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Absftfracft
Thenon-AusftfronesianlanguagesofAlofrandPanftafrineasftefrnIndonesiaThavebeensThownfto
begenefticallyfrelaftedusingftThecompafraftivemeftThod,buftftTheidenftifiedpThonologicalinnova-
ftionsafreftypologicallycommonanddonoftdelineafteneaftsubgfroups.Weapplycompuftaftional
meftThodsftofrecenftlycollecftedlexicaldaftaandafreableftoidenftifysubgfroupsbasedonftThelexi-
con.Cfrucially,ftThelexicaldaftaafrecodedfofrcognacybasedonidenftifiedpThonologicalinnova-
ftions.ThismeftThodologycansucceedevenwThefrepThonologicalinnovaftionsftThemselvesfailfto
idenftifysubgfroups,sThowingftThaftcompuftaftionalmeftThodsusinglexicaldaftacanbeapowefrful
ftoolsupplemenftingftThecompafraftivemeftThod.
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1.Inftfroducftion

ThesftandafrdmeftThodfofresftablisThinginftefrnalgenealogicalfrelaftionsThipswiftThin
alanguagefamilyfreliesonftfracingsThafredinnovaftions,usuallypThonologicalones.
Inmanylanguagefamilies,Thowevefr,conftinuedconftacftandconvefrgencefrendefrs
ftThefamilyftfreemodelinadequaftefofrftThepufrposesofclassificaftion(cf.Kfrauss,
1973onAftThabaskan;Sidwell,2009onAusftfroasiaftic).InftThispapefrwediscuss
onesucThpfroblemafticcaseffromftTheAlofr-Panftafr(AP)familyofeasftefrnIndonesia
andpfroposeanalftefrnaftemeftThodofclassificaftion,employingcompuftaftional
pThylogenefticmeftThodsappliedftolexicaldafta.
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OufrappfroacThdiffefrsffrompfreviousapplicaftionsofcompuftaftionalmeftThods
ftolinguisfticdaftainsevefralways.Fifrsft,unlikeDunneftal.(2008),weuselexi-
calfraftThefrftThanftypologicalfeaftufres. Theuseofftypologicalfeaftufres,evenlafrge
numbefrsofftypologicalfeaftufres,ThasbeencfrifticizedbecauseftTheyafreconsidefred
exftfremelysuscepftibleftobofrfrowing(seeDonoThueeftal.,2011).Second,unlike
lexicosftaftisfticalmodelswThicThfrelyonsubjecftivelexicalsimilafriftyjudgmenfts,we
useftThecompafraftivemeftThodftoidenftifycognaftesefts,asinGfrayeftal.(2010).
Alllexicaliftemscounftedascognaftesinoufrdaftabaseafrefrigofrouslyveftftedusing
ftTheknownsoundcofrfrespondencesffromHolftoneftal.(2012),ThefreaftefrH2012.
InftThisway,weThaveaftftempftedftomiftigafteftThesubjecftiviftyftThaftwaspefrvasive
inlexicosftaftisftics.AlsoinconftfrasftftoftfradiftionallexicosftaftisfticalmeftThods,oufr
compuftaftionalmodelsaccounftfofrpaftftefrnsofsThafredcognacyamonglanguages
asopposedftojusftcounftingfrawcognacypefrcenftages.
Thifrd,fraftThefrftThanexamininglafrgefamiliessucThasAusftfronesian(Gfrayand
Jofrdan,2000)ofrIndo-Eufropean(GfrayandAftkinson,2003)wefresftfricftoufrfocus
ftoonevefrysmallandwell-definedfamily.TheAlofr-PanftafrfamilyThasappfroxi-
maftelyftwenfty-onelanguages,andweincludedaftaffromftwelveofftThoselanguages
inoufrdaftabase.WecThoseftThissubseftinftenftionallyinofrdefrftomaftcThftTheseft
oflanguagesusedinftThefreconsftfrucftionofpfrofto-Alofr-Panftafr(pAP)inH2012.
ThegenealogicaluniftyofftTheAlofr-PanftafrfamilywasdemonsftfraftedbySftokThof
(1975)usinglexicosftaftisftics,andiftThasfrecenftlybeenconfifrmedbymeansof
ftThecompafraftivemeftThod(H2012).Usingdaftaffromafrelaftivelysmallandwell-
definedlanguagefamilyThasftTheadvanftageoffresftfricftingftTheuncefrftainftyinftThe
fresulftsftoftThequesftionaftThand:namely,ftTheinftefrnalclassificaftionofftThelan-
guages.WedonoftneedftodeftefrmineifftThelanguagesweThavecThosenindeed
fofrmagenealogicaluniftofrifanunfrelaftedlanguageThasaccidenftallybeenin-
cluded.
Finally,fraftThefrftThanexaminingpoftenftialdeepefraffiliaftions,wefresftfricftoufr
aftftenftionftoasinglefamily.WThileftThewidefrgenealogicalaffiliaftionsofftTheAlofr-
Panftafrfamilyafreffrequenftlyalludedfto,mucThofftThiswofrkThasbeenbasedona
deafrftThoflinguisfticdaftaandisnecessafrilyspeculaftive(ftThougThseeRobinsonand
Holfton,ftoappeafr).Byfresftfricftingoufraftftenftionftoasingle,well-definedfamily,
weafreableftodfrawonaconftfrolled,ThigTh-qualiftylexicaldaftaseft.

2.PfreviousAftftempftsaftSubgfrouping

TheAlofr-Panftafrfamilyiftselfisuniqueinbeingoneofonlyftwopockeftsof
non-AusftfronesianlanguagesinIslandSouftTheasftAsiawesftofmainlandNew
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Figufre1.MapofftTheAlofr-Panftafrlanguages

Guinea.1ThedisftincftiveftypologicalpfrofileofftThelanguagesofftTheAlofr-Panftafr
afrcThipelago(definedasftTheislandsofAlofrandPanftafrftogeftThefrwiftThftThesmall
islandsinftTheinftefrveningPanftafrSftfraift)andftThaftofsevefrallanguagesonneigTh-
bofringTimofrandKisafrwasfifrsftfrecognizedinftTheliftefraftufrefrougThlyacen-
ftufryago.EafrlyDuftcThmiliftafryfrepofrftsfocusedonfracialandculftufraldisftincftions
(Anonymous,1914),andbyftThemid-ftwenftieftThcenftufryaftleasftonelanguageof
Alofrwasfrecognizedasbeingnon-AusftfronesianincThafracftefr(Nicolspeyefr,1940).
SufrveywofrkconducftedinftTheeafrly1970smadecleafrftTheexisftenceofpefrThaps
ftwodozenobviouslyfrelaftednon-AusftfronesianlanguagesinftThisfregion(Fig.1),
buftinftefrnalclassificaftionfremainedspeculaftive,owingftoalackofpfrimafrydafta
(SftokThof,1975).
ThefrecenftavailabiliftyofnewlexicaldaftafofrftTheselanguagesfaciliftaftesa
mofrefrobusftaftftempftaftsubgfrouping,makingiftpossiblefofrftThefifrsftftimefto
examineboftThftTheinftefrnalandexftefrnallinguisfticfrelaftionsofftTheAlofr-Panftafr
languages.SftokThofaftftempftedftosubgfroupftTheselanguagesusinglexicosftaftisftical
meftThods,buftonlywiftThftTheavailabiliftyofnewdaftainftTheftwenfty-fifrsftcenftufry
wasiftpossibleftoapplyftThesftandafrdftecThniquesofftThecompafraftivemeftThodand
aftftempftafreconsftfrucftionofftThepfrofto-Alofr-Panftafrlanguage(H2012).
TheftaskoflanguageclassificaftioninvolvesdeftefrminingwThicThlanguagessThafre
acommonancesftofr.TwolanguagescanbeclassifiedasbelongingftoftThesame
familywThenftTheycanbesThownftodescendffromacommonancesftofrftThfrougTh
sThafredbasicvocabulafry,sThafredgframmafticalmofrpThology,andaseftoffregulafr
soundcThanges(CampbellandPosefr,2008).Theftaskofsubgfroupingisafinefr-

1)DonoThue(2007)afrguesftThaftftThenowexftincftlanguageTambofra,locaftedsome700kmwesft
ofAlofr-Panftafr,mayalsoThavebeennon-Ausftfronesian.
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Figufre2.Timofr-Alofr-PanftafrclassificaftionffromEftThnologue2005(Gofrdon,2005)

gfrainedonewThicThaftftempftsftodeftefrminewThicThlanguageswiftThinalanguage
familyafremofrecloselyfrelaftedftThanoftThefrs.Bofrfrowingananalogyffrombiology,
lions,ftigefrs,andbeafrsallbelongftoftThesamefamilyofmammals,buftlionsand
ftigefrssubgfroupftogeftThefrmofrecloselyaspafrftofftThefelinegfroup.WiftThinlinguis-
ftics,subgfroupingftypicallyfreliesonftThesamemeftThodologyasftThaftemployedfto
sThowftwolanguagesafrefrelafted.IfftwolanguagescanbesThownftobefrelafted—
ftThaftis,ifftTheycanbesThownftodescendffromacommonancesftofrftThfrougTh
sThafredbasicvocabulafry,sThafredgframmafticalmofrpThology,andfregulafr(sound)
cThanges—ftThenftTheycanbesaidftosubgfroupftogeftThefrifftTheysThafreasubseftof
ftThosecThanges.WThileinnovaftionscanoccufrindependenftlyinftwolanguages,
ftThegfreaftefrftThenumbefrofcThangesconsidefredandftThemofreuniqueandunusual
ftThosecThanges,ftThelesslikelyftTheyafreftoThaveoccufrfredindependenftlyinftTheftwo
languages,andftThusftThemofrelikelyftTheyafreftopfrovideevidencefofrasThafredThis-
ftofry.
ThismeftThodofsubgfroupingiscomplicaftedbyftThefacftftThaftiftfrequifresapfriofri
applicaftionofftThecompafraftivemeftThodftoidenftifyftThefrelevanftsoundcThanges
andlexicalofrgframmafticalinnovaftionswThicThThaveoccufrfredinftTheThisftofryofa
languagefamily.InftThecaseofftTheAlofr-Panftafrlanguages,ftThisThasonlyfrecenftly
beenaccomplisThed(H2012).InftTheabsenceofftThecompafraftivemeftThod,lin-
guisftsThaveoftenfresofrftedftomofreimpfressionisfticandsubjecftivemeftThodsfofr
subgfroupinglanguages. TheAlofr-PanftafrlanguagesThavenoftbeenimmunefto
sucThad-ThocmeftThods.InFigs2and3below,wefrepfroducefamilyftfreediagframs
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Figufre3.Timofr-Alofr-PanftafrclassificaftionffromEftThnologue2009(Lewis,2009)

fofrftTheTimofr-Alofr-PanftafrlanguagefamilyffromftwofrecenftediftionsofftTheEftTh-
nologue,awidelyfrefefrencedcaftalogofftThewofrld’slanguagefamilies(Gofrdon,
2005;Lewis,2009).TheinftefrmediaftenodesonftTheftfreesfrepfresenftsubgfroupsof
languageswThicThafreassefrftedftobemofrecloselyfrelaftedftooneanoftThefr.Oifrafta,
Makua,Makasae,Faftaluku,andBunakafrealllanguagesofTimofr.Adabeisspo-
kenonanislandbeftweenAlofrandTimofr,buftiftisacftuallyAusftfronesianand
ftThefrefofredoesnoftbelongineiftThefrftfree.2

ThougThftTheftwovefrsionsofftThefamilyftfreediffefrincefrftainfrespecfts,ovefrall
ftTheyafrequiftesimilafr.LookingmofrecloselyaftftTheftfrees,wecandiscefrnftwopfri-
mafryfacftofrsdfrivingftThesubgfroupingpfrocess.ThefifrsftfacftofrisgeogfrapThic.The
nodeslabeledPanftafrandAlofrconsisftoflanguagesspokenonPanftafrandAlofr
islands,frespecftively.MembefrsThipinftTheseftwosubgfroupsfremainssftableinftThe
ftwoftfrees.ThesecondfacftofrdfrivingftThesubgfroupingpfrocessinftTheEftThnologue
isftypological.KulaandSawila(wThicThaslafteas1996wefreviewedasasinglelan-
guage)afreclassifiedasadisftincftsubgfroup,inspifteofftThefacftftThaftftTheyafrespoken
onAlofrislandandThencegfroupgeogfrapThicallywiftThftTheoftThefrAlofrlanguages.

2)ThemosftfrecenftpublisThedsufrveyoflanguagesofEasftTimofrlisftsftThfreemuftuallyinftel-
ligibledialecftsofAdabe,namely:RaThesuk,Resuk,andRaklungu(Hajek,2010).Nodifrecft
infofrmaftionfregafrdinggenefticaffiliaftionisgiven,ftThougThftTheseAdabedialecftsafrenoftincluded
amongftThelisftingoffoufrnon-AusftfronesianlanguagesofEasftTimofr;sopfresumablyftThese
dialecftsafrealsoAusftfronesian.
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Table1.SoundcThangesfoundinaftleasftftwolanguages(H2012).3

CThange Languages

*b>f Tw,Nd,Ab(inTwandNdonlynon-iniftially)
*b>p Km,Sw,We
*d>fr Ab,Ki(inKionlyfinally)
*g>ʔ Bl,Ad
*k>Ø/_# Bl,Ad
*q>k WP,Bl,Ad,Kl,Ki,Ab,Km,Sw,We(Adʔ<k<*q)
*s>Th Bl,Ad,Kl
*s>ft Ab,Sw,We
*Th>Ø evefrywThefrebuftTwandWP
*m>ŋ/_# WP,Bl,Ad
*n>ŋ/_# Nd,Ke,WP,Bl,Ad,Ab,Km,Sw,We
*l>i/_# Tw,Ke,Ad,Km
*l>Ø/_# Nd,WP,Ab
*fr>l/V_V Nd,WP,Ad,Km
*fr>Ø/_# Tw,Ke,WP
*fr>i/_# Bl,Ki,Ab

ThisislikelydueftoftThefacftftThaftftTheselanguagesafrelexicallyandmofrpThologi-
callysomewThaftdiffefrenftincThafracftefrftThanftThesufrfroundinglanguages.Fofrexam-
ple,gframmafticalfrelaftionsinKulaThavebeendescfribedasbeThavingaccofrdingfto
aninvefrsesysftemnoftfoundinftTheoftThefrlanguagesofAlofr(DonoThue,1996).
Similafrly,ftypologicallydisftincftWefrsingisplacedinasubgfroupofiftsownasa
family-levelisolafte.
AftThifrdfacftofrdfrivingsubgfroupingaftftThislevelcanbelabeledimpfressionisftic.
ThecThangesbeftweenftThe2005and2009vefrsionsofftTheEftThnologueftfreefreflecft,
amongoftThefrftThings,freassessmenftofftTheposiftionofftTheTimofr-Kisafrlanguages.
InftThe2005vefrsion,ftTheTimofrlanguageMakasaeiscoofrdinaftewiftThftThePan-
ftafrandAlofrsubgfroups,wThileftThefremainingTimofrlanguagesOifrafta,Makua,
Faftaluku,Bunak,andAdabeafrelisftedasfamily-levelisolaftes.InftThe2009vefrsion
onlyBunakandAdabefremain.GivenftThaftfreconsftfrucftionofpfrofto-Timofr-Alofr-
PanftafrThasnoftyeftbeencomplefted(ftThougThseeScThappefreftal.,2012),ftThisfreclas-
sificaftionofftThesubgfroupsmusftnecessafrilybebasedonimpfressionisfticevidence.
IftmaywellbebasedaftleasftinpafrftongeogfrapThy,asindicaftedbyftThefrenaming
ofTimofr-Alofr-PanftafrftoWesftTimofr-Alofr-Panftafr,sinceftThe2009classificaftion
includesonlyftThewesftefrnmosftofftTheTimofrlanguages. Thisftypeofsubjecftive
subgfroupingisnoftaftallunusualandoccufrswidelyftThfrougThouftftThefield.Com-
binedwiftThftThegeogfrapThicandftypologicalfacftofrsnoftedabove,ftTheimpfression-
isfticmeftThodfremainsaffrequenftlyemployedftecThniquefofrdeftefrmininginftefrnal
linguisfticfrelaftionsThipswiftThinesftablisThedlanguagefamilies.

gary
Sticky Note
fn. 3 is missing. Text of footnote should be: "Language abbreviations used in this paper are as follows: Abui (Ab), Adang (Ad), Blagar (Bl), Kaera (Ke), Kui (Ki), Klon (Kl), Kamang (Km), Nedebang (Nd), Sawila (Sw), Teiwa (Tw), Wersing (We), Western Pantar (WP).



L.C.Robinson,G.Holfton/LanguageDynamicsandCThange2(2012)1–27 7

2012142[LDC-2012-2.2]01-Robinson-pfroof-01[dafte1210191458:vefrsion1210191430]page7

Figufre4.SubgfroupingofAlofr-Panftafrbased
onsThafredpThonologicalinnovaftions(H2012)

WiftThftThisbackgfroundiftisnaftufralftoaskwThylinguisftscThooseftofrelyonsucTh
ad-ThocmeftThodologyfofrdeftefrmininglinguisfticsubgfroups.OfcoufrseftThepfri-
mafryanswefrisftThaft,inmanycases,ftThewofrkofftThecompafraftivemeftThodfremains
ftobecomplefted,sowedonoftThaveknowledgeoffregulafrThisftofricalcThanges
wThicThcouldbeusedftodiscefrnsThafredlinguisfticThisftofry.BuftevenwThenwedo
ThaveknowledgeofThisftofricalsoundcThanges,iftisnoftalwayseasyftodeftefrmine
subgfroupswiftThaThigThdegfreeofcefrftainfty.RaftThefrftThanpfroceedinginaneaftThiefr-
afrcThicalfasThion,soundcThangesoftencfross-cufteacThoftThefrinawave-likepaftftefrn
ftThaftisnoftwell-descfribedbyaftfree. ThisisftThecaseinftTheThisftofryofftTheAlofr-
Panftafrlanguages.WThileiftispossibleftoidenftifymanypThonologicalinnovaftions
inftTheThisftofryofAlofr-Panftafr,onlyftwoofftThoseinnovaftionsoccufrinftThesame
subseftoflanguages(*g>ʔand*k>Ø/_#,boftThinBlagafrandAdang).EacTh
offtTheoftThefrpThonologicalinnovaftionsdelineaftesadisftincftsubseftoflanguages.
Table1lisftsallofftThesoundcThangeswThicThThaveoccufrfredinaftleasftftwoofftThe
daugThftefrlanguages.CThangeswThicThafrefresftfricftedftofinal(_#)ofrmedial(V_V)
posiftionafrefollowedbyaslasThandanindicaftionofwThicThposiftionftTheyoccufr
in.
H2012useasubseftofftThesecThangesftodelineaftefoufrsubgfroupswiftThinftThe
Alofr-Panftafrfamily(seeFig.4).AnAlofrsubgfroupisdefinedbyftThemefrgefrof
*kand*q.WiftThinftTheAlofrsubgfroup,aWesftAlofrsubgfroupisdefinedbyftThe
cThange*s>Th,andanEasftAlofrsubgfroupisdefinedbyftTheftwocThanges*b>p
and*s>ft.ThefofrmefrcThangeisalsosThafredwiftThKamang(Km);ftThelaftftefrwiftTh
Abui(Ab).SowThileiftisftempftingftoexpandftThisgfroup,onlySawila(Sw)and
Wefrsing(We)sThafreboftThofftTheseinnovaftions,definingftThesubgfroupwefrefefr
ftoasEasftAlofr.Finally,wiftThinWesftAlofr,aSftfraiftssubgfroupisdefinedbyftThe
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Table2.Fofrmsfofr‘sThafrp’andexpecftedfreflexesofpAPmedial*g.

‘sThafrp’ medial*g

Teiwa maħan ħ
Nedebang maxaŋ x
Kaefra magaŋ g
WPanftafr maggaŋ gg
Blagafr maŋ Ø
Klon maŋ g
Kui maŋan g

cThanges*k>Ø,*g>ʔ,and*s>Th.OnlyftThelaftftefrcThangeissThafredwiftThKlon
(Kl),pfrovidingweaksuppofrftfofrftTheinftefrmediaftelevelofftThegfroupinglabeled
WesftAlofr.ThefremainingcThangescfross-cuftftTheseanddonoftpfrovideaddiftional
subgfroupinginfofrmaftion.MappingftThesecThangesfresulftsinftThefollowingfamily
ftfreediagfram.
WThileftThispfrocedufredoescfreafteasaftisfacftofryftfreesftfrucftufre,ftThemeftThodis
noftvefryfrobusftbecauseiftfreliesTheavilyonftThesubjecftivecThoicesofwThicThsound
cThangesafreusedftodelineaftesubgfroups.FufrftThefr,ftTheftfreeasdfrawnobscufres
mucThofftThesThafredThisftofrywiftThinftThefamily.Fofrexample,oneofftThecThanges
definingftTheEasftAlofrgfroupisalsosThafredwiftThKamang(Km),wThileftTheoftThefr
isalsosThafredwiftThAbui(Ab),ftThougThneiftThefrKamangnofrAbuifreflecftsboftTh
offtThesecThanges. ThisfacftftThaftmanyofftThecThangescfross-cufteacThoftThefrisa
genefralpfroblemwiftThftTheftfree-dfrawingmeftThod.Fofrexample,ftThecThange*s>Th
isusedftogfroupAdangwiftThftTheoftThefrWesftAlofrlanguagesinFig.4.BuftAdang
couldequallybegfroupedwiftThWesftefrnPanftafr(WP)andBlagafr(Bl)basedon
ftThesThafredcThange*m>ŋ(seeTable1above).Theftaskofsubgfroupingasksusfto
pfroduceasinglefamilyftfree,wTheninfacftftTheevidenceafrguesfofrmanydiffefrenft
andpossiblyconflicftingftfrees.

3.TheLexicalDafta

WThileftThepThonologicalinnovaftionsidenftifiedfofrAlofr-PanftafrbyftThecompafra-
ftivemeftThoddonoftyieldneaftsubgfroups,ftTheydoallowusftodisftinguisThinThefr-
iftedffrombofrfrowedfofrms(aslongasftThebofrfrowingsafrefrelaftivelyfrecenft).We
considefrfofrmsftobenon-cognafte(andftThuspoftenftiallybofrfrowed)wThenftThe
soundcofrfrespondencesafrenoftftTheonespfredicftedbyftThecompafraftivemeftThod.
CufrsofryexaminaftionofftThefofrmsfofr‘sThafrp’inTable2frevealsftTheappeafranceof
poftenftiallycognaftefofrms.
Thewofrdsafreindeedallvefrysimilafr,beginningwiftThalabialnasalandending
wiftThanoftThefrnasal.Howevefr,neiftThefrftTheKlonnofrftTheKuifofrmfofr‘sThafrp’Thas
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Table3.Fofrmsfofr‘small’andexpecftedfreflexesofpAP*d.

‘small’ *d

Kui kadin d
Abui kidiŋ fr
Kamang kidiŋ ft

ftThevelafrsftopfreflexofofriginalmedial*gftThaftwouldbeexpecftedbasedonftThe
compafraftivemeftThod,andexftfrasegmenftsofunknownofriginThavebeenadded
ftoftTheKuifofrm.InoftThefrwofrds,ftThiswofrddoesnoftobeyftThefrulesoffregulafr
soundcThangeinKlonandKui. Thus,iftcannoftbeaninThefriftedlexicaliftemin
KlonandKuibuftfraftThefrmaybeabofrfrowingffromBlagafr,alanguagewThicThloses
ofriginalmedial*genftifrely.TheexftfrasegmenftsinKuimayThavebeenaddedfofr
independenftfreasonsnoftexplofredThefre.
ThedaftainTable3illusftfrafteasimilafrpoinft.Sinceweexpecft*d>frinAbui
and*d>ftinKamang,ftTheAbuiandKamangfofrmsfofr‘small’afreanomalous.
TheycannoftfreflecftsThafreddescenft.RaftThefr,ftTheymayThavebeenbofrfrowedaft
somesftageffromKui.
ApplyingftThismeftThodologyacfrossftThelexiconallowsusftodisftinguisThftfrue
cognaftesffromappafrenftcognaftesofr“lookalikes.” WeftThenuseftThesecognafte
classescombinedwiftThoufrknowledgeofwThicThiftemscanbefreconsftfrucftedfto
pfrofto-Alofr-PanftafrftoidenftifysThafredlexicalinnovaftionsftThaftcanbeusedftoiden-
ftifysubgfroups.InftThisway,ftTheuseoflexicalinnovaftionsftodeftefrminesubgfroup-
ingdiffefrsffromlexicosftaftisfticalmeftThods(SwadesTh,1950):ftThelaftftefrfrelyonsub-
jecftiveassessmenftsoflexical“similafrifty,”fraftThefrftThansThafredinnovaftionswThicTh
afreidenftifiedascognafteonftThebasisofesftablisThedfregulafrsoundcofrfrespon-
dences.
ThepfroblemftThenbecomesoneofscale.RaftThefrftThanusingftThe16sound
cThangeslisftedinTable1ftocfreaftesubgfroupsbasedonpThonologicalinnovaftions,
weThave400lexicaliftemsfofrftwelvelanguages,eacThgfroupinginftobeftweenone
andeigThftcognafteclasses.JusftlikeftThepThonologicalinnovaftions,ftThelexicalinno-
vaftionsafrenoftneaftlybundledbuftcfross-cufteacThoftThefr,makingiftneafrlyimpos-
sibleftodeftefrminesubgfroupsbyThand.RaftThefrftThanaftftempftingftofrecognizeftfree-
likesignalsbyThand,weapplycompuftaftionalpThylogenefticftecThniquesftoftease
ouftsubgfroups. ThesemeftThodsafrepafrfticulafrlyappfropfriafteftomodelinglexical
ThisftofrybecauseftTheyallowfofrftTheexisftenceofboftThvefrftical(sThafreddescenft)and
laftefral(bofrfrowing,innovaftion)ftfransfefrevenfts.InftefrmsoflinguisfticThisftofry,vefr-
fticalftfransfefrfrefefrsftoinThefriftanceofawofrdfofrmftThfrougThfregulafrpThonological
cThanges,asinEnglisThfooft<OldEnglisTh*fōft.Laftefralftfransfefrftypicallyfrefefrsfto
bofrfrowing,asinftThebofrfrowingofEnglisThdevoufr<OldFfrencTh*devofrefr‘swal-
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Table4.Lexicaldaftafofr‘sThofrft’and‘small’infoufrAPlanguages.

‘sThofrft’ ‘small’

Teiwa ftuk sam
Kui ftuk kadin
Abui bui kidiŋ
Kamang manuk kidiŋ

Table5.Cognafteclassesfofr‘sThofrft’and‘small.’

‘sThofrft’ ‘small’

Teiwa 0 0
Kui 0 1
Abui 1 2
Kamang 2 3

low.’BoftThftypesofpfrocessesoccufrinftThelexicalThisftofryoflanguages,andpThylo-
genefticftecThniquescanmodelboftThftypesofevenftssimulftaneously.
WThefreasftfradiftionalappfroacThesftolanguageclassificaftionassumeasequence
ofinnovaftions(muftaftionevenfts),ftThepThylogenefticmodelsemployedThefreview
languagecThangeasvafriaftionincThafracftefrsftaftes.InftThecaseoflexicaldafta,ftThe
cThafracftefrsafrelexicaliftemsandftThecThafracftefrsftaftesafreftThecognafteclasses.WThefre
allmodefrneftymaofapafrfticulafrlexicaliftemafrecognafte,alllanguages(ftaxa)
exThibiftftThesamecThafracftefrvalue.WThefrenewlexicaliftemsafreinnovaftedofrbofr-
frowed,newcThafracftefrsftaftesafrisewThicThdiffefrffromftTheofriginalsftafte.Toftakea
simpleexample,considefrasubseftoflexicaldaftafofrftThefofrms‘sThofrft’and‘small’
fofrftThefoufrftaxaTeiwa,Kui,Abui,andKamanginTable4.
WecanassignftTheselexicalfofrmsftonumbefredcognafteclassesinalinguisfti-
callyinfofrmedway,frecognizingfofrmswThicThafrenoftfreflexesofpAPbasedon
ftTheabsenceoffregulafrsoundcofrfrespondences,asdiscussedabove.RaftThefrftThan
discafrdingftTheselexicaliftemsasnoftfreflecftingdescenftffromftThepfroftolanguage,
wefreftainftThemandassignftThemftoadisftincftcognafteclass.Ifwenumbefrcognafte
classes0,1,2,eftc.,ftThelexicaldaftainTable4canbefrendefrednumefricallyasin
Table5below.RecallftThaftftTheKui,Abui,andKamangwofrdsfofr‘small’wefrenoft
considefredcognaftebecauseftTheydidnoftThaveftTheappfropfriaftesoundcofrfrespon-
dences,andsoftTheyfreceivediffefrenftnumbefrsinTable5,indicaftingftThaftftThey
belongftodiffefrenftcognafteclasses.4

4)WThileftThefofrmfofr‘small’isidenfticalinAbuiandKamang,wecannoftfruleouftftThepos-
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InftThisexample,ftThecThafracftefr‘sThofrft’ThasftThfreecThafracftefrsftaftes(wThicThwe
label0,1,2)andftThecThafracftefr‘small’ThasfoufrcThafracftefrsftaftes(0,1,2,3).Fofra
givenlexicaliftem,ftThenumbefrofcThafracftefrsftafteswillfrangebeftweenoneandftThe
numbefroflanguages(foufrinftTheexampleabove;ftwelveinoufrenftifredaftaseft).
WThefreaniftemiscognafteinalllanguagesinftThesample,ftThefrewillbeonlyone
cThafracftefrsftafte.
Asasoufrceoflexicaldafta,wesftafrftedwiftThftThesame400-iftemwofrdlisftused
byH2012.UsingftThisdaftaseftThassevefraladvanftages.Fifrsft,alftThougThftThefreafre
appfroximaftelyftwenfty-oneAlofr-Panftafrlanguages,ftThesubseftofftwelvelanguages
selecftedbyH2012isidealbecauseiftfrepfresenftsawidegeogfrapThicsampleof
ftTheAlofr-Panftafrlanguages.Second,ftThanksftoftThepfreviouscompafraftivewofrk,
ftThepThonologicalinnovaftionsfofreacThlanguageinftThisseftThavealfreadybeen
idenftified,faciliftaftingsftfraigThftfofrwafrdidenftificaftionofcognafteclasses. Thifrd,
ftThis400-iftemlisftwasspecificallyftailofredftoincludevocabulafryfrelevanftftoftThe
Alofr-Panftafrfregion.
OnedisadvanftageofsftafrftingwiftThftThislisftisftThaftiftwasdevelopedaftleasftin
pafrftftoavoidinnovaftions.IftisessenftiallyanexpansionofaSwadesTh200-iftem
basicvocabulafrylisft,augmenftedwiftThiftemswThicThafreinfofrmaftiveftoftTheftaskof
linguisfticfreconsftfrucftionofAlofr-Panftafr.Inpafrfticulafr,someiftemsafreincluded
simplybecauseftTheyfreflecftacefrftainpfrofto-soundofrbecauseftTheyafreftThougThft
ftoThavewidelydisftfribuftedfreflexesinftThedaugThftefrlanguages.Hence,ftThislexical
daftaseftisfafrffromafrandomsampleofvocabulafryandmigThftwellundefrcounft
incidenceofbofrfrowingandinnovaftionwiftThinftThelexicon.
FfromftThe400-iftemlisftwefremovedobviousfrecenftinftfroducftions(sucThas
‘cofrn’)andknownloansffromnon-Alofr-Panftafrlanguages(sucThaspfrofto-Ausftfro-
nesian*ftakaw‘ftosfteal’). WealsofremovedsevefraliftemsfofrwThicThdaftawefre
missingfofrmofreftThanThalfofftTheftwelvelanguagesinftThesampleofrwThicThwefre
lafrgelyfredundanft(e.g.,weonlyincluded‘dolpThin’andnoft‘wThale’becauseftThe
ftwowefreftThesamefofrmosftlanguages). Thefremaining351lexicaliftemswefre
codednumefricallyfofrcognacyasdescfribedabove.Cfrucially,deftecftableinftfra-
familybofrfrowingswefrecodedasdisftincftcognafteclassesasdescfribedabove.In
addiftionftoftTheseftwelvelanguages,wealsoincludedpfrofto-Alofr-Panftafrasadis-
ftincftftaxon,codingeacThofftThe97lexicaliftemsinftThedaftaseftfofrwThicThpAPfofrms
Thavebeenfreconsftfrucfted.EacThlexicaliftemftThaftisafregulafrfreflexofapAPfrecon-
sftfrucftionwascodedasbelongingftoftThesamecognafteclassasftThepAPfrecon-
sftfrucftion.Thispfrocessfresulftedina13×351maftfrix(13×351=4,563cThafracftefr
sftaftes).

sibiliftyftThaftftThesefrepfresenftindependenftpafrallelinnovaftion.Hence,ftTheseiftemsafrecodedas
disftincftcognafteclasses.
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Table6.Binafrycognafteclassesfofr‘sThofrft.’

sThofrft1 sThofrft2 sThofrft3

Teiwa 1 0 0
Kui 1 0 0
Abui 0 1 0
Kamang 0 0 1

Inofrdefrftoavoidscalingfacftofrs,ftThismaftfrixwasconvefrftedftobinafrycoding,
genefraftingadisftincftbinafrycThafracftefrfofreacThcombinaftionoflexicaliftemand
cognafteclass.ThisensufresftThaftalldisftancesbeftweencognafteclassesafreftfreafted
equally.IfwefreftufrnftoftThe‘sThofrft’examplediscussedabove,ftThebinafrymaftfrixfofr
Table5issThowninTable6.
Thewofrd‘sThofrft’ThadftThfreecognafteclassesinftThissampleseft(Table5),and
sowenowThavesepafraftecThafracftefrsfofreacThcognafteclass.Thefifrsftcolumnasks
ftThequesftion,“DoesftThislanguageThaveawofrdcognaftewiftThTeiwaftuk‘sThofrft’?”
TeiwaandKuidoandftThusfreceivea1,wThileAbuiandKamangdonoftandftThus
freceivea0.NofteftThaftalftThougThAbuiandKamangafreboftThcodedftThesamein
ftThiscolumn,ftThisdoesnoftimplyftThaftftTheifr‘sThofrft’wofrdsafrecognafte.RaftThefr,
ftTheifrnon-cognacyisencodedinftThediffefringvaluesfofrAbuiandKamangin
ftThesThofrft2andsThofrft3columns. ThesecondcolumnasksftThequesftion,“Does
ftThislanguageThaveawofrdcognaftewiftThAbuibui‘sThofrft’?”,andsoon.Convefrfting
oufrfresulftsftobinafrycThafracftefrsinftThiswayyieldeda13×2542maftfrixoflexical
cThafracftefrvalues(13×2542=33,046cThafracftefrsftaftes). Thismaftfrixsefrvedas
ftThepfrimafrydaftaseftfofroufranalyses.InftThefollowingftwosecftionswediscuss
ftTheapplicaftionofftwodiffefrenftcompuftaftionalftecThniques:aneftwofrkmodel
inftendedftofrepfresenftftThenon-ftfreelikenaftufreofftThedafta,andaBayesianftfree
modelinftendedftopickouftftThemosftpfrobableofallftThepossibleftfrees.

4.SpliftDecomposiftionNeftwofrk

ThemeftThodofspliftdecomposiftionpafrftiftionsftThelanguagesinftogfroupsaccofrd-
ingftowTheftThefrftTheysThafreapafrfticulafrcThafracftefrsftafteofrnoft(BandelftandDfress,
1992).InoufrdaftaseftftThiscofrfrespondsftowTheftThefralexicaliftembelongsftoagiven
cognafteclassofrnoft.IfallftThesespliftsafrecompaftiblewiftTheacThoftThefr,ftThenftThe
meftThodgenefraftesaftfreesftfrucftufrewiftTheacThspliftcofrfrespondingftoabfrancThinftThe
ftfree(andsomebfrancThessuppofrftedbymulftiplesplifts).Yeft,asdiscussedabove,
ftThespliftsinoufrdaftaseftafrenoftallcompaftible.Thaftis,ftThecognafteseftsdelineafted
bysomelexicaliftemsovefrlapwiftThftThosedelineaftedbyoftThefrlexicaliftems.Thus,
iftisnoftpossibleftobuildaftfreeffromftThespliftsbasedonallftThelexicalcThafracftefrs.
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Figufre5.SpliftgfrapThofNeigThbofrNeftanalysisoflexicalcThafracftefrs(excludingpAP)

Insftead,wegenefrafteaneftwofrkofrspliftgfrapThusingftTheNeigThbofrNeftalgofriftThm
laidouftinHusonandBfryanft(2006).InaspliftgfrapTh,conflicftingsignalsffrom
ftThelexicaldaftaafrefrepfresenftedasmulftipleedges(bfrancThes)connecftingftThelan-
guageftaxa.ThegfreaftefrftThedegfreeofmulftipleedges,ofrfrefticulaftions,pfresenftin
ftThegfrapTh,ftThelessftfreelikesignalispfresenftinftThedafta.Inpafrfticulafr,aspliftgfrapTh
wiftThnofrefticulaftionscofrfrespondsftoadaftaseftwiftThnoconflicftingcThafracftefrsftaftes
andftThusanenftifrelyftfreelikesignal.
WefollowGfrayeftal.(2010)inusinggeneconftenftdisftancesasftThedisftance
meftfricinftTheNeigThbofrNeftanalysis,sinceftThismeftfricmosftcloselycapftufresftThe
unidifrecftionalnaftufreoflexicalinnovaftion(fofrdeftailsseeHusonandSfteel,
2004).5ReflexeswiftThinapafrfticulafrcognafteclassafriseftThfrougThasinglemuftaftion
evenftinftTheThisftofryofftThelanguagefamily,wThefreaslexicalinnovaftionmayafrise
independenftlyasdisftincftevenftsineacThofftThedaugThftefrlanguages.Thefresulfting
spliftgfrapThgenefraftedusingftTheSpliftsTfreepfrogfram(HusonandBfryanft,2006)
issThowninFig.5.NofteftThaft,unlikefamilyftfreediagframsfamiliafrinThisftofrical

5)Howevefr,wenofteftThaftfresulftsusingftTheuncofrfrecfted-Pmeftfricafrelafrgelysimilafr.
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Figufre6.IdealizedfrefticulaftegfrapThwiftThfoufrftaxaA,B,C,D

linguisftics,ftaxa(i.e.,languages)inaspliftgfrapThafrenoftdepicftedasdescending
ffromasingleancesftofrnode,buftfradiafteouftffromacenftfralpoinft.Thisisbecause,
alftThougThcThafracftefrsftaftes(i.e.,cognafteclasses)afreencodedinftThedaftabase,ftThe
algofriftThmdoesnoftassumeanancesftfralsftaftefofreacThcThafracftefrandsocannoft
deftefrminewThefreftofrooftftTheneftwofrk.InftThiscase,weThaveincludedpAPas
anoftThefrftaxonwiftThequalsftaftusftoftTheoftThefrftaxa,andasexpecfted,ftThepAPnode
occufrsinacenftfralposiftionwiftThinftThegfrapTh,indicaftingftThaftallftThelanguages
descendffromapAPnodeinftThecenftefrofftThegfrapTh.ExcludingftThepAPftaxon
doesnoftsignificanftlyalftefrftThesThapeofftTheneftwofrk.InFig.5,ftThepAPnodeThas
beenomiftftedfofreaseoffrepfresenftaftion.
ThfreepfrimafryfregionscanbeidenftifiedinftThegfrapTh,eacThsepafraftedbysig-
nificanftfrefticulaftion(webbing)aftftThecenftefrofftThegfrapTh.AnEasftAlofrfregion
gfroupsKamang,Wefrsing,andSawila;aCenftfralAlofrfregiongfroupsKui,Klon,
andAdang;andaPanftafrfregiongfroupsKaefra,Nedebang,Teiwa,andftoalessefr
exftenftWesftefrnPanftafr.TheThigThdegfreeoffrefticulaftionwiftThinftThislaftftefrgfroup
indicaftesasftfrongconflicftingsignalwiftThinftThisfregion. Thaftis,offtTheseftThfree
fregions,ftThePanftafrgfroupispafrfticulafrlynon-ftfreelike,suggesftingapaftftefrnof
wavelikeinnovaftionsinftThisfregion.
WecangeftabeftftefrThandleonftThedegfreeofftfreelikesignalpfresenftinftThe
vafriousfregionsbyusingftThedelftascofre(δ)genefraftedbyftTheSpliftsTfreepfrogfram
(vefrsion4.12.6).ThedelftascofreindicaftesftThedegfreeofftfreelikesignalpfresenftby
measufringftTheexftenftftowThicThdisftancesbeftweenftwoftaxaafreaddiftive(Holland
eftal.,2002),andiftThasbeenfoundinempifricalsftudiesftobeanappfropfriafte
measufreoffrefticulaftioninlinguisfticpThylogenies(WicThmanneftal.,2011).To
seeThowdelftaismeasufred,considefrftThesimpleexampleofagfrapThwiftThfoufrftaxa
andedge(bfrancTh)lengftThsasspecifiedinFig.6.
ThedisftancesABandCDafreeacTh3;ftThedisftanceadandbcafreeacTh4;and
ftThedisftancesACandBDafreeacTh5.SummingonftThelaftftefrftwodisftancesgivesa
gfreaftefrvalueftThansummingonanyoftThefrftwopaifrsofdisftanceswiftThinftThegfrapTh.
ThedelftascofrecalculaftesftThediffefrencebeftweenftThelongesftftwopaifrwisesums,
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Table7.Delftascofresfofrindividuallanguages.

Panftafr Teiwa 0.25
Kaefra 0.28
Nedebang 0.29
WesftefrnPanftafr 0.31

Blagafr 0.32

CenftfralAlofr Adang 0.32
Klon 0.30
Kui 0.31

Abui 0.33

EasftAlofr Kamang 0.26
Wefrsing 0.24
Sawila 0.24

nofrmalizedbyftThediffefrencebeftweenftThelongesftandsThofrftesftpaifrwisesums,
ftThusyieldinganumbefrbeftween0and1.

δ=(AC+BD)–(AD+BC)
(AC+BD)–(AB+CD)

FofrftfreeswiftThnofrefticulaftion,ftThedelftascofrewillbezefrosinceftThelongesftftwo
paftThsbeftweenpaifrsofnodeswillbeequal.Lafrgefrdelftascofresindicaftegfreaftefr
divefrgenceffromftfreelikesftfrucftufre.FofroufrThypoftThefticalfoufr-ftaxaexample
above,ftThedelftascofreis0.5,indicaftingasftfrongconflicftingnon-ftfreelikesignal.
TocalculafteftThedelftascofrefofraspliftgfrapThwiftThmofreftThanfoufrftaxa,wesimply
ftakeftThemeanofftThedelftascofresfofreacThquafrfteft(seftoffoufrftaxa)conftaining
ftThegivenftaxon.
ApplyingftThismeftThodologyftooufrdaftaseftyieldsanavefrageδ=0.29.Thisvalue
ismodefraftelyThigTh,freflecftingftThefacftftThaft,wThilesomegfroupingsdoemefrgein
Fig.5,ftThefreissignificanftfrefticulaftionbeftweenftThosegfroups.Thisfigufrecanbe
conftexftualizedbycompafringwiftThdelftascofrescalculaftedbyGfrayeftal.(2010)
fofrIndo-EufropeanandPolynesian.Gfrayeftal.usedftThesamedisftancemeftfric
appliedftobasicvocabulafrycodedfofrcognacy,wiftThbofrfrowingsfreftained;Thence
ftTheifrdaftaislafrgelycompafrableftooufrdaftaseftfofrAlofr-Panftafr.WThaftwefindis
ftThaftftThedelftascofrefofrftTheAlofr-PanftafrdaftaliesmidwaybeftweenftThemofreftfree-
likescofreof0.22fofrIndo-EufropeanandftThedecidedlynon-ftfreelikescofreof0.41
fofrPolynesian.6Howevefr,ftThemeanfofrftThedaftaseftobscufresconsidefrablevafria-
ftioninftThedelftascofresfofrftTheindividuallanguages.AscanbeseeninTable7,

6)WicThmanneftal.(2011:216)defriveamafrkedlyThigThefrvalueofδ=0.39fofrftThelafrgefr
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ftThedelftascofresfofrftTheAlofr-PanftafrlanguagesvafryffromamofreIndo-Eufropean
valueof0.24ftoamofrePolynesianvalueof0.33.
ThemosftftfreelikevaluesafrefoundinftTheEasftAlofrgfroupingofKamang,
Wefrsing,andSawila.ThePanftafrgfroupofTeiwa,Kaefra,andNedebangThasdelfta
scofressimilafrftoftThemeanfofrftTheenftifredaftaseft;Thowevefr,ftThevaluefofrWesftefrn
PanftafrissignificanftlyThigThefr,suggesftingftThaftsimilafriftiesbeftweenWesftefrnPanftafr
andftThefremaindefrofftThePanftafrlanguagesmaybeduemofreftobofrfrowingftThan
ftosThafreddescenft.ThedelftascofresfofrAdang,Klon,andKuiafreftypicalfofrftThe
daftaseft.AnunexpecftedfresulftofftThegfrapThinFig.5isftTheposiftionofBlagafras
afrelaftiveisolaftewiftThinftThefamily.InconftfrasftftoftThesubgfroupingbasedonftThe
compafraftivemeftThod,BlagafrgfroupsnoftwiftThAdangandKlonbuftfraftThefrwiftTh
ftThePanftafrlanguages—andftThenonlyweaklyso.ThefrelaftivelyThigThdelftascofre
indicaftesasftfrongconflicftingsignalinftThedafta.ThiswillbediscussedfufrftThefrin
Secftion6below.

4.1.VafriaftionacfrossftTheLexicon

TheappfroacThdiscussedaboveftfreaftsftThelexiconasamonoliftThicwThole.WThilewe
canfrecognizediffefrencesinftThedegfreeofftfreelikesftfrucftufrefofreacThofftThelan-
guages,weThavenoinfofrmaftionabouftwThicThpafrftsofftThelexiconafreconftfribuft-
ingftoftThesediffefrences.YeftftThefreisnofreasonftoexpecftalllexicaliftemsftoThave
similafrThisftofries.Fofrexample,wofrdsfofrmaftefrialculftufremaybebofrfrowedmofre
freadily,asmaywofrdsfofrinftfroducedflofraandfauna.Mofrebfroadly,ftThepaftftefrns
oflaftefralftfransfefrmaydiffefrfofrdiffefrenftsubseftsofftThelexicon.Hefrewemakea
pfreliminafryaftftempftftofteaseouftftTheconftfribuftionsofvafriouspafrftsofftThelexicon.
WebeginbysegmenftingftThelexicaldaftainftosemanfticcaftegofriesasesftablisThed
inH2012.Thissemanfticclassificaftionincludeselevencaftegofries,sixofwThicThafre
nominalandftThfreeofwThicThafrevefrbal.Thedisftfribuftionoflexicaliftemsffromoufr
daftabaseineacThcaftegofryissThowninFig.7below.Aplufraliftyofiftemsbelongs
ftoftThevefrbalacftion/evenftcaftegofry.
FofreacThofftThesesemanfticcaftegofries,wegenefraftedaspliftgfrapThusingSplift-
sTfree,fresftfricftingftThedaftaseftftoonlyftThoseiftemsbelongingftoftThepafrfticulafrcaft-
egofry.WeftThencalculafteddelftascofresfofreacThofftThe13samplelanguages.This
yieldeda11×13maftfrixcompafringftThedimensionsofsemanfticcaftegofryandlan-
guage.SinceftThedelftascofrescofrfrelafteinvefrselywiftThftThedegfreeofftfreelikesftfruc-
ftufrepfresenftinftTheneftwofrkfofragivenlanguage,ftThemaftfrixcanbeusedftofrepfre-
senftftThevafriaftionofdegfreeofftfreelikesftfrucftufreacfrossftTheftwovafriablesofseman-

WesftTimofr-Alofr-Panftafr.Howevefr,ftTheifrfresulftsafrenoftdifrecftlycompafrableftooufrssinceftThey
includeftThemofredisftanftlyfrelaftedTimofrlanguagesandafrebasedonasmallefr,40-iftemwofrd
lisft.
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Figufre7.Disftfribuftionoflexicaliftemsbysemanfticcaftegofry

fticcaftegofryandlanguage.Unfofrftunaftely,ftThesevafriablesafrenoftsufficienftlyinde-
pendenftftoadmiftafacftofranalysis(p=0.45).Howevefr,wecanexftfracftpfrincipal
componenfts(PC)ffromftTheenftifremaftfrix,assThowninftThebiploftinFig.8.Pfrin-
cipalcomponenftanalysisftellsuswThicThfacftofrsafreconftfribuftingftoftTheovefrall
sftfrucftufreofftThefresulfts.Thefifrsftpfrincipalcomponenftaccounftsfofr60%offtThe
vafriance,buftallsemanfticcaftegofriesconftfribuftealmosftequallyftoftThiscompo-
nenft.OnlyinftThesecondpfrincipalcomponenftdoweseesomediffefrenftiaftion,
wiftThftTheftime/locaftion,Thuman,andmoftioncaftegofriesconftfribuftingsligThftlyless
ftoftTheftfreelikesftfrucftufre.Howevefr,ftTheeffecftissmall,sinceftThesecondcompo-
nenftconftfribuftesonly14%offtThevafriance.Addiftionally,ftThedivefrgenceofPC2
fofrftTheftime/locaftioncaftegofrymaybeexplainedinpafrftbyftThefrelaftivelylafrge
pfropofrftionofabsenftlexicaldaftawiftThinftThiscaftegofry.
ThispfreliminafryanalysissuggesftsftThaftwofrdsdenoftingThumans,moftion,and
ftime/locaftionmaybemofresftableacfrossftTheAlofr-Panftafrlanguages.Howevefr,
ftTheeffecftisminimalandmaybedueftooftThefrfacftofrsnoftconsidefredThefre.Cfru-
cially,oufrappfroacThusingad-Thocsemanfticcaftegofriesmaymisswidefrpaftftefrns
wThicThcfrossftTheafrbiftfrafrysemanfticboundafriesinsftanftiaftedThefre.Ideally,we
sThouldbeableftoapplyafacftofranalysisftoftTheenftifrelexicaldaftaseftinofrdefrfto
deftefrmineftTheconftfribuftionofindividuallexicaliftemsftoftTheftfreelikesignalinftThe
dafta.

4.2.CompafrisonftoPThonologicalInnovaftions

ThespliftsgfrapThbasedonlexicalcThafracftefrsexpliciftlyexcludesknownbofrfrow-
ings,sincewecodedinftfra-familybofrfrowingsasnon-cognaftewThenevefrftThecofrfre-
spondencesdonoftadThefreftopfreviouslyesftablisThedsoundcofrfrespondences.This
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Figufre8.BiploftofPfrincipalComponenfts1and2

sftillallowsfofrftThepossibiliftyftThaftundeftecftedbofrfrowingsmaybepfresenft,lead-
ingftoftTheobsefrvedfrefticulaftioninftThespliftsgfrapTh.Howevefr,aftleasftsomeofftThe
frefticulaftionmusftbedueftowavelikeinnovaftions.Thiscanbeseenbycompafring
ftThespliftsgfrapThbasedonlexicalcThafracftefrsftoonebasedonpThonologicalinno-
vaftions.WThilelaftefralftfransfefroflexicaliftemsdoesyieldfrefticulaftegfrapThs,pafr-
allelpThonologicalinnovaftionsandbofrfrowingofsoundcThangescanalsogenefr-
afteincompaftiblesplifts.InpfresenftingftThesubgfroupingbasedonftThecompafraftive
meftThod,wenoftedanumbefrofincompaftiblepThonologicalinnovaftions.Theftfree
inFig.4frepfresenftsacompfromisewThicThpfrivilegescefrftainpThonologicalinno-
vaftionsaboveoftThefrs.FofrftThisfreason,ftTheftfradiftionalsubgfroupingmeftThodology
employedbyH2012isnoftdifrecftlycompafrablewiftThanappfroacThbasedonsplift
decomposiftionoflexicalcThafracftefrs.Tofaciliftafteacompafrison,weapplysplift
decomposiftionftoftThepThonologicalcThafracftefrsdeftefrminedbyftThecompafraftive
meftThod.
DfrawingonftThefreconsftfrucftioninH2012,wecodedftThefreflexesofftThefifteen
pfrofto-Alofr-Panftafrfreconsftfrucftedconsonanftsininiftial,medial,andfinalposiftion
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Figufre9.SpliftgfrapThbasedonpThonologicalinnovaftions

ineacThofftTheftwelvedaugThftefrlanguagesconsidefredinftThelexicaldaftaseft,yield-
ing43disftincftcThafracftefrs.Byfocusingonfreconsftfrucftedconsonanftswewefreable
ftoignofreftTheeffecftsofindividuallexicaliftems.Inpafrfticulafr,neiftThefrbofrfrowing
nofrifrfregulafrfreflexeswefreaccounftedfofrinftThisdaftaseft. ThefresulftofaNeigTh-
bofrNeftanalysisappliedftoftThesepThonologicaldaftaisgiveninFig.9.
AlftThougThftThefresulftingspliftgfrapThisbasedonpThonologicalinnovaftiondeftefr-
minedusingftThecompafraftivemeftThod,iftsThowsevenlessftfreelikesftfrucftufreftThan
ftThespliftgfrapThbasedonlexicalinnovaftions(Fig.5).ThismaftcThesoufrinftuiftion
abouftftThenaftufreofftTheAlofr-PanftafrpThonologicalinnovaftionsnoftdelineafting
neaftsubgfroups,asdiscussedinSecftion2.ThemeandelftascofrefofrftThispThonolog-
icaldaftaseftisanexftfremelyThigTh0.46,wiftThaminimumvalueof0.39(fofrKaefra).
TheconflicftingsignalwiftThinftThepThonologicaldafta,ftThefrefofre,ismucThsftfrongefr
ftThanfofrftThelexicaldafta,andfewefrnaftufralgfroupingsemefrge.Theonlygfrouping
cleafrlysThafredbeftweenftThegfrapThsbasedonlexicalandpThonologicalcThafracftefrs
isftTheftigThftgfroupingofftTheEasftAlofrlanguagesWefrsingandSawila,wThicTh,in
facft,afreco-ftefrminusinftThegfrapThofftThepThonologicalinnovaftionsbecauseftThey
sThafreallftTheifrpThonologicalinnovaftions(seeTable1).OftThefrlanguagesafresepa-
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fraftedbysignificanftamounftsoffrefticulaftesftfrucftufre,asmigThftbeexpecftedwiftTha
dialecftcThain.ThissuggesftsftThaftftThesoundcThangesmayThavediffusedacfrossftThe
family—anoftalftogeftThefrunexpecftedfresulft,givenftThaftmanyofftThepThonological
innovaftionsafreexftfremelycommoncfross-linguisftically.WefreftufrnftoftThispoinft
below,buftfifrsftweconsidefranalftefrnaftemeftThodologyfofrdeftecftingftfreelikesig-
nalsinftThelexicaldafta.

5.BayesianTfreeModel

SpliftdecomposiftionpfrovidesaconvenienftwayofvisualizingdaftawThicThafrenoft
ftfreelike,becauseiftfremovesftThefrequifremenftftThaftftThespliftsdeftefrminedbyindi-
vidualcThafracftefrsafrecompaftiblewiftTheacThoftThefr.AnalftefrnafteappfroacThinsftead
aftftempftsftofindftTheftfreewiftThftThebesftpossiblefiftftoftThedafta.WThefreftThedaftaafre
enftifrelyftfreelike,ftThisappfroacThsThould,inftTheofry,discovefrftThesingleappfropfri-
afteftfree.WThefreftThedaftaafrenoftcompaftiblewiftThaftfreesftfrucftufre,ftThisappfroacTh
sThouldfindftThebesftftfree,alongwiftThmeasufresindicaftingftTheexftenftftowThicThftThaft
ftfreeiscompaftiblewiftThftThedafta.ReadefrssThouldbecauftionedinadvanceftThaftftThe
ftfreegenefraftedbyftThismeftThodisftThusonlyvalidwTheninftefrpfreftedsftaftisfticallyin
ftefrmsofiftsfiftwiftThftThedafta.
InconftfrasftftoftThespliftdecomposiftionmeftThodology,wThicThacompuftefrcan
pefrfofrmvefryquickly,findingftThebesftftfreeisacompuftaftionallydifficulftpfroblem.
EvenwiftThjusftftwelvelanguages,ftThefreafre24.3billionpossibleftfrees,soiftisnoft
feasibleftoassessftThefiftofevefrypossibleftfreewiftThftoday’sftecThnology.Insftead,we
employaMafrkovCThainMonfteCafrlo(MCMC)meftThodftoseafrcThftThfrougThftThe
pfrobabiliftyspaceofpossibleftfrees.FifrsftappliedftolinguisfticdaftabyGfrayand
Aftkinson(2003),ftThismeftThodfreliesonBayesiansftaftisfticalftecThniques.AfteacTh
iftefraftion,MCMCcompafresftThecufrfrenftftfreeftooftThefrpfrobableftfrees(mosftof
wThicThafrequiftesimilafrftoftThecufrfrenftbesft,buftincludingonefrandomftfree),and
ifabeftftefrftfreeisfound,iftbecomesftThecufrfrenftftfree.Thepfrocessisfruniftefraftively
unftilftThepfrobabiliftiesconvefrge.
WeimplemenftedMCMConftTheAlofr-PanftafrlexicaldaftaseftwiftThsevefraldif-
fefrenftmodels,usingboftThMfrBayes3.2.1(RonquisftandHuelsenbeck,2003)
andBEAST1.7.2(Dfrummondeftal.,2012). WefraneacThmodelfofraftleasft
10millioniftefraftionswiftThasamplefrafteof1000andabufrn-inof25pefrcenft.
WedidfoufrfrunsonftThesamedaftaseftfofreacThmodel,andeacThconvefrgedaftefr
appfroximaftely1.5millioniftefraftions.Thebesftpefrfofrmingmodel(i.e.,ftThaftwiftTh
ftTheThigThesftlikeliThood)wasftThefrelaxedDollomodelimplemenftedinBEAST.7

ThismodelispafrfticulafrlyappfropfriafteftolinguisfticdaftasinceiftassumesftThaft

7)AcombinedgammacovafrionmodelpefrfofrmedneafrlyaswellasftTheDollomodeland
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Figufre10.BayesianMCMCconsensusftfreefofrlexicaldafta(frelaxedDollomodel)

innovaftionsmayafriseonlyonce,buftmaybelosftmulftipleftimesindependenftly
(Pagel,2009). ThemajofriftyconsensusftfreefofrftThismodelissThowninFig.10,
wiftThftThepAPnodeusedasanouftgfroup(noftsThown)ftofrooftftTheftfree.Theclade
cfredibiliftyvalueslisftedbeloweacThnodeindicafteftThepefrcenftageofsampled
ftfreeswThicThafrecompaftiblewiftThftThaftnode.MosftofftThesevaluesafreeiftThefraftofr
neafroneThundfredpefrcenft,indicaftingftThaftftThisconsensusftfreeiscompaftiblewiftTh
almosftallofftTheftfreessampledinftTheanalysis.
BefofredfrawinganyconclusionsffromftThisftfree,awofrdofcauftionisinofrdefr.
ThefacftftThaftftTheBayesianftfreeThasThigThcladecfredibiliftyvaluessThouldnoftbe
inftefrpfreftedasevidenceftThaftiftissomeThowftThe“frigThft”ofr“cofrfrecft”ftfree.RaftThefr,
ftTheconclusionftobedfrawnisftThaftaddiftionalseafrcThingisunlikelyftofrevealaftfree
wThicThbeftftefrfiftsoufrdafta.WiftThftThiscauftion,wecancompafreftTheBayesianftfree
ftoftThespliftgfrapTh(Fig.5).ToalafrgeexftenftftThegfroupingsinftTheBayesianftfreeafre
compaftiblewiftThftThoseinftThespliftgfrapTh.Fifrsft,Sawila(Sw)andWefrsing(We)afre
sThownftobecloselyfrelafted,agfroupingwThicThwasalsopfresenftinftTheclassificaftion
basedonftThecompafraftivemeftThod(Fig.4)andftThespliftgfrapThbasedonpThono-

yieldedsimilafrfresulfts.InconftfrasftftoDunneftal.(2011)wefoundasftfricftunidifrecftionalmodel
acftuallypefrfofrmedsligThftlybeftftefrftThanftThegammacovafrionmodel(ftThougThsftillnoftaswellas
ftTheDollomodel).
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logicalinnovaftions(Fig.9).Second,ftThefreisaPanftafrgfroupingofKaefra(Ke),
Teiwa(Tw),Nedebang(Nd),andWesftefrnPanftafr(WP).Thifrd,ftTheposiftionof
BlagafraftftTheThigThesftnodecoofrdinafteftoftTheAlofrlanguagesisconsisftenftwiftThifts
posiftioninftThespliftgfrapTh—alftThougTh,asnoftedabove,ftThisdiffefrssignificanftly
ffromiftsposiftioninftTheftfreebasedonftTheftfradiftionalapplicaftionofftThecompafr-
aftivemeftThod(Fig.4).OnftTheoftThefrThand,ftThefreafrealsosomeincompaftibilifties
beftweenftTheBayesianftfreeandftThespliftgfrapTh.Fofrexample,inftTheBayesianftfree
Adang(Ad)andKlon(Kl)afresThownfofrmingagfroupwiftThouftKui(Ki),conftfra
boftThftThespliftsgfrapThandftTheftfreecalculaftedusingftThecompafraftivemeftThod.

5.1.CompafrisonftoLexicosftaftisftics

GivenftThaftweapplymaftThemafticalmodelsftolexicaldafta,wefeeliftisnecessafry
ftodisftinguisThoufrwofrkffromftThaftofeafrlylexicosftaftisfticalmeftThods(SwadesTh,
1950).WThileiftiscleafrftThaftweoweaninftellecftualdebftftoftTheseeafrlymeftThods,
wewouldlikeftoempThasizeftThediffefrencesinmeftThodology.Fifrsft,manyeafrly
applicaftionsoflexicosftaftisfticsfreliedonsubjecftivesimilafriftyjudgmenftsftoiden-
ftifylexicallookalikes.Indeed,ftThisisftThecasewiftThftTheAlofr-Panftafrdaftacon-
sidefredbySftokThof(1975).Inoufrsftudy,weinsfteadassigncognacybasedon
pfriofrapplicaftionofftThecompafraftivemeftThod.Second,wThefreftThepfrofto-fofrmsafre
known,ftTheyThavebeenincludedandcodedascognaftewiftThallftThefofrmsftThaftafre
fregulafrfreflexesofftThaftpfrofto-fofrm,ftThusenablingusftodisftinguisThbeftweeninno-
vaftionandfreftenftion,acfrucialcomponenftofftThecompafraftivemeftThod.Thifrd,oufr
meftThodsconsidefrseftsofcognaftes,asopposedftoftThepaifrwisecompafrisonsofftfra-
diftionallexicosftaftisftics.Thaftis,lexicosftaftisfticsmissesouftonftThepaftftefrnsinftThe
daftabysimplycompafringfrawpefrcenftagesofsimilafrifty(ofrsomeftimescognacy)
beftweenpaifrsoflanguages.Inconftfrasft,ftTheBayesianmeftThodologyconsidefrsall
ftThelanguagesaftonceandpicksouftftTheftfreeftThaftismosftcompaftiblewiftThftThe
enftifredaftaseft.
TheseftTheofrefticaldiffefrencesbeftweenoufrcompuftaftionalmeftThodsandftfradi-
ftionallexicosftaftisfticsafrealsofreflecftedinpfracftice.TosThowftThis,weappliedftThe
lexicosftaftisfticalmeftThodftoftThesamelexicaldaftaseftusedfofrftThespliftdecomposi-
ftionandBayesiananalysesabove.Specifically,weemployedftTheftecThniqueouft-
linedinaninftfroducftofryThisftofricallinguisfticsftexftbook(Cfrowley,1997).8The
fresulfts(Fig.11)afresftfrikinglydiffefrenftffromftThosepfroducedbyftTheoftThefrcom-

8)NofteftThaftftThemeftThodouftlinedbyCfrowleypfroposesgfroupinglanguagesftThaftThavesimilafr
cognacypefrcenftages,ftThusyieldingaftfreeftThaftisnoftbinafry.ANeigThbofrJoiningalgofriftThmin
SpliftsTfree(HusonandBfryanft,2006)appliedftoftThesamedaftaseftpfroducedavefrysimilafrftfree,
wiftThftTheposiftionsofBlagafr(Bl)andWesftefrnPanftafr(WP)frevefrsedandKlon(Kl)andKui
(Ki)sligThftlyclosefrftoeacThoftThefrftThanftoAdang(Ad).
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Figufre11.Tfreegenefraftedusingftfradiftionallexicosftaftisftics

puftaftionalmeftThods.Fifrsft,ftThelexicosftaftisfticalftfreegfroupsBlagafr(Bl)wiftThin
ftThePanftafrlanguages(Nd,Tw,Ke,WP),wThefreasboftThcompuftaftionalmeftThods
gfroupBlagafrwiftThftTheAlofrlanguages.Second,ftThelexicosftaftisfticalftfreegfroups
Abui(Ab)andKamang(Km)ftogeftThefr,disftincftffromSawila(Sw)andWefrsing
(We).ThisconftfrasftswiftThftTheBayesianconsensusftfree,wThicThgfroupsKamangbuft
noftAbuicloselywiftThSawilaandWefrsing.Thifrd,ftThelexicosftaftisfticalftfreegfroups
Adang(Ad),Klon(Kl),andKui(Ki),wThileinftTheBayesianftfreeonlyftThefifrsftftwo
offtThesesubgfroupftogeftThefr.FufrftThefrinspecftionwillsThowftThaftftThisftfreeisdiffefrenft
inmanymofrefrespecftsffromftTheftfreepfroducedbyftTheBayesianmeftThods.
WeempThasizeftThaftweafrenoftadvocaftingftfradiftionallexicosftaftisfticsasan
alftefrnaftivesubgfroupingmeftThodologyThefre.Inpafrfticulafr,weassignnocfredibilifty
ftoftTheftfreeinFig.11.WesThowiftThefremefrelyftodemonsftfrafteftThaftoufrmeftThodsafre
noftonlyftTheofrefticallyfrobusft,buftalsoyieldfresulftswThicThafredecidedlydiffefrenft
ffromftThosedefrivedusinglexicosftaftisftics.

6.Discussion

WedfrawftThfreeimpofrftanftconclusionsffromoufranalyses.Fifrsft,ftThepThylogeneftic
meftThodsconsidefredThefrefrevealnewinfofrmaftionfregafrdingftTheinftefrnalsftfruc-
ftufreofftTheAlofr-Panftafrfamily.InconftfrasftftoftThepfrevailingEftThnologueclassifi-
caftion,subgfroupingbasedonpThylogenefticmeftThodsdoesnoftgfroupBlagafrwiftTh
ftThePanftafrlanguages.ThisiscompaftiblewiftThfresulftsffromftTheftfradiftionalcom-
pafraftivemeftThod,wiftThBlagafrembeddeddeepwiftThinanAlofrsubgfroup.How-
evefr,inconftfrasftftooufrfresulfts,ftTheftfreedefrivedffromftThecompafraftivemeftThod
failsftodelineafteaPanftafrsubgfroup;fraftThefr,ftThePanftafrlanguagesfrepfresenftfoufr
pfrimafrygfroupsofPfrofto-Alofr-Panftafr(cf.Fig.4).WThefreasftTheftfreebasedonftThe
compafraftivemeftThodpoinftsftoanofriginalseftftlemenftonPanftafr,ftTheftfreebased
oncompuftaftionalmeftThodsiscompaftiblewiftThasocialscenafrioinwThicThftThe
ofriginalspeakefrsofpfrofto-Alofr-PanftafrfifrsftenftefredftTheafrcThipelagoinftTheafrea
offtThePanftafrSftfraiftswThefreBlagafrisspokenftoday. Thesignificanftembedding
wiftThinftThefremainingAlofrlanguages(andftoalessefrdegfreewiftThinPanftafr)sug-
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gesftsmigfraftionandseftftlemenftouftwafrdsffromftThePanftafrSftfraifts. Thiswasnoft
appafrenftineafrliefrsftudiesbuftisconfifrmedThefrebyboftThftThespliftdecomposi-
ftionandBayesianmodels.ThisfresulftpoinftsftoftTheneedfofrfufrftThefrdescfripftive
wofrkonBlagafr,pafrfticulafrlyinftTheconftexftofftTheTimofrlanguages,wThicThafreftThe
subjecftofcompafraftivewofrkcufrfrenftlyinpfrogfress(ScThappefreftal.,2012).
AsecondimpofrftanftconclusionisftThaftcompuftaftionalpThylogenefticftools
canbeexftfremelypowefrfulwThencombinedwiftThftTheftfradiftionalcompafraftive
meftThod.FafrffrombeingacompeftingmeftThodology,ftThepThylogenefticmeftThods
complemenftftThecompafraftivemeftThodbyilluminaftingpfreciselyftTheafreawThefre
ftThecompafraftivemeftThodsThedsleasftligThft.EvenwThenftThecompafraftivemeftThod
wofrkswell(aswebelieveisftThecaseinAlofr-Panftafr),ftThepThonologicalinnova-
ftionsidenftifiedbyftThemeftThodfrafrelygivefriseftocleafr,uncomplicaftedftfrees.The
ftaskofsubgfroupingisoftencomplicaftedbywavelikepaftftefrnsofbofrfrowingand
lexicalinnovaftions.ByusingknowledgeofpThonologicalinnovaftionsftoidenftify
non-cognaftelexicaliftems,wecancleafrlyidenftifysubgfroupsbasedonindividual
lexicaliftems.ThecompuftaftionalftoolsftThenpefrmiftusftoinfefraggfregafteinfofrma-
ftionabouftsubgfroups,evenwThefrediffefrenftlexicaliftemsyielddiffefrenftsignals.
HefreftThecfrucialinsigThftisfrecognizingftThaftftThefreisnoonecofrfrecftftfreefrepfre-
senftingasingleThisftofry,buftfraftThefrmulftipleovefrlappingftfreesfrepfresenftingboftTh
vefrfticalandlaftefralftfransfefrevenfts(Hall,2008).UndefrlyingftThesemeftThodsisftThe
sftfrongfoundaftionofftThecompafraftivemeftThod,wThicThallowsusftoidenftifysub-
gfroupsevenwThenftThepThonologicalinnovaftionsftThemselvesdonoftcleafrlydelin-
eaftesucThsubgfroups.
Finally,oufrwofrkdemonsftfraftesftThaftcompuftaftionalpThylogenefticftoolscanbe
exftfremelyeffecftiveonalocallevel.MosftpfreviousappfroacTheswThicThemployftThe
meftThodologiesdiscussedThefreThavefocusedonftThewofrld’smajofrlanguagefam-
ilies,sucThasIndo-Eufropean(GfrayandAftkinson,2003)ofrAusftfronesian(Gfray
andJofrdan,2000).ToacefrftainexftenftftThislafrge-scalefocusisfreasonable,given
ftThefrelaftivelynewnaftufreofftTheseftools.Inofrdefrftoftesftandevaluaftenewftools,
iftisonlynaftufralftobeginwiftThlafrgefr-scalepfroblemswThicThThavealfreadyfreceived
considefrableaftftenftionwiftThinftThefieldofThisftofricallinguisftics.BuftasftTheseftools
maftufre,weseeincfreasingapplicaftionsofcompuftaftionalpThylogenefticmeftThods
ftoftThesmallefr-scalebfread-and-buftftefrpfroblemsoflanguageclassificaftionandlin-
guisfticpfreThisftofry.AlfreadyweafrebeginningftoseeapplicaftionsofftTheseftoolsfto
ftThesftudyofinftefrnalclassificaftioninfamiliesonceftThougThftftobefresisftanftftoftfra-
diftionalmeftThods(e.g.,SicoliandHolfton,2012onAftThabaskan).Nolongefran
exofticftool,pThylogenefticmeftThodsThavecomeinftoftTheifrownasasftandafrdftoolin
Thisftofricallinguisftics.
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Appendices

FivedaftaseftsfrelevanftftoftThispapefrcanbefoundonline. Thesedaftaseftsdefrive
ffromlexicaldaftacollecftedbyftTheauftThofrsandftTheifrcolleaguesandfifrsftdescfribed
inHolftoneftal.(2012).ReconsftfrucftionsafreftThoseinHolftoneftal.(2012),aug-
menftedbyaddiftionalanalysisbasedonftThewofrkofftThecufrfrenftauftThofrs.See
Thftftp://dummy.dummy.

pleaseaddcofrfrecftufrl

–AP_lexicon.ftxftisaftab-delimiftedUTF-8ftexftfileconftainingftTheenftifreseft
of400lexicaliftemsineacThofftTheftwelveAlofr-Panftafrlanguagesfrefefrfredfto
inftThispapefr,ftogeftThefrwiftThafreconsftfrucftedpfrofto-Alofr-Panftafrfofrm,wThefre
known.
–AP_lexicon_coded.ftxftisaftab-delimiftedUTF-8ftexftfileconftaining331lex-
icaliftemsffromAP_lexicon.ftxft,eacThcodedinftocognacyclasses.Thecognafte
classesafrefrepfresenftedbynumefralsimmediaftelybeloweacThfreflex.Iftemsnoft
assignedftocognacyclassesafreindicaftedwiftThaThypThen.Thenumbefrofcoded
lexicaliftemsissignificanftlysmallefrftThanftTheftoftaldaftaseftbecauseobvious
frecenftbofrfrowingsThavenoftbeencoded.
–AP_splifts.nexisftTheNEXUS-fofrmaftftedftexftfileusedftogenefrafteftThesplift
gfrapThsThowninFig.5. ThecThafracftefrmaftfrixisftThaftobftainedbyconvefrfting
ftThemulftisftaftecodingsinAP_lexicon_coded.ftxftftobinafrycThafracftefrs.
–AP_beasft.xmlisanXMLftexftfilefofrmaftftedusingBEAUTi1.7.2fofranalysis
inBEAST1.7.2.TheconftenftofftThecThafracftefrmaftfrixisidenfticalftoftThaftin
AP_splifts.nex. ThisfilewasusedftogenefrafteftTheftfreesofwThicThFig.10isa
majofrifty-frulesconsensus.
–delfta_scofres.ftxftisaftab-delimiftedUTF-8ftexftfileconftainingamaftfrixof
delftascofresfofreacThlanguagebysemanfticcaftegofry.Thismaftfrixwasusedfto
genefrafteftThepfrincipalcomponenftsinFig.8.
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