Supplementary Table 1: Statistics and sample sizes
	Figure
	Comparison
	Sample size
	Statistical test
	p value

	Fig. 1f
	base vs wind
	N=6 flies 
n = 39-49 trials/fly
	Two-sided paired t-test
	0.0027

	
	base vs odor
	N=6 flies
n = 39-49 trials/fly
	Two-sided paired t-test
	0.0006

	Fig. 1g
	base vs wind
	N=12 flies
n = 36-60 trials/fly
	Two-sided paired t-test
	0.0021

	
	base vs odor
	N=12 flies
n = 36-60 trials/fly
	Two-sided paired t-test
	0.0003

	Fig. 1h
	Average bump amplitude
	N = 6 flies
n = 39-49 trials/fly
	N/A
	N/A

	Fig. 1i
	persistence distributions
	N = 6 flies 
n = 18-29 trials/fly
	N/A
	N/A

	Fig. 1j
	goal deviation bump vs offset
	N = 6 flies
n = 12-23 trials/fly
	Two-sided paired t-test
	0.0017

	
	forward velocity compared to 0
	N = 6 flies
n = 12-23 trials/fly
	Two-sided paired t-test 
	0.0522

	
	P(upwind heading) compared to 0
	N = 6 flies
n = 12-23 trials/fly
	Two-sided paired t-test 
	0.0694

	Fig. 1k
	Average bump amplitude
	N = 6 flies
n = 49-59 trials/fly
	N/A
	N/A

	Fig. 1l
	persistence distributions
	N = 12 flies
n = 8-41 trials/fly
	N/A
	N/A

	Fig. 1m
	goal deviation bump vs offset
	N = 12 flies
n = 2-31 trials/fly
	Two-sided paired t-test 
	0.0028

	
	forward velocity compared to 0
	N = 12 flies
n = 2-31 trials/fly
	Two-sided paired t-test 
	0.0295

	
	P(upwind heading) compared to 0
	N = 12 flies
n = 2-31 trials/fly
	Two-sided paired t-test
	0.1229

	Fig. 2d
	pre-drug vs IMI + curare
	N = 8 cells
npre-drug = 6-10 trials/cell
nIMI_curare = 1-16 trials/cell
	Two-sided Wilcoxon matched-pairs signed rank test
	0.0391

	Fig. 2f
	control vs h∆K>TNTe
	Ncontrol = 15 cells
ncontrol = 5-10 trials/cell
NTNTe = 8 cells
nTNTe = 1-9 trials/cell
	Two-sided Mann Whitney signed-rank test
	0.0032

	Fig. 2i
	pre-drug vs methysergide
	N = 8 cells
npre-drug = 5-8 trials/cell
nmethysergide = 5-9 trials/cell
	Two-sided paired t-test
	0.0367

	Fig. 2k
	pre-drug vs picrotoxin
	N = 5 cells
npre-drug = 5-10 trials/cell
npicrotoxin = 2-6 trials/cell
	Two-sided paired t-test
	0.0039

	Fig. 2m
	pre-drug vs picrotoxin
	N = 4 cells
npre-drug = 4-7 trials/cell
npicrotoxin = 2-9 trials/cell
	Two-sided paired t-test
	0.0212

	Fig. 3d
	Columns vs 0
	N = 6 flies
n = 39-49 trials/fly
	One-way ANOVA with multiple comparisons
	Main effect of column:
p < 0.0001

Column 4 vs -3:
p = 0.9410

Column 4 vs -2:
p = 0.7244

Column 4 vs -1:
p = 0.0006

Column 4 vs -0:
p < 0.0001

Column 4 vs 1:
p = 0.0013

Column 4 vs 2:
p = 0.9018

Column 4 vs 3:
p = 0.9588

	Fig. 4d
	Max bump deviation h∆K vs PFGs
	Nh∆K = 281 bumps
NPFG = 695 bumps
	Two-sided Mann Whitney signed-rank test
	< 0.0001

	
	Cumulative bump deviation h∆K vs PFGs
	Nh∆K = 281 bumps
NPFG = 695 bumps
	Two-sided Mann Whitney signed-rank test
	< 0.0001

	Fig. 4e
	h∆K vs PFGs
	h∆K:
N = 6 flies
nrest = 6-73 rests/fly
nturn = 57-76 turns/fly
nstraight_run = 2-93 runs/fly

PFGs:
N = 12 flies
nrest = 19-87 rests/fly
nturn = 24-181 turns/fly
nstraight_run = 7-75 runs/fly

	Two-way analysis of variance with multiple comparisons
	Main effect of behavioral stage: p < 0.0001

Main effect of genotype: 
p < 0.0001

Interaction: 
p = 0.0.0470

Rest h∆K vs PFGs: 
p < 0.0001

Turn h∆K vs PFGs: 
p < 0.0001

Surge h∆K vs PFGs: 
p = 0.1549

	Fig. 4f
	h∆K across behavioral stage
	N = 6 flies
nrest = 6-73 rests/fly
nturn = 57-76 turns/fly
nstraight_run = 2-93 runs/fly
	Friedman test with multiple comparisons
	Main effect of behavioral stage:
p = 0.0081

rest vs turn:
p > 0.9999

rest vs straight running:
p = 0.0281

turn vs straight running:
p = 0.0281

	
	PFGs across behavioral stage
	N = 12 flies
nrest = 19-87 rests/fly
nturn = 24-181 turns/fly
nstraight_run = 7-75 runs/fly
	One-way analysis of variance with multiple comparisons
	Main effect of behavioral stage:
p < 0.0001

rest vs turn:
p = 0.4704

rest vs straight running:
p < 0.0001

turn vs straight running:
p < 0.0001

	Fig. 4g
	PFG across turns
	Left turn (>130°) N = 139 turns

Left turn (<130°) N = 111 turns

Right turn (<130°) N = 198 turns

Right turn (>130°) N = 177 turns
	Two-sided Wilcoxon signed rank test
	Left turn (>130°):
p < 0.0001

Left turn (<130°):
p < 0.0001

Right turn (<130°):
p < 0.0001

Right turn (>130°):
p < 0.0001

	Fig. 4h
	h∆K across turns
	Left turns:
N = 476 turns

Right turns:
N = 696 turns

	circ_medtest from Circular Statistics Toolbox (test significance from median = 0)
	Left turns:
p = 0.0089

Right turns:
p < 0.0001

	Fig. 4j
	rotation gain vs bump amplitude
	N = 83 bumps
	Correlation across 10000 bootstraps (mean ± std)
	R2 = 0.193 ± 0.066 
p = 0.0013 ± 0.015


	Fig. 4k
	base vs odor
	N= 12 flies 
n = 20-58 trials/fly
	Two-sided paired t-test
	p = 0.0036

	Fig. 6c
	mean ∆F/F
	N = 6 flies
n = 8-13 trials/fly
	N/A
	N/A

	Fig. 6e
	angular speed cross correlation
	N = 6 flies
n = 39-65 trials/fly
	Two-sided one-sample t-test
	0.0019

	
	upwind velocity cross correlation
	N = 6 flies
n = 39-65 trials/fly
	Two-sided one-sample t-test
	0.0081

	Fig. 6f
	mean |heading| and ∆F/F
	N = 322 turns
	N/A
	N/A

	Fig. 6g
	base vs turn
	N = 322 turns
	Two-sided Wilcoxon matched-pairs signed rank test
	< 0.0001

	Fig. 6h
	mean goal deviation and ∆F/F
	N = 6 flies
n = 39-65 trials/fly
	N/A
	N/A

	Fig. 6i
	base vs goal offset
	N = 6 flies
n = 39-65 trials/fly
	Two-sided paired t-test
	0.0423

	Fig. 6l
	mean ∆F/F
	N = 6 flies
n = 4-12 trials/fly
	N/A
	N/A

	Fig. 6n
	angular speed cross correlation
	N = 6 flies
n = 26-56 trials/fly
	Two-sided one-sample t-test
	0.0039

	
	upwind velocity cross correlation
	N = 6 flies
n = 26-56 trials/fly
	Two-sided one-sample t-test
	0.4382

	Fig. 6o
	mean |heading| and ∆F/F
	N = 322 turns
	N/A
	N/A

	Fig. 6p
	base vs turn
	N = 180 turns
	Two-sided Wilcoxon matched-pairs signed rank test
	< 0.0001

	Fig. 6q
	mean goal deviation and ∆F/F
	N = 6 flies
n = 26-56 trials/fly
	N/A
	N/A

	Fig. 6r
	base vs goal offset
	N = 6 flies
n = 26-56 trials/fly
	Two-sided Wilcoxon matched-pairs signed rank test
	0.0312

	Ext. Data Fig. 1j
	heading distributions
	N = 18 flies
nbaseline = 935 trials
nodor = 935 trials
n10s = 935 trials
n20s = 935 trials
n30s = 724 trials
	N/A
	N/A

	Ext. Data Fig. 1k
	trajectory persistence
distributions
	N = 18 flies
n = 10-48 trials/fly
	N/A
	N/A

	Ext. Data Fig. 2b
	mean upwind velocity and bump amplitude
	N = 6 flies
n1 = 3-7 trials/fly
n2 = 2-8 trials/fly
n3 = 2-9 trials/fly
n4 = 4-8 trials/fly
	N/A
	N/A

	Ext. Data Fig. 2c
	mean upwind velocity and bump amplitude
	N = 6 flies
n1 = 6-12 trials/fly
n2 = 5-12 trials/fly
n3 = 7-12 trials/fly
n4 = 5-12 trials/fly
	N/A
	N/A

	Ext. Data 2d
	Mean bump amplitude before and after odor
	Nh∆K = 6 flies
nh∆K = 39-49 trials/fly

NPFG = 12 flies
nPFG = 36-60 trials/fly
	Two-sided paired t-test
	ph∆K = 0.0397
pPFG < 0.0001

	Ext. Data Fig. 3b
	mean ∆voltage across current steps
	N = 67 cells
n-4pA = 3-10 trials/cell
n0pA = 3-10 trials/cell
n4pA = 4-9 trials/cell
	N/A
	N/A

	Ext. Data Fig. 3d
	mean voltage over time
	N = 13 cells
n0.2 = 4-9 trials/cell
n0.8 = 5-9 trials/cell
	N/A
	N/A

	Ext. Data Fig. 3e
	light duty cycle
	N = 13 cells
n = 4-9 trials/cell
n0.5 = 4-9 trials/cell
n0.8 = 5-9 trials/cell
	Friedman test with multiple comparisons
	Main effect of duty cycle:
p < 0.0001

0.2 vs 0.5:
p = 0.0181

0.2 vs 0.8:
p < 0.0001

0.5 vs 0.8:
p = 0.3500

	Ext. Data Fig. 3f
	mean voltage over time
	N = 8 cells
n0.2 = 1-7 trials/cell
n0.8 = 2-7 trials/cell
	N/A
	N/A

	Ext. Data Fig. 3g
	mean voltage over time
	N = 13 cells
n0.2 = 5-8 trials/cell
n0.8 = 5-9 trials/cell
	N/A
	N/A

	Ext. Data Fig. 3h
	light duty cycle
	N = 13 cells
n0.2 = 5-8 trials/cell
n0.5 = 4-8 trials/cell
n0.8 = 5-9 trials/cell
	Friedman test with multiple comparisons
	Main effect of duty cycle:
p = 0.0014

0.2 vs 0.5:
p = 0.0239

0.2 vs 0.8:
p = 0016

0.5 vs 0.8:
p > 0.9999

	Ext. Data Fig. 3i
	mean voltage over time
	N = 8 cells
n0.2 = 3-5 trials/cell
n0.8 = 3-5 trials/cell
	N/A
	N/A

	Ext. Data Fig. 4d
	pre-drug vs picrotoxin
	N = 6 cells
npre-drug = 5-7 trials/cell
npicrotoxin = 3-13 trials/cell
	Two-sided paired t-test
	0.0049

	Ext. Data Fig. 8d
	h∆K and PFGs vs 0
	Nh∆K = 231 trials

NPFGs = 447 trials
	Two-sided Wilcoxon signed rank test
	h∆K vs 0:
p < 0.0001

PFGs vs 0:
p < 0.0001

	Ext. Data Fig. 8e
	h∆K vs PFGs
	Nh∆K = 231 trials

NPFGs = 447 trials
	Two-sided Wilcoxon signed rank test
	h∆K vs 0:
p = 0.2166

PFGs vs 0:
p = 0.0002

	Ext. Data Fig. 8f
	h∆K heading vs travel direction
	N = 231 trials
	Two-sided Wilcoxon matched-pairs signed rank test
	p = 0.0141

	
	PFGs heading vs travel direction
	N = 447 trials
	Two-sided Wilcoxon matched-pairs signed rank test
	p < 0.0001

	Ext. Data Fig. 8g
	Cumulative change in heading vs PFG bump position
	N0.5 < amp < 1.5 = 13

N1.5 < amp < 2.5 = 33

N2.5 < amp < 3.5 = 29

N3.5 < amp < 4.5 = 16

N4.5 < amp = 7
	Two-sided paired t-test
	0.5 < amp < 1.5:
p = 0.4208

1.5 < amp < 2.5:
p = 0.3284

2.5 < amp < 3.5:
p = 0.0005

3.5 < amp < 4.5:
p = 0.0232

4.5 < amp:
p = 0.0005



	Ext. Data Fig. 10a
	mean ∆F/F over time
	N = 6 flies
n1 = 8-14 trials/fly
n2 = 7-12 trials/fly
n3 = 8-14 trials/fly
n4 = 8-12 trials/fly
	N/A
	N/A

	Ext. Data Fig. 10b
	mean ∆F/F over time
	N = 6 flies
n1 = 5-11 trials/fly
n2 = 5-11 trials/fly
n3 = 5-11 trials/fly
n4 = 5-11 trials/fly
	N/A
	N/A



