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the capillaries before being touched,
and when deliberately contacted showed
intensive and characteristic (/1) cleans-
ing. Pure regurgitated fluid, by con-
trast, is innocuous, and appears to
function strictly as diluent. Droplets of
this fluid placed on the floor of the
glass arena were quickly encircled by
ants and eaten. No tests were made
with other predators. However, as
judged from the demonstrated repellent
action of quinones to other insects,
spiders, and some vertebrates (12), there
can be no doubt that Vonones must
also be able to effect its defense in
other contexts.

Two subtle additional features of
this chemical weapon bear mentioning.
Quinones are unstable in water, and
the fact that Vonones makes up its so-
lution just prior to use may reflect a
functional need to do so. Moreover,
the two quinones, individually, are
crystalline at ambient temperatures,
which would make awkward the glan-
dular storage of either alone. In mix-
ture, the melting point is depressed
(13), providing the animal with a fluid,
and hence appropriately dispensable,
glandular content.

Vonones sayi belongs to the order

Laniatores, together with over 2000
other species (/4). Some of these were
observed by one of us (T.E.) in Panama
and Uruguay, and they apparently also
discharge quinones, as judged by the
characteristic color and odor of their
effluent. In one species, quinones had
been identified previously (75), al-

though their defensive use against
predators had not been recognized.
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Neuron Activity Related to Short-Term Memory

Abstract. Nerve cells in the monkey’s prefrontal cortex and nucleus medialis
dorsalis of the thalamus show changes of firing frequency associated with the
performance of a delayed response test. Most cells increase firing during the
cue presentation period or at the beginning of the ensuing delay; spike discharge
higher than that in intertrial periods is present in some cells throughout the
delay. These changes are interpreted as suggestive evidence of a role of fronto-
thalamic circuits in the attentive process involved in short-term memory.

For more than a generation beha-
vioral scientists have been investigating
the deleterious effect of injury to the
granular frontal cortex on short-term
memory. This effect is best demon-
strated in primates by the deficit re-
sulting from ablation or functional de-
pression of the so-called prefrontal cor-
tex in performance of a delayed re-
sponse test (), whether it be the test
originally devised by Hunter (2) or a
variant thereof. A role of this part of
the cerebral cortex in transient mem-
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Fig. 1. Average firing of two units during
five delayed response trials with 30-second
delays, 20 seconds of spontaneous activity
record preceding each trial. (A) Unit in
prefrontal cortex; (B) unit in nucleus
medialis dorsalis (MD).
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ory function has thus been operation-
ally established, although it is not yet
clear what precisely this role is.

We have explored in the monkey the
electrical activity of nerve cells of the
prefrontal cortex and of its thalamic
projection nucleus, the nucleus medi-
alis dorsalis, in the course of perform-
ance of a delayed response task. The
basic hypothesis behind this work was
that, if these structures are involved in
some aspect of transient memory func-
tion, their neurons should manifest dis-
tinct temporal variations of spike dis-
charge related to the events taking
place in delayed response trials. More-
over, we anticipated that such varia-
tions, if present, might provide some
insight into the specific role of these
neurons in memory function.

Five adult rhesus monkeys were
trained in the performance of a de-
layed response task with the use of a
modified version of the Wisconsin Gen-
eral Test Apparatus. The experimental
animal, partially restrained by a spe-
cial rigid collar (3), sits in front of a
transparent plastic window that gives
him view of a well-illuminated com-
partment containing the test objects.
Two white wooden blocks of identical
form and proportions are placed on a
black surface, one on the right and the
other on the left, in the animal’s field
of vision. Directly in front of the ob-
jects, under the window, are two small
doors covered with spring-loaded lids.
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