
1 ‘].his stttrly is ( IIC SI’(01}(1ill :1 series (lc:t)illg
with tlI(! effects 0[ Imrlial ;Lbl;l[if)ns nf ilic lcnl -

Ijor:ll h~l)cs on visu;tl (Iiscrilltirlttlioll lrerf{~rJn-

aft(c. l{csulls of Il)c initial cx]rcrimelll (5)

clcmonsl ra[cfl t flat nlarkc(l ilrt[t:lirntcll I on

visual (liscril~]itl;llioJls rtl:ly I)c I)ro(lur(!(l I)y
lesions lin~i{(:d ({) (he vcIi( Ial !xJPIil)t~s, jl}(lud-
ing lhc hippocamlxtl {orn)a lion :LIId ~hc cur[cx
on the ventrnl surface, tss cnmpisred wilh
lesions of the liller~l [)t)rtitsns of the lobe. ‘1’he
present invesli%t ion was desig)led to delimit
further the locus itnd extel~t. of danut~ necea-
ssry to produce gross decrement in perform-
ance. To this end, comparisons were miide of
the effects of se~rate ablations of ventral
temporal cortex and of the hipJJO~mpaf for-
mation.

An additional aim of the experiment was 10

I

determilie whether or not the wcurrence and
degree of deficit vary direc~ly as a function of
test difficulty. W,vidence sug~sting such a
relationship was present ed in the earlier
study; however, Ihe results were not con-
clusive since the pr)sto[)emlive deficits ap
peared to be rehited also to lhe particuk~r se-
quence in which the tests were administered.
In the present experiment, therefore, the se-
quence of presentation was controlled, in
order to pertnit an eva[uat ion of the effects of
test di~culty per se.

}!ETI1OSJ
Suhjccts

Eight immature male mnnkeys (flfucacu. t,,olu(trr),
ranging in kvcigbt from 3 to 7 kg., ivcre divided into
-——. .—— .—.— ..-. —.. ——. —.. . . .-. —
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1Sup]lorted in Imrt by a grant from Contract VAm-
23379 of the Vr(cmsrs ,\(tministration to I)r. Juhn F.
Iulton. This rcln~rt covers material xrrntnimst in a
thesis sut )mittrtl to N1c(;itl Uoivcrsity, 19S1, in Ilarti:tl
fulfillment of 1)Ic rcrluirrmcnls for the (Ivgrcc of l)ncl{}r
of l>hilos{j[~h}.. ‘f’bc author }risbes t{) cxl)rcss his al)-
preciatim] 10 l)rs. K, 11. I’ril,t am, ;1. 1;. Rusvohl, :In{l
l). 0. IJvl,lJ for their assist arrcc an(t a{lvicc {}n variou$
phases ot the stu{ly, i,) bliss l,ibr f<ul~lj for (I1c his/(}-
l~>gical t~rrl,aratiu]) [,f the I)mins, aml tt) hl rs. Klarilyn
‘1.uckcr Irrrbell) \vitb Ilte l)rcl]ari~tinn t~f {he manuscril)t.
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three operate grrsu[Is nrrtl subdividcrt into tw~] traillillg
grnu} is.

Sr(rgic:a! I’ri)cff?ures

~\nima)s )vcre ancsthctizud willl wsrfium am~t:tf
(().(1cc. [Ier kg. hdy \Y(.igbt ) injertcd int ra~}eritom:alty.
‘I”hc Iemljf]mt bone w:ts rcmvvtii m}d tbc dura incised
nv[~r the Iatcml sorf(ace nf the [cM1)<]M1 trrljc. For
ltrosr m}imnls tlli~t were tn rcccivc uijtations of the
anterior port ions of the hrbc, the zygorrm \vas rcmovcri
in order tn ex~sc lhe pole; for all other opcratcg
anaslomotic veins were corrgulated and severed at
their entrance into the lalcml sinus to Jrermit exposure
of the vclltml surface. Cortex was removed by su bpial
asJliration with a small-gauge sucker. Symmetrical
bilateral f)fJcmtions were performed in two stages,
left hemisphere first, with two to three wc~ks separating
the rrnilatcral removals.

l’cztfrrsl sorjcce leswns. An attempt was made to
resect the inferior tcrnporal, fusiform, and posterior
hip~ampal gyri in animals VT-1,-2, and-3.

lfipP(JcaI~IPectomie~. Rcseetion of the bippoearnpal
formation was attmnpte(f through an incision in the
inferior convolution in animals H-1 and H-2, and via the
amygrlaloid complex in animal HA.

Cors~ro/ /c.rions. Resections that controllc(i Jor the
incirfcntal damage associated \vitfr the hlppocampec-
tomv procedures were performed on animals IIC and
HA6. In IIC, the contrul for H-I and H-2, a scalpel
incision was made in the inferior convolution and
extenrtcd into the temporal horn of the laterat ven-
tricle; hut lhe hippocmnpal formation itself, visible
in the floor nf the vent riclc, was not resected. In HAC,
the control for 11A, the periamygdahrid cortex and
amygdala were rcsectcrf, but the h~ppocampal forma-
tion, visit )tc fmstcriorlv, !vas left intact. In order to
control nlso for extent uf lesion in the H and VT
operates, the resection in ITAC \Yas extended to in-
clude IIIC1s!em] polar curtcx and the superior temporal
convolution inchrding the 9upratempnrai plane.

Tests

‘r~sts included tbc {Iirect method of delayed re-
sporwc wi( h a slidin~ [)ancl intcrposcl] during delay,
$ud five ~,isual discrimirratimls, the f)nircd ~liscriminanda
consisting of: (o) an inverted and ml erect crfuilateral
triivngle, cacb with an arcx of 2 sq. in. aml painted fiat
black on ycltmv barkgroumls; (1}) a cut -[lot circle and
* cut-out s(lrmrc, troth of \Y(){)rl1f in. ill hcig}lt nnd
4 sq. in. in I{,f) surface ur(’:1, f,airll~rl Jl~lt },lark and
rntnrnte(l on yellow Ijackgrmmtfs; f~) ff~~]rhorizontal
Slri{)cs 00(1 w (tianlollfi, titcll ctlvt!ring flrl area of .3 sq.
in., I]aifltc(f flaf f!lark un white l~:ickgrt~un[ls; (L) red
(l/T-f ) rm{f grcco ((X1-!) (.l)h~r-Ai[l pnpcrs (t.ol{,r-Aid
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f .onqfitny,N(!w York, N. \ ); nnIl (,’) light gr:ty (f ;ray
,i) snft dark Kr:ly ((; rav f}) [.10iOr-.\i{l Iuqwrs.

I’rt{,l)t’ralil,cty, :1IIitn)tls w~.rc \ rainv~l on (Ivla.vcrl
rcslnmse :It ()-, S-, nn(l 1(}-scr. IIel:tys I)rcw.n(rvl in
rsrscressiun; Jmstopcml iVI*IY, only tho 11)-wc. inlcrv:d
Wns usvrl.

OIJ the first {Iiwrill!ill:ltit}ll, tht! invcr(c{t frinngic
wns thv rrwtrr(lc(l slil!lohls for :!11 animals. on !l~e
Irrsl four ~lisrrilllill:lli(jlls, hmvcvvr, Ihe fir!;t sfinrltlos
of each pair Wils m:ulc l)ositiv[, frsr foor of t)tr :Inima)s
(V’~-2, 1f-1,11-2,11(1) and (Ict?tlivc f(]rfl}c {)thcrl(jl!r,
This procedllre wasrrdofllc{l to dctcrminc whrfhct or
not tflc rapid [Ircopcrntive lc:lrning of Ihtsc tasks in
thcprcvious sfudv (5), in w~lich the rewarded stimuli
were the same for rsll :ll~imols. could Imvc been drrc [n
rrn initial prcfcrencc for the posilivc (Iiscriltlirlttn[l:i.

The cxpcrion,ots w{’rc cnnductcfl in :tn rrir-con-
ditimrrd, stmndproof rl~{~m. ‘1.hc Icsting cngc faccll x
sliding prrncl which, when ririsc(l, disclnae(l two rcc-
(angular cups sj}accd 12 in. npnrt. Each CUP was
coveted by rr 3-in. hy ‘l-in. I>laqlkc—ulllxliiltc(l for
delayed response, prrintcrf as Ilrrckgrmnrd for the I)krck
patterns, and entirely covcrvd hy the fmf)era-–wfrich
theanimals lc~rncd todisplacc to obtain thcconccrrlell
reward. A one-way--vision scrccn separated theanisrral
from E. Drrily tcscitrg sionsconsistcd of M trirdsa
rfaywith Ieft and right cufssl]aited insprcdeterrnined
hafaaeed trrdcr. Thcrtoncorrection techrrique was em-
pIoyed, rsrrdno punishment, other than withholding the
peanut reward, was givcsr for errors.

In addition to the delayed response and visual
discrimination tasks, other procedures were used for
evaluating changes in extent of visual field, visual
acuity, and reactions to food vs. nonfood and aversive
vs. indifferent stimuli. These informal tests, invofving
no special training, h:lve been dewrfbed by Chow (3)
and were outfincd in the previous paper of this series.

Trainittg Sc)tedide

Preoperatively, nll animals were trained to a
criterion of W correct in :M consecutive trials on
delayed rcsponsc,inverted-erect triangle, circlc-sqrrarc,
stripes-rfiamond, rcd-grcrn, and tight gray-dark gray,
in succession. Twowecks fJostopcrrstivcfy, this orcferof
presentation was maintained the same for four mlimals-
vT-2, VT-3, 1[-2, surf HA—mid rc~ersed for forth
vT-1, H-1. IIC, znd ItAC. The two training groups
will be dcsigoatcd group S anrf grouI) R, respectively.

Detcrrninations of extcot of visnal fichf, visual
acuity, mrcf reactions trr incdibte 8trd aversive objects

.
were made in onc daily sesrrionbefore operation. These
tests were then repratcd once after the unikrtcral
removals, oncc within the first twotvmks folloivingtlle
c--*m~z*P~zi rR-_I;?’:. zn+ at semimonthly inter~-als
‘7*,.Z<.C

strll~lor{,s sorr{ollltlin!: lh~ flltkrliorr, w(rf cxctrrtinfd

ll}icr{~scf)l)i{,all,yfor cvi(lt.n{c {If (l:~OfiIgv(}r ~lcj!cncr:ltif)n.
l{rcooslructiorr~ t}f fflt. Irsions rtrr(l r~j~resrmt:lti~c

cross wclioos nr(! pr(,scntlvl io Figure 1. ‘Jt)c ~ll)l:rrrtivc
resldfsmr two:trrimn~s, ~+(~ Rnd 1[.2, shrj~r l:l~t)si(lcralt!c

(Icvi:lliorl from fhc in[cn(lc(! removals, III I,oth cuses,
in mhliliorr to deep incisions through tll~ inferior
crrtrvotutirm, hrr~c I,ortinns l,f vcntr:ll cortex :Irc
al~l:ltrfl l)ilatrmlly; aofl in If(., Ill{, kller;d cortex l~f
the Jrft hrmisphvrc is cxtensivtly {lam:l~cd, npflaretrtly
:!s :1 result of I)ustnpcrtttive (Iural adhcslons. ‘rflc
rcsi!rtinnsperff]rnlcfl on the six (>thcruninials, however,
confurmin gcnemi t~)tllc cx[)crimel]tal l)latl. f{el;ttivcl.y

minor (Icvistions may IJCnol.c([: slight ~lmo:igc to the
I)osferinr f]ortion of the hipporampal formati~m in
the left hemisphere of \“[’-l (see T:LLIc 1); bilateral
sparing of tf)c l)ostcrior portion of the K]ppocaml)al

~srus in VT-2; invasion of ventral occipital cortex
I,ilai(.mlly in VT-2 and in the right hemisphere of
VT.3; ablation of the right hippoeam!)al gyrus but
sparirtgof thepostcnor portionof thelcft hipf>rscamfral
frrrm:ttiorr in HA; and incomplete destruction of the
amygdaloi(l con~plcxin HAC.

Retrograde thalamic degeneration findings are
given in Table 1. Whersxrs the extensive bilateraf
involvemerrt of the lateral genicrrlate bodies in H-2 is
due in part to direct (famage, gliosfs and fading of cells
in thcventro}ateral luwrr,fourrdalsoinVT-3 anrf HC,

appear to Ire the result of damage to the vcntml portiorr
of the .of)tic rarfiations. Degeneration in the medial
gcniculate bodies is present only in IIAC, the one
operate with a lesion of the supratemf)oral plane. 1ss
contrast to these isolated instances of geniculate in-
vofvcment, pulvinar degeneration is found in all
animals. The six operates with ventral surface damage
or with incisions through the inferior convolution
VT-1, -2, -3; H-1, -2; and HC, have degeneration in tbe
posteroventral portion of n. PuJvirIoYis lateralis; and
the majority of these 8rrimals have degeneratior~ aIso in
the ventral porfion of n. joluitrarti itr~erirrr. 1ss the
two remaining operates, HA and HAC, the posterior
tip of ts. Ptdvittaris mdialk is involved, frrohabty asa
result of Iatcral f)olar resections (2). These findings of
retrograde degeneration agree in detail with those
reported for bat}oorls (S).

RESU1>TS

Iftformal Tests

‘~ransient visual field (Iefcrts opI)osite tile
side of Iesiotl tvere found in HC and H-2
follo~ving t)]e unilateral operation, and again
in H-2 after the contralateral o~ration.
l=:~~r }~.~”= t~.?n<;-n? p~rf;21 allr>flsia may
~f.y.)+~?: :.,!! . .. .. .! ..... . -. - ,.~ ,:,a. r:f:la, jr,”
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FIG. 1. I<cconstructions of lesions. ‘~hc ventral viciv is hn[tnLicIl on with si{lc I)v the Iatcral vic~v of tile corl-c.
sl)on~ling Ilcmisl)llcre. Four rcllrcselltativc cross sections Ilunll)crc{l accnrtling tn seriid l)ositi~)li arc shnl!n lII>lc)\f,
the rcconst roctions for each anim:il. In the recmlstrllctiotls

black in[licntcs Icsion; dashetl lines in the vicioi!Y of

Iesirrn indic:tte decl) (Innxtgc. [n the sections black indicttcs intact cortex.
18Y

.!.. T. -“
.-. .



.,

_—.. -

ANIUAL

-——

vT-1

VT-2

VT-3

H-1

11A

HAC

HC

H-2

. i)cgencration in [;rniculatc llntlics

.——---
lll\ll-

sPurRE
— —

tt.
It!

;:
rt.
It,
tt.
lt.
rt.
It.
rt.
It,
rt.
Itd
rt.
lt.

k{.

—-

—

—

—

—

—

.—

?
—

c
c
1.
L
.—
—
—

?

III:

.-

[,

--

—

—

c
(:
.

:
—
—

?
-—

c
c
—

1,(;
:1

.

—

—

—

—

s
s

—
—
—
—
—

s
L

E—

if(;
])

—

—

—

—

—

—

.-—

—

.—

—.

s
s
—

—
—

1’1, PI
l)v v

s —
—

: ?

s —

s L
s s
s ?
? s
— —
— —
— —
— —

L ?
s s
L L
L s

Pnl
p,

—.
—

—
—
—
—
—
—

s
s
s
?

—
—
—

Note: AC, mygdaloid cmmldew 11P, hi~m~l formation;
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r9.+Ioimris laleralis;Pl, n. pulviwri$ iujerier; PM, n. #ulrinaris
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Extent of damage *nrfof dcrreneratiOnis inticat~ as fOllmvs:C.
almostcomplete;L, large; S, mall; ?, OMSUdoubtld; -, none.

TABLE 2

tions persistc(l until it was sacrificed fi~’c
months after olwration.

Delayed Rcspo)tse

Results ft~r clehtyed response are given in
Table 2. Rctent ion tests were conducted at
only the 1()-sec. int.crvat; ncvcrthelcss, all
eight operates attained criterion in less than
the total numhcr of trials and errors they re-
quired preopermtively. Whereas there was no
consist cnt rclat ionship bet wcen rate of re-
tcarning and locus of lesion, the anifilals
(Kroup R) that received dclnycd response as
the last postoperative test gcncralty !Iad
greater saving than those (group S) that rc-
ceivcd delayed response first,

17islfal Discrimi~lalio~2s

Lesio?t.s. l<esults for the three pattern dis-
criminations are shown in Tabte 3 and those
for the red-green and light gray-dark gray
discriminations are given in Table 4. The
scores obtained by HC and H-2 cannot be
used for the evaluation of the effects of selec-
tive damage since both animals had uninten-
tionally extensive ablations (see ~1)zalomical
Procedures). Rated in terms of degree of im-

Vlsual Soatial Delaved Rmponse pairment (measured as the absolute difference

ANIMAL

vT-1
VT-2
VT3
H-1
HA
HAC
Hc
H-2

Ga@uP

—-

R
s
s
R
s
R
R
s

PQttOPESA1tVE
———

Trials Errnrs
. —

2m w
130 32
740 240
350 85
170 40
200 57
210 60
200 57

msTOPznAmvz

——

Trials Errors
— -.—-

20 5

j3; 6;
50 11

140 47
50 24

()
5: 24

Note: Scorc~ are trials and errors preceding 90 correct choiceg

in 100 consecutive trials. Preoperative trials and errors at O-,

5-, snd 10-sec. dehrys are comKtned into onc total wore, w I\ereas

~sto~tative ttials and errors are for the 1O-SCC. delay.

and amygdaloid complex showed gross altera-
tions in their responses to previously aversive
stimuli. Trainer’s gloves and net not only
failerf to evoke avoidance reactions, but fre-
quently elicited manual and oral examination
instead. The behavior of animat lIA(I, in
which the destruct ion of the arnygdatoid com-
picx was incornptcte, reverted to normal
within the Iirst few postoperative weeks; in
animal HA, however, these behavioral altcra-

between ‘postoperative and preoperative
scores), these two operates rank first and
third, respectively, in the series of eight.
Both failed to relearn or were retarded by 6~
tri~ts in relearning each of the three pattern
discriminations. III addition, owrate H-2
showed a 4(~ to SW) trial deficit on the dif-
ferential react ions to red and green and to
light gray and dark gray.

Cornparisolls among ttle six remaining
animals indicate that the three with vcntrat
surface ablations (VT-1, -2, an(l -.3) showed
greater impairment than the thrcc with le-
sions clsewhcrc in the temporal lobes (H-1,
HA, and HA C). Thus, within training group
R, animal t~r-1 failed both Ihe inverted-erect
triangle and circle-square discri!llinfltions and
was retarded by more than 600” trials in re-
learning the stripes-diamorl(l (Discrimination.
operates 11-1 and HAC, (m !he o(her han(l,

relearned these tasks with deficits no greater
than 150 trials, art{l in the Clse of the invert c’(l-
erect (rian~]e (liscriIllillati[JIl, Ivith Silvings ill
terms of errors. Simikrrly, in Irainil)g ~roul) S,

VT-2 faitcd in 1,(NMJtrials al~ft ~“1-.~ rcquire(l
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Visual ~i~rinlinztimls: rattcrns
-- . .. -——. -—.-..—- . ———-—— .—-

1
lNVZUTXDTuIAMsLC-Z9E~

~lANOLt CIICLC-KqUAlE

ANIMAL I GSOUP ‘——
Pre

—-—
T

—.— . -—---

VT-I R 240
VT-2 s 2oo
VT-3 s 2W
H-1 210
1-Jf\ : 3s0
HAC R 160
rrc R 270
H-2 s s(i)

-—-
Note: Scorssarttrials aIIderror

sttain thecriterlzznwithinthelimits

—.
R

—-—

(89)
(1OO)
(104)

(98)
(146)

(76)
(122)
(259)

prece{lir

—
Post Pre

—--— .-. .
T E T E “-

—— — —- —

1000 (399) 150 (79)
1000 (s02 ) (20 (20)
890 (36X) 200 (97 )
220 (4V) 5(1 (16)
2.10 (s4) 180 (74)
170 (40) 150 (69)

I(Mm (253) 8(1 (21)
1000 (.192) too (44)

.—. .
W correctcl]oicevIn IM consecl

I
—— .-

VT-1$.
vr-2

,. VT-3
H-1
HA
IIAC
HC
H-2

- —
R
s
s
R
s
R
R
s

——. —
Post

— .—— —
T E

—.— —

1000 (3V8)
370 (106)
37(1 (112)
200 (~t;
40

220 (87)
680 (228 )

IOoo (156)

[ traini!tg. Pre = prmprmtive; Po!t = wtowrative: T - triafs: E - errorsUn r,lrmthe~e~).

TABLE 4

Visual Discriminations: Hue and Shades of Gray

Pre

-——_ .—— —-—

8n1PEW01AUOND

—. .— . ..—.. —- —---- ---

Fre l’05t
.-. _—— _-. _—-. -—-.

T E T E
— —- .—. ——- _-——

80 (26) 740 (53 )
10 (9) o (o)
o (0)

10 (6) 1;: (11 ;
o (0) tr (() )

: (35 ) 110 (54 )
(o) 540 (219)

20 (12) 1000 (475)
__ .—. — -.—

,e trials. A score of 1~ triab denotc~ failure to
— . .

TE
— —.

:1$]

0](o)
0/(())
q (o)
o,(o)
o~(o)
0/(o)

——
Post Pre Pmt

T E T E T E
— —.. — — — — ———

0 (0) 30 (27) 1: $;
0 (0) 0 (0)
0 , (o) 10 (4) o (o)
o (o) o (o) o (o)
o (o) o (o) o (o)
o (()) ,10 (5) o (o)

‘1 ‘()) fl(;l 4: (1:1;30 (258)
-—. .——-— ——.

Note: Scores are trials and errors t,rccedin~ w correct choices
in tW consecutive trials. Pre = f,reo~rativc: Post - pstorrer-

ative; T = trials; E = errors (in l~?rentheses).

almost ~) trials to relearn the inverted-erect
trianj:ic discrimination; both were retarded by
200 to 3W) trials in rclearnin~ the different ird..
reactions to circle and square; in contrast,
HA tLt tailled criterion on these tasks with
savings of more than 100 trials over its pre-
operative scores.

Seque}tce oj prese~?tation. Analysis of the
effects 0[ diflerenccs in postoperative training
procedures shows that reversing the preopera-
tive order of prcsentat ion rcsttllecl consistently
in greater impairmcrt t on bsks intermediate
in the sequence (circle-square, stripes-dia-
mond) than did maintaining the preoperative
order. Thus, among t hc ventral-temporal
operates, the animal in group R (VT-1)
failed completely to relearn the patlcrn dis-
crimination that both group S animals (VT-2,

VT-3) relearned with deficits; and it was
severely retardecl in relearning the pattern
discrimination that both group S animals re-
tained. Similarly, among the three operates
without ventral-temporal ablations, both ani-
mals in group R (H-1, HAC) were slightly
retarded in relearning pattern discriminations
that the animal in group S (HA) relearned
with considerable s~ving.

Tesfs. The preceding comparisons between
lesion groups and between training groups are
based on the data for the three patlern dis-
criminations only. Scores for the rcd-greenz
and light gray-dark gray discriminate ions do
not differentiate among the groul)s since all
but one operate showed complete retent io!l on
both. ‘rhe occurrence and degree of dciicit
were thus observed to vary with the particular
task employed, irres[)ect ivc of the eflccts of
operations or training schedules.

If the five discriminations arc ranked in
terms of the range of trials required by the
eight animals to attain criterion on each tnsk
preoperatively, the fol!owing order is Ob-
tained: inverted-erect triangle (160-560), cir-
cle-square (5(F200), stripes-diamo!ld (0 -80),
light gray+ktrk Kray (()-.3()), an(l red-grccll
(0). Although the reward valrrc of the last

z On the (lay in \\’hicll an animal nlt:titlr(l critcri{~ll
on the reel-green tliscrinrination, it rcccivc(l two lmnsfcr
tests prcwntcd for ten trials earh: (u) II:IICrr~l--lwight
grcerr and (/)) Ijright rrfl--l>al[’ green. T’ht f[)~lr (.olnr-
Ai(l I)al)ers USC(I~vcre RT2, (;JJ[~ f, R J II. Jl, :1!}(I (;T2,
rcslwctivcly. l)csl~itc revcrsills (If 1~1i~lll ncss valIIcs,
errorless tr:tnsfer tn tII(’ Ilrcviollsly correct I1OCwas
shown hy all animals.

!, -,.. --- . - ., . .,.. --- ‘.
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four st irnulus l~airs w:Is reversed for half IIle
tu~imals, the arrangcm(!nl in terms {)f l)rc-
opemtive Icilcning rates is Ihe smnc for all,
artfl is used tcntat ivcly 10 define an order of
test difficulty. I’oslolmr:l t ively, this arrange-
ment of the tests is mnitltainett, wilh the
grealrst number of (a ilures appearing on the
inverted-creel triangle discrimination, numer-
ous instances of less scvcrc deficit on the circlc-
square rm~l sttipes.(liamnnd discriminations,
and only a single instance of iml~nirnlcnt on
light gray-dark gray and on red-green. ‘rhe
observed relationship hctwcen rleficit itnd test
di~culty is remarkably consistent for all
animals, whether Iri~incd, postoperatively,
from the most through the least difficult tasks
(group S) or in the reverse order (group 1<).

DISCUSSION

The ~vere discriminulion impairments ob-
served in the two operates with deep and un-
intentionally extensive venlral temporal le-
sions serve to conti rm, and extend to other
monkeys, raults previously reported for
baboons. Analysis of the effects of more re-
stricted ablations indicates that damage to
ventral cortex alone (three animals) also pro-
duced marked deficits on the discriminations.
Removal of tl~e hippocarnpus, on the other
hand, either through a minimal incision in the
inferior convolution, or through the amygda-
loid complex (one animal each), resulted in
little or no impairment. [rioally, only slight
deficit followed combined resection of the
polar region and the superior lateral surface
(one animal). ‘The results demonstrate that
the integrity of the cortex on the ventral
surface, as compared with that of other regions
in the tempotal lobe, is of especiat itnportance
for visual discrirninat ion performance.

The degree of impairment produced by the
operations variecl markedty with the par-
ticular task employed. The pattern discrim-
ination that require(l the longest preoperative
tcarning time yietded the largest number of
severe postoperative deficits; the hue dis-
critnination, which required the shortest pre-
operative Icarnirtg time, disctosc(l I)ut a
sin~le deficit. ‘rhcse results, ohlaincd with
sc(ll~encc of prescn[ation controllc{l, confirm
the cartier fin[ting of a rlire~-1 relations]lip be-
tween extent of deficit, :1s mensurcd in iLb-

solute terms, ail(l degree of lask (lillculty.
(Jr(lcr of prcscllt;tl ion anfl test (Iilficutty
did interact, however; tasks inlcrmt(tiatc in
[he scc]uencc wt:re rclcarnc(t more ra~~idly by
anirnats trained first on the m[~st difflcutl
tasks than by animals trained first on the
least rlificut t tasks. ,

I)cficit on tlIc discritninations was not con-
sistc)ltly associated eilher with retardation in
relearning delayed response or with defects
in visuat fiekts or acuity. It is further signifi-
cant that the two operates with amygdala
lesions, while rclalivety unimpaired in their
rliscritni mltinrl performance, showccl marked

changes in tllcir reactions to aversive stimuli.

At terations in avoidance behavior have been
observed previously fottowing damage to the
amygdala (6, 7); such changes di(l not appear
following lesions restricted to the ventral
surface.

It appears from these results that ablation
of the ventral cortex of the tem~)oral lobe in-
terferes selectively with performance on visual
discriminations, and that damage to this
area is primarity responsible for the discrim-
ination impairment shown by anitnals with .
temporal Iobectomy (1, 4, 5).

SmARY

1. Eight macaques were trained l)rcopera-
tively on a series of visual discrirnin~t ions of
varying difficulty. In addition, they were tested
on visual-spatial delayed response and on tasks
designed to evaluate extent of visual fields,
visual acuity, and reactions to aversive visual
stimuli.

2. Following the initial t rainin~, ventral

temporal cortex was ablatc(t bilaterally in
three animals, the hippocarnpal formation
was removed bilaterally in three others, and
two animals received operations 1Iltt scrvefi
to control for cerebral (Iamagc incidcnta t to
the hii)pocampectorny procedures. All animals
were then retested on all l~roblcms, with the
visual discriminations prcsertte(l in two {]if-
ferent sequences.

3. Post-mortem examination O( tllc ~~r~ins
indiculed that onc hippocampal all(l onc con-
trot lesion invaded extensively the area re-
move(l in th{~ ventral tcrnpor:ll o[~cratcs; [he
six olhcr 1(.siotls were accurately ptaccd.
‘~hatamic (h’generation Ln(litl{{s were c~,n-

“ , . . ,, -----
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sisletlt wilh thItsr Ilr(’vi[]llsly r(’lrs)rte(l for
I):ll){)f)r]s.

.i. \.clll tal 1(’m[)orill rcs(~ctillns I }ro(lnc(’rl

markc(lly ~rca ter inl})airmcn t on the visual

discrimittations lhan (Ii(l the Itil)pcampal (jr
cent rol [)[~rat ions. ‘Ihc numller of Imst-

o~rativc failures and the amount of retarda-
tion varied directly with the difficulty of the
{Discriminations, irresl)ecl ivc of the or(lcr in
which they were I)rescn Icd. L)eficit on t Ilc
visual (Discriminations was not currcktted with
iml)airment on any other task.
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