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Abstract  

In this study, we evaluate the climate change vulnerability of a subset of key species found in the 

Cumberland Piedmont Network (CUPN) of the National Park Service (NPS), an ecologically 

important and diverse region. We developed a list of species of conservation concern (globally 

and sub-nationally) within each of the fourteen NPS units in the CUPN. Next, we employed 

NatureServeôs Climate Change Vulnerability Index (CCVI) in order to determine which of those 

species may be most vulnerable to climate change, based on each speciesô 1) direct exposure to 

climate change, 2) indirect exposure to climate change, 3) sensitivity, and 4) documented/ 

modeled response to climate change. CCVI results showed a range of vulnerability scores among 

taxonomic groups, including high vulnerability for mollusks and low vulnerability for migrant 

songbirds. Furthermore, we found that species of conservation concern were not necessarily 

those most vulnerable to climate change. 

 

Additionally, we modeled the current and projected habitat suitability in 2050 and 2080 for four 

case study species, three that were assessed by the CCVI to be vulnerable to climate change and 

one assessed to be presumed stable. We used the software package MaxEnt (chosen modeling 

method of NatureServe) and the program BIOMOD, which produces habitat suitability estimates 

using a variety of different algorithms. We combined the results produced by MaxEnt and 

BIOMOD to create an ensemble projection for each species. This shows areas where all models 

predict future suitable habitat. Finally, we examined which of the NPS Units within the CUPN 

were in danger of losing vulnerable species populations under the climate change scenarios we 

chose. These models predict that key species may disappear from some parks with climate 

change. This information can be incorporated into regional management and prioritization 

strategies that increase the long term viability of these species, as well as help NPS land 

managers better understand which species of conservation concern are likely to be most affected 

by climate change.  
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1.0 Introduction  

 

The 2007 report published by the Intergovernmental Panel on Climate Change (IPCC) details 

research findings that show climate change is having a recognizable impact on global biotic and 

abiotic systems. The report details major impacts from climate change including rising sea levels, 

increasing temperatures, and changes in precipitation regimes.  All of these major impacts can 

influence the survival of plant and animal species across the globe (IPCC 2007). Furthermore, the 

stresses induced by climate change, coupled with habitat loss, may cause unknown changes in the 

population dynamics and the spatial distributions of species (Halpin 1997). Increasing uncertainty 

regarding the direct and indirect effects that climate change may have on species, and overall 

biodiversity, hastens the need for further research and modeling of speciesô ranges and distributions. 

We can begin to understand some of these potential effects and their implications for management 

actions through the use of species habitat suitability models (Franklin 2009). To do this effectively, 

we must analyze species and habitat distributions at site-specific or sub-regional (ecoregion or state) 

scales to effectively inform the conservation decisions made by regional policy-makers, academic 

researchers and land managers (Halpin 1997). 

Scientists and decision-makers should account for sensitivity, exposure, and adaptive 

capacity as the three components of species vulnerability to climate change (Turner II et al. 

2003; Berry et al. 2006; Williams et al. 2008; Hansen & Hoffman 2011). Sensitivity refers to the 

intrinsic characteristics of a species, such as ecological traits, physiological tolerance limits, 

genetic diversity, and resilience. For example, if a species has a large habitat range and its 

populations are genetically diverse, then that species has a better chance of persisting given 

climate change than a species with a restricted habitat range and low genetic diversity. 

Consequently, resilient species have the best chance to survive and recover from the frequent 

disturbances that climate change may induce (Williams et al. 2008).  

In contrast to sensitivity, exposure relates to the external factors that influence species 

during climate change. Williams et al. (2008) suggest that exposure refers to the degree to which 

regional climate change affects an organism based on a speciesô range or habitat. For example, 

cave-dwellers may be less exposed to the effects of climate change than other species because 

cave species live underground and may be buffered from above ground climate (Culver et al. 

2003, Hamilton-Smith and Finlayson 2003, Lamoreux 2004). Thus, in the context of species 
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vulnerability, sensitivity refers to intrinsic characteristics of a species while exposure pertains to 

a speciesô extrinsic relationship to the surrounding environment. 

 In the context of climate change, adaptive capacity relates to the idea that humans can 

manage and minimize the impacts of climate change on a species, and potentially even enhance 

their viability in an ecosystem (Williams et al. 2008; Dawson et al. 2011; Hansen & Hoffman 

2011). Species generally have the ability to adapt through evolutionary changes or ecological 

responses (Williams et al. 2008), but humans also play a role in contributing to species 

adaptation because humans manage lands in which species reside. Our study demonstrates the 

capacity of tools like the Climate Change Vulnerability Index (CCVI) and habitat suitability 

modeling to inform organizations and government agencies on how climate change might affect 

certain species.     

 The objective of this project is to use NatureServeôs CCVI, in conjunction with habitat 

suitability modeling, to assess speciesô vulnerability to climate change and quantify their 

potential future habitat ranges within the Cumberland Piedmont Network (CUPN) of the NPS. 

By combining the CCVI and habitat suitability modeling, our intention is to develop a 

transparent framework with both non-spatial and spatial components that NatureServe and NPS 

can employ to inform decision-making for climate change management strategies and policies 

within the CUPN.    

 

1.1 Climate Change Vulnerability  Index  

In 2010, NatureServe developed the CCVI to evaluate species that may be vulnerable to 

the effects of climate change. Previous studies from Nevada (Young et al. 2009), New York 

(Schlesinger et al. 2011), and West Virginia (Byers & Norris 2011) employed the CCVI to assess 

species of conservation concern within their respective states. The CCVI is a programmed 

Microsoft Excel Workbook that is designed to work in concert with NatureServeôs Conservation 

Status Ranks. In order to prevent redundancy, information used to determine a speciesô 

Conservation Status Rank is not included in the inputs for the CCVI. The exposure and 

sensitivity of each species to climate change is evaluated using the CCVI, and the final output is 

a categorical score representing the speciesô vulnerability.  

 Supported by extensive literature in climate science, the CCVI divides speciesô 

vulnerability into two primary components: exposure and sensitivity (Williams et al. 2008). The 
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index further breaks exposure into direct and indirect components. In total, the CCVI contains 

four sections to score climate change vulnerability: 1) direct exposure to climate change, 2) 

indirect exposure to climate change, 3) sensitivity, and 4) documented/modeled response to 

climate change (Figure 1). By including sensitivity and documented/modeled response to climate 

change, the index moves beyond climate envelope models that limit vulnerability assessments to 

exposure (Dawson et al. 2011). 

 Although separate categorically, the four components of the CCVI work in conjunction to 

produce a final score. For example, species within assessment areas that experience low 

exposure to temperature and moisture changes will not be highly vulnerable to climate change, 

even if they are sensitive to its effects. Likewise, a species that displays low sensitivity to climate 

change within a highly exposed area will produce a similarly low vulnerability score. 

Conversely, climate change will compound its effects on highly sensitive species within 

assessment areas that are predicted to undergo drastic temperature and moisture shifts.  

 

1.1.1  Scoring system  
 

 The CCVI ranks vulnerability based on 

a total of twenty factors that are distributed 

between the four components mentioned 

above. These factors, discussed further in the 

Methods section, are scored according to their 

relative influence on the speciesô climate 

change vulnerability. Each factor is assessed 

categorically and includes the following 

possible scores on a speciesô climate change 

vulnerability: decrease, somewhat decrease, neutral, somewhat increase, increase, and 

greatly increase. Detailed descriptions for each scoring category for each factor are available 

within the Index. 

 The information provided in the aforementioned factors combine to yield a numerical 

sum that is subject to a threshold, then transformed into one of the six climate change 

vulnerability scores below as outlined by Young et al. (2010) (Table 1).  

 

5ƛǊŜŎǘ ŀƴŘ LƴŘƛǊŜŎǘ 
9ȄǇƻǎǳǊŜ 

{ŜƴǎƛǘƛǾƛǘȅ 

±ǳƭƴŜǊŀōƛƭƛǘȅ {ŎƻǊŜ 

5ƻŎǳƳŜƴǘŜŘ 
aƻŘŜƭŜŘ 
wŜǎǇƻƴǎŜ 

±ǳƭƴŜǊŀōƛƭƛǘȅ LƴŘŜȄ {ŎƻǊŜ 

Figure 1. Factors of NatureServeôs Climate Change 

Vulnerability Index (adapted from Young et al. 2010).  
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Table 1. Descriptions and abbreviations for each CCVI score as outlined by Young et al. (2011). 

Index Score Description 

Extremely Vulnerable (EV) Species abundance and/or range within assessment area is 

extremely likely to decrease or disappear by the year 2050. 

Highly Vulnerable (HV) Species abundance and/or range within the assessment area is 

likely to decrease by 2050. 

Moderately Vulnerable (MV) Species abundance and/or range likely to decrease moderately 

by 2050.  

Not Vulnerable / Presume Stable (PS) According to the evidence presented in the CCVI, the species 

is not expected to change in abundance and/or range within 

the assessment area by 2050. 

Not Vulnerable / Increase Likely (IL) Species abundance and/or range likely to experience increase 

within the geographical assessment area by 2050. 

Insufficient Evidence (IE) The speciesô assessment did not contain adequate information 

to produce a vulnerability score. 

 

 NatureServe developed the Index to work in conjunction with Conservation Status Ranks. 

Additionally, because vulnerability rankings implicate climate scenarios in the 2050ôs, species 

that display the highest vulnerability are not necessarily those that are currently the most 

threatened. In applying the CCVI to NPS units in the CUPN, the goal of this study is to identify 

state-listed species of conservation concern (species with a NatureServe Conservation Status ñSò 

Rank of 1 - 3 or a ñGò Rank of 1 - 3) that are also vulnerable to the future effects of climate 

change. From this information, managers can integrate conservation actions into existing 

programs to address potential negative effects of climate change on key species. From habitat 

monitoring to fire management to regional planning, confronting the implications of future 

climate change is the first step to mitigating the effects on susceptible species. 

 

1.2 Habitat Suitability Modeling  

 Habitat suitability modeling draws inferences from a speciesô relationship with 

environmental variables based on observations in environmental space (Pearson 2007). A myriad 

of habitat suitability modeling approaches exist, including inductive and machine-learning 

techniques, as well as mechanistic (deductive) approaches (Franklin 2009). For this study, we 

selected maximum entropy modeling (MaxEnt), generalized linear models (GLM), generalized 

additive models (GAM), gradient boosting models (GBM), and classification tree analysis 

(CTA) on the basis of ease of interpretability and widespread use among conservation 
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professionals (Hijmans et al. 2006; Pearson 2007; Guisan & Zimmerman 2000; Thuiller 2003; 

Phillips 2006).  

We compared the projections generated from the maximum entropy approach with those 

generated from the ensemble approach in order to illustrate the variability among models when 

attempting to project on future climate space (Buisson et al. 2010; Thuiller 2003). 

 The onset of anthropogenic climate change (Johns et al. 2003) necessitates bioclimatic 

suitability modeling for the purpose of making projections into future climatic space to guide 

long-term management protocol (Hijmans et al. 2006). Models are trained on observations in 

current bioclimatic space and then projected onto bioclimatic surfaces grids derived from general 

circulation models (GCMs) representing climate change scenarios that vary with Special Report 

on Emission Scenarios (SRES) (IPCC 2007). 

 The hierarchy of landscape scale constrains selection of resolution and study extent to 

sizes for which, for the purposes of this study, macro-climatic factors are the primary factors in 

determining a speciesô response to habitat (Levin 1992). Bioclimatic predictor variables 

correlated most with a speciesô current distribution are then identified to establish that speciesô 

bioclimatic niche (Pearson & Dawson 2003). 

 The aim of this study was to build bioclimatic suitability models for a selection of species 

with ñModerately Vulnerable,ò ñHighly Vulnerable,ò ñExtremely Vulnerableò, and ñPresumed 

Stableò scores from the CCVI to inform NPS managers where suitable climatic conditions range 

now, and how these ranges are projected to shift in 2050 and in 2080. 
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2.0 Study Goals  

 Our study fulfilled three goals concerning species selection, CCVI analysis, and 

bioclimatic habitat suitability modeling. The first goal was to select species of conservation 

concern within the CUPN for climate change vulnerability analysis.  We did this by cross-

referencing wildlife action plans with state-listed species in each of the fourteen NPS units on 

which we were focusing.  Other notable species, such as keystone species, were also identified as 

candidates in an effort to include species that may be particularly important for the foundation of 

certain ecosystems. 

 The second goal of this project was to use NatureServeôs CCVI to assess the vulnerability 

of a number of species that inhabit the lands of the CUPN. These vulnerability assessments, in 

concert with the previously established NatureServe Conservation Status Ranks, will add to the 

current body of research on speciesô vulnerabilities under climate change scenarios. 

 The third goal of this study was to develop habitat suitability models based on bioclimatic 

variables for three species evaluated to be ñModerately,ò ñHighly,ò or ñExtremely Vulnerableò to 

climate change and one species evaluated to be ñPresumed Stable.ò Habitat suitability models are 

important for understanding the potential impacts of management actions or environmental change 

on biodiversity patterns (Franklin 2009). Consequently, the results of this project will serve to inform 

NPS managers of potential suitable habitat for species under climatic conditions at the present, in 

2050, and in 2080.   

 By documenting the process we have used to address these goals, we hope to create a 

framework for use by other researchers for future climate change vulnerability assessments. Our 

paper demonstrates this framework by outlining an integrative process through which NPS and 

NatureServe can work together to analyze certain species. With these goals in mind, 

transparency in this research is an important theme for the project. We paid specific attention to 

documenting the inputs and threshold values used within the CCVI and habitat suitability 

modeling because the results of this study could have major implications for park managers, 

policy-makers, researchers, and the general public. The results from this study could serve to guide 

regional conservation policies and land management practices within the National Park Serviceôs 

CUPN.  
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3.0 Methods  

3.1 Study Area  

NatureServe and NPS are interested in the effects of climate change on species within the 

CUPN. Geographically, the CUPN spans east to west from Tennessee to North Carolina and 

north to south from Kentucky to Georgia, excluding the Appalachian Mountains. Fourteen 

National Park Service units fall within the CUPN (Table 2; Figure 2).  

In order to accurately model species within the CUPN, we expanded our study area to 

include the nine ecoregions that intersect the CUPN (Appendix A: Figure 1), as delineated by 

The Nature Conservancy (TNC) (ConserveOnline 2009). This larger ecoregional study area was 

particularly important for modeling because there must be a balance between covering a speciesô 

full bioclimatic envelope while still using a geographic area that is ecologically-relevant (Elith et 

al. 2011). This is especially important when models are used to forecast onto future climatic or 

new geographic space (Elith et al. 2011). While a large geographic area allows models to 

discriminate between occupied sites and the rest of the area, localized models perform a more 

fine-scale discrimination. However, reducing the study area size increases the chance that novel 

environments will be encountered in future projections (Elith et al. 2011). As we are only 

interested in projecting distributions within the CUPN, we assume the ecoregional approach will 

cover the climate within the CUPN and reduce the likelihood of encountering novel 

environments with climate change within the CUPN. 

Table 2. Park Abbreviations for parks found within the CUPN. Abbreviations are  used throughout this text. 

Park Name Abbreviation 

Abraham Lincoln National Historic Site ABLI  

Carl Sandburg Home National Historic Site CARL 

Chickamauga and Chattanooga National Military Park CHCH 

Cowpens National Battlefield COWP 

Cumberland Gap National Historic Park CUGA 

Fort Donelson National Battlefield FODO 

Guilford Courthouse National Military Park GUCO 

Kings Mountain National Military Park KIMO 

Little River Canyon National Park LIRI  

Mammoth Cave National Park MACA 

Ninety Six National Historic Site NISI 

Russel Cave National Monument RUCA 

Shiloh National Military Park SHIL 

Stones River National Battlefield STRI 
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Figure 2. Cumberland Piedmont Network (CUPN) of National Parks. Fourteen National Park Service units fall 

within the CUPN. The larger area for which we are modeling is delineated in blue and includes the nine TNC 

ecoregions that intersect the CUPN. 
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3.2 Climate Change Vulnerability Index  

 

3.2.1 Species selection  

Species were selected as candidates for CCVI runs using a document obtained from the 

NPS that details species present in each CUPN NPS unit (NPS 2011). We restricted the initial 

list to vertebrates and vascular plants, but subsequently added thirteen non-vertebrate species 

from the NPS document to represent other taxonomic groups. We cross-referenced vertebrate 

species in the fourteen NPS units of the CUPN with ñSpecies of Greatest Conservation Need,ò as 

enumerated in each stateôs Wildlife Action Plan. The list was then narrowed using a conservation 

status threshold, similar to methods in the West Virginia climate change vulnerability study by 

Byers and Norris (2011). Critically imperiled and vulnerable species, on either state or global 

scales (NatureServe Conservation Status Ranks S1-S3, G1-G3), were included as final candidate 

species for the CCVI.  

The final list contained 153 species individuals
1
 that met the initial criteria that we set for 

our list.  Our final list 1) spanned seven taxonomic groups, 2) included both state and global 

species of conservation in the CUPN, and 3) included organisms that contained adequate 

information for assessment (Table 3). The final list represented species that have been 

documented in twelve of the fourteen NPS units in the CUPN. We completed the CCVI for each 

candidate species in each unit in which it occurs because some units are predicted to experience 

different levels of exposure to temperature and moisture changes. 

 
Table 3. Taxonomic breakdown of the final CCVI candidate species.  

Taxonomic Group # of species individuals 

Amphibians 4 

Birds 98 

Fish 6 

Mollusks 13 

Mammals 19 

Reptiles 1 

Vascular plants 12 

 

                                                           
1
 The term ñspecies individualsò represents the individual CCVI runs done for the same species in multiple parks.  A 

species that fulfilled the above criteria for multiple parks requires separate runs for each park due to differing 

degrees of exposure. It is therefore possible, though unlikely, for one species to produce disparate climate change 

vulnerability rankings in different parks.  Any discrepancies in Index ranking would therefore be attributed to spatial 

heterogeneity of exposure, as the speciesô sensitivity would be identical. 



 

Assessing Potential Climate Change Effects on Species in the National Park Serviceôs Cumberland Piedmont Network                                         

________________________________________________________________________________________________________ 

 

  
17 

3.2.2 Procuring Species Information & Resources  

We used NatureServe Explorer
2
 to gather species information for the CCVI. Other 

resources included the USDA Plants Database
3
 and the U.S. Forest Service Atlas of Change

4
 

(Matthews et al. 2011). Peer-reviewed literature on speciesô traits, adaptations, and management 

filled information gaps where necessary. During this process, many species were eliminated from 

consideration due to a dearth of available information on important environmental attributes. 

This was particularly notable for rare plant species that exhibited low element occurrences. 

 

3.2.3 Preliminary inputs  

Prior to entering speciesô factors, the CCVI tool includes a section for entering 

background information. The species name, taxonomic group, NatureServe Conservation Status 

Ranks (global and state rankings), geographic assessment area, and relation of that assessment 

area to the speciesô overall range are included in the background information. Additionally, this 

section allows the user to input whether or not the species is an obligate of caves or aquatic 

groundwater systems (Young et al. 2010). 

 

3.2.4 Section A. Direct exposure to local climate change  

Direct exposure divides future changes in temperature and moisture predictions into five 

and six levels of exposure, respectively (Appendix B: Table 1) We used a medium A1B 

emissions scenario of an ensemble average of sixteen global circulation models (GCMs) to 

assess the speciesô exposure to climate change (available for download through TNCôs Climate 

Wizard
5
).  We examined the predicted moisture and temperature changes for each of the fourteen 

CUPN units, recording the results in a ñPark Attributesò spreadsheet to expedite future CCVI 

runs (Appendix B: Table 2).  

 

3.2.5 Sect ion B.  Indirect exposure to climate change  

Indirect exposure to climate change includes factors that are governed by changes in 

climate but that are not climatic changes in themselves (Appendix B: Table 1). This category 

broadens spatial considerations beyond the assessment area to the surrounding geographic region 

                                                           
2
 Available at http://www.natureserve.org/explorer/ 

3
 Available at http://plants.usda.gov/java/ 

4
 Available at http://www.nrs.fs.fed.us/atlas/bird/index.html 

5
 Available at http://www.climatewizard.org/ 
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at the landscape scale. Factors in this section include exposure to sea level rise, distribution of 

natural and anthropogenic barriers, and the impact of land use resulting from human response to 

climate change. We used National Land Use Land Cover data (NLCD 2006) to evaluate the 

surrounding developments and potential barriers to dispersal for each park unit region.  It is 

important to note that, for this study, no coastal areas were evaluated; this resulted in neutral 

rankings for exposure to sea level rise for all species in this assessment. This section requires 

completion of at least three factors for sufficient evidence of assessment (Young et al. 2010). 

 

3.2.6 Section C. Sensitivity  

The sensitivity component contains species-specific factors that are scored according to 

their effect on the speciesô climate change vulnerability (Appendix B: Table 1). Sensitivity 

represents the ability of the species to adapt in light of climate change effects, notably the effects 

of temperature and moisture. This component includes variables related to ecophysiological 

traits, life-history characteristics, interspecific interactions, microhabitat characteristics, 

phenological considerations, and genetic factors. Specific factors include physiological 

hydrologic niche, dietary versatility, and dependence on a disturbance regime likely to be 

impacted by climate change. Again, we gathered information on these species from NatureServe 

Explorer and extensive peer-reviewed literature. Sensitivity expands the vulnerability assessment 

to ecological considerations, in addition to climatic factors. In total, the sensitivity component 

includes fifteen speciesô attributes that influence vulnerability, although the CCVI requires at 

least ten responses in this category to yield an Index score (Young et al 2010). 

 

3.2.7 Section D. Documented or modeled response to climate change  

The final section of the CCVI depicts the speciesô documented or modeled response to 

climate change. Containing only four factors, this optional component allows the user to include 

information on the speciesô recent response to climate change events and range shifts that may 

occur with future climate change scenarios. In consideration of these range shifts, the Index also 

accounts for the degree of the shift and location of protected areas within the modeled future 

habitat, according to peer-reviewed literature. For this study, we used the U.S. Forest Serviceôs 

Atlas of Change to obtain information on the modeled future habitat of many birds and several 

tree species (Matthews et al. 2011). 
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3.2.8 Confidence in Species Information  

After calculating the speciesô vulnerability score, the CCVI computes a level of 

confidence in each score. The confidence output is generated through use of a Monte Carlo 

simulation, running 1,000 iterations to recalculate the Index score. The simulation assumes that 

each box in a checked factor is equally likely to be checked in each run (Young et al. 2010). The 

CCVI generates a simple histogram based on the results of this statistical simulation (Figure 3). 

 

 
Figure 3. Example of a confidence output in the vulnerability index score, generated through a Monte Carlo 

simulation (Young et al. 2010).  EV = Extremely Vulnerable, HV = Highly Vulnerable, MV = Moderately 

Vulnerable, PS = Presumed Stable, IL = Increase Likely 

 

 

3.3 Habitat Suitability Modeling Data  

 

3.3.1 Species Occurrence Data  

After completing each CCVI assessment, we explored the available data for all species 

that were classified as ñModerately Vulnerable,ò ñHighly Vulnerable,ò or ñExtremely 

Vulnerable.ò We chose species to model based on several criteria. First, we chose species with 

available, reliable occurrence data within our study area. Second, we chose species for which we 

could encompass their presumed full climatic envelope in the model (for example, species 

bounded by the Gulf of Mexico were excluded because we had no way of knowing their true 

climatic boundary) (Elith et al. 2011). Finally, we incorporated client interest and a desire to 

model species from a variety of taxonomic groups into our decision. This resulted in four species 

ï an amphibian, two plants, and a mammal (Table 4). The mammal species was actually ranked 

as ñPresumed Stableò in the CCVI; however, we included it in order to explore modeling outputs 

for a variety of taxonomic groups. 
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In order to model potential climate effects on suitable habitat for species, we first needed 

to obtain precise locations at which species are currently present. We were able to obtain Natural 

Heritage Program source feature data through NatureServe for some species in Alabama, 

Georgia, North Carolina, South Carolina, and Tennessee (Table 4) (for the Tennessee data, 

occurrences were marked as polygons, so we found the centroid and used that point as an 

occurrence point). We restricted the data to observations occurring after 1975 to avoid issues 

associated with modeling occurrence data and environmental data that are separated by a 

significant amount of time (Anderson & Martinez-Meyer 2004). 

Because these data were incomplete, both in terms of a speciesô full geographic range and 

their range within the ecoregional study area, we augmented these data with occurrence data 

from the Global Biodiversity Information Facility (GBIF)
6
 (Table 4). GBIF provides a free and 

open access source of biodiversity data, shared by a wide range of institutions (including 

museums, non-profit organizations, and academic institutions). Species for which we did not 

obtain Natural Heritage Program data, we used only GBIF occurrence data. We screened the 

GBIF data for only those observations after 1975 to be consistent with the Natural Heritage 

Program source featuresô temporal range. There was no overlap between the Natural Heritage 

Program occurrence data and the occurrence data obtained through GBIF. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
6
 Available at http://data.gbif.org/welcome.htm 
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Table 4. Species modeled and their respective sources of data. ñNHPò refers to state Natural Heritage Program 

source feature data. ñGBIFò refers to Global Biodiversity Information Facility (2011). All occurrence points were 

collected between 1975 and 2011. 

Species Common Name Data Sources CCVI Rating  Number of 

Occurrences* 

Aneides aeneus Green 

Salamander 

NHP (AL, GA, NC, SC, 

TN); GBIF
7
 

Moderately 

Vulnerable 

392 

Scutellaria montana Large-flowered 

Skullcap 

NHP (TN only**); 

GBIF
8
 

Moderately 

Vulnerable 

168 

Sorex longirostris Southeastern 

Shrew 

NHP (AL, GA, NC, SC, 

TN); GBIF
9
 

Presumed 

Stable 

138 

Plantago cordata Heartleaf 

Plantain 

NHP (TN), GBIF
10

 Highly 

Vulnerable 

31 

*This refers to the number of occurrences actually used to create the models for each species. 

** These data were received as polygons. We calculated the centroid of each and used that point as the presence 

record. 

 

3.3.2 Environmental Variables  

We used nineteen bioclimatic variable surfaces based on current conditions (1950-2000) 

(Table 5) and downscaled each of them to a one square kilometer resolution (WORLDCLIM 

database
11

; Hijmans et al. 2005). We used these same nineteen bioclimatic variables for 2050 and 

2080 scenarios based on the Hadley CM3 GCM and SRES A1B (Johns et al. 2003; Matthews et 

al. 2011; Iverson et al. 2008). These variables were downscaled using the Delta method 

(Ramirez-Villegas et al. 2010).  

 

 

 

 

 

 

 

 

 

 

 

                                                           
7
 Biodiversity occurrence data published by: Alabama Museum of Natural History, Arctos, California Academy of 

Sciences, Cornell Museum of Vertebrates, Los Angeles County Museum of Natural History, National Museum of 

Natural History, Royal Ontario Museum, San Diego Natural History Museum, Staatliches Museum, Sternberg 

Museum of Natural History, and University of Alberta. (Accessed through GBIF Data Portal, data.gbif.org, 2012-

02-12). 
8
 Biodiversity occurrence data published by: USDA Plants. (Accessed through GBIF Data Portal, data.gbif.org, 

2012-02-12). 
9
 Biodiversity occurrence data published by: Arctos, California Academy of Sciences, Cornell Museum of 

Vertebrates, Michigan State University Museum, Santa Barbara Museum of Natural History and University of 

Kansas Biodiversity Research Center. (Accessed through GBIF Data Portal, data.gbif.org, 2012-02-12). 
10

 Biodiversity occurrence data published by:  The New York Botanical Garden, University of Alabama Biodiversity 

and Systematics, and USDA Plants. (Accessed through GBIF Data Portal, data.gbif.org, 2012-03-30). 
11

 Available at http://www.worldclim.org/ 
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Table 5. WORLDCLIM bioclimatic variables used in analysis and their abbreviations. 

Variable 

Abbreviation 

Bioclimatic Variable 

BIO1  Annual Mean Temperature 

BIO2  Mean Diurnal Range (Mean of monthly (max temp - min temp)) 

BIO3  Isothermality (BIO2/BIO7) (* 100) 

BIO4  Temperature Seasonality (standard deviation *100) 

BIO5  Max Temperature of Warmest Month 

BIO6  Min Temperature of Coldest Month 

BIO7  Temperature Annual Range (BIO5-BIO6) 

BIO8  Mean Temperature of Wettest Quarter 

BIO9  Mean Temperature of Driest Quarter 

BIO10  Mean Temperature of Warmest Quarter 

BIO11  Mean Temperature of Coldest Quarter 

BIO12  Annual Precipitation 

BIO13  Precipitation of Wettest Month 

BIO14  Precipitation of Driest Month 

BIO15  Precipitation Seasonality (Coefficient of Variation) 

BIO16  Precipitation of Wettest Quarter 

BIO17  Precipitation of Driest Quarter 

BIO18  Precipitation of Warmest Quarter 

BIO19  Precipitation of Coldest Quarter 

 

We calculated a topographic relative moisture index (TRMI) to characterize site moisture 

using a USGS National Elevation Dataset digital elevation model (Parker 1982) downloaded 

from the National Hydrography Dataset website
12

. Site moisture is a supplement to bioclimatic 

conditions, and is arguably a more direct component of bioclimatic niches for vegetation 

(Lookingbill & Urban 2005).  This variable is not a proxy for other bioclimatic variables (e.g. as 

elevation is a proxy for temperature) and, thus, can be used when projecting the model onto 

future climate space. Additionally, we utilized the USDA Natural Resource Conservation 

Service (NRCS) soils data
13

 as a variable when modeling the plants. 

 

                                                           
12

 Available at http://www.horizon-systems.com/nhdplus/ 
13

 Available at http://soils.usda.gov/ 
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3.4 Habitat Suitability Modeling Analyses  

 

3.4.1 Selection of Variables for Modeling  

We chose variables for each speciesô model based on exploratory data analysis and life 

history knowledge gleaned from the CCVI process. We calculated Pearson correlations between 

environmental variables and species presence/absence and retained the top ten variables with the 

highest correlation coefficients and/or any variables that were found to have ecological 

significance (even if correlation was not high, as was the case for TRMI in the Green salamander 

model) (Appendix C). We then parsed pairs of highly correlated variables (correlation coefficient 

> 0.07; p-value < 0.05) so that the remaining variables retained the most unique information 

(Table 6) (The R Foundation for Statistical Computing, 2011; Goslee & Urban, 2007). 

 
Table 6. Variables chosen for use in each speciesô models (abbreviations defined in Table 5). 

Species Variables Used in Modeling 

Green Salamander BIO5, BIO9, BIO12, BIO17, BIO19, TRMI 

Large-Flowered Skullcap BIO8, BIO14, BIO16, BIO17, TRMI, Soils 

Southeastern Shrew BIO6, BIO8, BIO9, BIO14, BIO17, TRMI 

Heartleaf Plantain BIO7, BIO8, BIO14, BIO17, BIO18, TRMI, Soils 

 

3.4.2 Maxim um Entropy Modeling (MaxEnt)   

Maximum entropy modeling (using the program, MaxEnt) is a relatively new approach to 

species distribution modeling that has quickly become a favorite method for conservation 

practitioners including GIS analysts at NatureServe (Smart, NatureServe, pers. comm. 2012). 

MaxEnt is a discriminative modeling technique, meaning it fits species occurrences relative to 

available habitat in a model as loosely as possible, with the single constraint that the mean of the 

function for each variable must be the same as the mean of the observed data (Elith et al. 2011). 

When compared to other ñpresence-onlyò methods, such as Genetic Algorithm for Ruleset 

Prediction (GARP), MaxEnt consistently outperforms in terms of predictive ability, interpretable 

output, and accuracy using small datasets (Phillips et al. 2004; Phillips et al. 2006). For this 

analysis, we used MaxEnt, Version 3.3.3k (Philips et al. 2004, 2006)
14

.  

As actual species absence data were not available, we generated 10,000 random points 

using ArcGISv10 within the ecoregion study area to be used both as the background points in 

                                                           
14

 Available at http://www.cs.princeton.edu/~schapire/maxent/ 
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MaxEnt, and as pseudo-absence points for the models in BIOMOD. In MaxEnt, each model was 

built based on the environmental conditions at each of the occurrence points within the ecoregion 

study area contrasted with the environmental conditions of the background of pseudo-absences. 

We projected each model onto the study area using the species-specific bioclimatic variables of 

interest (Table 6). We generated projections for the current range, the range in 2050, and the 

range in 2080.  

For each analysis, we trained each model using 70% of the data and tested each model 

using 30% of the data (withheld initially) (Thuiller 2003), with a default regularization parameter 

of 1. Additionally, we jackknifed the predictors in the model, meaning that, for each variable, a 

model was created including that variable and a model was created that included all but that 

variable. This technique allows us to assess the relative explanatory power of each variable.  

We imported the resulting habitat probability maps into ArcGISv10. This allowed us to 

look at a continuous surface of habitat suitability over the study area. Finally, we used the 

conventional MaxEnt threshold that balances training omission, predicted area, and threshold 

value to threshold this probability surface. This produced a binary map of predicted ñhabitatò and 

ñnot habitatò for the current, 2050, and 2080 projections. 

 

3.4.3 BIOMOD Ensemble Forecasting Approach  

We used the program BIOMOD (Thuiller 2003) within R statistical software (The R 

Foundation for Statistical Computing 2011) to build additional bioclimatic suitability models to 

supplement the maximum entropy model using an ensemble forecasting approach. We chose to 

use four of the most widely-used, easily-implemented and interpretable models according to 

recent habitat suitability modeling literature (Buisson et al. 2000; Hijmans et al. 2006; Guisan 

and Zimmerman 2000; Phillips 2006; Thuiller 2003; Pearson 2007; Elith et al. 2006; Austin 

2002; Elith et al. 2008).. These models include the generalized linear model (GLM), the 

generalized additive model (GAM), classification tree analysis (CTA), and the general boosting 

model (GBM). 

We implemented the following procedure for constructing these models: (1) We used 

approximately 10,000 randomly-generated pseudo-absence points (to signify 

background/random climatic habitat) and species presence points constrained by nine TNC 

ecoregions, (2) We trained each of the models on 70% of the data and tested each of the models 
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using 30% of the data (withheld initially) (Thuiller 2003), (3) We used linear predictor terms and 

an automatic stepwise procedure to generate the GLM,  (4) We used 50-fold cross validation to 

guide the CTA classification scheme, (5) We used an automatic stepwise procedure to generate 

the GAM, (6) We used 5-fold cross validation to guide GBM construction. 

We assessed model performance using sensitivity scores produced from running the 

models using the test data. Sensitivity is an indication of the modelôs ability to correctly identify 

actual occurrence points as suitable habitat as the result of model performance and not the result 

of random chance (Araújo et al. 2005; Phillips et al. 2009).  

We calculated a mean across all five model probability surfaces (GLM, CTA, GAM, 

GBM, and MaxEnt) to generate an ensemble average for the 2050 and 2080 projections ï the 

first ensemble approach. Receiver operator characteristic (ROC) curves guided our choice of 

where to set a probability threshold to convert probability surfaces into binary form. We used 

these thresholds to project suitable bioclimatic habitat in binary form on 2050 and 2080 climatic 

conditions across our study area. We then added each of the binary surfaces together with the 

MaxEnt binary output to show areas of model agreement ï the second ensemble approach. 
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4.0 Results  

 

4.1 Climate Change Vulnerability Index  

 Out of the 153 total species individuals
15

 assessed in this study, approximately 30% were 

determined to be either ñExtremely Vulnerableò (EV), ñHighly Vulnerableò (HV), or 

ñModerately Vulnerableò (MV) (Figure 4). The remaining 70% of species individuals, many of 

which were birds, were considered ñPresumed Stableò (PS) or ñIncrease Likelyò (IL) (Figure 4).   

 

Figure 4. Number of species individuals from the CUPN study area within each vulnerability category. 

 

 Mollusks, amphibians, mammals, and plants were the most vulnerable taxonomic groups. 

All mollusks assessed were determined to be vulnerable, with over 50% of them deemed EV 

(Figure 5). Similarly, over 50% of species individuals within the amphibian, mammalian, and 

plant groups were indexed as MV or HV (Figure 5). Figure 5 also illustrates that over 90% of the 

birds were presumed stable or would likely increase, with the exception of Picoides borealis 

(red-cockaded woodpecker), Wilsonia canadensis (Canada warbler), and Junco hyemalis (dark-

                                                           
15

 As mentioned in the Methods section, the term ñspecies individualsò represents the individual CCVI runs done for 

the same species in multiple parks.  A species that fulfilled the above criteria for multiple parks requires separate 

runs for each park due to differing degrees of exposure. It is therefore possible, though unlikely, for one species to 

produce disparate climate change vulnerability rankings in different parks.  Any discrepancies in Index ranking 

would therefore be attributed to spatial heterogeneity of exposure, as the speciesô sensitivity would be identical. 
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eyed junco).     

 

Figure 5. Percent of species individuals from the eight taxonomic groups that fall within each vulnerability 

category. Note that ñnò represents the number of individuals evaluated using the CCVI. The same species could 

have been evaluated multiple times if it resided in multiple park units. For example, if the same species resided in 

two different parks, we ran that species through the CCVI twice, changing park attributes accordingly. 
     

 Climate change vulnerability and conservation status are not directly related to each 

other, but comparing speciesô CCVI scores to their Conservation Status Ranks yields some 

interesting results. When considering each of the S1, S2, and S3 state conservation statuses, just 

over 25% of species individuals were assessed as EV, HV, or MV (Figure 6a).  S1 species are 

considered critically imperiled sub-nationally, and S3 species are considered vulnerable.  Since 

we focused mostly on species with ranks from S1 to S3 (i.e. species of great conservation 

concern), it is interesting to observe that approximately 75% of those species individuals are of 

high conservation concern but were assessed as PS or IL in response to climate change (Figure 

6a). In contrast to the state ranks, many species individuals with global conservations ranks of 

G1, G2, and G3 were classified into a vulnerability category. Approximately 100% of G1, 40% 

of G2 and 65% of G3 species individuals were found to be vulnerable (Figure 6b). Figure 6b also 

illustrates that a majority of species in the G4 and G5 ranks were PS or IL with climate change.   
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Figure 6. Percent of species individuals from rounded state (a.) and global (b.) conservation rankings that fall within 

each vulnerability category. If two rankings existed, we rounded to the more imperiled status to keep a conservative 

ranking. Note that ñnò represents the number of individuals evaluated using the CCVI. The same species could have 

been evaluated multiple times if it resided in multiple NPS units. For example, if the same species resided in two 

different parks, we ran that species through the CCVI twice, changing park attributes accordingly. Only breeding 

statuses were used when rounding state conservation rankings for birds. 
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4.1.1 Taxonomic Groups  

 
Amphibians 

Although amphibians comprised only four CCVI runs, three of these runs produced a MV 

ranking (Table 5). The green salamander (Aneides aeneus), present in three separate parks, 

accounted for all three of these rankings. The Tennessee cave salamander (Gyrinophilus 

palleucus) was PS in Cumberland Gap National Historic Park. Factors that contributed to the 

MV ranking of the green salamander included limited dispersal ability, physiological hydrologic 

niche, and physical habitat requirements. The green salamander shows narrow habitat specificity, 

using damp rock outcrops for laying eggs and residence (Wilson 2003). 

 
Table 7. CCVI scores and global (G) and state (S) Conservation Status Ranks for amphibians in specific NPS units 

within the CUPN. 

Species G-Rank S-Rank Index Park 

Green Salamander (Aneides aeneus) G3G4 S3 Moderately Vulnerable CARL 

Green Salamander (Aneides aeneus) G3G4 S3 Moderately Vulnerable LIRI  

Green Salamander (Aneides aeneus) G3G4 S3 Moderately Vulnerable RUCA 

Tennessee Cave Salamander (Gyrinophilus palleucus) G2 S2 Presumed Stable CUGA 

 

Birds 

Avian species represented the taxonomic group with the highest abundance of CCVI 

candidate species. Birds also contained the highest proportion of species with Index scores of PS 

or IL, with only eight MV to HV individuals out of 98 total assessments. The Red-Cockaded 

Woodpecker (Picoides borealis), a prominent species of conservation concern, displayed the 

highest vulnerability of all the bird species assessed. Causal factors included intensive forest 

management practices that neglect old-growth pine forests and increased efforts of fire 

suppression over the past several decades (Ligon et al. 1986). Further, this species has relatively 

short dispersal ranges to suitable habitat (Walters 1990). Factors important in promoting the 

vulnerability of the Canada warbler (Wilsonia canadensis) and dark-eyed junco (Junco hyemalis) 

include physiological hydrological niche space and modeled future habitat, respectively 

(American Ornithologistsô Union 1998). In many regions, the Canada warbler habitat is localized 

to swamps, bogs, or forested wetlands (Miller 1999). The dark-eyed junco showed significant 

decreases in modeled future habitat that contributed heavily to its MV Index ranking (Matthews 

et al. 2011) 
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Long-distance dispersal capacity and a broad historical hydrological niche accounted, in 

part, for the substantial list of PS and IL individuals. Many long-distance migrants easily 

overcome both anthropogenic and natural barriers, resulting in a near ubiquitous ñNeutralò 

ranking for the factors considering the effect of barriers on climate change vulnerability. The fact 

that these species live in diverse areas over the course of a single year necessitates a certain 

degree of ecological adaptability, including a wide dietary and habitat breadth. These factors 

weighed heavily in producing the abundance of PS and IL avian individuals. 

Table 8. CCVI scores and global (G) and state (S) Conservation Status Ranks for birds in specific NPS units within 

the CUPN. 

Species G-Rank S-Rank Index Park  

 Red-Cockaded Woodpecker (Picoides borealis) G3 S2 Highly Vulnerable CHCH 

 Red-Cockaded Woodpecker (Picoides borealis) G3 S1 Highly Vulnerable CUGA 

Canada Warbler (Wilsonia canadensi) G5 S3B Moderately Vulnerable ABLI  

Canada Warbler (Wilsonia canadensi) G5 S3B Moderately Vulnerable CUGA 

Canada Warbler (Wilsonia canadensi) G5 S3B Moderately Vulnerable MACA 

Dark-eyed Junco (Junco hyemalis) G5 S2S3B,S5N Moderately Vulnerable ABLI  

Dark-eyed Junco (Junco hyemalis) G5 S2S3B,S5N Moderately Vulnerable CUGA 

Dark-eyed Junco (Junco hyemalis) G5 S2S3B,S5N Moderately Vulnerable MACA 

Bachman's Sparrow (Aimophilia astivalis) G3 S2 Presumed Stable CHCH 

Bachman's Sparrow (Aimophilia astivalis) G3 S1/S2b Presumed Stable CUGA 

Bachman's Sparrow (Aimophilia astivalis) G3 S1b Presumed Stable MACA 

Bald Eagle (Haliaeetus leucocephalus) G5 S2S3B,S3N Presumed Stable CUGA 

Bald Eagle (Haliaeetus leucocephalus) G5 S3B Presumed Stable LIRI  

Bald Eagle (Haliaeetus leucocephalus) G5 S2B,S2S3N Presumed Stable MACA 

Bald Eagle (Haliaeetus leucocephalus) G5 S3B Presumed Stable RUCA 

Bank Swallow (Riparia riparia) G5 S3B Presumed Stable MACA 

Blackburnian Warbler (Dendroica fusca) G5 S1S2B Presumed Stable ABLI  

Blackburnian Warbler (Dendroica fusca) G5 S1S2B Presumed Stable CUGA 

Blackburnian Warbler (Dendroica fusca) G5 S1S2B Presumed Stable MACA 

Black-crowned Night-heron (Nycticorax 

nycticorax) 

G5 S1S2B Presumed Stable MACA 

Blue-winged Teal (Anas discors) G5 S1,S2B Presumed Stable MACA 

Brown Creeper (Certhia americana) G5 S1S2B,S4S5

N 

Presumed Stable ABLI  

Brown Creeper (Certhia americana) G5 S1S2B,S4S5

N 

Presumed Stable CUGA 

Brown Creeper (Certhia americana) G5 S1S2B,S4S5

N 

Presumed Stable MACA 

Cerulean Warbler (Dendroica cerulea) G4 S1 Presumed Stable CHCH 

Cerulean Warbler (Dendroica cerulea) G4 S3B Presumed Stable CHCH 

Cerulean Warbler (Dendroica cerulea) G4 S3B Presumed Stable CUGA 

Cerulean Warbler (Dendroica cerulea) G4 S3B Presumed Stable FODO 
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Cerulean Warbler (Dendroica cerulea) G4 S3B Presumed Stable SHIL 

Cerulean Warbler (Dendroica cerulea) G4 S3B Presumed Stable STRI 

Common Moorhen (Gallinula chloropus) G5 S1S2B Presumed Stable MACA 

Common Moorhen (Gallinula chloropus) G5 S1S2B Presumed Stable MACA 

Common Raven (Corvus corax) G5 S1,S2 Presumed Stable CUGA 

Golden Eagle (Aquila chrysaetos) G5 S1 Presumed Stable CUGA 

Golden-crowned Kinglet (Regulus satrapa) G5 S2B,S5N Presumed Stable CUGA 

Henslow's Sparrow (Ammodramus hanslowii) G4 S3B Presumed Stable MACA 

Hooded Merganser (Lophodytes cucullatus) G5 S1S2B,S3S4

N 

Presumed Stable MACA 

Magnolia Warbler (Dendroica magnolia) G5 S1S2B Presumed Stable CUGA 

Northern Harrier (Circus cyaneus) G5 S1S2B,S3N Presumed Stable ABLI  

Northern Harrier (Circus cyaneus) G5 S1S2B,S3N Presumed Stable CUGA 

Northern Harrier (Circus cyaneus) G5 S1S2B,S3N Presumed Stable MACA 

Northern Saw-whet Owl (Aegolius acadicus) G5 S1 Presumed Stable CUGA 

Northern Saw-whet Owl (Aegolius acadicus) G5 S1B, S2N Presumed Stable CUGA 

Peregrine Falcon (Falco peregrinus) G4 S1b,S1n,S2n Presumed Stable CUGA 

Peregrine Falcon (Falco peregrinus) G4 S1n Presumed Stable FODO 

Pied-billed Grebe (Podilymbus podiceps) G4 S1b, S4N Presumed Stable MACA 

Rose-breasted Grosbeak (Pheucticus 

ludovicianus) 

G4 S2S4B Presumed Stable ABLI  

Rose-breasted Grosbeak (Pheucticus 

ludovicianus) 

G4 S2S4B Presumed Stable CUGA 

Rose-breasted Grosbeak (Pheucticus 

ludovicianus) 

G4 S2S4B Presumed Stable MACA 

Savannah Sparrow (Passerculus sandwichensis) G5 S2S3B,S2S3

N 

Presumed Stable MACA 

Sedge Wren (Cistorthorus platensis) G5 S3B Presumed Stable MACA 

Swainson's Warbler (Limnothlypis swainsonii) G4 S2B Presumed Stable CUGA 

Vesper Sparrow (Pooecetes gramineus) G5 S1B, S4N Presumed Stable CHCH 

Vesper Sparrow (Pooecetes gramineus) G5 S1B Presumed Stable MACA 

American Coot (Fulica americana) G5 S1B Increase Likely MACA 

Bewick's Wren (Thryomanes bewickii) G5 S1 Increase Likely CHCH 

Bewick's Wren (Thryomanes bewickii) G5 S3B Increase Likely MACA 

Bewick's Wren (Thryomanes bewickii) G5 S1 Increase Likely STRI 

Cooper's Hawk (Accipiter cooperii) G5 S3B, S4N Increase Likely LIRI  

Cooper's Hawk (Accipiter cooperii) G5 S3B, S4N Increase Likely RUCA 

Golden-winged Warbler (Vermivora 

chrysoptera) 

G5 S2B Increase Likely ABLI  

Golden-winged Warbler (Vermivora 

chrysoptera) 

G4 S1 Increase Likely CHCH 

Golden-winged Warbler (Vermivora 

chrysoptera) 

G5 S2B Increase Likely CUGA 

Golden-winged Warbler (Vermivora 

chrysoptera) 

G5 S2B Increase Likely MACA 

Great Egret (Ardea alba) G5 S2B,S3N Increase Likely CHCH 

Great Egret (Ardea alba) G5 S2B,S3N Increase Likely FODO 
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Great Egret (Ardea alba) G5 S2B,S3N Increase Likely SHIL 

King Rail (Rallus elegans) G4 S1B Increase Likely MACA 

Lark Sparrow (Chondestes grammacus) G5 S2S3B Increase Likely ABLI  

Least Flycatcher (Epidonax minimus) G5 S1B Increase Likely ABLI  

Least Flycatcher (Epidonax minimus) G5 S1B Increase Likely CUGA 

Least Flycatcher (Epidonax minimus) G5 S1B Increase Likely MACA 

Little Blue Heron (Egretta caerulea) G5 S2B,S3N Increase Likely FODO 

Little Blue Heron (Egretta caerulea) G5 S1B Increase Likely MACA 

Little Blue Heron (Egretta caerulea) G5 S2B,S3N Increase Likely SHIL 

Mississippi Kite (Ictinia mississippiensis) G5 S2S3 Increase Likely FODO 

Olive-sided Flycatcher (Contopus cooperi) G4 S1 Increase Likely CHCH 

Olive-sided Flycatcher (Contopus cooperi) G4 S1 Increase Likely CUGA 

Osprey (Pandion haliaetus) G5 S2S3B Increase Likely ABLI  

Osprey (Pandion haliaetus) G5 S2S3B Increase Likely CUGA 

Osprey (Pandion haliaetus) G5 S2S3B Increase Likely MACA 

Red-Breasted Nuthatch (Sitta canadensis) G5 S1B Increase Likely ABLI  

Red-Breasted Nuthatch (Sitta canadensis) G5 S1B Increase Likely CUGA 

Red-Breasted Nuthatch (Sitta canadensis) G5 S1B Increase Likely MACA 

Sharp-Shinned Hawk (Accipiter striatus) G5 S3B, S4N Increase Likely ABLI  

Sharp-Shinned Hawk (Accipiter striatus) G5 S3B Increase Likely CHCH 

Sharp-Shinned Hawk (Accipiter striatus) G5 S3B Increase Likely CUGA 

Sharp-Shinned Hawk (Accipiter striatus) G5 S3B Increase Likely FODO 

Sharp-Shinned Hawk (Accipiter striatus) G5 S3B, S4N Increase Likely MACA 

Sharp-Shinned Hawk (Accipiter striatus) G5 S3B Increase Likely SHIL 

Sharp-Shinned Hawk (Accipiter striatus) G5 S3B Increase Likely STRI 

Snowy Egret (Egretta thula) G5 S2B,S3N Increase Likely SHIL 

Winter Wren (Troglodytes troglodytes) G5 S2B,S4N Increase Likely CUGA 

Yellow-bellied Sapsucker (Sphyrapicus varius) G5 S1B, S4N Increase Likely CHCH 

Yellow-bellied Sapsucker (Sphyrapicus varius) G5 S1B, S4N Increase Likely CUGA 

Yellow-bellied Sapsucker (Sphyrapicus varius) G5 S1B, S4N Increase Likely FODO 

Yellow-bellied Sapsucker (Sphyrapicus varius) G5 S1B, S4N Increase Likely SHIL 

Yellow-bellied Sapsucker (Sphyrapicus varius) G5 S1B, S4N Increase Likely STRI 

 

 

Fish 

A total of six at-risk fish were assessed in this study, two of which resulted in vulnerable 

index scores (MV and HV) (Table 7). Geographic isolation and anthropogenic barriers were 

important factors in limiting the dispersal of both the Southern cavefish (Typhlichthys 

subterraneus) and the Carolina darter (Etheostoma collis). Particular barriers for dispersal 

include developments, dams, and areas experiencing poor water quality. For the cavefish, 

pollution and groundwater pollution in caves puts the species in further risk of anthropogenic 



 

Assessing Potential Climate Change Effects on Species in the National Park Serviceôs Cumberland Piedmont Network                                         

________________________________________________________________________________________________________ 

 

  
33 

effects in addition to climate change (Boschung and Mayden 2004). All four other fish species 

assessed were PS, with increased dispersal ability playing an important role in neutralizing 

vulnerability.  

 
Table 9. CCVI scores and global (G) and state (S) Conservation Status Ranks for fish in specific NPS units within 

the CUPN. 

Species G-Rank S-Rank Index Park  

Southern Cavefish (Typhlichthys subterraneus) G4 S2S3 Highly Vulnerable MACA 

Carolina Darter (Etheostoma collis) G3 SNR Moderately Vulnerable KIMO 

Blue Shiner (Cyprinella caerulea) G2 S1 Presumed Stable LIRI  

Mountain Blackside Dace (Phoxinus 

cumberlandensis) 

G2 S1S2 Presumed Stable CUGA 

Spotted Darter (Etheostoma maculatum) G2 S2 Presumed Stable MACA 

Western Sand Darter (Ammocrypta clara) G3 S1 Presumed Stable CUGA 

 

 

Mammals 

 Out of the nineteen mammals run through the CCVI, 12 produced MV to HV rankings 

(Table 8). Out of these twelve, ten were bat species. For the bats, the physical habitat (i.e. caves), 

anthropogenic barriers, susceptibility to disturbance, and diet were factors that resulted in their 

vulnerability. Physiological hydrological niche contributed to vulnerability for the gray myotis 

(Myotis grisescens), as the species procures food near riparian areas that are negatively affected 

by insecticides and pesticides (Northern Prairie Wildlife Research Center 2006). For 

Rafinesqueôs big-eared bat (Corynorhinus rafinesquii), the speciesô intolerance of natural and 

anthropogenic disturbance events at their roosting sites contributed to its MV and HV Index 

scores (Harvey 1991). Not all bats were vulnerable, however, as the Eastern small-footed myotis 

(Myotis leibii) and the Indiana bat (Myotis sodalist) both received PS Index scores. Interestingly, 

the Eastern spotted skunk (Spilogale putorius) was the only non-bird species assessed as IL, due 

in large part to its dietary behavior as an opportunistic omnivore (Caire et al. 1989). The 

remaining four CCVI runs on non-bat species yielded PS scores. 
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Table 10. CCVI scores and global (G) and state (S) Conservation Status Ranks for mammals in specific NPS units 

within the CUPN. 

Species G-Rank S-Rank Index Park  

Rafinesque's Big-eared Bat (Corynorhinus 

rafinesquii) 

G3G4 S3 Highly Vulnerable MACA 

Rafinesque's Big-eared Bat (Corynorhinus 

rafinesquii) 

G3G4 S3 Moderately Vulnerable CUGA 

Rafinesque's Big-eared Bat (Corynorhinus 

rafinesquii) 

G3G4 S3 Moderately Vulnerable SHIL 

Southeastern myotis (Myotis austroriparius) G3G4 S1S2 Moderately Vulnerable MACA 

Gray Myotis (Myotis grisescens) G3 S1S2 Moderately Vulnerable CHCH 

Gray Myotis (Myotis grisescens) G3 S1S2 Moderately Vulnerable CUGA 

Gray Myotis (Myotis grisescens) G3 S1S2 Moderately Vulnerable FODO 

Gray Myotis (Myotis grisescens) G3 S2 Moderately Vulnerable LIRI  

Gray Myotis (Myotis grisescens) G3 S2 Moderately Vulnerable MACA 

Gray Myotis (Myotis grisescens) G3 S2 Moderately Vulnerable SHIL 

Eastern Spotted Skunk (Spilogale putorius) G5 S2S3 Increase Likely CUGA 

Southeastern Shrew (Sorex longirostris) G5 S4 Presumed Stable SHIL 

Southeastern Shrew (Sorex longirostris) G5 S4 Presumed Stable STRI 

Southeastern Shrew (Sorex longirostris) G5 S4 Presumed Stable CHCH 

Eastern Small-footed Myotis (Myotis leibii) G3 S2 Presumed Stable CUGA 

Eastern Small-footed Myotis (Myotis leibii) G3 S2 Presumed Stable MACA 

Indiana Bat (Myotis sodalis) G2 S1S2 Presumed Stable CUGA 

Indiana Bat (Myotis sodalis) G2 S1S2 Presumed Stable MACA 

Allegheny Woodrat (Neotoma magister) G3G4 S3 Presumed Stable CUGA 

 

Mollusks 

 All thirteen mollusk species evaluated with the CCVI were classified in one of the 

vulnerability categories (MV, HV, or EV) (Table 11). Factors that tended to increase mollusk 

vulnerability to climate change included natural and anthropogenic barriers along with dispersal 

and movement due to the sessile behavior of mollusks. Mollusks also rely on fish for larvae 

dispersal, and species such as clubshell (Pleurobema clava) and the northern riffshell 

(Epioblasma torulosa rangiana) are particularly vulnerable because they rely on only a few fish 

hosts. The presence of a dam and lock system on the Green River in Mammoth Cave National 

Park contributes to the barriers and river impoundment that makes these species vulnerable 

(Harmon 2006). Furthermore, physiological thermal niche and disturbance also factored into 

mollusk vulnerability, as mollusks generally require cool water temperatures and good water 

quality to survive ï traits that might change if temperature, extreme weather events, and other 

disturbances increase with climate change. Pocketbook (Lampsilis ovate) was the only species to 
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be MV because it has more generalized habitat requirements and adapts well to impounded 

rivers. 

Table 11. CCVI scores and global (G) and state (S) Conservation Status Ranks for mollusks in specific NPS units 

within the CUPN. 

Species G-Rank S-Rank Index Park  

Snuffbox (Epioblasma triquetra) G3 S1 Extremely Vulnerable MACA 

Ring Pink (Obovaria restusa) G1 S1 Extremely Vulnerable MACA 

Rough Pigtoe (Pleurobema plenum) G1 S1 Extremely Vulnerable MACA 

Northern Riffleshell (Epioblasma torulosa rangiana) G2T2 S1 Extremely Vulnerable MACA 

Kentucky Creekshell (Villosa ortmanni) G2 S2 Extremely Vulnerable MACA 

Clubshell (Pleurobema clava) G1G2 S1 Extremely Vulnerable MACA 

Spectaclecase (Cumberlandia monodonta) G3 S1 Extremely Vulnerable MACA 

Pyramid Pigtoe (Pleurobema rubrum) G2G3 S1 Highly Vulnerable MACA 

 Sheepnose (Plethobasus cyphyus) G3 S1 Highly Vulnerable MACA 

Pink Mucket (Lampsilis abrupta) G2 S1 Highly Vulnerable MACA 

Fanshell (Cyprogenia stegaria) G1 S1 Highly Vulnerable MACA 

Longsolid (Fusconaia subrotunda) G3 S3S4 Highly Vulnerable MACA 

Pocketbook (Lampsilis ovata) G5 S1 Moderately Vulnerable MACA 

 

Reptiles 

The pine snake (Pituophis melanoleucus) was the only reptilian candidate species in the 

CUPN assessed (Table 11). With habitat preferences for dry, sandy shrubland and well-drained 

open pine forests that are likely to remain stable with the onset of climate change, this species 

assessment generated a PS Index rating. The ecology of this species, however, remains relatively 

unknown compared to other species of reptile (Burger 1990). Because of the small sample of at-

risk reptiles, this species should not be considered representative of all reptiles in the CUPN.  

 

Table 12. CCVI scores and global (G) and state (S) Conservation Status Ranks for reptiles in specific NPS units 

within the CUPN. 

Species G-Rank S-Rank Index Park  

Pine Snake (Pituophis melanoleucus) G4 S3S4 Presumed Stable NISI 

 

Plants 

Just over half the twelve plants run through the CCVI yielded MV to HV CCVI scores. 

The abundance and range of butternut (Juglans cinerea), a HV species, has suffered heavily in 

recent years due to the infliction of the fungus known as butternut canker disease (Sirococcus 

clavigignenti-juglandacearum) (Skilling 1992). Heartleaf plantain also received an HV ranking.  

The plant has limited dispersal ability and is susceptible to changes in water quality resulting 



 

Assessing Potential Climate Change Effects on Species in the National Park Serviceôs Cumberland Piedmont Network                                         

________________________________________________________________________________________________________ 

 

  
36 

from agricultural activities (NatureServe 2011). Another species, the large-flower skullcap 

(Scuttellaria montana), received a MV ranking due to its narrow environmental specificity, 

which includes poor competitive ability and sensitivity to specific light regimes. Additionally, 

this plant has displayed a high susceptibility to disturbance in its rocky habitat. Skullcap may 

also benefit from fire, although often does poorly in early successional systems (Collins 1976). 

Anthropogenic barriers, including agriculture and intensive timber management, act as effective 

barriers to the dispersal of many of the plants in old-growth forests. Other factors playing 

prominent roles in the vulnerability rankings of these plants include competition with exotic 

invasive species, adverse effects of disturbance, and narrow physiological hydrological niche. 

Table 13. CCVI scores and global and state conservation status ranks for plants in specific National Parks within the 

Cumberland Piedmont Network. 

Species G-Rank S-Rank Index Park  

Butternut (Juglans cinerea) G4 S2S3 Highly Vulnerable MACA 

Butternut (Juglans cinerea) G4 S2S3 Highly Vulnerable STRI 

Heartleaf Plantain (Plantago cordata) G4 S1 Highly Vulnerable CHCH 

Butternut (Juglans cinerea) G4 S2S3 Moderately Vulnerable CUGA 

Cutleaf Meadow-Parsnip (Thaspium pinnatifidum) G2G3 S1 Moderately Vulnerable CHCH 

Cypress-Knee Sedge (Carex decomposita) G3G4 S2 Moderately Vulnerable MACA 

Large-flower Skullcap (Scutellaria montana) G3 S2 Moderately Vulnerable CHCH 

Bearded Skeletongrass (Gymnopogon ambiguus) G4 S2S3 Presumed Stable MACA 

French's Shootingstar (Dodecatheon frenchii) G3 S3 Presumed Stable MACA 

Ill -scented Wakerobin (Trillium rugelii) G3 S2 Presumed Stable FODO 

Oglethorpe's Oak (Quercus oglethorpensis) G3 S3 Presumed Stable NISI 

Traveler's Delight (Apios priceana) G2 S2 Presumed Stable FODO 

 

 

4.2 Habitat Suitability Modeling  

 

4.2.1 Aneides  aeneus  (Green Salamander)  

 MaxEnt 

 The current, 2050, and 2080 green salamander habitat projections are generated from the 

same model; therefore, all projections have the same ROC curves, variable weights, and 

thresholds. This model has a training area under the curve (AUC) of 0.961 and a test data AUC 

of 0.944. However, it is important to note that, because MaxEnt does not use true absences, the 

ROC curve produced is based on sensitivity and the proportion of background cases predicted to 

be ñhabitat.ò Thus, it is not what is considered to be a true ROC curve and cannot be compared 
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to the ROC curves of other models. Additionally, because our geographic extent was larger than 

the green salamanderôs current range, the AUC may be inflated because the model may be 

predicting non-habitat well at the expense of correctly predicting habitat (Smart, NatureServe, 

pers. comm. 2012)  

Therefore, we looked at the sensitivity of the model (true positive rate) to assess model 

performance. For this model, the sensitivity is 0.975 for the training data and 0.957 for the test 

data (based on a threshold of 0.026 habitat probability). Therefore, the model correctly predicts 

suitable conditions for the green salamander that encompass 97.5% of the occurrences for the 

training run and 95.7% of the occurrences for the test run (30% of the original presence points 

were held back to test the model). 

 In this model, precipitation in the driest quarter has the largest relative contribution of all 

the variables (Table 14). Additionally, based on the results of jack-knifing, both precipitation in 

the driest quarter and annual precipitation are very important variables (Appendix D: Figure 1). 

These two variables had the highest gain when a model was constructed using each alone, which 

means that these variables contain unique information with high predictive power. Conversely, 

TRMI appears to be the least important predictor in this model, both in terms of percent 

contribution and gain in jackknifing. 

Table 14. Estimates of relative contribution of each variable in the training model for the green salamander (Aneides 

aeneus). 

Environmental Variables Used in Modeling Percent Contribution 

Precipitation Driest Quarter (BIO17) 54.2 

Annual Precipitation (BIO2) 26.4 

Max Temperature Warmest Month (BIO5) 10.4 

Precipitation Coldest Quarter (BIO19) 6.9 

Mean Temperature Driest Quarter (BIO9) 2 

TRMI 0 

 

 The predicted area of suitable habitat (based on a threshold of 0.026 habitat probability) 

decreases substantially between the present and 2080 (Figures 7 and 8). The range of suitable 

habitat contracts in the future and shifts out of the CUPN into the southern Appalachian 

Mountains. It is worth reiterating that this modelôs projections reflect habitat areas that are 

climatically suitable. This does not necessarily coincide with the speciesô realized niche due to 

other important variables such as biotic interactions and microhabitat conditions. 
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Figure 7. MaxEnt habitat suitability surface for the green salamander (Aneides aeneus). Red indicates a high probability of suitable habitat. 
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Figure 8. MaxEnt habitat suitability projections for the green salamander (Aneides aeneus). Binary predictions based on a threshold of 0.026 to balance training 

omission, predicted area and threshold value.
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MaxEnt handles novel combinations of bioclimatic variables by restricting the 

predictions to the range of combinations used to train the model (Phillips
16

). MaxEnt calls this 

óclamping,ô and we have less confidence in the predictions in areas that have been clamped 

because we cannot predict how species will respond to novel climate conditions. This is crucial 

to note because some areas of high clamping coincide heavily with those areas predicted to be 

green salamander habitat in 2080 (Figure 9; full clamping maps can be found in Appendix D: 

Figure 2); therefore, predictions in these areas likely less certain.  

 

Figure 9. Predicted green salamander habitat suitability in 2080 and areas of clamping. The red circles indicate an 

example of where an area of high clamping (uncertainty due to novel climatic conditions) and high habitat 

probability coincide; we are less confident in these habitat predictions than those in areas of less clamping. 

 

Biomod Ensemble 

 Each of the five models selected precipitation of driest quarter as the most important 

predictor variable and eliminated TRMI from consideration (Table 14 and Appendix E). This 

confirms our exploratory data analysis, which assigned the highest correlation coefficient (P-

                                                           
16

 A Brief Tutorial on Maxent. Available at http://www.cs.princeton.edu/~schapire/maxent/ 
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value < 0.05) to precipitation of driest quarter and one of the lowest correlation coefficents (p-

value < 0.05) to TRMI (Appendix C: Figure 2). 

The sensitivity score is an indicator of a good model when using species occurrence 

points and pseudo-absence (as opposed to true absence points) because it quantifies how well the 

model classified true species occurrence points as suitable habitat (Table 15). Each of our models 

performed well given this scoring method (Table 15). 

The first ensemble approach, the ensemble average, shows a probability surface 

constrained around the southern Appalachian Mountains (Figure 10). The second ensemble 

approach, the areas of binary habitat agreement, illustrates the vast discrepancies between the 

different modeling techniques (Figure 11). The GLM is the least constrained of the models 

because the automatic stepwise regression resulted in the elimination of two environmental 

variables from the final model (to achieve parsimony). The rest of the models in the ensemble 

retained all five of the original environmental variables; however the differences are still marked. 

Suitable climatic range reaches into southern Louisiana for some of the models, but is 

constrained to the southern Appalachian region in other models.  

 

Table 15: Sensitivity scores for test data for each of the 5 models in the ensemble for the green salamander (Aneides 

aeneus). 

Model Sensitivity Score 

CTA 91.071 

GAM 89.286 

GBM 89.796 

GLM 87.5 

MaxEnt 95.7 
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Figure 10. Mean taken across the probability surfaces all 5 models of the ensemble. Red indicates high probability 

of climatic suitability for the green salamander (Aneides aeneus). 

Figure 11. Areas of agreement for MaxEnt, CTA, GLM, GAM, GBM models. Green areas indicate consensus 

across all five models for suitable green salamander (Aneides aeneus) habitat.  
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Summary 

 Currently, NPS records cite the green salamander in two Park Service units (LIRI and 

CARL), with potential presence in a third Park Service unit (RUCA). MaxEnt predicts suitable 

habitat in all of these Park Service units (Table 16). However, MaxEnt noticeably over-predicts 

current salamander suitable habitat when compared to where the salamander is actually 

presumed present (Table 16). 

Overlaying the binary predictions of each model algorithm allows us to compare which 

CUPN units may contain suitable green salamander habitat in the future. MaxEnt and the 

ensemble consensus (using all five models) show rather compatible results with respect to future 

habitat predictions (Table 16). Both techniques predict that LIRI and RUCA will lose their 

habitat (and potential habitat, respectively). MaxEnt predicts that suitable habitat will remain in 

CARL through 2080, but the ensemble consensus does not show this result. Interestingly, both 

techniques predict suitable habitat in CUGA, at least into 2050; however, the green salamander is 

not currently found in this NPS unit.  

These differences are also reflected in the total predicted area of salamander habitat 

within the CUPN using MaxEnt (based on a threshold of 0.026) and the ensemble. The ensemble 

consensus for 2050 and 2080 contains about half as much suitable habitat than the respective 

MaxEnt predictions (Table 17). However, both methods show a substantial decrease in suitable 

habitat within the CUPN between now and 2080. 
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Table 16. Results of MaxEnt and ensemble model output (consensus of all 5 models) for each park within the 

CUPN. An ñXò means that suitable green salamander habitat was predicted to be within that park. This does not 

reflect the amount of suitable habitat within each park. (Key to Park abbreviations can be found in Table 2). 

  MaxEnt  Ensemble 

Consensus 

National Park NPS 

Records 

Current  2050 2080 2050 2080 

ABLI   X     

CARL X X X X   

CHCH  X     

COWP  X     

CUGA  X X X X  

FODO       

GUCO       

KIMO  X     

LIRI  X X     

MACA  X     

NISI       

RUCA X X     

SHIL       

STRI       

 
Table 17. Predicted area of suitable habitat for the green salamander within the CUPN. 

 Suitable Habitat Area (km
2
) 

Projection MaxEnt  Ensemble Consensus 

Current 109,978 n/a 

2050 7,274 4,164 

2080 5,326 2,852 

 

 

4.2.2 Scutellaria montana  (Large Flowered Skullcap)  

 MaxEnt 

 The large-flowered skullcap model has a training area under the curve (AUC) of 0.990 

and a test data AUC of 0.990. Again, MaxEnt does not produce a true ROC curve and may have 

inflated AUC values. Therefore, as with the green salamander, it is more beneficial to look at 

model sensitivity than model AUC. This model had a true positive rate of 1 for both the training 

and test data.  This means that it correctly predicts skullcap presences 100% of the time given the 

data we used to train and test the model. 

 In this model, mean temperature in the wettest quarter has the largest relative contribution 

of all the variables (Table 18). Additionally, based on the results of jack-knifing, both mean 
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temperature in the wettest quarter and soils are very important variables (Appendix D: Figure 3). 

These two variables had the highest gain when a model was constructed using each alone, 

meaning that these variables contain unique information with high predictive power. Conversely, 

precipitation in the driest quarter appears to be the least important predictor in this model in 

terms of percent contribution (Table 18), and TRMI appears least important in terms of gain in 

jack-knifing (Appendix D: Figure3). 

By 2080, there is very little suitable habitat left for the skullcap (Figures 12 and 13). Even 

in areas that may be habitat based on our threshold (Figure 13), the probability of bioclimatic 

suitability in those areas is very low (almost indistinguishable from zero habitat probability on 

the probability surface) (Figure 12).Very little clamping occurred in the projection of this model; 

therefore, we do not expect novel combinations of climatic variables to highly influence our 

habitat probability projections. (Appendix D: Figure 4). 

Table 18. Estimates of relative contribution of each variable in the training model the green salamander within the  

CUPN. 

Environmental Variables Used in Modeling Percent Contribution 

Mean Temperature Wettest Quarter (BIO8) 87 

Soils 9.6 

Precipitation Wettest Quarter (BIO16) 1.8 

Precipitation Driest Month (BIO14) 1.2 

TRMI 0.4 

Precipitation Driest Quarter (BIO17) 0.1 
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Figure 12. MaxEnt habitat suitability surface for large-flowered skullcap (Scutellaria montana ). Red indicates high probability of climatic suitability. 
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Figure 13. MaxEnt habitat suitability projections for large-flowered skullcap (Scutellaria montana). Binary predictions based on a threshold of 0.002 to balance 

training omission, predicted area and threshold value. 
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Biomod Ensemble 

Four out of five models selected mean temperature of wettest quarter as the most 

important predictor variable (GAM is the exception) (Table 18 and Appendix E: Figure 4). The 

GLM eliminated soil from consideration (Appendix E: Figure 3). This confirms our exploratory 

data analysis which suggested mean temperature of wettest quarter was the highest correlated (p-

value < 0.05) with species presence while soil was not significantly correlated (Appendix C: 

Figure 3). The sensitivity scores are relatively comparable, so the confidence across model 

performance is good (Table 19). 

Both of the ensemble approaches show significant range contraction within our study 

area (Figures 14 and 15). The model agreement approach shows no areas where all five of the 

models within our ensemble agree. The mean across all five models resulted in no areas 

predicted with a high probability of suitable conditions.  

Table 19: Sensitivity scores for each of the 5 models used in the ensemble for large-flowered skullcap (Scutellaria 

montana). 

Model Sensitivity Score 

CTA 98.214 

GAM 98.214 

GBM 98.81 

GLM 96.429 

MaxEnt 100 
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Figure 14. Mean taken across the probability surfaces of all five models. Red areas indicate high climatic suitability 

for large-flowered skullcap (Scutellaria montana).

Figure 15. Ensemble of MaxEnt, CRT, GLM, GAM, GBM models for large-flowered skullcap. The highest 

consensus was only between two models, shown in orange (Scutellaria montana).  
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Summary 

 Currently, NPS records indicate the large-flower skullcap occurs in one CUPN unit, 

CHCH, which is confirmed by our MaxEnt projection (Table 20). However, the bioclimatic 

range of this species is likely to shift. In the 2050 and 2080 predictions, the suitable skullcap 

habitat is only found in KIMO, which is much farther to the east than CHCH, where this species 

is currently found (Table 20). 

The ensemble consensus shows there is nowhere within the CUPN units all five 

suitability models agree upon suitable skullcap habitat in the future (Table 20). In fact, the 

highest consensus was between two models, the area of which is at the very northernmost portion 

of the CUPN (Figure 14). The predicted area of suitable habitat within the CUPN based on the 

MaxEnt model (based on a threshold of 0.002 habitat probability) decreases substantially 

between the present and 2080 (Table 21). This raises concerns as to whether any parks will 

contain suitable skullcap habitat in the future.  

Table  20. Results of MaxEnt and ensemble model output (consensus of all 5 models) for each park within the 

CUPN. An ñXò means that suitable large flowered skullcap habitat was predicted to be within that park. This does 

not reflect the amount of suitable habitat within each park. (Key to Park abbreviations can be found in Table 2). 

  MaxEnt  Ensemble 

Consensus 

National Park NPS 

Records 

Current  2050 2080 2050 2080 

ABLI        
CARL       
CHCH X X     
COWP       
CUGA       
FODO       
GUCO       
KIMO   X X   
LIRI  X     

MACA       
NISI       

RUCA  X     
SHIL       
STRI       

 
 

 

 

 

 



 

Assessing Potential Climate Change Effects on Species in the National Park Serviceôs Cumberland Piedmont Network                                         

________________________________________________________________________________________________________ 

 

  
51 

Table 21. Predicted area of suitable habitat within the CUPN for large-flowered skullcap (Scutellaria montana). 

 Suitable Habitat Area (km
2
) 

Projection MaxEnt  Ensemble Consensus 

Current 29,252 n/a 

2050 6,670 0 

2080 1,606 0 

 

4.2. 3 Sorex longirost r is (Southeastern Shrew)  

 MaxEnt 

 The southeastern shrew model has a training AUC of 0.951 and a test data AUC of 0.826. 

In terms of model sensitivity, this model had a true positive rate of 0.99 for the training data and 

0.805 for the test data.  This means that it correctly predicted only 80.5% of the occurrence 

points used in the test run. 

 In this model, minimum temperature in the coldest month, mean temperature in the 

wettest quarter, and mean temperature in the driest quarter had the largest relative contributions 

of all the variables (Table 22). According to the jack-knifing, these three variables also had the 

highest relative gain, revealing that they are the most important variables in terms of predicting 

suitable habitat (Appendix D: Figure 5). Conversely, TRMI is the least important variable, both 

in terms of percent contribution (Table 22) and in terms of gain in jack-knifing (Appendix D: 

Figure 5). 

The southeastern shrewôs suitable habitat noticeably shifts northward and eastward into 

the southern Appalachian Mountains by 2050 and 2080 (Figures 16 and 17). MaxEnt over-

predicts the shrewôs current suitable habitat in the binary prediction (Figure 17). The range then 

contracts in future projections. Very little clamping occurred in the projection of this model; 

therefore, we do not expect novel combinations of climatic variables to highly influence our 

habitat probability projections (Appendix D: Figure 6). 

Table 22. Estimates of relative contribution of each variable in the training model for the southeastern shrew (Sorex  

Longirostis). 

Environmental Variables Used in Modeling Percent Contribution 

Min Temperature Coldest Month (BIO6) 34.4 

Mean Temperature Wettest Quarter (BIO8) 33.8 

Mean Temperature Driest Quarter (BIO9) 27.5 

Precipitation Driest Quarter (BIO17) 2.4 

TRMI 0.9 

Precipitation Driest Month (BIO14) 0.9 
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Figure 16. MaxEnt habitat suitability surface for the southeastern shrew (Sorex longirostis). Red indicates high probability of climatic suitability. 
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Figure 17. MaxEnt habitat suitability projections for southeastern shrew (Sorex longirostis). Binary predictions based on a threshold of 0.080 to balance training 

omission, predicted area and threshold value. 
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Biomod Ensemble 

Three out of the five models selected mean temperature in the wettest quarter as the most 

important predictor variable (Appendix E: figure 6). MaxEnt and GAM are the exceptions, 

having selected minimum temperature in the coldest month as the most important predictor 

variable (Table 22 and Appendix E). The GLM eliminated precipitation in the driest month and 

precipitation in the driest quarter from consideration (Appendix E: Figure 5). Exploratory data 

analysis revealed mean temperature in the wettest quarter to have the highest correlation (p-value 

< 0.05) with species presence (Appendex C: Figure 4). 

The sensitivity scores range greatly, showing confidence should vary across model 

projections (Table 23). CTA had the worst sensitivity score in the ensemble. 

Both of the ensemble approaches show significant range contraction within our study 

area (Figures 18 and 19). The mean across all five models resulted in no areas predicted as 

having a high probability of containing suitable habitat (Figure 18). The model agreement 

approach shows no areas where all five of the models within the ensemble agree (Figure 19). The 

2050 projection show areas where, at most, four model projections overlap. Each of the five 

models is represented, but projections are not nested as they were with green salamander. The 

2080 projection shows areas where, at most, three models overlap. CTA is not included in this 

projection because conversion to binary resulted in no suitable areas for 2080.   

 

Table 23: Sensitivity scores for each of the 5 models used in the ensemble for the southeastern shrew (Sorex 

longirostis). 

Model Sensitivity Score 

CTA 33.333 

GAM 83.333 

GBM 87.344 

GLM 74.608 

MaxEnt 80.5 
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Figure 18. Mean taken across the probability surfaces of all five models. Red areas indicates high climatic 

suitability for the southeastern shrew (Sorex longirostis). 

Figure 19. Ensemble of MaxEnt, CTA, GLM, GAM, GBM models for the southeastern shrew (Sorex longirostis) 

(CTA is omitted from the 2080 prediction).  
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Summary 

 NPS records indicate the southeastern shrew is presumed present in three CUPN NPS 

units (CHCH, SHIL, and STRI), which is confirmed by our MaxEnt projection (Table 24). 

However, MaxEnt over-predicts the number of park service units the shrew is currently found in 

(eleven rather than three). As the range of this species shifts northward in the future, MaxEnt 

predicts suitable habitat to remain in one Park Service unit, CUGA; yet, the shrew is not 

currently found here (Table 24). The ensemble consensus shows no suitable conditions predicted 

to be within any of the 14 NPS units in either 2050 or 2080 (Table 24).  

The predicted area of suitable habitat currently within the CUPN (based on a threshold of 

0.080 habitat probability) decreases substantially between the present and 2080 (Table 25). Part 

of this decrease is due to MaxEntôs over-prediction of the shrewôs current range; however, the 

range still decreases slightly from 2050 to 2080. The ensemble consensus projects a marked 

decrease in suitable areas found in the CUPN from 2050 to 2080 (Table 25). 

Table  24. Results of MaxEnt and ensemble model output (consensus of all 5 models) for each park within the 

CUPN. An ñXò means that suitable Southeastern shrew habitat was predicted to be within that park. This does not 

reflect the amount of suitable habitat within each park. (Key to Park abbreviations can be found in Table 2). 

  MaxEnt  Ensemble 

Consensus 

National Park NPS 

Records 

Current  2050 2080 2050 2080 

ABLI        
CARL       
CHCH X X     
COWP  X     
CUGA  X X X   
FODO  X     
GUCO       
KIMO  X     
LIRI  X     

MACA  X     
NISI  X     

RUCA  X     
SHIL X X     
STRI X X     
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Table 25. Predicted area of suitable habitat within the CUPN for the southeastern shrew (Sorex longirostis). 

 Suitable Habitat Area (km
2
) 

Projection MaxEnt  Ensemble Consensus 

Current 150,418 n/a 

2050 33,055 7,072 

2080 20,293 0 

 

4.2. 4 Plantago cordata  (Heartleaf Plantain )  

MaxEnt 

 The heartleaf plantain model has a training area under the curve (AUC) of 0.990 and a 

test data AUC of 0.653. This model had a true positive rate of 1.00 for the training data, but had 

only a true positive rate of 0.444 for the test data. This reveals that the model has a very low 

sensitivity (only correctly predicting 44% of the test data) and, thus, may not be a reliable 

predictor of habitat (perhaps because the model may be over-fitted to the training data). 

 In this model, soil type has the largest relative contribution of all the variables (Table 26). 

Results of the jack-knifing indicate soil is a much more important variable than the others, and 

had the highest gain when a model was constructed using only this variable (Appendix D: Figure 

7).Conversely, precipitation in the driest month and precipitation in the driest quarter had no 

predictive capacity (Table 26).  

The range of the heartleaf plantain is predicted to move westward with climate change. 

Suitable conditions are currently predicted around the southern Appalachians and by 2080 there 

is no suitable habitat left east of the mountains (Figures 12 and 13). The suitable habitat in the 

northwest of the study area also increases in the future. Even in areas that may be habitat (based 

on a threshold of 0.042) (Figure 21), the probability of those areas being suitable are very low 

(almost indistinguishable from zero habitat probability on the probability surface) (Figure 20). 

Very little clamping occurred in the projection of this model; therefore, we do not expect novel 

combinations of climatic variables to highly influence our habitat probability projections. 

(Appendix D: Figure 8). 
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Table 26. Estimates of relative contribution of each variable in the training model for heartleaf plantain (Plantago 

cordata). 

Environmental Variables Used in Modeling Percent Contribution 

Soils 91.1 

Mean Temperature Wettest Quarter (BIO8) 6.1 

Temperature Annual Range (BIO7) 1.4 

Precipitation Warmest Quarter (BIO18) 1.3 

TRMI 0.1 

Precipitation Driest Quarter (BIO17) 0 

Precipitation Driest Month (BIO14) 0 
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Figure 20. MaxEnt habitat suitability surface for heartleaf plantain (Plantago cordata). Red indicates high probability of climatically suitable habitat. 
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Figure 21. MaxEnt habitat suitability projections for heartleaf plantain (Plantago cordata). Binary predictions based on a threshold of 0.042 to balance training 

omission, predicted area and threshold value. 






































































































































































