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Abstract

A fundament al concept in ecology and <conservation is ul
conditions of plant and their geographical di stribution. I
habitat of @hli nsapdesg ¢ @1sd asneggesreunsiinnigf e4dla verified distribution
environment al factors. The signific&nt staswenr 8i hebc&serdi @ag
evaluated using maehpdckhkne dmbishati eni wialt h percentage contr
possible range of the species was determined usingythe resfg
of the generated MaxEmed anodell|l evats VAUC d=at®.d997). The provin
Sichuan, Hainan, Fujian, and Taiwan contain most notfert he cur
regional di fferenceC. Xbemidiwiafserindostti osni gaida cantly influenc
temperature (Biol), precipitation of the driest month (Bio

results could provide scientific dionmeofi 6hisovaemhahé¢agt see

Kewor €ycas sexs &€hiimaft er @ hange; MaxEnt model; Species d
I ntroducti on Species distribution model i1
Bioclim, and Climex assesses t

Climate change is a deciGijister ifbaucttioorn af egtcensag Otfheaplgd

vegetation type and spatlhﬂf@r@@trh(bfﬂjt|forn0”batkné3 gw
the frequent occurempeeabrﬂer%vs'taqmlnyt ay | gﬁacaIOZrOZcﬁa;taa(lh(a 0
droughts e(tDyalle2@le&;. ,aHe2 02 £)0.22 The impact of multipl
represents a direct threat\r/ﬁsotrg'lhc%tn'tggs él(‘j agat'l"’kl 'q}dnsutcer
in rel_ated enV|r_onme_ntaI faasczteosrssmentthef b>P queom seufl § G
the risk of extinction, dlBeréégﬂtra?rgd Ofnlﬁtu&P_ele@c %ﬁaﬁﬁ}
ecological security patt emns Mé)@éntren‘i’oudce'lr‘%sectonseysﬁqd?smt
funtionset(.TAlDP®1I8). TherefqrigtriBRaseoR ME@AESIMSg. 1t pred
mu st adapt to novel condimd x0iNnu nP re ng hriofpty  tnfe& ihfo d 9 eathdr aspy
distributitomd20T@&@aph¢202Q)esti mate the probability of s

Climate change mainly r eagruel aast&el8 kvt aarhi, o 0 2[@dh y s iTdleo dMiax &Ir
processes of plants by altleatiingjudcheasderd pyngan d dwa tdeart aprc
by temperature anhd,ata0b9plrieghceaséam assess tat sulit

habi
climate change in a short BeRngdVvmhlabhest ﬂﬁ‘lfrl]ﬂl&irﬁ@él dfe |
a

speci es, especially those V\@”ﬂ?gh AL PR3 hdafu ineiry y, I tpoh
di spersal ability, IimitesdUp PFHEhlmé‘élt'pll Vte}o'ablﬁﬁc

: : abl.e rbq]
endemic species, which ar e° on ns Z%\ |
their inabilit to ada t-treqnu'sr n]eelcl:t.ls,lan(é € ’co’ d 0,

y P G +%MYs t e’ "g"8% ponﬂlcitrnftpa?rt
Lombreafal201&Fr Kaph2020) . | AELY et s wi
I an "bAHl i

I empl oyed i

r
% 32405‘3 CI—huaa”ngge

the spatia d tempor al ¥ar kg

significantly impact plantcycas selF®8Mhiniwe e?&%'%h%%@qa
processes, soil charactepwbsl dCcs, olPdadt edxi tS€ratS € S e e dP |
interactions between ecosVYeSntyeMSo,n mlethl @l i oynadrli agti rothGt U reersi,
c hariascttieecrs of f or esett . eaclo2sOypsatretmsn i cHealcharv i t y. However, d

Therefore, evaluating the dmd ltuemrg ic@d g€ IpiomathE am@h®. Atoheef O
range of habitats for endaexsenti sSfehaepl @Ndeicd @mtsiefdy i n
primary environment al factporpu| oAy cmixdtedani e § eshpao r pals scial 1
threat of exttremendamglérnddinspecires’i chabiotfatlsow altitude
which is crucial for the pGepmgxait, ocoBoanhwesds e ang d o ifannade r 1
resources for endangered sfpemales, @l astzsdiiomit eweaiofgi agl
global warmtngldNYu;e eniadgm@®Ppul ati on (only 2 to 3 plant
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bl oom and bear seeds everyChyienaar, (mtespil t 1l wgwi Rl antl phvo tff o p
rate dtZhaln2g017) . Ther ef or e ,Kniotwlheadsg eb elemf rcd satsrsu dti ede aGh &t
firetel protected sNatiesabhuoKegyg Idiagtaedf raacmonghe forestr
Protected iWi IGhimlaantPsresenSampl et pdiostenowarsdidsion t heir
species are | imited,-fpamtngmeéarlandalpoetci ses| abiude al
factors and geographical dismacé¢ébuatengeocoded data or
A di stribution and Gh.a brietmotv e da.s sTehsesrmee nwter @f41 @.ut hen
sexsemivas feamari ed out usi nsge xMaexréi mtd If leatdaa!| i mgtamd study.
ArcGIl S, combieaed!| wiitdnheémgwhi rTohnemepmrnteadi sleat geographic di st
for present and potenti al aaoldi nhaattei tsucdeen avdlosses awdr abawcd
records of the species. THétmaninbhodobjectcthievevhodfe ploe npr e
study wer e as foltbws:pr {diagtrayb @as ei demd i tyansferred to
determinants that.spa&Xis@imisdpiefceirfaibecuatiiomms odfl)t.he MaxEnt
China; (2) to determine whether environmental variables
associated with a potenti &l gctsiung aén wi rdimetempgkdt svearrd ipsh
ad (3) predict tB8e babksiemimoddiedtsabided y18f bioclimatic %
' ight of current climatic Wocéwd&t i ons.d alTthaeb arseaa.uq tdgs) [ :a/h/t vew
our wunderstanding of the spati&ls rde sdlrutbiudn omf p3adk teerrm s
ecol ogicalC.adagpxXadoioml fodatapechadgdg.Table 1). Al | vari abl
The findings can also provimpea anthber priecalmi haonpwdmbideh
gui dance for t he sustainabée | adrckkriofpenen ¢ stu staog ei daemd i f
conser Vat iseerx seefmi ni f er a components for modeling. A Pes
(r) test was used Mao i adPd ess win
Material and Met hods correlation coefficients (r) |
retention, whereas those with
Data collection oRecpr€s ewmofraced wrntri@emse:correl atiean ,allr 00
sexsemiweirfeeraol | ect ed fro2am23ari Atis ersoaxclesdi ng some v
including the GIlobal Bi odcionmemrsbuyi dmf pemaenbagerat®) i t
(https:// www. gbif.org), Neo mpaméd Smedihmermadalfiorenamd denl
I nfrastructusei .(dirtg.pcn) ,ww@hahestorVivratrualbl es for Cconstr
Herbarium (http:// www. covfhsagsemjengifRdmraalt d PhbDt iob WBtaindkn i n
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Tabl e 1. The environment al variables included dur
the MaxEnt modeling study were denoted |
Code Environmental variables Unit

Biol Annual mean temperature

Bio2 Mean diurnal range (mean of monthly (maximum temipimum temp))
Bio3 Isothermality (Bio2/Bio7) (*100) -
Bio4 Temperature seasonality (standard deviation*100)

Bio5 Maximum temperature of the warmest month

Bio6 Minimum temperature of theoldest month

Bio7 Temperature annual range (Bi@%06)

Bio8 Mean temperature of the wettest quarter

Bio9 Mean temperature of the driest quarter

Biol0  Mean temperature of the warmest quarter

Bioll Mean temperature of the coldegtarter

Biol2  Annual precipitation mm
Biol3  Precipitation of the wettest month mm
Biol4  Precipitation of the driest month mm
Biol5  Precipitation seasonality (coefficient of variation) -

Biol6  Precipitation of the wettest quarte mm
Biol7  Precipitation of the driest quarter mm
Biol8  Precipitation of the warmest quarter mm
Biol9  Precipitation of the coldest quarter mm

Model simulation: The model s were develepednamataessdasmsetdhe trainin
usiOhg sexseané nri fem@ae dat a awed e8 aecncvuirraotnedeyntadj ust ed. Bot
variami ewked Maxent softwar ewefroer anosle!| ung gape iFd sg . 2a) .
niches and di strilbatipons wwowderissiyarrel @8ed. &8n AUC value of
princeton.edu/wschapire [ Maixgnt2p) , Tlee drnenlfa taidveet 1AW Qe dd

of different environmentalraandbmblegprwas cdetde rma cheld (61 B
Jackknife method, which i nprod ddiedt icah € ulwaetriengmdrhe arceara
the curve (AUC) gains for tepi mismsgttr itttehsdt ii @iy , seaedsmibdf e b e s
(no,anodneal | vat.i,abd®%])) .( Wuhceu rarcerutr aclyi mdt e scenari os.
the simulation results was then evaluated via the AUC
conjunction with the receiCreart iacmdr agnwigr occrhraegmtcaler f att or
(ROC) , which served as an faomral mo diehlel nigreg eavotd H6&r dtifed emoed
accuracy test. The AUC Kxalfuaec twarsi evh sb etvvad awrat ®.d5 oand h&. |
hi gher value signified a mobeeupt encthmoeedd ithlWaetpeBdedca ndaf
geographic distribution ofinfheemsti mal atviaorni adb jeesct o arotnr
random distribution. Therefeeopect avelty ofbfabalsesoz) at §be |
observed bet ween t he si mudvaddloemd obhtatomBe oGantdadt héde mo
environmental, var ihiibdheesr; ®Wahaistwal ureodel |, representing

corresponded to a met.ealax(Bgetlee ma@del THhMangpri mary bi oc
Weet. ,al2018). Excellent (0.s9 gtnd f1.cOagndt |gyb eidnMalQuEBNtd @ r @ . d9 )c,t

(0.7 to O0.8), poor (0.6 tBi6017)Biabhd, fand HKiIOo&. to O0.6)
performance <classifications Theplestdi ntaot i tome AfUC t hteat t s
(Saema,al2022). bioclimatic vari abl e a.o t h
The ASCII file from Max BEnetx swansiwval sofaesdreeadr ii eéed oo At c @Is$ ng
10.8 and turned to rastemMhifeormat i mavi adrhewads cb daoved bonr
conversion tool. |t was t hvwanx Rirstedpto®dicttassnf moadedC.dgroaph
represent the €issexbeini bsfexesginmvmidiféwiade. The highest
a -10 rangeet(.Zhla2@21) . The @aotdenéegal amiabed attr ai ning wer e
suitabC.l idgxdmmsndferded ianst os Mowmr oiupst he test with on
poor (<0.2), fair (0.2 tohiOs 4i))ndigcoactde s( @Q.hdatt ohds&)bhi o
excellent (>0.6). for understandif@Gg ¢ &éxs;emtishhar i &
l onger the bar, hi gher tibe si

Resul ts variable for the species dis
findings from the jackknife 8

Mo d el performafbe ebabvatdonmBse®ibowere the primary bio
rates in the mo d e | wer e tchoempdair satll.iebsuét xi scehrhienfi freedai ct e d
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L.OT |« Mean area a 1oy r = Mean (AUC=0.997) b
0.9 | = Mean area +/- one stddev 0.9}
L. .. = Mean +/- one stddev
0.8 | | = Mean omission on training data 1% ost L
Mean omission +- one stddev = * Random prediction
o 0.7F . ! ] 0.7}
= = Predicted omission g
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Fig. 2. Evaluatiofsefxstmdinmbeeelhuprediaoasing (a) omission |
» Biol ! : — The MaxEntresponse curves, which depicted the link
° Biol2 between environmental variables and species' existence,
5 Biol3 showed that environmental stresses affect the incidence of
= Biold target species (Fig. 4). The response curves for three
g Biol5 bioclimatic variables revealed the optimallwe range for
§ Biot their corresponding parameters. Among these, the
g Bio7 minimum temperature range for the coldest month (Bio 6)
L% Bfog was 6 to 10°C. At these temperatures, the possibility of
10 s e X s e mprevaldneeringreased from 6 to 10°C and
reduced from 10 to 14°CTthe possi bl @ pres

0.995 0.965 0.975 0.985 0.995

AUC sexseminiferaose from 18 to 22°C and dropped from 22

to 25°Cwithin the optimum Biol. Figure 4 displays that
the probability ofC . s e X s @nesence feereased

2 Biol from 21 to 28 mm, corresponding to the optimal
£ Biol2 precipitation range during the driest month (Bio14).
£ Biol3
§8i014 Estimating the oCpt ismals éhmd mii tf &
g Biol5 Chin@onsidering current clim
£ Bio6 Max Ent prediction model was
‘£ Bio7 possibl e habi tCat ss exsietmdThnlied e rf
A Bioo findings indicated that the
present climate wer e Guangxi
20 25 30 35 40 45 Sichuan, Hainan, Fujian, and
Test gain suitable aretkmvascdéBpyiv6gl 10.
the whole area‘koff. Chhhear ¢ 966
v Biol regions Vsuit_aebriditcy a fi;ibfi ited s
= min (129. 2Rk, 10 ai r'k@3,. 0fBddO( 1. 73
S Biol3 kM, and exce*kHenwe r(e .nTeda2sl ulrle d
ey 3). The ideal suitable habit:
g Biold Tai wan, Fujian and Yuhki@n wi't
§B}015 0. 10%IMLO00. CRMGAND O .“GERRTADI e
g Bio6 3). However, there were no d
2 Bio7 studies of Yunnan, Guangdong,
= Bio9 and Taiwan. The currentC.possi
. . ) . . . | sexseminidwehrsat antiitad layc tluwalg eprr
1.5 20 25 30 35 40 45 in China, suggesting that thi
Regularized training gain its biogeographic range to co

OWi t hout Bvariabl e BWi t h Wit h vdniligachy gsii @anl e ;

Fig. 3. Comparative predictiveheal pepegtnthest8u ey viwaosh mg mtea
variables in MaxEnt model s, mbadedd nyn ttheadaEkknddirs é BNt &t
regularized training gain, teft nda@i AndandefdEmined the key
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influencing habitat sui t ashe X s & rgi(Thai Bf heer a ) d eFlTdgek  S3wir tmeald ii |
habi Catseksiemi @Ghifea awas pedifsotrrmeldutwiiam aff or gamd ed may t
AUC 0.997 (Fig. 2), i ndi ¢ ®@tmpreg ahugkl y @achcouroastyentrmedals
performance. Ot her studi etsr amaype rauggestabdl tplagh.tAll®t a
values over 0.75 could be 2Wef)ul Laomd tseuniptearbal teu rfeosr caasrs ei
the efficiency of @tniadRBé2mmdeaslpor Ealirieowmahoifd starch sto
The results also demonstr atheuds trheadudihmg Ma hEntr antedd.e@fl cph
study the Iink between chafngédas lkehkmheabha8bitahi andscHue
ofC. sexsemidni peowai de guidBncreanfjoraspieel @& of phot osyr
i nviegsatt i ons and the protectémpeoatendangerednSpastesas
Environment al conditionef apbotimgyntchhaeteily &dcthhikeidt t oi
the spatial di stribution oiinreapll ampgtsi, muvn,t hat empéecht proé ni
a significant det er micrad mducesolothe It dheet r o e gitamenls f er rat e
geographical di st r irSb8untcidndenz wrft epnita nt Br asCood ramcé Dj anagui
al, 2021;etBoalg2019) . Ther oematciemd affjeeezing injuries
contribution result i n the nMaaxuem tt ermpeéelat undi datedas é e

Bi o6 and Bi ol were the mBwsitt henrfrhoureen,t ipall anttesmpaetruaethuer ed i
variabl es on t he geo@r atphiprodosgedbluowette mpODAaB6UTL €5

Table 2. The percentage contribution and per mut at
Max Ent model s, organized by their cont
Code Bioclimatic variable Percent contribution Permutation importance
Biol Annual mean temperature 39.1 8.6
Biol4 Precipitation of the driest month 25.1 115
Biol5  Precipitation seasonality 154 10.5
Bio6 Minimum temperature of theoldest month 10.1 48.9
Biol2  Annual precipitation 6.0 2.6
Bio9 Mean temperature of the driest quarter 2.7 0.8
Bio7 Temperature annual range 1.6 16.5
Biol3  Precipitation of the wettest month 0.1 0.8
Tabl e 3. redlct©d saXx ¢ amill eir far le@ scfiomate in vari
regi o4sd) (10h ratio represents the calculatec
Iand area of the province or autono
Province or Predicted suitable area ratio
autonomous region Poor Fair Good Excellent
Guangxi 17.342 1.691 1.389 0.615
Taiwan 3.050 0.128 0.076 0.106
Fujian 10.970 0.141 0.116 0.019
Yunnan 33.762 0.427 0.071 0.002
Guangdong 15.398 0.500 0.083 0.000
Hainan 2.964 0.148 0.000 0.000
Sichuan 45,734 0.028 0.000 0.000

Based on the findings, gouechpi tbati ighrn , dthreiar ¢ dfallse na@n@ ) e

month (Biol4) was identifiTedr afsorteh,e apmglreiquartye @deeerf mi hat
influencing the Cpossixlsleedi thsi &f hesrtiabmutt ii @Inl wyf i ncr ease t he m
outcome can 6e s8éxseéehumredlestragbeldi ng it to sustain nor mal

adaptation to the specificwkbhhvéerbaomeatahgcandiopi o msal ofent
The available distributi onanddatneattivodi odt dscui M0 GBPr eivd i

pl ant i s predomi nantly 0 basne roweed a b an dkaanrcset o nwatenments
characterized by inadequatwat eur flnacleamdcies podb@d s sgpntda t epor i
smlal soil pocket s imetr enusp emasrepch o b mgypgamdu met abol i sm, re

outcrops. A significant quaanndt iptoyt e;mft i ssdil ly Iwaetteran @ 82 legviarp |
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Fig. 5. The diCstsekaepmedi Eeegdgevbdbh MaxEnt modeling.

A comprehensive wunderstah@i ngsexfseitmhairfeegmma o wrei gt el i m
habi t &tsexseminiferas essential for collecting f | uct uati ons in the essenti al
germplasm resourceg,onser ving genetsipce cdiewe rcoiutlyd, paneéntially i mp

enhancing genetic progrepo.pulTdti oxmni nsuilzaet i oofn t thii mditrhg s ¢
indicated that th@. opdx snanpi hieiaftoemednto nehraena i fngr t he range

was 0.k4f2(1Tlalb | e 3) , predodhisant buytifeounds i nntricate. (.
Guangxi , Yunnan, Tai wan, faancdt oFwj,i amcpudvhgcéedut M0bisli
suggests a restricted geogregp in@dl mdicgtorcil b mtait®en n amp@er
popul ati on. Thi s al so i adtcat eseat H{ &la2npnd Oggrnathiia l for
concentrating on exploratiTohnus, copeeicftimgstepsocrane v,e
i nviegsatt i on, and conseave&asendebhfoatdeni hheB@eaissexs.boRHOrDhe
sexsemienfiertao be widely d@exampl dut ednidmct hag mdiumdamen
germplasm regions and mignhatp ps mgw tshiegnpdti emtnitalgenahnge
variati on. The possi bCe didipdrmrddrud,i onet arag upf differ
sexsemi ai fapacted to gr owvuanndereXtl eendr eign o@lsi, naconti nue
beyond its current range @dFin@gmi £s Feifgx s edmidreiflfhea lad infaft eer e
the spatial di stribution oftispeccesfdatd povaeassi gatidor
scal es may explain the dcbfereancsdrbbuween acltkaati nagnd
potential r angesc hidahsee dnopdreelrs ereenl b deisc eens@méd producti on a
dat a, l eading to predéenct adomisanocfe tihes specbobdsctifuadaapa
niche instead of the real ipzedimsiecldat acdwsiopg i onv eree ¢ thiem
t he resuet s,al(Ze28) . Mor ecyperc,i epriedi eaingus cl i mate <c¢h
species distribution needs to consider their physiol og
l'imitations, popul ati on dCiosnpcd russalonabi |l ity, topographi
i solation, responses to external environment al influen
triggers changes, and |lcomplehtei t ManniEcnwe t miomd elecahdgiAca G
communities, potentially rtdeuntifnegdi possi G.Inesedxvsard miibieit ftw
speci es' actual geographi €hdinatriAblt vani abtdes|l Bmate 8Bh
(Waeg. al2023). as <critical environment al f a

Conservation efforts fdi strrdarbaut isprecaed Caqgsreoxpbreina tnei

engt hened by enrichingirbmet hdd s8 rv druitatminesofusegeche

mati on, i ncreasing tgheowsumbheini dedl scuwrnvdeytsi,onandn

ding detail ed habeatt gaYummarmnag c tTeariiwsatni,c armd aFOURhaden
i ng

str
infor
provi
2017). The find s show tnhianti mmuhne tneampueradt Winestof b@Gttonl



