Supplemental Material 
Text S1. Conservation Blueprint 2.0 indicator metadata by ecosystem, including indicator background, reason for selection, input data sources, GIS mapping steps, and known issues.
South Atlantic Landscape Conservation Cooperative indicators represent ecosystem characteristics that are widely used and understood by diverse partners. Each indicator is spatially modeled and many are monitored regularly. The indicators are intended for conservation planning purposes and to depict ecological integrity or intact cultural landscapes. As such, indicator data should not be interpreted for legal or regulatory actions. 

All indicators were initially computed, or in the case of existing data, were resampled to 1 ha spatial resolution using the nearest neighbor method. For computational reasons, we used the ArcGIS Spatial Analyst-Aggregate function to rescale the resolution to 200 m. The aggregate function avoided loss of detail by taking the maximum value of each cell in the conversion (e.g., species presence). 
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I) Beach and Dune
[bookmark: h.plxi1vfy2gnh][bookmark: _Toc430163742]Unaltered beach
Anthropogenic beach alteration such as groins, seawalls, jetties, and revetments contribute to beach loss, downdrift erosion, altered sand transport, and disruption of natural processes (Bruun 1995; Pilkey and Wright III 1988; Hall and Pilkey 1991; Dugan et al. 2008; Mohanty et al. 2012). Human infrastructure along shorelines generally stabilizes barrier islands, and thereby impedes beach migration and barrier island rollover processes. Altered beaches (including human developments along shorelines, jetties, groins, seawalls, revetments, and other structures) can provide a measure of overall habitat alteration. Additionally, seawalls are difficult to locate on aerial photography and developed shorelines may act as surrogates for unmapped shoreline armoring. Jetties alter sand transport and may result in downdrift erosion, although effects are dependent on the context of the structure (Bruun 1995). Bruun (1995) showed examples ranging from 5-13 km.
[bookmark: h.5028xhbpst64][bookmark: _Toc302741216][bookmark: _Toc430163743]
Input Data
Hard structures were digitally mapped with guidance from recent ocean shoreline evaluations (Rice 2012a, b). Shoreline parallel structures (e.g., revetments) were mapped by length and perpendicular structures (e.g., jetties, groins) were mapped as points. Overall, shoreline parallel structures totaled 22.3 km, and 148 perpendicular structures were mapped.

We used spatial designations of the Coastal Barrier Resources System (CBRS) (U.S. Fish and Wildlife Service 2013), as a result of the Coastal Barrier Resources Act (1982) and its update (1990), to set boundaries of undeveloped beaches. The Act designated relatively undeveloped barrier island segments as ineligible for federal expenditures, such as federal flood insurance.
[bookmark: h.gnrjiltcxd8m][bookmark: _Toc302741217][bookmark: _Toc430163744]Mapping Steps
We buffered perpendicular structures by 5 km and considered shoreline within this radius as altered by hard structures. All beaches inward from parallel structures were considered altered.

Data were classified into the following rankings:
0 = Most altered (outside of CBRS, with or without nearby 	jetties/groins)
1 = Medium alterations (inside of CBRS, hard structure effect as mapped above is present)
2 = Most unaltered (inside CBRS, no hard structure effect as mapped above)
[bookmark: h.d119kxfe0akg][bookmark: h.r5rbt3d5uxzd][bookmark: _Toc302741218][bookmark: _Toc430163745]Known Issues
The effect of perpendicular structures (e.g., groins, jetties) on beaches is not straightforward. We used a 5 km radius around these structures to consider beaches altered, but the effect on beaches may be directional and may be lesser or much greater than the 5 km radius we selected.

Data were digitized from a variety of known sources, but the data should be considered a minimum amount of hard structures in the region; further mapping and checking for known structures is warranted. We assume all beaches outside of the CBRS are altered by human development, although there are likely to be a few areas where development has not yet occurred. Additionally, changes to the designations continue annually, including further additions to the system.
[bookmark: h.qt8m4su7s3lq][bookmark: h.v1ki2m9xomqk][bookmark: _Toc430163746]Beach birds
This indicator represents the observed abundance of four shorebird species. This index represents a variety of ecosystem features, and the species selected are already monitored for the entire region by state and federal agencies.
[bookmark: h.1ksv4uv][bookmark: _Toc302741220][bookmark: _Toc430163747]Input Data
[bookmark: h.44sinio]Wilson's plover (Charadrius wilsonia) and American oystercatcher (Haematopus palliates) 
nest densities were derived from a synthesis study conducted by Dr. Betsy Von Holle (University of Central Florida) and state waterbird biologists: Tim Keyes (Georgia Department of Natural Resources), Felicia Sanders (South Carolina Department of Natural Resources), Sara Schweitzer (North Carolina Wildlife Resources Commission), and Janell Brush (Florida Fish and Wildlife Conservation Commission). They mapped habitat suitability based on nest or breeding pair density per beach segment. The following nesting years were used for the analysis: 
-American oystercatcher: Florida (2005-2011), Georgia (2010-2011), South Carolina (2008), North Carolina (2007)
-Wilson's plover: Florida (2005-2011), Georgia (2010-2011), South Carolina (2009-2011), North Carolina (2007)
[bookmark: h.2jxsxqh]In addition, Wilson's plover and American oystercatcher data were obtained for the Gulf Coast from the Florida Shorebird Alliance (2015). 

Least Tern (Sternula antillarum)
Waterbird biologists from each state's natural resource department (Tim Keyes, Felicia Sanders, Sara Schweitzer, and Janell Brush) provided the location and abundance of least tern nests, or breeding pairs. In Florida, the data was collected as part of the Florida Shorebird Alliance. All least tern locations were buffered by 1 km. Although least tern do not actively forage on the beach itself, the buffer characterizes habitat selected by least tern (i.e., beach width, predator abundance, etc.) and accounts for interannual variability in nesting locations. Among years, data showed least tern often shifted the location of nests in the general vicinity of previous years.
[bookmark: h.z337ya]
Piping Plover (Charadrius melodus) winter distribution
We used the U.S. Geological Survey 2011 winter piping plover population census, which are the most recent data from the international census of the species. Locations were buffered with a 2 km radius. Although home range estimates exist for piping plover (see Drake et al. 2001; Cohen et al. 2008), these measures depict primarily linear habitats. We used a 2 km radius buffer from known locations, as this is similar to the mean linear distance of 4.2 km that piping plover moved during winter in Texas (Drake et al. 2001). The resulting buffer was also substantiated by maps in Cohen et al. (2008).
[bookmark: h.3j2qqm3][bookmark: _Toc302741221][bookmark: _Toc430163748]
Mapping Steps
Von Holle et al. used a categorical habitat suitability ranking based on 6 quantiles of nest density, or breeding pair density, for each species on the Atlantic Coast. We converted these to a numeric ranking ranging from 0 (absent) to 6 (high density). The ranking was expanded to the Gulf Coast with additional data from the Florida Fish and Wildlife Conservation Commission.
We also used the same approach for ranking least tern abundance based on quantiles in the South Atlantic South Atlantic Landscape Conservation Cooperative (0–6). Piping plover abundance was also ranked by quantile (0–6). 

The overall beach bird index was developed using Zonation, a conservation planning software program (Lehtomäki and Moilanen 2013; Moilanen et al. 2014) with the core-area algorithm without edge removal (edge removal = 0). Zonation starts with all potential beaches and iteratively removes each cell that results in the least loss of species representation. The rankings (0–6) described above were used as a measure of relative abundance for all species; no connectivity options were used. The values in this layer represent relative use of habitat for beach nesting birds in the South Atlantic. Areas with relatively higher values in this layer have greater abundance of beach nesting birds in the index compared to areas with lower values. The index is scaled from 1 (low) to 10 (high) as related to beach bird use:
	1 = 0-10% beach bird use (low)
	2 = 10-20%
3 = 20-30%
4 = 30-40%
5 = 40-50%
6 = 50-60% 
7 = 60-70% 
8 = 70-80%
9 = 80-90% 
10 = 90-100% beach bird use (high)
[bookmark: h.1y810tw][bookmark: _Toc302741222][bookmark: _Toc430163749]Known Issues
Volunteers often collect beach bird data in discrete time frames and survey effort may differ by location. Some areas may not have been surveyed or nests may have been missed. Therefore, the data does not imply absence of species. For our purposes, the data serves as an index of beach bird habitat use. 
[bookmark: h.84ye4y3kpt8s]


[bookmark: h.au0rikq3l8xg][bookmark: h.gwcj7m6qoont][bookmark: _Toc430163750][bookmark: h.qavxyhwixypb][bookmark: h.j7ib04uoe9um][bookmark: h.3whwml4]II) Estuarine Marsh
[bookmark: _Toc430163751]Wetland patch size
[bookmark: h.3as4poj]The wetland patch size index is based on the size of estuarine marsh patches. Larger, better connected wetlands are positively associated with fish (Meynecke et al. 2008), shrimp (Turner 1977), and marsh birds. In particular, seaside sparrow (Benoit and Askins 2002; Rush et al. 2009), saltmarsh sharp-tailed sparrow (Benoit and Askins 2002), and marsh wren (Rush et al. 2009) have been associated with marsh area effects. Other species are expected to be limited based on home range size. In addition, wave attenuation is increased with wetland area (Shepard et al. 2011). Over time, a decrease in patch size will correspond to marsh degradation and wetland loss. 
[bookmark: _Toc302741225][bookmark: _Toc430163752]Input Data 
National Wetlands Inventory (NWI) data (U.S. Fish and Wildlife Service 2014) and the 2011 National Land Cover Database (Jin et al. 2013) data served as inputs for this indicator. We used the “Estuarine and Marine Wetland” class from NWI and the “Emergent Wetland” class from the National Land Cover Database. For the Atlantic Coast, we used an NWI update by the South Atlantic Marine Bight Assessment (The Nature Conservancy 2015). Salt marsh, salt marsh impoundments, and tidal flats corresponded to estuarine marsh. 
[bookmark: h.1pxezwc][bookmark: _Toc302741226][bookmark: _Toc430163753]Mapping Steps 
1) The National Land Cover Database emergent wetland class was masked with NWI's "Estuarine and Marine Wetland" category to distinguish estuarine marshes from freshwater marshes. 

2) The Spatial Analyst-Region Group function was used to delineate individual patches using an 8-neighbor rule. The method defines patches by clumping all wetland cells directly adjacent, or diagonal to each other, into individual patches. 

3) As a wide variety of marsh patch sizes correspond to species and ecosystem services, we used a quantile index as a simple, objective way to quantify the functional value of different patch sizes. The wetland patches were reclassified into five quantiles of wetland sizes (in hectares): 
	0 = 1-328 ha (low)
1 = 329-1,228 ha
	2 = 1,229-3,087 ha 
	3 = 3,088-6,088 ha
	4 = 6,088-15,154 ha (high)
[bookmark: h.3o7alnk][bookmark: _Toc302741227][bookmark: _Toc430163754]Known Issues 
Data on marsh vegetation types is currently lacking. We used the NWI to distinguish “estuarine marsh” from freshwater marshes, but the accuracy of this approach is unknown. 
[bookmark: h.r5x9mbtoqxkd][bookmark: h.58zdbdi9zcdh][bookmark: h.8arrpx2xm80b][bookmark: _Toc430163758][bookmark: h.1kvd9xgkn00d]Coastal condition 
[bookmark: _Toc302741237]The coastal condition indicator quantifies characteristics of water quality, sediment quality, and benthic condition. This index is synthesized by the Environmental Protection Agency (EPA) every five years (see U.S. EPA 2012 for details). 
[bookmark: h.b1xm55v84kg4][bookmark: _Toc302741238][bookmark: _Toc430163759]Input Data
[bookmark: h.ox3ma5xj6wty][bookmark: _Toc302741239]The EPA Coastal Condition Index is a ranking derived from a water quality index, sediment quality index, benthic index, coastal habitat index, and fish tissue contaminants index (U.S. EPA 2012). The coastal habitat index and fish tissue contaminants are region-wide measures and were not included in the indicator. For our objectives, we only used the indices derived from point sampling (water quality index, sediment quality index, benthic index), and the point data were ranked in the same way as the EPA scoring: 1 = poor, 3 = fair, and 5 = good. In calculating the overall rank for each point, the mean of the three indices was taken for sampling conducted 2003-2006.
[bookmark: h.o6mqqsnftouy][bookmark: _Toc302741240][bookmark: _Toc430163760]Mapping Steps
[bookmark: h.gjg6djt0wrh1][bookmark: _Toc302741241]Interpolation of point data from the Coastal Condition Index was conducted with the inverse distance weighted function in the ArcGIS Spatial Analyst. This function interpolates among points by weighting a specified number of nearby points as having a large influence if they are in close proximity and a declining influence as they are farther away. We used a power function of five to emphasize local samples (less than five had little influence), the three nearest points were used in interpolation, and a maximum distance to points of 25 km was used. Coastal Condition Index ranks ranged continuously from 1-5, and ranks were reclassified in 0.5 unit increments to characterize substantial changes in the index as follows:
[bookmark: _Toc302741242]1.5 = 1.0-1.5 (low) 
2.0 = 1.5-2.0 
2.5 = 2.01-2.5 
3.0 = 2.51-3.0 
3.5 = 3.01-3.5 
4.0 = 3.51-4.0
4.5 = 4.01-4.5 
5.0 = 4.51-5.0 (high)
[bookmark: _Toc302741243] 
[bookmark: h.ue0w48qwujkd][bookmark: h.kl7qxqlnrsmp][bookmark: h.chuwxfyacd74][bookmark: h.4oig3h99e7ic][bookmark: h.yngjdhpbhv5f][bookmark: h.pmhwez4ny490][bookmark: h.4iyp3p5rqfrm][bookmark: h.4f1mdlm][bookmark: _Toc430163761]Water-vegetation edge 
This indicator quantifies the length of the marsh edge, as defined by the boundary between open water and estuarine vegetation. The density and abundance of shrimp, crab, fish, and other nekton are strongly correlated with the open water-vegetation edges (Minello et al. 2003). In a review of nekton species and coastal habitats, open water-vegetation edge was cited as having the second most dense nekton populations (i.e., first being submerged aquatic vegetation) (Minello et al. 2003). In particular, the first meter of open water near wetlands is often noted as having the highest density of nekton (Minello and Rozas 2002). Marsh birds, including clapper rail (Rush et al. 2009), king rail (Pickens and King 2013), least bittern, American bittern, sora, and Virginia rail (Rehm and Baldassarre 2007), use open water-vegetation edge habitats. Wood storks also use tidal creeks (Gaines et al. 1998), which are depicted by the edge characteristic.
[bookmark: h.3tbugp1][bookmark: _Toc302741245][bookmark: _Toc430163762]Input Data 
National Wetlands Inventory (NWI) data (U.S. Fish and Wildlife Service 2014) served as the input for this indicator. NWI named these "Estuarine and Marine Wetland" and "Estuarine and Marine Deepwater" classifications. For the Atlantic Coast, we used an NWI update from South Atlantic Marine Bight Assessment (The Nature Conservancy 2015). Salt marsh, salt marsh impoundments, and tidal flats corresponded to estuarine marsh. 
[bookmark: h.28h4qwu][bookmark: _Toc302741246][bookmark: _Toc430163763]Mapping Steps 
1) We used the NWI's "Estuarine and Marine Wetland" and "Estuarine and Marine Deepwater" as the inputs for this indicator. This categorization included coastal marsh and tidal creeks, plus distinguished estuarine marshes from freshwater marshes. 

2) We converted the vector data to 30 m raster cells (which preserved tidal creeks) and used the ArcGIS Filter function (Spatial Analyst-Neighborhood) with a 3x3 high pass filter to extract the open water-marsh edge. The layer was reclassified to depict all open water-marsh interfaces as edge, and then the raster layer was converted to a polyline of "edge." 

3) We used Spatial Analyst-Focal Statistics to summarize the length of edge within a 500 m radius of each cell. 

4) Length of edge within 500 m were reclassified into 5 quantiles (km/sq km), excluding open water itself from the ranking:
0 = 0-0.61 km/sq km (low)
1 = 0.61-1.68 km/sq km
2 = 1.68-2.82 km/sq km
3 = 2.82-4.27 km/sq km
4 = 4.27-19.42 km/sq km (high)
[bookmark: h.nmf14n][bookmark: _Toc302741247][bookmark: _Toc430163764]Known Issues 
We used the NWI to distinguish “estuarine marsh” from freshwater marshes, but its accuracy in this regard is unknown.  

[bookmark: h.8puuutchl3ps]
32
[bookmark: _Toc430163755]III) Estuarine Open Water
Coastal condition
[bookmark: h.tgaostd9o72e][bookmark: _Toc302741229]The coastal condition indicator quantifies characteristics of water quality, sediment quality, and benthic condition. This index is synthesized by the Environmental Protection Agency (EPA) every five years (see U.S. EPA 2012 for details). 
[bookmark: h.uu1qojy4gdh6][bookmark: _Toc302741230][bookmark: _Toc430163756]Input Data
[bookmark: h.kkuwq6e4llxq][bookmark: _Toc302741231]The EPA Coastal Condition Index is a ranking derived from a water quality index, sediment quality index, benthic index, coastal habitat index, and fish tissue contaminants index (US EPA 2012). The coastal habitat index and fish tissue contaminants are region-wide measures and were not included in this indicator. For our objectives, we only used the indices derived from point sampling (water quality index, sediment quality index, benthic index). Point data were ranked in the same way as the EPA scoring: 1 = poor, 3 = fair, and 5 = good. In calculating the overall rank for each point, we took the mean of the three indices for sampling conducted 2003-2006.
[bookmark: h.x7jrsau9tsn8][bookmark: _Toc302741232][bookmark: _Toc430163757]Mapping Steps
[bookmark: h.mc4ckik9vbsz][bookmark: _Toc302741233]Interpolation of point data from the Coastal Condition Index was conducted with the inverse distance weighted function in the ArcGIS Spatial Analyst. This function interpolates among points by weighting a specified number of nearby points as having a large influence if they are in close proximity, and a declining influence as they are farther away. We used a power function of five to emphasize local samples (less than five had little influence), the three nearest points were used in interpolation, and a maximum distance to points of 25 km was used. Coastal Condition Index ranks ranged continuously from 1-5, and ranks were reclassified in 0.5 unit increments to characterize substantial changes in the index as follows:
[bookmark: h.yhtzss25wjck][bookmark: _Toc302741234][bookmark: h.k6k0umwbwpf]	1.5 = 1.0-1.5 (low) 
[bookmark: h.hksvxbst56zx]2.0 = 1.5-2.0 
2.5 = 2.01-2.5 
[bookmark: h.7ws7r75ip01a]3.0 = 2.51-3.0 
[bookmark: h.9v14opnigc7j]3.5 = 3.01-3.5 
4.0 = 3.51-4.0
[bookmark: h.e2zbkhgm52f1][bookmark: _Toc302741235][bookmark: h.t47ngol5opyi]4.5 = 4.01-4.5 
5.0 = 4.51-5.0 (high)


[bookmark: h.7u5pl4wufuxq][bookmark: h.1mrcu09][bookmark: _Toc430163765]IV) Forested Wetland
[bookmark: h.pjrybjgyctri][bookmark: h.8ngci2jrp05j][bookmark: h.1exic21e5v5k]Forested wetland amphibians
This indicator represents Priority Reptile and Amphibian Conservation Areas (PARCAs) (Sutherland and deMaynadier 2012) within forested wetlands and serves as a measure of the condition and arrangement of embedded isolated wetlands in the landscape. PARCAs are a nonregulatory designation intended to raise public awareness and spark voluntary action by landowners and conservation partners to benefit amphibians and/or reptiles. Areas are nominated using species occurrence data, landscape characteristics, and expert review, drawing on the concepts of species rarity, richness, regional responsibility, and landscape integrity. Modeled in part after the Important Bird Areas program developed by BirdLife International, PARCAs are nationally coordinated and locally implemented at state or regional scales. These designated areas are not designed to compete with existing landscape biodiversity initiatives, but to complement them and provide an additional spatial layer for conservation consideration.
[bookmark: h.3l18frh][bookmark: _Toc302741250]
Designating a PARCA requires four major implementation steps:
1. Regional Priority Amphibian and Reptile Conservation Task Teams or state experts can use the criteria and modify them when appropriate to designate potential PARCAs in their area of interest. 
2. Following the identification of all potential PARCAs, the group then reduces these to a final set of exceptional sites that best represent the area of interest.
3. Experts and stakeholders in the area of interest collaborate to produce a map that identifies these peer-reviewed PARCAs. 
4. Final PARCAs are shared with the community to encourage the implementation of voluntary habitat management and conservation efforts. PARCA boundaries can be updated as needed. 
[bookmark: _Toc430163767]Input Data 
PARCAs located within the South Atlantic South Atlantic Landscape Conservation Cooperative geography served as input data for this indicator. PARCAs are established in areas capable of supporting viable amphibian and reptile populations; occupied by rare, imperiled, or at-risk species; and rich in species diversity or endemism.
[bookmark: h.206ipza][bookmark: _Toc302741251][bookmark: _Toc430163768]Mapping Steps 
We clipped PARCAs to the forested wetland ecosystem extent. 
[bookmark: h.v9p28ls95iyk][bookmark: h.sqyw64][bookmark: h.3cqmetx][bookmark: h.oorl7j723eas][bookmark: h.4bvk7pj][bookmark: _Toc430163769]Forested wetland birds
This indicator characterizes potential distribution of six forested wetland bird species and represents the ecosystem features shown below. Atlantic Coast Joint Venture monitors these birds for the region. Species included black-throated green warbler (Setophaga virens), Chuck-will's widow (Antrostomus carolinensis), northern parula (Setophaga americana), red-headed woodpecker (Melanerpes erythrocephalus), prothonotary warbler (Protonotaria citrea), and Swainson's warbler (Limnothlypis swainsonii).

[bookmark: h.1664s55][bookmark: _Toc302741253][bookmark: _Toc430163770]

Input Data
Selected breeding season distribution of potential habitat from the Designing Sustainable Landscapes avian habitat models (Williams and Rubino 2012): 
· Black-throated green warbler 
· Chuck-will’s widow 
· Northern parula 
· Red-headed woodpecker 
· Prothonotary warbler 
· Swainson’s warbler 
[bookmark: h.3q5sasy][bookmark: _Toc302741254][bookmark: _Toc430163771]Mapping Steps
The index of forested wetland birds is based on ranks representing increasingly restrictive limitations of potential habitat for a suite of species. 

Species-based constraints are:
1. Northern parula (70 ha minimum patch), black-throated green warbler (100 ha minimum patch), red-headed woodpecker (interior patch within 500 m of early successional habitat), Chuck-will’s widow (interior patch within 500 m of early successional habitat)
2. Prothonotary warbler (70 ha minimum patch within 120 m of water)
3. Swainson’s warbler (350 ha minimum patch within 250 m of water)

The Designing Sustainable Landscapes avian models were ranked based on the constraints listed above. All models were then combined so locations retained the maximum rank (e.g. if a location was identified by both the prothonotary warbler and the Swainson’s warbler models, it was given a value of 3). The resulting index appears below:

0 = Less potential for presence of forested wetland bird index species (low)
1 = Potential for presence of Northern parula, black-throated green warbler, red-headed woodpecker, or Chuck-will’s widow
2 = Potential for additional presence of prothonotary warbler
3 = Potential for additional presence of Swainson’s warbler (high)
Known Issues 
DSL and Southeast GAP models are based on a species’ potential distribution, given the geographic range of the species and a minimum set of species of habitat requirements (i.e., land cover type, patch size, distance to mapped permanent water). According to DSL metadata, interpretation is to be conducted at a 1:100,000 scale or broader. The models do not characterize vegetation structure, disturbance events like fire or flooding, management, or other fine-scale habitat attributes related to species distribution. Similarly, the models do not attempt to assess probability of occurrence or to characterize demographic trends related to species. Calibration and validation has not been conducted on these models. 



[bookmark: h.72r0c14dtbxe][bookmark: h.kgcv8k][bookmark: _Toc430163772]V) Freshwater Aquatic
[bookmark: h.ffu6m9ubywad][bookmark: h.zhocmdsp5x0c][bookmark: h.m8g7zpmp95br][bookmark: h.yuiavpnyeyai][bookmark: h.ldmj6osmub8z][bookmark: _Toc430163774]Permeable surface 
This indicator categorizes the amount of permeable surface within NHDPlus (National Hydrogrophy Dataset Plus) catchments. Impervious surface is strongly linked to water quality, estuary condition, eutrophication, and freshwater inflow. The 10% impervious surface threshold is a well-documented signal of major, negative changes to aquatic ecosystems (Schueler et al. 2009). The 5% impervious threshold has been documented to impact Piedmont fish [Cyprinella trichroistia (tricolor shiner), Percina palmaris (bronze darter), Etheostoma etowahae (Etowah darter)] (Wenger et al. 2008), converted to total impervious) and estuarine species [Callinectes sapidus (blue crab), Morone americana (white perch), M. saxatilis (striped bass), and Leiostomus xanthurus (spot)] (Uphoff Jr et al. 2011).
[bookmark: h.2iq8gzs][bookmark: _Toc302741260][bookmark: _Toc430163775]Input Data
NHDPlus version 1 smoothed catchments (U.S. EPA 2006) and the 2011 National Landcover Database Percent Impervious 
[bookmark: h.xvir7l][bookmark: _Toc302741261][bookmark: _Toc430163776]Mapping Steps
1. We calculated percent impervious (from 2011 National Land Cover Database) for each NHDPlus catchment in the South Atlantic South Atlantic Landscape Conservation Cooperative region using ArcGIS-Zonal Statistics.

2. We reclassified areas as:
0 = > 10% impervious cover (low)
1 = ≤ 10% and > 5% impervious cover
[bookmark: h.1x0gk37]2 = ≤ 5% impervious cover (high)
[bookmark: h.rfdfdn3jypm0][bookmark: _Toc430163777]Riparian buffers 
This indicator represents natural land cover near rivers, streams, and large waterbodies. Land cover near rivers and streams is strongly linked to water quality and instream flow. These buffers provide a “front line defense” for aquatic systems.
[bookmark: h.3vac5uf][bookmark: _Toc302741263][bookmark: _Toc430163778]Input Data
The Southeast Aquatic Resources Partnership (SARP) riparian assessment (Kaeser and Watson 2011) provided the input data. This project assesses the condition of riparian habitat within a 30 m buffer along streams and rivers throughout the SARP region and provides a baseline against which to measure future progress toward achieving riparian habitat conservation and restoration goals. The assessment used the 1:24,000 National Hydrography Dataset and the 2001 National Land Cover Database for these calculations. 
[bookmark: h.2afmg28][bookmark: _Toc302741264][bookmark: _Toc430163779]Mapping Steps
1. We summarized the SARP Riparian Assessment percent disturbance data by HUC12 unit (Watershed Boundary Dataset for 12-Digit Hydrologic Units).

2. Total riparian buffer area values and total disturbance area values from the SARP assessed flowlines attribute table were summarized by HUC12 polygon. 

3. Percent disturbed riparian land cover around large waterbodies was calculated by intersecting the buffered waterbodies with the HUC12 units and calculating the values for total waterbody buffer area and total disturbance area in waterbody buffers.

4. For each HUC12 unit, we then added together the total buffered area (both riparian and large waterbodies) and disturbance area in all buffers (both riparian area and large waterbodies) and divided to calculate the percent disturbance.

5. We then modified the values to capture the opposite proportion of disturbed riparian landcover--“percent natural”--so that the values would match our indicator definition.

6. The data were reclassified from continuous percent into 5 classes as follows:
0 = ≤ 80% natural land cover (low)
1 = 80-85% 
2 = 85-90% 
3 = 90-95% 
4 = 95-100% natural land cover (high)

7. Data were removed from low elevation areas, which included barrier islands, where riparian mapping was incomplete or sample size of streams was low. A mask was developed from The Nature Conservancy’s Southeastern Terrestrial Resilience project (Anderson et al. 2014) (≤ 0.91 m in elevation), NOAA’s maritime limits and boundaries with a 12 nautical mile buffer, and ecosystem definitions of beaches, maritime forest, and estuaries.
[bookmark: h.39kk8xu][bookmark: _Toc302741265][bookmark: _Toc430163780]Known Issues
​Most sizable rivers do have trees within 30 m of the banks; however, National Land Cover Database may or may not identify it based on the width of the tree buffer. Similarly, many sizable rivers have large floodplains that affect instream habitat; thus, they may need a riparian buffer larger than 30 m to adequately protect the river. However, the SARP Riparian Assessment consistently uses a 30 m buffer for all streams, regardless of channel width. In the future, SARP will explore creating an “active river area” layer that could be used for future versions of a riparian assessment.
[bookmark: h.6w924xizww8p]


[bookmark: h.k9lc1lv0olt][bookmark: h.rwydcjw9ohiq][bookmark: _Toc430163781]VI) Landscapes
[bookmark: h.1302m92][bookmark: _Toc430163782]Resilient biodiversity hotspots
This indicator is an index of mostly natural, high-diversity areas that are potentially resilient to climate change. Resilience quantifies a combination of landscape diversity and local connectedness. Landscape diversity ranked sites using the variety of landforms, elevation range, and wetland density (for very flat areas). Local connectedness measured natural land cover types within a 3 km radius of each cell. These measures represent the number of microclimates available to species and the current state of the landscape, building on research that demonstrates geophysical diversity and elevation range is associated with biodiversity in the Eastern United States (Anderson and Ferree 2010). Resilience emphasizes diverse landscapes where species are likely to be able to move and adjust to changing conditions. 
[bookmark: h.haapch][bookmark: _Toc302741268][bookmark: _Toc430163783]Input Data
Resilient biodiversity hotspots were quantified using The Nature Conservancy’s Southeastern Terrestrial Resilience dataset (Anderson et al. 2014). Terrestrial resilience was derived as a normalized combination of two datasets: Local Connectedness and Landscape Diversity. These two datasets were standardized by ecoregion and geophysical setting, so rankings are relative across similar ecosystems.
[bookmark: h.319y80a][bookmark: _Toc302741269][bookmark: _Toc430163784]Mapping Steps
To target specific areas for conservation, we converted the original continuous data layer into a binary classification (0 or 1) where values of one were targeted for conservation. We used the cut-off point of +1 standard deviation, as The Nature Conservancy classifies these as "above average." We also used the coastal zone data layer provided by The Nature Conservancy to remove areas in the 0-0.91 m elevation zone not well represented by this dataset.
[bookmark: h.1gf8i83][bookmark: _Toc302741270][bookmark: _Toc430163785]Known Issues
Threats to coastal wetlands are not well represented in this dataset. 

[bookmark: h.1iho60sagbrr][bookmark: h.upglbi][bookmark: _Toc430163786]Low-Urban Historic Lansdcapes
This indicator depicts sites in the National Register of Historic Places, which are surrounded by limited urban development. The National Register characterizes what Americans value in their historic built environment.
[bookmark: h.4du1wux][bookmark: _Toc302741272][bookmark: _Toc430163787]Input Data
Data were obtained from the National Register of Historic Places (National Park Service 2012).  We used feature polygons whenever possible (rather than points). If no polygon feature was available, the points were buffered by 100 m. The resulting layers were combined and converted to a 200 m raster representing historic places using the methods described below.

Urban land cover was defined using the following classes from the 2011 National Land Cover Database (Jin et al. 2013): Developed, High Intensity; Developed, Medium Intensity; Developed, Low Intensity; Developed, Open Space. All urban pixels were classified as 1 and all other pixels were classified as 0.

We removed six polygons from the National Register that appeared to have errors in the geospatial data. These features (Andalusia, Eric Vernon Folds house, Hampton-Ellis farm, Laurelwood cemetery, Pacific Community Association building, and Locust Hill) were described in the text as small properties, but were represented in the spatial data as long linear features. 
[bookmark: h.2szc72q][bookmark: _Toc302741273][bookmark: _Toc430163788]
Mapping Steps
[bookmark: h.184mhaj][bookmark: h.3s49zyc][bookmark: _Toc430163789]Urban areas we*re identified using the National Land Cover Database as described above. The percent urban land cover within a 270 m radius circle was calculated for each pixel using focal statistics in ArcGIS. Since the National Land Cover Database data resolution is 30 m pixels, we used 270 m (9 pixels) to approximate a 250 m radius. All historic sites that were < 50% urban within a 270 m radius were retained for the indicator. 

Known Issues
The National Register of Historic Places point and polygon mapping may have additional location errors (in additional to the changes noted above). Further verification of the spatial representation of sites is needed and errors may need to be removed.

Low road density
Large areas with few roads are favorable for the conservation of numerous species, including reptiles and amphibians, birds, and large mammals. Roads can cause negative impacts by promoting dispersal of invasive species and inhibiting water flow. 
[bookmark: h.36ei31r][bookmark: _Toc302741275][bookmark: _Toc430163790]Input Data
We obtained TIGER (Topologically Integrated Geographic Encoding and Referencing) road files for the South Atlantic South Atlantic Landscape Conservation Cooperative region (The Nature Conservancy 2012) 

We developed a mask to exclude estuaries, large lakes, and reservoirs from the analysis. Specifically, the mask excluded waterbody areas mapped from a 1: 1 million scale (U.S. Geological Survey 2014). Estuarine open water was excluded based on National Wetlands Inventory (NWI) data (U.S. Fish and Wildlife Service 2014).
[bookmark: h.1ljsd9k][bookmark: _Toc302741276][bookmark: _Toc430163791]Mapping Steps
1. All TIGER roads were included in the analysis. The Spatial Analyst-Line Density function was used to estimate road density within a 2 km radius of each cell (km of road per sq km of area). Importantly, the area in the calculation included large waterbodies and the following steps accounted for this issue.
2. Road density was multiplied by the area of the 2 km radius circle (12.56636 sq km). The result was road length within each 2 km radius.
3. Focal statistics were used to sum the terrestrial area (see mask description in the “Input Data” section above) within a 2 km radius of each cell.
4. The road length was then divided by the terrestrial area within a 2 km radius. The result was: road density = road length (km) within a 2 km radius / terrestrial area (sq km) within a 2 km radius.

“Low road density” areas were first classified as those with < 1.5 km/sq km. Areas with a road density >1.5 km/sq km have been correlated with skewed sex ratios in turtles (Steen and Gibbs 2004), as excessive female mortality may occur when they are seeking nest sites. We used the ArcGIS Spatial Analyst-Region Group function to calculate low road density patch sizes by defining patches as cells directly adjacent to each other (4-neighbor rule). The low road density indicator (0 or 1) was then defined as low road density patches of >4,050 ha (10,000 acres). 
[bookmark: h.zu0gcz][bookmark: _Toc302741277][bookmark: _Toc430163792]Known Issues
· Smaller radii (e.g., 1 km) tend to include the interior of farm fields or other blocks of land surrounded by roads. 
· Steps #2, 3, and 4 helped depict barrier islands and coastal areas where the 2 km radius included large bodies of open water.
· [bookmark: h.7kbevkf0cq6u][bookmark: h.gze7pzy6snjf]Road data does not include all potential barriers to water flow.
[bookmark: h.1yyy98l]

[bookmark: _Toc430163793]VII) Marine 
[bookmark: h.350605r244c2][bookmark: h.ttuttc740lht][bookmark: h.4iylrwe][bookmark: _Toc430163794]Marine turtles and mammals
This indicator is an index of relative abundance of sea turtles, dolphins, and whales. The input data was collected as a part of the South Atlantic Bight Marine Assessment (The Nature Conservancy 2015). Species groups include sea turtles, right whales, dolphins, and other cetaceans. 

Input Data
[bookmark: h.2ce457m][bookmark: _Toc302741280][bookmark: _Toc430163795]Sightings per unit effort by season from the U.S. Navy, summarized in the South Atlantic Bight Marine Assessment (The Nature Conservancy 2015).

Mapping Steps
We considered high density to be > 1 standard deviation above mean density. The index was calculated as follows:
0 = Not high density for any species group during any time of the year
1 = High density for 1 species group
[bookmark: h.ci8b8zazftse]2 = High density for multiple species groups
[bookmark: h.rjefff][bookmark: _Toc430163796]Primary productivity 
This indicator serves as a measure of marine productivity hotspots. It calculates anomalies in Net Primary Production with methods similar to those used by Valavanis et al. (2004) to identify hotspots in the Eastern Mediterranean ocean.
[bookmark: h.4anzqyu][bookmark: _Toc302741282][bookmark: _Toc430163797]Input Data
These layers were created using monthly Net Primary Production data from Oregon State University (2014). The unit for the original data source is milligram carbon / sq m / day. They used the Vertically Generalized Production Model (VGPM) (Behrenfeld and Falkowski 1997) as the standard algorithm. The VGPM is a chlorophyll-based model that estimates Net Primary Production from chlorophyll using a temperature-dependent description of chlorophyll-specific photosynthetic efficiency. For the VGPM, Net Primary Productivity is a function of chlorophyll, available light, and the photosynthetic efficiency. The products are based on MODIS (Moderate-resolution Imaging Spectroradiometer) chlorophyll and temperature data, SeaWiFS PAR (Sea-Viewing Wide Field-of-View Sensor Photosynthetically Active Radiation), and estimates of euphotic zone depth derived from a model developed by Morel and Berthon (1989) and based on chlorophyll concentration. 

[bookmark: h.2pta16n][bookmark: _Toc302741283][bookmark: _Toc430163798]Mapping Steps
We used the following steps to create a single data layer from the 147 monthly layers (July 2001 - Sept 2014):
1. Calculate mean and maximum monthly Net Primary Production across all years. 
2. For each month, use the rasters created above to subtract the mean from the maximum (e.g. Jan max - Jan mean). 
3. To combine all of the months into one final layer, perform another local cell statistics - maximum across all of the above monthly max-mean. 
4. The resulting raster was reclassified into 3 classes as follows by manually identifying 2 break points:
-1: Productivity potentially too high from human impacts
0: Lower productivity
1: Medium/high productivity
5. [bookmark: h.14ykbeg]We reclassified the -1 class as 1 because remote sensing tends to overpredict areas of abnormally high productivity near the coast.
[bookmark: h.3oy7u29][bookmark: _Toc430163799]Potential hardbottom condition
This indicator is an index of the potential condition of deepwater corals and other hardbottom habitats. Hardbottom (including corals and live bottom) extent and condition are important for a variety of marine species (e.g., fish, invertebrates) and are impacted by landscape-scale stressors (e.g., particular types of commercial fishing, boat groundings and anchors, invasive species, mining, dredging, nutrients carried by freshwater inflow, coastal construction, and beach renourishment). 

[bookmark: h.338fx5o][bookmark: _Toc302741285][bookmark: _Toc430163800]Input Data
The Nature Conservancy’s South Atlantic Bight Marine Assessment (2015) served as the input data for this indicator.
[bookmark: h.1idq7dh][bookmark: _Toc302741286][bookmark: _Toc430163801]Hardbottom predictions
· South Atlantic Fishery Management Council Deepwater Coral Habitat Areas of Particular Concern (Coral HAPCs) (Florida Fish and Wildlife Conservation Commission, Fish and Wildlife Research Instiute 2008):
· Commercial Vessel Density (2009 - 2010) (Department of Commerce 2012)
· Ocean dredge disposal sites for North Carolina, South Carolina, Georgia, and Florida (U.S. Army Corps of Engineers 2010-2013)  
[bookmark: h.42ddq1a][bookmark: _Toc302741287][bookmark: _Toc430163802]Mapping Steps
We combined hardbottom predictions, areas of high commercial shipping traffic, dredge disposal sites, and South Atlantic Fishery Management Council Deepwater Coral HAPCs, to classify three types of potential hardbottom condition: Areas likely stressed by human activity (category 1, those overlapping with high shipping traffic or dredge disposal sites), areas less likely stressed by human activities (category 2, comprised of areas not part of category 1, but lacking the additional protections in the next category), and areas likely in best condition due to additional protections (category 3, those that are part of the Deepwater Coral HAPCs and have additional restrictions on fishing gear and coral harvest). We defined high commercial shipping traffic as ≥501 vessels (classification code 7 and above).

Data were classified as described above into the following rankings:
0 = Not hardbottom
1 = Hardbottom likely stressed by human activities
2 = Hardbottom less likely stressed by human activities
3 = Hardbottom likely in best condition due to additional protections
[bookmark: h.xss7hcj80qso][bookmark: h.zbiuq7qjp9rz][bookmark: h.pknpuanpjple][bookmark: h.dtw1tpb5klne][bookmark: _Toc430163803]

VIII) Maritime Forest
[bookmark: h.3gnlt4p][bookmark: _Toc430163804]Maritime forest extent
This indicator represents the overall hectares of maritime forest in the South Atlantic geography. Hectares of this ecosystem are an indicator of its status and relevant threats (e.g., urbanization). Maritime forest has been substantially reduced from its historic extent and protecting all remaining patches is important. 
[bookmark: h.2uxtw84][bookmark: _Toc302741290][bookmark: _Toc430163805]Input Data
Maritime forest distribution was obtained from each state within the South Atlantic South Atlantic Landscape Conservation Cooperative:

Virginia: Coastal Maritime Forests in Virginia, Delineation and Distribution (Berman and Berquist 2007)
 
North Carolina: Statewide Assessment of Conservation Priorities at the Landscape Level (Hall 2008).
 
South Carolina: South Carolina GAP Analysis Program (South Carolina Cooperative Fish and Wildlife Research Unit 2001). Since the data layer was from the early 1990s, we removed all maritime forest areas now classified as developed by the National Land Cover Database. 
 
Georgia: Nongame Conservation Section Biotics Database (Georgia Department of Natural Resources 2013).

Florida: Florida Cooperative Land Cover Map, Version 2.3. Tallahassee, Florida. (Florida Natural Areas Inventory 2012).
[bookmark: h.1a346fx][bookmark: _Toc302741291][bookmark: _Toc430163806]Mapping Steps
Virginia, North Carolina, and Georgia data were originally in vector format; South Carolina was 30 m resolution and Florida was 15 m resolution. To combine layers without losing narrow segments of maritime forests, we resampled data to 10 m and then used the Spatial Analyst-Aggregate function to use the maximum value within 1 ha cells. To update the entire layer to 2011, we removed maritime forest that was classified as "developed" (classes 21-24) in the 2011 National Land Cover Database (Jin et al. 2013) (resampled to 100 m).
[bookmark: h.2981zbj][bookmark: _Toc302741292][bookmark: _Toc430163807]Known Issues
Maritime forests are poorly mapped in South Carolina, while the other states have relatively recent distribution maps derived with the help of ground-truthing.
[bookmark: h.7r4l5z13e9j1][bookmark: _Toc430163808]IX) Pine and Prairie
[bookmark: h.xzastppqxd30][bookmark: h.v6b9pcpjo4b3][bookmark: h.ayq5fpczrzwh][bookmark: h.y6gcdso8clxs][bookmark: h.ybbrr3sduvtd][bookmark: h.38czs75][bookmark: _Toc430163809]Regularly burned habitat
This indicator represents the area of fire-maintained, open canopy pine habitat and represents the overall structure and condition of the habitat.
[bookmark: h.2mn7vak][bookmark: _Toc302741295][bookmark: _Toc430163810]Input Data 
Disturbance data from the LANDFIRE program (LANDFIRE 2012) (i.e., Landscape Fire and Resource Management Planning Tools) were used to quantify fire distribution. LANDFIRE is a cooperative project from The Nature Conservancy, USDA Forest Service, Department of the Interior, and other agencies. Specifically, data are derived from Landsat satellite imagery, local agency data contributions, and ancillary data (Vogelmann et al. 2011; Ryan and Opperman 2013); we used vegetation disturbance data for 1999–2010. 
[bookmark: h.11si5id][bookmark: _Toc302741296][bookmark: _Toc430163811]Mapping Steps 
1. From the disturbance data, we only used disturbances from fires, which excluded mechanical, chemical, and unknown disturbances. 
2. The Spatial Analyst-Aggregate (maximum) function was used to rescale data to a 1 km resolution. 
3. From the 1 km cell size, we then removed all areas classified as human development in the 2011 National Land Cover Database (Jin et al. 2013) (100 m resolution; classification categories 21-24) and resampled the data to 200 m resolution to be consistent with other data sources.

The data were classified as follows:
1 = Recently burned open canopy habitat
0 = Not recently burned open canopy habitat
[bookmark: h.20xfydz][bookmark: _Toc302741297][bookmark: _Toc430163812]Known Issues 
[bookmark: h.amvazjfnhq8z]Based on known sites, regularly burned pine forests and savanna were severely underestimated with the initial 30 m resolution of LANDFIRE data. This is likely due to pine forest with moderate canopy cover (30-100%) or varying burn seasons. Therefore, we used a coarser, more realistic 1 km resolution. This resolution corresponded well with data on fire-dependent bird species (see below); however, it likely overestimates fires in some locations. Also, the data depicts fires, but does not quantify fire return intervals. 
[bookmark: h.302dr9l][bookmark: _Toc430163813]Pine and prairie amphibians
This indicator represents Priority Reptile and Amphibian Conservation Areas (PARCAs) (Sutherland and deMaynadier 2012) and serves as a measure of the condition and arrangement of embedded isolated wetlands in the pine landscape. PARCAs are a nonregulatory designation intended to raise public awareness and spark voluntary action by landowners and conservation partners to benefit amphibians and/or reptiles. Areas are nominated using species occurrence data, landscape characteristics, and expert review, drawing on the concepts of species rarity, richness, regional responsibility, and landscape integrity. Modeled in part after the Important Bird Areas program developed by BirdLife International, PARCAs are nationally coordinated and locally implemented at state or regional scales. These designated areas are not designed to compete with existing landscape biodiversity initiatives, but to complement them and provide an additional spatial layer for conservation consideration.

Designating a PARCA requires four major implementation steps:
	1. Regional Priority Amphibian and Reptile Conservation Task Teams or state experts 	can use the criteria and modify them when appropriate to designate potential PARCAs in 	their area of interest. 

	2. Following the identification of all potential PARCAs, the group then reduces these to a 	final set of exceptional sites that best represent the area of interest.

	3. Experts and stakeholders in the area of interest collaborate to produce a map that 	identifies these peer-reviewed PARCAs. 

	4. Final PARCAs are shared with the community to encourage the implementation of 	voluntary habitat management and conservation efforts. PARCA boundaries can be 	updated as needed. 
Input Data 
PARCAs located within the South Atlantic South Atlantic Landscape Conservation Cooperative geography. 
Mapping Steps 
We clipped PARCAs to the pine woodlands, prairie, and savanna ecosystem extent. 

[bookmark: h.2eclud0][bookmark: h.thw4kt][bookmark: h.1smtxgf][bookmark: _Toc430163816]Pine and prairie birds
This indicator combines models of species’ distribution for northern bobwhite (Colinus virginianus) and Bachman's sparrow (Aimophila aestivalis) as well as census data for red-cockaded woodpecker (Picoides borealis). This species index represents the structure and function of pine ecosystems in the Southeast.
[bookmark: h.16x20ju][bookmark: _Toc302741302][bookmark: _Toc430163817]Input Data
[bookmark: h.3qwpj7n]Northern Bobwhite
To model the distribution of bobwhite, the National Bobwhite Technical Committee used an extensive series of workshops and revision workshops, where a multitude of experts conducted a spatially explicit habitat ranking based on GIS data and local expert knowledge (National Bobwhite Technical Committee 2011). Bobwhite habitat suitability was ranked from low to high; for our purposes, we used the highest ranking, "high," as a conservation target (i.e., 0 or 1). 
[bookmark: h.261ztfg]
Red-cockaded Woodpecker 
[bookmark: h.l7a3n9]Red-cockaded woodpecker (RCW) data were obtained from NatureServe (2014) with cooperation from state Natural Heritage programs of Virginia, North Carolina, South Carolina, Georgia, Alabama, and Florida. Important supplemental data were supplied by Francis Marion National Forest in South Carolina and Tall Timbers Research Station in Florida. We removed records classified as "extirpated" and records with > 2 km of potential location error. Of the remaining locations, we used RCW data when the last recorded observation was 1990 or later. This long timeframe was necessary because private land surveys are often not repeated, federal and state agreements with landowners may restrict data access, and there is often a substantial lag time for reporting monitoring data on public lands. Locations where RCWs were last observed from 1970-1989 were often noted as inactive nest cavities or had been surveyed later without finding evidence of RCWs. In contrast, post-1990 data were typically active clusters, although many had not been surveyed regularly. Since the extent of habitat was not always recorded, we either used the point locations, or plotted a point at the center of RCW polygons, and placed a 2 km radius buffer around each point. An 800 m buffer has been suggested and used for RCW locations (James et al. 2001; U.S. Fish and Wildlife Service 2003), but here, we wanted to extend this to account for location errors. We did not include RCW locations within the forested wetland ecosystem east of the Suffolk Scarp of North Carolina (i.e., pocosin wetland habitat), as pine-specific indicators were restricted to the historic range of the longleaf pine savanna.

Bachman's Sparrow 
Bachman's sparrow locations were recorded in three distinct survey projects conducted by the North Carolina Wildlife Resources Commission (NCWRC) (n = 544; 2006-2013), Paul Taillie et al. (2015) (n = 99; 2012), and a Virginia Tech study in cooperation with the U.S. Marine Corps at Camp Lejeune (n = 84; 2010). Paul Taillie (NCWRC), Jeffrey Marcus (The Nature Conservancy), Scott Anderson (NCWRC), and John Carpenter (NCWRC) collected data and summarized existing data sources. Data were collected as part of species-specific point count surveys with call-backs, general point counts, and as incidental observations. Points ≤ 250 m of another presence location were removed from the dataset. Fires were quantified from the LANDFIRE program (LANDFIRE 2012) (i.e., Landscape Fire and Resource Management Planning Tools) (see indicator description above). The National Land Cover Database (Jin et al. 2013) classifications of evergreen forest and a combined layer of scrub/shrub and grassland/herbaceous depicted land cover classes. Mean and standard deviation of percent canopy cover were quantified with National Land Cover Database. All of these variables were calculated with 3x3 and 9x9 neighborhood statistics. Connectivity was quantified using local connectedness from The Nature Conservancy's Southeastern Terrestrial Resilience dataset (Anderson et al. 2014). This connectivity measure emphasized fragmentation caused by agriculture and urban development. After initial model development, we calculated the amount of habitat within a 5-km radius and included this result in the model. 

A resource selection function (RSF) modeling approach was used (Boyce et al. 2002) with pseudo-absences dispersed throughout the survey extent; row crop agriculture and urban classifications (National Land Cover Database classes 21-24) were excluded. A logistic regression compared Bachman's sparrow presence with pseudo-absence points (i.e., habitat use vs. availability). To validate predictive accuracy, data were divided into training data (60%) and validation data (40%). RSFs are relative measures of habitat use, but we wanted to determine a threshold for estimating presence/absence. Similar to other studies (Wilson et al. 2013; Fedy et al. 2014) we determined the optimal classification threshold with the training data, and applied it to the validation data. 

The results showed canopy cover, evergreen land cover, canopy cover SD, fires, and local connectedness were related to Bachman's sparrow. After projection of these variables, we also discovered an association with habitat within a 5-km radius of a cell. The confusion matrix of the validation results showed 90% classification accuracy. The RSF model predicted 9% of North Carolina as Bachman's sparrow "present" and captured 87% of known Bachman's sparrow presence locations in North Carolina.

[bookmark: h.356xmb2][bookmark: _Toc302741303][bookmark: _Toc430163818]Mapping Steps
[bookmark: h.1kc7wiv]Cumulative pine bird index
The final pine bird index was derived by summing the number of species in each 200 m cell. 
The indicator is classified as follows:
0 = Pine index birds absent (low)
1 = 1 pine index bird present
2 = 2 pine index birds present
3 = 3 pine index birds present (Bachman's sparrow, bobwhite quail, and red-cockaded woodpecker) (high)
[bookmark: h.44bvf6o][bookmark: _Toc302741304][bookmark: _Toc430163819]Known Issues
The pine bird index will be improved in the future by addressing the distribution of each species as noted below.

For Bachman's sparrow, the model is trained and validated with North Carolina data and is extrapolated to the whole South Atlantic South Atlantic Landscape Conservation Cooperative. More data is needed to validate, and possibly recalibrate, this extrapolation. Habitat variables were chosen with specific reference to Bachman's sparrow ecology, but factors such as fragmentation and burning may have a different level of influence in different regions. Definitive absence data would be helpful for verifying the presence/absence threshold chosen here. The 90% accuracy of the model in North Carolina shows that the model is of high quality, but 10% error is still expected. The data should not be treated as a complete census.

For RCWs, data is near census level, but data from private lands may be limited in a few localities and verification of public land data needs to be conducted. Some locations post-1990 could benefit from a more recent verification. 

The northern bobwhite model does not provide quantitative abundance estimates. The bobwhite model is based on expert opinion and needs to be validated, or possibly improved, with quantitative survey data.


[bookmark: h.l583nlxzbcha]


[bookmark: h.hurc4xgb8s73][bookmark: h.mmjrydk4rsg3][bookmark: _Toc430163820]X) Freshwater Marsh
[bookmark: _Toc430163821]Freshwater marsh birds 
This indicator is an index of potential habitat for five freshwater marsh bird species. Patch sizes of fresh marsh were ranked with knowledge of marsh bird habitat relationships. Over time, a decrease in patch size will correspond to marsh degradation and wetland loss. Brown and Dinsmore (1986) tested bird responses to wetland patch size in interior freshwater marshes in Iowa. They showed 10 species were not present in wetland patches of < 5 ha, but were included in greater patch sizes. Examples of these species include least bittern (Ixobrychus exilis), northern pintail (Anas acuta), and northern shoveler (Anas clypeata). Several other species had strongly increased abundance with patches > 5 ha. Therefore, our lowest rank (0) for wetlands was < 5 ha; this ranking also helped eliminate misclassifications of fresh marsh. The next class considered was > 5 ha and ≤ 20 ha. This patch size class is inclusive of marsh bird home ranges: king rail (Rallus elegans) in fresh marsh have known home ranges of 7.7-16 ha (Pickens and King 2013); least bittern home ranges are highly variable, but Bogner and Baldassarre (2002) reported a mean of 9.7 ha and Moore (2009) showed a mean wetland area of 10.9 ha where least bittern were detected. Brown and Dinsmore (1986) showed a species richness–wetland area relationship with the greatest species richness near 20-30 ha. For king rail, Drew and Collazo (2014) also had support for a model with a patch size class of > 20 ha for predicting species occupancy. Similarly, Pickens and King (2014b, a) showed water-level management, often at a scale > 20 ha, and habitat measured at a 100 ha scale, corresponded to king rail abundance. 
[bookmark: h.4hr1b5p][bookmark: _Toc302741307][bookmark: _Toc430163822]Input Data 
Freshwater marsh was defined as National Land Cover Database emergent herbaceous wetlands, which were not defined as part of the estuarine ecosystem.  
[bookmark: h.2wwbldi][bookmark: _Toc302741308][bookmark: _Toc430163823]
Mapping Steps 
A Spatial Analyst-Region Group function was used with a 4-neighbor rule to define patches. Based on knowledge of the species noted above, the patch size classes (in hectares) were ranked as follows: 
0 = Less potential for freshwater marsh bird presence (< 5 ha) (low) (55,330 patches) 
1 = Potential presence of least bittern, northern pintail, northern shoveler, and others (≥ 5 and ≤ 20 ha) (15,893 patches) 
2 = Potential presence of king rail (> 20 ha) (high) (1,799 patches) 
[bookmark: h.2b6jogx][bookmark: _Toc302741309][bookmark: _Toc430163824]Known Issues 
The distinction between fresh and estuarine marsh was determined by the National Wetlands Inventory (NWI), but the accuracy of this data has not been documented. Other misclassifications of freshwater marsh appear to include wet pastures, grasslands, and wet fields planted with winter wheat. The amount of open water within freshwater marsh (i.e., open water-vegetation edge) and the wetland's hydroperiod are critical to wildlife, but the ephemeral nature of water in this ecosystem makes it difficult to measure with currently available spatial data. Also, the scientific literature on fresh marsh birds in the South Atlantic is sparse and further testing is needed to determine patch size requirements of species listed here.
[bookmark: h.qbtyoq][bookmark: h.3abhhcj][bookmark: h.lo500u6s1nrb][bookmark: h.eqbqjtrab4xb][bookmark: h.sne7nkz2vks3][bookmark: _Toc430163825]XI) Upland Hardwood
[bookmark: h.22vxnjd][bookmark: _Toc430163826]Upland hardwood birds
This indicator is an index of potential habitat for seven upland hardwood bird species. These bird species are monitored for the region by the Atlantic Coast Joint Venture.
[bookmark: h.1h65qms][bookmark: _Toc302741312][bookmark: _Toc430163827]Input Data  
The upland hardwood bird index is based on a ranking representing increasingly restrictive limitations of potential habitat for a suite of species. The species are wood thrush (Hylocichla mustelina), whip-poor-will (Antrostomus vociferous), hooded warbler (Setophaga citrina), American woodcock (Scolopax minor), Acadian flycatcher (Empidonax virescens), Kentucky warbler (Geothlypis formosa), and Swainson's Warbler (Limnothlypis swainsonii).

Species-based constraints are:
1. Wood thrush (1 ha minimum patch), Whip-poor-will (no more than 250 m into forest interior)
2. Hooded warbler (15 ha minimum patch), American woodcock (within 125 m of ecotone edge)
3. Acadian flycatcher (40 ha minimum patch), Kentucky warbler (17 ha minimum patch in wet hardwoods)
4. Swainson’s warbler (350 ha minimum patch within 250 m of water)

The Southeast GAP models (Williams et al. 2010) (for all species other than Swainson’s warbler) and Designing Sustainable Landscapes models (DSL) (Williams and Rubino 2012) (for Swainson’s warbler) were ranked based on the constraints above. All models were then combined so that locations retained the maximum rank (e.g. if a location was identified by both the wood thrush and the Swainson’s warbler models, it was given a value of 4). 

Southeast The Southeast GAP and DSL models use different approaches to define a patch. With the exception of Swainson's warbler, Southeast  GAP models were used to provide a more restrictive definition of a patch. For Swainson’s warbler, the less restrictive definition in the DSL model was used to maintain consistency with the Swainson’s warbler model in the index of forested wetland birds, which also used the DSL model.

Mapping Steps 
The index was classified as:
0 = Less potential for presence of upland hardwood bird index species (low)
1 = Potential for presence of wood thrush or whip-poor-will
2 = Potential for additional presence of hooded warbler or American woodcock
3 = Potential for additional presence of Acadian flycatcher or Kentucky warbler
4 = Potential for additional presence of Swainson's warbler (high)

Known Issues 
DSL and Southeast GAP models are based on a species’ potential distribution, given the geographic range of the species and a minimum set of species of habitat requirements (i.e., land cover type, patch size, distance to mapped permanent water). According to DSL metadata, interpretation is to be conducted at a 1:100,000 scale or broader. The models do not characterize vegetation structure, disturbance events like fire or flooding, management, or other fine-scale habitat attributes related to species distribution. Similarly, the models do not attempt to assess probability of occurrence or to characterize demographic trends related to species. Calibration and validation has not been conducted on these models. 

[bookmark: h.2gb3jie][bookmark: _Toc430163828]Urban open space
[bookmark: h.1ulbmlt][bookmark: _Toc302741314][bookmark: _Toc430163829]This indicator is an index based on the distance of urban areas to open space. This indicator represents the ability of this ecosystem to connect urban residents and nature through nearby open space. 

Input Data 
· 2011 National Landcover Database
· The Nature Conservancy’s Secured Lands Database (The Nature Conservancy 2013)
[bookmark: h.4ekz59m][bookmark: _Toc302741315][bookmark: _Toc430163830]Mapping Steps 
· Urban areas were identified using the high, medium and low intensity urban classes from the land cover data. Distance from urban was calculated using the Euclidian distance function in ArcGIS. Protected areas were identified using the Secured Lands Database (The Nature Conservancy 2013). All areas in the database were treated in the same way, regardless of ownership or GAP level protection status. All non-urban areas were assigned the following values based on distance from urban and protection: 

	1 = Any non-urban area 800 - 1600 m from urban (low)
	2 = Protected area 800 - 1600 m from urban
	3 = Any non-urban area 400 - 800 m from urban
	4 = Protected area 400 - 800 m from urban
	5 = Any non-urban area ≤400 m from urban
	6 = Protected area ≤400 m from urban (high)

The values above were based on the effects of open space on property values in the peer-reviewed literature: 
· 1600 m: Acharya and Bennett (2001), Breffle et al. (1998), Geoghegan (2002), Geoghegan et al. (2003) 
· 800 m: Breffle et al. (1998) 
· 400 m: Acharya and Bennett (2001), Irwin and Bockstael (2001), Ready and Abdalla (2005)
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