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AL S H Neurophysiological study for pulvinar role in rapid

detection of snakes in monkeys
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The medial and the dorsal part of the traditionally delimited lateral pulvinar are distinctive in
primates, with no homologous structures found in the visual systems of nonprimate mammals, and
the medial pulvinar appears to be involved in visual attention and fast processing of threatening
images. On the other hand, behavioral studies reported that, across primate species, ages, and
(human) cultures, snakes are indeed detected visually more quickly than innocuous stimuli, even in
cluttered scenes. Physiological responses reveal that humans are also able to detect snakes visually
even before becoming consciously aware of them. Recent anthropological studies suggest that these
primate-specific regions of the pulvinar evolved in part to assist primates in detecting and thus
avoiding snakes (Snake Detection Theory). However, there have been no previous
neurophysiological studies to test the snake detection theory. The aim of the present study is to
investigate properties of pulvinar neuronal activities in response to snakes compared to other
categories of objects. The present study helps to fill this interdisciplinary gap by investigating the
responses of neurons to snakes and other natural stimuli that may have acted as selective pressures
on primates in the past.
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In this experiment, we used two adult (1 female and 1 male) macaque monkeys. Monkeys were
trained to perform a delayed nonmatching to sample (DNMS) task in which monkeys were required
to discriminate four categories of stimuli [photos of snakes, photos of monkey faces (angry and
neutral faces), photos of monkey hands and simple geometrical figures (circle, cross, square and
star)]. All of stimuli were adjusted to be the same luminance (luminous intensity (total luminance)
ranged from 38.432 to 41.248 mcd) and the size of the stimulus area was 5-7 x 5-7°. During
monkeys performed the DNMS task, a glass-insulated tungsten microelectrode (0.8-1.5 MQ at 1
kHz) was stereotaxically inserted into the pulvinar vertically. Activities of pulvinar neurons were
recorded and then were isolated into single neurons for further analysis.

We also analyzed responses of pulvinar neurons to the scrambled and filtered [low spatial
frequency (LSF) (6cycle/images) and high spatial frequency (HSF) (20cycle/image)] stimuli that
elicited strongest responses among the 4 categories.

Locations of the pulvinar neurons were stereotaxically estimated using 3D-MRI.
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Of 745 pulvinar neurons recorded, 105 neurons responded to at least one of the visual stimuli.
Of these, 91 neurons were tested with all stimuli. These neurons were categorized by the stimulus
that elicited the largest responses. For example, snake-best neurons were defined as those in which
the mean response to all snake images was the largest among the four stimulus categories. The result

showed that proportion of snake-best neurons was significantly larger than those of hand- and simple



geometrical figure-best neurons and tended to be larger than that of face-best neurons. The
proportion of face-best neurons was significant larger than that of simple geometrical shape-best
neurons.

There were also significant differences in mean response magnitudes to four stimulus
categories. The mean response magnitude to snakes was significantly greater than those to other
stimulus categories. Furthermore, the mean response latency to snakes was significantly shorter than
those to angry faces, neutral faces, hands and simple geometrical shapes. There were also significant
differences in response latencies between angry faces and neutral faces, hands and simple
geometrical shapes.

A total of 20 neurons were tested with scrambled and filtered snake images in the same way.
Statistical analyses indicated that both scrambling and HSF significantly decreased the responses to
the snake images.

Data sets of response magnitudes of the 91 visually responsive pulvinar neurons in epoch 1
(0-50ms), 2 (50-100ms), and 3 (100-150ms) after stimuli onset were subjected to multidimensional
scaling (MDS) analysis. In epoch 1, two groups were recognized: a cluster containing the snakes and
the other containing hands. Discriminant analyses indicated significant separation between snakes
and hand pictures and between snakes and all non-snake stimuli. There was also significant
separation between hand pictures and simple geometrical shapes. In epoch 2, clustering becomes
clearer. Discriminant analyses indicated significant separations of snakes vs. faces, snakes vs. all
non-snake stimuli. Separations of hands vs. faces, and hands vs. simple geometrical shapes were also
significant. The results in epoch 3 were similar to those in epoch 2; hands were more clearly
separated from the other stimuli.

Most pulvinar neurons responding to the visual stimuli were located in the medial and
dorsolateral parts of the pulvinar.
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The present study shows preferential activity of neurons in the medial and dorsolateral pulvinar
to images of snakes. Pulvinar neurons responded faster and stronger to snake stimuli than to monkey
faces, monkey hands, and geometric shapes, and were sensitive to unmodified and low-pass filtered
images but not to high-pass filtered images. These results identify a neuro- biological substrate for
rapid detection of threatening visual stimuli in primates. Our findings are unique in providing
neuroscientific evidence in support of the Snake Detection Theory, which posits that the threat of
snakes strongly influenced the evolution of the primate brain. This finding may have great impact on

our understanding of the evolution of primates.
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