was colored red.

Oin che first end lad 10 ety of ach day's sesssan, al ol ike 16 Agures within the srray appeared as white
siimudi om 2 black backgrownd, as shown in Fig. 21& L On the middle 20 ik of esch diy's seation, o wngle
Rguse withis (he arfay el codored red, &4 aldwd e Fig. D00 Viual oriesdabion and habsbuation 46 ihs
nawel ibimwlus wers recorded by vileo taping exe movermends as ibe monkey scaneed 1he stimailus array

Fideo tope owd dala gnsl) i

Lipos comgletion of Bohaveora! igsling. a trad-by-iral analyus of the video wape records was mads. For
each irial, ke monkey's paint of fuation on the stimulus display was Ssoermensd a8 M0 mase imtervals uling
& semaauiomarsd comgener graphics wvuem, The cgchnngue lor determining the.posni of fivadion was as
Tollawi. Twao compuier-germraled mghl snghe cumon and @ circwlar carsor of adjusiable dlemeier wene
sisperimposed on stopped frames of the video 1ape. An obierver preciely poddlianed ke iccular carsoe aver
ehe wmsgs of the mosdey's pupl and positioned 1k fight amghe curiors over the corneal reflecisons of ke
Boltom comers of Lhe slimules display. The cursor coordimates for every il (rame sere geosed bn (i
manner and were yiored in degpasl form on mageeiic wpe. Subsequently, the coandinate data from these
scaned frames were indegraded wilh information regarding 1be position of the stomuli sithin the deplay,
theretiy deserenining gt 200-meer imtervals the mankey s poie of Ruation anibe display. The resoluticn of 1k
ere-mavermend syslem, which was approsimately — ' of visual angle, was well within ke socurscy required
fior discreminaning beteeen fagtons made among the stimulos Agures withia the dhplay

Mans-'Whitney L' besis (1wo-taibed ) were emplayed 1o fedl Tor sapnificamt differences Beiween Growps P

d M. ‘Within groug comparisons were made ssing the ¢ tesl lor related mesns (rwo-laiked). &l 1eis were

pemed om The combined dara lrom ihe 2 diys of iesting

RESULTS
Firaal erienration and habdnarnion

A comparison of the visual fisations of monkeys i Group P with those in Groap M
revealed that pulvinar lesions did not affect either visual orientation ar habituation o the
nvel stimulus. Diata in Fig. 3 indicate that both mormal monkeys and those with pulvinar
lesions oriented 10 novelty by shilting their gaze 1oward the stimialus 1o whch color was
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BLDCES OF Fivl TRALS

Fati. 1, Wbual Aivatiost direcied 10 the povel $timulud by mormal mankeyt and by monkeys wiik
pulvinar lesions. Trial blocks 1, 2 7, and ¥ are the coainal il in shech all figures within the
array, ingludsng b novel shimuolus. appeared while on a black background: irmall blocks 1
Chrough B aie che 1faah i whioh the povel simalig wal coldiéd rad. The dia o 1&g and all
srbsegpoend figures ane the combened reswlis from dke 2 days of testing.

added. On the first five novelty treaks, tnal Block 3, Guatons on the novel stimylusimereased
Eo dnm :qu=.| enlénl for both groups (=7, # = OLHESY, Habalwation 1o Uk aovel stimules
occurred at varying rates for individual animals, but was clearly evident in all monkeys by
trial Block & There was ao signficant difference in the rate of habituanas from imal black 3
to trial Mock & between the normal and operated groups (L = 5. F = 0.486). Although
mankeys with palvinar lesions appeared to ignere the novel stimulus when it was po longes
colored red, this effect was not significant on trial block 7 (U = 4, P = 0342} of trial block 8
(U =5 P =0,488),

Fisual iranaiig

A comparison of the distribhutian of visual fixations directed on and ol the o imelus array
fior monkeys in Groups P and ™ indicated that pulvinar lesions produced a restricted patiern
of visual scanning. As showsin Fig. 4, normal monkeys fixated the stimuli approximancly
60% of the nme throughout wsting; that i, almost 0% af their ﬁ:l}albu-n.: were directed ofl
the stimulus display, This wai true even on trial Blocks 2 and 3 when the novel stimulus was
present. By contrast, monkeys with pulvinar lesions consistenily maintained attention to the
stimuli; fewer than 15%, of their Aixations were derected off the display, a significant differ-
ence from normal monkeys (L7 = 1, P = 0,058), Although there was a irend for the operated
monkeys 0o make Fewer total Axations than normal monkeys, Lthis elfect was not 1||n|rrc:nl
(U=l PF=0l0d4),

Drurarion of vinal fxatlons

A comparigon of the mean duration of visual fixations of monkeys in Group P with those
in Group M showed that, throughout testing, the finations of the operated animak were
abrormally probenged. Data in Fig. § indicate that, for normal monkeys, the duration of
visual fizations consistently averaped between 210 anpd 270 msec, whether the amimals
were fixating the novel stimulus or fixating one of the other 15 figures in the array, Thus,

p
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Fita, 4. Dasteibutson of vt futions direced 10 ihe slsmub wihan the array coe aligilsy o and
directed off the array Joll duplay 1 for socmal mnkays 0ad for fionkeys 2l poloefur levims
Esuh lixation o defined a3 one 200 mae vadin L Framg

ASECH

MEEAN DLRATION OF VISUAL POCATIONS

BLOCKS OF FvE TRIALS

Fe. 3, Mean duravon of sisua) flastions (mees 1 over the course of teyisng Tiar movrmal Pannkey

anid for mankevs with pulvings besioin, The data are averaged wparasely for thove Bgtions

direcied loward 1be fovel Simule and for isose fearions direcred ioward all 1he other 19
figures on the stimulus srfay

despite the fact that mormal monkeys oriented 1o the novel stimulus {see Frg. Y, the duration
of their fisatians on it was unchanged Mankeys with pulvinar lesions differed from normal
monkeys in two respects. First, their flaajions were abnormally prolonged in general:
when viewing one of the |5 control stimuli sn the array, the fisations of maoakeys with
puivinar lesions averaped approximately 300 msec longer than those of normal monkess
(U =0, P = 0028). Second, orsentation toward the novel simulus was sccompaned [n 3
significant Intrease in the duration of fixations on that stimulus for monkeys with pultinar
lesiams {f = 7,56, Jf = ), P = 001,




P Lomini Co, Dloaci wainivin and Coms & Comisi i

DISCLISSION

The resuabis of the present study hive shown that, although nsankeys with pulvisir lesions
did Aot difler Trosm naormal mwnkess in @iher visnal omeatiiion oF habiluaton o a nawel
stimulus, damage 1o the pulsinar did Dnfloence veual behasior, Unlike noromal monkeys,
masnkeys mRh pulvnar lesions appeargd visually coptured by the stimulus areay, showing,
few sacgades o poinis owlside 0s bourlarics. Moreover, these munkeys demonsirated
.|I:1n|.rrr1;|'uill3' prislomged liaalvwns, an effect whch was enhunced by the novelty or salicnee of
the vigwal suimulus, These results extend owur prior findings by showing Thar cye-movement
abnermalitics produced by pulvinar damage cccur not enly during discrimination learning,
bur abso Juring spontansous scanning of viswal stimuli

Wkat 15 e natuee of the im pairment umh:rl}ing thicse cye-mavement shnormalities? The
diata sugpest that the deficits are attributable, at Teast in part, 1o a disorder in the processing
of viswal*mformation. Visual capture has previously been reported in human infanis [45
and retardafes (46, 47| In these mstances, it kas been interpreted as an indication of limit
procesung capacity. Prolonged fixations by monrkeys with pulvinar lesions may reflecpfain
aitempt 1o compensate for such 3 processing impairment, This hypothesis would eaplain
the lhinding thot monkeys with pulvinar lesions Tal visual diserimanation problems only
when the stimuli are Aashed very briefly [45], 3 sitwanon which woulkd greatly disrupn dis-
crmmation learning m anmals whe require prolonged periods of observation e adequately
provess visual information

IT this hypothesis Is correct, the duration of fisations in monkeys with pulvinar lesions
should be a function of the processing demands placed wpon the animal. either by the nature
of the stimulus fixated or by the complexity ofghe test situation. The combined results from
our two siudies show that this is ﬂp-pa!tl‘.[hr thee cace. Fruest, when scanmng the stimualus
arfay, mon kieys with pulvinar [essons fizated rhe novel dimulus for longer p-rrindg than they
fixated the other stimuh. Second, their fisations averaped 300 msec langer than mormal when
the animals spontanecusly veewed stomuh, bul aweraped pearly 500 msec !Il:ungtr than
normal when they were requered 1o descnminate between stimuli

While these Jatn suggest that palvinar damage produces a disorder i visual processing,
a second hz.'pnq hetzs deserves consideration; the eye-movement abnormalitees observed alter
ablation of the pulvinar may be due to allerations in oculomotor function. However, the
resalts of newrological tesis indicated that visunl pursait, horizontal nysiagmus, convergence,
vertical and horzontal saccades, and pupdllary refeaes wpre normal inthe monkeys with pul-
winar. lesions. Although quunlil;l[n't mediufernents were nol made. therr eye-mavement
velocilies appeared normal as well, These findings attest 10 the basic integrity of the oculo-
maotor system i monkeys with pulvinar kesions, but they do nol demonstrace ihay all
aspects of their oculomotur capabilities are normal. For example, they may have difficulty
||1|||;i,||mg wisually=-gumbed eye movements. Their prolonged hxatons would thep reflect an
inereased latency o mliale succesive Saccades. Increnses in saccadic latency have been
reporied in primates. following ablation of the supgrior colliculus [30-31], a structune which
prajects 1o the pulvinar [21,23-26].* However, as discusied in our easlier report, monkeys

-

*The offovts produced By insdsencnt damage 1o 1he Supersdr cllicalus were condidered ap length in our
prige fepart [39). Brufly. abhough tBe lesions in all fosr monkeys did encroach on ke Beachiam of the
colliculus, the moskers who demansiryied 1k mesa prolenged Reatioss (P-GIT and PG 9 susiaimed 1he
sl gpulensive damagr, nob b (B brachium, Bul rather 1o the caugal porisan oF the palvinar, Thass, while
damage io the brachium may conusbute to ihe effeeis produced By pulvinar hetions, sech damage cannil

eaplain Thean, l
&
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wilhi pulvinar lisims s ca il I.|I.|1h"'|5|'||.' thizar oves rapaably, .t|||1-|'\-|I.|_'!1 Theey dur nasl |!|1'I-1|,'.1|I!||
o s, Moreover. the sisual caplure obaerved in these asivkeys is aol casily explasned by an
impairment o the :|l‘~|||:]. Ly patiate viswallyspusded cye msvemwents, Moncthekess, riporous
Formalized festing of their cxve mawements bt im the lght and in the dark will be necessary
to determanc whether monkeys wath pulvinar lesions insliale eye movemenls norms

J # ok mmidealprmens We wih b thank P Kamn TE 1w asi Bor gengsously eatending i ok the Tadilsies
wof hiy laburatory 0 Sanbaid Lnicrily Ty gomdoct i rescanch, The roscanch was supponiel i pard b
B Pemddesvoral Follosshap 8% S50% e | G Ulngerkeke amd Ba MNIMH Lairane M HIZ970 0 K. K
Prbram. & prelisunary reparl af the Bndiegs was presentcd ab the Soicny For ®euivscienoe Tl onngad
Meeniag, Anaheins, 1977 |39)

REFEREMCES

1 Cwail pa, L MA seview of cat anad moslbey siodies insplicatimg the pualoiar wnobosoal Tums o Belyer
Hiod, 20, 144107, (977

Y ReEsasisrin, Lo A and Resak, 8. Fsisigonieoal ibe paypeg i miie 1o Ly ré ',:l il al sinaic cortes dpmes 1 7))
m the rhesss ssonbey 4 Wnceca ninfaidal, From Res, S, 55-55, J9T5,

1 Besasewow, LA ored Boras, B The cwninesl P s ol D anlgrned palvinar amsd gdpyont Lieral
pulvinn s i the s moaboy | Unees sabwtinl an anlorsdivgraphne stodn. e Mo, FOE, 1224, 197

4 Basak, Poond Mases, B L Commectioes af cocigimal bobe enonke mankey. dosir &, 142, 200 207, 1962

. Cavemd-OErida, J & gl Haviwos, W, B 4Uin the organisifivon of the visual coriscal pavjecison ue e
pulvinar en Vlarure sobairg, Braie Bolor, Bl 8, 193 220 1972

mt! 6, Canrrd-LRTioe, . A, Havioos, W, B oand Ciovie, 1Y | om %, The dosoomding progoctions (rosm the
| cortkal vissal felds of Alweee meluvia weib paricolar releremee 1o b guostion of g varles-lateral
' . genulaie puthwas . Hrain Foley, Ennl, X, B8 304, 1970,
ToLewin, B8, Losis, B D, Mesmmmesss, & E, Hesr, AL H. asd Fuoiis, A, F, The oagen ol ¢iforeni
.II fiBwayk Trom ihy powimigrs sl gorgs, aeca U7, o Uhe macague mionkey & shoan by reirograds
iranspaari of borsradis®y peroidise. J. i----.'- Aol Dbl JHT 30, WTH
.I_ E Mirries, F.o A& Cortkolugal Bher comneviamon qil the cares ol Vuans reodaiie. Th akivipatal regsan
. A e Sopwrod, B, 220280, 1HRR
i l 2. Myees, R, E. Sinais cortey conmectioes inthe mankey. Pyl Proae T, 352, 12
+ 1 19, Thrami s, M.and BisoRe ksos, & PoBwass Beleogm sifialy cortes and subsoosticald eeprns in Wiy
i paerlart i ord Sarvwind el euidemor Tor a meoproscal nuhanar coomectson. Lopd Seweol 85 T80 500,
L4 76,
| ' it N, CEow, K L. A mruur'ud-u.' el degoigratmn whady of the carissal prigectim eld of (B pulsimar i il
monkey. S reswr. Nenrad 83, DU BUG, 1950
| 12, Crank, W, E. Lo G anid Mo nie g, [W, 0 T ol gy b ad Tha poboenar m the macnge &5
:l maebay. Brod 6l 176042, 1917,
18, Cowiy, A and Geomsy © 0, Efecis of foses! presarizie and imferotenipors) keisins o viia) diserimsfia-
el Amon By rhoius mankeys |':1|l[_ Brm R, J, 128 |44, |9 qlk_
| 14 -Ermuesiies, G bwas, B Wisains, W and Koevane, M. E. Visual discrimsnation on (b monkey Tollis-
TR g agTial abkiihen o imleratensporal znd preocipelal goites, Jogoompn, plvaed. Poocdaed. 68, 110-1107,
15, ——
'I: ! IS, Trouasivasks, J Q. Allerem end cilerent connetions ol pulvenar inotsiies monbkey. Searoscl. bt Lo
| BET, 1978,
| b, Wasarpai, B A, Garrre, K. O and Posweii, T P, 5 Cortain coneetioes of the visual corbes of the
z monkcy shown by The use of horsoradich perosidase. Brain Kes, O, 456 d&], 1975,
11 17 Iwas, E. amd Misikes, M. Further evidence o the lovus of the visual ama in the semperal bobe of
the momkey. Eopd Mol I8, SE5 -S04, e L
L IR. Smuwine, E. B Th-f temnipons-palvinar connecipons bn 1B rheius moakey, Anch, Aewd. 13, 1212200,
T 16, & .
f 9, Wattuoed, DG, and Maura, W, J, H. Subeortical propecisons feoen ihe temporul neoceeses on Mucacs
I mndiri, J, croesr, Nenrod 108, 133-313, 1954
ﬂ ML Cwow, K. L. Lack of behavioral effccis followeng desiruction ol zome dkalimic asses gt muckes in
¥ ¥ =Y. A, Aleal, Aswnr. Aveh. Newrwl. Pavebiar, T, TEI-771, 1954
| 2l M-, Cootical waual arcas and 18ie inleraction, In The From ol Womoe Bebor, & G
| Kaarsvam and X € Epqcors (Editors), pp., 18T-208. Sapinger, Berlin, 1972
i 1 Uscrrinome, LG, Gasd, e a4, K, H, Sige commstlaney m rdwius monkeys elfocts of pukvimar,
| presirizle, and inferotempornl lesioss. Eypl Broim & 17, 351 20% 1977
| &




——mry

19,

40

a5

45

4T

a5,

Lakiie G Whscimidinm and Cesoi & Ciemis g wsr~

Resivi st LA and Favbos, J. WL The mscendeng progections of 15 supenor onllacibas enoehe phoiag
miekey L baind dialanid. B ooy, Seweod, B8R, FIS-RGT TWTE

Mlarmrms, L M. Toctal projectidn oo ibe posterior thalanms of he squirred monkey, Bonm &ec 3
i B - B L

Paminon, G, 13, Croaowsie, M. Yed Seomn, § Thalamu oot sss of (B wopw e ol lsulas i the
rh?;ur'lmnh':r. blarmrw swoie. A Digha and eloctron microscops siuly. J ceuip. Yewrid, 1TH, 285358,
1977,

Twoussiroiii, J. Q0 and Jacopsos, 5 Perowdase Libeled sebooriczl aifens @ pulvinar i rhous
masfikey Braidii Ken, 97, | 42-150, |975,

Avmasay, 1 E, amd Worre, B Ho Moddifessin of the pemenn of saocsdiv ove mavenimnis "'ull.-_'.ulm
ahlation af the monkey sspomar collicolus. Sewmisad. dhare 4 T8], FYTHE,

Lpssy AR s, [F The medbenin amd moder Bicgnihios, P R Jawr, Veod 85 537415 jda?

Komrs, [ amd Burnee. O M. Deficies in visusl discrifenxeon perfarmare ol oo movemenis
oo enig Superine o il ablabwss in ebgsus monkeve, Nevesoay, Sbate, B 1133, 1970,

Wioswrm, C. W, and 'Wimrz, B. H. Role of sirare corted dfdd saperin? colliowelos in visal pusdance pd
socedddiv ey Movemenis in moskess . Nenropdoraind dil, Td-04, 1977

Soumier, P H. The role of the mmonkey g iod callivolus ifi gve deeeed and sision. focesd. Spdirkul
I, 5180 1972

CWhers, B H. and Gouisman, M, E T prinsile supenor eollsislus amd dhe shill of »saaal arencion

fnver, O, 100 HF 450, (W72

. 'r"l"‘lIHT.n'- R H. amd Goapnimisd., M, E Actisity of appetor gudlivples en bebasng monkes: 1Y, Effen

ol lesions om eye rravemenis. J. Seawgminaio]. 38, S07. e 19T
Anpsias, ) M., Kaas, ) H, Last, B, H, amd Miisas, F M A roproseniaisn ol ik veaal ebd inoihe

imfersor sucleus of the pulvirar in the owl mesmikey {dane ifoirgats b B Sea 40, 290300, 1912,

. Besiakn, I3 B, R;IJI‘IH#;'«.L argafmsingh of Lhe snlenior gulvinar of The rhovas monkey. Faper preseesed

mt Spring Mecting. Assoc. Hes. ¥is. Ophahal, 1978

CGarTass, R, OswaLisp-Cair, E. amd S da. & P B Visgolopiv argisaiion of the cebus pulvisas; g

double representaléon of che contrakiicral hemdield Bt Rea, 182, [- 16, 1478,
Maureitad, L. H amd Rapitiro, 5. C. Visual and sonutosensory receptive hickds ol neuross & the
sguirrel monkey pulvinar. Braiu Res bl h5-E1, 1971

c Pemmvuacs, KM Lisidny. D0F, and Lisosaey, T B Pulvanar umil nesposeses sssovisivd with aye

mvemenis in sguerrel monkeys. Sfarmicd, dhare I, 28D, 1978 '
Uscenceipen. L. G, asd Comdaedes. O A, Pulsvimar lesions in monkeys produve absarmal eve
idecmcila dufisg visudl disorimdalian Irainefig, Boom Bes, 136, THU-198 1977

Bacmraw, M. H.. Mackwonta, N, H.and Passasy, K. H. The eilec of rescctions of ihe inferalemparal
cortey oo (ke ginggduld O vdal eendetiag ohd Babilgation, Nessemoebober 00, 153- 162, (972,
Mackwonrs, M. M. asd Oren, D, A&, Mabitstion of (ke veusl orienting response in voung chikdren
Precept, Poochipies, T 1750 TE, 1970,

. Uscemidinga, L, G, aded Prigkasi, K, H. [nforolemspdral vordas camhined polvinar-prosinace ksion in

the sheses monkey: effocis oo color, objecn, and pavern discrimensisons Newrogsyebabipin 15, 461098

1971
Markwomrn, M H. The wide-argle rellection exe camera for visual choice and pupdl side. Perrepd,

Prichopkit, X, 12-34, 1963

, Bacmieaw. M HL Marwwonrn, M. and Prianasa, K. M. Meibod lor recordieg and asalyeisg weoal

fixatwong if the unscsiigened monkcy. Pecors, Vet Sl 30, 230, 1970,
Sacararek, ' Palbésn peviepinon in early infancy. In Infewd Percepdive Frow Seaaafeon Ao Coeniiiae,
Pari [, Baaic Visvad Preorines, Vad, 1 L, B Coneis snd P, Sacaramok (Ediborsh, pe. 133-248, Academic

Prews, Mew Yark, [975,

C Muie, W, and Boarwas, F. 0. Vissed bafurdiriog Seorck 8 N and Reairelind ©hildeen, Ratlerdam

Uiniversiy Prees, Rolbeordsn, 1976
Wintos, K. M. and Boemisa, F, |, Fir Muvewenre Sweepedie Beoetion amd Cogainfie Deveinpmeas.

Raiserdam Limiversify Press, Rouerdam, 1974,
Crarees, L. M., Cover, B, 5 and Lessowiy, 00 B, Efed of palvinar lesioms an vissa] pariern dis-

ermniinution in monkeys, J. Mesophesial 39, 154- 189 9.
Commressis, © A and Usciripnse, L G, Pulvicar lesions in mohkeys progduce abnormal scanseng

of comples siwoal arrays, Mesroacd, Abaer. 3, 350, 1977,
¥

e LT




g sbasl | pROsE O YHFSEDS S PO 0 altas ] Ssssisn OF & 1o Es it al sEEas L]

B s
ilm & eArPRLER TS bal widdn ies SbuerSefld wrslapfers de pepgre eodspun o

dr BiEgei Jeed Iefnma de pelvisir alofd ger lewe rrgisd belarnin a@cRLORSEAAE W%

ilvmules rodpleoy, Perdari la sxssien d 'soseen, e coulewr Sralt afeatde § us

dan whimilus S8 la preseriscion. Bien qef |#0 Singerd dved [rmisme du ;-,.l.nu.'n SR T

irsshidn mi dase Leur ordeacsipion vines|le ah dons | "Sabiiuidien | cr nooeemi wilomulun,

[inips @rgersmabl drubired devendirtd dnormaan de 1 lagoes 1% il e FLE T FYP ]

papiurdd ppligermersd par les scieulus ac pei de marcsdes o' dedept dical #f defuifg du

dinpunicif; I dware FPlasnbong fralen: snsdmslemmt prolesgfrs, Cri apomalins dos

B vrlle il ACuRLITEE JREldaaiafdnl @fdrirem 4 uk drigrdfer fu droriemerd #iwel plaadc

") un LRmibly du frsirhle orele-meter.

Deutschsprachige ZusamEnniassung:

Oie Blickbewsgungen von norealen Affen und won Affen mit
Pulvina=lislonen wurden auf ¥ideo=-Bindern reglatriert, wihrens
die Tisre spontan eine kooplexe Stimulusanordnung abivchisn,
Wihrand der Teatsltzungen wurde sipes Stisulus dis ARprdnung
Forbe beigaflgt. Obwohl dies Affen mlit Pulvina-ldslon wedsr

in thrar visuellen Orilentlerung noch in Lhrer Oewilhnung an
dlssen neusn Stioulus eimgeschrdnkt waren, waren die Hlick=
bawspungen in reelerlel Welse nbnorm, 7um sinen schienen sie
darch die Stimuli wisuell pefangen, indem sie nur wenlge
Sakknden von der Anordrung weg oachten. Zuo anderen waren Lhre
Fizmtlonen abpore werldnpert. Disss Abnormititen der Blicks=
bewegung achigmen aher nit siner Stirung 1n dar visuellen
Verarssitung werbunden zu seim ols mit elner Einschrinkung
dar sculomotorischen Eomtrolle.
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