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INTRODUCTION  

THE IMPORTANCE OF LANDSCAPE CONNECTIVITY 

We understand the critical importance of access ï for our communities, our families, and ourselves ï to 

basic resources, diverse and resilient livelihoods and communities, and healthy (and health-giving) 
environments. We strive to suitably locate and connect our human landscapes to provide this access to all. 

Similarly, wildlife communities living in the natural landscapes around us rely on a mosaic of diverse, 

healthy, and connected natural habitats to survive, thrive, and persist. 

Movement of animal species within and between 

priority habitats is necessary for their survival. With 

increasing habitat loss and fragmentation from 

development and roads, along with other threats 
related to environmental change, wildlife species 

need an intact, connected network of suitable 

habitats, movement corridors, and wildlife crossings 
that maintain ecosystem functions and processes 

(Rudnick et al. 2012). Without suitable habitats and a 

connected natural landscape, wildlife populations and 
natural communities decline and cannot persist 

(Crooks and Sanjayan 2006). 

We depend on these ecosystems, too ï conserving 

and connecting wildlife habitats (such as in Figure 1) 
not only benefits wildlife populations but also 

supports native plants and pollinators, helps maintain 

clean water and air, reduces hazards such as flooding 
and urban heating, supports public health and 

recreation, and helps drive our local economy 

(through, for example, working farms and forests) 

(Mitchell et al. 2013, NRCS 2004).  

KEEPING THE NATURAL LANDSCAPE 

CONNECTED 

Extensive biological inventory and conservation 

planning have fueled decades of successful land, water, and biodiversity conservation in Durham and 

surrounding counties. Increasingly, this work has been informed by the landscape conservation approach, 
focused on preserving the ecological integrity of our remaining natural landscapes by keeping them 

functionally connected for wildlife, natural communities, and ecosystem processes. This approach 

recognizes that a connected landscape includes a mosaic of high-quality, natural and semi-natural habitat 
areas, connected by movement corridors that may also include working farms and forests, public and 

private open space, and ï crucially ï road crossing structures (wildlife crossings) that enable safe wildlife 

passage within and between habitat areas. In the North Carolina Piedmont, the landscape mosaic includes 
habitats in riparian corridors, floodplains, and upland areas that connect ecosystems within and between 

watersheds. 

 

Figure 1. Riparian forested habitat along the Little 

River in Little River Regional Park, Durham County, 

NC. Photo credit Celeste Burns. 
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As part of its mission, the Durham County Open Space Program focuses on the protection of key open 
space properties. Since the early 1990s with the development and adoption of the New Hope Corridor 

Open Space Master Plan (Coulter Associates and New Hope Corridor Advisory Committee 1991), 

protection has focused on habitats and properties that connect them. In developing the New Hope 

Corridor Open Space plan more than 30 years ago, the advisory committee was charged with ñécreating 
an open space corridor linking the Eno River State Park, the New Hope Creek, Corps Lands, and the 

growing communities of Durham and Chapel Hilléò 

Subsequent open space plans, coordinated by Durhamôs Planning Department, also include a 
prioritization of habitat and wildlife corridors. These plans are implemented by Durhamôs Open Space 

Program, housed in the Open Space and Real Estate Division of the Durham County Engineering and 

Environmental Services Department. The Open Space Program uses the open space plans, along with 
current data from the North Carolina Natural Heritage Program (NCNHP), regional water quality parcel 

analyses (City of Raleigh, City of Durham), other community and conservation metrics, and data 

provided by projects such as this one to guide prioritization of protection projects. 

In Durham and surrounding areas, local governments, land trusts, state and national agencies, and 
educational institutions have invested countless hours and financial commitment to protect important 

wildlife habitat areas, including many natural areas prioritized by NCNHP (2022a, b) and the North 

Carolina Wildlife Resources Commission (NCWRC 2015, 2020). These natural areas also serve as open 
space, parks, and green refuges that are valued and beloved by communities in this rapidly developing 

region, but their long-term sustainability and resilience depend on their connectedness with each other 

and with habitats in surrounding regions. As Durham and the surrounding communities continue to grow 
and develop, these wildlife habitats and the connections between them will not be maintained without 

intentional efforts to identify them and ensure their protection.  

MAPPING A CONNECTED LANDSCAPE FOR DURHAM COUNTY 

Landscape connectivity analysis aims to identify wildlife habitat areas, how they are connected for 

wildlife movement, and landscape-level priorities for conserving, managing, or restoring a functional 

habitat-corridor network that will help ensure long-term persistence of biodiversity, ecosystems, and the 
beneficial services they provide. Results of the analysis can help answer key questions (Table 1) and 

inform efforts to maintain and improve landscape habitat connectivity. 

Table 1. Some key questions informed by landscape connectivity analysis. 

Where are the important habitat areas and potential movement corridors in this landscape? 

Which habitat-corridor pathways are most important for maintaining a connected landscape? 

Where is landscape resilience supported by alternative movement pathways? 

Which pathways are vulnerable because of, for example, connectivity pinch-points or potential 
gaps in connectivity? 

Which habitat areas are isolated from other parts of the landscape? 

Where might restoration support increased wildlife movement and landscape connectivity? 

To identify a prioritized habitat-corridor network for the Eno River and Jordan Lake-New Hope 

watersheds, a landscape connectivity analysis was conducted as part of the 2019 Eno-New Hope 

Landscape Conservation Plan (Tuttle et al. 2019), which was developed with funding from NCWRCôs 
Green Growth Program and Orange County. Seventeen organizations, including the Durham County 

Open Space Program, came together over concerns about the pace of development and habitat 

fragmentation affecting these watersheds and developed the plan to help inform conservation priorities, 
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land use decision-making, and transportation infrastructure siting and improvements. This collaboration 
was also intended to foster coordination on shared landscape conservation goals that require planning 

based on ecological systems rather than jurisdictional boundaries. 

However, the Eno River and Jordan Lake-New Hope 

watersheds cover only portions of western and 
southwestern Durham County (Figure 2). As a result, 

the Durham County Open Space Program obtained 

funding from the Burtôs Bees Foundation to identify 
priority wildlife habitats and connections between 

them for the entirety of Durham County. The Durham 

Landscape Connectivity Analysis updates and expands 
the Eno-New Hope analysis to include additional 

portions of the Upper Neuse watershed and provides 

habitat connectivity data that encompass all of Durham 

County. The objective of the analysis is to identify and 
map priority wildlife habitat and corridors connecting 

a network of natural communities and species 

populations, within and between the Upper Neuse and 

New Hope watersheds.  

The analysis focuses on the habitat and movement 

needs of development-sensitive terrestrial wildlife 
species known to occur in the project area (such as the 

Eastern Box Turtle, Figure 3), identified from NCNHP 

data (Ratcliffe 2020) and the North Carolina Wildlife 

Action Plan (NCWRC 2015, 2020). The analysis 
brings together principles from landscape ecology, 

scientific knowledge of speciesô biology and ecology, data on landscape conditions in our area, and 

current GIS-based connectivity modeling techniques to inform the analysis. An advisory committee of 
local ecological experts and conservation stakeholders supported completion of the project through 

regular consultation. 

The resulting connectivity dataset, when combined with 

other natural resource data, will assist with planning and 
prioritizing land, water quality, and habitat protection 

efforts in Durham County. The results of the analysis are 

specific to Durham County and can assist with County-
wide land use planning and environmental policy 

development, particularly for the Durham Comprehensive 

Plan (https://www.durhamnc.gov/346/Comprehensive-
Plan) and subsequent ordinances. Moreover, sharing 

results of the project with the community will help 

increase understanding of the importance and relevance of 

Durham Countyôs conservation areas, wildlife habitats, 
and their connections across the landscape. Because the 

project area includes the Upper Neuse and Jordan Lake-New Hope watersheds, the results provide an 

updated dataset for the Eno-New Hope Landscape Conservation Plan (Tuttle et al. 2019) as well as data 

that may be useful for portions of surrounding counties within the Upper Neuse watersheds.  

Figure 3. Eastern Box Turtle (Terrapene 

carolina). Photo credit NCWRC. 
 

Figure 2. Durham County watersheds. 

https://www.durhamnc.gov/346/Comprehensive-Plan
https://www.durhamnc.gov/346/Comprehensive-Plan
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THE UPPER NEUSE AND NEW HOPE WATERSHEDS 

Durham County is in the Eastern Piedmont of North Carolina within the Neuse and Cape Fear River 

basins (Figure 4a). The County spans the northeast portion of the Jordan Lake-New Hope River (ñNew 

Hopeò) watershed, along with portions of the Upper Neuse watersheds (including Eno River, Little River, 

Flat River, Upper and Middle Falls Lake, and Crabtree Creek) (Figures 2 and 4b). These watersheds also 

cover portions of neighboring Chatham, Granville, Orange, Person, and Wake counties. 

Figure 4. (a) The project area (darkest gray) 

within the Neuse and Cape Fear River basins of 

North Carolina. (b) Project area watersheds with 

existing conservation lands1 (NCNHP 2023). 

The Upper Neuse and New Hope watersheds 

(ñthe Project Areaò) are home to ecologically 

significant forests, wetlands, and other habitats 
that support a rich diversity of plant and 

animal species, natural communities, and 

wildlife habitats. In these watersheds, the 
NCNHP has identified 114 Natural Heritage 

Natural Areas (NHNA), 38 of which are in 

Durham County (NCNHP 2022a). NHNAs are 
terrestrial or aquatic sites ñof special 

biodiversity significanceédue to the presence 

of rare species, exemplary natural 

communities, or important animal 

assemblagesò (NCNHP 2020). 

Thirty-eight natural community types 

recognized by NCNHP occur in the project area, 30 of which occur in Durham County (NCNHP 2022b). 
Natural communities are defined as ñdistinct and recurring assemblage[s] of populations of plants, 

animals, bacteria, and fungi naturally associated with each other and their physical environmentò 

(Schafale 2012). Natural communities in Durham County and throughout the project area span upland, 

riparian, and wetland communities, including but not limited to several types of oak-hickory forest, 
upland depression swamps, diabase glades, hardpan forests, bottomland hardwood forests, rich mesic 

slopes, heath bluffs, mesic mixed hardwood forests, numerous riparian forest variants, and more (NCNHP 

2022b , Schafale 2012, Schafale and Weakley 1990). These natural communities provide habitat for a 
number of rare plant and animal species (both terrestrial and aquatic) and support a rich fauna of birds, 

 
1 Conservation lands as used in this report refer to NCNHP Managed Areas (2023) designated as having some level 

of permanent protection from conversion of natural land cover for most or all of the property (see NCNHPôs help 

document for more information, available from https://ncnhde.natureserve.org/help). 

(b) (a) 

https://ncnhde.natureserve.org/help
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mammals, amphibians, reptiles, and many other wildlife taxonomic groups (North Carolina Biodiversity 

Project, NCBP 2022).  

Local, state, and national agencies, land trusts, universities, and private landowners (such as Durham and 

surrounding counties, Eno River State Park, Eno River Association, Triangle Land Conservancy, North 

Carolina Plant Conservation Program, Duke University, North Carolina Botanical Garden Foundation, 
UNC Chapel Hill, US Army Corps of Engineers, and others) hold thousands of acres of wildlands and 

natural open space in the project area (Figure 4b). Since the Durham County Open Space Program was 

formally created in 2003, the County has preserved over 3600 acres of permanent conservation lands for 

habitat protection, water quality protection, working lands, and recreation (Figure 5). 

More detail on the significant biodiversity, 

natural and environmental features, and 
history of the project area may be found in 

NCNHPôs natural area inventories for 

Durham and adjacent counties, ongoing data 

collected and managed by NCNHP 
(https://www.ncnhp.org/data), the NC 

Wildlife Action Plan (NCWRC 2015, 2020), 

the Durham County Open Space Plans, and 
assessments for specific sites, adjacent 

jurisdictions, or the region. 

  

Figure 5. Durham County Open Space lands, easements, and 

planning areas. 

https://www.ncnhp.org/data
https://www.dconc.gov/county-departments/departments-a-e/engineering-and-environmental-services/open-space-and-real-estate-division/durham-county-open-space-program#:~:text=The%20Durham%20County%20Open%20Space%20Program%20was%20formally,New%20Hope%20Creek%20Corridor%20Open%20Space%20Plan%20%281991%29
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BACKGROUND 

WHY WE NEED LANDSCAPE HABITAT CONNECTIVITY 

Movement of wildlife within and between habitats is essential for the short-term and long-term survival 

of individuals, species, and populations. Animals need to move across the landscape to find food, shelter, 
water, and mates, as well as to maintain genetic diversity and adapt to climate change (Cosgrove et al. 

2018). However, as human population density increases, the natural contiguous landscape is fragmented 

by development into smaller, isolated patches or ñislandsò of natural habitat (Hilty et al. 2006) (Figure 6). 
Roads and development can make wildlife travel difficult or impossible (National Research Council 

2005), while semi-natural landscapes such as working farms and forests are more conducive to movement 

by some species (NCWRC 2017). In North Carolina, as elsewhere, habitat loss and fragmentation are 

caused by changing human land uses from natural and semi-natural to developed land uses. 

 
Figure 6. Reproduced from Washington Department of Fish and Wildlife (2009): ñAn aerial depiction of the 

undeveloped to urban gradient...The bottom panel highlights how forest habitat (shown here in green) 

decreases, and how forest patches become smaller and more dispersed as development intensity increases.ò 

In addition to direct loss of wildlife populations from conversion of habitat to human land uses, 
development actions such as land clearing, development, and road-building (along with resulting 

increases in traffic volume) can be understood as stressors that negatively affect development-sensitive 

wildlife populations, overall biodiversity, and ecosystems (Washington Department of Fish and Wildlife 
2009) (Figure 7). For example, along New Hope Creek in Durham County, habitat fragmentation caused 

by US Highway 15-501 creates an artificial edge to the forest that alters or halts the movement behavior 

of wildlife species that are wary of open or developed areas. This habitat edge also contributes to habitat 

degradation and increased threats to wildlife (such as predation by other species) through changes in 
natural community composition and structure, as the road carries edge-dependent (often non-native and/or 

invasive) plant and animal species into the bottomland hardwood forests in the floodplain.  

   Undeveloped              Urban 



10  A Landscape Analysis for Wildlife Habitat Connectivity  

In addition to these and other edge effects of habitat fragmentation (Hilty et al. 2006, 2019), US Highway 
15-501 is a direct cause of mortality for wildlife that try to cross, and the road creates a behavioral or 

physical barrier for less mobile animals that will not cross a paved road or cannot cross a road with curbs 

or other structures (National Research Council 2005). Over time, loss and isolation of habitat, blocked 

animal movements, and increased mortality contribute to decline of wildlife populations (Haddad et al. 

2015). 

 
Figure 7. Reproduced from Washington Department of Fish and Wildlife (2009): ñPotential impacts to 

wildlife from loss of connectivity in developed landscapes. Includes impacts of the óroad effect zone,ô or 

area of impact extending beyond the roadway and including traffic noise and lights.ò 

Ultimately, local wildlife populations and species diversity are not sustainable in a landscape with 

isolated patches of habitat (Crooks and Sanjayan 2006, Haddad et al. 2015). Interconnected networks of 

habitat are necessary for maintaining wildlife populations, natural communities, genetic and species 

diversity, and natural ecological processes (Bennett 1999, Cosgrove et al. 2018). Maintaining connectivity 
of natural communities and ecosystem processes also benefits humans by maintaining beneficial 

ecosystem services, such as clean water and air, native plant and pollinator diversity, carbon sequestration 

and climate regulation, benefits to our local economy (through working farms and forests, recreation, and 
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tourism), benefits to public health, and more (Millennium Ecosystem Assessment 2005, Mitchell et al. 

2013, NRCS 2004). 

In fragmented landscapes, habitat connectivity can be achieved through naturally occurring or created 

habitat corridors (Gilbert-Norton et al. 2010), defined as ñpatch[es] of habitat (often linear) that link two 

or more other natural habitat patches, providing habitat for animals as they disperse or migrateò (NCWRC 
2012) (see Appendix B: Glossary for more detailed definition). Corridors must include crossing structures 

that enable wildlife to cross barriers such as roads, reducing wildlife collisions with vehicles (Bennett 

1999). Corridors allow wildlife populations to move to meet daily and seasonal resource needs, to 
interbreed with other populations, and to colonize new or former habitat areas (such as after recovery 

from disturbance or disease) by increasing the potential for dispersal from one habitat patch to another 

(Hilty et al. 2006, NRCS 2004). Maintaining habitat connectivity reduces the susceptibility of wildlife 
populations and species to decline and local extinction that can occur through, for example, the 

deleterious effects of increased predation, disease, and natural catastrophes when there are no avenues for 

escape or recovery through movement of individuals between populations and habitat areas (Rudnick et 

al. 2012).  

TRANSPORTATION PLANNING FOR WILDLIFE 

Roads contribute to wildlife habitat fragmentation and often function as barriers to wildlife movement or 
sources of wildlife mortality from wildlife-vehicle collisions (WVC) (National Research Council 2005) 

(Figure 8). In the US, over one million vertebrates are killed each day due to WVC (Bissonette and 

Cramer 2008 in Ernest and Sutherland 2017). Human safety is also at issue, with nearly 60,000 animal-

related vehicle crashes recorded in North Carolina from 2019 to 2021 (even with reduced traffic volume 
in 2020 due to the COVID-19 pandemic), causing 11 human fatalities, nearly 2700 injuries, and more 

than $173 million in damages (Cowhig 2022). Durham, Orange, Chatham, and Wake Counties ranked in 

approximately the top one-third of North Carolina counties for number of animal-related crashes during 

this period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Schematic showing the primary effects of roads on wildlife species and 

populations (reproduced from National Research Council 2005). 
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Wildlife crossings, including underpasses, overpasses, and wildlife-friendly culverts, can facilitate 
wildlife movements and have been shown to reduce WVC (Clevenger et al. 2001 in Ernest and 

Sutherland 2017). Indeed, properly designed wildlife crossing structures installed or retrofitted at priority 

locations within the landscape are a necessary component of a landscape habitat-corridor network that 

functions to maintain wildlife populations. To determine where wildlife crossings should be prioritized 
and what type of crossing is most suitable for a given location, knowledge of WVC, speciesô biological 

requirements, and landscape corridor data are required (Huijser et al. 2008). Other road design elements 

such as guard rails, fencing, and vegetation barriers are also important considerations for designing 
successful wildlife crossings. As our understanding of wildlife movement behavior and wildlife use of 

crossing structures improves, detailed structural specifications and implementation guidelines for 

effective crossing structures are increasingly available for different wildlife taxonomic groups (such as 

mammals, turtles, or salamanders) (Clevenger and Huijser 2011). 

North Carolina has nearly 80,000 miles of roads (Ernest and Sutherland 2017), and as of 2022, the NC 

Department of Transportation (NCDOT) had installed or modified approximately 13 crossings for 

wildlife  statewide (NCDOT 2022). The improved US 15-501 bridge over New Hope Creek (Figure 9), 
installed in 2007, is an example of a transportation improvement project in the project area that included 

modification of the bridge height and length to improve its use as a wildlife underpass. Analyses from 

camera trap data show that the new bridge has increased safe passage under the highway for a variety of 

wildlife species (Ron Sutherland, Wildlands Network, pers. comm.).  

 
Figure 9. The improved US 15-501 bridge over New Hope Creek in Durham County, NC. Photo credit Ron 

Sutherland, Wildlands Network. 

In 2017, Ernest and Sutherland produced a statewide map of roads that are high-priority candidates for 
wildlife crossing structures to mitigate WVC, based on data from NCDOT on traffic volume, WVC, and 

road structural characteristics. More recently, with increased federal funding available to support wildlife 

crossing infrastructure and improvements, Sutherland et al. (2022) identified the highest priority crossing 

sites for North Carolina, including 5 sites in the project area. Their data, in combination with the results of 
this project and other conservation data layers, provide an opportunity for NCDOT and local governments 

to integrate wildlife crossing structures into transportation improvement projects at selected locations 

where they will be most effective for reducing WVC, promoting landscape connectivity, and helping to 

maintain healthy, diverse ecosystems. 
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THE DURHAM L ANDSCAPE CONNECTIVITY ANALYSIS 

APPROACH AND TOOLS 

This project builds on the previous Eno-New Hope Landscape Conservation Project, which generally 

followed the steps outlined in NatureServeôs Landscope America guide, ñConnecting Landscapes: A 
Practitioner's Resource for Assessing and Planning for Habitat Connectivityò (Figure 10) 

(NatureServe/Landscope America 2019). Following the approach used in the Eno-New Hope project, this 

project used a spatially explicit, GIS-based approach to map habitat areas, identify corridors, and analyze 
connectivity in the project area. Within this broad approach, a variety of methods and tools exist to 

accommodate different objectives and scales of analysis (see examples at Conservation Corridor: 

Programs and Tools, https://conservationcorridor.org/corridor-toolbox/programs-and-tools/).  

Based on the scale of the project area, the project objective, 

and the need for compatibility with other planning tools, the 

project used resistance-surface-based connectivity modeling 
(Wade et al. 2015) to identify a habitat-corridor network 

across the project area, defined as a connected set of discrete 

wildlife habitat patches and least cost corridors between 

them (Figure 11a). Least cost corridor mapping (Etherington 
2016, Wade et al. 2015) uses knowledge of speciesô habitat 

needs and movement behaviors to map pathways of different 

relative movement cost for a species across a given 
landscape, using a cost surface (or resistance surface) that 

excludes movement barriers. Rather than using a single least 

cost path, a cost threshold is used to identify the areas of 
lowest movement cost (least cost corridors) connecting pairs 

of discrete habitat areas (Wade et al. 2015) (Figure 11b).  

Least cost corridors are intended to represent areas that, over 

time, are most hospitable or conducive to successful 
movement of a species between habitat areas. For example, a 

Spotted Salamander living in a moist forest habitat may 

typically stay within several hundred meters of its breeding 
pond; however, its offspring may disperse several kilometers 

across the landscape to find mates and new breeding ponds 

(NatureServe 2019c). For this dispersal to be successful, an 

individual salamander must choose a movement path that is 
safe (from predation by other species) and has environmental 

conditions it can tolerate (sufficient moisture, sufficient food 

and shelter for the journey, or a relatively short journey 
between habitat patches). The salamander may actively avoid 

moving into or across areas that it perceives as threatening 

(roads with traffic) or inhospitable (open fields or dry, sunny 
conditions), and will be unable to move across areas that it 

cannot physically traverse (a barrier across or alongside a 

road, or a built-up area). A particular least cost corridor will 

Figure 10. An outline of the Landscope America Roadmap for 

Assessing Connectivity (Reproduced from NatureServe/ 

Landscope America 2019). 

https://conservationcorridor.org/corridor-toolbox/programs-and-tools/
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preferentially include any areas similar to the salamander's habitat (whether small or large) and will 
exclude movement barriers and minimize expanses of threatening or inhospitable habitat. Over time, a 

connected landscape of habitat patches and functional least cost corridors can promote successful 

movement of individuals between a network of populations (a metapopulation) (Gilbert-Norton et al. 

2010), which ultimately supports long-term persistence, health, and resilience of species and ecosystems. 

Figure 11. (a) Depiction of a habitat-corridor network with 

habitat patches in dark green and corridors in light green 

(reproduced from Rudnick et al. 2012). (b) Two habitat 

patches connected by areas of lowest movement cost for a 

given species across a cost (or resistance) surface, defined by 

a threshold of maximum movement cost. 

To create the habitat-corridor network, Tuttle used ArcGIS 10.4 (ESRI 2015), ArcGIS Pro 2.9 (ESRI 

2021), the GeoHAT Toolbox for ArcGIS (Geospatial Habitat Assessment Toolkit) (Fay 2012), the 

PatchConnect Toolbox for ArcGIS Pro (Fay 2021), customized ArcGIS models and Python scripts 
developed by Tuttle (unpublished), and NetworkX (software for network analysis using the Python 

programming language) (Hagberg et al. 2008). During the analysis process, the Advisory Committee 

reviewed and provided guidance on data inputs and intermediate results. 

PRIORITY SPECIES AND HABITATS 

The project focuses on connectivity for preservation of terrestrial wildlife species, natural communities, 
and existing conservation lands. Building on biodiversity and habitat assessments developed by NCWRC 

and NCNHP, the project focuses on priority species (and their habitats) identified in the North Carolina 

Wildlife Action Plan (NCWRC 2015, 2020) and in NCNHPôs List of Rare Animal Species of North 

Carolina (Ratcliffe 2020). Hallôs previous work on Landscape/Habitat Indicator Guilds (LHIG) (Hall 
2008, 2009, 2018) helped focus the project on the function and movement of species groups (indicator 

guilds) within and between habitat types in a landscape network. In the LHIG framework, species are 

grouped into guilds by similar habitat needs and responses to habitat fragmentation and development. 
Because of their sensitivity to fragmentation, these indicator guilds can represent the conservation needs 

of many species that rely on these habitats or, put another way, that collectively represent these natural 

communities. Hallôs work on LHIG for the Eastern Piedmont of North Carolina (Hall 2008, 2009, 2018) 

informed the definition of priority indicator guilds and their associated habitats for the project area. 

To identify the priority species and indicator guilds known to occur in the project area, species lists and 

occurrence data were compiled from a number of sources (Table 2). 

  

(b) (a) 
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Table 2. Species lists and occurrence data used to identify priority species and indicator guilds for the project area. 

Species list or dataset Date 

b/bItΩǎ List of Rare Animal Species of North Carolina (Ratcliffe) 2020 

b/²w/Ωǎ List of Species of Greatest Conservation Need (SGCN), Taxa Team Evaluation Results, 
and Terrestrial Species Habitat Associations (appendices to the NC Wildlife Action Plan) 

2020, 2015 

NCNHPΩǎ Element Occurrence database 2021, 2022b 

IŀƭƭΩǎ ǎǇŜŎƛŜǎ ƎǳƛƭŘ ŘŀǘŀōŀǎŜ, compiled from various sources, including NCNHP county 
inventories and the NC State Parks Natural Resources Inventory Database (NRID) 

2017 

North Carolina Biodiversity Project (NCBP) 2022 

HerpMapper 2021 

Box Turtle Connection (NCWRC) 2021 

Piedmont Wildlife Center (Turtle Trekkers project and fauna database) 2021, 2018 

Camp Butner Training Center faunal survey (Jackson Group) 2019 

Herpetofauna of the Duke Forest (Duke Forest Teaching and Research Laboratory) 2020 

Julia Geschke and Kendra Sultzer (Duke University former graduate students) 2019, 2021 

Eno-New Hope Group members: Deborah Fowler, Bo Howes, Brooke Massa, Olivia Munzer, Milo 
Pyne, Bradley Saul, Pete Schubert, and Allison Weakley 

2017-2022 

Community members: Suzanne Cadwell, Tom Driscoll, Barbara Driscoll, Phil May, and Barbara 
Stenross 

2019-2021 

Contributors to iNaturalist.org 2021 

The NC Wildlife Action Plan (with its appendices) provides a list of Species of Greatest Conservation 

Need (SGCN)2 and Knowledge Gap species known to occur in the Piedmont of NC and, where possible, 
relates species to Hallôs guild habitats for the Eastern Piedmont region (NCWRC 2015, 2020). County-

level occurrences for NCNHPôs rare and watch list animal species are summarized by species in Ratcliffe 

(2020) and can be downloaded by county (https://www.ncnhp.org/data/species-community-search). For 
the Eno-New Hope project, the NCWRC and NCNHP species lists were combined, and inconsistent 

species taxonomy was corrected. This combined species list was updated for the expanded project area 

and used to filter all available georeferenced species occurrences (from the additional sources listed 
above) within the project area boundary, yielding a list of priority animal species known to occur in the 

project area. The final species list included only terrestrial species known to occur in the project area 

within the last 30 years and with year-round resident or breeding populations in the project area. 

Classification of species into habitat guilds followed the classification designated by Hall in his work on 

LHIG (Hall 2008, 2009, 2017) with some updates derived from Hallôs ongoing work (NCBP 2022). 

Eighty-nine priority terrestrial wildlife species in more than 25 habitat indicator guilds were identified for 

the project area (Appendix C). Based on the desire to identify specific habitat and corridor areas, the 
availability of spatial data for mapping habitat, and other methodological constraints, connectivity 

analysis and mapping included habitat types for three guilds. The three guild habitats broadly encompass 

wet-to-mesic and mesic (moist) hardwood forests, dry-to-wet hardwood and mixed hardwood-pine 

forests, and sparsely settled forested areas. Collectively, they include a total of 19 terrestrial wildlife 

indicator species, 14 of which are non-flying species that rely on ground-based habitat connectivity.  

The three guild habitat types are often spatially nested on the landscape ï for example, as floodplain or 

riparian forests (Figure 12a) that are surrounded and connected by adjacent upland forests (Figure 12b) 

 
2 SGCN for North Carolina and the southeast region are included; regional SGCN are designated by the Southeast 

Association of Fish and Wildlife Agencies (SEAFWA) (NCWRC 2020). 

https://www.ncnhp.org/data/species-community-search
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and, in some areas, embedded in or adjacent to sparsely settled landscapes with a mix of natural and 
working forests. These three habitat types encompass most of the remaining natural habitats in the project 

area as well as some managed forests that can support native wildlife populations. Many localized habitat 

types, such as wetlands (Figure 12c), are further nested within the three selected habitat types, supporting 

additional priority wildlife species (Appendix C). In addition, many priority aquatic communities and 
species identified by NCNHP and NCWRC are embedded within or associated with the three selected 

habitat types. As a result, conserving and maintaining connectivity for these habitats will support the 

persistence of many additional terrestrial and aquatic natural communities and wildlife species. 

 

Figure 12. (a) Riparian hardwood forest along the Little River 

in Durham County, NC. Photo credit Jane Korest. (b) Upland 

hardwood forest along the Eno River in Durham County. Photo 

credit Julie Tuttle. (c) Bottomland forested wetland along New 

Hope Creek in Durham County. Photo credit Celeste Burns. 

 

Biological and ecological information for guild species on the final list was compiled primarily from 

information in Biotics, NatureServeôs web-enabled biodiversity information management system (which 

includes NC-specific data from NCNHP) (NatureServe 2019c, also publicly available online by species 

from NatureServe Explorer 2.0 at https://explorer.natureserve.org/); the NC Wildlife Action Plan 

(NCWRC 2015, 2020); and NCBP (2022). Where species-level information was not available, 

(b) (c) 

(a) 

https://explorer.natureserve.org/
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information was compiled for the Element Group (NatureServe 2019d) to which the species belongs. 

Each Element Group represents species that are related taxonomically, functionally, or by habitat and that 

have similar habitat needs and movement behaviors. 

CONCEPTS, PARAMETERS, AND INPUTS 

Resistance-surface-based connectivity modeling, a common approach to GIS-based connectivity analysis, 

involves conceptualizing the landscape as habitat, barriers to movement, and a cost surface (or resistance 
surface) intended to represent speciesô ability to move within and between habitat areas on the landscape. 

Types of habitat can be distinguished and assigned higher or lower movement costs, and the cost distance 

that species can move on the landscape can be specified, based on knowledge of speciesô habitat and 

movement needs, limitations, and behaviors. Potential corridors can be identified and overall landscape 
connectivity assessed from this mapping based on the quantity and arrangement of habitat types and 

barriers, and the ease, difficulty, or obstruction of movement over the cost surface. 

Habitat. For this project, we used the concepts of suitable and unsuitable habitat as defined by 
NatureServe and the Natural Heritage Network (NatureServe 2019a, b). The landscape was divided into 

habitat suitable for occupancy (by individuals or populations; suitable habitat), habitat unsuitable for 

long-term occupancy but suitable for movement (unsuitable habitat3), and barriers to movement. 

Suitable habitat was further divided into habitat patches ï contiguous areas of suitable habitat above a 

size threshold ï and smaller fragments of suitable habitat dispersed on the landscape. Habitat patch size 

thresholds for each guild (Table 3) were determined from information on home range size, daily and 
seasonal movement behaviors, and habitat characteristics for species or Element Groups as compiled in 

Biotics (NatureServe 2019c) and other sources. Where habitat patch size differed for species or Element 

Groups within guilds, the more limiting (larger) patch size was used. 

To classify the landscape of the project area into suitable and unsuitable habitat, we used the Existing 
Vegetation Type layer (EVT) from the 2016 LANDFIRE vegetation classification as the base land cover 

layer (LANDFIRE 2016a). For the publicly released version of EVT (LANDFIRE 2016b), the 

LANDFIRE team applied a post-classification ruleset that reduced the level of useful information for this 
project. To address this issue, LANDFIRE generously provided the original modeled EVT layer for use in 

this project. The EVT layer was modified with several 2019 National Land Cover Database layers 

(NLCD; Dewitz and USGS 2021): NLCD Forest Disturbance Date was used to update EVT with areas of 
forest conversion between 2016 and 2019. Road location errors in LANDFIRE 2016 were corrected using 

the NLCD 2019 Developed Impervious Descriptor and NLCD 2019 Land Cover layers. In addition, the 

vegetation classification within several land parcels in Chapel Hill (the Greene Tract) was updated using 

vegetation types mapped in 2020 (SynTerra 2020). 

Vegetation types representing suitable or unsuitable habitat for priority species in each guild were 

identified from information in reports by Hall (2008, 2009) and in Biotics (NatureServe 2019c) (Table 3). 

The modified EVT land cover classes (NatureServe 2017, 2018) were then matched to these vegetation 
types. This habitat ñcrosswalkò was calibrated and verified using Hallôs previous mapping of guild habitat 

for the project area (from finer-resolution aerial photography than that used for the EVT 30 m x 30 m 

classification) along with the locations of guild species occurrences compiled for the project area. 

The resulting habitat classification was refined and updated using overlays of floodplains from the NC 

Floodplain Mapping Program (NCFMP 2021), wetlands from the National Wetlands Inventory (NWI) 

(US Fish and Wildlife Service 2021), floodplain and riparian areas from The Nature Conservancyôs 

 
3 In maps of the analysis results, unsuitable habitat is referred to as ñnon-habitatò, indicating areas that are not 

barriers (usually with some type of vegetation) and not suitable habitat for the guild species. 
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Active River Area layer (ARA) (Smith et al. 2008, TNC 2015a), and riparian areas from the US 
Environmental Protection Agencyôs EnviroAtlas Hydrologically Connected Zones layer (HCZ) (USEPA 

2016). For instance, in areas mapped as floodplain but incorrectly classified as an upland hardwood forest 

type (usually because of the relatively coarse scale of the EVT layer), the vegetation type was updated to 

floodplain hardwood forest.  

Table 3. Guild/species biological and ecological information related to habitat and connectivity needs, derived 

primarily from information in Biotics (NatureServe 2019c) with additional sources noted. Focal species are selected 

indicator species used to refine the priority habitat-corridor network (see Analysis and interpretation section). 

 
aData in Biotics (NatureServe 2019c) indicate home range size of less than 1 ha; however, to avoid including spurious patches 
and to avoid excessive GIS computation time, the observed minimum patch size of approximately 5 ha (based on species 
observations in the project area) was used in the Eno-New Hope project. For this project, additional species observations and 
improved methods enabled a minimum patch size of 3 ha. 
bFrom species information compiled by Beamer and Lannoo on AmphibiaWeb (2022). 
cRevised from 20 ha used in the Eno-New Hope project. Additional species observations in the project area and improved 
methods enabled an updated minimum patch size of approximately 10 ha for this project. 
dDerived from minimum Bobcat home range provided in FEIS (Abrahamson nd). 
eDerived from Bobcat dispersal information in Biotics (NatureServe 2019c). Dispersal distances for Timber Rattlesnake are 
lower (7 and 1 km for suitable and unsuitable habitat, respectively), but species observation data currently support the presence of 
very few and widely separated Timber Rattlesnake populations in the project area. 

Barriers. By definition, characteristics of barriers are similar for terrestrial species within the same guild. 

Information in Biotics indicates that developed areas, some roads, and some water bodies are the primary 

barriers to movement for the focal species and habitat guilds in this project (Table 3). 

Developed areas were identified from developed land cover classes in the modified EVT layer (Dewitz 

and USGS 2021, LANDFIRE 2016a) and building footprint layers combined across the project area 

(Chatham County 2020, City of Raleigh 2021, Durham City-County 2020, Fuquay-Varina 2021, 
Granville County 2020 and 2021, Microsoft 2018, NCFMP 2012, Orange County 2020, OSM 2021, 

Person County 2020, Town of Cary 2013 and 2021, Wake County 2021). To update to more current 

conditions, aerial imagery was used to identify and digitize building footprints within the project area that 
were missing from the combined building footprints layer. The missing building footprints were created 

as open-source contributions to OpenStreetMap and then downloaded for use in the project (OSM 2021). 



A Landscape Analysis for Wildlife Habitat Connectivity in Durham County , North Carolina  19 

Areas of open water (large rivers, lakes, and ponds) were identified from the EVT and NWI layers. 
Several ponds and small lakes missing from the NWI layer were identified using the water bodies layer in 

the National Hydrography Dataset (NHD; USGS 2020). Streams and river areas that were not wide 

enough to be identified as open water in the EVT classification were not considered barriers. 

To classify roads as either barriers or non-barriers, the scientific literature (as compiled in Ernest & 
Sutherland 2017) provides details on traffic volume, road characteristics, and roadway structures that 

likely represent barriers to movement for large- and small-animal species groups (adapted for this project 

as in Table 4). Roads, road characteristics, roadway structures, and traffic volume data for the project area 

were obtained from NCDOT (2021a).  

To represent known or potential wildlife crossing locations, barrier roads were considered permeable to 

wildlife passage via known and presumed crossing structures (such as bridges, culverts, or pipes). Bridge, 
culvert, and pipe location data were obtained from NCDOT (2021b). Ultimately, however, potential 

wildlife crossings were represented primarily as intersections between barrier roads and permanent 

streams from NHD (USGS 2020) because of incomplete mapping of bridge, culvert, and pipe locations 

throughout the project area. Bridge locations over non-barrier roads, railroads, and ground-level 
pedestrian pathways (such as the American Tobacco Trail) were included as potential crossing locations. 

For major rivers and lakes, bridges were evaluated using imagery, and potential crossing locations under 

one or both ends of each bridge were mapped. Causeways over open water do not provide dry passage 

underneath the roadway and were treated as barriers. 

Table 4. Criteria for identifying barrier roads and potential crossing locations for each habitat guild, adapted from 

criteria provided in Ernest and Sutherland (2017) based on biological/ecological information for priority species in 

this project area. The traffic volume criteria for two guilds were increased from the levels used in the Eno-New 

Hope project, based on evaluation of species observations for the project area. 

Habitat guild  Barrier road characteristics Potential crossing locations 

Wet-Mesic and Mesic Hardwood 

Forests 

(Salamanders) 

Surface width Ó 26 feet 
Shoulder curb present 

Median barrier or curb present 

Striped median present 

Traffic volume Ó 2000 

Causeway over open water Intersections between barrier 

roads and streams 

 

 

Bridges over non-barrier 

roads, railroads, and pedestrian 

pathways 

Dry-Wet Hardwood and Mixed Forests 

(Box turtle, amphibians) 

Surface width Ó 26 feet 

Shoulder curb present 

Median barrier or curb present 

Striped median present 

Traffic volume > 12000 

Causeway over open water 

Sparsely Settled Mixed Habitats 

(Bobcat, medium-sized mammals, 

snakes) 

Speed limit Ó 60 miles per hour 

Median barrier present 

Traffic volume > 12,000 

Causeway over open water 

Movement cost and distance. Cost distance thresholds and the costs for movement through suitable or 
unsuitable habitat were derived from NatureServeôs concept of separation distance (NatureServe nd). For 

NCNHP mapping of known species occurrences, the distance between two or more occurrences and the 

quality of the intervening habitat (suitable or unsuitable) determines whether the occurrences are mapped 

as distinct populations or as connected sub-populations. These separation distances for suitable and 
unsuitable habitat are determined from knowledge of speciesô biology and ecology, including typical or 

maximum dispersal distances within and between areas of suitable habitat.  
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For each guild, separation distances for suitable and unsuitable habitat were derived from information for 
species or Element Groups in Biotics (NatureServe 2019c), supplemented by information from additional 

scientific literature (Table 3). Where suitable or unsuitable separation distance differed for species or 

Element Groups within guilds, the more limiting (lower) distance was used. A guildôs cost distance 

threshold was scaled to the unsuitable separation distance, so that each unit of distance traveled in 
unsuitable habitat represented a unit of cost toward the distance threshold for unsuitable habitat. The 

lower movement cost in suitable habitat was then calculated as the ratio of unsuitable to suitable 

separation distance, so that for the same cost distance threshold, the actual distance on the ground would 

equal the larger suitable separation distance. 

Cost surface and habitat patches. The cost surface for each guild was derived by first rasterizing (where 

necessary), reclassifying, and combining the following GIS layers into a single raster GIS layer: 

 habitat (modified EVT, riparian areas, floodplains, wetlands, and non-barrier roads) 

 barriers (developed areas, building footprints, open water, and barrier roads)  

 potential wildlife crossing areas (barrier roadðstream intersections and bridges over non-barrier 

roads, railroads, or pedestrian pathways) 

The combined raster layer was then reclassified so that barriers were removed, and each unique habitat 
class was assigned the guildôs unit movement cost value for suitable or unsuitable habitat according to a 

reclassification table. Potential wildlife crossing areas were also assigned the movement cost value for 

unsuitable habitat. Discrete areas of suitable habitat above the threshold patch size were identified and 

extracted as a separate habitat patch layer (shown in Figure 13 overlaid on the cost surface). 

 
Figure 13. A portion of the cost surface for the Dry-Wet Hardwood and Mixed Forests guild. Unsuitable habitat 

areas, including potential crossing locations, are assigned a cost of 1 distance unit. Suitable habitat fragment areas 

are assigned a cost of 1/3 distance unit, to reflect the lower cost and speciesô ability to move greater distances 

through suitable habitat. In the modeling approach for this project, movement proceeds from the edge of one habitat 

patch to the edge of another patch, such that there is no movement cost associated with areas within habitat patches. 
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ANALYSIS AND INTERPRETATION 

Using a combination of tools and scripts from ArcGIS Pro 2.9 (ESRI 2021), GeoHAT (Fay 2012), 

PatchConnect (Fay 2021), Tuttleôs custom toolbox for this project (Tuttle unpublished), and NetworkX 

(Hagberg et al. 2008), a network of habitat patches connected by least cost corridors (the habitat-corridor 
network) was identified for each guild. The relative connectivity importance value was then calculated for 

each corridor segment between two habitat patches. We used the cost-weighted edge betweenness 

centrality (EBC) metric (NetworkX Developers 2019) to represent connectivity importance value for 
corridor segments (referred to as ñedgesò in NetworkX). EBC represents the proportion of least cost paths 

between all patches in the connected network that include a particular corridor segment, and the value 

ranges from 0 to 1 (Wade et al. 2015). To assign a connectivity importance value to each patch, the 
maximum EBC value for all corridor segments connected to the patch was assigned to the patch. In this 

way, the most important habitat-corridor pathways for overall landscape connectivity were mapped. 

EBC identifies the most important pathways for keeping a given landscape connected, and the relative 

importance of particular pathways can shift depending on the landscape that is defined. This project is 
focused on wildlife habitat connectivity within and between major watershed areas. For this reason, 

connectivity importance values were calculated separately for three defined landscapes of interest: the 

entire project area, the set of Upper Neuse watersheds, and the New Hope watershed. For each landscape, 

the resulting set of values was rescaled to a common maximum EBC value of 1, to enable comparison. 

To refine results for the above habitat-only networks, species occurrence data for 1-2 focal indicator 

species in each guild (Table 3, Figure 14) were used to develop a subnetwork of corridor connections 

between species occurrences, and the EBC-based connectivity importance values for these species 
observation networks were calculated. For each species, a species observation network was identified for 

the three landscapes defined above, and the resulting sets of values were rescaled to a maximum EBC 

value of 1. 

    
Figure 14. Focal indicator species selected from each of the three habitat types for development of the species 

observation networks, which were used to refine the priority habitat-corridor network for the project area. Photo 

credits: NCWRC (Eastern Box Turtle), Summer Trimble (Bobcat), Todd Pierson (salamanders). 

Calculating connectivity importance values for each guildôs habitat-only network and species observation 
network(s) across the three defined landscapes yielded several sets of relative connectivity importance 

values. For each guild, the maximum relative connectivity importance value across all sets was applied to 

each corridor segment and habitat patch to represent the final prioritized habitat-corridor network. 

The habitat-corridor network for each guild was classified into 4 ranked priority groups based on natural 
breaks between the final set of maximum connectivity importance values. The guild networks were 

combined for viewing in GIS using a semi-transparent overlay of all three guild networks in which the 

maximum-ranked elements of the network are always displayed on top (as shown in the Results section of 
this report). Unranked corridors and patches were retained in the GIS dataset. Unranked corridors are 
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areas identified by the model as having a cost greater than the movement cost threshold. Unranked 
patches consist of habitat areas isolated from the habitat-corridor network as a result of barriers 

surrounding the patch or only unranked corridors connecting the area to other habitat. Final results were 

provided to the Advisory Committee for review and discussion. 

RESULTS AND DISCUSSION 

OVERVIEW 

The Durham landscape connectivity analysis provides a significant update and expansion of the recent 
Eno-New Hope analysis (Tuttle et al. 2019), including updated data sources, improved methods, and ï 

most importantly ï expansion of the project area to include the entirety of Durham County and its 

connections to surrounding counties in the Upper Neuse watershed. 

Key results of the analysis, described and illustrated in the following sections, include identification of: 

¶ Important habitat-corridor areas that connect forested habitats for priority wildlife across Durham 
County. 

¶ Habitat ñanchorsò within Durham County, and opportunities to conserve connectivity between 

these and other protected and managed lands. 

¶ Connectivity ñpinch-pointsò along major landscape corridors that are critically important for 

maintaining habitat connectivity across Durham and the Upper Neuse-New Hope watersheds. 

¶ Opportunities to restore functional habitat connectivity across Durhamôs urban environments, 
supporting landscape connectivity while providing co-benefits to urban communities. 

¶ Important considerations for using and interpretating the results. 

LANDSCAPE HABITAT CONNECTIVITY IN DURHAM COUNTY 

The landscape connectivity analysis identifies and prioritizes forested habitat areas and connections 

between them for priority wildlife populations in Durham County (Figure 15). Durhamôs habitat-corridor 

areas are part of the broader connectivity network for the Upper Neuse and New Hope watersheds (Figure 

15 inset map), and habitat-corridor areas are prioritized based on their importance for keeping the overall 

network connected. 

The results represent a system of major habitat-corridor pathways within watersheds (ñgeneralized 

landscape corridorsò), along with the riparian and upland pathways that connect them to each other 
(ñconnections between corridorsò) (Figure 16). The results for the full project area also highlight potential 

habitat-corridor connections to watersheds beyond the project area.
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Figure 15. Durham habitat connectivity priority areas within the Upper Neuse-New Hope habitat-corridor network 
(inset map). 




















































