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Bilaleral amygdalectomy of monkeys is shown to interfere wilth transfer of
training in the Kliver stimulus equivalence situation. Further, failure to
make “equivalent, responses” reflects some process other than that involved
i stimulus generalization because differential removals of temporal lobe
tissue result in “donble dissociation™ of the interferencc with transier and
with stimulus generalization, Amygdalectomy alters primarily transfer of
training; ioferotemporal cortical resections alter primarily stimulus general-
1zalion and diserimination. The nature of this process, basie Lo transfer of

training, remains Lo be Invesligated.

The present line of investigation began with
the observation that amygdalectomized Ss, in
contrast to controls, run alternately under con-
ditions of reinforcement and extinetion re-
sponded to each set of reinforeing events as if
the extinetion runs had not been interposed
(Schwartzbaum, 1060b). Efforts were therefore
directed to test whether this effect of amvgdalec-
tomy was limited to situations in which the role
of reinforeers 15 crucial, or whether it oceurred
more generally, involving other properties of
stimulus events. Changing light conditions did
not produece habitnation of the amount of loco-
motor aetivity in amygdalectomized monkeys
(Sehwartzbaum, Wilson, & Morrissette, 1961).
Transposition of responses in a brightoess dis-
erimination task was also  found defective
(Schwartzbaum & Dribram, 1960). Thus it
proved unlikely that bilateral amygdalectomy
affected only behavior under the immediate con-
trol of reinforcers. Because of its theoretical
importance (Pribram, 1960, 1963, 1964} this
effect of amygdalectomy on transfer of traiming
merited additional investigation.

PROCEDURES

Subjects

Taghicen naive immature rhesus monkeys served
as 8s. After the initial training proeedures four of
the monkeys raceived bilatora) single stage abla-
tions of the amypgdala; the remaining S5 served
as confrols. Of the enntrols, six received small bi-
lateral removals of cortex of the inferior tem-
porval gyros; eight were not subject to surgery.

The surgival and histologieal procedures car-
ried out were the game as those deseribed in
Schwarlzbaum (1960a). The inferotemporal corti-
cal lesions were marde by the same approach, a
limited arca of ventral temporal cortex anterior to
the vein of TLabbé was removed. Reconsiructions
of the lesions are shown in Figures | and 2.

Apparatus

A modified Wisconzin General Vesting  Ap-
paratus  (Schwartzbaum &  Pribram, 19600 con-
taining o response panel painted black was used.
Two doors, measuring 75 X 7.5 cm. and set 174
cm. apart at their centers, concealed f{oodwells
which could be reached hy pushing inward on a
hinged door. Reward was half a peanut. The inter-
changeable doors each displayed one squace white
plastic {Coniact) cutout. Pairs of squares differ-
ing in area hy the ratio of 1.5:1 were used.

Training stimuli menstred 80 X 80 cm. vs. 6.3
¥ 8.5 cm., whereas the equivalence stimuli meas-
ured 57 X A7 em. vs, 486 X 48 em. The areas
of the equivalence test pair {32 om® vs. 21 e?)
were one-half the areas of the trainng pair (64
em® vs 42 em 7).

The lighting was arranged to allow the 40-w,
Muoreseent light over the stimulus doors to switeh
ot as the two house lights mounted on the sides
of the amimal section were shut off. A muanually
aperated one-way vison screen separated the re-
sponse panel and its Hght from the animal seclion.

Lraining Frocedure

Freoperative. All 8z were trained (o choose the
larger (64 en®) square of the training pair. Non-
corractive technique (30 trials daily for 6 of 7 days
a week) was used to a crnilerion of 90% coreect
in 100 conscoulive lnals. The right-lefi position of
the positive stimulus wns varied accarding to a
modified Gellermann  schedule. The cues were
lighted for a period of 3 see. before the scroen was
raisecdd on each trnul. This procedure was designed
to minimize possible lmdhiscriminate impetuous
approach reactions. Retention was tested after 7
days by the same technique {30 trials o day flor
3 days). The last 10 retention trials were given
an the fourth day as deseribed below. Equivalence
tests followed ihe final 10 truioing trials with
the equivalence stimuli presented for 20 trials
with reward for either response,

Postoperative. Following o 2-week recovery pe-
riodd atl S5 were tested for retention of ihe dis-
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erimination. Animals with less ihan 909 retention
ore retrained to 00% criterion. Equivalence
frinls were then resdministered as preoperafively.
Performance was expressed as the number of
ciuivalent responses and caleulated as rvesponses
t0 the =ame stimulus minus 10, This value gives
the number of responses ahove chance periorm-
ance. Thus an § who chose the sume stimulus all
20 times scored 10 equivalent responses, the maxi-
mum, whereas an 8 who chose each slimulus 16
tiemes seored 0 eguivalent responses, or chance.

‘n 100 trinls {iwo inferotemporally operated Ss}

Resurrs

No gross behavioral differcnees between ani-
mals were noted in the test sithation, However,
the home cage behavior of the amygdalectomized
Ss was strikingly different from the normals
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Fra. 1. Reconstructions of amygdale lesions.
{(Dashed arcas denote spaved tags of amygdala.
Dark areas denote ablations.}

119

and the inferotemporal operatees, This behavior
was quite similar to that deseribed by Weis-
krantz {1956} and by Fulton, Pribram, Steven-
sonn, and Wall (194%) and included excessive
tameness, indiseriminate approach to observers,
frequent inappropriate mounting behavier, and
persistence of putting lghted matches in their
mouths despite burning of whiskers.

Initial training on the diserimination required
170-220 triale (M = 205) by the amygdalec-
tomized group (AM)}, 205-810 trials (M =
3876) by the unoperated monkeys (N}, and
103-381 trials (M = 256.6) by the inferotempo-
rally operated 8s (IT}. Preoperative retention
was above 90% in 100 {rals for all Ss.

Individual scores for trials to criterion and
errors to criterion showed low correlation with
the equivalence scores hefore surgery?

In pestoperative reteniion two inferctempo-
rally operated Ss required 40 and 50 additional
truals each to reach criterion.

Equivalence performance is swmmarized in
Table 1. Al unoperated Ss increased their
seores except one who continued at the pre-
operative level. The group {N) average increase
wag 275 equivalent responses. On the other
hand, all amygdalectomized 83 scored lower
postoperatively, with an average change of
—5.25 eguavilent responses. The performanee
of the inferotemporally operated control groups
wag less elear]y demareated {group mean change,
—0.83). Two of these Ss inereased and four
decreased  their scotes shightly, Of the two
inferotemporals who had slight difficulty with
diserimination retention, one deereased his
aqgiivalence response seore from 4 to 2; the other
increased from 1 to 2. (Differences hetween the
group cyuivalence zcores are signifieant at better
than the 02 level using o ¢ test]

Expressed in terms of percentage of pre-
operative performance the same group differ-
ences cmerge. Normal monkeys gave §4.7%
more cquivalent responacs, while the amygdalee-
tomizedd group pave 84% fewer. The infero-
temporally operated monkevs responded 19.9%
less than preoperatively.

Discrssion

Amygdalectomy markedly interferes with the
transfer of lraining in the stimulus eguivalence
situation. The impairment iz not due to defeetive
visnal diserinvnation .oz coriginally shown by
Pribram and Bagshaw (1853) and confirmed in

ST ¥Wariahility in the inttial equivalence scores wus
prohably related o the size dilferentinl chosen and
would have been less at 201 as used hy Kliver
11933, However, this viriation wag not sighifieant
auress {he {hree grous aceovding to £ test.
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Fia. 2. Reconstruetions of inferotemporal lesions. {Dark areas denote ahlations.)

this study, since the original task performance
was relained postoperatively. Nor s it likely
due to a change in stirmulus generalization, since
in other situations, generahization was shown
to he intact i these operatees (Hearsl & Prib-
ram, 1984), What then, can aceount for the
results ?

Several reeent publications have been con-
cerned with the problem of hrain function in
stimitlus  generalization and  equivalence per-
formance (eg., Thowpson, 1962}, These have
dealt, with the effects of izocortical resections
and have shown that these proccdures produee
generalization curves flattened relative to those
of controls {Butter & Iizhkin, 1963). In con-
trast, the performanee of stimulus equivalence
tasks was unaffected (Hara & Warren, 1961a,
1961h) 2

*There 1a o report by Haen aml Warren that
preoperatively  established hrightness proferences,
tested by the method of equivalences, were dis-

The resultz obtained from our zmall infera-
temporal lesions are of interest in this regard,
These Ss failed as a group io display the in-
ercuse in transfer shown by the normal group,
vel their equivalence seores did not fall ag did
those of the amypdalectomized Ss, Inferolempo-
ral lesions do deastically dizrupl diserimination
{Pribram & Mishkin, 1953} and markedly in-
crease stimulig generalization (Duotter & AMish-
kin, 1963). This, despite the limited size of our
lestong, would lead one to expeet o deerenge in
eaquivalence zéores. ‘The failure to  increase
equivalence responses postoperatively s there-
fore amply aceounied for by the hypothesis
that inferotemporal resections impair the proe-
esz of responge selection. Could this same ex-

rupted by suprasylvian resections in culs, These
atthors alsa veport, however, thut the same tech-
ubne, when wsed o fest beansfer of teaining,
showed no discernible offiect produced b the besion
(Hegn & Waorren, 1961a, 19610).
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planation be invoked to aceount for the effeets
of amypdalectomy on equivalence and trans-
position?

Patently, as the evulence
ment, the answer 1s no. Diccriminat.inn and
goneralization are [ttle, if at all, affected by
amygdalectomy, vet equivalenee performance iz
drastically lisrupted, transfer of training im-
paired. l‘he guggpestion from thiz “double dis-
societtion” of lesion effects is that tests of trans-
fer of training which use the method of slimulus
cquivalence and of transposition are able to
delingate a process other than the one reflected
in ithe performanece of stimulus generalization
and discrimination tasks. The nature of this
transfer of iraining process remaing fo be
speeifind.

stands at the mo-
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