these pixels. First, we replace all zero-value AWS pixels that intersected wetlands with
the mean AWS value across all wetland pixels. Second, we used our binary Open Water
raster to mask all AWS pixels intersecting open water and filled in remaining zero-value
pixels using the average of the surrounding cells in a 7x7 moving window. We then
calculated the standard deviation of AWS (SD AWS) using a Uniform kernel with the
focal function in RASTER package (Hijmans 2017).

We downloaded Normalized Vegetation Difference Index (NDVI) data calculated
from LANDSAT 8 OLI/TIRS using the U.S. Geologic Survey’s Earth Explorer data base
via the bulk order service (https://espa.cr.usgs.gov/ordering/new/, accessed June 2016).
We used LANDSAT 8 imagery to correspond as closely as possible to the date of our
CLC land cover data. We masked clouds and cloud shadows from each image using its
associated pixel_ga band which uses the Fmask algorithm of Zhu and Woodcock (2012)
and Zhu et al. (2015) and a default cloud probability of 22.5%. Following Bauder et al.
(2018), we calculated a mean winter NDVI using images from 11 Dec. 2014, 29 Jan.
2015, 28 Nov. 2015, 16 Dec. 2016, and 2 Feb. 2017 and a mean spring NDV1 using
images from 14 May 2013, 2 Apr. 2015, 6 May 2016, 7 April 2017, and 9 May 2017. We
assigned cloud/cloud shadow pixels as NA and took the arithmetic mean for each across
all images. Remaining NA pixels made up a small percentage of our study area (< 1%)
and were typically associated with impervious surfaces and buildings so we assigned
remaining NA pixels as the mean across all images prior to masking clouds/cloud
shadows. After this step, approximately 0.01% of pixels were still NA; we replaced these
with the mean of a 3 x 3 moving window. We then resampled NDVI from its original 30

m pixel resolution to 15 m pixels using ArcGIS 10.5.
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APPENDIX U. WEEKLY SURVIVAL ESTIMATES AS A FUNCTION OF LANDSCAPE COVARIATES

Survival was estimated as a function of roads, urban, and development (Dvlp) measured within 400, 1,100, and 1,100 m radius
Uniform kernels, respectively, centered on each agent’s total home range centroid using known-fate models. BacksS represents
background daily survival while Rd/UrbS represents road/urban crossing daily survival. Error bars and dashed lines are 95%
Cl around observed estimates and predicted values from the simulated data, respectively.



APPENDIX V. CHARACTERISTIC SCALES FOR SIMULATED EIS
OCCUPANCY AS A FUNCTION OF MULTI-SCALE LANDSCAPE
COVARIATES.
Occupancy was measured using 999 randomly placed plots with 1.013 m radii.
Landscape covariates were measured using concentric Uniform kernels with radii from

677-3,077 m.ConsLands are the proportion of conservation lands. Roads_EQ are roads
with all three road classes given equal weight, and Roads_SE are roads with primary and

secondary roads given five times the weight as tertiary roads.
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APPENDIX W. SUMMARY GENETIC DIVERSITY STATISTICS ACROSS ALL
SAMPLES (N = 107) INCLUDING PUTATIVE DUPLICATES.

Statistics are presented for each of the 15 loci examined: A = number of alleles, Ar =
allelic richness, Ho = observed heterozygosity, He = expected heterozygosity, HWP = P
value for test of Hardy-Weinberg proportions using sequential Bonferroni correction, Fs
= inbreeding coefficient, Fis P = P value for test significance of Fs using sequential
Bonferroni correction, nulls = estimated percentage of null alleles.

Locus A Ar Ho He HWP Fis FisP nulls

Dry24 7 6.93 0.62 0.71 0.8208 0.14 0.0440 6.02%
Dry30 6 5.47 0.54 0.65 03645 0.17 0.0799 6.79%
Dry44 5 4.92 0.54 0.57 1.0000 0.05 1.0000 1.79%
Dry55 5 5.00 0.47 0.47 1.0000 0.00 1.0000 -0.28%
Dry68 7 6.86 0.54 0.72 0.0000 0.25 0.0150 11.96%
Dry06 8 7.65 0.63 0.63 1.0000 0.01 1.0000 0.06%
Dry48 12 11.31 0.67 0.73 1.0000 0.08 0.4615 3.30%
Dry58 14 13.63 0.74 0.87 0.0000 0.16 0.0150 7.62%
Dry59 10 9.14 0.59 0.72 0.0384 0.19 0.0240 8.35%
Dry65 8 7.66 0.39 046 1.0000 0.14 0.1349 4.49%
Dry69 6 5.92 0.62 0.63 1.0000 0.01 1.0000 0.33%
Dry05 8 7.65 0.65 0.68 0.0840 0.05 1.0000 1.68%
Dryl4 5 4.75 0.36 0.61 0.0000 0.41 0.0150 18.17%
Dry35 8 8.00 0.74 0.79  1.0000 0.07 0.4336 3.20%
Dry70 6 5.93 0.64 0.73 0.0385 0.12 0.1349 5.29%
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APPENDIX X. SUMMARY GENETIC DIVERSITY STATISTICS FROM
SAMPLES WITHIN AND OUTSIDE OF THE ARCHBOLD BIOLOGICAL
STATION (ABS)
Statistics are presented for each of the 15 loci examined: HWP = P value for test of
Hardy-Weinberg proportions using sequential Bonferroni correction, F;s = inbreeding

coefficient, Fis P = P value for test significance of F,s using sequential Bonferroni
correction.

ABS (n = 62) Other (n = 40)
HWP Fis Fis P HWP Fis Fis P
Dry24 1.0000 0.08 0.8389 0.1056 0.23 0.1739
Dry30 1.0000 0.14 0.5961 0.5423 0.21 0.2815
Dry44 1.0000 0.03 1.0000 1.0000 0.02 1.0000
Dry55 1.0000 -0.01 1.0000 1.0000 -0.05 1.0000
Dry68 0.0030 0.22 0.0993 0.0286 0.23 0.0497
Dry06 1.0000 -0.02 1.0000 1.0000 -0.02 1.0000
Dry48 1.0000 0.06 0.9041 0.6408 -0.06 1.0000
Dry58 0.4200 0.10 0.3229 0.0126 0.14 0.1788
Dry59 0.4499 0.14 0.5563 0.5423 0.16 0.1739
Dry65 1.0000 0.11 0.6706 1.0000 0.11 0.9509
Dry69 1.0000 0.01 1.0000 1.0000 -0.01 1.0000
Dry05 0.5560 0.04 1.0000 1.0000 0.01 1.0000
Dryl4 0.0336 0.34 0.0993 0.0000 0.44 0.0497
Dry35 1.0000 0.09 0.6706 1.0000 0.00 1.0000
Dry70 0.3185 0.16 0.3229 0.5423 0.07 1.0000
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APPENDIX Y. COMPARISON OF ISOLATION-BY-DISTANCE TESTS
ACROSS DATA SETS.

Estimates of the intercept and slope and 95% CI from MLPE linear mixed-effects models
and Mantel’s r comparing genetic distance to Euclidean geographic distance. Genetic
distance was calculated using weighted principle components axes. Data sets with 107
samples include potential duplicates, data sets with 102 samples exclude potential
duplicates, and data sets with 88 samples exclude potential duplicates and juveniles. Data
sets with 13 loci exclude Dry14 and Dry68, those with 12 loci exclude Dryl14, Dry68, and
Dry30, and those with 11 loci exclude Dry14, Dry68, Dry58, and Dry59.
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APPENDIX Z. ESTIMATES OF THE INTERCEPT AND SLOPE AND 95% CI
FROM MLPE LINEAR MIXED-EFFECTS MODELS AND MANTEL’S R
COMPARING GENETIC DISTANCE TO EUCLIDEAN GEOGRAPHIC

DISTANCE.

Genetic distance was calculated using weighted principle components axes. Data sets
included all samples excluding Archbold Biological Station (ABS) (Other, n = 40),
samples within ABS (ABS, n = 62), Other samples excluding juveniles (n = 39), and
ABS samples excluding juveniles (n = 49). Data sets with 13 loci exclude Dry14 and
Dry68, those with 12 loci exclude Dry14, Dry68, and Dry30, and those with 11 loci
exclude Dryl4, Dry68, Dry58, and Dry59.
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APPENDIX AA. GENETIC AUTOCORRELATION COEFFICIENTS
CALCULATED WITH DIFFERENT NUMBERS OF LOCI

Genetic autocorrelation coefficients calculated at different bin widths (km) with and
without juveniles and different numbers of loci. Analyses were run across all samples and
separately by each sex (adults only). Values marked in bold had bootstrapped 95% CI
that were greater than zero. Data sets with 13 loci exclude Dry14 and Dry68, those with
12 loci exclude Dry14, Dry68, and Dry30, and those with 11 loci exclude Dry14, Dry68,
Dry58, and Dry59.

All individuals (n = 102)

Bin 15 loci, 13 loci, 12 loci, 11 loci,
(km) 15loci  Adults 131loci Adults 12loci Adults 11loci  Adults

0.061 0.066 0.062 0.072  0.060 0.072 0.056 0.065
0.040 0.043 0.037 0.042 0.034  0.040 0.035 0.041
0.038 0.044 0.036 0.040 0.034 0.038 0.030 0.029
0.022 0.030 0.021 0.031 0.021  0.030 0.023 0.034
10 0.021 0.028 0.022 0.029 0.026  0.032 0.014 0.025
12 0.021 0.024 0.021 0.022 0.024 0.025 0.017 0.020
14 -0.012 -0.003 -0.005 0.003 -0.004 0.005 -0.006 0.000

oo~ DN

Bin 15 loci, 13 loci, 12 loci, 11 loci,
(km) 15loci  Adults 13loci Adults 12loci Adults 11loci  Adults

3 0.051 0.056 0.051 0.059 0.049 0.058 0.046 0.053
6 0.042 0.047 0.039 0.045 0.037 0.043 0.035 0.038
9 0.021 0.029 0.021 0.029 0.022 0.030 0.020 0.030
2 0.021 0.026 0.023 0.026 0.025 0.028 0.018 0.024
15 -0.014 -0.008 -0.004 0.000 -0.004 0.000 -0.006 -0.003
18 -0.032 -0.028 -0.028 -0.026 -0.026 -0.023 -0.032 -0.032
21 -0.027 -0.019 -0.021 -0.014 -0.026 -0.018 -0.023 -0.017

Bin 15 loci, 13 loci, 12 loci, 11 loci,
(km) 15loci  Adults 13loci Adults 12loci Adults 11loci Adults

4 0.050 0.055 0.049 0.057 0.047  0.056 0.045 0.053
8 0.029 0.037 0.028 0.035 0.027 0.034 0.027 0.032
12 0.021 0.025 0.022 0.025 0.025 0.028 0.016 0.023
16 -0.017 -0.012 -0.008 -0.006 -0.007 -0.003 -0.009 -0.007
20 -0.025 -0.016 -0.019 -0.013 -0.022 -0.014 -0.022 -0.019
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Adult males (n = 45)

Bin (km) 15 loci 13 loci 12 loci 11 loci
2 0.057 0.056 0.050 0.051
4 0.043 0.041 0.034 0.039
6 0.057 0.049 0.043 0.038
8 0.019 0.019 0.016 0.025
10 0.054 0.047 0.056 0.031
12 0.025 0.026 0.027 0.027
14 -0.037 -0.024 -0.020 -0.042
Bin (km) 15 loci 13 loci 12 loci 11 loci
3 0.048 0.050 0.043 0.043
6 0.057 0.048 0.042 0.042
9 0.024 0.021 0.021 0.023
12 0.040 0.039 0.041 0.033
15 -0.033 -0.023 -0.020 -0.044
18 -0.037 -0.028 -0.024 -0.025
21 -0.014 -0.003 -0.002 0.000
Bin (km) 15 loci 13 loci 12 loci 11 loci
4 0.050 0.048 0.042 0.045
8 0.038 0.034 0.029 0.032
12 0.039 0.036 0.041 0.029
16 -0.042 -0.032 -0.029 -0.045
20 -0.009 0.001 0.003 0.001
Adult females (n = 36)

Bin (km) 15 loci 13 loci 12 loci 11 loci
2 0.039 0.055 0.059 0.072
4 0.064 0.059 0.062 0.064
6 0.024 0.024 0.029 0.006
8 0.018 0.023 0.023 0.030
10 0.000 0.009 0.002 -0.007
12 -0.024 -0.027 -0.028 -0.027
14 -0.026 -0.025 -0.029 -0.002
Bin (km) 15 loci 13 loci 12 loci 11 loci
3 0.051 0.058 0.062 0.067
6 0.033 0.036 0.038 0.031
9 0.013 0.014 0.013 0.014
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12 -0.015 -0.007 -0.012 -0.012
15 -0.020 -0.008 -0.006 0.008
18 -0.020 -0.028 -0.029 -0.037
21 -0.037 -0.040 -0.048 -0.060
Bin (km) 15 loci 13 loci 12 loci 11 loci
4 0.050 0.057 0.060 0.068
8 0.021 0.023 0.026 0.019
12 -0.011 -0.008 -0.012 -0.016
16 0.001 0.010 0.012 0.020
20 -0.035 -0.038 -0.043 -0.055
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APPENDIX AB. MODEL RANKINGS FOR RAW RESOURCE SELECTION
FUNCTION (RSF) AND SCALE-INTEGRATED RESOURCE SELECTION
FUNCTION (SRSF) SURFACES USING EXPONENTIATED VALUES.

RSF surfaces reflect second- and third-order habitat selection (Level Il and 11I,
respectively) while SRSF surfaces are the normalized product of Level 1l and Level 1lI
surfaces. Level Il surfaces were estimated with and without urban land cover. Level 111
surfaces were estimated for breeding (Brd.) and non-breeding (NonBrd.) seasons for each
sex. The number of model parameters is given by K, w is the AIC. model weight, Avg.
Rank is the average model ranking across 1,000 bootstrap iterations, 7 is the proportion
of bootstrap iterations where the model was the top model, mR? is the marginal R?, and
cR? is the conditional R%.

A Avg.
Surface K AIC, AIC, w Rank T mR2 cR2
Level Il 2 -14769.17 0.00 1.0000 1.00 0.9910 0.12 0.77
Level Il (w/Urban) 2 -14748.86 20.31 0.0000 2.00 0.0085 0.10 0.77
Female NonBrd.
SRSF (w/Urban) 2 -14722.37 46.80 0.0000 3.03 0.0001 0.09 0.76
Female Brd. SRSF
(w/Urban) 2 -14722.23 46.94 0.0000 4.37 0.0001 0.09 0.76
Female Brd. SRSF 2 -14722.23 46.94 0.0000 4.60 0.0001 0.09 0.76
Female NonBrd.
SRSF 2 -14721.83 47.34 0.0000 6.00 0.0000 0.09 0.76
Male NonBrd. SRSF 2 -1472152 47.65 0.0000 7.01 0.0000 0.09 0.76
Male NonBrd. SRSF
(w/Urban) 2 -14721.44 47.73 0.0000 8.06 0.0000 0.09 0.76
Female Brd. Level 11l 2 -14721.32 47.85 0.0000 9.04 0.0000 0.09 0.76

Male NonBrd. Level
"I 2 -14721.29 47.88 0.0000 9.94 0.0000 0.09 0.76
Female NonBrd.

Level 111 2 -14721.24 4793 0.0000 10.95 0.0000 0.09 0.76
Male Brd. SRSF 2 -14721.18 47.99 0.0000 12.12 0.0000 0.09 0.76
Male Brd. SRSF

(w/Urban) 2 -14721.16 48.01 0.0000 13.03 0.0000 0.09 0.76
Male Brd. Level Il 2 -14721.15 48.02 0.0000 13.84 0.0000 0.09 0.76
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APPENDIX AC. MODEL RANKINGS FOR RESOURCE SELECTION
FUNCTION (RSF) AND SCALE-INTEGRATED RESOURCE SELECTION
FUNCTION (SRSF) SURFACES USING EXPONENTIATED VALUES
OPTIMIZED USING RESISTANCEGA.

RSF surfaces reflect second- and third-order habitat selection (Level Il and 1lI,
respectively) while SRSF surfaces are the normalized product of Level 1l and Level IlI
surfaces. Level Il surfaces were estimated with and without urban land cover. Level 111
surfaces were estimated for breeding (Brd.) and non-breeding (NonBrd.) seasons for each
sex. The number of model parameters is given by K, w is the AIC. model weight, Avg.
Rank is the average model ranking across 1,000 bootstrap iterations, 7 is the proportion
of bootstrap iterations where the model was the top model, mR? is the marginal R?, and
cR? is the conditional R%.

A Avg.
Surface K AIC, AIC, w Rank T mR2 cR2
Level Il (w/Urban) 4  -14903.3 0 1.00 102 097 033 0.85
Level Il 4 -14870 33.35 0 198 0.03 029 0.84
Female NonBrd. SRSF
(w/Urban) 4 -14737.1 166.17 O 3.07 0 0.09 0.77
Female Brd. SRSF
(w/Urban) 4 -147355 167.76 O 4.27 0 0.09 0.77
Female Brd. SRSF 4 -147354 16795 O 4.66 0 0.09 0.77
Female NonBrd. SRSF 4  -14727.8 175.51 0 6 0 0.09 0.77
Male NonBrd. SRSF 4 -147214 18192 O 7 0 0.09 0.76
IBD 2 -14721.3 18202 O NA NA 0.09 0.76
Male NonBrd. SRSF
(w/Urban) 4 -14719.70 18356 O 8 0 0.08 0.76
Female Brd. Level |11 4 -14717.2 186.07 O 9.71 0 0.08 0.76
Male NonBrd. Level IIl 4 -14717 186.3 0 10.17 0 0.09 0.76
Male Brd. Level 111 4 -14717 186.31 O 11.66 0 0.09 0.76
Male Brd. SRSF 4 -14717 186.31 O 12.01 0 0.09 0.76

Male Brd. SRSF

(w/Urban) 4 -14717 186.31 O 11.96 0 0.09 0.76
Female NonBrd. Level

1 4 -14717 186.32 O 13.49 0 0.09 0.76

252



APPENDIX AD. OPTIMIZED FUNCTIONAL TRANSFORMATIONS FOR THE
AICc-BEST RSF/SRSF SURFACES USING PREDICTED AND EXPONENTIAL
SURFACES.

The Best Predicted Optimized surface was the SRSF surface for breeding season females

including urban while the Best Exponential Optimized surface was the Level 11 RSF
including urban.
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APPENDIX AE. MODEL RANKINGS FOR INDIVIDUAL LAND COVER SURFACES

Each surface was smoothed with Gaussian kernels with 60, 600, 1200, and 1800 m bandwidths. Water_prop was included in
each optimization. w is the AIC. model weight, Avg. Rank is the average model ranking across 1,000 bootstrap iterations, 7 is
the proportion of bootstrap iterations where the model was the top model, mR? is the marginal R?, and cR? is the conditional
R2. Water and Other are the percent contributions of Water_prop and the smoothed land cover surface, respectively. Total
Delta and Total w are the AAIC. and model weight across all individual land cover surfaces.

Landscape Scal A mR Avg. Total  Total

Feature e AIlC, AIlC, w 2 cR2 Water Other T Rank A w
- 0.573 0.8 0.003 0996 234

Wetland Edge 1200 14945.85 0.00 0 030 2 8 2 0 1.80 0.00 0.5730
- 0.416 0.8 0.003 0.99 64.2

Wetland Edge 1800 14945.21 0.64 1 030 0 5 5 0 1.51 0.64 0.4161
- 0.010 0.8 0.004 0099 124

Wetland Edge 600 14937.92 7.93 9 034 4 0 0 0 2.69 7.93 0.0109
- 0.000 0.7 0.114 0.885

Wetland Edge 60 14866.39 79.46 0 0.18 8 5 5 0.00 4.00 79.46  0.0000
- 0.892 0.8 0.124 0875 722

Undeveloped 1800 14918.17 0.00 1 025 0 2 8 0 1.51 27.68 0.0000
- 0.053 0.8 0.121 0.878

Undeveloped 1200 1491255 5.62 7 024 1 9 1 2.10 2.44 33.30 0.0000
- 0.042 0.8 0.140 0.859 174

Undeveloped 60 14912.06 6.11 0 025 2 7 3 0 2.89 33.79 0.0000
- 0.012 0.8 0.110 0.890

Undeveloped 600 14909.58 8.59 2 024 1 0 0 8.30 3.16 36.27 0.0000
- 0.987

Wetland 60  14905.49 0 5 035 0.8 0468 0532 726 1.423 40.36  0.0000
- 0.010 0.7 0.433 0.566

Wetland 1800 14896.36 9.13 3 027 9 9 1 23 2.197 49.49 0.0000
- 0.002 0.430 0.569

Wetland 1200 14893.33 12.16 3 0.34 0.8 3 7 4.2 2.485 52.52  0.0000

Wetland 600 - 2554 0.000 0.27 08 0450 0549 0.2 3.895 65.9 0.0000
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APPENDIX AF. MULTI-SURFACE OPTIMIZATION MODEL RANKINGS

Scale indicates the bandwidth (m) of the Gaussian kernel used to smooth each land cover surface. Pseudo Opt. indicates
pseudo-optimized multi-scale optimizations. Water_prop was included in each optimization. w is the AIC. model weight, Avg.
Rank is the average model ranking across 10,000 bootstrap iterations, 7 is the proportion of bootstrap iterations where the
model was the top model, mR? is the marginal R?, and cR? is the conditional R% The following columns indicate the
proportional contribution of each surface to the final optimized resistance surface: UN = undeveloped uplands, UR = urban,
SD = SD NDVI, WT = wetland, WE = wetland edge, PA = pasture, WA = water.

96¢

A Avg.
Surface Scale AIC. w Rank T mR2 cR2 UN UR SD WT WE PA WA
Upland + Urban + SD
NDVI 1800 0.00 0.92 193 6642 033 080 020 026 051 NA NA NA 0.03
Upland + Urban + Pseudo
Wetland Opt. 3784 0.00 563 1336 034 080 057 014 NA 019 NA NA 0.10
Upland + Urban + SD  Pseudo
NDVI Opt. 506 007 368 748 035 083 025 017 054 NA NA NA 0.04
Upland + Urban +
Wetland 1800 4296 0.00 653 478 040 081 023 024 NA 053 NA NA 001
Upland + SD NDVI +
Wetland Edge 1800 11.83 0.00 4.02 375 028 081 016 NA 042 NA 040 NA 0.02
Upland + Urban +
Wetland 1200 4091 0.00 651 229 037 081 026 019 NA 052 NA NA 0.02
Upland + Wetland +
Pasture 1200 56.69 0.00 1025 0.74 034 083 029 NA NA 050 NA 014 o0.07
Upland + Wetland + Pseudo
Pasture Opt. 6420 0.00 1069 056 030 0.80 063 NA NA 017 NA 009 011
Upland + Urban +
Wetland 600 39.72 000 762 049 038 083 046 011 NA 034 NA NA 0.10
Upland + SD NDVI +
Wetland Edge 600 53.89 0.00 10.73 0.12 028 082 034 NA 017 NA 047 NA 001

Upland + Wetland + 1800 65.68 0.00 1210 0.01 031 082 046 NA NA 037 NA 013 0.04



LS¢

Pasture
Upland + Urban + SD

NDVI 1200
Upland + SD NDVI +
Wetland Edge 1200
Upland + Urban + SD

NDVI 600
Upland + Wetland +

Pasture 600

30.12

46.08

57.37

95.73

0.00

0.00

0.00

0.00

6.22

8.85

10.54

14.71

0.00

0.00

0.00

0.00

0.31

0.28

0.26

0.24

0.80

0.81

0.79

0.81

0.23

0.12

0.32

0.72

0.25

NA

0.18

NA

0.51

0.25

0.47

NA

NA

NA

NA

0.08

NA

0.63

NA

NA

NA

NA

NA

0.14

0.01

0.01

0.03

0.06
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