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Abstract

Many current popular methods that provide a spectral-temporal
characterization of auditory neural responses use relatively long
stimuli, lasting seconds to minutes. However, neurons in the
central part of sensory pathways tend to adapt in their response
to stimuli presented over extended periods of time. We have
previously shown that auditory cortical neurons display a second
order of adaptation, whereby the characteristics of their adapta-
tion to the presentation of repeated long stimuli changes with
each presentation; in other words, the rate of cortical adapta-
tion decreases across multiple long stimuli. Methods have been
developed which provide a joint spectro-temporal characteriza-
tion of neural responses in the auditory pathway. In particular,
the auditory grating method, known as moving ripple method
and its extensions, have proven to be well correlated with the
more classic tone pip methods of response area characteriza-
tion. But the ripple and other related stimuli are periodic, intro-
ducing the possibility of adaptation as the receptive field is being
measured. Computation of the spectro-temporal receptive field
(STRF) using the response to these ripple combinations as-
sumes stationarity in the neural input/output function. We will
demonstrate dynamic changes in tuning during the measure-
ment of the STRF over a period of seconds, even in the absence
of a relevant behavioral task.

Methods

Ferrets (Mustela putorius furo) were chronically implanted with
multi-electrode arrays (Neuralynx, Inc., Tuscon, AZ) with up to
eight independently adjustable electrodes (1-5MQ, MicroProbe
Inc., Gaithersburg, MD). Neurophysiological data was obtained
with the animal awake and restrained. Sound stimuli were com-
puted in Matlab and synthesized on a TDT RX6 DSP Processor.
These stimuli were presented freefield in an acoustically con-
trolled environment from an overhead speaker (Manger Trans-
ducers), positioned about 1m above the animal’s head.

Early and Late Receptive Fields

A set of six second long Temporally Orthogonal Ripple Combina-
tion (TORC) stimuli were presented. Each TORC stimulus was
the sum of eight auditory gratings, all with the same spectral

density Q. but different angular velocities ®;. The responses to

these spectro-temporal envelopes s(x,f) were used to estimate
the STRF. In order to avoid a potential confound from the onset
response, the receptive field was computed with responses oc-
curing only 250ms after the onset of the stimulus. In order to
examine the stability of the STRF and explore the dynamics of a
neuron’s tuning while the receptive field is measured, we split
the six second analysis window into two. The Early STRF was
measured from the first three seconds of response to each
stimulus (excluding 250ms onset delay), and the Late STRF
from the last three seconds. The features of the two STRFs were
determined and compared across a set of indices described in
the first panel.
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Spectro-temporal envelopes of two typical TORC stimuli.
Modulation depth A4; =100%, and the phases ¢, are random.

Receptive Field Estimation
In order to estimate the receptive field of a neuron, we reverse

correlate the neural response r(?) with the stimulus s(x, 7) that
evoked it. Since auditory cortex is thought to encode modula-
tions of sound, the representation of the stimulus used in com-
puting the linear kernel of the response is the envelope of modu-
lation about the mean level of the stimulus. Under the assump-
tions of the STRF model, frequency bands contribute indepen-
dently to the neural output and are therefore kept separate in
the computations.
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Conclusions

From the time-frequency reverse correlation analysis of dynamic changes in the recep-
References tive field, there appear to be slight changes in the structure of the STRF due to presenta-
tion of a prolonged stimulus. This was confirmed as well in ripple space, where we found




