Andrea " S " Meseguer 
email: asanchezmeseguer@gmail.com
  
Pierre6olivier " Antoine 
  
Antoine " Fouquet 
  
Frédéric " Delsuc 
  
" Fabien 
  
" Condamine 
  
Andrea ! S ! Meseguer 
  
  
The'role'of'the'Neotropics'as'a'source'of'world'tetrapod'biodiversity' 2

Keywords: "speciation, "extinction, "dispersal, "phylogeny, "tetrapods, "biogeography, "fossils.' 43" 4

Aim:"The"Neotropics"currently"host"outstanding"levels"of"species"richness,"with"one"third"of"the"

17"

global" tetrapod" species." The" underlying" causes" of" these" extraordinary" levels" of" biodiversity" 18" represent" a" debated" topic" in" evolutionary" ecology," but" the" main" processes" at" work" remain" 19" elusive."

190"

when"high"tip"ratio"bias"is"observed" [START_REF] Davis | Exploring"power"and"parameter"estimation"of" 529" the"BiSSE"method"for"analyzing"species"diversification[END_REF][START_REF] Alves | Geographical"diversification"and"the" 494" effect"of"model"and"data"inadequacies:"the"bat"diversity"gradient"as"a"case"study[END_REF]."Unfortunately,"most" 191" species"in"our"trees"are"endemic"to"one"region"(widespread"species"representing"less"than"10%" 192" of" our" dataset)." The" same" limitations" prevented" us" from" using" the" multistate" model" and"

193"

decompose" the" "Elsewhere"" character" into" different" continental" units." In" addition," BiSSE.td" 194" approaches" have" not" yet" been" implemented" for" GeoSSE." Although" the" time6variable" GeoSSE.t" 195" function" allows" diversification" parameters" to" vary" continuously" through" time" (Rolland" et! al.," 196" 2014),"time"variation"in"this"model"is"constant,"such"that"parameters"either"increase"or"decrease" 197" all"the"way"from"the"origin"of"the"clade"to"the"present."In"this"sense,"this"model"is"not"adapted"to" 198" infer"whether"the"Neotropical"region"was"a"prolonged"source"of"world"diversity"or"the"dynamic" 199" changed"at"specific"time"periods."

200"

Issues" associated" with" model" adequacy" and" rejection" in" SSE" approaches" have" been"

201"

recently" raised" [START_REF] Rabosky | Model"Inadequacy"and"Mistaken"Inferences"of"Trait6 616" Dependent"Speciation[END_REF]." We" explored" the" relationship" between" 202" geographical" distribution" and" diversification" using" the" Hidden" State" Speciation" and" Extinction"

203"

(HiSSE)" model" in" the" R6package" HiSSE" 1.9.1" [START_REF] Beaulieu | Detecting"hidden"diversification"shifts"in"models"of"trait6 512" dependent"speciation"and"extinction[END_REF]," which" accounts" for"

204"

unmeasured"factors"("hidden""states)"that"could"impact"diversification"rates"in"addition"to"the" 205" 10" " trait" of" interest," a" method" that" provides" a" solution" to" the" issues" detected" with" SSE" models" 206" [START_REF] Beaulieu | Detecting"hidden"diversification"shifts"in"models"of"trait6 512" dependent"speciation"and"extinction[END_REF]." We" implemented" a" full" hidden6state" speciation" and" extinction" 207" model"(full"HiSSE)"and"two"additional"null"models"where"diversification"was"allowed"to"vary"but" 208" was"not"impacted"by"species"distributions:"a"character6independent"diversification"model"with" 209" two"hidden"states"(CID62)"and"a"character6independent"diversification"model"with"four"hidden" 210"

states"(CID64).""

211"

Finally," we" used" a" time6variable" (trait6independent)" birth6death" model" to" detect" 212" diversification"rate"shifts"at"specific"branches"of"the"tree"as"implemented"in"BAMM"2.5" (Rabosky" 213" et!al.," 2013)." We" ran" four" independent" MCMC" for" 20" million" generations," sampling" event" data" 214" every"2000"steps."Global"incomplete"sampling"was"accounted"for"by"providing"the"proportion"of" 215" species" sampled" in" the" tree." Appropriate" priors" were" estimated" with" the" setBAMMpriors"

216"

command" in" the" R6package" BAMMtools" [START_REF] Rabosky | BAMM"tools:"an"R"package"for"the"analysis"of"evolutionary"dynamics"on" 619" phylogenetic"trees[END_REF]." MCMC" outputs" were" processed" 217" using"effective"sample"sizes"to"check"convergence,"including"the"visualization"of"phylorate"plots"

218"

and"rate6through6time"plots"for"the"history"of"the"species"currently"distributed"in"the"Neotropics"

219"

and"Elsewhere."

220"

#

221" (c)"Colonisations#into#and#out#of#the#Neotropics#

222"

We" estimated" when" tetrapods" colonised" the" Neotropics" using" two" different" approaches." First,"

223"

the" maximum6likelihood" model" 'dispersal-extinction-cladogenesis'" (DEC)" implemented" in"

224"

Lagrange"(Ree"&"Smith,"2008)"and"considered"that"all"ranges"comprised"of"two"areas"could"be"

225"

ancestral"states."Second,"since"ancestral"state"estimations"can"be"misleading"when"the"potential" 226" impact" of" the" trait" on" the" diversification" process" is" ignored" [START_REF] Maddison | Estimating"a"binary"character's"effect"on" 585" speciation"and"extinction[END_REF]," we" 227" estimated" the" likeliest" "Neotropical"" and" "Elsewhere"" states" for" internal" nodes" of" a" phylogeny" 228" using" the" function" asrXbisse" in" diversitree" and" the" best6fitting" BiSSE" model" (ancestral" 229" reconstructions"are"not"implemented"for"BiSSE.td"in"diversitree)."

230"

" 231"

Results'

232"

11" " (a)#Neotropical#tetrapod#diversity#

233"

According" to" current" distribution" data," the" Neotropics" contain" a" substantial" part" of" the" world" 234" species" diversity" for" tetrapods" with" more" than" a" third" of" described" species" for" amphibians," 235" birds,"and"lepidosaurs,"and"25%"for"mammals"(average"of"34.2%;"Table'1)."The"tetrapod"time6 236" calibrated"phylogenies"currently"available"include"24.2%"of"the"described"Neotropical"species," 237" on"average." 

240"

TimeBconstant# diversification# models.' The" best6fitting" time6constant" BiSSE" model" for"

241"

amphibians" (Table" S1)" is" the" one" with" speciation" and" dispersal" parameters" differing" between" 242" regions,"while"extinction"remains"equal"(λN"≠"λE;"dNE"≠"dEN;"μN!=!μE)."In"this"model,"speciation"rates" 243" in"the"Neotropics"are"higher"than"in"the"rest"of"the"world"(λN!=!0.078"vs."λE!=!0.062),"and"dispersal" 244" rates" out" of" the" Neotropics" are" higher" than" into" the" Neotropics" (dEN!=!0.0" vs.! dNE!=!0.001)." The"

245"

best6fitting" BiSSE" model" for" lepidosaurs" has" speciation" and" extinction" rates" differing" between" 246" regions," while" dispersal" rates" are" similar" (λN"≠" λE;" μN!≠!μE;" dNE"="dEN;" Table" S1)." Both" speciation"

247"

and"extinction"rates"are"higher"in"the"Neotropics"(λE!=!0.064"vs."λN!=!0.169,!μE!=!0.0"vs."μN!=!0.101)."

248"

For" birds," the" best6fitting" BiSSE" model" is" the" one" with" speciation" and" dispersal" parameters"

249"

differing"between"regions,"while"extinction"remains"equal"(λN"≠"λE;"dNE"≠"dEN;"μN!=!μE)."Speciation" 250" rates" in" the" Neotropics" (λN!=!0. 161)" are" higher" than" in" the" rest" of" the" world" (λE!=!0. 092)," and" 251" dispersal" rates" out" of" the" Neotropics" (dNE!=!0. 0193)" are" higher" than" into" the" Neotropics" (dEN!=! 252" 0.0057)." For" mammals," the" best6fitting" BiSSE" model" is" the" one" with" all" parameters" differing"

253"

between"regions"(Table"S1)."In"this"model,"speciation"rates"in"the"Neotropics"are"higher"than"in" 254" the"rest"of"the"world"(λN!=!0.152"vs."λE!=!0.117),"and"extinction"rates"too"(μE!=!0.011"vs."μN!=!0.094)."

255"

Dispersal"rates"from"the"Neotropics"to"other"regions"are"higher"than"the"other"way"around"(dNE!=! 256" 0.010"vs.!dEN!=!0.003)."Very"similar"results"are"obtained"with"the"two"alternative"rooting"schemes" 257" of" the" placental" mammal" phylogeny" tested" (Table" S1)." Bayesian" MCMC" analyses" of" the" best6 258" fitting"models"for"each"group"are"portrayed"in" 

4"

the" outstanding" species" richness" in" the" Neotropics" today." Species" richness" is" the" result" of" 5" different"speciation"(λ),"extinction"(μ),"and"dispersal"(d)"rates"on"each"area,"with"black"arrows" 6" indicating" the" prevailing" parameters." "Source"" areas" are" characterized" by" high" in-situ0

7"

diversification" rates," as" the" product" of" high" speciation" and/or" low" extinction," accompanied" by" 8" high"rates"of"dispersal"from"the"region"to"other"areas."Conversely,""Sink""areas"are"characterized" 9" by" low" speciation" and/or" high" extinction" rates," with" high" dispersal" rates" from" other" regions" 10" increasing"the"net"number"of"species. 
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Table' 4.' Fossil"evidence"for"the"early"presence"of"modern"amphibians,"birds,"lepidosaurs,"and"

718"

mammals"in"the"Neotropics"and"outside"the"Neotropical"region."We"considered"fossils"that"are"

719"

assigned" as" crown6group" lineage" relatives" (otherwise" sister6group" stem" relatives" to" modern" 720" amphibians," birds," lepidosaurs," and" mammals" are" indicated" in" the" Fossil" taxon" column" in" 721" brackets)."