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Abstract

In this study, we evaluatée climate change vulnerability of a subset of key species found in the
Cumberland Piedmont Network (CUPN) of the National Park Service (MR®)gologically

important and diverse regioWe developed kst of species of conservation concern (globally

and subnationally) within each of thieourteenNPS units in the CUPN. Next, we employed
NatureServebts Climate Change Vulnerability 1In
speciesmay be mostvelm abl e t o cl i mat e c¢ hladireceexposirat®e d on
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 theurrent and projected habitat suitability in 2050 and 2080 for four
case study speciethreethat were assessed by the CCVI torbmerable to climate changad

one assessed to be presumed staeused the software package MaxEnt (chosen modeling
metod 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 areaaivnedels

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 daalppen 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 speciesngervation concern are likely to be most affected

by climate change.
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1.0 Introduction

The 2007 report published by the Intergovernmental IRan€limate 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 temperaturesydichanges 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 unknownicliaages
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 researcmaodd e | i ng of speciesd rang:¢
We canbegin 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 mustanalyze species and habitat distributions atspeific or sukregional (ecoregion or state)
scales to effectively inform the conservation decisions made by regional-p@iosrs, academic
researchers and land managers (Halpin 1997).

Scientists and desion-makers should account for sensitivity, exposure, and adaptive
capacity as the three components of species vulnerability to climate change (Turner Il et al.
2003; Berry et al. 2006; Williams et al. 2008; Han&eHoffman 2011). Sensitivity refers 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 speciea haker chance qfersisting 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 nreduce (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 affectsar gani sm based on a speciesd ral
cavedwellers 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, Hamiton-Smith and Finlayson 2003, Lamoreux 200@)us, n the context of species
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vulnerability, sensitivity refers tmtrinsic characteristics of a species while exposure pertains to
a speciesd extrinsic relationship to the surr

In thecontext 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; H&s#ifman
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@esideidy 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 ofthipr oj ect i s to use NatureServeods CC
suitability modeling, to assessguatifyteedci es 6 vul n
potential future habitat rangestiin the Cumberland Piedmont Network (CUPBthe NPS
By combning the CCVI and habitat suitability modeling, our intention is to develop a
transparent framework with both ngpatial and spatial components that NatureServe and NPS
can employ to inform decisiemaking for climate change management strategies aragol
within the CUPN.

1.1 Climate Change Vulnerability Index
In 201Q NatureServe developed the CCVI to evaluate species that may be vulnerable to
the effects of climatehangePrevious studies from Nevada (Young et al. 2009), New York
(Schlesingertal. 2013, and West Virginia (Byer& Norris 2011) employed the CCVI to assess
species of conservation concern within their respective staiesCCVI is a programmed
Mi crosoft Excel Workbook that is deswvaganed t o
StatusRankd. n or der to prevent redundancy, i nfor mat
Conservation Status Rank is not included in the inputs for the C@¥lexposure and
sensitivity of each species to climate change is evaluated using the @@VWhesfinal output is
a categorical score representing the speciesb
Supported by extensive I|iterature in cli ma
vulnerability into two primary componentsxposureandsensitivity (Williams et al. 2008)The
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index further breaks exposure into direct and indiceatponentsln 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, ancbddishented/modeled response to

climate changeHigure 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, fioeir components of the CCVI work in conjunction to
produce a final scor&or example, species within assessment areas that experience low
exposure to temperature and moisture changes will not be highly vulnerable te clivaage
even if they are sensitive to its effeditkewise, 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 effectiighly sensitive species within

assessment arethat argredicted to undergo drastic temperature and moisture shifts.

5ANBOG Iy PP
9 E LJ2 & dzN L ETE A 1.1.1 Scoring system

The CCVlranksvulnerability based on
a total of twenty factorthat aredistributed
between the four components miened
above.These factors, discusstdtherin the
Methods sectigrare scored according to their

rel ative infl webmtee on t he

+ dzf Y S NIYORASIEA (f

change vulnerabilityEach factor is assessed
Figwe.Fact ors of NatureSe categorically and includes the following
Vulnerability Index &dapted fronYoung et al. 2010 possible scoresonaspé esd cl i mate ch
vulnerability: decrease, somewhat decrease, neutral, somewhat increase, increase, and
greatly increase Detailed descriptionfor each scoring category for each factor are available
within the Index.

The information provided in the@ementionedactors combingo yield a numerical
sum that is subject to a threshold, then transformed into one of the six climate change

vulnerability scores belowsaoutlined by Young et al. (2010) (Table 1)

10

—
| —
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Table 1.Descriptionsand abbreviationfor each CCVI score as outlined by Young et al. (2011)

Index Score Description

Extremely Vulnerable (EV) Species abundance and/or range within assessment area
extremely likely to decrease or disappear by the year 205

Highly Vulnerable (HV) Species alndance and/or range within the assessment ar
likely to decrease by 2050.

Moderately Vulnerable (MV) Species abundance and/or range likely to decrease mode
by 2050.

Not Vulnerable / Presume Stable (PS) According to the evidence presentedhia CCVI, the species
is not expected to change in abundance and/or range witt
the assessment area by 2050.

Not Vulnerable / Increase Likely (IL) Species abundance and/or range likely to experience incr
within the geographical assessment area by 2050

Insufficient Evidence (IE) The speci es 6 eostsimadeguateinfdrmatior
to producea vulnerability score.

NatureServe developed the Index to work in conjunction @ghservation Status Ranks
Additionally, because vulnerability ramigs implicate climate scenariosthe 205@s, species
that display the highest vulnerability are not necesstrilge that areurrently themost
threatenedln applying the CCVI tdNPS unitan the CUPN, the goal of this study i® identify
statelisted species of conservation concéspecies with &atureServe Conservation Stafu$ o
Rank of 1-3 o r Rank &f &®)that are also vulnerable to the future effects of climate
changeFromthis information, managers can integrate conservation agtitmexisting
programs to address potential negative effects of climate cloankgy species-rom habitat
monitoring to fire managemetd regional planningconfronting the implications of future

climatechangads the first step to mitigatinthe effeds on susceptible species.

1.2 Habitat Suitability Modeling

Habitat suitability modeling draws inferendesma s peci esd® r el ati onshi
environmental variables based on observations in environmental space (Pearson 200iad A my
of habitat suitabily modelingapproaches exisncluding inductive and machirlearning
techniquesas well as mechanistic (deductive) approaches (Franklin 2009). For thisvgéudy,
selectednaximum entropy modeling (MaxEnt), generalized linear models (GLM), generalized
additive models (GAM) gradientboosting models (GBM), and classification tree analysis

(CTA) on the basis of ease of interpretability and widespread use among conservation

11
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professionals (Hijmans et.&006; Pearson 2007; Guis& Zimmerman 2000; Thuille2003;
Phillips 2006).

We compared thprojections generatddom themaximum entropy approach with those
generated fronthe ensemble approach order to illustrate the variability among models when
attempting to project on future climate spéBaisson etl. 2010; Thuiller 2003).

The onset of antbpogenic climate change (Johetsal 2003) necessitatdsoclimatic
suitability modeling for the purpose of making projections into future climatic space to guide
long-term management protocol (Hijmaasal 2006). Models are trained on observations in
current bioclimatic space atidenprojected ontdioclimatic surfacegrids derived from general
circulation models (GCMs) representing climate change scenarios that vary with Special Report
on Emission Scenars (SRES) (IPCC 2007).

The hierarchy of landscape scale constrains selection of resolution and study extent to
sizesfor which, for the purposes of this study, mactonatic factors are the primary factors in
determining a specevind®PW2).Biecinmatcpredictortvariabless bi t at (L
correl ated most with a speciesd6 current distr
bioclimatic niche (Pearsaf Dawson2003).

The aim of this studwasto build bioclimatic suithility models fa a selection ofpecies
with iModeratelWulnerabledfi Hi g h | y ViiEktneneeh\dulmérabl®, 60 and A Pr es ume
St a lsdoresdfrom the CCVI to informMEmanagers where suitable climatic conditions range
now, and how these ranges are projected toish#)50 and in 2080.

12
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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 aige vulnerability analysisWe did this by cross
referencing wildlife action plans with staisted species in each of theurteenNPS unitson
which we were focusing. Other notable speseash as keystone specieerealsoidentified as
candidatesn an effortto include speciethat may bearticularly important for the foundation of
certain ecosystems.
The second goal of this project wasute e Nat ur eServebds CCVI to a
of a number of species that inhabit the lands of theNCUMese vulnerability assessments, in
concert with the previously established NatureS€waservation Status Ranksill add to the
current body of research on speciesd vulnerab
The third goal of this study was tievelop habitat suitability models based on bioclimatic
variables fothrees peci es eval uat,eddditgoolrbyei HixMordeemeakoye | Wu | n
climate change and one s pe coHabgatseitabdity modetaeed t o b
importantfor 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
NPSmanagers of potential suitable habitat for species winheatic conditions at the present, in
2050, and in 2080.
By documenting the process we have used to address thesevgoladgpe to create a
frameworkfor useby other researchefsr future climate change vulnerability assessments. Our
paper demonstitas this framework bgutlining an integrative process through which NPS and
NatureServe can work together to analyze certain sp&v¢idgsthese goals in mind,
transparency in this research is an important theme for the project. We paid specific d@tiention
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 pulihie results from tis study could serve to guide
regional conservation policies and | and managem
CUPN

13
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3.0 Methods
3.1 Study Area

NatureServe anPSareinterested in the effects of climate change on species \iitin
CUPN.Geographically, the CUPN spans east to west from Tennessee to North Carolina and
north to south from Kentucky to Georgia, excluding the Appalachiami&ins. Fourteen
National ParkServiceunitsfall within the CUPN Table 2;Figure?2).

In order to accuately model species within the CUPN, we expanded our study area to
include the ninecoregionghat intersect the CUPMppendix A: Figure 1)as delineated by
The Nature Conservancy (TNIGConserveOnline 20097 his larger ecoregional study area was
particularly important for modeling becauteeremust be a balance betweero ver i ng a
full bioclimatic envelopeavhile still using a geographic area theecologicallyrelevant(Elith et
al. 2011).This is especially important whenodels are used forecas onto future climatic or
new geographic spagElith et al. 201) While a large geographic area allows models to
discriminate between occupied sit@nd the rest of the ardacalized models perform a more
fine-scale discrimination. Howevearducing the study area siigcreases the chaa that novel
environments will be encountered in future projections (Elith et al. 28%lye are only
interested in projecting distributions withimtCUPN, we assuméhe ecoregioral approach will
cover the tmate within theCUPNand reduce the likelihood of encountering novel

environments with climate changéthin the CUPN
Table 2.Park Abbreviation$or parks found within the CUPN. Abbreviatioage 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 COowP
Cumberland Gap National Historic Park CUGA
Fort Donelson National Battlefid 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 NationaSParikeunitsfall
within the CUPN. The larger ea for which we are modelingdelineated irblueand includsthe nine TNC
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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 CCVlusinga document obtained from the
NPSthat detats species present in ga€CUPNNPS unit(NPS 2011)We restricted the initial
list to vertebrates and vascular plants, but subsequently H#udednnonvertebrate species
from the NPS document to represent other taxonomic groups. Werefessnced vertebrate
species in théourteenNPS unitsof the CUPNwith fiSpecies of Greatest Conservation Neéd a s
enumeratedineac st at eds Wi | Hellist WwastheAnartowedusing® dorsservatiol
status theshold, similar to methods in tNéest Virginia climate change vulnduifity study by
Byers andNorris (2011) Critically imperiled and vulnerable species,aitherstateor global
scales (NatureServ@onservation StatuRanks Si1S3, G1G3), were included as final candidate
species for the CCVI.

The final list contained 1Hspecies individualshat metthe initial criteria that we set for
our list. Our final listl) spannedevean taxonomic groups, dhcluded both state and global
species of conservation the CUPN, an@®) includedorganisms that contained adequate
information for assessment (Table Ble finallist representedpecies that have been
documented itwelve of the fourteeNPS unitsn the CUPNWe completed the CCVI for each
candidate species in each unit in which it occurs becameunitsare predictedo experience

different levels of exposure to temperature and moisture changes.

Table 3. Taxonomic breakdown of the final CCVI candidate species

Taxonomic Group # of speciesndividuals

Amphibians 4

Birds 98

Fish 6

Mollusks 13

Mammals 19

Reptiles 1

Vascular plants 12

'Thet erm fispecies individualsd represents the individual

species that fulfilled the above criteria for multiple parks requires separate runs foadadheto 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 speciesd sensitivity
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3.2.2 Procuring Species Information & Resources

We usedNatureServédxploreF to gather species information for the CC@ther
resources included the USDA Plants Databasd theU.S. Forest Service Atlas of Chafige
(Matthews etll. 201). Peetrr evi ewed | iterature on speciesd tr
filled information gaps where necessdbpyring this process, many species were eliminated from
consideration due to a dearth of available informabiemmportant environental attributes
This was particularly notable for rare plant species thiaibérd low element occurrences.

3.2.3 Preliminary inputs

Prior to entering teoprelodeseesedionforemerimgr s, t he CC
background informationfhe speciesame, taxonomic group, NatureSe@enservatiorStatus
Ranks (global and state rankings), geographic assessment area, and relation of that assessment
area t o overairasge aeincladerdthe background informatioAdditionally, this
section dows the user to input whether or not the species is an obligate ofaraagsatic

groundwater systems (Young et al. 2010).

3.2.4 Section A. Direct exposure to local climate change

Direct exposurglivides future changes in temperature and moigitedctionsinto five
and six évels of exposure, respectively (Appendix B: TablgVE)used a medium A1B
emissions scenario of an ensemble averagextd#englobal circulation models (GCMs) to
assess the speci es 0 availalpedosdomlead throught N C Glmmate c hang
Wizard’). We examined the predicted moisture and temperature changes for eadiowftées
CUPNunits recording the results in a APark Attril
runs (Appendix B: Table 2).

3.2.5 Section B. Indirect exposure to climate change

Indirect exposure to climate change includes factors that are governed by changes in
climate butthatare not climatic changes in themselg&ppendix B: Table 1)This category

broadens spatial considerations drey the assessment area to the surrounding geugnegion

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

% Available athttp://plants.usda.govijava/

* Available athttp://www.nrs.fs.fed.us/atlas/bird/index. htmi
® Available at http:Mww.climatewizard.org/
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at the landscape scale. Factors in this section inelxpesure to sea level rise, distributimn

natural and anthropogenic barriers, and the impact of land use resulting from human response to
climate changéWe used\ational LandJse Land Covedata(NLCD 2006)to evaluate the
surrounding developments and potential barriers to dispersal for eaalngtadgion. It is

important to note thafor this study, no coastal areas were evaluateslrésulted in neutral

rankings for exposure to sea level rise for all species in this asses§hesiction requires

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

3.2.6 Section C. Sensitivity
The sentivity component contains specigpecific factors that are scored according to

their effect on the s pelAppeadx®B: Tadleil)@enditivity c hange v
represents the ability of the species to adapt in light of climate change efteatsythe effects

of temperature and moisturghis componenincludes variables related to ecophysiological

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

phenological considerations, and genetic fact®pgcific 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 specidéaftoaServe
Explorerand extensive peeeviewed literatureSensitivityexpandghe vulnerabilityassessment

to ecological conslerationsin addition to climatic factordn total, the sensitivity component
includes fifteen species6 atughthe ®QViregesesathat i nf

least terresponses in this tagory 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

climate changeContaining only four factors, this optional component allows the user to include
information on the speciesd recent response t
occur with future climate change scenariosconsideration of these range shithelndexalso

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

habitat, according to peeeviewed literaturef-or this studyywe used théJ . S . Forest Seryv
Atlas of Changé¢o obtain information on #tamodeled future habitat of mg birds and several

tree specie@Matthewset al. 201}
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3.2.8 Confidence in Species Information

After calculating the speciesd vulnerabildi
confidence ireachscore.The confidence outpus generated through use of a Monte Carlo
simulation, running 1,000 iterations to recalculate the Index s€heesimulation assumes that
each box in a checked factor is equally likely to be chetkedch runYoung et al. 2010 The

CCVI generates armsiple histogram based on the resoltshis statistical simulation (Figure 3).

Confidence in Species Info

i

Figure 3. Example of a confidence output in theliverability index scoregeneratedhrougha Monte Cato
simulation (Young et al. 20)0EV = Extremely Vulnerable, HV = lghly Vulnerable, MV = Moderately
Vulnerable, PS = Presumed Stable, IL = Increase Likely

Frequency

o B 5888

EY H L1

3.3 Habitat Suitability Modeling Data

3.3.1 Species Occurrence Data

After completing each CCVI assessmeamé explored the available data for all species
thatweret assi fied as fAiModerately Vulnerabl e, 0 AHI
Vul n e rWeltHose spicies to model based on several criteria. First, we chose species with
available reliableoccurrencalatawithin our study areaSecond, we chose speciesvidrich we
could encompass thgiresumedull 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 boundaryjElith et al. 201). Finally, we incorporated cli¢interest and a desire to
model species from a variety of taxonomic groups into our deciblos.resulted in four species
T an amphibian, two plants, and a mammal (Table 4). The mammal species was actually ranked
as NPresumed St ab lreveindluded it ih@derGoxplore mddelingeowtpits

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 pr¥gemntae able to obtain Natural
Heritage Program source feature data through NatureServe for some spatabama,
Georgia, North Carolina, South Carolina, and Tennessee (¥gafite the Tennessee data,
occurrences were marked@dygons,sowe found the entroid and used that point as an
occurrencepoint). We restricted the data to observations occurring after t®&oid issues
associated witimodelng occurrence data and environmerttatathat are separated by a
significant amount of time (Anders@ MartinezMeyer 2004).

Because these data were incomplete, both in termspEcieéfull geographic range and
theirrange within theecoregional study areae augmented these data wottturrencealata
from the Global Biodiversity Information Facility @F)° (Table4). GBIF provides a free and
open access source of biodiversity data, shared by a wide range of institutions (including
museums, noprofit organizations, and academic institutiorg)eciedor whichwe did not
obtain Natural Heritage Prograsata, we usednly GBIF occurrencalata. We screened the
GBIF data for onlythose observatiorefter 1975to be consistent with the Natural Heritage
Program source featwgeemporal rangelThere was no overlap between thatural Heritage

Programoccurrencedataand the occurrence data obtained through GBIF.

® Available at http://data.gbif.org/welcome.htm
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Table4.Species model ed and their respective sources of
source featur e GlakaldBiodivarstBlhfdrnmabnr Faclitg(2041) Allooccurrencepoints were
collected between 1975 and 2011.

Species Common Name Data Sources CCVI Rating Number of
Occurrences*
Aneides aeneus Green NHP (AL, GA, NC, SC, Moderately 392
Salamander TN); GBIF’ Vulnerable
Scutellaria mordna  Largeflowered  NHP (TN only**); Moderately 168
Skullcap GBIF® Vulnerable
Sorex longirostris Southeastern NHP (AL, GA, NC, SC, Presumed 138
Shrew TN); GBIF® Stable
Plantago cordata ~ Hearteaf NHP (TN),GBIF* Highly 31
Plantain Vulnerable

*This referdo 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 usednineteerbioclimatic variablesurfacedased on current conditio(s950-2000)
(Table5) and downscaledach of thenmto aone squar&ilometer resolutn (WORLDCLIM
databas¥: Hijmanset al 2005). We used these sanipeteerbioclimatic variables for 2050 and
2080 scenans based on the ldeey CM3 GCMandSRESA1B (Johnset al 2003 Matthews et
al. 2011; Iversoret al 2008). These variables were downscaled usin@tia method

(RamirezVillegaset al 2010).

! Biodiversity occurrence data published by: Alabama Museum of Natural History, Arctos, California Academy of
Sciences, Cornell Museum of Vertebrates, Los Angeles County Museum o&Ndistory, National Museum of
Natural History, Royal Ontario Museum, San Diego Natural History Mus8temagliches Museungternberg
Museum of Natural History, and University of AlbertAc¢essed througBBIF Data Portal, data.gbif.org, 2012
02-12).

8 Biodiversity occurrence data published by: USDA Plartscéssed through GBIF Data Portal, data.gbif.org,
201202-12).

° Biodiversityoccurrence data published trctos, California Academy of Sciences, Cornell Museum of
VertebratesMichigan State Univeiyy Museum, Santa Barbara Museum of Natural History and University of
Kansas Biodiversity Research Centércgessed through GBIF Data Portal, data.gbif.org, 202212).
'%Bijodiversity occurrence data published byhe New York Botanical Garden, Univessbf Alabama Biodiversity
and Systematics, and USDA Plar(sccessed through GBIF Data Portal, data.gbif.org, 208230).

! Available at http://www.worldclim.org/

21

—
| —

n t

dat



Assessing Potential Climate Change Effects
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Table 5. WORLDCLIM bioclimatic variables usedhianalysisand their abbreviations

Variable Bioclimatic Variable

Abbreviation

BlIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly (max tenmpin temp))
BIO3 Isothermality (BIO2/BIO7) (* 100)

BI04 Temperature Seasonality (stardideviation *100)
BIO5 Max Temperature of Warmest Month

BIO6 Min Temperature of Coldest Month

BIO7 Temperature Annual Range (BI€E3O6)

BIO8 Mean Temperature of Wettest Quarter

BIO9 Mean Temperature of Driest Quarter

BIO10 Mean Temperature of Wmest 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 Wettst 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 Elevati@ataset digital elevation model (Parker 198@)vnloaded

from the National Hydrography Dataset web¥it8ite moisture is a supplement to bioclimatic

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

(Lookinghill & Urban 2005).This variable is not a proxgr otherbioclimatic variables (e.@s

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

future climate spacédditionally, we utilized theJSDA Natural Resource Consetian

Service(NRCS)soils datd® as a variablevhen modelingheplants.

12 Available at http://www.horizorsystems.com/nhdplus/
13 Available at http://soils.usda.gb
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3.4 Habitat Suitability = Modeling Analyses

3.4.1 Selection of Variables for Modeling

We chose variables for each speciesd model
history knavledge gleaned from the CCVI process. We calculated Pearson correlations between
environmental variables and species presence/absence and retainedetheaogables with the
highest correlation coefficients and/or any variables that were found tebalogical
significance (even if correlation was not high, as was the case for TRMI in the Green salamander
model)(Appendix Q. We then parsed pairs of highly correlated variables (correlation coefficient
> 0.07; pvalue < 0.05) so that thremainingvariables retained the most unique information
(Table § (The R Foundation for Statistical Computing, 2011; Go&leérban, 2007).

Table6.Vari abl es chosen f or (ahbrewationsrdefired infab.peci esd model s

Species Variables Used in Modeling

Green Salamander BIO5, BIO9, BIO12, BIO17, BIO19, TRMI
LargeFlowered Skullcap BIO8, BIO14, BIO16, BIO17, TRMI, Soils
Southeastern Shrew BIOG6, BIOS, BIO9, BIO14, BIO17, TRMI
Heartleaf Plantain BIO7, BIOS, BIO14, BIO17, BIO18, TRMI, Soils

3.4.2 Maxim um Entropy Modeling (MaxEnt)

Maximum entropy modelingu§ing the programylaxEnt) is a relatively new approach to
species distribution modelirtgathas quickly become a favorite methiod conservation
practitionergncludingGIS analysts allatureServéSmart,NatureServepers. comm2012).

MaxEnt is adiscriminativemodeling techniquaneaning itfits species occurrenceslative to
available habitat in a model as loosely as possible, with the single constraint that the mean of the
function for each vaable must be the same as the mean of the observed data (Elith et al. 2011).
When compared to oth@presenceonlyd methods such as Genetic Algorithm for Ruleset
Prediction (GARP)MaxEnt consistently outperforniis terms of predictive ability, interprable
output, and accuracy using small datasets (Phillips 2084; Phillips et al. 2006kor this
analysis, we used MaxEnt, Version 3.3.3k (Philips et al4 22006,
As actual species absence data were not availablgenerated 10,00@&ndompoints

using ArcGI&10 within the eoregion 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 pseudabsence point®r the models iBIOMOD. In MaxEnt,eachmodelwas
built based onhe environmental conditions at eachtbéoccurrenceoints within the ecoregion
study arexontrasted with the environmental conditionshef backgrounadf pseudeabsences.
We projectedeachmodel ontahestudy area using the specigecific bioclimatic variables of
interest(Table §. Wegenerated projeicinsfor the current range, the range in 2050, and the
range in 2080.

For each analysis, weainedeachmodelusing70% of the data and testedch model
using 30% of the data (withheld initiallg) huiller 2003) with a default regularization parameter
of 1. Additionally, we jackknifed the predictors in the model, meaningfilva¢ach variable, a
model was created including that variable and a model was created that included all but that
variable. This technique allows usdssess the relative explamg power ofeachvariable.

We importedthe resulting habitat probability maps into Arc@18. This allowed us to
look at acontinuous surface of habitat suitability over the study area. Finallysedthe
conventional MaxEnt threshold that balancaing omission, predicted areand threshold
valueto threshold this probability surfac€his produced a binary mapmfedictedi habi t at 0 ar
inot h atbhdcurrant, 2050, and 2080 projecton

3.4.3 BIOMOD Ensemble Forecasting Approach
We usedhe progranBIOMOD (Thuiller 2003) within R statistical software (The R

Foundatiorfor Statistical Computing 20119 build additional bioclimatic suitability models to
supplement the maximum entropy model using an ensemble forecasting approach. W chose
use four of the mostidely-used, easifymplementedand interpretable modetéecording to
recent habitat suitability modeling literatuiuisson et al. 2000; Hijmans et al. 2006; Guisan
and Zimmerman 2000; Phillips 2006; Thuiller 2003; Pearson 200f;dE al. 2006; Austin
2002; Elith et al. 2008)These modelmcludethe generalized linear model (GLMhe
generalized additive model (GAM), classification tree analysis (CTA)ttagkeneral boosting
model (GBM)

We implemented the following procacdefor constructing these models: (e used
approximately 0,000 randomhgenerated pseuekbsence points (to signify
backgrounérandomclimatic habitat) and species presence points constraineth®yNC

ecoregions, (2Wetrainedeach of the modelsn 70% of the data and testedch of the models
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using 30% of the data (withheldiiially) (Thuiller 2003), (3)We used linear predictor terms and

an automatic stepwise procedure to gendglet&LM, (4) We used 5@old cross validation to

guide the CTA lassification scheme, (5) We used an automatic stepwise procedure to generate
the GAM, (6) We used 5old cross validation to guide GBM construction.

We assesserhodel performancasing sensitivity scores produced from running the
models using the test @aBensitivityisan indicatioro f t he model 6s abil ity t
actual occurrencpoints as suitable habitat as the result of model performance atiek mesult
of random chance (Araujo et al. 2005; Phillips et al. 2009).

We calculated a nam across afive model probability surface&LM, CTA, GAM,

GBM, and MaxEnt}o generate an ensemble averfyehe 2050 and 208@rojectionsi the

first ensemble approach. Receiver operator characteristic (ROC) curves guided our choice of
where to se& 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 ar®ée thenaddedeach of the binary surfacesgether withthe

MaxEnt binary output to show areas of model agreeiinédm second ensemble approach.

25

—
| —



Assessing Potenti al Climate Change Effects on Species in t

4.0 Results

4.1 Climate Change Vulnerability Index
Out of thel53total species individual$ assessed in this study, approximately 30% were
determiredtob e e i t h e rVuliieEakld (E\&),m é1li ywwWulheyable (HV), or
i Mo d e r altealbley(MW (Figure 4) The remaining 70% of species individuals, many of
which were birds, were considerddP r e s u me @PS)&it al eor ela)Fgureéd). k el y 0O

70 - 65

60

50 45

40 -

30

Number of Species

20

10 7

Extremely Highly Vulnerable = Moderately Presumed Stable Increase Likely
Vulnerable Vulnerable

Figure 4. Number of species individuals from tB&JPNstudy area within each vulnerability category.

Mollusks, amphibians, mammals, and plants were the most vuln&abtemic groups
All mollusks assessed were determined to be vulnerable pw&th50% of them deemétV
(Figure 5) Similarly, over 50% of species individuals within the amphibian, mammand
plant groupsvere indexed a1V or HV (Figure 5. Figure 5also illustrates that over 90% of the
birds were presumed stable or woulcelikincreasgwith the exception oPicoides borealis

(red-cockaded woodpeckelVilsonia canadensi(Canada warbler), antuinco hyemaligdark

"As mentioned in the Methods section, the term fispeci e:
the same species in multiple parks. A species that fulfilled the abowgadidtemultiple 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 discrepametksciranking

would therefore be attributed to spatial heterogeneity
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Figure 5. Percent oBpeciesndividualsfrom the eight taxonomic groups that fall within bawlnerability

categoryNot e t hat fAno represents the nunTheesamespeciescodld vi dual s
have been evaluated multiple times if it resided in mulfialik units For example, if the same species resided in

two differentparks, 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 spec@®SCVI scores to thei€onservatiorStatus Rrks yields some
interesting resultdVhen considering each of the S1, S2, and S3 state conservation statuses, just
over 25% of specgindividuals were assessedes, HV, orMV (Figure 63. S1 species are
considered critically imperiled suationally, and S3 species are considered vulneralligece
we focusednostly on species with ranks fra&1 toS3(i.e. specief greatconservation
concern) it is interesting to observe that approximately 75% of those species individuals are of
high conservation carn but were assessedR8or IL in response to climate chandedure
6d). 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%, @03
of G2 and 65% of G3 species individuals were found to be vulnerfagier¢ 6h. Figure 6balso
illustrates that a majority of species in the G4 and G5 ranksR&oelL with climate change.
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Figure 6. Percent obpeciesndividualsfrom rounded state (a.) and global (b.) conservation rankings that falhwith

each vulnerability categorif. two rankings existed, we rounded to the more imperiled status to keep a conservative
rankingNot e t hat f@Anodo repr esent sdusihggahe COWTheesame species codd havied u al s
been evaluated multiple times if it resided in multigieS unitsFor example, if the same species resided in two

different parks, we ran that species through the CCVI twice, changing park attributes atg.o@tihgbreeding

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 rutisee of these runs produce¥&
ranking(Table 5) The greenalamanderAneices aeneuys present in three separate parks,
accounted for all three of these rankinfise Tennessee cavalamander@yrinophilus
palleucug wasPSin Cumberland Gap National Historic PaRactors that contributed to the
MYV ranking of thegreen alamaner includedlimited dispersal ability, physiological hydrologic
niche,andphysical habitat requiremeniBhegreen alamandeshows narrow habitat specificity,
using damp rock outcrops for laying eggs and residaifdsdn 2003).

Table 7. CCVI scoresandglobal (G) and stat€S) Conservation Status Ranft® amphibians in specifislPS units
within the CUPN.

Species G-Rank SRank Index Park
Green SalamandeAfeides aenelis G3G4 S3 Moderately Vulnerable CARL
Green SalamandeAfeides aenelis G3G4 S3 Moderately Vulnerable LIRI
Green SalamandeAfeides aenelis G3G4 S3 Moderately Vulnerable RUCA
Tennessee Cave Salamandeyrinophilus palleucus G2 S2 Presumed Stable CUGA
Birds

Avian species represented the taxonomic group with the highest abund&@¥lof
candidate specieBirds also contained the highest proportion of species with Index scd?& of
or IL, with only eightMV to HV individuals out of 98otal assessmentshe RedCockaded
Woodpecke(Picoides borealis a prominent species of consdiga concern, displayed the
highest vulnerability oéll the bird species assess€adusal factors included intensive forest
management practices thagtect oldgrowth pine forestand increased efforts of fire
suppressiomver the past several decadegon et al. 1986)Further, tlis speciehasrelatively
short dispersal ranges to suitable habitat (Walters 1880jors important in promoting the
vulnerability of the Canada warbl@Nilsonia canadensjsand darkeyed juncdJunco hyemalis
include plysiological hydrological niche space amdbdeled future habitatespectively
(American Or ni t hol ogi st sdé UmheGamadawarbleéd habitatlishocahzadn'y r e
to swamps, bogs, or forested wetlands (Miller 1999). The-elaeki junco showedgiificant
decreases in modeled future habitat that contributed heavilyNtithdex ranking (Matthews
etal. 2011)
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Long-distance dispersal capacity and a broad historical hydrological niche accaunted

part for the substantial list of¥and ILindividuals.Many longdistance migrants easily

overcome both anthropogenic

and natur al

ranking for the factors considering the effect of barriers on climate change vulner@hiitiact

that these specievé in diverse areas over the course singleyear necessitates a certain

degree of ecological adaptability, incladia wide dietary and habitat breadthese factors

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

Table 8 CCVI scoresandglobal (G) and stat€S) Conservation Status Ranf@ birdsin specificNPS unitswithin

the CUPN
Species G-Rank  S-Rank Index Park
RedCockaded WoodpeckePicoides borealis G3 S2 Highly Vulnerable CHCH
RedCockaded WoodpeckePicoides borealis G3 S1 Highly Vulnerable CUGA
Canada WarbleWilsonia canadeni G5 S3B Moderately Vulnerable ABLI
Canada WarbleMilsonia canadenki G5 S3B Moderately Vulnerable CUGA
Canada WarbleWilsonia canadeni G5 S3B Moderately Vulnerable MACA
Dark-eyed JuncoJunco hyemalis G5 S2S3B,S5N  Moderately Vulnerable ABLI
Dark-eyed JuncoJunco hyemaljs G5 S2S3B,S5N  Moderately Vulnerable CUGA
Dark-eyed JuncoJunco hyemalis G5 S2S3B,S5N  Moderately Vulnerable MACA
Bachman's SparrowA{mophilia asivalis) G3 S2 Presumed Stable CHCH
Bachman's SparrowA{mophilia astivali$ G3 S1/S2b Presumed Stable CUGA
Bachman's SparrowA{mophilia astivali} G3 Sib Presumed Stable MACA
Bald Eagle KHaliaeetus leucocephalys G5 S2S3B,S3N  Presumed Stable CUGA
Bald Eagle Haliaeetus leucocephallus G5 S3B Presumed Stable LIRI
Bald Eagle Kaliaeetus leucocephalys G5 S2B,S2S3N  Presumed Stable MACA
Bald Eagle Haliaeetus leucocephalys G5 S3B Presumed Stable RUCA
Bank Swallow Riparia riparia) G5 S3B Presumed Stable MACA
Blackburnian Warbler@endroica fusca G5 S1S2B Presumed Stable ABLI
Blackburnian Warblerendroica fusca G5 S1S2B Presumed Stable CUGA
Blackburnian Warbler@jendroica fusca G5 S1S2B Presumed Stable MACA
Black-crowned Nightheron (Nycticorax G5 S1S2B Presumed Stable MACA
nycticorax
Blue-winged Teal Anas discork G5 S1,S2B Presumed Stable MACA
Brown CreeperCerthia americani G5 S1S2B,S4S5 Presumed Stable ABLI
N
Brown CreeperCerthia americang G5 S1S2B,S4S5 Presumed Stable CUGA
N
Brown Creeper Certhia americana G5 S1S2B,S4S5 Presumed Stable MACA
N
Cerulean Warbler§endroica cerulea G4 S1 Presumed Stable CHCH
Cerulean Warblerendroica cerulea G4 S3B Presumed Stable CHCH
Cerulean Warbler§endroica cerulea G4 S3B Presumed Stable CUGA
Cerulean Warblerendroica cerulega G4 S3B Presumed Stable FODO
=

n

barr.i

t



Assessing Potenti al Cli mate Change Effects on Species
Cerulean Warblerfendroica cerulea G4 S3B Presumed Stable SHIL
Cerulean Warblerendroica cerulea G4 S3B Presumed Stable STRI
Common MoorhenGallinula chloropu$ G5 S1S2B Presumedbtable MACA
Common MoorhenGallinula chloropu3 G5 S1S2B Presumed Stable MACA
Common Ravenorvus corax G5 S1,S2 Presumed Stable CUGA
Golden EagleAquila chrysaetgs G5 S1 Presumed Stable CUGA
Goldencrowned Kinglet Regulus satrapa G5 S2B,S5N Presumed Stable CUGA
Henslow's Sparrowmmodramus hanslowii G4 S3B Presumed Stable MACA
Hooded Merganset.6phodytes cucullatyis G5 S1S2B,S3S4 Presumed Stable MACA

N
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 Sawwhet Owl Aegolius acadicys G5 S1 Presumed Stable CUGA
Northern Sawwhet Owl Aegolius acadicys G5 S1B, S2N Presumed Stable CUGA
Peregrine FalcorHalco peregrinuy G4 S1b,S1n,S2n Presumed Stable CUGA
Peregrine FalcorFalco peregrinuy G4 Sin Presumed Stable FODO
Piedbilled Grebe Podilymbus podiceps G4 Slb, S4N Presumed Stable MACA
Rosebreasted GrosbeaPljeucticus G4 S2S4B Presumed Stable ABLI
ludovicianu$
Rosebreasted GrosbeakRlieucticus G4 S2S4B Presumed Stable CUGA
ludovicianu$
Rosebreasted GrosbeaPRljeucticus G4 S2S4B Presimed Stable MACA
ludovicianu$
Savannah Sparrowasserculus sandwichengis G5 S2S3B,S2S3 Presumed Stable MACA
N
Sedge Wren(istorthorus platens)s G5 S3B Presumed Stable MACA
Swainson's Warblet{mnothlypis swainsonii G4 S2B Presumed Stable CUGA
Vesper Sparrowfooecetes graminelus G5 S1B, S4N Presumed Stable CHCH
Vesper Sparrowfooecetes graminels G5 S1B Presumed Stable MACA
American CootFulica american G5 S1B Increase Likely MACA
Bewick's Wren Thryomanes bewichii G5 S1 Increase Likely CHCH
Bewick's Wren (Thryomanes bewichii G5 S3B Increase Likely MACA
Bewick's Wren Thryomanes bewichii G5 S1 Increase Likely STRI
Cooper's HawkAccipiter cooperi) G5 S3B, S4N Increase Likely LIRI
Cooper's HawkAccipiter cooperi G5 S3B, S4N Increase Likely RUCA
Goldenwinged Warblerermivora G5 S2B Increase Likely ABLI
chrysoptera
Goldenwinged Warbler Yermivora G4 S1 Increase Likely CHCH
chrysoptera
Goldenwinged Warbler\ermivora G5 S2B Increase Likely CUGA
chrysoptera
Goldenwinged Warbler{ermivoia G5 S2B Increase Likely MACA
chrysoptera
Great EgretArdea albag G5 S2B,S3N Increase Likely CHCH
Great EgretArdea albg G5 S2B,S3N Increase Likely FODO
( ]
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Great EgretArdea albag G5 S2B,S3N Increase Likely SHIL
King Rail (Rallus elegans G4 S1B Increase Likely MACA
Lark Sparrow Chondestes grammadus G5 S2S3B Increase Likely ABLI
Least FlycatcherHpidonax minimus G5 S1B Increase Likely ABLI
Least FlycatcherEHpidonax minimus G5 S1B Increase Likely CUGA
Least FlycatcherHpidonax minimus G5 S1B Increase Likely MACA
Little Blue Heron Egretta caerulen G5 S2B,S3N Increase Likely FODO
Little Blue Heron Egretta caerulep G5 S1B Increase Likely MACA
Little Blue Heron Egretta caerulen G5 S2B,S3N Increase Likely SHIL
Mississippi Kite (ctinia mississippiens)s G5 S2S3 Increase Likely FODO
Olive-sided FlycatcherGontopus coopeyi G4 S1 Increase Likely CHCH
Olive-sided FlycatcherGontopus coopeyi G4 S1 Increase Likely CUGA
Osprey Pandion haliaetus G5 S2S3B Increase Likely ABLI
Osprey Pandion haliaetu¥ G5 S2S3B Increase Likely CUGA
Osprey Pandion haliaetus G5 S2S3B Increase Likely MACA
RedBreasted Nuthatct$ftta canadens)s G5 S1B Increase Likely ABLI
RedBreasted NuthatctSftta canadens)s G5 S1B Increase Likely CUGA
RedBreased Nuthatch $itta canadens)s G5 S1B Increase Likely MACA
SharpShinned HawkAccipiter striatu$ G5 S3B, S4N Increase Likely ABLI
SharpShinned HawkAccipiter striatu$ G5 S3B Increase Likely CHCH
SharpShinned HawkAccipiter striatu$ G5 S3B Increase Likely CUGA
SharpShinned HawkAccipiter striatu$ G5 S3B Increase Likely FODO
SharpShinned HawkAccipiter striatu$ G5 S3B, S4N Increase Likely MACA
SharpShinned HawkAccipiter striatu3 G5 S3B Increase Likely SHIL
SharpShinned HawkAccipite striatus G5 S3B Increase Likely STRI
Snowy EgretEgretta thula G5 S2B,S3N Increase Likely SHIL
Winter Wren {Troglodytes troglodytgs G5 S2B,S4N Increase Likely CUGA
Yellow-bellied SapsuckeiSphyrapicus variys G5 S1B, S4N Increase Likely CHCH
Yellow-bellied SapsuckeiSphyrapicus varids G5 S1B, S4N Increase Likely CUGA
Yellow-bellied SapsuckeiSphyrapicus variys G5 S1B, S4N Increase Likely FODO
Yellow-bellied SapsuckeiSphyrapicus varids G5 S1B, S4N Increase Likely SHIL
Yellow-bellied Sapscker Sphyrapicus variys G5 S1B, S4N Increase Likely STRI

Fish

A total of six atrisk fish were assessed in this studyo of which resulted in vulnerable

index scoregMV and HV) (Table 7) Geographic isolation and anthropogenic barriers were

important factors in limiting the dispersal of both theughern cavefiskiTyphlichthys

subterraneusand the Carolinaatter(Etheostoma colljs Particular barriers for dispersal

include developments, dams, and areas experiencing poor water dralifye avefish,

pollution and groundwater pollution caves puts the species in further risk of anthropogenic
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effectsin addition to climate changBoschung and Mayden 2004l four other fish species
assessed weresPwith increased dispersal ability playiag important role in neutralizing
vulnerability.

Table 9. CCVI scoresandglobal (G) and stat€S) Conservation Status Ranta fish in specificNPS unitswithin
the CUPN

Species G-Rank  SRank Index Park
Southern Cavefishlfyphlichthys subterraneus G4 S2S3 Highly Vulnerable MACA
Carolina DarterEtheostoma collis G3 SNR Moderately Vulnerable  KIMO
Blue Shiner Cyprinella caerulex G2 S1 Presumed Stable LIRI
Mountain Blackside Dacé’foxinus G2 S1S2 Presumed Stable CUGA
cumberlandens)s

Spotted Deer (Etheostoma maculatym G2 S2 Presumed Stable MACA
Western Sand DarteA(nmocrypta clara G3 S1 Presumed Stable CUGA
Mammals

Out of thenineteermammals run through the CCMI2 producedMV to HV rankings
(Table 8) Out of thesdwelve tenwere kat speciesk-or 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 cobuiied to vulnerability for the grayyutis
(Myotis grisescensas the species procures food near riparian areas that are negatively affected
by insecticides and pesticidddqrthern Prairie Wildlife Research Center 200&)r
Raf i ne s-ganed BagCorpnoriginus rafinesquij t h e soferarce of ratdiral ana
anthropogenic disturbance events at theistiog sites contributed to its MV andvHndex
scores (Harvey 1991). Not all bats were vulnerable, however, as the Easterfostedlmyotis
(Myotisleibii) andthe Indiana bat\yotissodalis) both receivedPSIndex scores. Interestingly,
the Eastern spottedtunk (Spilogale putoriuswasthe only norbird speciesssessed ak |due
in large parto its dietary behavior as an opportunistic omnivore (Caire et al. 1D&8).
remainingfour CCVI runs on not#bat species yieldeldSscores
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Table 10. CCVI scoresandglobal (G) and stat€S) Conservation Status Ranf® mammalsn specificNPS units
within the CUPN

Species G-Rank S-Rank Index Park
Rafinesque's Bigared BatCorynorhinus G3G4 S3 Highly Vulnerable MACA
rafinesqui)

Rafinesque's Bigared BatCorynorhinus G3G4 S3 Moderately Vulnerable CUGA
rafinesqui)

Rafinesque's Bigared BatCorynorhinus G3G4 S3 Moderately Vulnerable  SHIL
rafinesqui)

Southeastern myotid/yotis aistroriparius) 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 Skunkgilogale putorius G5 S2S3 Increag Likely CUGA
Southeastern Shrev@¢rex longirostris G5 S4 Presumed Stable SHIL
Southeastern Shrev@@rex longirostriy G5 S4 Presumed Stable STRI
Southeastern Shrev@¢rex longirostris G5 S4 Presumed Stable CHCH
Eastern Smalfooted Myotis Myotis leibii) G3 S2 Presumed Stable CUGA
Eastern Smalfooted Myotis Myotis leibi) G3 S2 Presumed Stable MACA
Indiana Bat {lyotis sodali} G2 S1S2 Presumed Stable CUGA
Indiana Bat /yotis sodali} G2 S1S2 Presumed Stable MACA
Allegheny Woodratleotoma magier) G3G4 S3 Presumed Stable CUGA
Mollusks

All thirteenmollusk species evaluated with the CCVI were classified in one of the
vulnerability categories (MV, HV, or EV)Table11). Factors that tended to increase mollusk
vulnerability to climate changadluded natural and anthropogenic barriers along with dispersal
and movement due to the sessile behavior of molldd&Busks also rely on fish for larvae
dispersal, and species suclclabshell Pleurobema claveandthe northernriffshell
(Epioblasmadrulosa rangiandare particularly vulnerableecausé¢hey 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 speeiebiailn
(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 survivd traits that might change if temperatuexteme weather eventandother

disturbances increase with climate chamymketbook l(ampsilisovate was the only species to

34

—
| —

n

t



Assessing Potential Cli mate Change Effects on Species

be MV because it hasioregeneralized habitat requirements and adapts well to impounded

rivers.

Table 11. CCVI scoresandglobal (G) and stat€S) Conservation Status Ranks mollusksin specificNPS units
within the CUPN

Species G-Rank SRank Index Park
Snuffbox Epioblasma triquetra G3 S1 Extremely Vulnerable MACA
Ring Pink Obovaria restusp G1 S1 Extremely Vulnerable MACA
Rough PigtoeRleurobema plenujn G1 S1 Extremely Vulnerable MACA
Northern Riffleshell Epioblasma torulosa rangiana G2T2 S1 Extremely Vulnerable MACA
Kentucky Creekshel\Millosa ortmann) G2 S2 Extremely Vulnerable MACA
Clubshell Pleurobema clava G1G2 S1 Extremely Vulnerable MACA
Spectaclecas€C(umberlandia monodonta G3 S1 Extremely Vulnerable MACA
Pyramid PigtoeRleurobema rubrum G2G3 S1 Highly Vulnerable MACA
SheepnoseRlethobasus cyphyls G3 S1 Highly Vulnerable MACA
Pink Mucket Lampsils abruptg G2 S1 Highly Vulnerable MACA
Fanshell Cyprogenia stegarig G1 S1 Highly Vulnerable MACA
Longsolid Fusconaia subrotunda G3 S3S4 Highly Vulnerable MACA
Pocketbookl(ampsilis ovata G5 S1 Moderately Vulnerable = MACA
Reptiles

Thepine snake(Pituophis melanoleucisvas theonly reptilian candidate species in the
CUPNassesse(lrable 11) With habitat preferences for dry, sandy shrubland anddvaihed
open pine forests that are likely to remain stable with the onset of climate changpetigs
assessment generateBalndex rating.The ecology of this species, however, remains relatively
unknown compared to other specieseaydtile (Burger 1990. Because of the small sample of at
risk reptiles this species should not be consideredeggntative of all reptiles in the CUPN.

Table 12. CCVI scoresandglobal (G) and stat€S) Conservation Status Rant® reptilesin specificNPS units
within the CUPN.

Species G-Rank S-Rank Index Park
Pine SnakeRituophis melanoleuciis G4 S354 Presured Stable NISI
Plants

Just over half thewelve plants run through the CCVI1 yield&dV to HV CCVI scores.
The abundance and range of butteXduglans cinerep aHV species, has suffered heavily in
recent years due to the infliction of the fungus kn@asrbutternut canker diseg&rococcus
clavigignenttjuglandacearum(Skilling 1992). Heartleaf plantamiso received an HV ranking.

The planthas limited dispersal ability and is susceptible to changes in water quality resulting
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from agricultural actiities (NatureServ@2011). Another species, the larg®wer skullcap
(Scuttellariamontang, received a MV ranking due to its narrow environmental specificity
whichincludes poor competitive ability and sensitivity to specific light regimes. Additignally
this plant has displayed a high susceptibility to disturbance in its rocky h&ktdtcapmay

also benefit from fire, although often does poorly in early successional systems (Collins 1976).
Anthropogenic barriers, including agriculture and inteniimber management, act as effective
barriers to the dispersal nfany of theplants in oldgrowth forests. Other factors playing
prominent roles in thewnerability rankings of these plants include competition with exotic

invasive species, adverse effeatglisturbance, and narrow physiological hydrological niche.

Table 13. CCVI scoresandglobal and state conservation status ranks for plants in specific National Parks within the
Cumberland Piedmont Network.

Species G-Rank SRank Index Park

Butternut Juglans cinerea G4 S2S3 Highly Vulnerable MACA
Butternut Juglans cinerep G4 S2S3 Highly Vulnerable STRI

Heartleaf PlantainRlantago cordat G4 S1 Highly Vulnerable CHCH
Butternut Juglans cinerep G4 S2S3 Moderately Vulnerable  CUGA
Cutleaf MeadowParsnip Thaspium pinnatifiduipn G2G3 S1 Moderately Vulnerable = CHCH
Cypressknee SedgeGarex decomposija G3G4 S2 Moderately Vulnerable  MACA
Largeflower Skullcap Scutellaria montang G3 S2 Moderately Vulnerable  CHCH
Bearded SkeletongrasSymnopogon alriguug G4 S2S3 Presumed Stable MACA
French's Shootingstab6decatheon frenchii G3 S3 Presumed Stable MACA
Il -scented WakerobirnT¢illium rugelii) G3 S2 Presumed Stable FODO
Oglethorpe's OakQuercus oglethorpengis G3 S3 Presumed Stable NISI

Travekr'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 projectiggenaratedrom the
same modeltherefore, dlprojections have theameROC 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 tHa@cause MaxEnt does not use true absences, the
ROC curve produced is based on sensitivity and the proportion of backgcases predicted to

b e A hdlbus, it ia mot what is considered to be a true ROC curve and cannot be compared
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to the ROC curves of other modetslditionally, because our geograplextent was larger than
the green salamander6és current range, the AUC
predicting norhabitat well at the expense of correctly predicting hatfBatart, NatureServe,
pers comm 2012)

Therefore, we lookdat the gnsitivity of the model (true positive rati®) assess model
performanceFor this model, the sensitivity 68975 for the training data and 0.957 for the test
data pased on a threshold of 0.026 habitat probabilitirerefore, the model correctly predict
suitable conditions for thgreen salamandénat encompass 97.5% of the occurrences for the
training runand 95.7%of the occurrences for the test r{39% of the original presence points
were held back to test the model)

In this model, pecipitationin the driest quarter has the largest relative contribution of all
the variables (Tabl&4). Additionally, based on the results of ja&kifing, both precipitation in
the driest quarter and annual precipitatame very important variables (Appendix Figure 1).
Thesetwo 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 thisehddth in terms of percent

contribution and gain in jackknifing.

Table 14. Estimates of relative contribution of each variable in the training nfodéie green salamandekrieides
aeneud

Environmental Variables Used in Modeling Percent Contribution
Precipitation Driest Quarter (B817) 54.2

Annual Precipitation (ED2) 26.4

Max Temperature Warmest MonthI(&5) 104

Precipitation Coldest QuarteBI019) 6.9

Mean Temperature Driest Quar{&09) 2

TRMI 0

The predicted area of suitable habitziged on a threshold of 0.026 habitat probability)
decreases substantjabetween the preseand 2@0 (Figures/ and8). The range of suitable
habitat contracts in the futueadshiftsout of the CUPN into the southern Appalachian
Mountains.lt is worthreiteratingg hat t hi s model 6s projections re
climaticallysui t abl e. This does not necessatreitoy coin

other important variablesuch as biotic interactions and microhabi@aditions
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Figure 7. MaxEnt habitat suitability surface ftine green salamandekrieides aeneisRed indicates a high probability of suitable habitat.
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n

MaxEnt handles novel combinations of bioclimatic variables by restricting the
predictions to the range of combinations used to train the ni@H#lips™®). MaxEnt calls this
0 c | a mp iavadhve less confidence in the predictions in areas that have been clamped
because we cannot predict how species will respond to novel climate conditians. crucial
to note becaussomeareas of high clamping caide heavily with those areas predicted to be
green salamander habitat in 208@yUre9; full clamping maps can be found in Appendix

Figure2); thereforepredictions in these arebisely less certain

0 30 60 120 180 240 0 30 60 120 180

40
Kilometers

Kilometers

MaxEnt Habitat Suitability MaxEnt Clamping
Probability High : 1
s High - 1 O

- — Low: 0

L Low: 0

Figure 9. Predicted green salamander habstatability 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 predictionshitbs@in areas of less clamping.

BiomodEnsemble
Each of thdive models selectegrecipitation of driest quartes the most important
predictor variable and eliminated TRMI from consideraibable 14 and Appendix EJhis

confirms our exploratory datanalysiswhich assigned the highest correlatomefficient (R

'® A Brief Tutorial on Maxent. Availablelatp://www.cs.princeton.edu/~schapire/maxent/
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value < 0.05}o precipitation of driest quarterd one of the lowest correlation coefficents (p
value < 0.05}o TRMI (AppendixC: Figure 3.

The sensitivity score is an indicator of a donodel when using speciescurrence
points and pseudabsence (as opposed to true absence points) because it quantifies how well the
model classified true speciescurrencgoints as suitable habitat (Table 15). Each of our models
performed well givenhis scoring method (Table 15).

Thefirst ensemble approach, the ensemble average, shows a probability surface
constrained around tiseuthern Ap@lachian Mountains (Figure LOrhesecondensemble
approach, the areas of binary habitat agreement, illustitztevast discrepancies between the
different modeling techniques (Figure 1The GLM is the least constrained of the models
because the automatic stepwise regression resulted in the eliminatianesivironmental
variables from the final model (to dekie parsimony). The rest of the models in the ensemble
retained alfive of the aiginal environmental variablebpwever the differences are still marked.
Suitable climatic range reaches into southern Louisiana for some of the models, but is

constrainedo thesouthern Appalachian region in other models.

Table 15 Sensitivity score$or test datdor each of the 5 models in the ensenfblethe green salamandekrieides
aeneud

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 indicgiesiailgiity

of climatic suitabilityfor the green salamand@neides aenelis
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Figure 11 Areas of agreement fdlaxgnt, CTA, GLM, GAM, GBM models. Green areasdicateconsensus
across all five modelfor suitable green salamand@meides aenejsabitat.
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Summary

Currently, NPS records cite the green salamandevarPark Service unitd.IRI and
CARL), with potential presence inthird Pak Service unifRUCA). MaxEntpredicts suitable
habitat in all of thes@ark Service unitéTable 16)However, MaxEnt noticeably owgredicts
current salamander suitable habitat when compared to where the salamander is actually
presumed presefitable B).

Overlaying the binary predictions of each model algorithm allows us to compare which
CUPN units may contain suitable green salamander habitat in the MaxEnt and the
ensemble consens(ssing all five modelsghowrather compatible resultsith respect to future
habitat prediction§Table 16)Both techniques predict thatRl and RUCA will lose their
habitat(and potential habitat, respectivelijaxEnt predicts that suitable habitat will remain in
CARL through 2080, but the ensemble consensas dot 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 sadarhabitat
within the CUPN using MaxEribased on a threshold of 0.026)dtheensembleThe ensemble
consensus for 2050 and 2080 contains about half as much suitable habitat than the respective
MaxEnt predictiongTable 17) However, both methods shawsubstantial 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 @AX0 megeensalamandéiabitat was pradbet! te 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 Current 2050 2080 2050 2080
Records
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 the green salamandevithin the CUPN

Suitable Habitat Area (km?)

Projection MaxEnt Ensemble Consensus
Current 109,978 nl/a

2050 7,274 4,164

2080 5,326 2,852

4.2.2 Scutellaria montana  (Large Flowered Skullcap)
MaxEnt
Thelargeflowered skullcapmodel has a training area under the cyAMaC) of 0.990
and a test data AUC 6£99Q Again, MaxEnt does not produce a true ROC curve and may have
inflated AUC values. Therefore, agth the green salamander, it is more beneficial to look at

model sensitivity than model AUChis model had a trugositive rate of 1 for both the training

n

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 modelmean temperatuiia the wettest quarter bahe largestelative contribution

of all the variables (Tabl&8). Additionally, bkased on the results of jakkifing, bothmean
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temperature in the wettest quarter and sodsvery important variables (Appendx Figure3).
These two variables had the highest galmen a model was constructed using each alone,
meaningthat these variables contain unique information with high predictive power. Conversely,
precipitation in the driest quartappears to be the least important predictor in this model in
terms of percentontribution(Table 18)and TRMI appears least important in termgai in
jack-knifing (AppendixD: Figures).

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 ouslimid (Figure 13), the probability bfoclimatic
suitability in those areas \&ry low (almost indistinguishable from zero habitat probability on
the probability surface) (Figure 1¥pry little clamping occurred in the projection of this model;
therefoe, we do not expect novel combinations of climatic variables to highly influence our
habitat probability projectiong$AppendixD: Figure4).

Table 18. Estimatesf relative contribution of each variable in the training mdbelgreen salamander withireth
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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Current Range Projection 2050 Range Projection

2080 Range Projection
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Figure 12. MaxEnt habitat suitability surface ftargeflowered skullcap $cutellaria montan. Red indicates highrobability ofclimatic suitability.
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Current Suitable Habitat Projection 2050 Suitable Habitat Projection 2080 Suitable Habitat Projection
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Geographic Coordinate System: North American 1983
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Figure 13. MaxEnt habitat suitability projections ftargefloweredskullcap (Scutellariamontana. Binary predictions based on a threshold oDQ.td balance
training omission, predicted area and threshold value.
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n

Biomod Ensemble

Four out of five models selected mean temperature of wettest quarter as the most
important predictor variable @M is the exceptionjTable 18 and Appendix:Eigure 4. The
GLM eliminated soil from consideratiqAppendix E Figure 3. This confirms our exploratory
data analysis which suggedimean temperature of wettest quarter was the highest corrgdated
value< 0.05)with species presence while soil was not significantly correl@ppendix 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 sicguifi range contraction within our study
area (Figures 14 and 15). The model agreement approach shows no areas Viled tike
models within our ensemble agree. The mean acroBgeathodels resulted in no areas
predictedwith a high probability oBuitableconditions

Table 19: Sensitivity scores for each of the 5 models used in the ensénktdege floweredskullcap (Scutellaria
montana.

Model Sensitivity Score
CTA 98.214
GAM 98.214
GBM 98.81
GLM 96.429
MaxEnt 100
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2050 Ensemble Average 2080 Ensemble Average
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Figure 14. Mean takeracross the probability surfaces offale models Red areas indicatégh climatic suitability
for largeflowered skullcagScutellaria montana
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Figure 15. Ensembleof MaxEnt, CRT, GLM, GAM, GBM modelfor largeflowered skullcapThe highest
consensuwvas only between two models, showronange(Scutellaria montanga
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Summary

Currently, NPSecords indicat¢he largeflower skullcapoccursin one CUPNunit,
CHCH, which is confirmed by our MaxEnt projectioraple 20)However, the bioclimatic
range 6 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 foundTable 20).

The ensemble consensus shomeseis nowhere within the CUPNitsall five
suitability modelsagree upomsuitable skullcap habitat the future(Table 20).n fact, the
highest consensus was between two models, the area ofis/atdine very northernmost portion
of the CUPN (Figurd4). The predicted area of suitable habitathin the CUPNbased on the
MaxEnt modelbased on a threshold of 0.002 habitat probability) decreases substantially
between the present and 2q@@ble 21).This raises concerns as to whether any parks will

contain sutable skullcap habitat in the future.

Table 20.Resultsof MaxEnt and ensemble model output (consensus of all 5 models) for each park within the
CUPN. An AXo0 meage Bowdrdd akullcapabitat wasbpteeicted to be within that park. Tdogs
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 Current 2050 2080 2050 2080
Records
ABLI

CARL

CHCH X X
COWP

CUGA

FODO

GUCO

KIMO X X
LIRI X
MACA

NISI

RUCA X
SHIL

STRI
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Table 21. Predictedarea of suitable habitatithin the CUPNfor large-floweredskullcap (Scutellaria montana

Suitable Habitat Area (km?)

Projection MaxEnt Ensemble Consensus
Current 29,252 nla

2050 6,670 0

2080 1,606 0

4.2. 3 Sorex longirost ris (Southeastern Shrew)
MaxEnt

The southeastar shrewmodel has a trainingUC of 0.951and a test data AUC 6£826
In terms of mdel sensitivity, his model had a true positive rate0d®9 for the training data and
0.805 for the test datarhis means that it correctly predaidtonly 80.5% of the occurrence
pointsused in the test run.

In this modelminimumtemperature in theoldest month, mean temperature in the
wettest quarter, and mean temperature in the driest quarter Hachtre relative contributian
of all the variables (Tabl22). Accordingto the jackknifing, these three variables also had the
highest relative gaimgvealing that they are the masiportant variableg terms of predicting
suitable habitafAppendix D: Figureb). ConverselyTRMI is the least important variable, both
in terms of percent contribution (Tal#@) and in terms of gain in jaeknifing (Appendix D:

Figureb).

Thesout heastern shrewbs suitable habitat

the southern Appalachian Mountains by 2050 and ZBRBfures B and 7). MaxEnt over

predicts the shrewbds c urredetion (Figune L7). ahe targethemb i t a't

contracts in future projectiongery 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 projectios (Appendix D: Figuré).

Table 22 Estimatesf relative contribution of each variable in the training mddethe southeastern shre®drex
Longirostig.

Environmental Variables Used in Modeling Percent Contribution
Min Temperature Coldest Month (B6) 34.4

Mean Temperature Wettest Quarter (BIO8) 33.8

Mean Temperature Driest Quarter (BIO9) 27.5
PrecipitationDriest Quarter (BIQ7) 2.4

TRMI 09

Precipitation Driest Month (BIO14) 0.9
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Current Range Projection

2050 Range Projection

2080 Range Projection

0 90180 360 540 720
Kilometers

0 90180 360 540 720
Kilometers

f'/

Q

0 90180 360 540 720
o e w Kilometers

E States

D Study Area Boundary (TNC Ecoregions) MaxEnt Habitat Suitability
Cumberland Piedmont Network Boundary Probability

High : 1

B Low : 0

Emily Myron
March 31, 2012
Projection:North America Albers Equal Area Conic
Geographic Coordinate System: North American 1983
Note: Ranges laid over a hillshade

Figure 16. MaxEnt habitat suitability surface ftie soutleastern shrewSorex longirostis Red indicates high probability of climatic suitability.
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Figure 17. MaxEnt habitat suitability projections feoutheastern shreB@rex longirostis Binary predictions based on a threshold @B80.to balance training

omission, predicted area and threshold value.
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n

Biomod Ensemble

Three out of the five natels selected mean temperature invle¢test quarter as the most
important predictor variabl@ppendix E figure §. MaxEnt and GAM are the exceptions
having selectedhinimum temperatura thecoldest month as the most important predictor
variable(Table 22 and Appendix EJThe GLM eliminated precipitatioim the driest month and
precipitationin the driest quarter from considerati@kppendix E Figure 5. Exploratoy data
analysis revealed mean temperatarthewettest quarter to have the highest correlafpmalue
< 0.05)with species presen¢@ppendex CFigure 4.

The sensitivity scores rangeeatly showingconfidenceshould varyacross model
projectiong(Table 23) CTA had the worst sensitivity score in the ensemble.

Both of the ensemble approaches show significant range contradtiom @ur study
area (Figures 18 and 19he mean across die models resulted in no areas predicisd
having a high proability of containingsuitablehabitat(Figure 18).The model agreement
approach shows no areas wherdiadl of the models withitheensemble agre@igure 19) The
2050 projection showreas wheret most, four model projections overlap. Each offive
models is represented, lrbjectionsare not nested dsey werewith green salamander. The
2080 projectiorshows areas wherat most, three models overlap. CTA is not included in this
projectionbecause conversion to binary resulted in no suitiglasor 208Q

Table 23: Sensitivity scores for each of the 5 models used in the ensénkihe southeastern shre®drex
longirostig.

Model Sensitivity Score

CTA 33.333
GAM 83.333
GBM 87.344
GLM 74.608
MaxEnt 80.5

54

—
| —

t



Assessi Potenti al

ng

Cl

mate Change Effects on

Speci es

2050 Mean Probability Surface

2080 Mean Probability Surface

Study Area Boundary ~ Suitability Probability
(TNC Ecoregions) High : 1

Cumberland Piedmont S
Network Boundary L low: 0

\:] States

0 125 250 500 750 1,000

Kilometers

Laura Mendenhall
March 18, 2012
Projection:North America Albers Equal Area Conic

Geographic Coordinate System: North American 1983

Note: Ranges laid over a hillshade

Figure 18. Mean taken aass the probability surfaces of fille models. Red areas indicates high climatic
suitability for the southeastern shr€®orex longirostis
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Figure 19.Ensemble of MaxEnt, TA, GLM, GAM, GBM modeldor the southeastern shré®&orex longirostis

(CTA is omittedfrom the 2080 prediction)
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Summary

NPSrecords indicate the southeastern shrew is presumed pireiaete CUPNNPS
units CHCH, SHIL, and STRI)which is confirmed by our MaxEnt projection (Tal24).
However,MaxEnt overpredicts the number @lark service units the shrew is currently found in
(elevenrather than three). As the range of this species shifts northward in the future, MaxEnt
predicts suitale habitat to remain in one Park Service UBIVGA, yet, the shre is not
currently found hee (Table 24) Theensemble consensaBows no suitable conditiopsedicted
to be withn any of thel4 NPSunits ineither20500r 2080 (Table 24)

The predicted area of suitable habaatrentlywithin the CUPN (based on a threshold of
0.080 habitat pobability) decreases substantially between the present and 2080 Zbalblart
of this decrease-pirseddue itoon Ma x Brhted ss haveemd s
range still decreases slightly from 2050 to 20Bfe ensemble consensus prggegimarked
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 fAX0 meSautheasterh shremabstat Wwat peedidted 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 Current 2050 2080 2050 2080
Records
ABLI

CARL

CHCH X
COWP
CUGA
FODO
GUCO
KIMO
LIRI

MACA
NISI
RUCA
SHIL
STRI X

X X X X
x
x

P
X X X X X X X
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Table 25 Predicted area of suitable habitat within @gPNfor the southeastn shrew $orex longirostiks

Suitable Habitat Area (km?)

Projection MaxEnt Ensemble Consensus
Current 150,418 n/a

2050 33,055 7,072

2080 20,293 O

4.2.4 Plantago cordata (Heartleaf Plantain )
MaxEnt

The heartleaf plantain model has a training areder the curve (AUC) of 0.990 and a
test data AUC of 0.653. This model had a true positive raté6ffdr 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)d, thus, may not be a reliable
predictor of habitat (perhaps because the model may bdittgdrto the training data).

In this model, soil type habke largestelative contribution of all the variables (Table 26)
Results of the jacknifing indicatesoil is a much more important variable than the others, and
had the highest gain when a model was constructed using only this véippéndix D: Figure
7).Converselyprecipitation in the driest month anutecipitdion in the driest quarter had no
predictive capacity (Table 26)

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

Suitableconditions are currently predictecdband the southern Appalachians dyd2080there

is no suitable habitat lefeast of the mountair{&igures 12 and 13).he suitable habitat in the
northwest of the study area also increases in the fuEuen in areas that may be hab{tadsed
onathresholdof 0.042 (Figure21), the probability of those aas being suitable are very low
(almost indistinguishable from zero habitat probability on the probability surface) (Rgure
Very little clamping occurred in the projection of this model; therefore, we do not expect novel
combinations of climatic vardes to highly influence our habitat probability projections.
(Appendix D: Figure).
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Table 26. Estimatesof relative contribution of each variable in the training mddelheartleaf plantaifPlantago
cordatg).

Environmental Variables Used in Modelng Percent Contribution
Soils 91.1

Mean Temperature Wettest Quarter (BIO8) 6.1

Temperature Annual Range (BIO7) 1.4
PrecipitationWarmestQuarter (BIQL8) 1.3

TRMI 0.1

Precipitation DriesQuarter (BIO1Y 0

Precipitation Driest Month (BIO14) 0
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Figure 20. MaxEnthabitat suitability surface fdreartleaf plantainRlantago cordatq Red indicates higprobabilityof climatically suitable habitat.
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Figure 21. MaxEnt habitat suitability projectiorfer heartleaf plantainRlantago cordati Binary predictions based on a threshold di42 to balance training
omission, predicted area and threshold value.

60

—
| —

























































































































































































































































