












22 

 723 

 724 
Fig. S2 Schematic of the linear encoding model for animal M1. Linear encoding model 725 
predicts neural firing in visual cortex (the predictors, labels left, are for the task used in M1). The 726 
three traces show peristimulus spike-density function for example units in V1, V2, and V3/V3A 727 
(left) recorded in M1, the model predictions (right), and the variance explained by these 728 
predictions (center).  729 
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 730 
Fig. S3 Linear encoding model fits, separately for animals M1(A, B, C) and M2 (D, E, F). (A, 731 
D) Top: Variance explained by the model with (green), and without (brown) movement covariates 732 
for all epochs (left), and separately for epochs when retinal input was controlled (middle), and not 733 
controlled (right) for all units. Bottom: Difference in variance explained by the two models. Units 734 
are sorted according to the variance explained by the full model. (B, E) Unique variance explained 735 
by different covariates towards the full model, for units across all areas (left), and separated by 736 
area (right). (C, F) Unique variance explained by covariates. Format as in Fig. 2. For M1: during 737 
controlled retinal input epochs (A, middle), 3% of units (V1: 15/269, V2: 10/143, V3/V3A: 6/198), 738 
and during uncontrolled retinal input epochs, (A, right), 55% of units cross the threshold of ∆%VE 739 
> 0.1 (V1: 232/269, V2: 67/143, V3/V3A: 108/198); for M2: during controlled retinal input epochs 740 
(D, middle), 6% of units (V1: 0/24, V2: 6/108, V3/V3A: 7/114), and during uncontrolled retinal input 741 
epochs, (D, right), 66% of units cross the threshold (V1: 14/24, V2: 64/108, V3/V3A: 83/114).  742 
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 743 
Fig. S4 Movements have minimal effect on neural activity after controlling for eye 744 
movements in epochs when the animals do not maintain visual fixation. Unique variance 745 
explained by different covariates towards the full model during uncontrolled retinal input (open 746 
bars in Fig. 2G). Unique variance was computed separately for time-points when the receptive 747 
field (RF) of the unit was on the monitor showing a gray screen (shaded bars; time-points when 748 
retinal input could be inferred), and when the receptive field was outside the boundaries of the 749 
monitor (open bars; time-points when retinal input could not be inferred). The criterion for defining 750 
whether the RF was on the monitor was that the center of the RF + twice its width was within the 751 
monitor edges along the horizontal and vertical dimension. In addition to our general inclusion 752 
criteria (see Methods) we required that for each unit the ratio of the number of time-points for 753 
which the retinal input could be inferred vs the number of time-points when it could not be inferred, 754 
and vice-versa, was at least 10%. This was done to ensure that there were enough time-points 755 
for computing unique variance, but our conclusions do not depend on incorporating this additional 756 
criterion. Format as in Fig. 2E. 757 
  758 
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 759 
Fig. S5 Linear encoding model fits, using 200 face and body components. Format as in Fig. 760 
2. Increasing the number of SV components from face and body videos in the linear encoding 761 
model to 200 from 30 (Fig. 2) did not increase the variance explained by spontaneous 762 
movements. 763 
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 764 
Fig. S6 Linear encoding model fits, using a lenient criterion for unit selection. Format as in 765 
Fig. 2. We used all units for which the % VE by the full model was > 0 (see Methods).  766 
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Movie S1. 767 
Example video clip showing typical spontaneous movements of one of the animals (M1) during a 768 
recording session. The labels of the body parts (obtained using DeepLabCut60) are only included 769 
for demonstration purposes here but not used for our analysis. 770 
 771 
 772 
Threshold (% ∆VE) Controlled Retinal input Uncontrolled retinal input P-value (c2 test) 

All areas 
0 549/900; 61% 768/900; 85% < 10-16 
0.05 172/900; 19% 697/900; 77% < 10-16 
0.1 48/900; 5% 606/900; 67% < 10-16 
0.5 1/900; 0.1% 252/900; 28% < 10-16 
1 0/900; 0% 125/900; 14% < 10-16 

V1 
0 159/293; 54% 281/293; 96% < 10-16 
0.05 42/293; 14% 268/293; 91% < 10-16 
0.1 15/293; 5% 246/293; 84% < 10-16 
0.5 1/293; 0.3% 132/293; 45% < 10-16 
1 0/293; 0% 67/293; 23% < 10-16 

V2 
0 160/251; 64% 168/251; 67% 0.45 
0.05 59/251; 24% 145/251; 58% 10-15 
0.1 16/251; 6% 131/251; 52% < 10-16 
0.5 0/251; 0% 35/251; 23% 10-9 
1 0/251; 0% 15/251; 6% 10-4 

V3/V3A 
0 211/312; 68% 277/312; 89% 10-10 

0.05 64/312; 20% 242/312; 78% < 10-16 
0.1 13/312; 4% 191/312; 61% < 10-16 
0.5 0/312; 0% 61/312; 20% 10-16 

1 0/312; 0% 28/312; 9% 10-9 

 773 
Table S1 Proportion of units for which the unique variance of movements (Fig 2E) exceeds 774 
different thresholds of unique variance. P-values compare the proportions between controlled 775 
and uncontrolled retinal input epochs using a chi-square test. 776 
 777 
  778 
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