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CHRISTENSEN, C. A. AND K. 1. PRIRRAM. The visual diserintination performance of monkeys with foveal prestriate:
amd inferotemporal lesions PUYSIOLD BEHAV, 18(3) 403 -407,1977. -~— The performance of monkeys with
inferotemporal and foveal picsitiate lesions was compared with that ol intact animals in patterned string testing and ;.
posloperative relention and weyquisition of visual discrimination problems. While both operated groups were impaired in’;
postoperative telention testing. vnly monkeys with inferotemporal lesions maintained a deficit in the acquisition of a new’,
discrimination. Monkeys with foveal prestriste lesions showed impzirments in patterned string performance which wcréf-"'
correlated with the extent of degeneralion of the fateral genicelate nucleus. Although the discrimination deficit observed in
these monkeys cannuel be attriibuted to geniculostriate damage, the patterned siring data suggest that atterations in sensory .
Minclion may contribule o the impairmen (s observed zfler ablation of foveal prestriate cortex. Data from this study alsos
suggest that the greater Toveal presiniate deficits observed by other investigators are due to encroachment upon the

posiernior portion of inferelemyporal cortex. afun
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ALTHOUGH the circumstriate vortes of the primate brain
has heen the focus of numcrons cxperiments, that ex-
perimentation bas produced no unamimity concerning its
role in the processing of visual information. Thus data
collected  in this laboratory  have  shown  that radical
resechions of presiriate cortex fail 1o <eriously impair visual
discrimination behavior | Fo] o Animals with massive lesions
of e circumstriate belt showed relention deficits, but
relearning was rapid. Thix suggested that the integrity of
this lissue is not essential 1o the Tunctioning of the adjacent
inferotemporal cortex, an area delinilely involved in the
performance of visual discrismination 6],

The absence of persisling deficits in visual discrimination
hehavior after prestriate ablations has osually been  at-
tributed to the sparing of flissue [13.14], Yet this view
cannol explain the sarprisingly Lnpe deficits reported by
Cowey and Gross [4] Tollowing ihe removal of only a
portion ol the circumsiriate beli. which they called (he
foveal prestriate corlex, Less presicile tissue was removed
in their animals than those reported by Pribram et of. |16
and Mishkin | 14]; indecd nearly all the Tovesl prestriate
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cortex appears to have been ablaled in Pribram’s animals.
The discrepancy between the data from the various
laboratories has stimulated a reexamination of monkeys
with prestriate lesions. The results of a comparison of the
visual discrimination performance of monkeys with foveul
prestriate and inferotemporal lesions and thelr normal
controls are therefore presented here. e

METHOD

Animals

Fifteen young adult Rhesus monkeys (Mecaca mulatta)
weighing between 4 and 6 kg were the subjects in this
experiment. Group N (N =5} were unoperated control
anitnals,  Group [T (N =4) sustained bilateral infero-
temporal cortex ablations intended to correspond to area
TE ol Von Bonin and Bailey [F]. The poslerior extent of
the lesion was restricted to several mm anterior to the
ascending limh of the inferior occipital sufcus. Lesions of
group FPS (N=6) were intended Lo completely ablate
foveal prestriate cortex by including both banks'ﬁpf the
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veniral one half of the lunute sulcus, the posierior bank of
the ascending limbh of (he superior temporal sulcus, both
anterior and posierior banks of the nferior ocoipital sulcus
and the pyri between these areus | 5.19]). Throughout the
experiment the monkeys were hoosed in individual cages
and  maimigined an oa diet of Poring . Monkey Chow
supplemented with fresds truit amd vicimins,

Anpparaties

Al trgining and {esting wis carricd out in a guiet cubicle
using a compuier controtled autmiraied dest apparatus
(BADTA) devised by Pribram and deseribed in detail
clsewhere [ 18], Discriminanda were presented on a vertical
display by Industrial Electranics Engineers, Inc. rear pro-
jeciion readou! units with the position of stimuli ran-
domized aver sixteen pancks in o lour x four array. The
interiot of (he cubicle was illuminiied from above and
oulside noises were masked by the lnnn of a ventilating fan,

Fracednres

Preopergtive training. Animals woere shaped to press any
one of twelve lighted punels in the panel array in order to
receive g food reward. The shaping stimuius was the
numeral b Shaping consisted of paogressively diminishing
the numher of fHghted panels until the animal responded
well wilh only two of the stimuli Tighted, At that time
pretruining was discontinued, Mreaperative  training con-
gisted of g simublaneons two-chaice vistal discrimination
Berween the numerals 3 and 8 presented randomly over 16
posilions al an intertrial interval o 5 see, Fifty trials were
presented daily Tive days per week untit a eriterion of 90%
correet on two consecuative days was uchieved, After a two
week rest each animiul was tested for refention and prepared
Tor surpery.

Swrgerr, Preparation for asepliv surgery consisied of
immoehilization with Ketamine (82 mg/kp M) followed by
infravenons sodinm pentoharbirgl anesthesia administered
as necded. Fluwds and  supplemental  anesthetics  were
administered during surgery vio an intavenous catheter,

Both inferotemporal gnd foveal prestriate lesions were
performed bilaterally in a one-stupe procedure by subpial
aspiration using g 19 gaupe  Piibram sucker  through
apenings rangeured in the skull. Bleedmg was controlled by
means of cotlonoul strips and g minimal use of electro-
caiery. Afler the durg was saluied, the wound was closed
in anatomical layers,

Postoperative  festing. Following a two week posl-
operitive recovery period all operated animals were re-
exposed to the preiraining paradigm nntil they consistently
respanded 1o the shaping slimulus in alb 16 positions. Most
animals were able Lo begin postoperative relention testing
alter o single day’s expericnce with the pretraming stimuli.
Afier completion of retention testing, all animals were
rrained  further in the  pestopesative  acquisition of a
discrimination of the numerals 9 aned 6.

Finulty patterned string fests wuere presented [B] . The
stimuli used consisted of patlerns faormed from two white
strings, 1/A16 in.in dia., arranged on o matte black plywood
hoard (24 % 18 in}; the board wus placed in front of and
level with the monkey's cage {18 » X6 x 20in.) floor. The
Lwo sirings were stiached ub their near ends 5 in. apart and
3 i from the monkey’s cage. The far ends of the strings
were Tied 1o /4 in, white plastic revepticals that served to
hold  raisin rewands, Eiaeh ol rhe ¥ patterned string
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arrangements was 18 in. in length, the width varying for
different patterns. The far ends of the strings were either 5
in. or 1-1/2 in. aparf, depending on the pattern. Once z
pattern had been formed, the experimenter rolled the
horizontal testing board toward the monkey, who could
then reach through the vertic;l bars (1-3/4 in. apart) of his
cage to reach the string. ) :

All monkeys were pretrained to reach through the bars
and pull strings from thetr attached ends to obtain raisin
rewards located at their far ends. Following pretraining, the
monkeys were tested for 32 trials per day for 15 days. Each
day's test consisted of 4 presentations of 8 patterns, such
that each pattern randomly occurred once every 8 trials.
Asymmetrical patterns were tested as 2 sets of mirror
images presented twice each. The reward position was

" assigned to insure an equal occurrence of rewards on the

right and left of each pattern. A noncorrection procedure
was used. The configuration of the 8 patterns is shown in
Figure 2. They were selected from those used by Harlow
|8] and Wilson and Mishkin [18].

fistology, Following completion of behavioral testing
the animals were perfused intracardially under deep bar-
biturate anesthesia with saline followed by 10% Formalin
and the brains were blocked stereotaxically in the coronal
plane. They were hardened in Formalin and 30% sucrose-
Formalin and, after they were embedded in gelatin-aibumin
and frozen, 50 u coronal sections were made. Sections were
mounted and stained with cresyl violet for microscopic
analysis of the lesions. Cortical lesions were reconstructed
fram enlarged tracings using serial sections one mm aparl.
Reconstruction of the actual lesions, representative coronai
sections and thalamic degeneration [or each operated group
are shown in Fig, |,

RESULTS

Table { shows the number of trials accumulated by all
monkeys in attaining criterion during pre- and post-
operative festing. The Kruskal-Wallis one-way analysis of
variance by ranks [17] on retention savings scores (3 vs 8)

preoperative trials - postoperatjve trials
preoperative trials + postoperalive triais

indicaled that signilicant group differences were contained
within the data (H = 9.4, p<0.01). [ndividual Mann-
Whitney U tests of these savings scores showed that both
inferotemporal {U = 0, p<0.008) and foveal prestriate
animals (U = 0, p<0.002) were significantly impaired in
postaperative retention of the 3-8 discrimination when
compared with normal controls and did not differ sip-
nificantly from each other (UJ = 9.5, N8} There was no
overlap in either errors or trials accomulated by normal and
operated animals on this test.

However, the two operated proups showed almost no
overlap in postoperative acquisition of the 9-6 dis-
crimination; foveal prestriate animals took far fewer trials
to tearn this problem. Comparison of the scores of operated
and uncoperated animals indicated that only inferotemporal
monkeys showed a deficit in the second learning task (U =
3.5, p<0.07). The difference between the two operated
groups was also significant (U = |, p<0.01} The scores of
foveal prestriate and normal monkeys could not be dis-
tinguished statisticatly (U =17, N§).

Boilh operated groups accumulated more total errors in
patterned string testing than did normal monkeys (foveal
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F1G. 1o and b Reconstructions of jateral and ventral views of the experimental animals are
represented in Fignre Ta. Solid black indicates the area ol lesion; stippled areas represent uadercut
lissue, Vigure 1 hows coronal sections represenlative of lesions in the inferotemporal and foveal
presiripte groups with the tesioned areas drawn in heavy lines. Degeneration of the lateral genicutate
nuelews is represenicil in solid black. (Complete histology for FPS-369 and FPS-294 is not presented
since these monkevs sutfered vaintentional geniculale damage after surgery subsequent to this
experimenl.)
b
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TARLE |

TRIALS ACCUMULATED BY INDIVIDUAL ANIMALS DURING

VISUAL IISCRIMINATION PERFORMANUE (SCORES DO NOT IN-
CLUDE CRITERION TRIALS)

PREQPERATIVE POSTOPERATIVE

Anima! Tvs K Ivs R DQvs b
N-317 250 f) 100
N-IW m 50 w2
N3 151 4] 150
N-32 00 u 50y
N-t43 414 i KRIU)

h 28 0 204
FPs-294 S() 1250 [LH1]
FIPS- 308 151 200} o0
Fi's.310 Aty 280 200
PS8 550 Ol 200
FPS-360 154 RS0 200
IF1'S-37y 250 {20060 1182

X : Hin KSR 330
1130 350 (20003 1350
1134l 500 1550 1300
I'l" 93 450 1110 400
11407 40 RO 100

X 40 1362 87

Parcnlbexes indicate 1hat training was stopped belore criterion
pedormance was achieved.

prestriate U= 0 p< 0008 inferotemporal 1= 0, p<0.028),
In achdition, menkeys with inferotemporal lesions per-
formed better than monkeys with foveal prestriate lesions
IV =2, p<0.07). The Foveal preshiale gronp was impaired
on problems which other animals accomplished with ease.
There was no cvertap in (hen performance and that of
norntal animals on any of the lirst three patterns (U = 0,
o O0RYL. They were also poorer than inferotemporsl
amimals on patterns 1 (U0 = 0 p-20.018) and 2 (U =
p0.0361 The inferolemporal  impairment  was more
dilfiuse. Although (he monkey< with inferotemporal lesions
aceumulated signiticimtly more (otal errors thap nermal
monkeys, they were nol significantly poorer on any single
patiern,

PSCUSSTON

Dala presented here show That the magnitude of ihe
initial postoperative relention delicit in monkeys with
foveal prestriate and inferotemporal lesions is equal but
that i subseguent postoperative  acquisition of a dis-
crimination  probleny,  monkeys with  Toveal presiriate
lesions, but not (hese with infaotemporat removals, are
indistinguizhable  {rom  normul monkeys. Thus, these
findings do not support the resilts of other investipalors [4,
7.0, 11 12 that remeaval of lovesl prestriale cortex
produces as severe o visual disceomination delicit as Chat
seen aller lesions of the inferolemporal cortex.

Can this discrepancy he vxplained by incomplete re-
moval of Toveal presiriate corlex in the monkeys reporied
here? We think not. Histotogical  examination of our
ammils does reveal occasional spaing of islands of tissue in
the depth of the inferior oceipital suleus bui 1the amount of
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FIG. 2. Percent correct performance of normal, inferotemporal,

foveal prestejate and lateral striate animals on individual patterns

used in patierned string testing. Lateral striate scores ate replotted
from data reported by Wilson and Mishkin [18].

this sparing is less than that reported by Cowey and Gross
[4]. Further, the tissue remaining in the sulcus usually is
severed from adjacent structures, thus making it unlikely
thal differences in sparing of tissue in the inferior occipital
sulcus are responsible for the differences in behavior
observed in the different studies.

A second possibility for the discrepancy concerns a
foveal striate projection onto the posterior portion of the
superior temporal sulcus, dn area which has been suggested
to be an important way.station to the inferotemporal
cortex_ This area, though removed by Cowey and Gross and
to a large extent spared in the present experiment; also-
appears to have been spared in the experiment reported by
Muanning [10] whose monkeys showed deficits equivalenl
lo those reported by Cowey und Gross. It is therefore
unlikely, though not impossible, that Lhe differences in
removal of tissue in the depths of the posterior poriion of
the superior temporat sulcus are critically respomlblt for
ihe discrepancies in the behavioral results,

Haw then, can the discrepancies be resolved? While we
intend to explore the possibility that the foveal projection
onto the superior temporal sulcus is an area critical Tor
visual processing, at present our data support the hypo-
thesis that lesions which remove foveal prestriate cortex
produce severe and lasting impatrments only when the
ablation also includes the posterier portion of infero-
lemporal cortex. This hypothesis is suggesied by the fucl
that all foveal preslnale lesions  published - from other
laboratories [4, 7, 1Q, |1, 12] in which a lasting deficit in
visual discrimination beha\rlor was obtained have removed a
large part of the posterior portion of inferotemporal corlex.
lwai and Mishkin [9] have shown Lhat destruction of even
the most postertor 5 mm strip of inferotemporal cortex is
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sulTicient 1o produce visual diseriminalion impairments,
This hypothesis would also exphain & discrepancy in data
collected in this laboratory; a larger retention deficit was
abserved in the Toveal prestriale monkeys studied in this
cxperiment whose lesions inchuded some inferotemporal
tissue than in the animats reported by Pribram, Spinelli and
Revz [ 161 where the encroachiment on posterior infero-
temporal cortex was less.

[n addilion the data (o dafe sugpesi that {he disruption
of discriminalion hy the combined lesion is due o
inferlerence wilh 1wo processes, one specifically related 1o
discrimination behavior - the inferotemporal deficit — and
a second which is more perceplual in nature - the foveal
presiriaie deficit. A perceptual deficit is suggested because
maonkeys with lesions ol foveal prestriate cortex who
showed initial retention delicits v rhis study are similar 1o
monkeys with lateral sirfaie lesions [18] in thal they
maintain a marginal discrimination impairment; they are
slightly inferior to normal animuals bul significantly betier
thutn monkeys with inferolempornl resections, In addition,
the removal of Toveal presiriate corfex produces a patterned
siring  deficit somewhat  similar 1o that produced by
ablation of latera! striate cortex. (See g, 2.)
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The magnitude of the patterned string deficit observed
in foveal prestriate animals is positively correlated with the.
extent of degencration in the lateral geniculate nucleus {rho
= 83), a finding which raises the possibility  that the
discrimination deficit seen after removal of this tissue might
also he due to peniculosiriate damage. However, the
correlalion between discriminatidn deficits and damage to
the lateral geniculate nucleus is not significant (rho = 47}
While alterations in sensory function may influence the
visual behavior of monkeys with foveal prestriate lesions,
this factor alane is insufficient to explain their marginal
discrimination deficit.

In sum tihese findings suggest (1) that future exam-
ination of the effects on visual behavior of ablation of
foveal prestriate' corfex be studied in monkeys with lesions
carclully restricted to the projection of foveal striate onto
prestriate cortex and {2} that lhese experiments inctude
studies of sensory and perceplual status as well as mare
complex visual behavior,

We are presently examining the eye movements of
mankeys with this lesion to ascertain whether abnormalities
can be discerned which provide evidence for perceptual
dysfunction. .
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