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Supplementary Figures
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Fig. S1. Strain-amplitude sweep of the PEGDA hydrogel. Storage modulus () and loss modulus () of the 5% PEGDA hydrogel measured as a function of shear strain () at 38.5 °C and 1 Hz. Across the full range , confirming a predominantly elastic gel. Data are shown as mean ± SD from three independent hydrogel samples (n = 3). The dashed vertical line marks the upper limit of the linear viscoelastic region (LVR), defined as the strain at which G’ first deviates by more than 5% from its low-strain plateau; here the LVR is 13.4% strain. All oscillatory rheology in this study was performed at 0.1% strain, well within the LVR (see Fig. 1c).
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Fig. S2. Lateral displacement traces illustrating flagellar amplitude calculation. Representative smoothed lateral displacement traces, for the proximal (a), mid (b), and distal (c) arc-length positions of a sperm adjacent to the soft PEGDA substrate. Lateral displacement was measured perpendicular to the instantaneous head–neck axis at the indicated arc-length position, s. Gray dashed lines indicate the temporal mean , and gray dotted lines indicate the 5th () and 95th () percentiles. Red double-headed arrows indicate the percentile excursion, . The reported amplitude was calculated as .
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Fig. S3. Representative flagellar wave-propagation analysis on glass and PDMS. (a,b) Representative tangent-angle kymograph and the corresponding two-dimensional frequency–wavenumber spectrum for a sperm adjacent to glass. (c,d) Corresponding analysis for a sperm adjacent to PDMS. The tangent angle  is shown as a function of arc length from the flagellar base and time. The bands in the kymographs indicate propagation of the flagellar waveform. We computed two-dimensional spectra (b,d) from the spatiotemporal tangent-angle data; red circles indicate the detected dominant spectral peaks. Negative wavenumbers correspond to base-to-tip wave propagation under the sign convention used here.
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Fig. S4.  Relationship between curvilinear velocity and proximal and mid flagellar amplitudes. Scatter plots of curvilinear velocity (VCL) as a function of B-spline-derived flagellar amplitude at the (a) proximal and (b) mid flagellar positions for sperm adjacent to glass (blue), PDMS (green), and soft PEGDA (orange) substrates. Each point represents an individual sperm track. Pearson correlation analysis showed no significant relationship between VCL and proximal amplitude for glass (), PDMS (), or soft PEGDA (). At the mid position,  VCL was positively correlated with amplitude on PDMS (), whereas no correlation was detected on glass  or soft PEGDA (). Sample sizes were n = 24, 26, and 29 for glass, PDMS, and soft PEGDA, respectively.
Supplementary Movie 1
Description: Representative phase-contrast recording of a bovine sperm moving adjacent to a glass substrate in TALP containing 0.5% methylcellulose. The movie shows the characteristic flagellar waveform and sperm motion near the rigid glass interface. The recording was acquired at 38.5 °C using a 20× objective at 200 frames/s and relates to the representative glass waveform and quantitative motility analyses presented in Fig. 3 and Fig. 4.
Supplementary Movie 2
Description: Representative phase-contrast recording of a bovine sperm moving adjacent to a PDMS substrate in TALP containing 0.5% methylcellulose. The movie shows flagellar beating and sperm motion near the PDMS interface under the same imaging and fluid conditions used for quantitative motility analysis. The recording was acquired at 38.5 °C using a 20× objective at 200 frames/s and relates to the representative PDMS waveform and quantitative motility analyses presented in Fig. 3 and Fig. 4.
Supplementary Movie 3
Description: Representative phase-contrast recording of a bovine sperm moving adjacent to the compliant 5% PEGDA hydrogel substrate in TALP containing 0.5% methylcellulose. The movie shows the flagellar waveform and sperm motion near the soft PEGDA interface. We acquired the recording at 38.5 °C using a 20× objective at 200 frames/s, and it relates to the representative flagellar waveform and quantitative amplitude and wave-dynamics analyses presented in Figs. 3 and 4.
Supplementary Table 1. Individual replicate data underlying the PEGDA hydrogel frequency sweep in Fig. 1c.
Frequency sweeps were performed on 5% PEGDA hydrogels at 38.5 °C and 0.1% strain. Values are shown for three independent hydrogel samples over the frequency range used in Fig. 1c.  and  denote the storage and loss moduli, respectively. The mean and SD are calculated across three independent samples (n = 3) with SD.
	ω
 (rad s⁻¹)
	G′ Rep. 1
 (Pa)
	G′ Rep. 2
 (Pa)
	G′ Rep. 3
 (Pa)
	Mean G′
 (Pa)
	SD G′
 (Pa)
	G″ Rep. 1
 (Pa)
	G″ Rep. 2
 (Pa)
	G″ Rep. 3
 (Pa)
	Mean G″
 (Pa)
	SD G″
 (Pa)

	0.628
	300.44
	423.14
	378.92
	367.50
	62.14
	43.163
	68.431
	117.52
	76.37
	37.81

	0.996
	306.76
	429.12
	398.17
	378.02
	63.62
	27.463
	38.850
	39.630
	35.31
	6.81

	1.58
	309.88
	423.68
	381.91
	371.82
	57.57
	18.943
	27.297
	39.449
	28.56
	10.31

	2.5
	307.01
	428.55
	392.78
	376.11
	62.46
	14.268
	21.633
	24.833
	20.24
	5.42

	3.96
	297.14
	432.48
	400.91
	376.84
	70.81
	20.071
	13.249
	20.646
	17.99
	4.11

	6.28
	301.89
	432.04
	400.39
	378.11
	67.88
	9.104
	16.768
	12.728
	12.87
	3.83

	9.96
	310.91
	427.58
	422.16
	386.88
	65.85
	16.201
	11.051
	21.138
	16.13
	5.04

	15.8
	304.28
	419.36
	469.23
	397.62
	84.60
	9.407
	9.048
	25.627
	14.69
	9.47





Supplementary Table 2. Quantitative image-quality measurements for the sperm head and distal flagellum on glass and soft PEGDA substrates in Fig. 2e.
Individual measurements underlying the quantitative image-quality analysis in Fig. 2e. Section A contains sperm-head Michelson contrast measurements (n = 5 independent measurements per substrate), Section B contains distal-flagellum Michelson contrast measurements (n = 10 independent measurements per substrate), and Section C summarizes distal-flagellum contrast-to-noise ratio (CNR). Michelson contrast was calculated as :

and CNR as:

where σ background is the standard deviation of the local background intensity. Summary values are mean ± SD. We compared Michelson contrast between substrates using Welch’s two-sample t-test.
A. Sperm-head Michelson contrast 
	Substrate
	Measurement
	Michelson contrast

	Glass
	1
	0.1918

	Glass
	2
	0.2008

	Glass
	3
	0.1918

	Glass
	4
	0.1833

	Glass
	5
	0.1795

	Soft PEGDA
	1
	0.2171

	Soft PEGDA
	2
	0.2091

	Soft PEGDA
	3
	0.2108

	Soft PEGDA
	4
	0.2014

	Soft PEGDA
	5
	0.2010


Summary: Glass, 0.189 ± 0.008; Soft PEGDA, 0.208 ± 0.007.



B. Distal-flagellum Michelson contrast
	Substrate
	Measurement
	Michelson contrast

	Glass
	1
	0.0577

	Glass
	2
	0.0563

	Glass
	3
	0.0513

	Glass
	4
	0.0508

	Glass
	5
	0.0488

	Glass
	6
	0.0719

	Glass
	7
	0.0906

	Glass
	8
	0.0658

	Glass
	9
	0.0543

	Glass
	10
	0.0535

	Soft PEGDA
	1
	0.0719

	Soft PEGDA
	2
	0.0718

	Soft PEGDA
	3
	0.0568

	Soft PEGDA
	4
	0.0510

	Soft PEGDA
	5
	0.0650

	Soft PEGDA
	6
	0.1131

	Soft PEGDA
	7
	0.1088

	Soft PEGDA
	8
	0.1027

	Soft PEGDA
	9
	0.1042

	Soft PEGDA
	10
	0.1160


Summary: Glass, 0.060 ± 0.013; Soft PEGDA, 0.086 ± 0.025; .
C. Distal-flagellum contrast-to-noise ratio summary
	Metric
	Glass
	Soft PEGDA
	Relative change

	Distal-flagellum CNR
	3.0 ± 1.6
	8.1 ± 4.3
	~2.7-fold higher on soft PEGDA





Supplementary Table 3. Individual sperm dominant frequency and wave propagation measurements used in Fig. 4.
Individual dominant frequency and wave propagation parameters for sperm adjacent to glass, PDMS, and soft PEGDA substrates. We obtained the dominant frequency and absolute wavenumber from two-dimensional Fourier analysis of flagellar curvature, as described in the Methods. Wavelength and wave speed correspond to the dominant spectral peak. Each row represents one sperm. Sample sizes were n = 15 for glass, n = 15 for PDMS, and n = 30 for soft PEGDA.
	Substrate
	Sperm
	Dominant
frequency
(Hz)
	Absolute wavenumber
(cycles/μm)
	Wavelength
(μm)
	Wave speed
(μm/s)

	Glass
	1
	16.000
	0.033333
	30.000
	480.000

	Glass
	2
	18.310
	0.038631
	25.886
	473.960

	Glass
	3
	26.087
	0.043668
	22.900
	597.390

	Glass
	4
	18.667
	0.033245
	30.080
	561.490

	Glass
	5
	17.995
	0.033784
	29.600
	532.650

	Glass
	6
	15.294
	0.028935
	34.560
	528.560

	Glass
	7
	18.113
	0.037500
	26.667
	483.020

	Glass
	8
	17.742
	0.036232
	27.600
	489.680

	Glass
	9
	17.391
	0.029691
	33.680
	585.740

	Glass
	10
	15.238
	0.030120
	33.200
	505.900

	Glass
	11
	16.835
	0.033482
	29.867
	502.810

	Glass
	12
	17.219
	0.034483
	29.000
	499.340

	Glass
	13
	16.495
	0.036611
	27.314
	450.540

	Glass
	14
	18.919
	0.038462
	26.000
	491.890

	Glass
	15
	15.625
	0.036008
	27.771
	433.930

	PDMS
	1
	21.577
	0.029762
	33.600
	724.980

	PDMS
	2
	21.898
	0.041152
	24.300
	532.120

	PDMS
	3
	21.557
	0.035971
	27.800
	599.280

	PDMS
	4
	23.662
	0.039062
	25.600
	605.750

	PDMS
	5
	25.455
	0.029833
	33.520
	853.240

	PDMS
	6
	18.729
	0.043424
	23.029
	431.300

	PDMS
	7
	18.182
	0.039863
	25.086
	456.100

	PDMS
	8
	19.802
	0.035920
	27.840
	551.290

	PDMS
	9
	18.056
	0.035129
	28.467
	513.980

	PDMS
	10
	20.652
	0.040793
	24.514
	506.270

	PDMS
	11
	20.809
	0.041667
	24.000
	499.420

	PDMS
	12
	22.523
	0.036534
	27.371
	616.470

	PDMS
	13
	18.367
	0.040323
	24.800
	455.510

	PDMS
	14
	20.915
	0.040416
	24.743
	517.500

	PDMS
	15
	17.544
	0.033632
	29.733
	521.640

	Soft PEGDA
	1
	15.539
	0.033000
	30.400
	472.380

	Soft PEGDA
	2
	15.331
	0.027000
	36.960
	566.630

	Soft PEGDA
	3
	14.148
	0.031000
	32.667
	462.170

	Soft PEGDA
	4
	17.112
	0.027000
	36.480
	624.260

	Soft PEGDA
	5
	13.853
	0.028000
	35.840
	496.480

	Soft PEGDA
	6
	18.280
	0.027000
	37.040
	677.080

	Soft PEGDA
	7
	15.539
	0.028000
	35.760
	555.670

	Soft PEGDA
	8
	13.850
	0.029000
	35.040
	485.320

	Soft PEGDA
	9
	15.200
	0.034000
	29.333
	445.870

	Soft PEGDA
	10
	14.536
	0.032000
	31.333
	455.470

	Soft PEGDA
	11
	17.614
	0.035000
	28.800
	507.270

	Soft PEGDA
	12
	13.115
	0.026000
	38.240
	501.510

	Soft PEGDA
	13
	14.773
	0.033000
	30.600
	452.050

	Soft PEGDA
	14
	12.121
	0.025000
	39.360
	477.090

	Soft PEGDA
	15
	13.363
	0.027000
	36.560
	488.550

	Soft PEGDA
	16
	11.525
	0.039000
	25.800
	297.360

	Soft PEGDA
	17
	14.716
	0.032000
	31.360
	461.480

	Soft PEGDA
	18
	15.686
	0.032000
	31.600
	495.690

	Soft PEGDA
	19
	15.593
	0.027000
	37.360
	582.560

	Soft PEGDA
	20
	14.365
	0.030000
	33.133
	475.950

	Soft PEGDA
	21
	13.084
	0.031000
	31.800
	416.070

	Soft PEGDA
	22
	12.732
	0.032000
	30.867
	393.000

	Soft PEGDA
	23
	17.593
	0.033000
	30.333
	533.640

	Soft PEGDA
	24
	16.244
	0.032000
	31.200
	506.800

	Soft PEGDA
	25
	18.382
	0.034000
	29.733
	546.570

	Soft PEGDA
	26
	14.201
	0.032000
	31.280
	444.210

	Soft PEGDA
	27
	16.959
	0.027000
	36.720
	622.740

	Soft PEGDA
	28
	17.000
	0.026000
	38.320
	651.440

	Soft PEGDA
	29
	11.538
	0.033000
	30.667
	353.850

	Soft PEGDA
	30
	15.929
	0.037000
	27.333
	435.400
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