Journal for Nature Conservation 76 (2023) 126499

&5

ELSEVIE

Contents flfists avafiflabfle at ScfienceDfirect

Journaf] for Nature Conservatfion

R journal homepage: www.elsevier.com/locate/jnc

gflobaf] bfiodfiversfity hotspot

Check for

Naturafl area vfisfitors’ wfiflflfingness to pay for amphfibfian conservatfion fin a ks

Kevfin Cavasos °, Ram K. Adhfikarfi>', Neeflam C. Poudyafl*", Aflexa R. Warwfick",

Matthew J. Gray #

2 Schoofl of Naturafl Resources, Unfiversfity of Tennessee, Knoxvfiffle, TN, USA
b Department of Ffisherfies and Wfidffils Mfichfigan State Unfiversfity, MI, USA

ARTICLE INFO ABSTRACT

Keywords: Transfer of harmfufl pathogens from fimported pet anfimafls to naturafl popuflatfions of wfifkiffife fisa new chaflflenge fin
Protected areas protected area management. Understandfing vfisfitors' preferences for, and vaflue they pflace on, protectfing
Dfisturbance bfiodfiversfity from such dfisturbances fis fimportant fin deveflopfing effectfive management finterventfions. By con-
Bﬁf;a;in ductfing a vfisfitor survey at two naturafl areas fin the Southern Appaflachfian regfion of the Unfited States, a gflobafl

hotspot of amphfibfian bfiodfiversfity, thfis study examfined naturafl area vfisfitors' wfiflflfingness to pay (WTP) to
conserve wfifld amphfibfian popuflatfions under two dfifferent assumptfions for the dfistrfibutfion of WTP — normafl and
flog-transformed. Resuflts from the retafined modefl assumfing a normafl dfistrfibutfion for WTP showed that vfisfitors
were wfiflffing to pay US$10.55 (95% CI US$9.61—US$11.50) per vfifit fin donatfion to ensure the persfistence of
heaflthy amphfibfian popuflatfions. Determfinants of findfivfiduafl WTP under both modefl specfifficatfions fincfluded the
percefived threat to amphfibfians from pathogen transmfissfion fin naturafl areas they vfisfit, thefir seflf-assessed fa-
mfiflfiarfity wfith generafl knowfledge about amphfibfians, the flevefl of fimportance they pflaced on the beneffits to
humans from amphfibfian bfiodfiversfity, and annuafl househofld fincome. These ffindfings are usefufl fin understandfing
the economfic vaflue of amphfibfian dfiversfity to naturafl area vfisfitors, and fin assessfing the vfiabfiflfity of a vfisfitor-

Smoky mountafin

supported mechanfism to fund projects mfitfigatfing anthropogenfic threats to amphfibfian bfiodfiversfity.

1. Introduction

Increasfing urbanfizatfion and growth fin human popuflatfions have
resuflted fin fincreased human-wfifldflfife finteractfion fin naturafl areas. Even
though naturafl areas such as natfionafl parks and reserves are set asfide for
the protectfion of natfive bfiodfiversfity, frequent finteractfion wfith human
popuflatfions can flead to enormous anthropogenfic pressures on the
wfifldflfie therefin. Human-finduced ffires, finvasfive specfies, and poflflutfion (e.
g., afir, water) have flong fimpacted bfiodfiversfity fin naturafl areas (Dodd,
2002; Caruso and Lfips, 2013; Wfiflson, 2014; Brahney et afl, 2020) but
transfer of pathogens from Wfisfitors to naturafl popuflatfions of wfifkflfie has
emerged as a new threat fin many flandscapes that harbor gflobeflfly sfig-
nfifficant bfiodfiversfity (Ffisher and Garner, 2007).

The centrafl and southern sectfions of the Unfited States’ Appaflachfian
Mountafin chafin have been fidentfiffied as a gflobaf]l hotspot of amphfibfian
bfiodfiversfity (Dodd, 2003). The Smoky Mountafin regfion of the Appafla-
chfians, fin partficuflar, possesses an extraordfinarfifly hfigh dfiversfity of
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amphfibfians wfith 31 specfies of saflamanders and 14 specfies of frogs and
toads (Dodd, 2004) known to occur finsfide the boundarfies of the Great
Smoky Mountafins Natfionafl Park (GSMNP). Studfies have reveafled sfig-
nfifficant decflfines fin saflamander popuflatfions fin GSMNP sfince the 1970 s
(Dodd, 2004; Caruso and Lfips, 2013), the hypothesfized resuflt of mufltfi-
pfle human finduced stressors fincfludfing fintroductfion of exotfic pathogens,
afir poflflutfion, cflfimate change, and hfigh vfisfitatfion (Dodd, 2003; Caruso
and Lfips, 2013; Sutton et afl,, 2015).

Evfidence suggests decflfines fin saflamander popuflatfions fin GSMNP
may be partfiaflfly attrfibutabfle to the fintroductfion of dfiseases known
spread through the flfive anfimafl trade, fincfludfing ranavfirafl dfisease (Rv)
and chytrfidfiomycosfis (Daszak et afl, 2006; Ffisher and Garner, 2007;
Pficco and Coflflfins, 2008). These dfiseases can gfifl over from captfive to
wfifld popuflatfions of amphfibfians vfia severafl human-medfiated pathways
(e.g., the reflease or fintroductfion of contamfinated anfimafls or fomfites)
(Peefl et afl,, 2012) and have been assocfiated wfith dfie-offs of amphfibfian
popuflatfions around the worfld (Berger et afl, 1999; Lfips et afl, 2006;
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Skerratt et afl, 2007). The potentfiafl for human medfiated spread and
transmfissfion of Rv and chytrfidfiomycosfis wfithfin and among amphfibfian
popuflatfions fis weflf] estabflfished (e.g., Mutschmann et afl, 2000; Raverty
and Reynoflds, 2001; Mazzonfi, 2003; Hanseflmann et afl., 2004; Jancovfich
et afl., 2005; Phfiflflott et afl., 2010).

Outdoor recreatfion and tourfism, fin partficuflar, are beflfieved to be
major contrfibutors to the movement and fintroductfion of exotfic patho-
gens finnaturafl areas (Anderson et afl, 2015) and sources of a mufltfitude of
stressors known to fimpact sensfitfive amphfibfian popuflatfions (Dodd,
2003). Trends finthe US suggest that finterest fin nature-based recreatfion
and Vfisfitatfion to naturafl areas contfinues to grow (Cordeflfl, 2008).
Indeed, durfing the perfiod 2011-2021, annuafl vfisfitatfion at GSMNP
fincreased 57 % from 9 nfiffin to over 14 mfifffion suggestfing stressors
fimpactfing the parks’ amphfibfian popuflatfions wifl flfiefly contfinue to

The precfipfitous gflobafl decflfines fin amphfibfian popuflatfions are con-
cernfing because humans beneffit from amphfibfian bfiodfiversfity fin a
mufltfitude of ways. Amphfibfians heflp support the stabfiflfity and resfiflfience
of ecosystems vfia energy and food web dynamfics fincfludfing reguflatfion of
finsect popuflatfions consfidered agrficuflturafl pests and vectors for dfisease,
and by servfing as a source of prey for numerous predatory specfies
(Dodd, 2004). Amphfibfians are aflso fimportant findficators of bfiodfiversfity
and ecosystem fintegrfity (Weflsh et afl, 2001), are Vfitafl to the productfion
of numerous medficfines and pharmaceutficafl products (Ozturk et afl,
2020) and hofld cuflturaf] or reflfigfious sfignfifficance to some peopfle (West,
2018). Conservfing GSMNP’s amphfibfian popuflatfions fis afitficafl to the
contfinued provfisfion of these beneffits, gflobafl amphfibfian bfiodfiversfity and
furtherfing our understandfing of the causes of, and soflutfions to, gflobafl
amphfibfian decflfines.

Indfivfiduafls have been shown to derfive uffiflfity from protectfing wfifld-
fifife, despfite not usfing the resource at #¥l(e.g., Stevens et afl, 1991). The
exfistence of findfirect-use vaflues for wfififlfie can have sfignfifficant fimpflfi-
catfions for naturafl area managers, as fit suggests vfisfitors may care about
these specfies and assfign vaflue to the beneffits they provfide to socfiety
(Barde and Pearce, 1991; Tfisdeflf],1991; Arnberger et afl, 2012; Dhakafl et
afl, 2012). As growth fin vfisfitatfion to GSMNP contfinues and pressure on
sensfitfive amphfibfian popuflatfions fintensfiffies, ffinancfiafl contrfibutfions
from vfisfitors may be one way to fund amphfibfian conservatfion fin the
Smoky Mountafin regfion. In an effort to understand the economfic vaflue
they pflace on specfies, prevfious studfies have estfimated findfivfiduaf] wfiflfl-
fingness to pay (WTP) for bfiodfiversfity (e.g. Chrfistfie et afl,, 2006; Bhat and
Soffi, 2021) and the conservatfion of findfivfiduafl specfies (e.g., Bowker and
Stoflfl, 1988; Bednar-Frfiedfl et afl, 2009; Zambrano-Monserrate, 2020),
fincfludfing an endangered frog fina gflobafl amphfibfian bfiodfiversfity hotspot
(Cerda and Losada, 2013). However, our current understandfing of the
vaflue vfisfitors pflace on amphfibfian bfiodfiversfity and thefir WTP fin
conservfing amphfibfians at the gflobeflfly sfignfifficant hotspots flfile GSMNP fis
fifimfited. The specfiffic research questfions addressed fin thfis study fs how
much do protected area vfisfitors know and care about the threats to
naturafl popuflatfions of wfifld amphfibfians fin the areas they vfifit and
whether and how much are they wfifffig to pay towards estabflfishfing a
pubflfic fund to conserve amphfibfian conservatfion (Tefisfl and O’Brfien,
2003). To fiHlthfis gap fin knowfledge, the specfiffic objectfives of thfis study
are to: 1) estfimate naturafl area vfisfitorss WTP to support amphfibfian
conservatfion finthe Smoky Mountafin regfion of the Unfited States, and 2)
understand whether and how psychoflogficafl constructs fincfludfing
knowfledge and vaflues reflated to amphfibfians, perceptfion of threats, and
socfiodemographfic factors finffluence vfisfitor WTP. The noveflty of thfis
study flfies fin the fact that whfifle substantfiafl flfiterature exfists fin vfisfitor
preferences of and wfiflflfingness to pay for recreatfionafl access (e.g., Cflara
et afl,, 2018), vfisfitor servfices (e.g., finterpretatfive servfices, facfiflfitfies) and
bfiodfiversfity fingenerafl (e.g., Bhat and Soffi, 2021), thfis fisthe ffirst study to
uffififize a non-market vafluatfion method to specfifficaflfly quantfify the non-
market vaflue of amphfibfian popuflatfions fin terms of vfisfitor wfiflflfingnessto
pay. In the next sectfion, we dfiscuss the study methods, fincfludfing

the survey sfites, survey desfign and admfinfistratfion, measurement of
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varfiabfles and regressfion modefl, foflflowed by the resuflts of the study,
dfiscussfion of thefir fimpflficatfions and concflusfions from the study.

2. Methods

2.1. Study sfites

Data needed fin thfis study was coflflected usfing an on-sfite survey of
vfisfitors at two naturafl areas - Great Smoky Mountafins Natfionafl Park
(GSMNP) and Hfighflands Bfioflogficafl Statfion - fin the Southern Appafla-
chfian regfion fin the Unfited States, wfidefly recognfized as a gflobafl hotspot
of amphfibfian bfiodfiversfity. Encompassfing over 2,000 sq km of forests
aflong the North Caroflfina — Tennessee border, the ffirst sfite (GSMNP)
possesses a hfigh dfiversfity of amphfibfians (31 specfies of saflamanders and
13 frog specfies) and has been desfignated both an Internatfionafl
Bfiosphere Reserve and Unfited Natfions Worfld Herfitage Sfite (Dodd 2003;
Natfionafl Park Servfice, 2022a; Ffig. 1). The GSMNP fis one of the flargest
protected areas fin the eastern US but faces tremendous anthropogenfic
pressure because of fit befing the natfion’s most vfisfited (over 14 nfifffin
vfisfitors fin 2021) natfionafl park (Natfionafl Park Servfice 2022). Ecoflogficafl
threats facfing GSMNP fincflude occasfionafl wfifldffire, a host of finvasfive
specfies fin the form of finsects, pathogens, mammafls, ffish and pflants, afir
poflflutfion and the fimpacts of cflfimate change (NPS 2022a). The second
sfite, Hfighfland Bfioflogficafl Statfion (HBS), fisa 9.3 ha campus of Western
Caroflfina Unfiversfity dedficated to supportfing regfionaflfly focused outdoor
educatfion and research. Located fin the Bflue Rfidge Mountafins finan area
noted for the dfiversfity of fits pflant and anfimafl ffife (Rficketts et afl., 1999),
the HBS nature center and botanficafl garden are popuflar destfinatfions for

day Wfisfitors prfimarfifly from the surroundfing communfitfies.

2.2. Survey desfign and admfinfistratfion

The one-page front-and-back survey questfionnafire contafined ques-
tfions regardfing famfiflfiarfity wfith, and fimportance of, varfious aspects of
amphfibfians and amphfibfian bfiodfiversfity, perceptfions regardfing path-
ogen threats, WTP for amphfibfian conservatfion and socfio-demographfic
characterfistfics. The anonymous and vofluntary survey finstrument and
protocofls were approved by the Unfiversfity of Tennessee’s Instfitutfionafl
Revfiew Board for human subjects’ research (Approvafl#: UTK IRB-21-
06428-XM). A Scfientfiffic Research and Coflflectfing Permfit was obtafined
from the US Natfionafl Park Servfice, and HBS on-sfite permfissfion was
obtafined from Western Caroflfina Unfiversfity. The fin-person survey was
admfinfistered from mfid-June to mfid-September 2021 at three flocatfions
fin the GSMNP (Cflfingman’s Dome, Sugarflands Vfisfitor Center and Oco-
nafluftee Vfisfitor Center) and at the HBS fin Hfighflands, NC. Exfitfing vfisfitors
were requested to compflete and return the survey onsfite. Partficfipants
were gfiven a smaflfl fincentfive (e.g., drfink koozfie, sungflass straps prfinted
wfith the “Smoky Mountafins” and a sketch of the mountafins). Because
thfis was an fin-person, on-sfite survey, two potentfiafl fifimfitatfions shoufld be
noted. Ffirst, sfince survey questfionnafires were compfleted on sfite, some
respondents may have been refluctant to skfip questfions they otherwfise
woufld have had no surveyor been fin the proxfimfity and, therefore, may
not have provfided truthfufl responses. We consfider thfis to be a mfinor
concern, however, as our survey referred onfly to a vofluntary donatfion
mechanfism to support amphfibfian conservatfion and dfid not finvoflve not
any type of bfindfing poflficy or reguflatfion proposafls fin the questfionnafire.
Addfitfionaflfly, we dfid not conduct the survey fin the format of an finter-
vfiew whereby the surveyor transcrfibes respondents’ verbafl responses;
rather respondents were gfiven the freedom to compflete the questfion-
nafires on thefir own and return them to dlafim thefir fincentfive regardfless
of whether, or how many, questfions were skfipped. The second potentfiafl
fifimfitatfion fis that findfivfiduafls who make frequent vfisfits to the survey sfites
may have ended up havfing a hfigher probabfiflfity of befing fincfluded fin the
survey sampfle; however we have accounted for any potentfiafl endoge-
nous stratfifficatfion (e.g., avfidfity bfias) as noted fin the dfiscussfion of the

regressfion modefl (Sectfion 2.4). Durfing the 14-week survey duratfion,
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Fig. 1. Survey flocatfions fin Great Smoky Mountafins Natfionafl Park.

1,494 +fisfitors compfleted the survey.

2.3. Measurement of varfiabfles

Respondents’  seflf-assessed famfiflfiarfity wfith amphfibfians was
measured on a 3-pofint ordfinafl scafle of famfiflfiarfity (1-Not at ¥l famfiflfiar,
3- Very famfiflfiar) wfith the questfion “Before readfing thfis survey, how
famfiflfiar were you wfith the foflflowfing aspects of amphfibfians?” The as-
pects fincfluded generafl knowfledge of amphfibfians (Knowfledge), rofle of
amphfibfians fin the envfironment, beneffits of amphfibfians to humans, and
status/trends of amphfibfian popuflatfions. The fimportance of amphfibfian
bfiodfiversfity was eflficfited on a ffive-pofint Lfikert scafle of fimportance (1-
Not fimportant, 5- Extremefly fimportant) wfith the questfion “How
fimportant or unfimportant are the foflflowfing aspects of amphfibfian
bfiodfiversfity to you?”; aspects fincfluded envfironmentafl beneffits, scfientfi-
ffic and educatfionafl vaflue, controflflfing harmfufl finsects, aesthetfic vaflue,
cuflturafl or reflfigfious sfignfifficance, and medficafl/pharmaceutficaf]l vaflue.
The extent to whfich Vfisfitors engage fin amphfibfian-reflated actfivfitfies
(Engage) was eflficfited wfith the questfion “Whfifle vfisfitfing naturafl areas,
how often do you fin engage fin amphfibfian-reflated actfivfitfies (e.g.,
searchfing, vfiewfing, fleamfing, photographfing)?; possfibfle responses
fincfluded never, sometfimes, frequentfly and reguflarfly. Respondents’
perceptfions wfith respect to amphfibfian pathogen threats (Threat) were
eflficfited wfith the statement “Transmfissfion of pathogens to amphfibfians fsa
serfious threat fin naturafl areas I often vfisfit” and rated on a ffive-pofint
Lfikert scafle of agreement (1 Strongfly dfisagree 5 Strongfly agree).
Whether respondents had ever seen an amphfibfian pet refleased finto a
naturafl area (Reflease) was aflso eflficfited.

We hypothesfized the exfistence of one flatent varfiabfle underflyfing the
fimportance of amphfibfian bfiodfiversfity to respondents. A factor (Beneffit)

representfing the hypothesfized flatent varfiabfle was extracted from the sfix
aspects of bfiodfiversfity usfing factor anaflysfis, the prfincfipafl-factor
method, orthogonafl rotatfion (DfiStefano et afl,, 2009). For fincflusfion as
an expflanatory varfiabfle fin our WTP modefl, we predficted a regressfion
score for Beneffit usfing a fleast squares regressfion approach (Thurstone,
1935) fin whfich the regressfion equatfion findependent varfiabfle fis the
standardfized observed vaflue of the fitem (fi.e., respondent response) fin
the estfimated factor (DfiStefano et afl, 2009). We assessed the sampflfing
adequacy and sufitabfiflfity of our data for factor anaflysfis usfing the Kafiser-
Meyer-Oflkfin (KMO) test, whfich findficates the proportfion of varfiance fin
the varfiabfles that mfight be caused by the underflyfing factor; the hfigher
the KMO vaflue, the more the varfiabfles share fincommon (Kafiser, 1974).
Respondents were asked to findficate thefir maxfimum per-naturafl-area-
vfisfit WTP to support amphfibfian conservatfion from 17 presented
vaflues $USD (0, 1, 2, 3, 5, 7,9, 12, 15, 20, 25, 30, 40, 50, 75, 100, >100)
fin a payment card (PC) format. Payment amounts were determfined
based on a revfiew of sinfiflar studfies examfinfing the pubflfic's WTP for
bfiodfiversfity conservatfion (e.g., Martin-Lopez et afl, 2008). The PC
method of vafluatfion eflficfitatfion assumes that respondents seflect the
aflternatfive that they beflfieve Wfl maxfimfize thefir uffiflfity. Before re-
spondents were asked to findficate the per trfip amount ($USD) they were
wfiff¥ig to donate toward amphfibfian conservatfion, they were asked to
read foflflowfing scrfipt.
“Recent data suggest that fif pathogens that move gflobeflfly through
trade are not contafined, many specfies of amphfibfians fin naturaf] areas
fifike the Smoky Mountafins coufld be finfected and dfisappear wfithfin the
next few decades. Suppose that a non-proffit fund for amphfibfian
conservatfion has to be estabflfished wfith vofluntary donatfions from
vfisfitors fifike yourseflf to protect amphfibfian popuflatfions from dfiseases.
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Assumfing thfis donatfion fi per-trfip and addfitfionafl to your reguflar trfip
costs and woufld be used excflusfivefly to ensure the persfistence of
heaflthy amphfibfian popuflatfions fin naturafl areas you vfisfit, pflease
findficate the maxfimum you are wfifffigto pay per tifip to thfis fund.”

The PC approach to efffidfitfing WTP (Mfitcheflfl and Carson, 1981; 1984)
provfides finformatfion on the fintervafl contafinfing a respondent’s per trfip
donatfion; the seflected WTP vaflue fis assumed to represent the flower
bound on each respondent’s WTP ($B, ) wfith the upper bound ($BU )
deffined as US$0.01 fless than the next hﬁghest payment card vaflue. For
exampfle, the seflectfion of US$20 fimpffiesthat true WTP fsbetween US$20
and US$24.99. Respondents’ true wfiflflfingness to pay, $B’, was modefled
usfing fintervafl regressfion, where the upper and flower bounds on each
fintervafl serve as the dependent varfiabfle (Cameron and Huppert, 1989;
Haab and McConneflfl, 2002; Ando and Reeser, 2022). Ffinaflfly, questfions
were fincfluded fin the survey questfionnafire to efffifit respondents’ de-
mographfic characterfistfics, fincfludfing annuafl househofld fincome (In-

come), gender (Femafle) and age (Age).

2.4. Regressfion modefl

Past studfies anaflyzfing vfisfitor behavfior have used ufiflfity theoretfic
demand modefls to estfimate wfiflflfingness to pay for bfiodfiversfity conser-
vatfion (Martin-Lopez et afl.,2007; Wang and Jfia, 2012), protected areas
(Zydron et afl,, 2021) and specfies conservatfion (Bowker and Stoflfl, 1988;
Bednar-Frfiedfl et afl., 2009; Kaffashfi et afl.,, 2015; Mzek et afl, 2022). The
basfic notfion fis that an findfivfiduaf] facfing an fincome constrafint makes a
chofice to spend thefir budget based on the aflternatfive that wifflmaxfimfize
thefir uffiflfity. Accordfingfly, an findfivfiduafl wifTl fifkefly pay more for a good
or servfice (e.g. protectfion of amphfibfian bfiodfiversfity) fif the expected
beneffit from fit exceeds the cost. The mean wfiflflfingness to pay fis then
estfimated fin a regressfion modefl where the decfisfion to pay a gfiven
amount for a good or servfice (fi.e. protectfion amphfibfian bfiodfiversfity) fis
modefled as a functfion of fincome, demographfic characterfistfics, knowfl-
edge, vaflues and perceptfion of threats.

The findfirect uffiflfity functfions (v) contafined finEq. 1 are used to derfive
the measure of compensatfing weflfare (c) necessary to equate vfisfitors’
uffififity wfith and wfithout protectfion of amphfibfian bfiodfiversfity; ¢ repre-
sents how much the naturafl area vfisfitor woufld be wfifffig to pay for
amphfibfian conservatfion Q! at prfice vector p! to achfieve the same flevefl
of utfiflfity as they woufld have wfithout protectfion of amphfibfian bfiodfi-
versfity p° Q° ' (Boyfle, 2011; Haab and McConnefl 2002):

v p’Q° y) =vp,Q.y c) @
Reflyfing on an effficfient maxfimum flfikeflfihood fintervafl regressfion

technfique devefloped by Cameron and Huppert (1989) and foflflowfing
Ando and Reeser (2022), findfivfiduafl WTP vaflues can be estfimated as

ci=26+u 2

where ¢; represents WTP for respondent fi u; fis the random error term
wfith mean zero and standard devfiatfion o, 2z’ fisa vector of findependent
varfiabfles that expflafin response varfiatfion, and 6 fis the vector of co-
effficfients. Because of the payment card eflficfitatfion format, rather than
dfirectfly observfing c,, we observe the fintervafl fin whfich fit flfies The
probabfiflfity that a respondent’s true WTP faflfls between the fintervafl
chosen by respondent fifis gfiven as

[ ) .
Pric; = ($By, $B,) } = Pr 581 2,6 <t< Bu_ 2,6 3
o o

where ty fis the standard normafl varfiabfle, $B g and $B, , Tepresent the
flower and upper bounds, respectfivefly, of the fintervafl contaﬁnﬁng ¢ and
z}B fis the functfion representfing the soflutfion to Eq. 1, whfich deffines the
vaflue befing estfimated (Boyfle, 2011; Ando and Reeser, 2022).
Foflflowfing Ando and Reeser (2022), we specfiffied two fintervafl
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regressfion modefls. The ffirst was a flfinear modefl that assumed ¢ to be
nomaflfly dfistrfibuted and used the actuafl doflflar vaflues of the fintervafl
bounds (Normafl modefl) as the dependent varfiabfles. In the normafl
modefl, and mean WTP fiestfimated asE[c] = Z 8. The second specfifficatfion
(Log Modefl) assumed WTP to be flog-normaflfly dfistrfibuted; wfith the flog
modefl, mean WTP fisestfimated by takfing the naturafl flog transformatfion
of the upper and flower bounds ($B 7 $B ) (Cameron and Huppert, 1989)
and fis found as

W

(,)
E[c] = exp(Z'8)exp % @

Usfing the varfiabfles descrfibed above, we evafluated and compared the
resuflts of the four fintervafl regressfion modefl specfifficatfions usfing both the
normafl and flog dfistfibutfions for WTP. Modefl 1 contafined Threat,
Knowfledge, Beneffit, Engage and Reflease as expflanatory varfiabfles, Modefl 2
contafined demographfic varfiabfles Income, Age, and Femafle fin addfitfion to
the varfiabfles evafluated fin modefls 1. We hypothesfized that Threat,
Knowfledge, Beneffit, Engage and Income woufld be sfignfifficantfly and posfi-
tfivefly assocfiated wfith WTP for amphfibfian conservatfion. We had no a
prfiofi expectatfions of whether and how Age, Gender, or Reflease woufld
reflate to WTP.

To overcome of the fissue of endogenous stratfifficatfion (fi.e. potentfiafl
of avfidfity bfias), we used the finverse of each respondent’s reported
number of Vfisfits to the survey area fin the prevfious 12 months as a
regressfion wefight (Martinez-Espfirtefira and Amoako-Tuffour, 2008;
Chapagafin et afl., 2021). We consfidered a resuflt statfistficaflfly sfignfifficant fif
p < 0.10.

3. Results

Of 1,494 respondents that compfleted the survey, the average age
reported was 46 years, and 55 % were femafle (Tabfle 1). For the estfi-
mated popuflatfion of 15 mfifffin annuafl vfisfitors at the GSMNP and the
HBS combfined, thfis sampfle sfize fis suffficfient wfith 95 % conffidence fin-
tervafl and 5 % margfin of error (Vaske, 2019). In terms of famfiflfiarfity
wfith amphfibfians, onfly 13 % reported befing very famfiflfiar wfith generafl
knowfledge about amphfibfians but another 67 % of respondents reported
befing sflfightfly famfiflfiar. The remafinfing 20 % reported befing unfamfiflfiar.
In terms of the perceptfion of threats to amphfibfians, 30 % of respondents
strongfly agreed that transmfissfion of pathogens fisa serfious threat finthe
naturaf] areas they often vfisfit, 28 % <fIfightfly agreed, and 36 % nefither
agreed nor dfisagreed; onfly 6 % dfisagreed. Over haflf (55 %) of re-
spondents findficated they sometfimes engage fin amphfibfian-reflated ac-
tfivfitfies (e.g., searchfing, vfiewfing, fleamfing, photographfing) when vfisfitfing
naturaf] areas, whfifle 16 % and 5 % reported they do so frequentfly and
reguflarfly, respectfivefly; Nearfly a quarter (24 %) findficated they never
engage wfith amphfibfians when vfisfitfing naturafl areas. Onfly 15 % of re-
spondents findficated they had seen a pet amphfibfian refleased finto a
naturafl area, the remafinder had not. When asked to rate the fimportance
of varfious aspects of amphfibfian bfiodfiversfity, 84 % of respondents re-
ported controflflfing harmfufl finsects as “very” or “extremefly” fimportant,
76 % of respondents reported scfientfiffic and educatfionafl vaflue as “very”
or “extremefly” fimportant, and 70 % reported envfironmentafl beneffits as
“very” or “extremefly” fimportant (Ffig. 2). Over haflf (55 %) of re-
spondents reported medficfinafl/pharmaceutficafl vaflues as “very” or
“extremefly” fimportant, 48 % reported aesthetfic vaflues as “very” or
“extremefly fimportant” and onfly 30 % of respondents reported cuflturafl
or reflfigfious sfignfifficance as “very” or “extremefly” fimportant. Of those
that responded to the WTP questfion, 80 % findficated they woufld be
wiifffig to donate at fleast US$1 per naturafl area fifit to support
amphfibfian conservatfion; 31 % findficated they woufld be wfiffigto donate
$5 per vfisfit, and 9 % findficated they were wfifffingto donate $20 per Vfisfit
(Tabfle 2).
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Table 1
Descrfiptfion of varfiabfles used fin predfictfing protected-area vfisfitor wfiflflfingness to
pay to support amphfibfian conservatfion.

Variable Description n Mean

Dependent variables (Normal Model)
Lower bound Amount ($USD) representfing the flower bound 1,418 9.42
on each respondent’s wfiflflfingness to pay

Amount ($USD) representfing the upper bound

on each respondent’s wfiflflfingness to pay
Dependent variables (Log Model)

Upper bound 1,410 11.93
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3.1. Factor anaflysfis

Afflsfix aspects of amphfibfian bfiodfiversfity had flarge posfitfive floadfings
on the extracted factor (flabefled Beneffit) (Tabfle 3). The KMO statfistfics for
the sfix varfiabfles ranged from 0.732 to 0.848 wfith an overaflfl score of
0.804, weflfl above the mfinfimum standard for conductfing factor anaflysfis
(Kafiser, 1974); the rotated floadfings of the sfix varfiabfles from whfich the
factors were extracted exceeded 0.50, whfich fisconsfidered an acceptabfle
threshofld for determfinfing whether a varfiabfle fis representatfive of the
prfimary factor (Howard, 2016).

Log Lower Amount ($USD) representfing the flog- 1,418 1.50
bound transformed flower bound on each respondent’s
wiiflflifingness to pay . § §
Log Upper Amount ($USD) representfing the flog- 1,410 1.77 3.2. Factors ﬁﬁlencﬁng Ws Mfﬁﬁw to pay fOT ampff’bﬁan
bound transformed upper bound on each respondent’s conservatﬁon
wiiflfifingness to pay
I iabl . . 3 .
T';del’:ndem varg' mﬁ;s)ﬂ fflectfing th ] it 1485 580 Of the muflfipfle regressfion modefls, AIC scores findficated that Modefl 2
reat” e lect g e flevefl o agreement N . . . . .
the statement: “Transmfissfion of pathogens to performed better than Modefl 1 fin terms of expflafinfing the factors finfflu-
amphfibfians fisa serfious threat finnaturafl areas I encfing vfisfitors' wfiflflfingness to pay for amphfibfian conservatfion under
) often vfisfit” both specfifficatfions (Normafl and Log) (Tabfle 4). Mean Wfisfitor per-trfip
Knowfledge Varfizbfle mﬁl?tﬁng ﬂ;d] °foa‘f“ﬁﬂﬁa'ﬁ" dﬁf:g s 1,491 1.93 wiflffingness to pay was robust between the two Normafl modefls,
response to the questfion: “Before rea .
survey, how famfiflfiar were you wfith the rangfing from $US 10.40 (95 % CI $US 9.49—$US 11.32; Modefl 1) to
foflflowfing aspects of amphfibfians? Generafl
knowfledge about amphfibfians” Table 2
Beneffit Sil i ing thi 1 X .
¢ 2?;?;;;;0& estfimated usfing the extracted 449 0.00 Bfid amounts, respondent wfiflfifingness to pay (WTP) and WTP bounds (n= 1,418).
Engage Varfiabfle refflectfing the frequency wfith whfich 1,387 2.03 Bid amounts # of respondents % of Lower Upper
respondents engage wfith amphfibfians whfifle ($USD) WTP respondents bound bound
vfisfitfing naturafl areas, where 1 = Never, 2 = WTP
Sometfimes, 3 = Frequentfly and 4 = Reguflarfly 0 282 10.89 0 1
Reflease Bfinary varfiabfle refflectfing whether the 1,426 0.14 1 111 7' 33 1 9
respondent had seen a pet amphfibfian refleased 2 %0 6. 35 2 3
finto a naturafl area, where 1 = Yes and 0 = No. 3 60 4‘23 3 5
Age Contfinuous varfiabfle representfing respondent 1,480 46.2 5 438 3 0’ 89 5 7
age 7 19 1.34 7 9
Femafle Bfinary varfiabfle where Femafle = 1, Mafle & 1,484 0.55 9 33 2.33 9 12
Bfinary/non-gender = 0 .
12 66 4.65 12 15
Income Categorficafl varfiabfle representfing respondent 1,482 4.28 15 70 4.94 15 20
househofld fincome. 1 $25,000 or fless, 2 20 128 0.03 20 25
$25,001—$50,000, 3 $50,001—$75,000, 4 25 45 3.17 25 30
$75,001—$100,000, 5 $100,001—$125,000, 6 30 5 0‘35 30 40
:1;15;(5)0010339150,000, 7 $150,001—%$175,000. 40 6 0.42 40 50
00 or more- 50 41 2.89 50 75
* 1 Strongfly dfisagree — 5 Strongfly agree, "1 Not at ¥l famfiflfiar — 3 Very 75 4 0.28 75 100
farnfiflfi 100 12 0.85 100 100
’ >100 8 0.56 101 +oo
Controlling harmful insects §3 12 [EZ 52
Scientific and educational value §'§ 17 EE 40

Medical/pharmaceutical value [JIllT14

Cultural or religious significance | NRNREREEEEEN

Aesthetic value - 14

25 I B 26
e 14
31 . 2

22 23

[ 36

Environmental benefits |7 21

0 20 40 60 80 100

Percent of Respondents

B Not important Slightly imporant Moderately important

W Very important Extremely important

Fig. 2. Importance of varfious aspects of amphfibfian bfiodfiversfity.
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Table 3
Factors extracted from survey responses to the questfion: “How fimportant or
unfimportant are the foflflowfing aspects of amphfibfian bfiodfiversfity to you?”*.

Factor  Bfiodfiversfity aspect Mean  Factor KMO Cronbach’s
Loadfing Statfistfic aflpha
Beneffits
Envfironmentafl 3.95 0.731 0.848 0.799
beneffits
Scfientfiffic and 4.08 0.801 0.796 0.786
educatfionafl vaflue
Controflflfing harmfufl 4.30 0.663 0.817 0.816
finsects
Cuflturaf] or reflfigfious 2.72 0.574 0.732 0.829
sfignfifficance
Aesthetfic vaflue 3.43 0.644 0.816 0.814
Medficafl/ 3.53 0.669 0.806 0.809
pharmaceutficafl
vaflue

* 1= Not fimportant 5= Extremefly fimportant. Factor floadfings derfived wfith
factor anaflysfis usfing the prfincfipafl-factor method, orthogonafl rotatfion.

Table 4
Regressfion estfimates from aflteratfive modefls expflafinfing protected area vfisfitors’
wfiflfifingness to pay for amphfibfian conservatfion.

Normafl Modefls Log Modefls
Modefl 1 Modefl 2 Modefl 1 Modefl 2
Knowfledge and perceptfions of threats
Threat 1.650 1.437 0.140 0.112
(0.495) (0.511) (0.039) (0.041)
Knowfledge 1.352* 1.339 0.165™ 0.158"
(0.838) (0.834) (0.066) (0.067)
Vfisfitatfion motfivatfion and behavfior
Beneffits 1.238" 1.307" 0.127 0.136
(0.548) (0.566) (0.044) (0.045)
Engage 0.540 0.458 0.042 0.046
(0.630) (0.750) (0.053) (0.053)
Reflease 3.002* 2.675* 0.153 0.130
(1.562) (1.587) (0.110) (0.110)
Socfioeconomfic varfiabfles
Age 0.023 0.004
(0.030) (0.002)
Femafle 1.552 0.122*
(0.962) (0.073)
Income 0.821 0.107
(0.252) (0.018)
n 1,209 1,123 1,209 1,123
p-vaflue 0.000 0.000 0.000 0.000
Wafld chfi? 39.25 55.34 58.25 98.61
AIC 7048.48 6533.96 5086.57 4715.72
AAIC - 514.52 370.85
Mean WTP ($US) 10.40 10.55 10.32 10.22

™ p< 0.01,”p < 0.05,*p < 0.10; Standard error fin parentheses.

$US 10.55 (95 % CI $US 9.61—$US 11.50; Modefl 2). Mean WTP was fless
robust under the flog modefl specfifficatfion and ranged from $US 10.33 (95
% CI $US 9.61-—$US 11.04; Modefl 2) to 10.22 (95 %CI $US 9.50—$US
10.94; Modefl 1). Consfiderfing that the AIC vaflue fin Log modefl (4715.72)
was flowest of &#¥14 modefls estfimated, finterpretatfion of regressfion resuflts
and mean WTP are taken from thfis modefl.

As expected, respondents’ perceptfions regardfing the threat of path-
ogen transmfissfion fin naturafl areas they often vfisfit (Threat) was sfignfiffi-
cantfly and posfitfivefly assocfiated wfith WTP (p = 0.006) as was the
fimportance pflaced on the Beneffit of amphfibfian bfiodfiversfity (p = 0.003)
and Income (p < 0.01), respectfivefly. Generafl Knowfledge of amphfibfians
was assocfiated wfith WTP (p = 0.019). Contrary to our expectatfions,
Engage (p = 0.381) was not sfignfifficantfly assocfiated wfith WTP. In terms of
the other demographfic characterfistfics, Femafle was margfinaflfly nega-
tfivefly assocfiated wfith WTP (p = 0.095) and (Age; p = 0.116) was not
assocfiated wfith WTP. Whether respondents had ever wfitnessed a pet
amphfibfian befing refleased finto a naturafl area (Reflease; p = 0.092) was
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sfignfifficantfly posfitfivefly assocfiated wfith WTP finthe normafl modefl but not
fin the flog modefl (p = 0.238).

4. Discussion

Vfisfitors to protected naturafl areas can be a cfitficafl source of fundfing
to generate ffinancfiafl support for conservatfion projects. However, dofing
so requfires understandfing whether and how much vfisfitors vaflue re-
sources needfing protectfion and what factors fimpact thefir wfiflflfingness to
contrfibute to thefir conservatfion. Thfis study examfined the wfiflflfingness of
vfisfitors to naturafl areas finthe southern Appaflachfian Mountafin regfion of
the Unfited States, a gflobafl amphfibfian bfiodfiversfity hotspot, to donate
money to a hypothetficafl non-proffit amphfibfian conservatfion fund. To the
authors’ knowfledge, thfis study represents the ffirst attempt to estfimate
the vaflue naturaf] area vfisfitors pflace on heaflthy amphfibfian popuflatfions
finthe Appaflachfian Mountafin regfion and there are severafl key takeaways
that are fimportant to regfionafl and gflobafl amphfibfian conservatfion. Ffirst,
the overwheflmfing majorfity of naturafl area vfisfitors were wffkig to
donate at fleast $1 per naturafl area fiffit to support amphfibfian conser-
vatfion wfith an estfimated mean per Wfisfitor, per trfip, WTP exceedfing US
$10. In a sfimfiflar study, Cerda and Losada (2013) found that vfisfitors to a
protected area flocated fina gflobafl bfiodfiversfity hotspot fin centrafl Chfifle
were WTP $8.20 per vfisfit (~US$10.82 fin 2022 doflflars) for habfitat fim-
provements and monfitorfing to support popuflatfions of the endangered
endemfic Chfiflean frog (Caudfiverbera caudfiverbera Lfinne) (Diaz-Paez and
Ortiz, 2003). Taken together, these ffindfings conffirm protected area
vfisfitors assfign vaflue to, and are wfifffig to pay to support, heaflthy
amphfibfian popuflatfions; gfiven the GSMNP’s annuafl vfisfitatfion, they aflso
fimpfly park vfisfitors are a potentfiaflfly sfignfifficant source of fundfing to
support regfionafl amphfibfian conservatfion. Estfimates from thfis study can
be used to approxfimate the potentfiafl economfic beneffit of projects
fintended to protect amphfibfians fin naturafl areas flfike GSMNP. For
exampfle, fifonfly 21 % (fi.e., the proportfion of respondents that reported
frequentfly or reguflarfly engagfing fin amphfibfian-reflated actfivfitfies whfifle
vfisfitfing naturafl areas) of the 14.1 mfiff¥in annuafl vfisfitors that vfisfited
GSMNP fin 2021 contrfibuted $10 (estfimated Mean WTP fin thfis study)
durfing at fleast one Vfisfit fin the year, thfis woufld generate $29 mfif¥¥in fin
ffinancfiafl resources. Moreover, the totafl beneffit reaflfized by the broader
popuflatfion of vfisfitors, fincfludfing those who onfly sometfimes finteract wfith
amphfibfians or vaflue amphfibfians wfithout dfirectfly engagfing wfith am-
phfibfians durfing the vfisfit, wffflbe many tfimes greater than thfis. Aggre-
gatfion of the beneffits can be compared wfith cost of desfignfing and
fimpflementfing bfiosecurfity measures fin the naturafl areas.

Second, the fimportance vfisfitors pflaced coflflectfivefly on the beneffits to
humans from amphfibfian bfiodfiversfity were posfitfivefly assocfiated wfith
WTP. Thfis resuflt sheds flfight on some of the vaflues underflyfing vfisfitor
WTP and fimpflfies outreach and efforts to secure vfisfitor donatfions to
support amphfibfian conservatfion emphasfize the flfinkages between
heaflthy wfifld amphfibfian popuflatfions, the stbfiflfity of ecosystems and
human heaflth and weflfl-befing. In a sfimfiflar study, Chrfistfie et afl. (2006)
found that findfivfiduafls vaflued ecosystems that had a dfirect fimpact on
humans more than those whfich dfid not dfirectfly affect humans, whereas
onfly forty-two percent of partficfipants fin the Cerda and Losada (2013)
study cfited dfirect use vaflues, fincfludfing that the Chfiflean frog fisfimportant
for scfience and ecosystem functfionfing, as a motfivatfion for thefir WTP;
ffifty-efight percent cfited an exfistence vaflue motfivatfion and beflfief that the
Chfiflean frog has the rfight to exfist findependent of any dfirect-use vaflues
derfived by humans.

Thfird, vfisfitors' famfiflfiarfity wfith generafl knowfledge of amphfibfians
and perceptfions regardfing the severfity of the threat of pathogen trans-
mfissfion fin the naturafl areas they often fisfit were posfitfivefly assocfiated
wfith WTP fin at fleast one of the two modefl specfifficatfions. Thfis fis
consfistent wfith prevfious studfies that have found a posfitfive correflatfion
between famfiflfiarfity wfith a specfies and WTP for fits conservatfion (e.g.,
Chrfistfie et afl, 2006; Martin-Lopez et afl, 2007) and the degree of
endangerment of wfifldfffie specfies and findfivfiduafl WTP for thefir
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conservatfion (e.g., Tkac, 1998; Tfisdeflfl et afl, 2007). Thfis resuflt suggests
the effectfiveness of communficatfion and outreach afimed at cufltfivatfing
donor support may be enhanced through fincflusfion of generafl finforma-
tfion about amphfibfians, thefir ecoflogficafl fimportance and the threats to
regfionafl and gflobafl popuflatfions from fintroduced pathogens and dfiseases
flfile chytrfidfiomycosfis and ranavfirafl dfisease.

Lastfly, the effect of demographfic characterfistfics on WTP was mfixed.
Unsurprfisfingfly, fincome was sfignfifficantfly posfitfivefly assocfiated wfith
WTP, whfich fis consfistent wfith the fidea that the envfironment fisa normafl,
or perhaps fluxury, good to whfich findfivfiduafls are wfifflfing to contrfibute
more as thefir fincome fincreases. Aflthough some studfies have found
women report stronger envfironmentafl attfitudes and behavfiors than men
(e.g. Zeflezny et afl, 2000; Hunter et afl, 2004), gender dfifferences fin
envfironmentaf] fintentfions and behavfiors are finconsfistent fin the flfiterature
(Whfite et afl, 2001; Cerda et afl, 2012; Mzek et afl, 2020). Evfidence
suggests the charfisma of specfies (Metrfick and Wefitzman, 1996) and
thefir percefived endangerment (Tfisdeflfl et afl, 2004), for exampfle, may
finffluence the fimpact of gender on WTP for thefir conservatfion.

The reflatfionshfip between the respondent age and wfiflflfingness to pay
was not sfignfifficant under efither modefl specfifficatfion fin our study. The
effects of age on WTP for conservatfion are mfixed fin the flfiterature wfith
some studfies concfludfing that as age fincreases, the odds of WTP fincrease
(Bhandarfi and Heshmatfi, 2010; Gordfiflflo et afl., 2019) whereas others
reportfing the opposfite to be true (Martin-Lopez; Reynfisdottfir et afl,
2008).

Wfith over 10 nfiff¥in peopfle consfistentfly vfisfitfing the GSMNP fin
2021, the resuflts of thfis study suggest the economfic vaflue assocfiated
wfith regfionafl amphfibfian conservatfion fis substantfiafl and that vfisfitor
donatfions coufld pflay a sfignfifficant rofle fin the conservatfion of the Ap-
paflachfian regfion’s wfifld amphfibfian popuflatfions. The fimpflementatfion of
mandatory parkfing fees fin the GSMNP fin 2023, and concomfitant
estabflfishment of onflfine and onsfite venues for thefir payment, may resuflt
fin new opportunfitfies to engage wfith prospectfive vfisfitors regardfing the
fimportance of the park’s amphfibfian popuflatfions and secure donatfions
for thefir support.

5. Conclusion

Wfith human-wfifldflfife finteractfions on the rfise at hfighfly vfisfited naturafl
areas, natfive wfifldflfie popuflatfions, fincfludfing amphfibfians, are fincreas-
fingfly vuflnerabfle to anthropogenfic stressors. As protected area managers
are facfing tfighter budget aflflocatfions from flegfisflators, there fis a need to
expflore new fundfing streams to support projects combattfing emergfing
fissues ffike pathogen transfer, finvasfive specfies, etc. However, dofing so
requfires understatfing whether and how much vfisfitors themseflves care
about such fissues and are wfifffig to pay to support such programs.
Ffindfings from thfis study suggest that vfisfitors do care about and pflace
vaflue on protectfing naturafl popuflatfions of amphfibfians at protected
areas they vfisfit. Further, fit may be feasfibfle to estabflfish vofluntary, user-
pafid, donatfion mechanfisms to rafise funds to heflp protect amphfibfian
bfiodfiversfity. Such fundfing may be used to desfign and fimpflement bfio-
securfity practfices, fincrease vfisfitor awareness and educatfion regardfing
the best practfices (e.g. cfleanfing, dfisfinfectfing statfions) and reguflatfion
and enforcement around vuflnerabfle habfitats/popuflatfions. Our ffindfings
aflso findficate that fincreasfing vfisfitor awareness of the fimportance and
vaflue of amphfibfians and educatfing them on the emergfing threats to
bfiodfiversfity may heflp fimprove thefir attfitudes and wfiflfifingness to support
conservatfion programs. Even though thfis study was focused on am-
phfibfians and fin two naturafl areas fin the Southern Appaflachfian regfion,
these ffindfings shed flfight on vfisfitor behavfior at protected areas. Con-
ductfing sfimfiflar studfies of protected area vfisfitors' knowfledge, attfitudes
and vaflues fin the context of amphfibfian conservatfion fin other protected
areas may fincrease the generaflfizabfiflfity of these ffindfings. Moreover, the
economfic beneffit estfimated may be used fin future “beneffit transfer”
studfies to approxfimate the vaflue of amphfibfian conservatfion programs fin
other sfimfiflar protected areas.
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