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PROJECT OVERVIEW  
 

As part of a collaboration between the New Mexico Department of Game and Fish, the Center 

for Landscape Science at the Rocky Mountain Research Station of U.S. Forest Service, and the 

Computational Ecology Laboratory at University of Montana, this project assesses wildlife 

habitat linkage across the full extent of the state of New Mexico for four species that have been 

identified by the collaborators as having major ecological values and management importance, 

namely elk (Cervus canadensis), bighorn sheep (Ovis canadensis), black bear (Ursus 

americanus), and lesser prairie-chicken (Tympanuchus pallidicinctus). The primary goal of this 

project is to utilize a state-of-the-art connectivity simulation tool (UNICOR) and statistical 

models to produce spatially-explicit GIS products for predicting core areas and corridors of the 

four species. Products from this report are designed to be incorporated into the New Mexico 

Crucial Habitat Assessment Tool (NM CHAT) and Biota Information System of New Mexico 

(BISON-M) to guide management of the study species at the landscape level. 
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INTRODUCTION  
 

Increasing human footprints in the natural environment leads to losses and fragmentations of 

habitats (Fahrig 2003). Habitat fragmentation causes wildlife populations to become more 

isolated (Cushman 2006, van Oort et al. 2011), which may lead to reduced gene flow (Templeton 

et al. 1990, Peacock and Smith 1997, Wasserman et al. 2013) and increased risks of local 

extinction (Coulon et al. 2004). Such risks are directly related to a speciesô ability to disperse, 

and the less mobile species are at higher risks of extinction due to habitat fragmentation (Thomas 

2000). Maintaining linkages and connectivity between remnant patches of natural habitats can 

reduce the negative effects of population isolation on species persistence and sustainability by 

promoting the exchange of individuals and gene flow between populations (Crooks and Sanjayan 

2006, Cushman et al. 2013). Given limited resources and the unfeasibility to maintain all habitats 

and linkages, it is important to identify and prioritize management efforts to key linkages that 

provide the most benefits for wildlife populations. 

The New Mexico State Wildlife Action Plan (SWAP) lists a number of threats to wildlife 

populations in the state, including residential and commercial development, agriculture, energy 

production and mining, transportation and utility corridors, human intrusions and disturbance, 

natural system modification, invasive and problematics species, pollution, and climate change 

(New Mexico Department of Game and Fish 2016). Most of these directly affect wildlife 

populations by reducing the extent and quality of core habitats and increasing their isolation by 

limiting connectivity between them. In order to estimate the impacts of these threats on wildlife 

habitat linkages, it is needful to conduct an assessment that evaluates and ranks the importance of 

core habitats and corridors for wildlife species across the full extent of New Mexico. 

In this project, we evaluated wildlife habitat linkages across the full extent of the state of New 

Mexico for four species - elk (Cervus canadensis), bighorn sheep (Ovis canadensis), black bear 

(Ursus americanus), and lesser prairie-chicken (Tympanuchus pallidicinctus). The project was 

designed to be completed in two principal phases of work. Phase I focused on developing models 

to predict core areas and corridor connectivity for the study species, and on prioritizing 

managing efforts based on contribution of habitats to landscape connectivity. Phase II of the 

project will focus on converting and migrating GIS products developed in Phase I into the New 

Mexico Crucial Habitat Assessment Tool (NM CHAT) and Biota Information System of New 

Mexico (BISON-M) databases. This report is focused on work and findings from Phase I. 
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METHODS 

 

Study area and focal species 

The wildlife habitat linkage assessment in this study covered the full extent of New Mexico. We 

selected four focal species of native wildlife that represent high management priority, including 

elk, bighorn sheep, black bear, and lesser prairie-chicken. Elk, bighorn sheep, and black bear 

have distinctive ecological and natural heritage values, and are among the most important game 

species in New Mexico. Elk is a representative herbivore prey species in forested habitats. 

Bighorn sheep is an herbivore prey species that mostly occur in rocky and mountainous areas. 

Black bear is an iconic predator species in forested habitats. The lesser prairie-chicken is a native 

grassland-nesting bird that has high conservation value and was listed by the U.S. Fish and 

Wildlife Service as a threatened species under the Endangered Species Act in 2014 (Department 

of the Interior 2014), but the listing was vacated in 2015 due to a lawsuit by energy groups and 

several counties (Department of the Interior 2015). Its listing is currently under review again, but 

no decision has been made yet. Because the lesser prairie-chicken occurs in the western part of 

the state along the New Mexico-Texas border, we reduced its study area to cover only the 

western part of New Mexico while extending it to also cover eastern Texas. 

 

Landscape resistance model 

The first step in this assessment was to apply previously established landscape resistance models 

to our current study area for predicting the relative permeability of landscape features to 

movement for each species (Cushman and Lewis 2010 [black bear], Cushman et al. 2013 [lesser 

prairie-chicken], Keeley et al. 2016 [elk and bighorn sheep]). Landscape resistance models 

assign a value to each pixel which represents the associated movement cost. Low resistance 

values indicate areas easier and more likely for a species to traverse. Conversely, high resistance 

values indicate areas unfavorable for species movement. 

For elk and bighorn sheep, we created the landscape resistance models following methods of 

Keeley et al. (2016). Briefly, we obtained land cover and topographic GIS layers from 

LANDFIRE (2014), as well as road and highway layers from the Topologically Integrated 

Geographic Encoding and Referencing (TIGER) database (U.S. Census Bureau 2017). These 

layers were used to derive a number of habitat variables for predicting habitat suitability for the 

species, including elevation, slope, ruggedness, northness, eastness, distance to roads, distance to 

highways, distance to water, forest, shrub, open area, developed area, sparse vegetation, creosote, 

desert scrub, grassland, and riparian. With these variables, we applied a multi-scale optimized 

step selection function model by Keeley et al. (2016) and predicted habitat suitability for elk and 

bighorn sheep, respectively, across our study area. The step selection function model was 

originally developed to predict habitat suitability in northern Arizona based on radio collared 

GPS data and a conditional logistic regression quantifying selection around GPS locations for 

each habitat variables. Finally, we transformed the predicted habitat suitability into a resistance 

surface for each species using a negative exponential function that had shown to have the best 
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performance (Keeley et al. 2016). The resulting resistance surfaces for elk and bighorn sheep had 

a value between 1 (when habitat suitability = 1) and 100 (when habitat suitability = 0). 

For bear, we applied the resistance model developed by Cushman and Lewis (2010) to our 

current study area. This model was developed based on black bear telemetry data collected in 

northern Idaho, and used a conditional logistic regression to discriminate ecological differences 

between used and available movement paths. Variables in the modeling included roads, 

elevation, canopy cover, and human development, with different forms and scales of resistance 

being tested for each variable to determine the best supported model (Cushman and Lewis 2010). 

In the best supported model, landscape resistance as a function of roads was 5, 20, and 80 for 

crossing forest roads, county roads and highways respectively. Landscape resistance of elevation 

was best supported when using an inverse Gaussian function with minimum value of 1 at 1,000 

m and increasing resistance with a 1,000 m standard deviation. For canopy cover, the mirroring 

(i.e., upside-down) of a 0.2 power function was best supported, which corresponded to a steep 

convex curve with landscape resistance decreasing sharply as canopy cover moved away from 

zero (Fig. 1). Landscape resistance as function of human development was best supported based 

on a 100 m radius resistant kernel (Fig. 2). The final landscape resistance surface was created 

simply by summing the resistances of roads, elevation, canopy cover, and human development 

(Cushman and Lewis 2010). In this assessment, we created the landscape resistance model using 

the same approach but with a couple minor modifications. First, we used GIS products that were 

more current than those being used in the previous study. For example, in this project, we used 

an updated TIGER layers for roads (U.S. Census Bureau 2017), the global tree canopy cover 

layer by Hansen et al. (2013) for canopy cover, and the low, medium, and high intensity 

developed area layers from the 2011 National Land Cover Database (NLCD [Homer et al. 2015]) 

for human development. Second, to account for the latitudinal change between northern Idaho 

and New Mexico, we used 2,300 m as the optimal elevation (i.e., resistance = 1) instead of 1,000 

m to scale landscape resistance as a function of elevation (Fig. 3). 

For lesser prairie-chicken, we applied a movement resistance model originally developed in the 

geographic area of the Great Plains Landscape Conservation Cooperative (GPLCC) (Cushman et 

al. 2013). This model utilized occurrence records of lesser prairie-chicken from NatureServe and 

estimated resistance to movement based on a number of habitat variables, including biome-level 

vegetation (Drapek et al. 2015), roads (U.S. Census Bureau 2017), and land cover data (Homer et 

al. 2015). Different resistance values were tested for each habitat variable to determine the best 

supported resistance model. The same resistance values for each habitat variable from the best 

supported model were then used to create the landscape resistance model for our study area 

(Table 1). 

All GIS layers were resampled to 30 m x 30 m resolution prior to modeling. The landscape 

resistance models were used in a later step of the assessment as input rasters for our connectivity 

simulations. 
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Species distribution 

In order to conduct our connectivity simulations, we also need information about the relative 

distribution of each species. This information was used to help create initial individualsô 

locations in our connectivity simulations. 

We obtained statewide population estimates for each study species (other than lesser-prairie 

chicken) from the New Mexico Department of Game and Fish. For elk and bighorn sheep, 

population was estimated for each Game Management Units (GMUs). Elk population estimates 

were from 2016 Elk Harvest Report, and bighorn sheep population estimates were based on 

helicopter and ground surveys conducted in 2014-2016. For the black bear, population was 

estimated for each Bear Management Zones (BMZs), which consisted of combined GMUs, and 

was derived from previous New Mexico bear studies (Costello et al. 2001, Gould et al. 2016). 

We obtained GMUs and BMZs shapefiles from the New Mexico Department of Game and Fish, 

and created random points within each GMU (or BMZ for the black bear) with the number of 

points matching the corresponding species population estimates (Fig. 4a). The collection of 

points showed the approximate relative abundance of each study species across the study area. 

However, because the points were restricted by the boundaries of the GMUs and BMZs, they 

resembled segregated and unnatural blocks of points on the map. To better reflect the continuous 

nature of species distribution, we created a smooth continuous surface by calculating the kernel 

density of points using the Kernel Density tool in ArcGIS (Fig. 4b). We then used the continuous 

surface as the inclusion probability raster to populate the study area with unique spatial points 

(Fig. 4c) equal to the approximate total population for each species (elk: n = 70,000; bighorn 

sheep: n = 2,000; black bear: n = 9,000) as estimated by the New Mexico Department of Game 

and Fish (2015). Finally, because of the large number of points, we randomly sampled a subset 

of the elk (n = 7,000) and black bear (n = 3,000) points for our analyses (Fig. 4d). For the 

bighorn sheep, we used all the points for the analyses (n = 2,000). 

For the lesser prairie-chicken, we used lek location survey data collected between 1972-2018 by 

multiple agencies, such as the U.S. government, local government, and private sector surveyors 

(Kansas Biological Survey 2018). The dataset contained known lek locations of the prairie-

chicken from field surveys conducted across four states, including New Mexico, Colorado, 

Kansas, and Texas. In this study, we only used lek locations recorded in New Mexico and Texas 

(n = 1,899). 

 

Connectivity corridor simulation 

We used UNICOR (Landguth et al. 2012), an individual-based species connectivity and corridor 

identification simulation tool, to predict and map connectivity corridors for each studied species. 

UNICOR applies Dijkstraôs shortest path algorithm to analyze movement cost around any 

number of individualôs locations on a resistance surface. The resulting output is a raster surface 

of expected density of dispersing individuals. We used the landscape resistance models and 

spatial points samples described in previous steps as input resistance surfaces and individualsô 

locations in the UNICOR simulations, and mapped two types of connectivity corridors for each 

species: (1) kernel density estimation on least cost paths, and (2) cumulative resistant kernel.  
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Kernel density estimation on factorial least cost paths 

Factorial least cost path analysis is commonly used for analyzing connectivity patterns. It 

quantifies pairwise optimal paths between all individuals on a landscape. However, it is 

unrealistic to assume that only a single path is being used between any given two individuals. To 

more realistically represent the behavior of organisms, we incorporated a kernel density 

estimation by buffering all least cost paths with a 1-km Gaussian smoothing kernel. This 

approach produces density surfaces that predict the most probable movement routes connecting 

species populations, which provides managers with visual guidance on identifying corridors for 

maintaining connectivity. 

 

Cumulative resistant kernel 

Similar to the kernel density estimation on least cost paths approach, a cumulative resistant 

kernel connectivity analysis does not assume a single path between two individuals. The 

cumulative resistant kernel approach considers the dispersal ability of a species, and estimates 

omnidirectional least-cost dispersal kernel around each individual location, given a dispersal 

threshold, after which all kernels are added together to produce a density map predicting 

connectivity strength at each location on the landscape (Compton et al. 2007). Dispersal 

thresholds were parameterized to 80 km for elk, 45 km for black bear, 25 km for bighorn sheep, 

and 40 km for lesser prairie-chicken. These thresholds reflected our conservative estimates to 

approximate the average maximum dispersal distance of each species based on our extensive 

review of scientific literature on their dispersal abilities (e.g., Irwin 2002, DeCesare and 

Pletscher 2006, Costello 2010, Earl et al. 2016). This approach produces density surfaces that 

predict core habitat areas for species movement. 

 

Core movement habitat and corridor 

To analyze the spatial characteristics of core habitat and corridors, we classified each 

connectivity map generated from UNICOR simulations (i.e., the kernel density smoothed 

factorial least cost paths and the cumulative resistant kernel density surfaces) into a binary map. 

We defined habitat patches classified from the cumulative resistant kernel as core habitats, and 

the factorial least cost paths habitat patches as corridors. For core habitats, this was done by 

using 10% of maximum value of the resistant kernel connectivity map as a threshold, i.e., areas 

above this threshold value were classified as habitat, whereas areas below the threshold value 

were classified as non-habitat. For lesser prairie chicken, when we applied the same threshold to 

the resistant kernel map, only one small patch was retained. This was due to extremely high 

values concentrating at a very small portion of pixels. Therefore, in order to conduct a 

meaningful analysis, we modified the threshold to 1% of the maximum connectivity value.  

For corridors, we started with the 10% of maximum value as the threshold, and then repeatedly 

lowered the threshold until all major core habitat patches had at least one corridor path linking to 
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another patch. In addition, when corridors were intertwined, we visually examined the patterns of 

connectivity strength and used our best judgement to divide them accordingly.  

 

Prioritizing core habitat patches 

To evaluate the relative importance of core habitat patches to connectivity, we ranked each core 

habitat patch based on its (1) total area, (2) per area connectivity strength, and (3) connectivity 

contribution. Connectivity contribution of each patch was calculated by dividing its total 

connectivity strength by the cumulative connectivity of all patches. Habitat patches with larger 

extent, higher connectivity strength, and greater contribution were ranked higher. The ranks of 

each patch in the three criteria were added together, providing a collective rank score for each 

habitat patch. Habitat patches with a low score (i.e., high collective rankings) indicated high 

relative importance to connectivity among populations. 

We calculated the mean and the standard deviation of collective rank scores, and classified each 

patch into a high, medium, or low priority patch using the collective score. Collective scores less 

than the mean minus 1 standard deviation were classified as high priority, scores between the 

mean minus 1 standard deviation and the mean were classified as medium priority, scores above 

the mean were classified as low priority. 

 

Prioritizing corridors 

We evaluated and ranked the relative importance of corridor patches using the same procedures 

of evaluating the core habitat patches. 

 

 

RESULTS 

 

Elk 

The landscape resistance model for elk showed low resistance throughout most wildland, with 

the exception of two areas that had ostensibly high resistance near south central New Mexico 

(Fig. 5). One of the high resistance areas is the Jornada del Muerto desert ecoregion, which is 

located ~100 km west of Mascalero Apache Reservation. The vegetation of this area is 

characterized by semiarid grass and shrub species, such as black grama (Bouteloua eriopoda), 

mesquite (Prosopis juliflora), tarbush (Flourensia cernua), creosotebush (Larrea tridentata), and 

yucca (Yucca elata) (Buffington and Herbel 1965). The other area is Otero Mesa, which is 

located ~100 km east of El Paso and on the northern edge of the Chihuahuan Desert region. 

Common plant species in this area include black grama, blue grama (B. gracilis), hairy grama (B. 

hirsuta), creosotebush, and snakeweed (Gutierrezia microcephala) (Ludwig et al. 2000). Arid 

climate and lack of forest canopy made these two areas hostile environments for elk movement, 

and thus high resistance in the model. In addition, roads and man-made structures were 
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expectedly showing the highest resistance to elk movement (Fig. 5). Overall, the resistance 

model suggests that, elk is able to move across most natural terrain. However, its movement is 

limited by human development and roads, as well as a few arid regions that act as barriers.  

The factorial least cost paths with kernel estimation from UNICOR revealed a network of 

interweaving pathways, mainly connecting the northern and the southern elk populations (Fig. 

6a). There were also east-west lateral pathways, but their connectivity strength were weaker than 

the north-south pathways. 

The resistant kernel connectivity map predicted three large core areas (Fig. 6b). The extent of 

core area E1, located in the north of New Mexico, was larger than the extent of the other two 

core areas combined (Table 2). Core area E1 also ranked top in per area connectivity strength 

and contribution, and therefore, had the highest priority among all core areas.  

We identified a few corridors that were relatively more important in terms of providing 

connectivity between elk populations (Fig. 7). Particularly, corridors 1, 4, and 12 had the highest 

priority (Table 2, Fig. 7). Also, corridor 4 ranked top in all three categories (Table 2). 

 

Bighorn sheep 

The landscape resistance model for bighorn sheep showed that resistance to movement of 

bighorn sheep ranged from low to moderate in the natural landscape and appeared to increase 

with elevation (Fig. 8). Areas with human development and roads showed the highest resistance.  

The factorial least cost paths with kernel estimation analysis mapped multiple pathways that 

spread from north central New Mexico to the southwestern tip of New Mexico (Fig. 9a). In the 

middle of these pathways, a clear single pathway showed very high connectivity strength. From 

these main pathways, there was a narrow pathway with low connectivity strength that went 

eastward and circled around the top eastern corner of New Mexico. 

The cumulative resistant kernel map identified 6 major core areas used by bighorn sheep (Fig. 

9b). The 2 largest core areas, one in the north central (core area S3 in Fig. 10) and the other in 

the south central (core area S5 in Fig. 10) of New Mexico, also ranked highest in terms of per 

area connectivity strength and connectivity contribution (76.3% combined) and were classified 

as high priority core habitats (Table 3, Fig. 10). Core area S2 showed moderately high 

connectivity strength and contribution, and was classified as medium priority. Other core areas 

(S1, S4, and S6) were classified as low priority. 

Corridors 5, 8, and 9 were classified as high priority corridors (Table 3, Fig. 10). These corridors 

connected the 3 most important core areas (i.e, S2, S3, and S5). Together, these 3 corridors 

served as the major movement pathway between north and south bighorn sheep populations in 

New Mexico. 
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Black bear 

Our landscape resistance model for black bear showed that low resistance areas were patchily 

distributed across the landscape, mostly located in higher elevational mountainous region (Fig. 

11). Other areas on the map generally had a resistance ranged from moderate to high, indicating 

that movement outside of low resistance areas was likely difficult.  

The factorial least cost paths with kernel estimation analysis revealed a complicated network of 

movement pathways used by black bear (Fig. 12a). We detected two major pathways that 

displayed high connectivity strength. The first pathway started from eastern Carson National 

Forest in north central New Mexico, stretched westward to El Malpais National Monument, and 

then extended south reaching Gila National Forest in southwestern New Mexico. The second 

pathway also started from eastern Carson National Forest and extended south to Mescalero 

Apache Reservation. 

The cumulative resistant kernel analysis showed that core habitats of black bear movement were 

highly fragmented and patchily distributed (Fig. 12b). The core habitat patches were mostly 

located at low resistance areas in our landscape resistance model. Core areas B6, B12, B16, B17, 

and B22 ranked top and were classified as high priority core habitat patches (Table 4, Fig. 13). 

Among them, core area B17 (Fig. 13), which was located at Carson National Forest, ranked the 

highest and contributed over one-third of total connectivity on the landscape (Table 4). 

Our prioritization analysis ranked corridor 7, 23, and 24 as most important (Table 4, Fig.13). 

Corridor 7 and 24 follow the same routes of the two major pathways described above. Corridor 

23 is an east-west pathway that connects Gila National Forest and Mescalero Apache 

Reservation, which were the largest core areas (B6 and B22) in southern New Mexico (Fig.). 

 

Lesser prairie-chicken 

The landscape resistance model for lesser prairie-chicken showed that agricultural land had 

moderate resistance to movement of lesser prairie chicken, and was the most widespread 

influence (Fig. 14). High intensity developed area, roads, and highways showed high resistance 

in the model. 

The factorial least cost paths with kernel estimation analysis revealed pathways that shaped like a 

sea urchin, with many pathways lumping in the middle and some smaller pathways expanding 

outward (Fig. 15a). Connectivity strength was high in the center where pathways were crossing. 

Among the pathways that expanded outward, there was a major pathway with relatively high 

connectivity strength that lead to the north side of the study area. 

The cumulative resistant kernel approach identified 3 large core areas used by lesser prairie-

chicken (Fig. 15b). Core area L2, located in the center of the study area, had the highest 

connectivity strength (Fig. 16). This core area comprised 83.9% of the total extent of all core 

areas, and contributed to 98.1% of total connectivity (Table 5). Effects of roads and highways on 

connectivity could be visibly discerned by the fault lines they created on the resistant kernel (Fig. 

15b). 
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DISCUSSION 
 

Landscape connectivity is essential to the long-term viability of wildlife species. Despite the 

well-established importance of habitat connectivity for wildlife species and conservation 

(Bennett 1999), such topic is often understudied even for some of the most common and iconic 

species. Most wildlife species and their habitats occur and move across jurisdictional boundaries. 

Effective management of these species and their habitat, especially habitat linkages and 

connectivity, will require transboundary knowledge about the species and habitats. Such 

knowledge is critical to government agencies and private entities that have stewardship over the 

species, providing an evidence-based foundation for forming strategic interagency partnerships 

and coordinating management actions. Therefore, habitat connectivity assessment is best 

conducted at the landscape-scale as to provide the type of information that is useful for 

informing effective management. This report presents a broad-scale spatially-explicit assessment 

on wildlife habitat linkage for four focal species, including elk, bighorn sheep, black bear, and 

lesser prairie-chicken, all of which have been identified as being important for management by 

the New Mexico Department of Game and Fish. 

 

GIS products 

The project produced a number of user-friendly GIS based products that are useful for 

understanding movement and dispersal patterns of the four focal species. First, we developed 

resistance surfaces that represent the costs of moving across different landscape features, and the 

suitability of the land cover as dispersal habitat based on previously established and validated 

empirical model for each species. Second, we produced connectivity maps that identify corridors 

based on the factorial least-cost paths approach. Third, we produced connectivity maps that 

identify core areas based on the cumulative resistant kernels approach. Finally, we produced core 

areas and corridors prioritization maps that ranked and classified core areas and corridors based 

on their relative importance to connectivity of species populations. The predictions of the 

importance of core areas and corridors for the four focal species will be useful for informing 

future efforts to improve landscape connectivity in the state, including efforts to improve animal 

movement across roads and connectivity of protected lands.  

 

Key locations for maintaining connectivity 

Products presented in this report provide practical and specific management recommendations 

for prioritizing conservation and management efforts. Our connectivity maps and prioritization 

maps identify key locations that should receive special considerations for maintaining or 

enhancing connectivity. 
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For elk, we identified three major core areas, with the largest locating in north central New 

Mexico (Fig. 7). The core areas under current conditions appear to be providing good support to 

the elk populations because they are large in extent and well connected. We also identified 

several key movement connectivity corridors that facilitate movement between northern and 

southern elk populations. These corridors are likely important in facilitating elk movement 

during seasonal migration. Given these conditions, corridors should receive more focus for 

conservation than the core habitat areas. 

For bighorn sheep, we identified multiple key core areas and corridors (Fig. 10). Maintaining and 

enhancing connectivity through these core areas and corridors should be a high priority because 

of the support they provide for smaller subpopulations. We also identified a core area that was 

relatively isolated in the northeastern portion of New Mexico (core area S6 in Fig. 10). In order 

to ensure the viability of the subpopulations in this area, conservation efforts should focus on 

enhancing connectivity between this core area and other larger core areas.  

For black bear, core areas are highly fragmented (Fig. 13). To keep the populations viable, 

maintaining existing core areas should be a high priority. Because of the fragmented nature of 

the core areas, maintaining corridors between core areas is critical to facilitate movement and 

gene flow among subpopulations. Particularly, we recommend that efforts should first be given 

to maintaining and stabilizing the core areas and corridors that have been classified as high 

priority (Fig. 13). Then, conservation efforts should target the smaller core areas and try to 

enhance connectivity between them and the main core areas. 

For lesser prairie-chicken, we identified 3 key core areas across the study area (Fig. 16). These 

core areas area negatively affected by human development and agricultural land use. Given the 

limited dispersal ability of the species, protecting and maintaining connectivity of existing core 

areas is the most important priority to maintain its viable populations. We also recommend 

conservation efforts focus on expanding current core population areas. 

 

Landscape change effects on connectivity 

Our models can be used as measuring stick to evaluate potential effects of landscape changes on 

connectivity. For example, projected climate over the next few centuries is expected to 

substantially alter the geographic range of many species. Vegetation distribution is expected to 

rapidly shift as climate continue to change (Kelly and Goulden 2008). This will lead to changes 

in the spatial distribution and quality of habitat, which will in turn affect the connectivity of 

habitats and species populations. In the southwestern United States, warmer and drier climate is 

also linked to increasing frequency of uncharacteristically large and severe wildfires (Dillon et 

al. 2011, McKenzie and Littell 2017). These wildfires have the potential to remove large extent 

of habitats in a relatively short period of time. This will likely lead to habitat loss and 

fragmentation and reduction in core habitats and corridor connectivity for many species, 

especially those that occur in forested habitats. Given the anticipated changes, it is important to 

identify current core areas that provide the most benefits to species, and then formulate 

management plans and strategies that aim at maintaining these areas.  
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In addition, wind farm development has been an emerging concern in New Mexico for a number 

of sensitive species, including numerous migratory birds and bats species, as well as the lesser 

prairie-chicken. The rapidly increasing construction of new wind turbines as energy facilities is 

altering many habitats and has the potential of becoming a threat to lesser prairie-chicken (Pruett 

et al. 2009). The impact of wind turbines on lesser prairie-chicken has been relatively 

understudied compared with the well -studied impact of wind turbines on migratory birds and 

bats (e.g., Drewitt and Langston 2006, Kunz et al. 2007, Cohn 2008). Our models provide a 

benchmark for examining whether the locations of wind farm development might be intersecting 

with important habitat linkages for lesser prairie-chicken. This will be a crucial first step in 

understanding the potential effect of wind farm development on the connectivity of lesser 

prairie-chicken. 

 

Future analysis 

This report contains results from PHASE I of the project. In the next phase of the project, 

products from this report will be incorporated into the New Mexico Crucial Habitat Assessment 

Tool (NM CHAT) and Biota Information System of New Mexico (BISON-M). 
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Table 1. Resistance values assigned to habitat variables in the best supported lesser-prairie 

chicken resistance model (Cushman et al. 2013). 

Habitat variable Resistance value 

Land covera  

Perennial ice/snow; Barren land; Deciduous forest; Evergreen 

forest; Mixed forest; Scrub/shrub; Herbaceous; Emergent 

herbaceous wetlands 

1 

Hay/Pasture; Cultivated crops 10 

Open water 10 

Developed, open space; Developed, low intensity 15 

Developed, medium intensity; Developed, high intensity 20 

Roadsb  

Interstate highways 400 

U.S. highways; State highways; County highways 100 

Local roads; Rural roads 10 

Biomec  

Temperate cool mixed forest; Temperate evergreen needleleaf 

woodland; Temperate cool mixed woodland 
10 

Subtropical grassland; Subtropical shrubland; Temperate 

grassland; Temperate shrubland 
1 

Subtropical desert 5 

Tundra; Subalpine 5 

a Categorical land cover classes from the 2011 National Land Cover (NLCD) database (Homer et 

al. 2015) 

b Roads features from the Topologically Integrated Geographic Encoding and Referencing 

(TIGER) database (U.S. Census Bureau 2017) 

c Predicted biome-level vegetation cover from the dynamic general vegetation model (Drapek et 

al. 2015) 
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Table 2. Prioritizing core habitat area and corridor by relative importance of connectivity to elk. Identifiers of core habitat (E1, E2, 

E3) and corridor (1, 2, 3, etc.) correspond with those in Fig. 7. 

Core area 

Total 

area 

(km2) 

Total 

connectivity 

Connectivity 

contribution 

Connectivity 

per km2 

Area 

rank 

Per area 

connectivity 

rank 

Contribution 

rank 

Collective 

rank 

score Priority 

E1 63,292 626,872,802 67.7% 9,904 1 1 1 3 High 

E2 26,302 195,191,030 21.1% 7,421 2 2 2 6 Medium 

E3 14,585 103,865,268 11.2% 7,121 3 3 3 9 Low 

          

Corridor 

Total 

area 

(km2) 

Total 

connectivity 

Connectivity 

contribution 

Connectivity 

per km2 

Area 

rank 

Per area 

connectivity 

rank 

Contribution 

rank 

Collective 

rank 

score Priority 

1 756 53,207,150 13.1% 70,386 4 2 2 8 High 

2 152 4,265,362 1.1% 28,039 12 12 12 36 Low 

3 800 29,033,980 7.1% 36,284 2 8 4 14 Medium 

4 1,548 144,797,984 35.6% 93,524 1 1 1 3 High 

5 336 11,466,803 2.8% 34,172 9 9 9 27 Low 

6 635 27,103,886 6.7% 42,658 6 4 5 15 Medium 

7 733 26,934,075 6.6% 36,754 5 7 6 18 Medium 

8 235 7,660,192 1.9% 32,571 11 11 11 33 Low 

9 468 17,778,724 4.4% 37,953 8 6 8 22 Low 

10 308 10,112,690 2.5% 32,887 10 10 10 30 Low 

11 541 21,335,232 5.3% 39,464 7 5 7 19 Medium 

12 757 52,497,556 12.9% 69,378 3 3 3 9 High 
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Table 3. Prioritizing core habitat area and corridor by relative importance of connectivity to bighorn sheep. Identifiers of core habitat 

(S1, S2, etc.) and corridor (1, 2, 3, etc.) correspond with those in Fig. 10. 

Core 

area 

Total 

area 

(km2) 

Total 

connectivity 

Connectivity 

contribution 

Connectivity 

per km2 

Area 

rank 

Per area 

connectivity 

rank 

Contribution 

rank 

Collective 

rank 

score Priority 

S1 2,550 2,993,664 3.0% 1,174 5 5 5 15 Low 

S2 6,645 15,016,679 15.2% 2,260 3 3 3 9 Medium 

S3 13,661 39,538,551 40.1% 2,894 2 1 1 4 High 

S4 3,414 3,572,950 3.6% 1,046 4 6 4 14 Low 

S5 15,168 35,648,485 36.2% 2,350 1 2 2 5 High 

S6 1,446 1,782,875 1.8% 1,233 6 4 6 16 Low 

          

Corridor 

Total 

area 

(km2) 

Total 

connectivity 

Connectivity 

contribution 

Connectivity 

per km2 

Area 

rank 

Per area 

connectivity 

rank 

Contribution 

rank 

Collective 

rank 

score Priority 

1 3,139 15,349,584 1.6% 4,890 8 11 10 29 Low 

2 5,105 40,718,924 4.2% 7,977 6 6 6 18 Medium 

3 3,097 18,544,157 1.9% 5,988 9 7 8 24 Low 

4 2,134 12,301,999 1.3% 5,766 12 9 11 32 Low 

5 6,933 120,959,695 12.4% 17,448 1 4 4 9 High 

6 2,931 16,928,608 1.7% 5,775 10 8 9 27 Low 

7 5,281 139,533,390 14.3% 26,421 5 3 3 11 Medium 

8 6,036 338,570,090 34.7% 56,092 3 1 1 5 High 

9 5,345 182,988,536 18.7% 34,233 4 2 2 8 High 

10 761 4,351,948 0.4% 5,722 13 10 13 36 Low 

11 6,302 52,580,213 5.4% 8,343 2 5 5 12 Medium 

12 454 2,013,198 0.2% 4,433 14 13 14 41 Low 

13 2,768 12,192,271 1.2% 4,405 11 14 12 37 Low 

14 4,396 19,663,612 2.0% 4,473 7 12 7 26 Low 
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Table 4. Prioritizing core habitat area and corridor by relative importance of connectivity to black bear. Identifiers of core habitat (B1, 

B2, etc.) and corridor (1, 2, 3, etc.) correspond with those in Fig. 13. 

Core 

area 

Total 

area 

(km2) 

Total 

connectivity 

Connectivity 

contribution 

Connectivity 

per km2 

Area 

rank 

Per area 

connectivity 

rank 

Contribution 

rank 

Collective 

rank 

score Priority 

B1 602 465,377 1.0% 773 8 7 8 23 Medium 

B2 150 77,528 0.2% 517 11 13 14 38 Low 

B3 22 9,630 0.0% 436 23 22 23 68 Low 

B4 56 27,089 0.1% 481 20 18 20 58 Low 

B5 1,261 778,521 1.7% 618 7 10 7 24 Medium 

B6 9,999 9,780,717 21.8% 978 2 5 2 9 High 

B7 75 35,021 0.1% 464 18 20 17 55 Low 

B8 37 15,392 0.0% 411 22 24 22 68 Low 

B9 243 124,708 0.3% 513 10 14 10 34 Medium 

B10 401 213,651 0.5% 533 9 12 9 30 Medium 

B11 133 66,158 0.1% 499 14 16 15 45 Low 

B12 5,773 6,139,853 13.7% 1,063 3 4 4 11 High 

B13 78 34,358 0.1% 439 17 21 18 56 Low 

B14 2,174 1,930,885 4.3% 888 5 6 6 17 Medium 

B15 80 39,368 0.1% 490 16 17 16 49 Low 

B16 1,542 2,142,629 4.8% 1,389 6 2 5 13 High 

B17 11,973 15,158,170 33.7% 1,266 1 3 1 5 High 

B18 58 29,025 0.1% 502 19 15 19 53 Low 

B19 131 94,758 0.2% 722 15 8 12 35 Medium 

B20 149 88,872 0.2% 597 13 11 13 37 Medium 

B21 149 100,590 0.2% 674 12 9 11 32 Medium 

B22 5,092 7,557,897 16.8% 1,484 4 1 3 8 High 

B23 49 22,924 0.1% 469 21 19 21 61 Low 

B24 11 4,770 0.0% 419 24 23 24 71 Low 
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Corridor 

Total 

area 

(km2) 

Total 

connectivity 

Connectivity 

contribution 

Connectivity 

per km2 

Area 

rank 

Per area 

connectivity 

rank 

Contribution 

rank 

Collective 

rank 

score Priority 

1 5,625 17,582,541 1.8% 3,126 4 27 12 43 Medium 

2 3,340 12,302,812 1.2% 3,684 5 22 17 44 Medium 

3 1,602 8,799,014 0.9% 5,494 21 16 22 59 Low 

4 2,740 21,805,296 2.2% 7,957 11 14 10 35 Medium 

5 362 750,231 0.1% 2,073 28 28 28 84 Low 

6 2,865 9,218,687 0.9% 3,218 9 25 21 55 Low 

7 9,331 352,392,309 35.6% 37,767 1 1 1 3 High 

8 1,827 6,463,023 0.7% 3,537 18 24 26 68 Low 

9 2,411 10,292,249 1.0% 4,269 13 20 20 53 Low 

10 3,026 15,044,711 1.5% 4,973 8 18 15 41 Medium 

11 207 350,171 0.0% 1,695 29 29 29 87 Low 

12 1,360 15,359,882 1.6% 11,298 22 12 14 48 Low 

13 760 7,501,378 0.8% 9,874 26 13 23 62 Low 

14 2,609 31,581,280 3.2% 12,106 12 9 8 29 Medium 

15 1,012 11,521,556 1.2% 11,391 25 11 19 55 Low 

16 1,149 37,650,761 3.8% 32,779 24 2 5 31 Medium 

17 1,180 17,072,864 1.7% 14,468 23 7 13 43 Medium 

18 1,792 32,193,820 3.3% 17,967 19 5 7 31 Medium 

19 2,239 27,572,597 2.8% 12,312 16 8 9 33 Medium 

20 2,276 35,443,991 3.6% 15,575 14 6 6 26 Medium 

21 1,694 40,071,989 4.0% 23,652 20 4 4 28 Medium 

22 2,029 7,284,682 0.7% 3,591 17 23 24 64 Low 

23 5,792 67,761,202 6.8% 11,700 3 10 3 16 High 

24 6,078 145,655,347 14.7% 23,966 2 3 2 7 High 

25 3,309 20,722,335 2.1% 6,263 6 15 11 32 Medium 
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26 2,816 13,844,793 1.4% 4,917 10 19 16 45 Low 

27 3,246 12,270,718 1.2% 3,781 7 21 18 46 Low 

28 752 3,894,023 0.4% 5,180 27 17 27 71 Low 

29 2,274 7,218,636 0.7% 3,175 15 26 25 66 Low 
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Table 5. Prioritizing core habitat area and corridor by relative importance of connectivity to lesser prairie-chicken. Identifiers of core 

habitat (L1, L2, L3) and corridor (1, 2, 3, etc.) correspond with those in Fig. 16. 

Core 

area 

Total 

area 

(km2) 

Total 

connectivity 

Connectivity 

contribution 

Connectivity 

per km2 

Area 

rank 

Per area 

connectivity 

rank 

Contribution 

rank 

Collective 

rank 

score Priority 

L1 2,665 37,797,614 1.4% 14,183 2 2 2 6 Medium 

L2 20,480 2,642,669,279 98.1% 129,035 1 1 1 3 High 

L3 1,276 12,607,935 0.5% 9,880 3 3 3 9 Low 

          

Corridor 

Total 

area 

(km2) 

Total 

connectivity 

Connectivity 

contribution 

Connectivity 

per km2 

Area 

rank 

Per area 

connectivity 

rank 

Contribution 

rank 

Collective 

rank 

score Priority 

1 793 17,637,135 81.4% 22,250 1 1 1 3 High 

2 30 87,145 0.4% 2,923 6 6 6 18 Low 

3 67 1,269,204 5.9% 18,926 4 2 3 9 Medium 

4 35 207,546 1.0% 5,867 5 3 5 13 Low 

5 435 1,611,577 7.4% 3,703 2 4 2 8 Medium 

6 260 850,515 3.9% 3,271 3 5 4 12 Low 
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FIGURES  
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Figure 1. Functional curve used to convert percent canopy cover to landscape resistance to black 

bear movement. 
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Figure 2. Gaussian functional curves used to convert distance from high, medium, and low 

intensity human structures to landscape resistance to black bear movement. 
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Figure 3. Gaussian functional curve used to convert elevation to landscape resistance to black 

bear movement. 
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Figure 4. An example of the process of creating nodes to represent initial individualsô locations 

for running UNICOR connectivity simulation for elk, bighorn sheep, and black bear. Elk is 

shown in this example. (a) First, each Game Management Unit (GMU) was filled with random 

points based on population estimates of study species. (b) To create a more realistic 

representation of species distribution, the density of random points was calculated. Deeper blue 

represents higher point density. (c) Then, the map was repopulated with points with distribution 

based on the density surface, and the number of points (n = 70,000) approximated the total 

population of the study species in the study area. (d) Finally, a subset of points (n = 7,000) was 

sampled from the points in (c) and used as initial individualsô locations in UNICOR simulations. 
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Figure 5. Resistance surface showing the influence of landscape features to movement of elk in 

the state of New Mexico. The resistance surface was modeled using methods of Keeley et al. 

(2016), and was used to predict connectivity patterns in UNICOR simulations.  
























