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Natural sensory stimuli are characterized by time varying
moments such as mean (first-order) and variance
(second-order). While psychophysical studies have shown
that second order attributes are critical for perception,
how they are encoded in the brain remains largely
unknown. Here we focused on second-order feature coding by correlated activity. We recorded from two example
sensory systems that share many similarities: the primate
vestibular system and the fish electrosensory system.
Peripheral sensory neurons in both systems respond to
amplitude modulated noise stimuli (Figure. 1A.1, B.1).
We found that the correlation coefficient between spike
trains coded second order attributes (i.e. envelope,
Figures. 1A.2, B.2) whereas single neuron firing rate
coded first order attributes (Figure. 1A.3, B.3). We built a
simple phenomenological mathematical model based on
the leaky integrate-and-fire formalism that reproduced
our experimental data (Figure. 1C.1, C.2) and predicted
that optimal coding of second-order stimulus features by
correlation is achieved for non-zero values of baseline
variability as quantified by the coefficient of variation
(CV) (Figure. 1C.3). We tested this prediction by plotting
our data as a function of CV and found that our model
could explain variations on both vestibular and electrosensory data (Figure. 1D). Our results show that correlated activity codes for stimulus attributes that are
distinct from those coded by firing rate and provide a
novel role for neural variability. Such codes are predicted
to be a general feature of sensory processing.
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