Supplemental Material

Testing the performance of the information estimators on simulated LFP data

In this section we test the performance the information calculations for I(S; Rf) and I(S; Rf1 Rf2) on simulated LFP data with realistic statistics (see subsection “Details of simulation of realistic LFP power distributions”). 
When computing I(S; Rf), the neural response r used to compute information was a one dimensional array r containing the simulated LFP power at frequencies f1 = 4 Hz. When computing I(S; Rf1 Rf2), the neural response r used to compute information was a two dimensional response array r = [r1, r2] containing the simulated LFP power at frequencies f1= 4 Hz and f2 = 75 Hz, respectively. The information measures were computed as follows. First, and independently for each frequency we binned the frequency into 6 equi-populated classes. Then we computed information by plugging the response probability into the information equations for I(S; Rf)  and I(S; Rf1 Rf2). For the latter, we additionally used the shuffling technique of (Montemurro et al., 2007; Panzeri et al., 2007). We then subtracted a bias corrections from these estimates (either the so called PT correction (Panzeri and Treves, 1996) and the quadratic extrapolation (QE) correction (Strong et al., 1998).   This type of calculation was chosen because it was previously demonstrated that it is particularly effective for computing LFP information (Magri et al., 2009). 
Supplemental Figure S1 reports the performance of these estimators as a function of the number of simulated trials per stimulus. It is apparent that the estimates of both I(S; Rf) and I(S, Rf1 Rf2) converge to within a few percent of their asymptotic value (obtained with a very large number of trials per stimulus) even when using just 25 = 32 trials per stimulus. This number is smaller than the typical number of trials collected experimentally in this study (30-40 trials per stimulus for the visual dataset, and at least 55 trials per stimulus for the auditory dataset). Therefore this result suggests that the method employed here provides, when applied on our empirical datasets, results which are free of the upward bias due limited sampling.  
It is worth noting that however that the small number of bins employed here may lead to information losses due to the data regularization (because of the data processing inequality, see (Cover and Thomas, 1991)). We evaluated this information loss using the simulated data as follows. For this simulated process, we could compute the true information available Itrue(S;R)  in the neural responses if they were not discretized. This could be done, as explained in detail in (Magri et al., 2009), by remembering that the distributions of power are Gaussian and using a Gaussian-channel approximation to compute them. We found (data not shown, but see (Magri et al., 2009) where this problem was addressed in great detail) that the scatterplot of the true information at a given frequency against the information values calculated with n=4 and n=6 bins respectively were in both cases distributed along a line. To compute the information loss due to discretiaione, we computed the best fit line and we found it to be Itrue(S;R)= 1.2 Idiscretized(S;R) for n=4 Itrue(S;R)= 1.1 Idiscretized(S;R) for n=6  (see (Magri et al., 2009)). Thus, when using small number of bins the overall loss of information can be estimated to be in the region of 10-20%.   
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Supplemental Figure S1.The sampling properties of different information quantities computed with different bias correction techniques. The sampling properties of the estimation methods of single frequency information I(S; Rf) (full line) and double frequency information I(S; Rf1 Rf2) (dashed line) are  plotted as a function of the number of generated trials per stimulus. Results were averaged over a number of repetitions of the simulation (mean value ± st. dev. over 50 simulations). Results obtained using a QE or a PT bias correction technique (see above) are plotted with red and green lines respectively

Details of the simulation of realistic LFP power distributions. We simulated the LFP power of a recording site in primary visual cortex (V1) in response to many different movie scenes as described in a previous publication (Magri et al., 2009). In brief, data were simulated as follows. We selected from the dataset of (Belitski et al., 2008) a given example recording channel (channel 7 from animal D04), and we computed multitaper estimates of the power at two chosen frequencies (4and 75 Hz) in response to approximately 250 ms-long scenes of Hollywood color movies presented binocularly to the animal. The multitaper technique allows to reduce the variance of the spectral estimates while keeping the bias under control: this is achieved by means of taking the average of different direct spectra computed using tapers which are orthogonal to each other (see (Percival and Walden, 2000) for more details). The maximum number of averaged spectra is a free parameter (named K) which is set by the user. Here we chose K = 3, thereby providing power estimates which are distributed approximately as a chi-square with 6 degrees of freedom. We then applied Wilson and Hilferty's cube-root transformation (Wilson and Hilferty, 1931): this transformation, being monotonic does not affect the information content of the responses while making the response-distributions to a fixed movie scene approximately gaussian (a fact that we also verified empirically). We use the same approach for simulation of multidimensional responses, by assuming that the joint distribution of the root-transformed power at two or three different frequencies during each fixed movie scene was a multivariate Gaussian. We generated many instances of this Gaussian power-responses by using mean and standard deviation values which were computed, for each scene, from the real data. 

Reliability of LFP energy in different frequency bands and time scales
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Supplemental Figure S2. Reliability of LFP energy in different frequency bands and time scales. Data shown are from a single recording site in auditory cortex, and the LFP energy has been z-score normalized for comparison across bands and time scales. Histograms display the distribution of LFP energy across repeats of the stimulus, and larger distributions concord with a larger coefficient of variation (CV) as indicated.
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