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Methods

Species presence and pseudo-absence data
We included locations of burrows, in addition to locations of animals, in our pool of presence points used for gopher tortoise habitat suitability models (HSMs) under the assumption that burrow presence is a reasonable indicator of suitable habitat.

Expert elicitation of environmental predictors
To inform the set of environmental predictors obtained and tested in HSMs, we employed expert elicitation to identify a broad suite of attributes believed to be indicators of suitable habitat and species presence. We contacted species experts in our network of project partners working across our study extent in the Southeast with Federal and State agencies, non-governmental organizations, and academic institutions. We requested experts respond to an online questionnaire using QualtricsTM (Available at: https://www.qualtrics.com/ [February 2020]) where they gave responses in two stages. First, we asked experts to think about “ideal” conditions at a site where they would expect habitat would be suitable and the species to be present and then list any and all of the environmental, ecological, climatic, anthropogenic, or other attributes of a site that would make it ideal for the species. Experts chose from lists of factors identified in published literature (e.g., well-drained soil, compatible land cover, % canopy cover, presence of invasive species) or create their own. They were asked to provide brief details about each factor that were used to group factors appropriately. For example, we grouped the number of responses for “presence of invasive species” separately for cases when experts specified “red imported fire ants” and “feral hogs.” These lists could include factors related to species’ needs for survival and reproduction as well as threats to habitat and species. Second, we asked experts to categorize attributes in their list to represent their relative degrees of importance. We used three categories: Highly influential – attributes must occur at a site for the species to be present; Somewhat influential – attributes occurring on the landscape greatly increase the likelihood of species being present, but species may occasionally use landscapes without these attributes; and Slightly influential – attributes occurring on the landscape slightly or variably increase the likelihood of species being present, but species may use landscapes without these attributes. We then searched for spatial datasets available across the study extent to test in HSMs that represented important predictors indicated by experts and previous studies. 

In total, 27 species experts completed the questionnaire. We received responses from the following number of experts for each species: gopher tortoise = 16, southern hognose snake = 12, Florida pine snake = 8, gopher frog = 17, and striped newt = 7. We show predictors reported by experts as influential to habitat suitability for each species in Figure S1.

Delineating ecoregion groups for at-risk species
Experts agreed the breadth of habitats used by each species varies geographically across its range, so we incorporated EPA level IV ecoregions as a categorical factor to account for regional variation in HSMs. We adjusted the original EPA IV ecoregions by dividing them by major geographic barriers identified in the literature or by experts. We then merged several adjacent ecoregions that 1) had similar ecological characteristics and/or 2) had too few species presences (< 25 locations per group) to be considered separate ecoregion groups in models.

Although we had access to a large database of species records, we encountered data limitations in certain ecoregions after applying our temporal and spatial filters. It was necessary to group some adjacent ecoregions that contained dissimilar habitat conditions in order to have a sufficient number of records per ecoregion group and enhance model performance. We acknowledge that the merging of adjacent areas may cause some degree of under- or over-predicting regional habitat suitability. The observed regional data gaps may indicate a need for increased monitoring efforts, or at least documentation of absences, in these underrepresented areas. Filling regional data gaps will allow future iterations of habitat models to use finer scale ecoregion groups that better capture ecoregional variation in species-habitat relationships.

For the gopher tortoise, we divided ecoregions by the Chattahoochee-Apalachicola and Mobile-Tombigbee Rivers to capture divisions among distinct genetic groups found by Gaillard et al. (2017) and supported by species experts. However, we regrouped ecoregions in the West Gulf Coast that spanned both sides of the Mobile-Tombigbee Rivers to meet minimum presence point requirements. We delineated a final set of 11 ecoregion groups (Figure S2a) that each had a minimum of 25 presence points to aid model fitting.

For the southern hognose snake, we divided ecoregions by the Savannah and Chattahoochee-Apalachicola Rivers, as recommended by species experts. The ecoregions in the Atlantic Coastal Plain did not meet the minimum number of presence points when divided by the Savannah River, so we recombined these. Similarly, the low number of species records in Mississippi and Alabama required us to recombine all ecoregions west of the Chattahoochee into a single ecoregion group. We delineated a final set of 7 ecoregion groups (Figure S2b).

For the Florida pine snake, we did not have information about genetic variation across the species’ range, so we grouped ecoregions based on ecological similarity and ensuring a minimum number (at least 25) species locations were in each of the final ecoregion groups. We delineated a final set of 9 ecoregion groups (Figure S2c).

For the gopher frog, we divided ecoregions in the Coastal Plain and Atlantic Coastal Plain by the Savannah and Chattahoochee Rivers and ecoregions along the Gulf Coast by the Aucilla River to capture divisions among distinct genetic groups found by Richter et al. (2014) and supported by species experts. We delineated a final set of 10 ecoregion groups (Figure S2d).

For the striped newt, we used the Aucilla, Alapaha, Ocmulgee, and Oconee Rivers to roughly capture the East/West division between distinct genetic groups found by May et al. (2011) and supported by species experts. We delineated a final set of 2 ecoregion groups (Figure S2e).

Developing additional environmental predictors
We obtained spatial data in the form of 30-m rasters for 17 predictors and grouped these into seven categories: 1) geographic ecoregion groups, 2) edaphic (soil) factors, 3) vegetation, 4) disturbance and connectivity, 5) wetlands, 6) climate, and 7) topography. We used the Focal Statistics tool in ArcGIS to “smooth” several predictors (see Table 2) by calculating average conditions within neighborhoods with radii of 90, 450, 900, and 2,000 m because species presence may be influenced by conditions at larger scales (e.g., within a home range). We chose this array of neighborhood sizes to capture the range of reported home range sizes and movement distances for our focal species (McRae et al. 1981; Diemer 1992; Eubanks et al. 2003; Roznik et al. 2009; Humphries and Sisson 2012; Willson et al. 2018). Using this method, we assigned average conditions in a neighborhood to the cell at its center. In addition to the ecoregion group methods described above, we describe processing steps for each predictor layer by category below.

1) Edaphic factors. We created a soil drainage index using gridded SSURGO (raster) data from the Natural Resources Conservation Service (NRCS: https://gdg.sc.egov.usda.gov/GDGHome_DirectDownLoad.aspx [February 2020]) and joined appropriate tables in the SSURGO dataset to display soil drainage class. We reclassified the categorical drainage class layer where well-drained classes = 1, moderately-drained classes = 0.5, and poorly-drained classes = 0. We also obtained the gopher tortoise soil suitability index previously developed by NRCS (Natural Resources Conservation Service 2017) to compare this index with the soil drainage index.

2) Vegetation. We created a layer representing compatible land cover types by reclassifying National Land Cover Dataset (NLCD: https://www.mrlc.gov/data/nlcd-2011-land-cover-conus-0 [February 2020]) where evergreen forest, mixed forest, shrub/scrub, grassland/herbaceous, and barren land = 1 (compatible) and all other types = 0. These land cover types captured those commonly associated with species in previous habitat selection, movement, and natural history studies (Hermann et al. 2002; Jones and Dorr 2004; Baskaran et al. 2006; Smith et al. 2006; Roznik et al. 2009; Humphries and Sisson 2012; Miller et al. 2012; Beane et al. 2014; Farmer et al. 2017). We used the recently-developed Florida Cooperative Land Cover Dataset (FLCLC: Kawula and Redner 2018), which includes more and finer-resolution land cover classes (235, compared to 16 classes in the NLCD), to better characterize compatible habitat for species in FL. We had FL experts specify FLCLC types that were compatible for each species. Experts identified FLCLC types associated with the broader compatible categories used in the NLCD layer, as well as a few additional categories (e.g., rural and urban open lands) representing species’ tolerance to moving through certain patches of altered habitat. We merged the reclassified FLCLC raster with the NLCD-derived raster across other states in the species’ range to create the final land cover layer. Additionally, we created a raster depicting patches of historically-disturbed habitat whether or not they have been revegetated. Studies have found historical land disturbance can lead to suboptimal vegetation communities for at-risk species in the longleaf system even after restoration (Hedman et al. 2000; Kirkman et al. 2004; Brudvig et al. 2013), as well as mixed effects on species presence or density (Breininger et al. 1994; McCluskey et al. 2018). To capture historical disturbance, we accessed historical land cover rasters from 1938, 1950, 1975, and 2001, and assigned any cell that was ever classified as developed or agriculture as 1 and all other cells as 0. We included tree canopy cover and Enhanced Vegetation Index (EVI) as predictors to capture vegetation conditions. We used the Landsat 8 EVI product to identify seasonal spectral characteristics of vegetation across the southeast. We accessed National Aeronautics and Space Administration MODIS datasets through the Climate Engine Portal (https://clim-engine.appspot.com/ [February 2020]) to download rasters of mean summer and winter EVI by querying Landsat images taken between 1 May to 31 July (1999-2016; summer EVI) and 1 Dec and 27 Feb (1999-2016; winter EVI), respectively. Lastly, we created a deciduous index raster by subtracting mean winter EVI from mean summer EVI and dividing by the maximum mean EVI (summer or winter); EVIdec = (EVIsum – EVIwin) / max(EVIsum, EVIwin).

3) Disturbance and connectivity.  Frequent fire has long been established as a driver of natural disturbance regimes and population and community dynamics in longleaf pine systems (Platt et al. 1988; Glitzenstein et al. 1995; Van Lear et al. 2005). We developed a fire frequency predictor by combining two spatial datasets. First, we obtained National Aeronautics and Space Administration MODIS data through the Climate Engine Portal of annual fire detections from 2001-2016 as 1-km2 fire areas. We used annual rasters to calculate the proportion of years an area has burned within the 16-year period. MODIS data often do not detect low-intensity burns used in managing coastal plain forests, and experts noted that some areas known to be managed with prescribed burning were not represented in this dataset. Therefore, we obtained LANDFIRE (https://www.landfire.gov/ [February 2020]) fuel disturbance data, which shows areas burned within the past 10 years, assigned a value of 0.1 (burned once per 10 years) to these cells, and created a final fire frequency layer where cells were assigned the maximum value of the MODIS and LANDFIRE-derived rasters. We created an edge density predictor layer to represent degree of habitat fragmentation using GRASS GIS 7.2 (Neteler and Mitasova 2013). We calculated edge density as the ratio of edge length to area of the compatible land cover layer using a 450- and 900-m moving window.

4) Wetlands. We used the USGS National Wetland Inventory (NWI) database to calculate the mean wetland cover and count of wetlands within a neighborhood. We filtered the NWI dataset to only include wetlands compatible for the gopher frog and striped newt: wetlands classified as freshwater emergent, freshwater ponds, scrub/shrub, small (<40ha) lakes, or forested wetlands not within river floodplains (contained in the USGS National Hydrography Dataset: https://www.usgs.gov/core-science-systems/ngp/national-hydrography [February 2020]).

5) Climate. We used the Climate Engine Portal to download rasters summarizing climatic conditions in a 30-year period (1981-2010). We obtained raster data for mean maximum summer temperature, mean minimum winter temperature, and mean annual, summer, and winter precipitation. We defined the summer period as 1 June through 31 Aug and the winter period between 1 Dec through 27 Feb. Climatic rasters were available at a 4-km resolution, and we resampled all rasters to 30-m resolution to align with all other predictors.

6) Topography. We created topographic predictors using a 30-m raster of the USGS Digital Elevation Model (DEM). We used the DEM to derive slope and Topographic Position Index (TPI) from the DEM raster. TPI represents a location’s relative elevation to its local surroundings; positive TPI generally indicates ridges (or in the coastal plain, high sandhills), and negative TPI indicates valleys. We calculated TPI by subtracting the mean elevation in a 500-m radius neighborhood from the elevation of cell. This neighborhood size performed best, relative to other sizes, for identifying sandhills inhabited by gopher tortoises (T. Prebyl, University of Georgia, unpublished study).

Results & Discussion

Influence of environmental predictors on habitat suitability
[bookmark: _Hlk5098774][bookmark: _Hlk5185183]The best-fitting models included predictors at varying scales for the gopher tortoise, gopher frog, and striped newt, while models for the southern hognose snake and Florida pine snake only included predictors at the 900-m scale (Table S1). The gopher tortoise was the only species whose final model included any predictors at the smallest (90-m) scale, while predictors at larger scales performed best for other species. It is reasonable that tortoise habitat suitability likely depends on local soil conditions conducive to burrow placement as well as conditions of vegetation and land cover, associated with foraging opportunities, processes of fire-dependent ecosystems, and risk of anthropogenic threats, at broader scales.

For the gopher tortoise, we compared a soil drainage predictor derived from the SSURGO dataset with the gopher tortoise soil suitability index previously developed by NRCS (Natural Resources Conservation Service 2017) in preliminary models for each ecoregion group. The soil drainage predictor performed best and was included in HSMs for most ecoregions, but the NRCS soil suitability predictor performed best for the FL Peninsula, Western (LA/MS), and AL/FL Panhandle ecoregion groups (Figure S2a). The panel showing the relationship between suitability and soil drainage in Figure S2a includes the best-fitting soil predictor for each ecoregion.

TPI was an important predictor that was positively associated with suitable habitat for the three reptile species, supporting a preference for locally-elevated, upland sandhills (Smith et al. 2006; Miller et al. 2012; Beane et al. 2014).

Relationships between many predictors and HSI varied across ecoregions (Table S2; Fig. S2) and could support that species’ habitats and/or biological communities vary geographically. For example, gopher tortoises can use mesic flatwood habitats in southern Florida with more poorly-drained soil than in other portions of the range (Castellón et al. 2018). Additionally, gopher frogs frequently use gopher tortoise burrows as refugia (Roznik et al. 2009) and likely use more similar habitat where their ranges overlap than in ecoregion groups in South and North Carolina where they do not co-occur. Understanding geographic variation in species-habitat relationships for wide-ranging species warrants further study and consideration when conducting localized management. Because there was a modest degree of correlation between climatic predictors (temperature and precipitation) and ecoregion, the relationships between climate and habitat suitability may be spurious and should be interpreted with caution. Further analysis will be required to account for spatial-autocorrelation with these and other climate data and better evaluate relationships between climate predictors and species distributions in the longleaf system.

Spatial patterns of habitat suitability
We present summarized metrics of predicted suitable habitat by state and range-wide for each species in Table S3.

We present the distribution of large (>1-km2) patches of habitat by suitability class (low, moderate, and high) for each species across their ranges in Figure S3. Note that the value used to separate low from moderate suitability classes represents the optimal cutoff values (Table 3, Main document) that resulted in highest model accuracy and varies between species. We present the distribution of large (>1-km2) patches of habitat that were compatible (moderate or high suitability) for one or more species in Figure S4.
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	Table S1. Neighborhood size (m) of smoothed predictors included in best-fitting models for species habitat suitability (as of 2018) across species’ ranges in the southeastern United States. Values indicate the radius of neighborhoods used to average predictors. Results are given for the gopher tortoise Gopherus polyphemus (GT), southern hognose snake Heterodon simus (SHS), Florida pine snake Pituophis melanoleucus mugitus (FPS), gopher frog Lithobates [Rana] capito (GF), and striped newt Notophthalmus perstriatus (SN).

	 
	Neighborhood size 

	Predictor
	GT
	SHS
	FPS
	GF
	SN

	drain
	90
	900
	900
	450
	900

	landcov
	450
	900
	900
	900
	450

	lc_hist_disturb
	900
	
	
	
	

	cancov
	90
	900
	
	
	

	EVIdec
	90
	
	
	
	

	firefreq
	900
	900
	900
	2000
	900

	wetavg
	
	
	
	450
	

	wetcount
	
	
	
	
	450
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	Table S2a. Model estimates of predictor effects and model fit statistics for the best-fitting model for gopher tortoise Gopherus polyphemus habitat suitability (as of 2018) for each ecoregion group across the species’ range in the southeastern United States. All effects were significant (p < 0.05) unless otherwise noted with a superscripted "NS".

	 
	Ecoregion group

	Main effects
	Sandhills
	Western (LA/MS)
	AL & W FL Panhandle
	Red Hills
	Coastal Plain
	FL Ridge
	FL Peninsula
	Atl. Coastal Plain
	FL Everglades
	West Gulf
	East Gulf

	Intercept
	-5.671
	1075.770
	-48.881
	607.903
	711.704
	685.508
	62.720
	675.604
	-2334.899
	-119.188
	682.642

	drain
	7.203
	0.903
	3.209
	5.397
	5.995
	2.438
	7.082
	5.931
	2.088NS
	2.501
	3.634

	drain2
	-
	-
	-
	-1.217
	-1.217
	-1.217
	-3.055
	-1.217
	-
	-0.679NS
	-1.217

	landcov
	-0.019NS
	-0.684NS
	-1.913
	2.663
	3.914
	4.296
	6.014
	3.626
	2.239NS
	8.085
	3.830

	landcov2
	-
	-1.284
	-
	-2.804
	-2.804
	-2.804
	-4.390
	-2.804
	-
	-6.186
	-2.804

	lc_hist_disturb
	-4.186
	0.099NS
	-7.939
	-0.704
	-3.149
	2.396
	4.118
	-0.932
	6.089
	-2.254
	-0.709

	lc_hist_disturb2
	-3.874
	-2.626
	2.356
	-1.886
	-1.886
	-1.886
	-3.458
	-1.886
	-6.944
	3.373
	-1.886

	cancov
	10.467
	8.631
	3.658
	8.313
	6.797
	5.559
	-
	6.033
	2.461NS
	-5.187NS
	4.662

	cancov2
	-8.142
	-5.132
	-4.122
	-5.919
	-5.919
	-5.919
	-
	-5.919
	-
	-
	-5.919

	EVIdec
	4.154NS
	-0.777NS
	9.318
	12.050
	6.598
	6.169
	-1.492
	7.062
	7.459
	-7.023
	7.990

	EVIdec2
	-11.136
	-
	-7.126
	-11.100
	-11.100
	-11.100
	-
	-11.100
	-28.092
	-
	-11.100

	firefreq
	-
	-
	9.376
	13.839
	13.428
	11.901
	-1.505NS
	7.254
	-17.835NS
	9.890
	15.519

	firefreq2
	-
	-
	-26.174
	-11.727
	-11.727
	-11.727
	-
	-11.727
	-
	-
	-11.727

	precipsum
	-
	0.008
	0.120
	0.034
	0.040
	0.060
	-0.072
	0.043
	-
	0.420
	0.046

	precipsum2
	-
	-
	0.000
	0.000
	-
	-
	-
	-
	-
	-
	-

	tempsum
	-
	-67.497
	0.556
	-40.882
	-43.968
	-43.556
	-1.484
	-42.941
	146.583
	-
	-43.211

	tempsum2
	-
	1.050
	-
	0.665
	0.665
	0.665
	-
	0.665
	-2.301
	-
	0.665

	TPI
	0.135
	0.259
	0.290
	0.299
	0.124
	0.354
	1.042
	1.436
	-
	0.492
	1.026

	TPI2
	-
	-
	-
	-0.042
	-0.042
	-0.042
	-
	-0.042
	-
	-
	-0.042

	Interactions
	
	
	
	
	
	
	
	
	
	
	

	drain:landcov
	3.666
	-
	-
	1.215
	1.215
	1.215
	-
	1.215
	-
	-
	1.215

	drain:lc_hist_disturb
	
	0.924
	-
	-
	-
	-
	-1.332
	-
	-
	-
	-

	drain:cancov
	-6.367
	-
	-
	-0.862
	-0.862
	-0.862
	-
	-0.862
	-
	-
	-0.862

	drain:EVIdec
	-
	-
	-3.599
	-
	-
	-
	-3.357
	-
	7.745NS
	-
	-

	drain:firefreq
	-
	9.033
	-
	-3.072
	-3.072
	-3.072
	11.771
	-3.072
	-
	6.092NS
	-3.072

	drain:TPI
	-
	-
	-
	-
	-
	-
	-1.253
	-
	-
	-
	-

	landcov:lc_hist_disturb
	-4.131
	-
	3.924
	-
	-
	-
	-1.897
	-
	-
	-
	-

	landcov:cancov
	-
	-
	2.040
	-
	-
	-
	-
	-
	-
	-2.818
	-

	landcov:EVIdec
	-
	8.143
	-
	-
	-
	-
	-
	-
	-
	-
	-

	landcov:firefreq
	35.534
	-
	8.254NS
	9.015
	9.015
	9.015
	14.985
	9.015
	-
	-
	9.015

	landcov:TPI
	-
	-
	-
	-
	-
	-
	1.688
	-
	-
	-
	-

	lc_hist_disturb:cancov
	-
	-
	1.908
	-
	-
	-
	-
	-
	-
	4.381
	-

	lc_hist_disturb:firefreq
	-
	-
	14.335
	-
	-
	-
	-7.881
	-
	28.931NS
	-
	-

	cancov:EVIdec
	-
	-7.674
	-4.639
	-2.727
	-2.727
	-2.727
	-
	-2.727
	-
	-
	-2.727

	cancov:firefreq
	-8.283NS
	-
	-
	-
	-
	-
	-
	-
	-18.909NS
	-
	-

	EVIdec:firefreq
	-
	-22.223
	-
	-12.522
	-12.522
	-12.522
	-
	-12.522
	-
	-
	-12.522



	


	Table S2b. Model estimates of predictor effects and model fit statistics for the best-fitting model for southern hognose snake Heterodon simus habitat suitability (as of 2018) for each ecoregion group across the species’ range in the southeastern United States. All effects were significant (p < 0.05) unless otherwise noted with a superscripted "NS".

	 
	Ecoregion group

	Main effects
	Coastal Plain (Carolinas)
	Coastal Plain (GA)
	Atl. Coastal Plain
	FL Peninsula
	FL Ridge
	Red Hills
	West (AL/MS/FL)

	Intercept
	-620.129
	-82.372
	42.748NS
	-150.546
	-26.302
	-166.323
	-26.095

	drain
	9.488
	8.613
	8.052
	1.292NS
	16.130
	5.209
	5.863

	drain2
	-5.653
	-
	-
	-
	-12.217
	-
	-

	landcov
	8.071
	2.442
	-
	5.930
	0.941NS
	1.555NS
	-

	landcov2
	-4.529
	-
	-
	-7.124
	-
	-
	-

	cancov
	11.505
	-1.527NS
	-
	-
	-
	-
	-

	cancov2
	-8.927
	-
	-
	-
	-
	-
	-

	firefreq
	-8.913
	6.426
	11.627
	-
	6.331
	5.946
	11.253

	precipsum
	3.257
	0.396
	-0.212NS
	0.477
	0.035
	0.634
	0.039

	precipsum2
	-0.004
	-0.001
	-
	-
	-
	-0.001
	-

	TPI
	0.843
	-
	-
	-
	-
	-
	-

	TPI2
	-0.238
	-
	-
	-
	-
	-
	-

	Interactions
	
	
	
	
	
	
	

	drain:landcov
	-
	-
	-
	7.180
	-
	-
	-

	drain:firefreq
	15.560
	-
	-
	-
	-
	-
	-

	drain:TPI
	-0.920
	-
	-
	-
	-
	-
	-




	Table S2c. Model estimates of predictor effects and model fit statistics for the best-fitting model for Florida pine snake Pituophis melanoleucus mugitus habitat suitability (as of 2018) for each ecoregion group across the species’ range in the southeastern United States. All effects were significant (p < 0.05) unless otherwise noted with a superscripted "NS".

	 
	Ecoregion group

	Main effects
	Sandhills (East)
	Sandhills (West)
	West (AL/FL)
	Red Hills
	Coastal Plain
	FL Ridge
	FL Peninsula
	Atl. Coastal Plain
	Gulf Coast

	Intercept
	-394.143
	-237.371
	-71.837
	-18.542
	-132.308
	85.105
	-2.318
	-6.852
	-5.693

	drain
	3.323
	10.490
	2.400
	4.235
	5.655
	4.700
	-0.001NS
	6.651
	7.713

	drain2
	-
	-
	-
	-
	-
	-2.966
	-
	-
	-3.828

	landcov
	5.753
	2.827
	9.805
	18.049
	4.138
	2.085
	0.974NS
	1.956
	6.888

	landcov2
	-
	-
	-7.408
	-11.533
	-
	-
	-
	-
	-5.175

	firefreq
	4.655
	-
	16.115
	4.886
	-
	3.293NS
	8.158
	6.694
	11.712

	precipsum
	2.078
	1.363NS
	0.248
	0.001NS
	0.649
	-0.319
	-
	0.001NS
	-

	precipsum2
	-0.003
	-0.002NS
	-
	0.001
	-0.001
	-
	-
	0.001
	-

	TPI
	-
	-
	-
	0.261NS
	0.309NS
	0.220
	2.878
	1.297
	-

	Interactions
	
	
	
	
	
	
	
	
	

	drain:landcov
	-5.249NS
	-
	-
	-
	-
	-
	9.789
	-
	-

	drain:TPI
	-
	-
	-
	-
	-
	-
	-6.832
	-
	-




	Table S2d. Model estimates of predictor effects and model fit statistics for the best-fitting model for gopher frog Lithobates [Rana] capito habitat suitability (as of 2018) for each ecoregion group across the species’ range in the southeastern United States. All effects were significant (p < 0.05) unless otherwise noted with a superscripted "NS".

	 
	Ecoregion group

	Main effects
	Coastal Plain (Carolinas)
	Atl. Coastal Plain (Carolinas)
	Coastal Plain (GA)
	Atl. Coastal Plain (GA)
	Atl. Coastal Plain (FL)
	FL Peninsula
	FL Ridge
	East Gulf Coast
	West Gulf Coast
	Coastal Plain (AL)

	Intercept
	-10.923
	-8.138
	-10.755
	-8.586
	-6.248
	-6.356
	-5.655
	-6.626
	-11.387
	-8.608

	drain
	-
	4.184
	-
	-
	-
	16.429
	-
	-
	-
	-

	drain2
	-
	-
	-
	-
	-
	-13.315
	-
	-
	-
	-

	landcov
	10.854
	3.724
	11.858
	7.891
	5.954
	3.399
	5.619
	10.617
	12.659
	7.825

	firefreq
	41.335
	54.537
	29.053
	31.224
	23.366
	24.241
	28.033
	36.664
	8.426
	21.367

	wetavg
	13.472
	18.553
	11.720
	-7.187NS
	4.583
	-
	2.488
	8.215
	-1.665NS
	18.339




	Table S2e. Model estimates of predictor effects and model fit statistics for the best-fitting model for striped newt Notophthalmus perstriatus habitat suitability (as of 2018) across the species’ range in the southeastern United States. All effects were significant (p < 0.05) unless otherwise noted with a superscripted "NS".

	Main effects
	Range-wide
	
	
	
	
	
	

	Intercept
	-20.955
	
	
	
	
	
	

	drain
	11.716
	
	
	
	
	
	

	drain2
	-6.284
	
	
	
	
	
	

	landcov
	4.535
	
	
	
	
	
	

	firefreq
	31.401
	
	
	
	
	
	

	precipwin
	0.107
	
	
	
	
	
	

	precipwin2
	0.004NS
	
	
	
	
	
	

	wetcount
	0.781
	
	
	
	
	
	



	


	Table S3. At-risk species summary statistics of occurrence records (1880-2018) and habitat suitability area in km2 (percent of total area within summary unit) across the species’ range in the southeastern United States. Metrics include area of suitable habitat in >1-km2 (100-ha) patches and in protected areasa.

	 
	 
	Suitability class: Moderate & High
	Suitability class: High

	State totals
	Total no. of occurrence recordsb (%)
	Total habitat (km2)
	Habitat (km2) in >1-km2 patches
	% of >1-km2 patches protected
	Total habitat (km2)
	Habitat (km2) in >1-km2 patches
	% of >1-km2 patches protected

	Gopher tortoise

	AL
	2798 (4.4%)
	5522.3 (11.6%)
	3483.7 (7.3%)
	7.8%
	1583.1 (3.3%)
	813.3 (1.7%)
	75.2%

	FL
	27610 (43.4%)
	24663.6 (18.1%)
	18906.5 (13.8%)
	41.9%
	7949.5 (5.8%)
	5085.5 (3.7%)
	38.5%

	GA
	21769 (34.2%)
	11487.1 (12.4%)
	6138.2 (6.6%)
	23.3%
	4824.7 (5.2%)
	2073.8 (2.2%)
	68.8%

	LA
	306 (0.5%)
	316 (4.7%)
	189.1 (2.8%)
	12.5%
	37.1 (0.5%)
	5 (0.1%)
	50.5%

	MS
	9558 (15%)
	3731.5 (15.3%)
	2887.8 (11.8%)
	55.4%
	1269.3 (5.2%)
	853.3 (3.5%)
	21.6%

	SC
	1587 (2.5%)
	1480.4 (9.7%)
	745 (4.9%)
	20.1%
	500 (3.3%)
	157 (1%)
	79.1%

	Range-wide total
	63628
	47201 (14.6%)
	32350.4 (10%)
	35.3%
	16163.7 (5%)
	8987.9 (2.8%)
	47.9%

	Southern hognose snake

	AL
	0 (0%)
	564.9 (2.3%)
	485.1 (2%)
	3.2%
	150.6 (0.6%)
	120 (0.5%)
	4.9%

	FL
	282 (16.9%)
	10866.3 (13.1%)
	10431.8 (12.6%)
	34.6%
	6080 (7.3%)
	5812.1 (7%)
	44%

	GA
	163 (9.7%)
	6326.1 (7.1%)
	5673.6 (6.4%)
	17.7%
	3352.7 (3.8%)
	2925.8 (3.3%)
	21.5%

	MS
	0 (0%)
	43.6 (0.3%)
	35.6 (0.3%)
	22.3%
	13.4 (0.1%)
	8 (0.1%)
	52.5%

	NC
	1113 (66.5%)
	2224.2 (8.7%)
	2019.5 (7.9%)
	40.4%
	1228.8 (4.8%)
	1082.1 (4.3%)
	51%

	SC
	115 (6.9%)
	5646.6 (11.6%)
	5102 (10.5%)
	24%
	2599.3 (5.4%)
	2191.7 (4.5%)
	29.6%

	Range-wide total
	1673
	25671.7 (9.1%)
	23747.7 (8.4%)
	28.1%
	13425 (4.7%)
	12139.8 (4.3%)
	36.2%

	Florida pine snake

	AL
	25 (2%)
	853.5 (2.6%)
	717.3 (2.2%)
	13.6%
	259.3 (0.8%)
	205.3 (0.6%)
	11%

	FL
	696 (54.4%)
	15824.2 (12.8%)
	14210 (11.5%)
	48.4%
	6440.6 (5.2%)
	5600.2 (4.5%)
	57.7%

	GA
	356 (27.8%)
	9650.5 (10.4%)
	8152.5 (8.8%)
	13.3%
	4530.2 (4.9%)
	3547.4 (3.8%)
	16.3%

	SC
	202 (15.8%)
	3303.2 (34%)
	3129.4 (32.2%)
	23.7%
	1640.9 (16.9%)
	1481.7 (15.2%)
	39.4%

	Range-wide total
	1279
	29631.4 (11.4%)
	26209.2 (10.1%)
	33.6%
	12871 (5%)
	10834.5 (4.2%)
	40.7%

	Gopher frog

	AL
	108 (5%)
	1198.8 (6%)
	1134.7 (5.7%)
	5.5%
	943.2 (4.7%)
	909.8 (4.5%)
	54.3%

	FL
	1562 (72.8%)
	14779.8 (10.8%)
	14276 (10.4%)
	59.8%
	6400.2 (4.7%)
	6135.2 (4.5%)
	74%

	GA
	287 (13.4%)
	7253.5 (7.7%)
	6988.6 (7.4%)
	26.7%
	3396 (3.6%)
	3208.3 (3.4%)
	38.7%

	NC
	131 (6.1%)
	1175.4 (5.1%)
	1152 (5%)
	59.8%
	876.4 (3.8%)
	858.9 (3.8%)
	66%

	SC
	58 (2.7%)
	3395.1 (7.2%)
	3296.7 (7%)
	48.6%
	2236.9 (4.8%)
	2183 (4.7%)
	52.7%

	Range-wide total
	2146
	27802.6 (8.6%)
	26848.1 (8.3%)
	47.5%
	13852.7 (4.3%)
	13295.2 (4.1%)
	60.1%

	Striped newt

	FL
	235 (78.1%)
	5173.4 (8.3%)
	4806.8 (7.8%)
	43.5%
	2768.1 (4.5%)
	2517.8 (4.1%)
	55.6%

	GA
	66 (21.9%)
	6513.9 (9.3%)
	6008 (8.6%)
	25.3%
	3197.7 (4.6%)
	2892.7 (4.1%)
	36.5%

	Range-wide total
	301
	11687.3 (8.9%)
	10814.9 (8.2%)
	33.4%
	5965.8 (4.5%)
	5410.5 (4.1%)
	45.4%

	a All patches (or portions of patches) that overlapped protected areas contained in the USGS Protected Areas Database, FNAI Conservation Lands Database, or GADNR Conservation Lands Database.

	b Current (1981-Present) records. Records for tortoises include observations of tortoises as well as burrows. Records came from State and Federal agencies, academic researchers, and incidental observations, but these numbers do not represent every record that exists nor estimates of actual population sizes.






        




Figure S1. Influential environmental, landscape, and biophysical attributes for each species’ suitable habitat and presence at a site (as of 2018), as identified in surveys of 7 to 17 experts per species (N = 27). Results are given for the gopher tortoise Gopherus polyphemus (a), southern hognose snake Heterodon simus (b), Florida pine snake Pituophis melanoleucus mugitus (c), gopher frog Lithobates [Rana] capito (d), and striped newt Notophthalmus perstriatus (e). Attributes are generally ordered from highest (top rows) to lowest (bottom rows) influence on habitat suitability and species presence. Definitions for habitat rankings: Highly – attributes must occur at a site for the species to be present; Somewhat – attributes occurring on the landscape greatly increase the likelihood of species being present, but species may occasionally use landscapes without these attributes; Slightly – attributes occurring on the landscape slightly or variably increase the likelihood of species being present, but species may use landscapes without these attributes.
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Figure S2a. Relationships from the best-fitting model between habitat suitability (as of 2018) and environmental predictors, by ecoregion group within the species’ range in the southeastern United States (top right), for the gopher tortoise Gopherus polyphemus.
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Figure S2b. Relationships from the best-fitting model between habitat suitability (as of 2018) and environmental predictors, by ecoregion group within the species’ range in the southeastern United States (top right), for the southern hognose snake Heterodon simus.
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Figure S2c. Relationships from the best-fitting model between habitat suitability (as of 2018) and environmental predictors, by ecoregion group within the species’ range in the southeastern United States (bottom right), for the Florida pine snake Pituophis melanoleucus mugitus.
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Figure S2d. Relationships from the best-fitting model between habitat suitability (as of 2018) and environmental predictors, by ecoregion group within the species’ range in the southeastern United States (top right), for the gopher frog Lithobates [Rana] capito.
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Figure S2e. Relationships from the best-fitting model between habitat suitability (as of 2018) and environmental predictors, by ecoregion group within the species’ range in the southeastern United States (bottom right), for the striped newt Notophthalmus perstriatus. Note: a single model was fit across the species range, and ecoregion groups were not used.
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Figure S3a. Spatial distribution of suitable habitat (as of 2018) in >1-km2 (100-ha) patches for the gopher tortoise Gopherus polyphemus within the species’ range in the southeastern United States.
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[bookmark: _GoBack]Figure S3b. Spatial distribution of suitable habitat (as of 2018) in >1-km2 (100-ha) patches for the southern hognose snake Heterodon simus within the species’ range in the southeastern United States.
[image: ]Figure S3c. Spatial distribution of suitable habitat (as of 2018) in >1-km2 (100-ha) patches for the Florida pine snake Pituophis melanoleucus mugitus within the species’ range in the southeastern United States.


[image: ]Figure S3d. Spatial distribution of suitable habitat (as of 2018) in >1-km2 (100-ha) patches for the gopher frog Lithobates [Rana] capito within the species’ range in the southeastern United States.


[image: ]Figure S3e. Spatial distribution of suitable habitat (as of 2018) in >1-km2 (100-ha) patches for the striped newt Notophthalmus perstriatus within the species’ range in the southeastern United States.
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[bookmark: _Hlk5022094]Figure S4. Spatial distribution of habitat (as of 2018) in >1-km2 (100-ha) patches classified by the number of focal, at-risk species of herpetofauna (out of the five evaluated in this study: gopher tortoise Gopherus polyphemus, southern hognose snake Heterodon simus, Florida pine snake Pituophis melanoleucus mugitus, gopher frog Lithobates [Rana] capito, and striped newt Notophthalmus perstriatus) for which habitat was predicted to be compatible (moderate or high suitability). The grey background represents the full study extent across species’ ranges in the southeastern United States.
a. Gopher tortoise

Highly influential	Min. nearby developed area	Optimal rainfall	Presence of wiregrass, cactus, bluestem	Connectivity (	<	1km to other patches)	Min. ag, some silviculture is acceptable	Absence of mesomammal predators 	&	 fire ants	Large patches (	>	250 acres)	Min. nearby road density	Partnerships (NGO's, industry, public landowners)	Low shrub cover (0-40%)	Compatible land cover	Appropriate fire return (1-3 yrs, growing season)	Open canopy (	<	40-60%)	Well-drained sandy soils	High herbaceous ground cover	0	0	0	0	0	0	0	0	1	4	4	10	11	13	13	Somewhat influential	Min. nearby developed area	Optimal rainfall	Presence of wiregrass, cactus, bluestem	Connectivity (	<	1km to other patches)	Min. ag, some silviculture is acceptable	Absence of mesomammal predators 	&	 fire ants	Large patches (	>	250 acres)	Min. nearby road density	Partnerships (NGO's, industry, public landowners)	Low shrub cover (0-40%)	Compatible land cover	Appropriate fire return (1-3 yrs, growing season)	Open canopy (	<	40-60%)	Well-drained sandy soils	High herbaceous ground cover	0	1	2	2	4	4	5	6	1	4	6	5	3	3	4	Slightly influential	Min. nearby developed area	Optimal rainfall	Presence of wiregrass, cactus, bluestem	Connectivity (	<	1km to other patches)	Min. ag, some silviculture is acceptable	Absence of mesomammal predators 	&	 fire ants	Large patches (	>	250 acres)	Min. nearby road density	Partnerships (NGO's, industry, public landowners)	Low shrub cover (0-40%)	Compatible land cover	Appropriate fire return (1-3 yrs, growing season)	Open canopy (	<	40-60%)	Well-drained sandy soils	High herbaceous ground cover	6	1	0	6	2	3	1	7	0	1	1	0	0	0	0	
No. of expert responses




b. Southern hognose snake
Highly influential	Min. nearby ag/silviculture	Low summer precip.	Large connected patches	Low shrubs density	Nearby wetlands	Min. nearby developed area	Absence of fire ants, hogs, armadillos	High toad abundance	Open canopy (	<	 40-60%)	Optimal ground cover (40-70%)	Min. nearby road density	Compatible land cover	Appropriate fire return (1-5 yrs)	Well-drained sandy soils	0	0	1	1	1	2	2	3	4	4	4	5	5	10	Somewhat influential	Min. nearby ag/silviculture	Low summer precip.	Large connected patches	Low shrubs density	Nearby wetlands	Min. nearby developed area	Absence of fire ants, hogs, armadillos	High toad abundance	Open canopy (	<	 40-60%)	Optimal ground cover (40-70%)	Min. nearby road density	Compatible land cover	Appropriate fire return (1-5 yrs)	Well-drained sandy soils	0	1	1	1	1	0	4	3	2	2	3	5	5	0	Slightly influential	Min. nearby ag/silviculture	Low summer precip.	Large connected patches	Low shrubs density	Nearby wetlands	Min. nearby developed area	Absence of fire ants, hogs, armadillos	High toad abundance	Open canopy (	<	 40-60%)	Optimal ground cover (40-70%)	Min. nearby road density	Compatible land cover	Appropriate fire return (1-5 yrs)	Well-drained sandy soils	6	2	1	0	0	1	3	0	1	1	2	0	0	0	
No. of expert responses


c. Florida pine snake
Highly influential	Low drought frequency	Absence of fire ants	Low shrubs cover (	<	50%)	Min. stump extraction	Min. nearby ag/silviculture (somewhat tolerant)	Open canopy (	<	 40-60%)	Min. nearby developed area	Large connected patches	Presence of Gopher tortoise	Optimal ground cover (40-70%)	Presence of Pocket gopher	Appropriate fire return (1-5 yrs)	Min. nearby road density	Compatible land cover	Well-drained sandy soils	0	0	0	0	0	0	1	1	2	3	3	4	4	4	7	Somewhat influential	Low drought frequency	Absence of fire ants	Low shrubs cover (	<	50%)	Min. stump extraction	Min. nearby ag/silviculture (somewhat tolerant)	Open canopy (	<	 40-60%)	Min. nearby developed area	Large connected patches	Presence of Gopher tortoise	Optimal ground cover (40-70%)	Presence of Pocket gopher	Appropriate fire return (1-5 yrs)	Min. nearby road density	Compatible land cover	Well-drained sandy soils	0	0	1	1	1	5	1	5	2	1	3	3	3	4	1	Slightly influential	Low drought frequency	Absence of fire ants	Low shrubs cover (	<	50%)	Min. stump extraction	Min. nearby ag/silviculture (somewhat tolerant)	Open canopy (	<	 40-60%)	Min. nearby developed area	Large connected patches	Presence of Gopher tortoise	Optimal ground cover (40-70%)	Presence of Pocket gopher	Appropriate fire return (1-5 yrs)	Min. nearby road density	Compatible land cover	Well-drained sandy soils	1	1	0	0	1	0	1	0	1	0	0	0	1	0	0	
No. of expert responses


d. Gopher frog
Highly influential	Latitudinal temperature gradients	Min. nearby developed area	Min. nearby road density	Min. nearby ag/silviculture	Low shrub density	Open canopy (uplands and wetlands 	<	 50%)	Large patch size	Absence of fish, fire ants, 	&	 hogs	High winter precip.	Optimal ground cover	Compatible land cover	Nearby wetlands	Well-drained sandy soils	Low drought frequency	Connectivity (between uplands 	&	 wetlands)	Presence of tortoise burrows, refugia	Appropriate fire return (1-5 yrs)	Wetland hydroperiod (~4-9 mo.)	0	0	0	1	1	1	2	2	3	3	3	4	5	6	6	8	10	12	Somewhat influential	Latitudinal temperature gradients	Min. nearby developed area	Min. nearby road density	Min. nearby ag/silviculture	Low shrub density	Open canopy (uplands and wetlands 	<	 50%)	Large patch size	Absence of fish, fire ants, 	&	 hogs	High winter precip.	Optimal ground cover	Compatible land cover	Nearby wetlands	Well-drained sandy soils	Low drought frequency	Connectivity (between uplands 	&	 wetlands)	Presence of tortoise burrows, refugia	Appropriate fire return (1-5 yrs)	Wetland hydroperiod (~4-9 mo.)	0	4	4	1	4	9	1	1	1	3	7	5	5	2	4	6	5	4	Slightly influential	Latitudinal temperature gradients	Min. nearby developed area	Min. nearby road density	Min. nearby ag/silviculture	Low shrub density	Open canopy (uplands and wetlands 	<	 50%)	Large patch size	Absence of fish, fire ants, 	&	 hogs	High winter precip.	Optimal ground cover	Compatible land cover	Nearby wetlands	Well-drained sandy soils	Low drought frequency	Connectivity (between uplands 	&	 wetlands)	Presence of tortoise burrows, refugia	Appropriate fire return (1-5 yrs)	Wetland hydroperiod (~4-9 mo.)	2	0	5	1	0	0	0	1	1	2	0	0	2	0	0	1	0	0	
No. of expert responses


e. Striped newt
Highly influential	Min. nearby ag/silviculture	Absence of fire ants	Latitudinal temperature gradients	Min. nearby developed area	Low shrubs density	Min. nearby road density	Low drought frequency	Open canopy (pond and uplands 	<	 50%)	Connectivity (between uplands 	&	 wetlands)	Absence of fish	Well-drained sandy soils	Optimal ground cover (uplands 	&	 wetlands)	Nearby wetlands	Appropriate fire return (1-5 yrs)	Compatible land cover	Wetland hydroperiods ~6-9 mo.	0	0	0	0	0	0	1	1	2	3	3	3	4	4	4	7	Somewhat influential	Min. nearby ag/silviculture	Absence of fire ants	Latitudinal temperature gradients	Min. nearby developed area	Low shrubs density	Min. nearby road density	Low drought frequency	Open canopy (pond and uplands 	<	 50%)	Connectivity (between uplands 	&	 wetlands)	Absence of fish	Well-drained sandy soils	Optimal ground cover (uplands 	&	 wetlands)	Nearby wetlands	Appropriate fire return (1-5 yrs)	Compatible land cover	Wetland hydroperiods ~6-9 mo.	0	0	0	1	2	4	3	5	2	2	2	3	1	2	2	0	Slightly influential	Min. nearby ag/silviculture	Absence of fire ants	Latitudinal temperature gradients	Min. nearby developed area	Low shrubs density	Min. nearby road density	Low drought frequency	Open canopy (pond and uplands 	<	 50%)	Connectivity (between uplands 	&	 wetlands)	Absence of fish	Well-drained sandy soils	Optimal ground cover (uplands 	&	 wetlands)	Nearby wetlands	Appropriate fire return (1-5 yrs)	Compatible land cover	Wetland hydroperiods ~6-9 mo.	1	2	2	0	0	1	1	0	0	0	1	1	0	0	1	0	No. of expert responses
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