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Supplementary Fig. 1: Histology for 17 out of 21 mice. Red dots indicate the location of the 

end of the tetrode track. There was some damage to m1 during brain extraction, but the tetrode 

track was still visible within the MEC. Histology was not obtained for four mice due to damage to 

the brain during extraction. In those mice, identical coordinates were used and classical MEC 

cells (e.g. grid cells) were recorded, indicating tetrode placement in the MEC. The number of 

functionally-defined neurons from each animal that were included in the paper (i.e., recorded in 

both open field and VR) is listed at the top of each image. Six grid cells from m21 were included 

in Figure 6 and no data from this mouse were used anywhere else in the paper. Numbers of 

cells in each group for the four mice without histology: m5, 4 grid, 11 border, 6 speed; m9, 4 

grid, 4 border, 4 speed; m17, 2 grid, 0 border, 0 speed; m19, 22 grid, 2 border, 8 speed. 
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Supplementary Fig. 2: Mouse behavior in VR. a) Mean running speeds were higher in VR 

compared to open field (OF) (median average speed ± SEM: OF = 7.6 ± 0.2 cm/s, n = 239 

sessions, VR = 21.8 ± 0.5 cm/s, n = 377 sessions, Wilcoxon rank-sum p < 1e-68). In box plots, 

the red line is the median, edges of the box are the 25th and 75th percentiles, and the whiskers 

extend to the extremes of the distribution. b) Running speeds did not change over trials, 

indicating that drift observed in grid cells was not due to changing running speeds over time 

(ANOVA p = 0.999, n = 20 mice averaged over first 30 trials of all sessions). Boxplots as in (a), 

except that notches display 95% confidence intervals of medians, whiskers extend to the most 

extreme non-outlier data points, and outliers are plotted individually. c) Average running speed 

with respect to virtual location on the track. In gain manipulation sessions, mice ran at similar 

speeds and continued to slow down at the same location. Lines: mean running speed ± SEM 

over mice (n = 20). d) Angular velocity of visual cues as a function of position on the 

hemispherical screen when the mouse is running at 35 cm/s. During gain decreases (gd) and 

gain increases (gi), these values were multiplied by 0.5 or 1.5, respectively. Even during gain 

increases, angular velocities were well within the range that optimally drove neurons in visual 

cortex40, indicating that visual speed was still within the perceptual range of the mouse. e) 
Average running speed vs. track location for each mouse individually. Black: baseline, pink: gain 

decrease, green: gain increase. f) Average running speed for m21 during baseline (black) and 

gain=0.75 (gray) trials. 
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Supplementary Fig. 4: Comparisons of grid and border cells in open field (OF) and VR. a-b) 
Examples of grid (a) and border (b) cells recorded in OF and VR. The rate map for each cell in 

OF is shown on top. Bottom plot shows the same cell in VR, with average firing rate map shown 

on top and spike rasters over trials shown on bottom. Cells are labeled with cell ID (mxcy refers 

to mouse x, cell y) c) Mean firing rate during periods of movement (speed > 2 cm/s) increased 

in VR relative to OF for all cells, grid cells, and border cells (median (Hz) ± SEM, all cells: OF = 

1.82 ± 0.22, VR = 2.15 ± 0.25, n = 781, Wilcoxon p = 1.6e-5; grid cells: OF = 1.45 ± 0.19, VR = 

1.63 ± 0.36, n = 96, Wilcoxon p = 0.0028; border cells: OF = 1.36 ± 0.18, VR = 1.89 ± 0.38, n = 

97, Wilcoxon p = 0.00016). In box plots, central line is the median, box edges are 25th and 75th 

percentiles, whiskers extend to the extremes of the distribution not considered to be outliers, 

and crosses display outliers. d) Peak firing rates increased in VR for all cells and border cells, 

but not grid cells (median (Hz) ± SEM, all cells: OF = 8.25 ± 0.35, VR = 9.16 ± 0.41, n = 781, 

Wilcoxon p = 1.6e-9; grid cells: OF = 8.40 ± 0.66, VR = 8.09 ± 0.75, n = 96, Wilcoxon p = 0.15; 

border cells: OF = 6.36 ± 0.60, VR = 8.06 ± 0.87, n = 97, Wilcoxon p = 0.0016). e) Stability 

increased in VR for all cells, but did not change in grid or border cells (median ± SD, all cells: 

OF = 0.40 ± 0.22, VR = 0.49 ± 0.25, n = 781, Wilcoxon p = 1.7e-11; grid cells: OF = 0.43 ± 0.25, 

VR = 0.41 ± 0.24, n = 96, Wilcoxon p = 0.14; border cells: OF = 0.50 ± 0.25, VR = 0.58 ± 0.24, n 

= 97, Wilcoxon p = 0.36). f) Grid cell field size significantly increased in VR (median ± SEM: OF 

= 12.2 ± 0.3 cm, VR = 18.0 ± 0.6 cm, n = 96, Wilcoxon p = 2.8e-12). g) Example grid cells 

recorded on a real linear track (LT). Data was taken from Eggink et al, 201422. Red dots depict 

spikes and gray lines show the animal’s trajectory. Each cell is labeled with its cell ID. h) Grid 

cell stability on the real linear track did not differ significantly from grid stability on our 1D VR 

track (median ± SD: LT = 0.39 ± 0.24, n = 64 grid cells, VR = 0.41 ± 0.24, n = 96 grid cells, 

Wilcoxon rank-sum test p = 0.91). n.s. not significant, ** p < 0.01, *** p < 0.001. 
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Supplementary Fig. 6: Additional analyses of structural changes of grid and border cell rate 

maps during gain changes. a) Average firing rates during movement (speed > 2 cm/s) did not 

change during gain decreases or increases for either grid or border cells (median (Hz) ± SEM: 

grid gain decrease, A = 2.70 ± 0.90, B = 2.54 ± 0.73, n = 33, Wilcoxon p = 0.95; border gain 

decrease, A = 2.22 ± 0.54, B = 2.35 ± 0.46, n = 28, Wilcoxon p = 0.49; grid gain increase, A = 

1.50 ± 0.60, B = 1.76 ± 0.72, n = 37, Wilcoxon p = 0.36; border gain increase, A = 2.60 ± 0.65, B 

= 2.20 ± 0.65, n = 30, Wilcoxon p = 0.70). In box plots, central line is the median, box edges are 

25th and 75th percentiles, whiskers extend to the extremes of the distribution not considered to 

be outliers, and dots display outliers. b) An example grid cell during gain decrease with field 

detection shown. Briefly, spikes were shuffled within-trial to create percentiles of a shuffled firing 

rate distribution that was used to define fields (Online Methods), which we then counted 

(numFields). The cell is labeled with cell ID (mxcy refers to mouse x, cell y).  c) Autocorrelation 

of the firing rate in the A and B period of the cell shown in (b). Field size was defined as the 

point at which the autocorrelation fell below 0.2. d) Consistent with the population measure (Fig. 

3c), field size decreased for grid cells during gain decrease but did not change for grid cells in 

gain increase or border cells in either gain change (mean (cm) ± SEM: grid gain decrease, A = 

19.0 ± 1.3, B = 12.8 ± 0.8, n = 33, Wilcoxon p = 0.00023; border gain decrease, A = 25.8 ± 2.8, 

B = 22.1 ± 2.7, n = 28, Wilcoxon p = 0.055; grid gain increase, A = 18.6 ± 1.1, B = 20.3 ± 1.4, n 

= 37, Wilcoxon p = 0.12; border gain increase, A = 28.7 ± 2.8, B = 30.8 ± 3.5, n = 30, Wilcoxon 

p = 0.99; means presented instead of medians because values were discretized). Scatterplots 

show field size for individual grid (red) and border (blue) cells in baseline (A) and gain 

manipulation (B) sessions. The dashed line is the predicted response if the spatial firing pattern 

was only driven by locomotor cues and the solid line is the predicted response if the spatial 

firing pattern was only driven by visual cues. e) Number of significant firing fields during baseline 

and gain change. Here, grid cell field numbers increased in gain decrease, and decreased in 

gain increase. Occasionally, phase shifts in grid cells would be accompanied by a loss of one or 

more fields (see examples in Supplementary Fig. 5), explaining the existence of both phase 

shifts and loss of fields. Border cells also increased in number of fields during gain decreases 

(mean ± SEM: grid gain decrease, A = 3.58 ± 0.25, B = 4.86 ± 0.32, n = 33, Wilcoxon p = 

0.00046; border gain decrease, A = 3.43 ± 0.22, B = 3.97 ± 0.28, n = 28, Wilcoxon p = 0.033; 

grid gain increase, A = 3.59 ± 0.25, B = 3.15 ± 0.28, n = 37, Wilcoxon p = 0.015; border gain 

increase, A = 3.75 ± 0.30, B = 3.65 ± 0.27, n = 30, Wilcoxon p = 0.58). Scatterplots shown as in 

(d). f) Comparison of A-B cross-correlation with A-A’ cross-correlation, where A’ is the matched 

number of trials immediately following B. A period grid patterns were re-instated following gain 



changes, as can be seen from the large peaks at 0 lag in the cross-correlation between A and 

A’. Error bars: mean ± SEM. g) Correlations between A and B period rate maps when the A 

period rate map was scaled by different amounts, from 0.5 to 1.5. If the grid map in B was a 

simple rescaling of the map in A, one would expect a large peak at a stretch factor between 0.5 

and 1 (far left panel). The lack of such a peak shows that grid remapping during gain decreases 

was not a simple rescaling of the A period pattern, but rather reflected the formation of a new 

map with smaller scale. The large hump to the right of zero in grid gain increases (middle, right) 

is expected from the phase shifts seen in this condition (Fig. 3b). Error bars: mean ± SEM. h) 
Example grid cells during gain decreases plotted versus real cm as opposed to virtual cm. Note 

that the firing rate maps do not perfectly align, and that occasionally new fields appear or fields 

are lost. This shows that gain decrease responses were not a linear re-scaling of baseline 

patterns. Error bars: mean ± SEM.  
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Supplementary Fig. 7: Structural changes during gain manipulations are not driven by 

instability of the grid patterns in the B period. a) Stability computed in the block of 5 trials 

immediately preceding the B period of gain manipulations (block 2) and the 5 trials preceding 

those (block 1) (mean ± SD: grid gain decrease, block 1 = 0.31 ± 0.30, block 2 = 0.32 ± 0.30, n 

= 98 pairs of blocks from 67 cells, Wilcoxon p = 0.80; border gain decrease, block 1 = 0.37 ± 

0.28, block 2 = 0.39 ± 0.28, n = 48 pairs of blocks from 44 cells, Wilcoxon p = 0.31; grid gain 

increase, block 1 = 0.30 ± 0.29, block 2 = 0.39 ± 0.29, n = 91 pairs of blocks from 55 cells, 

Wilcoxon p = 0.0007; border gain increase, block 1 = 0.36 ± 0.29, block 2 = 0.35 ± 0.29, n = 52 

pairs of blocks from 47 cells, Wilcoxon p = 0.60). The percentage of cells with at least one pair 

of stable baseline blocks was similar to the percentage of cells with at least one stable gain 

manipulation (grid gain decrease, baseline: 36/67 (54%), gain change: 33/65 (51%); grid gain 

increase, baseline: 31/55 (56%), gain change: 37/56 (66%); border gain decrease, baseline: 

29/44 (66%), gain change: 28/44 (64%); border gain increase, baseline: 27/47 (57%), gain 

change: 30/48 (63%)). Therefore, degeneration during gain changes was comparable to 

baseline instability. Note that the number of gain manipulations and cells differs slightly between 

baseline and gain change because we applied the same firing rate threshold of 0.2 Hz to both 

periods, resulting in the inclusion of a small number of manipulations that had firing rate < 0.2 

Hz in B but firing rate > 0.2 Hz in block 1, and vice versa. b) and c) Structural changes in grid 

and border cells that were highly stable (stability > 0.4) in both the A period and B period of gain 

manipulations. Results were qualitatively identical to those in Figure 3, indicating that instability 

was not driving the structural changes we observed during gain changes. Error bars: mean ± 

SEM. d) Population average of single-trial autocorrelation of firing rate for grid and border cells 

in gain decrease and increase (Online Methods). This method allowed the inclusion of unstable 

cells, since it did not compare spiking patterns across trials. The reduction in autocorrelation 

width during gain decrease, with no change in any other condition, is consistent with the full 

period analysis (Fig. 3).  Error bars: mean ± SEM. e) Heatmaps showing average single-trial 

autocorrelations for each individual trial in the 5 trials preceding and 5 trials following the gain 

change. Note the abrupt change to a new scale following the gain decrease for grid cells and 

the relative lack of change for grid or border cells in the other conditions. 
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Supplementary Fig. 8: Grid cell structural changes during gain changes were uniform over the 

track, suggesting that the strength of landmark input was approximately constant along the 

track. This rules out the possibility that non-uniformity in landmark input could cause larger 

decoherence during the gain decrease condition than the gain increase condition. a) Average 

outer products between firing rate vectors in baseline (A) and gain change (B) for grid and 

border cells. The color of pixel (i,j) in the matrix is a unitless quantity that is the average product 

of the normalized firing rate at positions xi and xj (Online Methods). Cross-correlations and auto-

correlations are normalized projections of these matrices along the diagonal (Fig. 3); these 

maps give a complete picture of the structural changes across different locations on the track. 

Note the density above the diagonal in the A-B outer product for grid gain increase. This 

corresponds to the phase shift in grid firing patterns during gain increase (Fig. 3b). Note also the 

slightly narrower band around the diagonal for grid gain decrease in the B-B outer product 

compared to the A-A outer product. This corresponds to the rescaling of grid cells during gain 

decrease (Fig. 3c). b) Top: Grid cell gain increase A-B correlation in the first, middle, and last 

segments of the track, corresponding to regions with different patterns on the walls (see Fig. 1). 

The amount of rightward shift in cm did not differ between the three segments of the track (gain 

increase, A-B cross-correlation shift: first third = 9.1 ± 4.9 cm, middle third = 3.1 ± 9.0 cm, last 

third = 13.7 ± 8.1 cm, n = 37 cells, ANOVA for difference in shift p = 0.62). Error bars: mean ± 

SEM. Bottom: average outer product between the A and B period firing rate vectors. The three 

regions analyzed (first, middle, last) are highlighted in red. Vertical and horizontal black lines 

indicate locations of the landmarks. c) Top: The amount of rescaling in grid cells in gain 

decrease sessions did not differ between the three segments of the track (gain decrease, B-B 

autocorrelation width: first third = 11.9 ± 0.9 cm, middle third = 10.3 ± 0.7 cm, last third = 11.5 ± 

0.7 cm, n = 33 cells, ANOVA for difference in scale p = 0.33). Error bars: mean ± SEM. Bottom: 

the outer product matrix between the grid gain decrease B period firing rate and itself.  
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Supplementary Fig. 11: LFP theta response to gain manipulations. Sessions with significant 

theta power were concatenated by mouse (158/187 gain manipulation sessions; Online 

Methods). a) Theta frequency of peak power increased during gain increases but did not 

change during gain decreases (peak frequency (Hz) ± SEM: gain increase A = 7.51 ± 0.10, B = 

7.82 ± 0.13, n = 16 mice, Wilcoxon p = 0.0016; gain decrease A = 7.50 ± 0.09 Hz, B = 7.45 ± 

0.07, n = 17 mice, Wilcoxon p = 0.59). b) Parameters of linear fits between instantaneous theta 

frequency and running speed. Slopes of linear fits increased during gain increases but did not 

change during gain decreases (slope (Hz/cm/s) ± SEM: gain decrease, A = 0.0110 ± 0.0010, B 

= 0.0090 ± 0.0013, n = 17 mice, Wilcoxon p = 0.076; gain increase, A = 0.0111 ± 0.0011, B = 

0.0140 ± 0.0013, n = 16 mice, Wilcoxon p = 0.015). Intercepts did not change in either case 

(intercept (Hz) ± SEM: gain decrease, A = 7.23 ± 0.05, B = 7.23 ± 0.06, n = 17 mice, Wilcoxon p 

= 0.69; gain increase, A = 7.24 ± 0.05, B = 7.21 ± 0.06, n = 16 mice, Wilcoxon p = 0.88). c) 
Slope changes were converted into angles (as in Fig. 4), with full locomotor weighting 

corresponding to an angle of 45⁰, and full visual weighting corresponding to arctan (0.5), or 

26.6⁰, in gain decrease, and arctan (1.5), or 56.3°, in gain increase. Top panel: Illustration of 

conversion of slope changes into an angle between 0 and 90°. Middle two panels: Average 

angles were 36.9 ± 3.4⁰ for gain decrease (pink) and 51.3 ± 2.3⁰ for gain increase (green) 

(mean ± SEM). Bottom panel: Expressed as percentages, this corresponds to 44 ± 18% visual 

weighting in gain decrease and 56 ± 20% visual weighting in gain increase (mean ± SEM). 

These percentages were significantly greater than zero (gain decrease Wilcoxon p = 0.044; gain 

increase Wilcoxon p = 0.023), but did not differ (p = 0.64, Wilcoxon test on 16 mice with both 

gain decrease and gain increase sessions). Therefore, though effects on peak frequency were 

more pronounced in gain increases versus gain decreases, visual weights of theta frequency 

were not significantly higher for gain increases than gain decreases. gd = gain decrease, gi = 

gain increase, n.s. = not significant, * p < 0.05, ** p < 0.01. 
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Supplementary Fig. 12: Spatially stable VR cells during gain manipulations. Spatially stable 

VR cells were defined as cells that were not grid, border, or head direction cells in the open field 

(OF) but had spatial stability > 0.5 in both the A period and B period. a) Examples of spatially 

stable VR cells in OF and VR. Top: firing rate map in OF. Cells are labeled with cell ID (mxcy 

refers to mouse x, cell y). Bottom: firing map on the VR linear track with firing rate shown in the 

top panel and spikes over trials (raster plots) shown in the bottom panel. s = stability. Many cells 

were highly stable in VR but not OF. b) Spatially stable VR cell firing rates did not change during 

either gain decreases or gain increases (median (Hz) ± SEM: gain decrease, A = 3.3 ± 0.9, B = 

2.4 ± 1.1, n = 14, Wilcoxon p = 0.67; gain increase A = 3.1 ± 0.5, B = 3.7 ± 0.5, n = 21, Wilcoxon 

p = 0.69). In box plots, the red line is the median, edges of the box are the 25th and 75th 

percentiles, whiskers extend to the most extreme non-outlier data points, and outliers are 

plotted individually (red crosses). c) Examples of three spatially stable VR cells on gain 

decrease (left) and gain increase (right) manipulations. Each column shows data from the same 

neuron. Firing rate maps shown as in (a).  d-f) Same as Figure 3b-c, but for spatially stable VR 

cells, with grid cells plotted for comparison. Like border cells, spatially stable VR cells were 

primarily driven by visual landmark cues in VR. n.s. = not significant. Error bars: mean ± SEM. 
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Supplementary Fig. 13: Head direction cells during gain manipulations. Head direction cells 

were defined as having mean vector length > 0.154 and mean firing rate < 10 Hz in the open 

field (OF) a) Example head direction cells in OF and VR. Left: directional firing rate of a head 

direction cell expressed as a polar plot of head direction in the open field. Right: firing map on 

the VR linear track with firing rate shown in the top panel and spikes over trials (raster plots) 

shown in the bottom panel.  mvl = mean vector length from OF recording, s = stability in VR 

recording. b) Head direction cell firing rates did not change during either gain decreases or gain 

increases (median (Hz) ± SEM: gain decrease, A = 2.0 ± 0.4, B = 2.2 ± 0.4, n = 87, Wilcoxon p 

= 0.29; gain increase A = 2.1 ± 0.4, B = 2.1 ± 0.4, n = 97, Wilcoxon p = 0.17). In box plots, the 

red line is the median, edges of the box are the 25th and 75th percentiles, whiskers extend to 

the most extreme non-outlier data points, and outliers are plotted individually. c) Example head 

direction cell response to gain decreases (left) and gain increases (right). Firing rate maps 

shown as in (a).  d-f) Same as Figure 3b-c, but for head direction cells, with grid cells plotted for 

comparison. As for grid and border cells, only stable recordings were kept for this analysis 

(stability > 0.2 in both A and B period). Like border cells, head direction cells were primarily 

driven by visual landmark cues in VR. n.s. = not significant. Error bars: mean ± SEM. 
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Supplementary Fig. 14: Pairs of simultaneously recorded speed and grid cells during gain 

manipulations. a) Example pairs for gain decrease (left) and gain increase (right). Grid cell data 

show firing rate (top panel) and spikes over trials (raster plots, bottom panel). Speed cell data 

are plotted as a heat map of instantaneous firing rate with respect to running speed, with colors 

indicating the percentage of time bins with the corresponding firing rate and running speed.  

Grid cell field sizes were calculated based on the autocorrelation function of the firing rate map 

(Online Methods). b) Percent visual weights for all pairs of simultaneously recorded speed and 

grid cells, estimated based on slope changes (as in Fig. 4) and field size changes (as in 

Supplementary Fig. 6c, d). Slope and field size changes were converted to angles, with an 

angle of 45⁰ and full visual weighting corresponding and full visual weighting corresponding to 

arctan (0.5), or 26.6⁰, in gain decrease, and arctan (1.5), or 56.3⁰, in gain increase. Before 

computing angles, grid cell field sizes were converted into real cm (by dividing by the gain 

factor) to compare with speed cell slopes, which were computed relative to real running speed. 

The percent weighting of visual cues was uncorrelated between individual pairs of grid and 

speed cells (Pearson’s r = 0.065, p = 0.58, n = 75 pairs, 25 gain decrease, 50 gain increase 

from 26 grid cells, 17 speed cells, and 11 conjunctive grid x speed cells; 58 unique pairs), but 

the average responses of grid and speed cells were consistent with the population, with gain 

increases having higher visual weights than gain decreases for both grid and speed cells 

(marginal histograms; pink = gain decrease, green = gain increase; Fig. 3 and 4). This shows 

that while, as populations, speed and grid cells behaved consistently, they were uncorrelated on 

a cell-by-cell basis. c) The same was true when speed and grid cells were averaged by session 

(Pearson’s r = 0.048, p = 0.79, n = 33 sessions, 12 gain decrease, 21 gain increase). These 

results suggest that grid cells either i) integrate input from many speed cells, ii) integrate input 

from a specific subset of speed cells, or iii) receive input from another source. Notably, several 

recent works have demonstrated that speed cells show high degrees of heterogeneity, with their 

firing rates showing positive or negative linear, saturating and even non-monotonic relationships 

with running speed7,8,23. These levels of heterogeneity present a significant challenge for 

attractor-based grid cell network models, which often require inputs that are positively and 

linearly modulated by running speed. One way to overcome this challenge would be to assume 

grid cells integrate a population vector of speed inputs. This population vector could consist of 

signals from MEC speed cells as well as speed signals such as changes in theta frequency or 

speed-tuned inputs from outside MEC. 
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Supplementary Fig. 15: Grid scale does not strongly impact responses to gain manipulations. 

In the simulations in panels (a) and (b), “large” grid cells had spacing twice that of “small” grid 

cells; the exact value of the spacing is irrelevant. In the data panels (c-f), “large” grid cells were 

those with open field (OF) spacing > 40 cm and “small” grid cells were those with OF spacing 

<= 40 cm. a) The model predicts that at a given percent mismatch between path integration and 

landmarks, the decoherence number will be larger for small grid cells than large grid cells.  

Here, the “percent mismatch” is defined as ∆𝐺	 ∙ %	𝐿𝑜𝑐, where ∆𝐺 is the change in gain and 

%	𝐿𝑜𝑐 is the percent weighting of locomotor cues in the speed input (see also Fig. 6). This result 

predicts that small grid cells will decohere before large grid cells, i.e. at a less extreme gain 

value. However, since we only tested a small number of gains, we do not have the resolution to 

test this prediction in our dataset. b) Despite the difference in decoherence number, the shifts in 

grid cells will not depend on grid spacing in the sub-critical regime, to first order. This is because 

the larger decoherence number and smaller grid spacing cancel out (Supplementary Math Note, 

Part B). Therefore, the model predicts no difference in shifts during gain increase between small 

and large grid cells. The point where the lines end is where the pattern decoheres. This 

transition comes sooner for small grids than large grids, but within the sub-critical regime, the 

shifts are almost identical. c) OF field size vs. grid spacing for the 33 grid cells recorded on gain 

decreases. Large grids (n = 17) are shown in black and small grids (n = 16) are shown in gray. 

d) Top: Cross correlations of rate maps generated in the A and B periods of gain decreases for 

large grid cells (black) and small grid cells (gray). Black dots indicate bins where the two curves 

significantly differed at p < 0.05 (unpaired t-test, no correction for multiple comparisons). 

Bottom: Cross correlation peaks vs. the locations of these peaks. Neither the peak correlation 

nor the amount of shift significantly differed between large and small grid cells (peak correlation, 

mean ± SEM: large grids = 0.42 ± 0.04, small grids = 0.33 ± =0.02, Wilcoxon rank sum p = 0.30; 

shift, mean ± SEM: large grids = 16.7 ± 11.5 cm, small grids = 16.4 ± 15.0 cm, Wilcoxon rank 

sum p = 0.86). e) and f) Same as (c) and (d) but for gain increases (n = 14 large grid cells, 23 

small grid cells). As predicted by the model, neither the peak correlation nor the amount of shift 

significantly differed between large and small grid cells (peak correlation, mean ± SEM: large 

grids = 0.52 ± 0.05, small grids = 0.53 ± 0.03, Wilcoxon rank sum p = 0.89; shift, mean ± SEM: 

large grids = 21.7 ± 12.6 cm, small grids = 10.0 ± 8.6 cm, Wilcoxon rank sum p = 0.30). Error 

bars: mean ± SEM. 
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