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Appendix S1

Table S1: Distribution, including upper and lower 95% confidence interval bounds, of each

covariate’s calculated summary values at our determined the best fit model scale of 573 m

around each road segment, or the value associated with the road segment itself

Season Variable Distribution

Summer | Nightlight (index) Lower: -70.072, Mean: 76.6717, Upper: 223.4155
Min: 2.7794, Max: 381.1307

Summer | Housing Density (index) Lower: 0.3243, Mean: 6.7454, Upper: 13.1666
Min: 0.0000, Max: 11.1551

Summer | Road Density (index) Lower: -2.7302, Mean: 5.0457, Upper: 12.8216
Min: 0.0000, Max: 13.9430

Summer | Speed Limit (mph) Lower: 12.3375, Mean: 26.3822, Upper: 40.4269
Min: 0, Max: 65

Summer | Seg. Length (m) Lower: -88.2163, Mean: 238.7439, Upper: 565.7041
Min: 0.0311, Max: 500

Summer | Elevation (m) Lower: 1261.6858, Mean: 1642.9477, Upper: 2024.2096
Min: 1372.216, Max: 2851.9923

Summer | Terr. Roughness (index) Lower: -5.8365, Mean: 7.9156, Upper: 21.6678
Min: 1.7262, Max: 37.9661

Summer | NDVI (index) Lower: 0.207, Mean: 0.3683, Upper: 0.5296
Min: 0.1794, Max: 0.6919

Summer | Forest (proportion) Lower: -0.276, Mean: 0.0615, Upper: 0.399
Min: 0, Max: 1

Summer | Shrub (proportion) Lower: -0.2687, Mean: 0.3243, Upper: 0.9173
Min: 0, Max: 1

Summer | Developed/Urban (proportion) | Lower: -0.3127, Mean: 0.485, Upper: 1.2828
Min: 0, Max: 1

Summer | Agriculture (proportion) Lower: -0.0897, Mean: 0.0278, Upper: 0.1454
Min: 0, Max: 0.7146

Summer | Open/Natural (proportion) Lower: -0.2166, Mean: 0.1013, Upper: 0.4192
Min: 0, Max: 0.9966

Winter Nightlight (index) Lower: -98.6245, Mean: 102.4861, Upper: 303.5967
Min: 2.411, Max: 813.751

Winter Housing Density (index) Lower: -1.1443, Mean: 4.7159, Upper: 10.5761
Min: 0, Max: 12




Winter Road Density (index) Lower: -1.8455, Mean: 3.93, Upper: 9.7055
Min: 0, Max: 13.9397

Winter Speed Limit (mph) Lower: 5.3062, Mean: 24.511, Upper: 43.7158
Min: 0, Max: 65

Winter Seg. Length (m) Lower: -100.4026, Mean: 218.117, Upper: 536.6366
Min: 0.0175, Max: 500

Winter Elevation (m) Lower: 1197.5148, Mean: 1549.898, Upper: 1902.2812
Min: 1286.7925, Max: 2851.3688

Winter Terr. Roughness (index) Lower: -4.9839, Mean: 5.3209, Upper: 15.6258
Min: 1.2806, Max: 38.6979

Winter Snow Cover (index) Lower: 5.2098, Mean: 29.6989, Upper: 54.188
Min: 0, Max: 77.5488

Winter NDVI (index) Lower: 0.0852, Mean: 0.1872, Upper: 0.2891
Min: 0.0285, Max: 0.4741

Winter Forest (proportion) Lower: -0.2449, Mean: 0.0387, Upper: 0.3224
Min: 0, Max: 1

Winter Shrub (proportion) Lower: -0.2693, Mean: 0.2613, Upper: 0.7919
Min: 0, Max: 1

Winter Developed/Urban (proportion) | Lower: -0.2325, Mean: 0.4625, Upper: 1.1574
Min: 0, Max: 1

Winter Agriculture (proportion) Lower: -0.3291, Mean: 0.1391, Upper: 0.6073
Min: 0, Max: 1

Winter Open/Natural (proportion) Lower: -0.2312, Mean: 0.0984, Upper: 0.428
Min: 0, Max: 1

Figure S1: Nonaligned systematic sampling of n = 1,000 points in the 55 m buffer around a

road segment, demonstrated over land cover (NLCD) data.

Table S2: Correlation coefficients calculated using Pearson’s r between all variables

included in the regression models for crossing probability, crossing intensity, and mortality




probability. Values were derived using the summary statistics calculated for each road

segment aggregated for both the summer and winter ranges.

a) Summer road crossing and intensity 573 m covariate correlation values
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Note: Boldface shows where the threshold of |r| > 0.70 was exceeded.




b) Winter road crossing and intensity 573 m covariate correlation values. Red coloration

shows where the threshold of [r| > 0.70 was exceeded.
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Note: Boldface shows where the threshold of |r| > 0.70 was exceeded.

¢) Summer road mortality 573 m covariate correlation values.
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d) Winter road mortality 573 m covariate correlation values.
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Note: Boldface shows where the threshold of |r| > 0.70 was exceeded.

Table S3: Summary of results of testing for spatial autocorrelation in our models using

Moran’s I, where the alternative hypothesis is that spatial autocorrelation is present. As most

models showed significant spatial autocorrelation, we accounted for spatial effects in all.

Model 573 m Moran’s I 55 m Moran’s 1 20 m Moran’s 1

Summer Day | observed =0.0471, observed = 0.0390, expected = | observed = 0.0383230,
Crossing expected =-0.0017, sd = -0.0017, sd = 0.0073, p-value expected =-0.0017, sd =
Intensity 0.0073, p-value =2.731e-11 | =2.795e-08 0.0073, p-value = 4.83e-08
Summer observed =-0.0047, observed = -0.0024, expected observed = -0.0009,
Crepuscular | expected =-0.0011, sd = =-0.0011, sd = 0.0061, p- expected =-0.0011, sd =
Crossing 0.0061, p-value = 0.5605 value = 0.8283 0.0061, p-value = 0.9759
Intensity




Summer Day

observed = 0.0062,

observed = 0.0032, expected =

observed = 0.0010,

2.2e-16

Crossing expected =-0.0002, sd = -0.0002, sd = 0.0019, p-value | expected =-0.0002, sd =
Probability 0.0019, p-value = 0.0007 =0.0752 0.0019, p-value = 0.505
Summer observed = 0.0096, observed = 0.0094, expected = | observed = 0.0079,
Crepuscular | expected =-0.0002, sd = -0.0002, sd = 0.0019, p-value expected =-0.0002, sd =
Crossing 0.0019, p-value =2.679¢-07 | =4.003e-07 0.0019, p-value = 2.19e-05
Probability

Winter observed = 0.0226, observed = 0.0226, expected = | observed = 0.0234,
Crepuscular | expected =-0.0007, sd = -0.0007, sd = 0.0041, p-value expected =-0.0007, sd =
Crossing 0.0041, p-value = 1.606e-08 | = 1.753e-08 0.0041, p-value = 5.293e-09
Intensity

Winter Night | observed =0.0090, observed = 0.0054, expected = | observed = 0.0054,
Crossing expected =-0.0010, sd = -0.0010, sd = 0.0051, p-value | expected =-0.0010, sd =
Intensity 0.0051, p-value = 0.04912 =0.2068 0.0051, p-value = 0.2104
Winter observed = 1.3244¢-02, observed = 9.5006¢-03, observed = 8.9089¢-03,
Crepuscular | expected = -5.0904¢-05, sd | expected =-5.0904¢-05, sd = expected = -5.0904¢-05, sd
Crossing = 4.3290e-04, p-value < 4.3290e-04, p-value < 2.2e-16 | =4.3290e-04, p-value <
Probability 2.2e-16 2.2e-16

Winter Night | observed = 7.1344¢-03, observed = 7.3257¢-03, observed = 6.0911¢e-03,
Crossing expected =-5.0904¢-05,sd | expected = -5.0904¢-05, sd = expected = -5.0904¢-05, sd
Probability =4.3290e-04, p-value < 4.3290e-04, p-value <2.2e-16 | =4.3290e-04, p-value <

2.2e-16

Table S4: Summary of all models fit for our data set and their associated AIC values. All

models (except Summer Crossing Intensity) had a best fit scale of 573 m, so that scale was

selected for the final analysis, as well as for performing the road mortality analysis.

Model 573 m AIC 55 m AIC 20 m AIC
Summer Day Crossing Intensity 1651.3 1652.5 1651.2
Summer Crepuscular Crossing Intensity 3288.7 3287.1 32954
Summer Day Crossing Probability 4423 4581.3 4604.9
Summer Crepuscular Crossing Probability 5464.6 5644.4 5669
Winter Crepuscular Crossing Intensity 6087 6109.6 6120.8
Winter Night Crossing Intensity 3304.8 3312.4 3315.6
Winter Crepuscular Crossing Probability 13067.7 13441.9 13508.2
Winter Night Crossing Probability 9566.6 9758.8 9819.7

Note: Values in boldface indicate the best performing scale for a given model (by row)

Table S5: Full model results for the determined best spatial scale of 573 m. A ‘1’ or ‘2’

following a variable’s name is a byproduct of modeling using cubic splines and indicates

whether the coefficient represents the slope of the line before or after its inflection point.




a) Summer Day Crossing Intensity

Variable P Estimate Standard Error z value Pr (>|z))
Intercept -3.76571 0.27206 -13.841 <2e-16
Speed Limit 1 -0.09121 0.36945 -0.247 0.804998
Speed Limit 2 -0.31065 0.22927 -1.355 0.175436
Terr. Roughness 1 -0.72646 0.26546 -2.737 0.006208
Terr. Roughness 2 -0.71746 0.3436 -2.088 0.036792
Nightlight 1 -1.45741 0.26308 -5.54 3.03E-08
Nightlight 2 -0.71885 0.3056 -2.352 0.018662
Shrubland -0.05619 0.04724 -1.189 0.234259
Agriculture -0.08174 0.02988 -2.736 0.006219
Open/Natural -0.07028 0.03348 -2.099 0.035834
NDVI 1 0.9769 0.28328 3.449 0.000564
NDVI 2 0.20022 0.38902 0.515 0.606777
Seg. Length 1 0.86375 0.21957 3.934 8.36E-05
Seg. Length 2 0.33548 0.07531 4.455 8.39E-06
b) Summer Crepuscular Crossing Intensity

Variable p Estimate Standard Error z value Pr (>|z|)
Intercept -4.70879 0.22224 -21.188 <2e-16

Speed Limit 1 -0.16276 0.34294 -0.475 0.635065

Speed Limit 2 -0.19664 0.21454 -0.917 0.359377

Terr. Roughness 1 -0.75297 0.22213 -3.39 0.000699

Terr. Roughness 2 -0.72886 0.30231 -2.411 0.015909
Nightlight 1 0.08265 0.24466 0.338 0.735516
Nightlight 2 0.05937 0.4317 0.138 0.890607
Shrubland 0.20039 0.03988 5.025 5.04E-07
Agriculture -0.05905 0.02945 -2.005 0.044953
Open/Natural 0.12758 0.032 3.986 6.71E-05

NDVI 1 1.08723 0.24239 4.485 7.28E-06

NDVI 2 0.33771 0.26353 1.282 0.200014

Seg. Length 1 1.35236 0.22449 6.024 1.70E-09

Seg. Length 2 0.39255 0.08047 4.878 1.07E-06




c¢) Winter Crepuscular Crossing Intensity

Variable P Estimate Standard Error z value Pr (>|z|)
Intercept -4.05168 0.224123 -18.078 <2e-16
Speed Limit 1 -0.096351 0.182326 -0.528 0.59718
Speed Limit 2 -0.172429 0.12373 -1.394 0.16344
Terr. Roughness 1 -0.091488 0.141771 -0.645 0.51872
Terr. Roughness 2 -0.8221 0.280623 -2.93 0.00339
Nightlight 1 0.73165 0.174701 4.188 2.81E-05
Nightlight 2 0.148527 0.218637 0.679 0.49693
Shrubland 0.182488 0.033106 5.512 3.54E-08
Agriculture -0.007091 0.020263 -0.35 0.72636
Open/Natural 0.107372 0.025864 4.151 3.30E-05
NDVI 1 0.064485 0.23867 0.27 0.78702
NDVI 2 0.155078 0.174145 0.891 0.37319
Snow Cover 1 -0.402015 0.15811 -2.543 0.011
Snow Cover 2 0.269884 0.154059 1.752 0.07981
Seg. Length 1 1.001679 0.155311 6.45 1.12E-10
Seg. Length 2 0.406129 0.049831 8.15 3.63E-16

d) Winter Night Crossing Intensity

Variable P Estimate Standard Error z value Pr (>)z))
Intercept -4.38381 0.26562 -16.504 <2e-16
Speed Limit 1 -0.29594 0.20793 -1.423 0.1547
Speed Limit 2 -0.16331 0.1349 -1.211 0.2261
Terr. Roughness 1 0.77367 0.30365 2.548 0.0108
Terr. Roughness 2 -0.17792 0.29445 -0.604 0.5457
Nightlight 1 0.07438 0.45892 0.162 0.8712
Nightlight 2 -0.28509 0.4683 -0.609 0.5427
Shrubland 0.01159 0.05968 0.194 0.846
Agriculture -0.01215 0.03024 -0.402 0.6879
Open/Natural 0.0605 0.04559 1.327 0.1845
NDVI 1 0.57075 0.34045 1.676 0.0936
NDVI 2 0.44544 0.22726 1.96 0.05
Snow Cover 1 -0.05134 0.20485 -0.251 0.8021




Snow Cover 2 0.2322 0.17225 1.348 0.1776
Seg. Length 1 0.97444 0.13632 7.148 8.79E-13
Seg. Length 2 0.36195 0.04764 7.598 3.01E-14
e) Summer Day Crossing Probability

Variable P Estimate Standard Error z value Pr (>|z|)
Intercept -3.011 0.32773 -9.187 <2e-16
Speed Limit -0.13473 0.03742 -3.601 0.000318
Terr. Roughness -0.32234 0.06711 -4.803 1.56E-06
Nightlight -0.16764 0.11305 -1.483 0.138113
Shrubland 0.92292 0.07455 12.38 <2e-16
Agriculture 0.0488 0.04672 1.044 0.296262
Open/Natural 0.06465 0.05547 1.165 0.243818
NDVI 0.1957 0.06414 3.051 0.00228
Seg. Length 0.44123 0.04312 10.233 <2e-16
Easting 0.28318 0.09528 2.972 0.002957
Northing 0.06807 0.04759 1.43 0.15267
f) Summer Crepuscular Crossing Probability

Variable P Estimate Standard Error z value Pr (>|z|)
Intercept -2.61818 0.32815 -7.979 1.48E-15
Speed Limit -0.18501 0.03169 -5.838 5.27E-09
Terr. Roughness -0.1323 0.05499 -2.406 0.0161
Nightlight -0.60274 0.11139 -5.411 6.26E-08
Shrubland 0.7977 0.06426 12.413 <2e-16
Agriculture -0.04467 0.04348 -1.027 0.3043
Open/Natural 0.11037 0.04481 2.463 0.0138
NDVI 0.08225 0.05462 1.506 0.1321
Seg. Length 0.44026 0.03693 11.921 <2e-16
Easting 0.18344 0.07806 2.35 0.0188
Northing 0.19417 0.04533 4.284 1.84E-05

g) Winter Crepuscular Crossing Probability
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Variable p Estimate Standard Error z value Pr (>|z|)
Intercept -3.14692 0.35257 -8.926 <2e-16
Speed Limit -0.057 0.02625 -2.171 0.0299
Terr. Roughness -0.05004 0.02194 -2.281 0.02253
Nightlight -0.29373 0.06608 -4.445 8.78E-06
Shrubland 0.66054 0.03568 18.515 <2e-16
Agriculture -0.21064 0.06471 -3.255 0.00113
Open/Natural 0.0327 0.02783 1.175 0.2399
NDVI -0.20575 0.03261 -6.31 2.80E-10
Snow Cover 0.12472 0.02898 4.303 1.68E-05
Seg. Length 0.41964 0.02456 17.089 <2e-16
Easting -0.07913 0.03616 -2.188 0.02865
Northing 0.47503 0.04344 10.934 <2e-16
h) Winter Night Crossing Probability

Variable p Estimate Standard Error z value Pr (>|z|)
Intercept -4.66621 0.84564 -5.518 3.43E-08
Speed Limit -0.07448 0.03169 -2.351 0.0187
Terr. Roughness -0.03397 0.0252 -1.348 0.1777
Nightlight -0.31827 0.07753 -4.105 4.04E-05
Shrubland 0.56211 0.04078 13.785 <2e-16
Agriculture -0.42821 0.08736 -4.901 9.52E-07
Open/Natural -0.16142 0.035 -4.612 4.00E-06
NDVI -0.21837 0.03788 -5.764 8.21E-09
Snow Cover 0.05481 0.03616 1.516 0.1296
Seg. Length 0.41011 0.0293 13.997 <2e-16
Easting -0.08897 0.04151 -2.143 0.0321
Northing 0.51886 0.05385 9.635 <2e-16
1) Summer Road Mortality Probability

Variable p Estimate Standard Error z value Pr (>|z|)
Intercept -2.2572 0.30926 -7.299 291E-13
Speed Limit 0.14956 0.20467 0.731 0.464921
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Terr. Roughness -0.03096 0.30001 -0.103 0.917795
Nightlight -0.52842 0.27603 -1.914 0.055576
Shrubland -0.78114 0.29912 -2.611 0.009016
Agriculture -0.10357 0.16148 -0.641 0.52128

Open/Natural -0.16084 0.2133 -0.754 0.450802
NDVI -0.12614 0.3272 -0.386 0.699849
Seg. Length 0.55224 0.16736 33 0.000968
Easting 0.19309 0.28238 0.684 0.494111
Northing 0.15511 0.14742 1.052 0.292717

j) Winter Road Mortality Probability

Variable P Estimate Standard Error z value Pr (>|z|)

Intercept -1.949906 0.136437 -14.292 <2e-16

Speed Limit 0.168019 0.079879 2.103 0.035429
Terr. Roughness -0.008784 0.075499 -0.116 0.907379
Nightlight -0.207505 0.112744 -1.84 0.065695
Shrubland 0.016143 0.101726 0.159 0.873914
Agriculture -0.245426 0.094443 -2.599 0.009359
Open/Natural -0.055512 0.078942 -0.703 0.481926
NDVI -0.097677 0.095644 -1.021 0.307133
Snow Cover -0.015282 0.076822 -0.199 0.842317
Seg. Length 0.597576 0.083727 7.137 9.53E-13
Easting -0.223047 0.090506 -2.464 0.013723
Northing 0.272869 0.082284 3.316 0.000912
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