Table S1.Pairwise genetic differentiation between sampled populations. FST is shown in the upper triangle and DC is shown in the lower triangle
	
	103p
	146p
	148p
	149p
	151p
	158p
	2R
	300p
	301p
	313p
	315p
	330p
	333p
	343p
	37R
	40R
	41R
	44p
	46p
	74p
	7R
	8R

	103p
	0
	0.019
	0.015
	0.010
	0.024
	0.000
	0.001
	0.014
	0.006
	0.001
	0.000
	0.019
	0.019
	0.028
	0.028
	0.014
	0.017
	0.000
	0.008
	0.008
	0.017
	0.027

	146p
	0.311
	0
	0.000
	0.000
	0.006
	0.024
	0.019
	0.017
	0.012
	0.013
	0.026
	0.000
	0.000
	0.016
	0.035
	0.029
	0.016
	0.006
	0.001
	0.005
	0.028
	0.012

	148p
	0.310
	0.238
	0
	0.005
	0.006
	0.018
	0.019
	0.005
	0.014
	0.013
	0.022
	0.000
	0.008
	0.010
	0.006
	0.010
	0.002
	0.002
	0.024
	0.003
	0.025
	0.007

	149p
	0.278
	0.210
	0.255
	0
	0.000
	0.009
	0.019
	0.003
	0.004
	0.000
	0.013
	0.000
	0.001
	0.007
	0.023
	0.022
	0.011
	0.004
	0.000
	0.000
	0.022
	0.011

	151p
	0.348
	0.275
	0.287
	0.232
	0
	0.011
	0.024
	0.002
	0.009
	0.011
	0.023
	0.009
	0.007
	0.014
	0.022
	0.024
	0.014
	0.016
	0.014
	0.008
	0.027
	0.010

	158p
	0.217
	0.318
	0.312
	0.263
	0.297
	0
	0.008
	0.010
	0.007
	0.001
	0.000
	0.015
	0.012
	0.029
	0.028
	0.015
	0.023
	0.008
	0.014
	0.004
	0.032
	0.035

	2R
	0.278
	0.323
	0.332
	0.316
	0.358
	0.289
	0
	0.017
	0.014
	0.019
	0.016
	0.023
	0.020
	0.045
	0.016
	0.009
	0.015
	0.012
	0.005
	0.020
	0.022
	0.037

	300p
	0.279
	0.276
	0.245
	0.218
	0.241
	0.256
	0.299
	0
	0.000
	0.004
	0.019
	0.010
	0.016
	0.008
	0.023
	0.020
	0.020
	0.010
	0.008
	0.001
	0.023
	0.012

	301p
	0.260
	0.266
	0.288
	0.233
	0.278
	0.250
	0.299
	0.198
	0
	0.000
	0.014
	0.003
	0.006
	0.012
	0.036
	0.034
	0.029
	0.002
	0.006
	0.005
	0.028
	0.012

	313p
	0.255
	0.285
	0.296
	0.231
	0.298
	0.241
	0.326
	0.234
	0.185
	0
	0.002
	0.008
	0.000
	0.001
	0.023
	0.028
	0.021
	0.000
	0.008
	0.006
	0.032
	0.020

	315p
	0.248
	0.323
	0.323
	0.274
	0.338
	0.232
	0.317
	0.287
	0.276
	0.246
	0
	0.026
	0.011
	0.031
	0.024
	0.017
	0.028
	0.000
	0.020
	0.018
	0.039
	0.029

	330p
	0.331
	0.226
	0.253
	0.245
	0.304
	0.308
	0.348
	0.274
	0.261
	0.290
	0.341
	0
	0.000
	0.008
	0.031
	0.031
	0.016
	0.000
	0.001
	0.003
	0.043
	0.026

	333p
	0.335
	0.249
	0.295
	0.254
	0.302
	0.301
	0.344
	0.293
	0.270
	0.256
	0.298
	0.227
	0
	0.003
	0.023
	0.034
	0.014
	0.000
	0.000
	0.014
	0.051
	0.021

	343p
	0.340
	0.285
	0.278
	0.254
	0.299
	0.333
	0.382
	0.253
	0.269
	0.241
	0.340
	0.276
	0.257
	0
	0.043
	0.051
	0.031
	0.004
	0.019
	0.012
	0.053
	0.020

	37R
	0.354
	0.359
	0.279
	0.320
	0.347
	0.347
	0.326
	0.306
	0.357
	0.332
	0.332
	0.366
	0.348
	0.374
	0
	0.005
	0.000
	0.012
	0.030
	0.019
	0.033
	0.032

	40R
	0.308
	0.342
	0.291
	0.318
	0.354
	0.303
	0.301
	0.297
	0.352
	0.350
	0.311
	0.367
	0.384
	0.404
	0.276
	0
	0.009
	0.022
	0.025
	0.016
	0.033
	0.034

	41R
	0.309
	0.290
	0.255
	0.269
	0.309
	0.322
	0.314
	0.291
	0.328
	0.315
	0.337
	0.310
	0.306
	0.328
	0.225
	0.281
	0
	0.009
	0.013
	0.015
	0.025
	0.025

	44p
	0.288
	0.300
	0.295
	0.285
	0.348
	0.309
	0.339
	0.292
	0.275
	0.282
	0.276
	0.292
	0.298
	0.286
	0.334
	0.366
	0.310
	0
	0.016
	0.006
	0.031
	0.010

	46p
	0.294
	0.261
	0.336
	0.236
	0.317
	0.303
	0.293
	0.267
	0.267
	0.287
	0.320
	0.279
	0.270
	0.311
	0.361
	0.347
	0.298
	0.340
	0
	0.000
	0.029
	0.023

	74p
	0.281
	0.256
	0.259
	0.211
	0.286
	0.255
	0.328
	0.222
	0.246
	0.266
	0.301
	0.272
	0.308
	0.287
	0.314
	0.303
	0.291
	0.303
	0.228
	0
	0.020
	0.013

	7R
	0.328
	0.347
	0.347
	0.325
	0.363
	0.365
	0.350
	0.317
	0.339
	0.363
	0.384
	0.399
	0.423
	0.408
	0.376
	0.381
	0.342
	0.390
	0.359
	0.325
	0
	0.011

	8R
	0.347
	0.281
	0.280
	0.273
	0.302
	0.363
	0.385
	0.267
	0.277
	0.316
	0.346
	0.345
	0.336
	0.308
	0.364
	0.374
	0.332
	0.321
	0.335
	0.290
	0.303
	0




Table S2.Pairwise genetic differentiation between sampled populations measured using DPS (lower triangle) and Jost’s D (upper triangle).
	
	103p
	146p
	148p
	149p
	151p
	158p
	2R
	300p
	301p
	313p
	315p
	330p
	333p
	343p
	37R
	40R
	41R
	44p
	46p
	74p
	7AR
	8R

	103p
	0
	0.019
	0.015
	0.01
	0.025
	-0.008
	0.001
	0.013
	0.006
	0.001
	0
	0.019
	0.02
	0.029
	0.03
	0.016
	0.017
	-0.002
	0.008
	0.008
	0.017
	0.029

	146p
	0.213
	0
	-0.001
	-0.003
	0.006
	0.025
	0.019
	0.017
	0.012
	0.014
	0.027
	-0.008
	-0.002
	0.015
	0.037
	0.033
	0.016
	0.006
	0.002
	0.005
	0.028
	0.012

	148p
	0.187
	0.156
	0
	0.004
	0.006
	0.019
	0.019
	0.005
	0.014
	0.013
	0.023
	-0.004
	0.008
	0.01
	0.007
	0.012
	0.003
	0.002
	0.023
	0.003
	0.026
	0.008

	149p
	0.19
	0.141
	0.168
	0
	-0.004
	0.01
	0.019
	0.003
	0.004
	0
	0.013
	-0.001
	0.001
	0.008
	0.024
	0.026
	0.011
	0.004
	-0.003
	-0.004
	0.022
	0.011

	151p
	0.247
	0.198
	0.199
	0.166
	0
	0.011
	0.026
	0.001
	0.009
	0.011
	0.025
	0.009
	0.007
	0.015
	0.025
	0.029
	0.015
	0.016
	0.014
	0.008
	0.029
	0.011

	158p
	0.148
	0.217
	0.202
	0.185
	0.192
	0
	0.008
	0.01
	0.007
	0.001
	0
	0.015
	0.012
	0.031
	0.031
	0.017
	0.025
	0.009
	0.014
	0.004
	0.035
	0.038

	2R
	0.189
	0.218
	0.213
	0.213
	0.235
	0.21
	0
	0.016
	0.014
	0.019
	0.017
	0.022
	0.02
	0.042
	0.017
	0.011
	0.016
	0.012
	0.005
	0.019
	0.023
	0.04

	300p
	0.196
	0.186
	0.161
	0.151
	0.163
	0.17
	0.206
	0
	-0.001
	0.004
	0.02
	0.009
	0.015
	0.01
	0.023
	0.022
	0.02
	0.009
	0.008
	0.001
	0.022
	0.012

	301p
	0.184
	0.183
	0.194
	0.167
	0.178
	0.178
	0.22
	0.128
	0
	-0.009
	0.014
	0.003
	0.006
	0.012
	0.038
	0.038
	0.03
	0.001
	0.006
	0.004
	0.028
	0.012

	313p
	0.175
	0.21
	0.196
	0.167
	0.197
	0.167
	0.24
	0.173
	0.129
	0
	0.002
	0.008
	-0.002
	0.002
	0.025
	0.033
	0.022
	-0.001
	0.008
	0.006
	0.033
	0.021

	315p
	0.16
	0.205
	0.187
	0.19
	0.234
	0.151
	0.213
	0.183
	0.187
	0.17
	0
	0.027
	0.012
	0.034
	0.026
	0.02
	0.031
	-0.001
	0.021
	0.018
	0.043
	0.032

	330p
	0.222
	0.155
	0.161
	0.171
	0.218
	0.221
	0.218
	0.192
	0.182
	0.21
	0.234
	0
	-0.014
	0.006
	0.033
	0.036
	0.016
	-0.002
	0.001
	0.003
	0.043
	0.026

	333p
	0.216
	0.171
	0.19
	0.179
	0.2
	0.2
	0.227
	0.19
	0.186
	0.176
	0.2
	0.146
	0
	0.001
	0.025
	0.041
	0.014
	-0.001
	-0.002
	0.013
	0.052
	0.022

	343p
	0.221
	0.201
	0.198
	0.17
	0.188
	0.213
	0.267
	0.171
	0.188
	0.164
	0.236
	0.186
	0.178
	0
	0.044
	0.059
	0.029
	0.004
	0.017
	0.014
	0.054
	0.021

	37R
	0.202
	0.247
	0.188
	0.21
	0.241
	0.214
	0.218
	0.198
	0.232
	0.205
	0.203
	0.271
	0.225
	0.256
	0
	0.007
	-0.005
	0.014
	0.032
	0.019
	0.036
	0.036

	40R
	0.221
	0.24
	0.211
	0.216
	0.25
	0.218
	0.211
	0.22
	0.248
	0.253
	0.213
	0.261
	0.275
	0.307
	0.18
	0
	0.011
	0.027
	0.029
	0.018
	0.04
	0.041

	41R
	0.204
	0.203
	0.175
	0.182
	0.215
	0.204
	0.214
	0.2
	0.22
	0.211
	0.222
	0.221
	0.212
	0.224
	0.141
	0.199
	0
	0.009
	0.013
	0.015
	0.026
	0.027

	44p
	0.196
	0.206
	0.194
	0.198
	0.225
	0.21
	0.215
	0.206
	0.184
	0.202
	0.196
	0.195
	0.206
	0.226
	0.236
	0.255
	0.223
	0
	0.015
	0.006
	0.032
	0.011

	46p
	0.203
	0.176
	0.23
	0.174
	0.241
	0.217
	0.196
	0.19
	0.196
	0.217
	0.228
	0.185
	0.2
	0.218
	0.238
	0.255
	0.204
	0.232
	0
	-0.008
	0.028
	0.023

	74p
	0.189
	0.157
	0.176
	0.152
	0.204
	0.172
	0.23
	0.156
	0.171
	0.193
	0.209
	0.188
	0.225
	0.205
	0.208
	0.207
	0.207
	0.212
	0.16
	0
	0.019
	0.013

	7AR
	0.226
	0.233
	0.228
	0.211
	0.255
	0.25
	0.256
	0.227
	0.228
	0.261
	0.262
	0.259
	0.276
	0.285
	0.267
	0.272
	0.242
	0.277
	0.255
	0.233
	0
	0.012

	8R
	0.228
	0.189
	0.185
	0.189
	0.206
	0.247
	0.263
	0.188
	0.178
	0.223
	0.235
	0.234
	0.229
	0.214
	0.246
	0.274
	0.213
	0.225
	0.238
	0.198
	0.195
	0




Table S3. Model selection results using FST, DC, and Dest (results for DPS are in Table 2 of the main text). AIC is the Akaike Information Criterion, ΔAIC is the difference in AIC between the best model and each competing model, and wi is the Akaike weight, representing the probability that a model is the best in the model set. The average rank and top model frequency for each model was calculated based on 10 000 bootstrap iterations using a random resampling of 75% of the sampled populations.
	FST

	Surface
	Equation
	AIC
	ΔAIC
	wi
	Avg rank
	Frequency top model

	Ad summer loss
	Inverse Ricker
	-1492.57
	0.000
	0.499
	1.7769
	0.365

	Max Temp
	Inverse Ricker
	-1492.27
	0.294
	0.431
	2.2252
	0.460

	Abundance
	Inverse Ricker
	-1487.51
	5.059
	0.040
	3.5941
	0.078

	Stream Dist
	Ricker
	-1485.87
	6.692
	0.018
	4.2796
	0.043

	Jv spring loss
	Ricker
	-1482.66
	9.912
	0.004
	5.8134
	0.016

	Jv summer loss
	Inverse Ricker
	-1482.18
	10.391
	0.003
	6.3343
	0.006

	TPI
	Ricker
	-1481.88
	10.688
	0.002
	6.7181
	0.033

	NDVI
	Inverse Ricker
	-1481.11
	11.454
	0.002
	7.7839
	0.000

	Ad spring loss
	Inverse Ricker
	-1480.60
	11.971
	0.001
	8.0206
	0.000

	TWI
	Inverse Ricker
	-1479.22
	13.350
	0.001
	9.1722
	0.000

	PRR
	Reverse Mono
	-1476.85
	15.712
	0.000
	10.927
	0.000

	Euclidean dist
	NA
	-1476.67
	16.525
	0.000
	11.5335
	0.000

	Null
	NA
	-1470.075
	23.124
	0.000
	12.8212
	0.000




	DC

	Surface
	Equation
	AIC
	ΔAIC
	wi
	Avg rank
	Frequency top model

	Ad summer loss
	Inverse Ricker
	-926.67
	0.000
	0.632
	1.72
	0.598

	Stream Dist
	Inverse Ricker
	-923.38
	3.294
	0.122
	3.29
	0.141

	Max Temp
	Inverse Ricker
	-922.52
	4.151
	0.079
	4.20
	0.107

	Jv summer loss
	Inverse Ricker
	-922.33
	4.346
	0.072
	3.65
	0.013

	Jv spring loss
	Ricker
	-921.05
	5.617
	0.038
	4.34
	0.081

	TPI
	Ricker
	-919.86
	6.815
	0.021
	5.92
	0.057

	Ad spring loss
	Inverse Ricker
	-919.00
	7.673
	0.014
	6.73
	0.000

	Abundance
	Inverse Ricker
	-918.02
	8.649
	0.008
	7.86
	0.000

	TWI
	Inverse Ricker
	-917.93
	8.740
	0.008
	8.10
	0.004

	NDVI
	Inverse Ricker
	-916.14
	10.528
	0.003
	9.65
	0.000

	PRR
	Inverse Ricker
	-915.08
	11.592
	0.002
	13.98
	0.000

	Euclidean dist
	NA
	-913.06
	13.614
	0.001
	11.09
	0.000

	Null
	NA
	-903.83
	22.837
	0.000
	12.80
	0.000




	Dest

	Surface
	Equation
	AIC
	ΔAIC
	wi
	Avg rank
	Frequency top model

	Ad summer loss
	Inverse Ricker
	-1275.17
	0.000
	0.520
	1.551
	0.503

	Max Temp
	Inverse Ricker
	-1274.92
	0.247
	0.460
	2.099
	0.395

	Abundance
	Inverse Ricker
	-1266.69
	8.478
	0.008
	4.243
	0.052

	Stream Dist
	Ricker
	-1265.12
	10.046
	0.003
	4.253
	0.021

	Jv summer loss
	Inverse Ricker
	-1265.09
	10.075
	0.003
	6.265
	0.009

	Jv spring loss
	Ricker
	-1263.43
	11.739
	0.001
	5.250
	0.012

	NDVI
	Inverse Ricker
	-1263.24
	11.929
	0.001
	7.359
	0.000

	Ad spring loss
	Inverse Mono
	-1263.12
	12.051
	0.001
	12.391
	0.000

	TWI
	Ricker
	-1262.11
	13.054
	0.001
	8.153
	0.000

	TPI
	Ricker
	-1261.01
	14.154
	0.000
	6.372
	0.009

	PRR
	Reverse Mono
	-1259.55
	15.615
	0.000
	10.086
	0.000

	Euclidean dist
	NA
	-1257.53
	17.633
	0.000
	10.519
	0.000

	Null
	NA
	-1252.24
	22.931
	0.000
	12.459
	0.000





Table S4. Parameter estimates for optimized resistance surfaces. Parameter b influences the maximum resistance value and parameter c influences the rate of change or location of the maximum/minimum resistance peak. See equations 1 and 2 in the text, as well as Appendix S2 for full details of optimization functions.
	FST optimized parameter estimates

	Surface
	Function
	c
	b
	AIC

	Ad summer loss
	Inverse Ricker
	2.00
	128.20
	-1493.2

	Max Temp
	Inverse Ricker
	1.92
	155.31
	-1492.9

	Abundance
	Inverse Ricker
	0.27
	413.98
	-1488.14

	Stream Dist
	Ricker
	0.49
	100.55
	-1486.51

	Jv spring loss
	Ricker
	1.42
	229168.14
	-1483.29

	Jv summer loss
	Inverse Ricker
	9.63
	339587944.59
	-1482.81

	TPI
	Ricker
	1.38
	6780406.83
	-1482.51

	NDVI
	Inverse Ricker
	8.66
	33506957.80
	-1481.74

	Ad spring loss
	Inverse Ricker
	11.47
	100.25
	-1481.23

	TWI
	Inverse Ricker
	0.60
	100.00
	-1479.85

	PRR
	Reverse Mono
	1.73
	99.56
	-1477.49



	Dc optimized parameter estimates

	Surface
	Function
	c
	b
	AIC

	Ad summer loss
	Inverse Ricker
	2.12
	380.78
	-926.67

	Stream Dist
	Inverse Ricker
	6.72
	101.83
	-923.38

	Max Temp
	Inverse Ricker
	2.01
	115.28
	-922.52

	Jv summer loss
	Inverse Ricker
	9.19
	99.55
	-922.33

	Jv spring loss
	Ricker
	1.41
	6443973.92
	-921.05

	TPI
	Ricker
	1.35
	826187.18
	-919.86

	Ad spring loss
	Inverse Ricker
	10.85
	97.34
	-919.00

	Abundance
	Inverse Ricker
	0.39
	104.01
	-918.02

	TWI
	Inverse Ricker
	0.64
	76508.36
	-917.93

	NDVI
	Inverse Ricker
	8.64
	246491.55
	-916.14

	PRR
	Inverse Mono
	0.31
	6254417.62
	-915.08



	DPS optimized parameter estimates

	Surface
	Function
	c
	b
	AIC

	Ad summer loss
	Inverse Ricker
	2.06
	719.63
	-1071.31

	Jv summer loss
	Inverse Ricker
	8.92
	2271547.39
	-1068.03

	Max Temp
	Inverse Ricker
	1.99
	174.99
	-1066.55

	Stream Dist
	Inverse Ricker
	6.88
	100.71
	-1065.92

	Jv spring loss
	Ricker
	1.34
	6300.30
	-1065.28

	Ad spring loss
	Inverse Ricker
	7.44
	10.52
	-1064.95

	Abundance
	Inverse Ricker
	0.46
	117.60
	-1062.98

	TWI
	Inverse Ricker
	0.67
	902179.59
	-1062.85

	TPI
	Ricker
	1.34
	8346104.73
	-1062.52

	PRR
	Ricker
	0.42
	72177.27
	-1061.92

	NDVI
	Inverse Ricker
	8.69
	255738325.92
	-1060.82




	Dest optimized parameter estimates

	Surface
	Function
	c
	b
	AIC

	Ad summer loss
	Inverse Ricker
	1.93
	1144.10
	-1275.17

	Max Temp
	Inverse Ricker
	1.98
	999954.66
	-1274.92

	Abundance
	Inverse Ricker
	0.22
	998902.02
	-1266.69

	Stream Dist
	Ricker
	6.57
	823.64
	-1265.12

	Jv summer loss
	Inverse Ricker
	8.99
	916420.47
	-1265.09

	Jv spring loss
	Ricker
	1.33
	10895.46
	-1263.43

	NDVI
	Inverse Ricker
	8.70
	998743.02
	-1263.24

	Ad spring loss
	Inverse Mono
	2.25
	232.88
	-1263.12

	TWI
	Ricker
	0.55
	827201.95
	-1262.11

	TPI
	Ricker
	1.42
	996112.82
	-1261.01

	PRR
	Reverse Mono
	3.97
	74933.56
	-1259.55





Appendix S1
Abundance Model
Data used for generating the spatial abundance model (Peterman & Semlitsch, 2013), adult and juvenile multistate models were collected 8 April to 28 May 2011 at Daniel Boone Conservation Area. Over this time period, 135 plots (3 m x 3 m) spaced at least 75 m apart were surveyed seven times. Surveys consisted of carefully lifting all moveable rocks, logs, and bark within a plot. All salamanders were captured by hand, weighed using a portable digital balance, measured using digital calipers, sexed, and then returned to the point of capture.

We performed a Bayesian analysis of a binomial mixture model to estimate abundance at each of the 135 survey plots, based on the count data from each of the seven survey periods (Peterman and Semlitsch 2013).

logit (Detection (p)) ~ α0 + α1Date + α2Bark + α3Soak.Rain + α4Soak.Rain2 + α5Temp + α6Temp2 + error

log (Abundance (λ)) ~ β0 + β1NDVI + β2TPI + β3TWI + β4PRR + β5TWI*PRR

Date is the Julian date of the survey, Bark is the total surface area of bark available to search at a plot, Soak.Rain is the number of days since ≥5 mm of rainfall, Temp is temperature in degrees Celsius, NDVI is the normalized difference vegetation index (i.e. canopy cover), TPI is topographic position index, TWI is topographic wetness index, and PRR is potential relative radiation. The error term in this model is a site-survey random effects over-dispersion term (Kéry & Schaub, 2012). Details about each of the covariates used in these models can be found in Peterman & Semlitsch (2013). Using the fitted abundance model, we then predicted abundance across the entire DBCA landscape to generate the spatial abundance layer used as a resistance surface in this study.

Water Loss Model
For full details on model fitting and selection, see Peterman (2013). For each age class-season combination, we fit generalized least squares regression models in nlme. The global models for spring and summer were:
Rate spring ~ pos + tpi + prr + Avg.Max + soak.rain.
Rate summer ~ pos + stream.dist + prr + Avg.Max + time.rain + ndvi.

pos = position (under or on top of leaves); tpi = topographic position index; prr = potential relative radiation; Avg.Max = maximum temperature averaged for previous 7 years; soak.rain =  time since last rain event ≥5mm, averaged for previous seven years; ndvi = normalized difference vegetation index. Using the best-fit model for each size-season combination, we projected water loss estimates across the DBCA landscape. These water loss landscapes are the resistance surfaces used in this study.


Appendix S2
Functions used to transform and optimize resistance surfaces. Parameter a is a constant with value of 1 or -1, parameter b contributes to the maximum/minimum resistance of the transformation, parameter c affects the rate of change (monomolecular function) or the location of the peak in resistance (Ricker function), and parameter x is the original data.

When a = -1:
1. Inverse-Reverse Monomolecular  = ab(1-exp(x/c)) + a
Following transformation, the surface is then scaled to minimum = abs(a) and maximum = b

1. Reverse Monomolecular = ab(1-exp(-1x/c)) + a
Following transformation, the surface is then scaled to minimum = abs(a) and maximum = b

1. Inverse Ricker = a(bxexp(-1x/c)) + a 
Following transformation, the surface is then scaled to minimum = abs(max(Inverse Ricker)) and maximum = abs(min(Inverse Ricker))

When a = 1:
1. Inverse Monomolecular  = ab(1-exp(x/c)) + a
Following transformation, the surface is then scaled to minimum = abs(a) and maximum = b

1. Monomolecular = ab(1-exp(-1x/c)) + a

1. Ricker = a(bxexp(-1x/c)) + a


Appendix S3
Grid search of AIC response surface for the adult summer water loss resistance surface optimized using the inverse Ricker function with DPS as the response. Note the perpendicular valley (trough) extending away from the optimal shape parameter. This feature makes the two-stage optimization tractable, as the maximum value (b) can be fixed (at 100 in this study), and a range of values can be assessed for the shape parameter (c). The triangle on the figure marks the optimized parameter values (b = 719.63, c = 2.06)

[image: ]




Appendix S4
A simple R package called ‘ResistanceOptimization’ has been developed and placed on GitHub (user wpeterman). To download and install the package, run the following lines of code:

install.packages("devtools") # Installs the 'devtools' package
[bookmark: _GoBack]library(devtools) # Loads devtools

install_github("wpeterman/ResistanceOptimization") # Downloads package
require(ResistanceOptimization) # Installs package and the other required packages needed

In order to use this package, you must have CIRCUITSCAPE installed.
The 4.0-Beta release (or 4.0 version, when released) are required:
Beta: https://github.com/Circuitscape/Circuitscape/releases
Official releases: https://code.google.com/p/circuitscape/downloads/list

You can download example data by going to:
https://github.com/wpeterman/ResistanceOptimization/tree/master/data

Right click on ‘Example.zip’, 'Save link as...' to download the .zip file. Extract the zip file.

If all files are extracted to a folder called 'Example' located at 'C:/Example/', and the Circuitscape executable file (cs_run.exe) is located in '"C:/Program Files/Circuitscape/cs_run.exe"', the following lines of code will execute the functions.

Example.dir <- "C:/Example/"

# Prepare data for optimization function
Optim.input <-Optim.prep(
Response=read.csv(paste0(Example.dir,"RESPONSE_mat.csv"),header=F),
n.Pops=64,
ASCII.dir=Example.dir,
CS_Point.File=paste0(Example.dir,"samples64.txt"),
CS.exe='"C:/Program Files/Circuitscape/cs_run.exe"',
Neighbor.Connect=8,
Constrained.Max=100,
Initial.shape=c(seq(0.1,1,0.4),seq(1.5,10,1.5)),
Bootstrap=TRUE,
boot.iters=10000,
Sample_Proportion=0.75)

# Run optimization function
Resistance.Optimization(Optim.input=Optim.input)

# Create Diagnostic plots
Diagnostic.Plots(resist.matrix.path=paste0(Optim.input$Results.dir,"Final_CS_Surfaces/Resist_surf1_resistances.out
"),
genetic.dist.vec=Optim.input$Response.vec,
XLAB="Transformed resistance",
YLAB="Pairwise distance",
plot.dir=paste0(Optim.input$Results.dir,"Plots/"))

Appendix S5
Diagnostic plots assessing the linear mixed effects model fit with optimized adult summer water as the predictor variable and the genetic distance FST (I); DC (II); DPS (III); Dest (IV) as the response variable. First, it can be seen that resistance distance increases linearly with increasing genetic distance (a). There is no systematic trend in the distribution of residuals (b), and residuals are normally distributed about zero (c), and this is further verified by the Q-Q plot (d).
I.
[image: C:\Users\Bill\Dropbox\Peterman_Connette\OPTIMIZATION\Optim_CS\DiagnosticPlots.tif](d)
(c)
(b)
(a)



II.
[image: C:\Users\Bill\Dropbox\Peterman_Connette\OPTIMIZATION\Optim_CS\Dc\DiagnosticPlots.tif](d)
(c)
(b)
(a)



III.
[image: C:\Users\Bill\Dropbox\Peterman_Connette\OPTIMIZATION\Optim_CS\Dps\DiagnosticPlots.tif](d)
(c)
(b)
(a)



IV.
[image: C:\Users\Bill\Dropbox\Peterman_Connette\OPTIMIZATION\Optim_CS\JostsD\DiagnosticPlots.tif](d)
(c)
(a)
(b)



Appendix S6
Parameter estimates for the linear mixed effects models fit each resistance surface. Pairwise resistance values were scaled and centered to a mean of zero. Beta, standard error, t-value estimates are from the mixed effect model fit by restricted maximum likelihood using lme4. The best fit model (adult summer water loss) is bolded under each genetic distance.

	Genetic Distance
	Resistance surface
	Parameter
	β
	S.E.
	t-value

	DPS
	Ad spring water loss
	Intercept
	0.2070
	0.0057
	36.3904

	
	
	a_sp_r
	0.0138
	0.0032
	4.3059

	
	Ad summer water loss
	Intercept
	0.2070
	0.0054
	38.3442

	
	
	a_sum_r
	0.0175
	0.0034
	5.1281

	
	Abundance
	Intercept
	0.2070
	0.0060
	34.5846

	
	
	abund
	0.0124
	0.0031
	3.9598

	
	Jv spring water loss
	Intercept
	0.2070
	0.0057
	36.2761

	
	
	j_sp_r
	0.0141
	0.0032
	4.3381

	
	Jv summer water loss
	Intercept
	0.2070
	0.0054
	38.1962

	
	
	j_sum_r
	0.0159
	0.0033
	4.7734

	
	Max Temperature
	Intercept
	0.2070
	0.0059
	35.0457

	
	
	maxt
	0.0154
	0.0035
	4.4222

	
	NDVI
	Intercept
	0.2070
	0.0073
	28.5144

	
	
	ndvi
	0.0119
	0.0034
	3.5533

	
	PRR
	Intercept
	0.2070
	0.0062
	33.6328

	
	
	prr
	0.0112
	0.0030
	3.7748

	
	Stream distance
	Intercept
	0.2070
	0.0059
	35.1125

	
	
	strm_dist
	0.0141
	0.0033
	4.3512

	
	TPI
	Intercept
	0.2070
	0.0062
	33.5593

	
	
	tpi
	0.0122
	0.0032
	3.8520

	
	TWI
	Intercept
	0.2070
	0.0064
	32.4121

	
	
	twi
	0.0121
	0.0031
	3.8562

	
	
	
	
	
	

	DC
	Ad spring water loss
	Intercept
	0.3022
	0.0084
	36.1045

	
	
	a_sp_r
	0.0190
	0.0044
	4.3201

	
	Ad summer water loss
	Intercept
	0.3022
	0.0076
	39.7539

	
	
	a_sum_r
	0.0246
	0.0046
	5.3524

	
	Abundance
	Intercept
	0.3022
	0.0087
	34.9073

	
	
	abund
	0.0181
	0.0044
	4.1478

	
	Jv spring water loss
	Intercept
	0.3022
	0.0080
	37.8432

	
	
	j_sp_r
	0.0198
	0.0043
	4.6511

	
	Jv summer water loss
	Intercept
	0.3022
	0.0078
	38.6868

	
	
	j_sum_r
	0.0213
	0.0044
	4.8402

	
	Max Temperature
	Intercept
	0.3022
	0.0082
	36.7131

	
	
	maxt
	0.0221
	0.0046
	4.7545

	
	NDVI
	Intercept
	0.3022
	0.0102
	29.5800

	
	
	ndvi
	0.0169
	0.0044
	3.8345

	
	PRR
	Intercept
	0.3022
	0.0106
	28.4446

	
	
	prr
	0.0020
	0.0072
	0.2728

	
	Stream distance
	Intercept
	0.3022
	0.0079
	38.4562

	
	
	strm_dist
	0.0219
	0.0044
	4.9391

	
	TPI
	Intercept
	0.3022
	0.0083
	36.3729

	
	
	tpi
	0.0188
	0.0042
	4.4355

	
	TWI
	Intercept
	0.3022
	0.0091
	33.1881

	
	
	twi
	0.0174
	0.0043
	4.0829

	
	
	
	
	
	

	FST
	Ad spring water loss
	Intercept
	1.0154
	0.0021
	475.7378

	
	
	a_sp_r
	0.0044
	0.0012
	3.7552

	
	Ad summer water loss
	Intercept
	1.0154
	0.0017
	596.7492

	
	
	a_sum_r
	0.0064
	0.0011
	5.6504

	
	Abundance
	Intercept
	1.0154
	0.0019
	535.7340

	
	
	abund
	0.0059
	0.0012
	4.8330

	
	Jv spring water loss
	Intercept
	1.0154
	0.0020
	499.3102

	
	
	j_sp_r
	0.0048
	0.0012
	4.1123

	
	Jv summer water loss
	Intercept
	1.0154
	0.0021
	488.7277

	
	
	j_sum_r
	0.0048
	0.0012
	4.0099

	
	Max Temperature
	Intercept
	1.0154
	0.0017
	594.3523

	
	
	maxt
	0.0064
	0.0011
	5.6098

	
	NDVI
	Intercept
	1.0154
	0.0023
	437.0125

	
	
	ndvi
	0.0046
	0.0012
	3.7388

	
	PRR
	Intercept
	1.0154
	0.0023
	434.4537

	
	
	prr
	0.0032
	0.0010
	3.0929

	
	Stream distance
	Intercept
	1.0154
	0.0019
	528.8675

	
	
	strm_dist
	0.0056
	0.0012
	4.6220

	
	TPI
	Intercept
	1.0154
	0.0021
	488.2528

	
	
	tpi
	0.0046
	0.0012
	3.9704

	
	TWI
	Intercept
	1.0154
	0.0022
	457.3385

	
	
	twi
	0.0034
	0.0010
	3.5070

	
	
	
	
	
	

	Dest
	Ad spring water loss
	Intercept
	0.0238
	0.0049
	4.8289

	
	
	a_sp_r
	0.0032
	0.0014
	2.2095

	
	Ad summer water loss
	Intercept
	0.0238
	0.0033
	7.3184

	
	
	a_sum_r
	0.0119
	0.0021
	5.5469

	
	Abundance
	Intercept
	0.0238
	0.0040
	5.9835

	
	
	abund
	0.0098
	0.0024
	4.1502

	
	Jv spring water loss
	Intercept
	0.0238
	0.0039
	6.0867

	
	
	j_sp_r
	0.0081
	0.0022
	3.7449

	
	Jv summer water loss
	Intercept
	0.0238
	0.0038
	6.2679

	
	
	j_sum_r
	0.0090
	0.0022
	4.0127

	
	Max Temperature
	Intercept
	0.0238
	0.0032
	7.4733

	
	
	maxt
	0.0118
	0.0022
	5.4603

	
	NDVI
	Intercept
	0.0238
	0.0045
	5.3391

	
	
	ndvi
	0.0078
	0.0022
	3.6369

	
	PRR
	Intercept
	0.0238
	0.0042
	5.6345

	
	
	prr
	0.0060
	0.0020
	3.0780

	
	Stream distance
	Intercept
	0.0238
	0.0039
	6.0380

	
	
	strm_dist
	0.0089
	0.0022
	3.9602

	
	TPI
	Intercept
	0.0238
	0.0042
	5.7134

	
	
	tpi
	0.0065
	0.0020
	3.3222

	
	TWI
	Intercept
	0.0238
	0.0042
	5.6921

	 
	 
	twi
	0.0066
	0.0019
	3.4864








Appendix S7
Resistance values of transformed surfaces. This figure shows the resistance values of the transformed adult summer water loss surface, optimized on the proportion of shared alleles (DPS) using the inverse Ricker function. Areas with low rates of water loss have high resistance, with resistance decreasing rapidly to 3.72 percent-hr, before increasing again at higher rates of water loss. 
[image: ]Original resistance value (percent water loss / hr)
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