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Abstract

AEmi Palees are an beonic, devers= and of ben abhiendant ::l'np-mu:ﬂl'.nf bropicd etosys-
ters that provide many scasystem services. Being monooots, tree padims ane evo-
|utienar®: momboiogicaly and physickagically destinct from otbar trees, and thass
differences have mpartant consequences for ecosystem sarices (e carbon se
gquestration and storagel and In terms of responses to climate change. We quantl-
fied plobal patternzaf treo palm rebstive shurdance ta hdp improve understanding
of tropecal forests and reduce uncertainty about these ecosystems under climate
change.

Location: Tropical and subtropcal molst forests

Time periad: Cusrent

Mapor tana studied: Palms [Arecaceae).

Methods: We assemble=d a pamtropical datasst of 2,548 farest plobs lcoveEring
11591 hal and guantified tree palm (o 210 om Semotor ot brosct hosght) abundamoa
relativie to-co-acouE ng non-pakm trees: 'We compared the refative sbundance of tres
pabes across blogecgraphical reabms and fested for assaclations with palseacimats
wlaDility, Cur rent Climate, edaphic Coniigns and matncs of forest siruciure,

Results: On average. the relatrve shumdamcs af tree pilms wad mare than fve
times larper betwesn Neotropical lscatiors and aothes Biogmagranhical realme. Tres
pafre-were abient in moat locations outside the Neotropics but present in =B0% of
Mactrapicat kacations The refadive abundances of tres 0alrs was mors stroogly assoe
ciated with hocal conditions (=g higher mean annual precigst ation, kwer soil Fertility,
shabavwer water table and In'ﬂér plit mean wood demsity) than metrics of long-tsrm
cimate stabiliby. Life-form diversity afso imfiuenced the paiterms; paim sssemblages
cuibshde the Maotropios comprise mamy nonciree [eg., climbing) paims, Flnslly, wa
snoew thiat tree palms can nfluence estimates of above-graund Blomass, but thie mag:
retuele and direction of the etfect requies sddtionsl work.

Conclusions: Tres malrs are nod only guirdessentialy bropical, bt thesy ade sl ovei-
whiekmingly Meotrapical. Future work to understand the contributions of tree paims
b Esarmass- estmates and carbon cycling will be parbicularly onecial in Hci:ll:r:pia|

farests,

HET" WORDS
sy -ground bloemass, abaindarce pat e, Arecacess. local abiabc conditons, Meatroplcs,
partrapical bingeographty, tropical rairdnoest. wood density

Given the marphokpical and physiological disdingtiversss of palms
lshich are monocois BEenninger & Philips 1140 palm shundonco

Falms {Arecaceae Pamac) are an lconic and dhverse groas §=2 500
recoprroed ipeies worldwade] that hawe long delrered a wide rargs

ok laneg serdces fo humaknd {Cimars-Leret ot al., 2017
g:hrﬂt. Svn Kemlrg & Balslieg, 2011: Levis 8§ al. 2017
Tomlinzon, 2006, Moy palms sne coreidened coological knysione
specks heciuse lorpe numbers of arimals depend on i beie froit and
Aereer rescurces (Dnsden et al, by same weas, palms bre alsg
rerradkabby ahundanl For iredanre of = 10 most romeran tes
species in the Ameoon rain forest are pake (ber Steege ot al 20030

can Bawe imoortant censequences for trepical dorest eocdpstem
lurction, nckading arbon seqestration. Howeyer, vwe ourrerdly
lack & quaniitaive wralysk of the blogssgraphical patiems and con
ditinns maodxied with palm abunclance

Az 5 Tomlly, palime exhibll b variety of pgrowth foms. eeging
Iram =mpll shrubs fo lisows snd lirge trees, Based on avallahle data
[Kizdirg 2015, o A0% of palm wpeciey are copalble af grovwing
sherrm ©1 0 Em 0 diamater & 10 ™ shove He groond Fee defined
12 “tree palrs™) Tree pales ke ot bees pogled wth nomre-palm
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trees in irmebory plois that are comemanly yied o mea-
mare ferresttal Cieban stodcks pnd parpmetimze wepelstion modek
Philios et o, M|, Teis rames seweal Eues, Fird, Borass o
fimmtes e typical e allametne ecpabiors ceveloped o
Chirae etal, 2004d; Fetdpausch st al 201321
These pgueriines bered to perform poorky for palms boecasse dhey Ik
secondary groswth, which detoigpdes disscber- |'|!'I-gl1|: nfat e s
Goodman =t al, 010 Second, physiolmgical and morpkalogics
chffemenies between tree palms and other frees suggest $= po-
tential for lrge diferences in Lerme of the respoareds of Lie pakss

reanrmerssol brees

fo clnvers of ervatronmental change compered with non-pabm tree
(Emili et &, 2014 Renrenger & Prllips, 200680 From an ccosys
tmm furstiorieg perapeckion. thess saes are dearly most cruchil in
argas where palvs accoant tor a relathety b portinn of forest
Edowwaas, such as some swano fonests IlargE-E;.D. 207, Heng, we
promdde the first ghaal anabysls of dree palm abundance relative be
ot Co-ooCET g trees to Relp reduce wncerkainty sboot tropica
acospsbem fumotion

Patterns of iree palw abundancs may be wroclatod with var-
atkan B camemporry ecological comditione fkot favour e estab-
lishovent and persktenos of pakes over oiber types of trees the
contermperary conditiorm hypotbesiy], Mmt edsting evidence e
malm pbundace distibutions gong contermgomry evsrommental
grodients oomes From studies in A ramoion forests, where pokm
fend tobe more s gyn o e weth ample soil it re and rels-
fivwdy higgh sail hrliiﬂ'@ﬂﬂnﬂ al, 2004; Conta, Garlbiurrmi, Lirma,
& Pansiea, J0DF: Emilic &t al, 2004 Mahn & Magia, 1990; Schiets
&4 al, ZULAE Swenning, 1999, 20010 Falm rood archifecture |5 the
et hkely mapdanation for dbe pbeeryed patiems inrebtiomhbip to
Fredrolopgenl ard ol prapecties. for ot beass bea reasans, Firsd pakes
tund b ko derne, aiperficial rect syslema thal mey provice thain
with better sncharage compared with relstivey deeprooted trie
im dwamic Muvied systems. In an Bcuadoran foeest hor example
Gale ird Bordned 999 Found that uprooting was ¢, 508 Figher foe
dicotylodonous trees than for the dominant palm, Inartes delteidea
Second, hgher inseadinerd in ool Bromaas ovaicks e sl surfece
mighl be henefbcil in terms of competithan dor nutrents bot could
ropreeent a limitation for growth inregions where plands mist nety
on seasoral apcass 1o deeper mater, In these corcitiang, Regh annud
prechipitation and low preclpiation seasonality should maxislae the
advamage of shalow reot sysberes, and therefom, promobe relm e
aburdance of paires (Eerhandt etal. 2018,

Hepmever, local edaphis concidioms mthe Am repgon e plkp
corredaded wiklonger-tern landsca pe eecluthon ﬂh;ﬂ al, 21
Hoom et &, 2010 and forest stem bumorser rades, which may alse
atbect palm abundarce indirectly (g, Emilio ot al., 314} For in-
stamce, feveral studles have showm that ar least some palm specis
can be sucoesshd In relatively chyromic foresds by capimlidng on
Fgh-rescuime conditkons afier distiwbancs (EBerhand I, TLL
Emilioet al, 2014 ; Salm, 20051 Additionalky, some pakes e resiient
fo certain By pes of disbor bance, induding burdcares and blawdowrs
(i & Senberin, 1554) ared | insoemee cases, Fire, &s n reult, we might
expect iree pol refative pbundonice o exhibit o posibve association

with cordemearary rates of Gres fumpver, In general, the eaderd 5
which relatively local ecological Factors can help 1o explain Bopea-
graphical scale waistion in tres pabm abundanioe reraie ok,
In sopemary, wndiar the conbesporary conddioes by pothess, we ex-
pext shgralicani isocwtions betvweer kcal eoddogic al cord fions arm
trew pam relntoee pEundaece, I paicularn, we sxpec Righer thee
palm relative sbindance in ances with Righer anrual and dry season
rairdnl, more ferdile spils with shalower depeh o the wate table,
and Faster sdem burmonner rafes.

1L i alen possi B thal patters of pabim sbundence ae assocdapsd
wRhFstoical distibutions of condibons thpd pllowed the persisience
of paim spedes and populations over long time periods {the dirmate
atahilzy Fypnbescs]. Previous work on mecoscologoal  patberos
of pale diversity prosdoss oortess for bypotheses about Rstoncal
drivers of tree palm abordancs at biogeographical scalkes {Elsorhardt
el al, 2011, Kieskng, Elkerhand, et al, 201Y Svenniing, Borchsenius,
Blorhcim, & Balsles, 2008 For asxample, Emsling Emetardt.
ot al. (201 2] reported that the astent of tropical rmim fors blorme s
differert Blogeographica realms diwrleg the Cenoaoke period Sazed
an palaeoc limabe recorsir uctions] wens positively sssoc b bed with cor-
renit palm diversty Relatively low palm spockes Achness inAlricabas
52 W ptiribubed] o extrctions dunrg rain foresd contraction (Faye
Bt al, JLe; Kissling. Crarhandt, ot . ZOLZ] However, Baker arsd
Covwrewr (2013 argued that Righer speciation rates ooiskde Africa
| opposed to higher eatirciion rates 0 Alcal might better ex-
plam cordmnporary ek palHerns. o Medapawarn, Bakotoarins
et ol RO reporie e pedrm diversity in preas that Fad higher
precipiation dunrg Bhe Last Glacal Magimam LGS 2100 pears
apal compeeld with presemd-chy precipitation, b gereral, pilaeo-
chimalic warbbiity could pso be associpted with spatial wariy§on af

pake ak larecw. Fur gl lrgor areas with more skshlo drepseal
chimabes could fpciitate larger populmiors of pa ch conaid alyo
b amsceladed with higher deerstication rabes | Owergaand,

Kissling Dransdiekd, Bakley, & Sverming, 2000 Conrmrm | 20015
Kisel Moinnes Toomsy, & Orme, 20110 Rakoinarindvo et &, 2013
Fosonewisig, 17950 Thercdone, uisder the dimwmite staelbldy Frpothe
5iS, we Dot o positive assoclation between metrics of lorg-tenm
climatic stabil ity and e palm relative sbandance.

In this study. we use a largn pantropicsl dataset of fonest plods
b guant By plobalscale varatkn iniree pakn aburddarce [quantifed
A% the bamal aren nd the number of stemsl relstiee 0 co-ccourring
brees Wie exammane spatial patterns of free pabm relative aburdance
across major bicgecgraphical replres, i addidion o correlatiors with
ablate pred bodic warlabies in lighd of the cordergnray condidlons
and ckmate stabiiity hepotheses oldlmed shove. As o step bowards
assesmng the pabenbal scospsieeelevel comequerces of ree pplm
rdathy abamdance pabieme, we estimato the amourt of eror in-
traduced b stamddard catculstiors of abowe-grousd Bamays (AGE
when tree patms are podled with ofher roes wersgs fregbed snpa-
Fately. Finally, in light of the broad range of palm grivwth forms, we
mssess hiow the dismeter sige threshold commonly wsed in forest in-
wentoey plots 110 eml mitects inferences. of dree plm eelatise abon-
dance in different biggeographical reales Gur overarching nim is
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5 develng 3 uarkidabve understarding oF pattems and drivers ol
brew palm rebiive abndince scrosy broad geegraghicnl sad onvie
manmerdal scales that can hels Us to gain g betier understanding al
s imparkant ard uniges groug and fo rechuce uncertpirdy abos
bropcal scenpsdem fune thening and derames

2 | METHODS

2.1 | Forestimeentory data

atalvsis B besed primartly on data from Fores tPlots
al., IO Lisads #k al, 201F Lopm-Ganeslay sl s, T09;

Gorzaler Lewis BurMtt & Philiigs, 2091 mulhi &t al, 2002,
whikch inbegraies dam fom research phis networks aciive in e
Mot pkcs |RAINEOR and FPER), Afrca |84 TROMN] and Southeas
Asla (T-FORCES]L I addition to oter retvworks and resedrchers, and
e uses the poan-orogbcal Gertry 0.1-ka sransect dotaset (Philips &
Mller, 2003 srd th database comglked by =00k et al (2018].

W msembled data for 2,629 indbyidual forest plots lneated in
the subtropkcal and tropcal moist broadieal forest biomes a5 de
fireedd by CHeon ot al, C2DOSL A It @l piblicatioes sssociated wiih
dota imed m this papes 1= fourd i iR Supporting mfemation

dix 51, I ench piod. ol inckaidus stems with a diaameter al
rllicm r cdamider at bregt Feighd 1 bk, 1.3 m above bhe ground|
weare iduntifhed and mewmured for dbk Cur sabpes focum anoare-
boeescent palms that resch #10 om b b, thencedarth, Stree pales®)
becase smaller-chametar sters are exchuded 0 the stondard pro-
ol of et forest inverdories. Allough palmes oo in s wick
farpe of opical etodysbers linchading rén Forests, savannis and
dry dhwesis]l wetocwed on mos Famnets | um dhiu ,

gy

[T T

EE ] iy

lhe restesi paks dversity ard M i where the mgeeily of pksts in
pur dataset e locabed We resbogbed our prabyses e o plots
reported a5 "old-grpwth”, “privary” or “udsticbed” By the origi-
mal dota robestors and eachuded 57 plods descnbed. o swpmps or
“inere dermirunt” palmn forests. We amalysed a dokal of 2. 5438 pleks
leovering & iotal of 1,171 ke Supporgeg darmadon Appendid 511
To refduce spatial mitooorrefabion we poobked data from plobs within
(e same 10 km = 30 km grid cell; herealter we reler o thess 5 ag-
progated plots as“locatiom”, ARer sppresion, oo detases ichaded
B2 oo OF igare al, The anta sampled per lodation raged from
0.1 40 51.8 he imedan 7 50 = 0.4 +3,5 bal, with Y5% of the Incabons.
wampbed were e0.1 Fa. We assipred esch locabion to one of the bio-
feograshicsl reakea dufined by Slwon ek sl [2004] Bk ws comshined
lacatons in Doeania with Ausiratasis because of their strong hise
mrical conrection |Musiner, Paeol, Cofeman, & Chase 2008 amd
thezdr relat ety low sample dees jn = 32 and 37, respectivelyl

For gach location, we calcuated the relatwe | zrea (84|
precd e relative abundance uv.lu,,l o tree pobve a8 the sum of thy
ree patm Basal ares or rumber of trez palm individu s dvidsd by
i bodnl bassd srew or betel numiber of sters, Thess relstive met-
rics of iree palm sbusdanos reduce waration cased by diferences
i smrphe ares and stem dersity scriss logabony Resuls based an
O e andd B were highty omelited, snd we present and dis-
cuss B, remulis in e main besck (resibts bsed on B4, are pro-
vided in the Suppording Indgrmation Fguee 540

2.2 | Environmental variables

Ta pddiess pur lypethen: sbout the ik bebwe bng-term cloabc
shabsliby arvd drou palm sbursdanis khe ébmeto -abability hyp othesisl

Australasta ! o
Dpnin

K= g

1 e

.18

ﬁul}; 1 fal Locations of study tods colowed toreflect four bogeopraphical reaims. The fota number of locations s ghaen along ﬂh
tha total ara [in hectares) samplod b each realm bl Tee pals mlabve basal anta (B, insach ncatlon defined as paime fhat reach 10 Em
digmeter of Breasd heighi bk ], ardd thoas, i included i dy plcal forest e nborr plots, Locations without bres polres preserd ore showros
Mue eresses, Bed chrcles represent plote wikh tree palme present, and clrcke slae s prport loral bo e B, thad lscaticn [Colour fpse
an b wieved of wileyandinelbrary com|
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we weed weveral variabdes thet o Beely o fave had major Eoacs
o Lhe dsbrbubons of palms aad their Fabiats feg, Melo, Freifas,
Bacon, & Calevaiti, 2098] Specfically, we cacdated the abaaluie
chfference lor “anomaly” bebween B LEW 121000 vears spol aod
merdern dismalologica dverages (1979-2013], Toe both Lhe mean
anreml precipitation [in milimetres per yoar) aeed the precipits-
tion in the driest cuarter (in milimetres per-guarter] sing 30 arcs
{c. 1 km®l mesplution data from CHELSS (®arper ot Al 20471 We
wred LG R varipbles bosed on data from the Palaeoclimoabe BModelfing
WEOinmpaison Froject (PMIF3] and oulpi from the Consmu Ly
Climate Sysbem Model (CCSMY ) Karper el f., 2017,

We used seversl datamets to addeess our Fpothess sbout con-
immparesry acclopic al mnkreds o tree poillm relaths abundanes (the
contemporary conditions hypothesis], Fer contemporary dimate
vt ERtracted the mean annual precipitation On millimeres per yean
and precipiation in the driest quarber lin mil bimeeSres par guanier| for
each acatise From the 30 @ s 1 im®) resokition CHELSA datacat
(Barper =1 al, 20071, For eclaphic conditions, we sxiraced catlon o
change capacity ([CBC: a general prooy for S0l fer bllEy, comol= ") at
250 m rescdution from the SaikGridy websdte [hitpe s soilerids.one’|
We loosed on CEC because prioe work has shown amociations be-
fvween foerest comoasition {including palm dbseryity] arel w3l ferifity
(Muscarell = al, 2019 We exbracied the depth io the yater table
fim mvetre=) from e 30 are =k, 1 kn'l resolution d sfabase of Fan
Li andd Mguez-Macho (20130 We examired bow condiiors: at the
whoady Incaform raflect the rirgs of condiiorm in thair respsciiee
Bogezograghical ralms by samplirg each varigbde at 10000 ran-
dam poirds 0 each reslm Bopporbng informatian Figure STl We
extracted values for the predctor wrlables Ested sbove besed on
the frean Ipbdude ard lengitisde of gots i each kcabion

Wa calculaind bwe grukis for iurnéesr codme in mch looatien
First, hecose foresks with faster hrnoverrabes berd o hpee shorior
canopks|Fadpaaschetad, 20110 we estimated e msaimeE canopy
Feighti farasch lecadion bassd on the tree eeentory data More spe-
ciffcally, glven thal most plots do not el risd data o tree
Fecight. wao el the "BIOMASS" pﬂllzmﬂﬂn: Tagiuy
Plponat, Chawve, & Hirault, 2017 io estimate the heigot of each in-
diwidual ree based on B disncler wehng the geographically based
allametrk ppuatinn of Chawe o1 8 (010 We used the #5th por
centie of estimaied free height in zach booation as a metric of maw
irmal canopy Feight lcomparable resibs were chipned wien gsing
the 29th percentikel. Sccond, e maloulsted the basal area-wiighted
mean | oo dengiy for eath loe slion by mptc hing woad dien-
diw data from the global wood ders by dotabase (Chave st al, 20005,
Farink et al, 2008 vath ke relaiive basal arca of each Sparies in
each kbatin The CWM wiond dersdy milecty [He-hajory sirafe-
gies-af srmes, ardd stame® wath lower wabaes of DWWk wosd density
femd b have mare rapid Bamioeer fabes [Crave et al, 200% Prillips
o4 al,, 2004, 2017) Ghen thot we more inberested In the relition-
ship Bedween bedl erwimnmendal condibiors and lm relative
aburslance pattems. we escuded palmy when colcdating CWM
wmod density, Hrwwsuee note that TWH wond dervity wnbies per
loention were bighly comebied whetber or not palms were incuded

|Pearson's = 8L Speciesdevel memy womd densty values s
medilpble for 51% of the dmdual sters represanitivg §1% of the
tatal Easal area (AA)], porus-leml mean widues woere ped o 3758
of the mdividuaks C10% of the bodal BAL Tmily-lovel mmn yalues
weere usad Tor 38 of e Bdisiduab (8% o the tal BS), and v
mucludsd the igrer 3% of inclvidusds [representivg 1% of ke
total Ba) thed were not dentiied fo the family ledel The compebed
CWe® o dermify walues were hiphly cormelated with CWhA wsod
den=dy values computed based only on specigs-fevel dotp {Peasan's
= 3L genuv-kevd dasa |Pearson's Fo= 99 o famiv-hevel deca
|Pearson's r= $9],

2.3 | Statistical analyses

Ag a First shep dor assess ponevad paiierme of brew palm oocumersce,
Wi Lsed | besds do compare By erviranmental covarlabe described
nhove betwsan locatiore with prad without bres palms, separatoly
for e nealm We log, Aranstarmed ol coearizoeshefore analysk,
mxcepl for TS wood density

In order to amess associadors bedwoen tree palm abuedance
and covarigtes, we fitteds Bayesian zeen-inflated verion of the bata
regresslon [Deft Qspira & Permar, 20000, beravse oar reaponse var-
able of interest (BA ) s 0 proportion, ard tree pales were abeent
Frees many (1% lovations, We modebed BA__ ot each lecation, |,
uning a beda-cistrisnded randem warable y— Bedi (ng, o, @0 which
represerds & misture of beta snd Bemoulll distridions dofired o

By =T
| 2 —pgi f vl

Be?l |pydi )= vt

Thi paramels gy b5 the probaiEily. of tree palrs Being absent
fram a beation snckle i, 8 is e beda dernity functionof BA__ st
locations where ree palrs e present: o s the expocied valos and
@i precoiin paramebor (aping & Ferarl 20001, For bsth cormees
nents of themodeliocodmenoeand relative basal arcal, we modeBed
the rdatinrship batween the response varabie, g at gach location,
|y ircluding bingeographical redm a4 3 andom grouping warkable, o,
Wiz used e Mollowing model:

oty AP o LD e S MAR L DY
= A TEC, + 0, WTD, « &,CF| = 8WD, = fLArea < g

Where vis palm ocourrerce Tor the Bempull part of the model
ond BA_,_ Ifor the betn part of the model], i, iz the imecept.
and the temms MAP oy o 300 DAYy oy ., COFFESRONG to the
anompiles betveees the LGM and covemporeey mean grral ard
dry qrarter precipitation, respectively. MAR.  and DEY, . repre-
sery curferd climatolopic® rears for mesn annup and dry cuise-
ter preciptation; CEC, WTDL, CH s WD, comespond 1o cation
mxchame capacity water talle depih, conopy Peighs and CWM
weood density, respectively; md Ares, corresponde b the sam of
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gﬁuﬁ! 2 [a| Percerviage ol locasans it each reakm wheona tree palms 210 om dismeter of breast beight) ane presant, Test o bars shows
v rmimi ke o ko patlors wdth b palms, sotal pumbar of focstbong and tatal area [ Rectares) sampled, (i Aelst b bagal arm of free palrs
|Ba_, . a%a percentage. shown onalog,, scsde] in each realm among locabians shere at lesat one dree palm was present. Qrckes show data
for indheickaal locankang, with the @00 being proportioral 1o the locsdon samplo dres. The dotted horzordad line ls arefoeneros line dedineating

5% relative tree palm Bmal ares, in boap
firwt anel fhind guartiles, respectholy: and

hebakd Forizunial bre indicetes the medioee bop and bottom adges of the boses efect the
axband tothe mmt extramo data point that s rot = 15 dimes the imorguart e range.

Cirches sherw b values for ndividual locators [Colowr figure can ba wiowed st wilevoodinglbrary.com|

ey =ampied in componerd plots at lecmion | We inchaded the ares
berm %0 sooant i possible comelation Bobacen the area samgbed
and B, Before fitting the modid, we centred and scaled sach
prcicior varlable by subtractieg s megn o divicing it by i1s
stondard dedation, This procecure Faciifates madel convergance
md- alows far the divec] comparisan of relathee effect Sces acrosy
precie by wariahled (Gelman & HIL 20080 The mapnty of modsl
rorearivies were lifle correlated [Pessons Ir] = 30 But hisbericsl
dimpin snomofies and currers dimate condiiorn were moderately
vorrelited |Pearson's £ = A7- 7L Suppording |ndermmation Table 513
Moretheless, madels fHitted separpiely with either historical dimnte
smamalim or currerdt cliramin conidibony gave similar cdmoioe for
il paramebirs, arsd wee report results from dhe Sl model, We fibbed
mindels using STAKN [Stan Dewslopment Team, 201E «a the e
R packere [Birkne, 200T] ard with dedault kinedorimativel prioey
|sen model Code in the Supporting indormation Appendix 530 Wile
uamdl boww chwiny skl 1000 boroein sieplos and 1000 samo brg
ferstions per chain, &1 peameters had A values < 1.1, Indicatirg
suocesstul corverpence, Finds showng posterior distributions. brace
plots @l a posterior prodictive chech are provded bn the Supporting
Infomaltion(Figures 55 and S5, We tomgated 8° of the model wsing
e “pdd k" Function of the Sorms” B pockape Morkrern, 2017, To
evaluate spatial ancorehtion, we compated Moran's § for moded
resichasly uaicg peographicnl coorcirudes of loc atiors, Obsersed and
epezcbod waluns did nod d iFler dgnif oty |p = 230 indcating alack
of spa ubboormelatdon awmoeg reddadls. Al analyses were cone
duibed | B 351 B Development Core Teas 20171

24 | Implicatlons for above-ground
binmass estimates

To nuantidy the sagritade of ermr ivdrodoced o estmabiang
of AGA i ree peimre are poaled with olhor frees, we first used

e peographically based allometric eguatiogel . using the en-
wironmental facior E) of Chave et o, T.E'D]-lll.mltnlld fithe
AR ASS B package |Réjou-Mickain et 51, 2017 Lo estimate the
tcal AGE Tor eech location |rcloding tree palms and nor-palm
treesr AGR., Lo Idedly, we ould compare thess estimates
with wnhes where tres palm biomass wos calaulated wing spe-
cinu-kpsmcifc allamsific aquations deveioped specdically ior palms
that irehude infarmation on plant heght Feldoasch e al,, 2002;
Marshall gt al, ZD1ZE Untorfonabely. allamedric eguations Fdwe
nob yet been developed for mast pales species, and mest grauml-
hased foresl invendory dataseis do nit nclude height sureE-
mehbi. An an albernative, we calisdaled drse palm ACE g tha
family-level allometric apastion {Eased on diameter ordy| drom the
ttudy by Condman of 3l (2031 Whe ther added this vakie of fres
palrm AGE Lo rein-palm free AGE calodated with iFe method of
Charee b al (2014 deccrbied aboyve 1o 3irkee ad a Bighnd gstimane
ol SGE for cach letatiorn ﬁEB,:“Im‘_n'_r. We mpoit the retio ol
WEEE i aeraee TOGER o o asasiep invwards guantifying the
ermor In AGE cstimates imMroduced by palms.

2.5 | Effect of size threshold on tree
palm abwindamce

Tao espmdng how the 10 om d boh, threchold kommonly wsod by For-
st inventoriesh could atect concusions abeat paim sburdance pat

|y ns, we arslyed separateby Alvwyn Gentre's frnmect dats Phllips
E MHer, 20020, which bckides all woody stems 225 tm od.bbe In
144 Incatiors (01 hasach] distributed globaby tBeougheiit dke Bubl
tropicel mclat brosdesf blome (Supporting Information Figure 521
Far gath tramect, we comgared BA_, (and BA___| based o the
Tull clatased (i, all sty 2. Somd b, o= 80712 indiwckial stemal
ired 6 sahast of 4k deta imeg & 210 e b b, ffemsbobd (e = 148 &85
rclind sl sieresi
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3 | RESULTS

Bcroasall 842 locatiors, treée palmy (510 om d bbb sccourted For
atatpl of IR0DETaut of 641,174 individual stems (350 The majar
ity of free palos (255 belonged 15 138 species and 71 geners
frepresenitiog © 5 and ¢, 39% ol globally aceepted palm spedes
and. genera, respectivelyl The remaining 5% of tree palm inde
wichaals inomar detaset were identified o penus anky, Acnoms al
Iocatians, tree pales gccokinted forc 14% of the 1oial basel area
sampked.

Wip fousd p sdrilbrg patbern poosy bsgrographkcal reakes in
wermsof iree palm oocumence, eefative basal arca and melative aban-
dares [Figures 16 wad 2] The praparhon of ncatione wharse tres
palms were recomded swas, by Far, highest inothe Moofropics (34%)
compared with vy crfer resdm (1% i6 Australada Oocana, 13%
imAfmiropcsand 1T% in indobGlaya; Flgure 25, On secmge. loc-
tlors i e Meotropics had higher Eh!u.__ |5.5%) ard CE 3.a%)
than locations in all other realms [mean of DA, scross othes
realms ranged drom 15 b B4 Flpure gl [moother words, pakes
represent «9% of the total basl pres 1rlr?!al 10 emadbb in 7%
of e sampled Incations ourdde of the MNeotrpics, Monehicksc
epetialy wihin the Meatrogics. BR__ was highty variable, rang:
Irg, gl from 9 do S

2] Pabm Decumises

31 | Tree paim occurrence, abundance and
envirmnmenta| conditions

Baaed on t iesds, there wore some significant differences in eryinon-
menka variables betveren locaions where tree jgalims were presienil
wemul those where they wem abemd, byt these were rol abways
oonsistent or significast across realms (Supporting Infammation
Figiire 53] For examp e, scil fertilidy (CEC] and palmoccurrence wene
nepatively avsociated amang Neotropical lecsioens: o positivoly
anstclabnd among Alrotrapbcat locaios. Palvs wene moee Rkely 10
poowr i locations with shellower wader tobles b Neoimopica! foca-
thong ared depper waber fables in irdoMalayan locations. MNatabiy,
Fraes poadrey ccc i ren v Ve sewce b dad with highar dry smteon reirdall
In ail mealms, aktough the refationship was not statistically sigreti-
carnt In Ais belask O mnln Foeadts foim the ooosmenoe Comoo-
nentof oo aeno-int a bed o de | were conslstend, in part, whih readdis
Froem Bhe © besis (Flgure 3al Specifically, games were mone [koly ta
oeouF in ket kong with kigher precpitatian in the driestquarsr ard
In locatbons with smaller anomalins betesen histookeal 2o contem-
perary dry sanson prec pakation, Palms alsefended fo be recorded in
locations wish anger total arma sampled

In comtrast, palm rebdive bosad peea (BA | 'was not signifi-
ity -assolated with elther pabecclimate siability or current

| B} Purn Ry D Ares

ek e Lyen
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FIGURE 3 Starelnrdized affock sice lesdimated moeticients) with #5 and #0% credible indervaly {thinmer and thicker lines,
reapel v i) for variailes esplainig fal padm occurrence and (B relative palm basal arca (Ba_, ). For sisualization, estimated
coeldicients in (al were mailtiphied by minus ane bo allos a mare infuidive inlerpretation §e, meaning shal they correspord fo the
probabillcy of pakves being present rather than absentl Points represent modian values of poeterior dsributions and are filled when
#E8 credible imbervals do not ovedap sero. 5ee the Supporting Iedormation Agure 55 for full posterior paramcier distributons.

The mean annunl precipitation anomaly ond the driesi quarter precipitation smomaly reder f0 the absalute differerce betwean the
Last Glacial Maximom (21,000 years agal and modern climadological sverages (157 9-2003] for each of those dimate wariables,
respectvely. The OWs wood density refers o the asal area-weighted mean wood density salue among non-palm rees recorded in

each locatian
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FIGURE 4 Biviriaieplods of tree palm relative basal anca (BA

pe=

Stand struciune | lumover

as @ percemage, shown on 3 kg, stak) verus environmental

coaarbries dor locabices in four blogeagraphics realms, The thk rarks alneg the s axk represert kcatlons sathout free pales recorded
symbal size B proportionsd to the sample wos of the lorstion Covanabes with sigraficant offacts Qe #5% credible imfervals did not overlap
miref are indicabed vath anastarik ], andfitbed slopem ore shown; covariatas wih non-sagrabcant efblec i are indicabed with 85, Muani
arinuzl precipiimtion snomaly and driest quarter preciphiation aromaly refor fo the absolute diterenco batween the Lot Glac il Maximum

{21,000 years agol sl mesden climatologlcn meerages (L9 77-2003 for esch o those dimale sarbibles, respectiveby The
tansity refers 40 the bosl rea-weghted mesn wood dersifyealue among nan-palm drees cecorded in each lecation [Calowr

viewed ab wiheponirelibnrgcom]

precpintion b B dresd guarter (Figues 3boand Al Howewr,
E""li-
pgetaban |Fgures 3b and 4l There were alse sigraficard negs-
Hye assaciatons Between H"!'p.“-\. and CEC |zl fertility], depth fo
wier inhle and OWM wood densty (Figures 36 and de-hl, Tha
relationships bedwien BA,_, and carapy hefghd ard area sampled

was pasitivoly ssiocisked wath curent mean sanud gre

we e nod stetrsbicaly dgnificant. Togotber, Lhoe resuliy indicated
that tree palms accounted For @ greater propoetion of total basa
area in locathons with lower soif ferfility. closer acoess to ground-
water and lower CWh wood dersity. The B of the full model was
26 [ credibbe intervals {Chl = .21 -.33; Supporniing Inforration
Toksles 52-X

33 | Iplcations for abawe-groa nd
blomass estimates

&5 peperried, the difference In AGE estimaied by Ehe two methe
ok LAGE ot b R P08 AGE, _ dintressed with BA L
IFlgire 5. Mowever, the direction ard magnitude of the chargs
in AGE predictions were nol consistent. For example, whers
palms sccounted for »10% of odal basa wrea, the rabio of AGH
calculmed isag the twm metbods ceaped from RS s 105
Matably, for pon-Nectropical lscmiore with BA_ = 1%, values ol

ol
cim he

MGB L W abaary higher than thoseof AGB_ o r0l,
IFigure S].

33 | Effectof size threshold

I Loted, 318 ad the {44 Gentry tramsecls coralderol pdeded at leasit
one pam faross Jl ransscts and udng a 2.5 cmod.b.h theeshold,
£ 502 palmn Ind bl cuals (o 177 spedies) s ooriod dor 5.5% of the
ial iIndividusls (B2 and 283% of the cobad basal anes. When
singa 10 cmd.b.h.theeshold, thers wens B30 paim indisdualsifrom
P mpecie ] that accosinted far 3,0% of the lobs indiviaios [14,4635)
ard 2.5% of the wta besal area: Among Meoiropical frarcects:
thanging the sizce shieshald from 2.5 40 10 cm dbh caused palm
reizdive basalorea @A 1o increos e or docreass b Sland 40 of
lie= it ansecks, respec bwely (Figune SLIn the other reams, howeser.
H.ﬁ.ﬂ,"m:rcmed Il oulof 17 Erarmects (P45 when siams down to
2.5 o d b b wene induded. In fact, ootsice of the Meotopks, 5%
o the franyects with 5t leasi one palm present & e 25 cmd.boh
threeskald had no polres recorded shioee the 10 om d.boh, dkeeshald,
These rewfts indicwie that the majoity of palm sBundance in lo-
cabiore gutsicks the Keotropics occurs in the 2510 em d.b.h sipe
rlima, The diferent d bk tPeesholds cbarged e vplioe of H.ﬁ."__ in
rach irarmect by 5 14% [Figure 8
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FIGURE 5 Palmrolatwn basal area B e o per :
dhown on e |08, soabe sersus the ratio of eshimated total

ground blorass (AGE] I cach locabion caloulated wsing the
tamiylevel dameiee only) squation from Goodman et ol |2013]
torpaims and the equabion Fram Chave etal. (2014 For trees
RGBT tobel AGE when pales are treated 12
treesupivg the equations. of Cheee ftal GO0 GAGH
‘Wakies on the yads less than one indicate that using the souatian
trom Goodman o al, (5130 dor palmes leads io o deresse of the
eadimided plot-level bigmads, ard wice werss Bolour Rgure cin be
whewsed ot wilgyorfing ey com|

4 | DISCUSSION

41 | Pattermns and drivers of tree palm abundance

and diversity

Tree palms were clowly most abundant i Meodropical Inrests
wkere they compoued » S08 of the botal forest bassl sres and siom
aburdance. Wo cansidor these figunss 1o bo corservatbve cstmates
bccause vwe d not consider arcws of troe paln monodamineie
witsch will require a secarapeand ocused restment. Rorfoncing
prior work (8., Dranslictd o1 al., 3068 Moore, 1973 or Seege
ot al. 1R 2o tree palms are particulady shundara compoe
reznids ol forests inoweskerm Amazonks, which k also a motspot of
palm drweryiy (Serrirg of @, JI0EL 10 oonirast, dree palms play s
relatively meinoe rele in terms af abondance in other blogeographica
renkea. pspecialy the Afrcdropcs and Indobalaya [wish notahle e
coptans of tree pabs mano dosdraros In some ssamps ofF bhess ne
ghore |Darge et al. 2017 Tree palrs do, howeser, reach refatkoedy
Fagh keveds of relabive sbeosdyroe 1 some plobsmMadogasca and an
the riortheast cossd of Austrafa (2 14% of the dotal besal areal, but
fhese kncators were ekceptiong in tomperiseor s msst Incations in
those realms

I our sbady, Iecal coniditiers, ircluding osreed climete, eclaphic
properties smd proxiey for fumover pates, were moe sirongly re-
tated G trem palm pheinckiee e witben BopeaEaphical eeadms than
ouar metrics of palpeodimate staklity, In @rikccbr tree palms had

Citterence of BA_ (2 rembagel for 116 Gantry bransecis
when veirg s 2.5 wiren S0 em disector ok breds Feight {d. bk
sire theeshold, Each bar represerds one ransect where ot leavt one
pabe was presunt. Posidive valuos reficmie that E.l'.“‘_r_ waas Fegrmr
when demsdownto 2.5cm d.boh, were Induded and wice versa
Asterks Indk abe iransents wiere pelms were recortd ed Inthe

2 Semd.bh data but absent from the 10 cmd bh, dade The raed
sl the percentage of iransec is whire paling were picsent with
a 2.5 emdbh. theeshold amd absant ot the B omd. boh hineshodid
[Coluu figuim can be vismed ol wilevarHnsilicary .com|

gredder relpdve sbundance in locatiors with Fgher mean anosl
rordnl, korerer soil temibiby, weater iakdes pnd Dghter CWR
wood dermiy. These results s brondly cormbtent with o nerber
al presious sheckes. st lisy sattinl scales that Fawe Enked spatinl
disdridians of palm & oy, edapghic conditiors ind stared
tumover rades [Costa ef ab, D0F; Dzerbardh et @, 3311; Emilo
gtaal., 2004: Svennimg 2001,

Qir fircdng that pakme were relstively more sburdand in Ioca-
Lions with low soll tertility, shallow water fabics and lghber TV
wood density might reffect related ursderdying processes, Foi
Instarce, Schietti o al, (014] reported a strorg relatiorshis De-
tween water table depth and palm community compodtion i for-
es1s.0f cantral Brazibian Amaronla, Ukowkee Castilho eral GO0
Fourd grester patm-hiomass in sihes with poorly deaired, sand-rich
wcls, Quesada ot 4l [ 20121 reporied ithad forestswith Ighter Gy
wood dershy ane smsochiod with dhorter stem reslcency tmes,
and pakms may be mare Fkely to be shundant st sites fhat docs
mong pevene or feequent distorbances In fact, some oreas regui-
lady exposnd o mind dsturbance Tor edample, show high loy-
els af free palm aburdmce {25, Corihbean isbinds, mast coast at
Australial Emibo et sl (2014] Hnked pal sbcndanice in &mamrdan
Forests with sspects of acil sbructire e suggesied ghat edpphic
propeties. such moaall depth wnd texbure. might sthect pland oomi-
pemition and abondonce incirectly by influencing stem tumaver
rates, Addivonely, OWM wood densiiy & gecgraphicaly siruc-
Furied in o dataset: loceians in wiestsam Amaxnip beesd to hpve
lightar CWM woad cemiy than Iocagions in eastern Amesonin,
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padentially redflecting gradients in crought s nifriend stress |ler
Stewpe plal., 200AL

We hypotbesiied that lorg-tam dimpbic conditiom could also
fluerce corrent patterrs of ree poaln aboedsnce Based on i
dimete wermitivily of pame |Rochgel, West, & Sreerweocd, 2008,
Tominsory 20040 In some pespecty, oor results e boadly il
to glotal patterns of pale deeersity (e high disersity and mtive
sandanie of tree palms in the Meotmapicd bt ok the Afeokmopics)
Hiorwwereerr, wirintion of tree paks relptine abussd oo e within realems weay
il sgridicarily raied 1ot anomery of SE medn aninal predp
ftaben o diy season precipiation bebwesn the LGS G000 yeary
o ared e curment period. b sopears thes locs envronmsnita Fed-
urcganmiy modises pals folsthes shundancs maes siron gy within
blageagraphical redlme wheress legacy effects of palseccimate
mighitbe mare apgarent ak @rger scales Poeresdicgly, palneocirai:
stability faramaly of dry guarber predpitation was lnegat vely) assor
ohated with palms cocurrence. We might generally sxpect abandance
b exhibii le e coupling, to Ristoncad legncles tham diversity gheen thv
species peesant In o localdy Fove the poterdial bo respeed Inoa el
wtively rapid marner fo orresd envronmeridal comdibans through
populatisn prowth i other wards proceses goveming abondancs
acn BRehy ioorour along $orier tirescales than prooeses alfecting
spe tes richness e, speci bon, exting ton, immigration)

In this stody, we were unable G assers the role of severnl po-
terdtiafly imperdant dowss of palm abundaooe direcfy, Find, e
Fanad farmilbanain [Fcheria Hunk
Arrerpn-Kalin, Beans, & Boivin, 2007 and, espedaily given ihe mary

muarm e of I 1 ir

Flarem = TER

,'.." [ ST
Y i T

FIGURE T Phyiogeny of pelms ﬁfh‘. D=erborc, Boker &
Swerring. 2008 showing the preserce [in bold codoar) or abyencs
alnt colour] tar each species in each blogeagraphi sim

o thi woeld Ehecklst of pakes WS 3007 i the “level
37 peagraphicad Unis defiresd by the nbemationat Working
Groog on Takonomic Databizses (TOWG: Brasmmi, 20011 ard
bingeographical realms dedined by Cison et al, (20040 The
putermoast rmg & black e apaciod known (o rescdh a mesmal
diameter ot breast hefght{d. bk = 00 em | Eree palims” i this
skudyl greytor specles with masimal dobh. < 10 com aeed whiie for
speciy far wiich maximumd.bh, inlormation was nod svailshle
120 (igsdimg etal. 2019 [Coloaw Figure cam b showed at
waley prhireibrary, com]

¥
OeprzprEby

imes ol pohes {Canara-Leret et al, 20070 past aned réecent Fuman
pchyity could mfluerce obsyerved contermporary patbems of palm
ibirdanie, Levis e al, 2017 shirwed thal domesticated tree spe-
cins, irchxlirg: severnl tree palea, were more abundact 0 foests
hoged sitew in Armason loresls; soggesling fongicrn
taman impacts on the compoaition and struciure of wopdcal Faor-
sk, i condrasd, Aperna, Mosfichas, srd Bush {2017 reporbed a
lack of eviderce Inr svdent huran impacts on palm abondanoe in
g rornan fera frirme Foresds. Humans hee clearly impacded farests
I other Wogpeograptical realns ako (Hunt & Raber, 2014 Malbd.
Ak Precka, Asare, Lewis, &b Mapaux, 1013 Roberts et ol 2017, bud
wi 0o not expect haman activity bo bave ahered the brosd Bogee-
graphical patbarns v repoel. The dogres dn which hiiman arsheiding

rEur iF|

hawe Impacted popabtkors of paims and other rees regares more
Wiy

Sooond, we cannot ede out the posshillity dat the hkiodcal
preserce or aasenie of certain galm Bneages inflences patterns of
palm phursclanoe, Palma diepday strang spatlsd phylogenedc structurn
|elsdivg, Baker, gt ak, 2012 FigiEe 7], showirg that dil P regions
are charactericed by different lineses. | cerdain lineapes Fave a
particdar tendevcy to cvobve Fghly abundant tree palms, this could
frive potterm like the ones observed herp For sdample {he palm
tribes Duterpess Fiarbess and Goooaeae, which inlude dhe most
shizwlgnt pakes in Srraronia e Seege et o 20031 are sbsent auot-
wike the Meotropics lexoept e o few Atkkeinge speoes in South
fdrica and Madagascar, which, intweskingly, e el particulacky
shigrdant ther el Alsg, non-horan animal seed dizpersesy indlperee
patm dversdcation and dversiy win eco-meolutiorory recscbons
reter et al, 2007, and ikese raaliabsms coofd @so potentinlly
rilusnce tontermperary palm abursdance pettems. For irsdenoe
Ormbarn wtal | 20138] swrgued thet poles with mogstaoral frsts home
of whith could alsg be lige tres pales| may hase educed abun-
darecE aivd inereased oklincbions cvwing 10 the edtinchon of their
megalfaunal dapenecy (ke se Dooghiy e al, 2016), Coarddying
theaz efects will require additional phvpiogenedic anakses, wiich
mill Bz adteneded soon, oree @ corgechorene specica lovel pliplog
iy of the pakm famdly is avallable

Firadly, ow dataset does not indude ssamp fabitas and some
iree pelms am knosn tor formisg monodominant stanids, especialiy
I swamey concitions associated with large carbon poods. For eam
e, parm wames D the Congo Basm, Armagunm and southeast Asa
cover milfors of hectanes and store lage amounts of biomass bath
ihenve il belbow ground {Dargie et 4, 2007 Kabn & Mejin, 15900
Bedter understandng of these unlqus Fubiats reguives addiiors)
wovk: necent progness bas been made welng varkous remode sansing
lechinigues (o g, Dargle et al. 20071

4.3 | implications for shove-ground
biomass estimates

Crewe et et mn for cor stdy was to gain g Better cedeestandirg o
(ke prorertinleror i rodoces bo estimades of AGHE when tree palms
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are pogled with cther tees Specidicaby standard alloretric equs-
fionsgenerated for trees that estmate AGHfrom stem dipreter por-
farm i b relabivn poor monner when esdiFating Biormass lor pakes
B airse unlike odher trees, grescth i dismeter and groweth in Feighd
ol palini e lagely decoupded. The mignibede of e this i

dhucey clearky depands, in port on tee pale relsdive shorddanee In
our cataget. pooling tree paims withother trees ad ded orror o AGE
eviimaiey, b the direction of e eror was nod consimberd. Poaling
paalmy with diaks most odden ed bo an overestoration of AGS fcom-
pared with csimates baesd o wsing amily-level model Trom
the =tudy by Goodman <4 al, 201H dor and fh dicoi modek
o Chave &t & (2024} lor non- palm fFées]. Yariation in e magri
tuds @l diroction of these sstimates amarged, in perd, from the
geographical variation in the equaton of Chave et al {2038 The
ditfeenoess in LG8 cstimates betwesn the two methods used here
BGE. . rrwme AN AGE -unl.-:' wens <1 n 50 of locatiors
where B, was <5, Indicating that error from palms & probe
abby neglgide whan pplms are mirge camponents of the toal far

eat hasal ama. Hawever, the diferomce babasen the twao methock
ircreases widh 84 and the ciffemnee raoged from <15 to 6% in
ouir datased. Futum analvses using data on stess: hoight are nesdied
fo redine thews pdtimatey, ard sdditionsl species- ardd region-spe:
el palm allpmetr o o ely il be eparind 4o e prose AGH ek
male in many Meotmopcn foresty where tree palees gre abwindard

Fartunately, ircreasingly swaiable remaabe sensiog daia an conopy
Fevight Jo. g, N ASS S EDCE weill irgroam thiv sibostior w him painsd with
apprupribte ground-bessd data, Addidionaly, recent advarces inre-
et snnaing b0 Mertity paims {Togle Comapla vsal, 2020] will ps
Feelp 5 idemdify e where atterdion to palm asandeacce s imgar-
tant da reduce theerror i Bompss esbiraies,

4.3 | Palm Bfe-forms and the effect of size thres hold

To tome exbent, T patberns wie report refiect Hhese differences in
palim life diver sty mcross bogoogr achical realims. For caesgde. dado
that as=amea dimbing homne.g., ratEns in the sublamily Calamold ead)
consttute 3 majr oomponent of paim dversiy i the Indoialayan
and Sustradaslzn bogeogren hkal realms (Cronsewr e ol 70151 Inthe
teotropks, in contrast, many aburdant palm spodies row o large
cormpry trees g, Astroparyun chombim, Euleme precabenn, Inoier
debioiea Oevodamus bedmua] which are among the Myoerdamina et
species ol Sraig Gieeme & al, 2013 Mearwhile, undei-
sioroy speches also wp o large portion of pabw divarsdy in dhe
Meoopkcal, Indaf-'lal:-pn ardd fisraldan blegeographical realme
{r. g Fordns and Gegnonm species. i1 Amacorsa: Dyosis in Madesrascar
Finargs e Licuana In Brooddabsr Prtctandhe o ports ol Coeanlal.
Contrastirg patterrn of life-dorm diversity infuence the peiiers
of abundance we report, becaass the forest imsanbory datpets we
wmed only include trees with 3 large dameter jeg, W eml, S the
ore hard, plots cersused with this sae threshokd ore sdequst
mupAdying imoortant nred properties fasdin et ol 2075
ot b, 2008 Slk et 4, X1T; SMepbenson et o, 2014], For example,

Lutz e al, (218} $oweed that hal! the above-grooed Iiing biorass
In a plobi dataset of fxest plois we stored in the legest trees,
which made up 195 of the kel stems, On the otfer hosd, major
camporents of hindiversiby are regiecied by ciing a See thresh-
ahld of 10 em d.b.h, becuse & substavial esoued of trepeza fen
Ft diversity sdsts m urderstorey ared sercer climbirg plirds
|Cinzeaet s, 2013 Hutau efal, 2019 For pakrs, we stimate that
£ 0% of all speecies repch a diameder of 10 cm Kissling et al., 201%
Figure 71 The plat detaset we anadysed included o botyl of 136 palm
Spechize, which reprosenc, 556 of e bt R pak speciiss ared
neary 209 of the species krowm o reach 10 om do b b, Mepmhile,
|owaering thie diameder cob-off for the Senlry transect dataser Teom
Iiin 2 S em remiiknd in ths inclondon o 51 sddilional palm species
despiie containing < 25% the mamber of pabm inddduak.

DOwr aralvsls of the Geniry irarsect data provites ad ditfonal oo -
Firmalion that blogecgraphdcal d4derences in palmiide-formn diversity
can aloect B percsprtion of pam sbundarce. For cxkamgle, sriati-di-
nmiater cimbing palma e dverse snd raors comman b Inde®nday s
compered with arborescot pama (Couvreur o al., 2015). & fack,
many rclobalagan palen species f=g. rattany] am undikely o reach
oy the 2.5 om dbh used by Gonbry: 3 mador paint of palm di-
werily in ke IncaMatavan realm & contributed By the subdamily
Cabmglder, whikh comprises mosdy cimbers, NMotsbly, acaules-
cerd jor siemiesd poles can alw be common in Neotropical forests,
Cviral. p comprehensive prelersinnifing of the abendance of pairee
miTivow the enbre pldcgeniate irme will fegpare additionsl data that
Inchacke smal size dasses s cifferent Ide-forms

Ve propies speral scicitional poferdind ressom Jor gereealby oy
tree paln abuschirce in ke Abalrgpcs ard IndoMalava in s diion
b e ditferenies in Fe-mrmy descrbod pbive The i resson may
b melodnd b= tho generally all St casspes in #ete renkes, napo
craby Irckofalmm, compamed wath the Meotropecs [Banin ek J, 2074],
e e tavaur theewanlition of alternative lde-forms, In-
cluding climbers. reur gk al, 3015 In fact Counrewr et 3l 12005
neported @ link bebween diversification of the dimidng fe-form in
pa by wd doreat Canopy be gl &d dit ol spntfeSc work mcpreiog
abundanod petberme with cwdusarary disers of palm e Do waira-
ton could be a fruthud research averas. Second, for iIndabtalava, we
note that dry quamer procipdtataon s greater In locations with palies
tharn In locations whene palrs were s ond (Supgonting Information
Flpere Sdell Cn average lecationg in this repm wsthoul pplems Fove
anly ¢ 50 mmm min during the diest guarter. whereas sites with palee
herges =100 1, B & possible that the minieaom moenthly rardall gerer-
sty Emids paim ooosremcs In many arees trat havse months of minkall
£ 100 mm. which irciudies rasch of mainlrd Southeet Sda.

ﬂ | Conclusians and future directions

The resulis of cur sabsi of res paks aburdance show thal bres
palrms are not oy guintessentnly tropeal, but alsg overwbmimingly
Mermpical Altheupgh plhesdimatic oondiiors. sopey 0 hvee 2
strorginfluence orglobal pabm e ity ree palm relative abuncance
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wai frere srungly rdated o correrd ecclngicd oorelidion, and dree
palim abirwbece prtiers mapht be padicuar be sems dive to fubee cli
mate tharge, Fuluie meseprch should foce on specific divers fand
reraciore among drivem) inked b tree palme abundapce within
Lispropaphical rmalom We sugpest hal dronger comideration ol
e influence of polres tan redyce ncerialety in biomass estegies
Espacilly in the Meoobmpics, nprovement o our undersizrding of
tarben cyelng will eouire sldiborsd fieleork {0 messoe palm
heighl ared develop new alometric equstiorns for palnes. High tree
palim relative abuirdance i locabons with low averags wood oLy
|presumabdy, Righ-tumsoser fomest=l might abo dramaticplly mpec
fickd esthraies of orest woductity, because mesesements of palo
haighl gressth sew bpically neglechec] We slun shisw Rl unden ised-
I the gencral pattemes of atmindarce across He entie padm family
will require addiionad work 1o undarstand mecrosvolut nnary drivers
of paim He-form daversiby. Finally, cor sboady lmiabes the synergistic
reseanch polentisl of langs data- nistwaaiis Such o= SAMFOR
v Gouth a sl AATRON In Aldca Feobio ot al, 2072 Lewl
ot o, 2002 Lopiz -Gorcaer stal, 2009 Lopee-Gonaaler et o, 2013
Beemirles: wimaimage. A orgarization of data fo facilitste research, thess
noetworks simrgthen the oodine reseach chakn fseeking feld funding
fiekiwork, developirg protocol. alloretrie, oolsboratiors, Irmning
databsse desipn and ceabty comroll Metwarks sach e these are es-
senbial for ¢ rckacting broad - seale ored - dodsrich aralyses, Ay develop-
e of these retworks comtinues: B will be mpeoaly eedul i§ they
e man denuer thes ioday sed woen mnre Baleresd B tomn of bi-
e, biogen prop becal resles ol rabursd and disturoesd sites.
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