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Recent experiments suggest that in V1 information about
natural scenes is encoded in gamma band and low fre-
quency Local Field Potentials (LFPs) [1]. To understand
which features of the stimuli are encoded in these fre-
quency bands and how they are encoded, we analyzed
how a model of a cortical network responded to various
types of simulated stimuli.

The network was a randomly connected network of exci-
tatory and inhibitory neurons, that can exhibit both asyn-
chronous and synchronous irregular activity, in which the
global activity oscillates in time with a frequency that
depends both on synaptic time constants and on the exci-
tation/inhibition balance [1]. The LFP was modeled as a
linear combination of excitatory and inhibitory currents.
This choice allows us to reproduce the dependence of the
LFP spectrum on frequency and contrast as recorded in
vivo [2].

We first considered the responses of the network to Pois-
son random inputs with various levels of time-independ-
ent intensity. We found that the intensity modulates the
power of the gamma band of LFPs, in agreement with
experimental results [2]. When we used input stimuli
characterized by a sinusoidally varying firing rate of low
frequency (< 20 Hz), modulations in the input were trans-
formed into LFP modulations with the same frequency
and with a power inversely proportional to the frequency
itself. Thus, low frequency LFPs encoded the information
about input low frequency modulations. In contrast, the

gamma band LFPs encoded information about the overall
spike rate of the input.

We then considered the network responses to a dynamic
‘naturalistic' stimulus based on real spike trains from LGN
neurons recorded from anesthetized monkeys watching
movies [3]. We found that the mutual information con-
veyed by the LFP power about the different movie scenes
has two pronounced peaks, at low frequency and in the
high gamma band, with approximately the same peak
height. As expected from the analysis with simple stimuli,
we found a correlation between the power of low frequen-
cies in each input interval and the power of the same fre-
quencies in the corresponding output interval, and
between the input intensity and the output gamma
power.

This suggests that, under natural stimulation, low fre-
quency cortical LFPs encode slow variations in the input,
whereas gamma LFPs encode the total input spike count.
Since stimulus-to-stimulus variations of input spike count
and input slow oscillations are only very weakly related
under natural viewing, low-frequency and high-frequency
LFPS encoded largely independent information.
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