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Fig. S3 | (A) The decorrelation effect is not an artifact of measurement noise. Changes in pairwise correlations (replay-closed and change in log low frequency power (replay-closed, mean over interval [0.01 0.15] Hz) were highly correlated in the recorded neurons even when the calcium traces (both cells and motor neurons) were thresholded (the threshold was equal to the mean plus one standard deviation of the calcium signal measured over both replay and closed loop conditions) (Spearman’s rank correlation ρ=0.57, p<10-8). (B) The increase of motor activity in the closed-loop condition does not easily explain reduction in neural fluctuations and correlation. (B,top): Changes in mean motor activity (replay-closed) and change in log low frequency power (as in A), averaged over all cells within a given trial are positively correlated (r=0.18, p<10-2, Spearman’s rank correlation). Specifically, on a cell-by-cell basis increases in low frequency fluctuations are correlated with increases in motor activity (replay-closed) despite the fact that on average motor activity was higher during closed-loop behavior and low frequency fluctuations were reduced. B(bottom): Furthermore changes in mean motor activity (replay-closed) and changes in pairwise correlations (replay-closed) (averaged over all pairwise interactions in a given trial) are not significantly correlated (r=0.03, p>0.5, Spearman’s rank correlation). (C) Filter describing behavioral feedback. A linear filter that describes behavioral feedback (E→E’) is also strongly negative. Following the kernel method outlined in the methods section we calculated the behavioral feedback as a direct filter between the closed loop environment and environment in the replay condition (E→E’). This also indicates that the closed-loop sensory feedback is negative. Note: the magnitude of this closed-loop sensory feedback estimated from the behavior is much greater than the cell self-feedback, reflecting the fact that cellular variability was much greater than variability across animals.
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