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Paleobiological Evidence of the Peopling of the

Americas: A Morphometric View

D. GE.N-fRY STEELE AND JOSEPH F. POWELL
D_ -_- :."n.e',:: qCA:':.:hropc_o_.,

C¢;Je_e 5::::c',, Texas, "....

A me,'rical analysis of 8,580- to :0.0C0 year old human skele:aI remains from North Amev.ca sul:stan_ates tha,_

their closest aiB="_i_es are with Aman popula_ons. Earlier (Paieoindian and Early Ar:/'_ai¢) Nor+, A.me:'/can

skeietai samples are d_f..ng'uished by their rela_vely long and narrow crania and snail, narrow faces. Later

popuianons tended to be more brae.hy_anic and exhibited larger, broader faces. Where Faleomdia.n spe¢-

mer_ differed from modem nor_,ern Asians, they tended to str'ue_raf!y resembie southern As_n and

European popula_or,.s. These assessments general_y support the in/erence that Populations entered the
Americas _rom nor,hem Asia, but before the cranial fea_res of modem northern Asians and Naive

.,_.mencans were b.dly developed. Based on the data exammed, no date can be sped/'ied for m"ne 0_ enhance of

the Fu'st populations, but the lack of any a,,'chaic Homo sapiens featur_ supports the contennon that entrance

mto the Americas was a relatively recent event, The number of founding populations cabot be established o_
the baals of these met_c data.

Currently, few bio/og/cal anthropologists wlshi.ng to world PopulatiOns on the baals of d_ctete characters oi

reconstruct the origins and evoluti, on of Ame.ncan the dentit:on; Br_ce and colleagues (Brace and Na_ai

popula_onardyon tbe oldestskelera]remainsrecovered 1982; Brace etal. 1984; Brace and Hunt 1990) have

from the Americas. Rather, they have turned to the compared Asian populations on the basis of linear

comparative analyses of Late Holocene or extant Ameri- dimensions of the face; and Ossenberg (1969, 1974,

can India_, Asian, and other world Populations, typically 1976, 1977, 1986) has co_ pared Asiaaa and American

relying on biological data other than osteometrics. Indians on the basis of discrete traits of the ske!-

,Ks examples of this apprt_ach. Turner (1971, 1983a,b, eton. With the excep_on of Turner (1983b) and Turner

1985a,b, 1986a,b, 1987) has compared relatively recent and Bird (1981), the_e researchers have compared
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I{2 Me:':o6:_ Thrc-.'%, "n:'est:2_n-.$ :he?eo_l:zgoftheAm_._s _ G 5:erie=<d .'F .=__.¢;

samp',es w'_Lh:itde ce.-.mderaocr give.," to :_eir reia_ve bet-wee:_ the po_u)adons are no Ior'ger sclely a re_ectc:_

a.nnc.L::_' ofhow ]or,g ago _hesegroups separa:ed,,a'.cm tJ':e'_"ccm-

_'_e:eareava.":.e_yo._reasc,',s'.:nde:'.)_gthere!Canoe man ancest:,rBecause _ese assu..'v?tic_smay =or a:-

on :._',ecc,.'r.parar:vea."talvsesofrece."tpcFu'.a'_onsMost ways 'becor'rec,%itLsnecessa_'tove.'-d?:hem aga:-_t_ke

si,gy._hca.":.tis_he meager and .;'ra_rner.:ed:-tar=reof tl=e fossilrecord.Steeleand VoweL] ',199:],and Neves and

skele:a_remai.'-'..sa/theear])'p,cpu]atror',sThereareFewer Puc_are!!i(_9_9,"!991)have e'valuatei C'_eevoiu_or.a,"_

_a._50Ncr'2"_Am e.":ca._sitesbhatco'r;taLnhuman skeletal hxstoryoftheAme:-ic.anpoFu',a_o_sbased:pcr,thefass£

remau_s _:c:er"3",an5,30C>'earsB.P.,a.ndprob.,ablyr,o record,and found the earlierpovulaVmns tcdLffers=uc-

more than_ oftheses}tesareolderLhar.!.XK__ P.(Table rurally_om more recent£ndlgenous.vopula_or._of L'_e

I). More .'h'_t'ra,_._'g is the faG', that the earliest sites are A.mencas _ne present study is an eiaI_oranon of Steele

represented:'yor_eor two very :.-co,repleteand f'rag- and Powell s (]9_2)srad},',compahng the c'r_iola_aL

mented skeietor_Orgy fiveeft.hePa}eo;mdJartsarereFre- struct'ureof the earliestrecoveredNor'& P,.rnencana_,d

rentedby c'r,a_a_ee ofdi':torr;.onand camp}ere enough Northern Aaian samples withmore recentsamples from

fora deta'!edesteometTicaraiysis. Eurasiaand thePa_fi¢ r",mregion.

T'basre2_ce on ccmparanve analysesoirecentpopu-
halhor_,however, die:aresthatrwo ass'am=fior_be ac-

'r_tso¢.-a_ed an the popu:afio_.sdu:'zng thepast I0,00C

years b'rdo_Jrmte]y,ifalldescendentpopulationshave The emphasis in,thispaper isa m_."phome..':'ricevaluation
altereci'.ea.r_ces_aiccnd-.2_on,thennone can be used as of the craniofa_aldimer'.sionsof b_e earliesthuman te-

a va]idmode_ ofthe ancestorT'h.esecond assu_p_on _ mares recovered _om North America. Ske!eta!re.-naiPJ

that ge.-e :tow between" poF=la'_.onshas rot oc_rred. If horn 16 s_tes are cur'rently considered by us to be

any gev.e£cw d_d occ_, thenthe re]an'.'edLssL,,'r_annes ver_,abIyL_eoldestNorth Amev, can re."r,am.s(Steeleand

Table 1. Pro_able an_ Affir'med Palemndian Specimens in Noah America. (Those above the line used in bhis study.)

LOC.:,L..,--'_,' N ._N'S DATF-S (YR BP ]

%'._tev,ater Draw, AZ (]) 2 ske]etor_ 8,00C-]0,0C_

,Gcrdo_ Creek. CO C2'. I skeleton 9,700 = 250

BrcwT'..s \:a:iey, MN C3) 1 skeleton _.700 = 110

Pe_ca_ Rapids, MN :4) 1 skeleton --

Kauk Val_ey, MN ,5' 1 skeleton --
Wilson-Leonard,_ (5] 1 skeleton 9,000-:1.200

Hor'r. Shelter,TX (T) 2 skeietorts 9,0CX]-I0,000

$},dV,n g Sands,"IX(8) 1 T fr_a_ents --

A.r!i_gton Sp.'i_.gs, CA (9) 12 femora 10,000 = 310

La 5tea,CA (I0) I skeleton 9,000 = 80

Mos_n, CA ',11) 1 fr_'uments 10,000-11,000

Ma.rmes, WA (12) 3 C frag'ments 10,000-11,000

FL_hbone Cave, N"V (]3) 1 PC fragments 10,900-11,.200

A.n_ck (Wi:sai), MT _14) 2 C fragments 8,620-10,500

Veto Beach,,m,.(15) 1 C fragments --

Wa_,'m ML_eral Springs, FL (16) 1 PC fragment.,_ 10..260 = 190

C ,'era.real, PC ,,post _ardal, T = tooth.

('I)Wster_ 1986 (9]On" 1962

(2] Bretemitz eta]. 1971 (10) Bergen" 1975, Kro_ber 1962

(3)Jenks 1937 (11) Kauh_n 1980, Taylor et al. 1985

(4)Jenk_ 1936 (12) Fry_ell_t al. 1968

(5) Jenks a_,d Wilford 193_ (13) Orr 1956, 1974

(6) Steele 1989; Weir 1985 (14) Taylor 1969; Stafford et al. 1987

(7) Young 1986, 1988 (15) Stewart 1946

(8)Owsley, personal communication (16)Clausen etal.1975.
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Fa/ecb:c':c:ca: E',,'ice_ce _: t;:e Feo_:':_ E ,Me_.hcd and "F'ncor-tre- f'lve$::ga:;_ the Fecr,hr:g :f t;:e Am_ic.._ 14":
of t,_¢A"r, fr;ca_: A Mor_hame;nc _"_,

V_we!'.,199"),and are iden,'iSedas PaleoLndian,.sCTab!e Lhe age c,_ these sLte_isnot secure For exa,--..?ieL_-e

"_ FcL'.o'_.'inga varietyol sd_olars(Roberts194-C;S_eele M_d:a:-.dspec.-'..er.C,Vendcr."e'.a'.!_5",Wer,dc:_ a_-_d

and Po_.ei'.1992;Young 19S5,198_.,1988,Young et al:, Knege: !95c>,'wasnot mdude_ beca_.se_._thewide range

!98_ we are usingthe lerm "Paieo_d_an" torefertothe ofdatesw'."achhave been proposed forit,ever.h'ho,_gh_.

oldest kno'_,m ird_abitants of bee Ame_cas, rather tha.n z]l probabi_" it Ls .-"Jd-Hoio<ene or even older m age

us_g ::'_ete.,-':r,to refertoa dis,'-L_ctsubsistenceeconomy Sin',slur!y,theBormer SFY_gs spe_mens were exzluded

based or',h.ur.___gnow-exF_c.,mega.FaunaCGZf!:_n1979; because L_ C._arJ1e!bar asse."r._iage,whi_ b".c_udes

SEaler1977,Suhm etal.1954i, n'Zr:era_z_,re.,-_L':s,_ c..z"rent!yundergoingevaiua_cn

Because_J_esitesareso widely scatteredwi:k;,nNorth (DOrtand .k-(a.-'v,r.19_: Steeleera'.1991) OCher s_ec:-

A.menca, and because the associated artLcacts at some mens, previously considered to be o," gv.eat _U:V: r ,

sit_ L-_cace differentsubsistencepatterns,we do not have been excluded because more recev,',assessments

presume that these individua!s represent a single have failedto substan_ateb_ei:a_n,_qu:.'y(Co_ter]991:
_L¢es_']e. As examples, Horn She!net (Redder :985) and Taylor et aL 1985>

W'_ewater Draw (5ayles and Annoys ]941; Say!es 1983; We cor, ducted both a subiecrive assessment c,_ tee

Ws:ers 3;985,1986)are asso_ated with a generalized skeleta!remains and me.L.c analyses The subiecnve

_',_r_ a,n_gather_g _ode ofsubsistence,_nd A.r_ck analysis6oc_sesor,v_.'-_g:o dete.._".J.neL_any characters

CTa)Ior1959_,and 5'rut,'ingSancLs(Darnel$ Ar_ck, per- _d_ca_.veo_ an a_bl-ary'w'_=hOLd World Arch,at: ;q_c

sO:a! c_m_-'.,unica_on), appear to have been associated sapiens or _:orno frrc:_s are preser.t in the Pa!eo_r:&_n

w%k _:g-_ame hu_,_g economies.Sin/tar!y,we rea_:'e asse.'v,blage.The meL'a'icana!ysescompiement thesub!ec-

tb,a__.hesesamples do notrepresentasing!eiota)breec:.v,g bye w.alyslsand focuson amore de_,aL_edcom,par._onof

popular,or-ImFact,thear.aly'zedma_ev,alhas been recov- _'_ePa_eoLndianswith 33 male and 31 ._ema_elate-Hc_,c-

ered _om ]oca'.iV_esas disparateas the ,_'v,e_camS_uth- cer.ehuman popu_a_or_ h'om North A,,'r.,en_,nor'J',e_

west and theupper _idwest. In spiteofthegeographical A__ia,the southern Pad_c and Aus_a!ia,and Europe

d._:bu_o_ of the sample, the combined Paleoindian Add:Wona'.ly,thePalecindianswere compared with _e

sample wh;ch we areus_g has arangeofvacationforthe latePleistocer,e/ea_!yHolocene materia_!ror_the_'o,"c,or,

Lnd-_.'_d'a_measurements thatdoes not differsLgwL_- c'a!_'areofj'apa,%theM_./':,atogawasiteo_ OkLnawa _sla,_d,

can:L]&ca the rangespresentLr,largerand more recent and thesiteo{L'pperCave L'_CI'cr.a."_,enames, Ioca_,:.es,

com_ara_ve samples, Therefore,we be_eve "J'_t_ and antiquitythesitesaswellastheFub_hed so,cos ._:

assemblage o_ latePle_tocene/ear{yHoloceme humar, the measuremencs used _e presented_ Table2.

rema_-_ ;TaS',e 1} is collectively 'c'_ebest representation of We used _a.,t/ome_ic data to more obiec_ve!y _e:e:-

:.he earliest A,.'_encans c'u_ent]y avaL!ab_e, m;-.ne the rela_onsh_p between Pa_eo_dian_ a._d more

We _ave r.o_Lnciuded _ke]e:aJre_a_, more recent recenthuma.n popu!a_ons h',omEurope, A_,ia,a.r,,dthe

thanB.500yearsB.P._ our Paleom_ian sample, foUow- Americas,Me_'icda,'aoffertheadvar_ageofbeL_geasily

mg Steeleand Powell (1992),Young (1986,1988),and standard_ed, rela_ve!yobiective,and easytoa_aLyze.Ln

Young et al. (198_.'I'h.ts date coLncides with the last of the addison, me,._.c data have been collected _or _r,"uatly

Great Ytains fluted-point _aditiorus and theLr deriva_ves, every 1wing popula'ior_ and formany preb,_tonc g_oup_.

sud',as Fi_sV/iew,Cooly,Eden and ScoV,.sbluff(Jer..v,._gs Cr_.r_aldimensionswere recordedforeach ind.h,idual m

1983), but is more recent than the 'i0,0CO B.P. date as- the Paleoindian sample following the tec,W_iques de-

sig'_ediortheEarlyArchaiceastoftheM_sissippi('Pagan scribedin HoweIL_ (1973).These data are presented Lr

1991; Jerm_gs 1983). T_s overlap in Rme between the TabLe 3. Because of the fragmentary nature of the

sites wb2c.h we have idenRfied as p_eoi.vAi_n az_d eastern Paleoindian crRnia, ordy a LL_ted number ot_c_'ardal ant

samples which have been identified as Axe.halo reflects facial dimensions were available for moz"phome_c

the confusion_eated by using these terms to mcLicate analysis.The dimer_ions used in thisstudy i.nduded

either anhquity or adaptation type. It also is a reflection of maximum cranial length (COL), maximum crarJal

the d_fferent times in various regions of the Americas breadth (XCB), upper facial height (NPH), bizygoma_c
when the megafauna became extinct or lost their sigrdfi- diameter (ZYB), nasal height (NLH), nasal breadth

canoe as a resource base for human. (NI.B), orbit_] height (OBH), and orbital breadth (OBBI.

The sample in Table I includes skeletal rema._ of 2_ FaJk and Corrucci_i (1952) found that five of these eight

in(:i_v_duaLs from 16 sites. Rern_in_ from the first eight "Izaditional" dimensions were more use.f'ui ba di_.mJ-

sites are the most sec'_rely dated, and represe_nt the naRng between modern human populations _ less

sample used in the morphometric analysis, This ponlion traditional basicrardal and nonlinear measuremen_ of

of the sample als_ r_r_,en_ the pmmary evidence used the skull, tn order to compare the Paleoindian c':anial

the sub)ective assessment of the _mpie, although in dimensions to those of modern human popula,'ions, we

some instances (as indicated in thedi.scussion) theother compiled themeans _or the eight cranial dimensionsfrom

specimens were also considered. In addition to the re- published sources (Tables 4 and 5). These data form the

n'atL,',.sin TabLe 1 there are other sites which may ul_- basis of ali umJ'.'aria¢e and multivariate analyses pro-

mutely prove to be of great antiquity,, but for the present sented here.

DO102237



144 M..::,,_, ,';. The.:z%Cor "_:'es::_:.::_g t.,:e .P_._img of:he Americas D G 8:eKe ar:d r F F'cz_e;

Table 2: Age and Lacat_on of Populations used in Urdvariate Comparisor.s

PC?',,_:,_ 3": N,._.ME LOCA_ D"; AGE R.L-"EPENC E

Eua-cptan

,a,..-m,e.-.ian Gala and .-k,Z-.aJka_'ak.A.."mevJa',CIS) Modem Alx_us_',ei_sn'.:;iT96C,

Be:g Ca."mCnia, Aus_a Modem Ho',*,'eC]_ ",c73

Gecr_a:'. R,as:avi Gee"_a _CIS Mg:_em Abdushehshv:'i :96_

Gan:.bards Ausma, Ge..,':w_y, Hur, ga."y, _taCy Me_e. a_ Kisze!y 1979
Norse Ca:o,Ne."wav Medie',a! Howe!ls !973

Zalavar 7_lavar, H'.wgary Medievai Howe'.b :973

Afhcan

Bus_mm _, Ka'.al',an Dese,_,, South Ah-ica Modem Howeiis !973

Dcgon Bandiaga:'a Plateau, Ma',i Modem Howelb 1973

E_"Ft G_eh, E_._ Prehistoric Howe!is 1973

Te:_ Te!ta.Kenya Modem Howeils 1973
Zulu Wi_, Sc_:..h ,a,.'_ca Modem Howei!s 1973

Aus _allan,,'M elan es i a n

A.r,da:v,a_-, .Gudama:_Is',_-,ds ',SouthPaci_c_ Modem Howe!ls 1973

Mcka.v_ ,Pa!?.'n, esla:_) Oa_hu, Hav,'a.i PrehLs:cric-Modem Howeils 1973
SOu£'_ Aus_aCa Lake AJexd_,a, Aus_aiia Modem Howe'._ 1973

Tasr:'._a:'ia Tasmama, .4.us,'v£_a Modem Howel!s 1973

TMai _Me a,_esan) R.a'.C::'nPavua New' Guinea Modem Howeils "973

East .Asian

B,,'.-.ats Lake Baikal, Sibe_a, CIS Modem Howe'.ks 1973

C-..u-ese F_k_ng, Peka,ng, China Modem Black 1928'
CnLg,:.-: C!_.,ukc.NPerar.su;a, CIS Modem Hrd!i_ka 1944

Japanese 2Kamo) Japan Modem Morita 195C_

]c:ncz(Fan:o) Iapan Neoi;th!c Suzuki 1969_

ML_atoga,,va Nabha City, O,_nawa Upper Pleistocene Suzuki 1982
Ost,ak Litt'.e Ob Raver. CIS Modem Hrd.li_ka !944

Upper Cave _oukoudien :Pek=_g), C.hi'_a Upper Pleistocene Weidenreic2_ !938'

Native AmeNcan

Pre-A',eut Aleut.an Isla.'_ds, Alaska Preb_oric l-h'dli_ka 1944

Aleut AleuV,an Islands, Alaska Modem Hrdli_ka 1944

A.rikara Sully Site, SOu_ Dakota Protohistoric Howel',¢ 1973

Eskimo _L'_ugsuk) SoutheasternGreerCand Modem Howells I973

_a.n K,'_o] OEio Co., western Kentucky Prehistoric Snow 1948

Ncr_wes: ,Coast Brit'£shColumbia, Canada Modem Hxdli_ka 1944

Peg:os Pueblo Northcenia'aI New Mexico Prehistoric FIooton 1930

Peru Huarochi.ri and Yauyos Provinces, Peru Prehistoric HowelIs 1973
Texas Archaic Oso and Palm Harbor Sites, Texas Prehistoric Comuzzie et _d. 1986;

Woodbu.D'" & Woodbury 1935
Ten, nessee Archaic 4 middle and west Tennessee sites Prehistoric Boyd 1988

Tennessee Woodland 6 east Tennessee sites Prehistoric Boyd 1988
Ter.nessee

Miss/ssipp:an 6 middle and east Tennesse_ _ites Prehistoric Boyd 1988

aAs cited in Suzuki ]982

Modem: 3_3 yr B.P. to Present

Protohistoric: 450-150 yr B.P.

Prehistoric: 450-10,000 yr B.P.

Upper Pleistocene:I0,000-18,000yr B.P,
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qf:'_e A._e':cas A M.o_hc_.,e:r:: Vir.;,

Tab'.e 3: C=anial Dimensions of Female and Male Paleoiadian Specimens

FEMAL_ " MAL_

Pe._:a:aR_?idst Gord_nCreek: _rowr.sVal'.ey_ Sa,'kVai:evHcmS?_e)er'

MaxLmum CrarJal Long'& 179 173" 193 186 187
Maxamum CrardaI Breadth 138 ]38" 142 137 145'
Basicn-bregma Heigr,,t !27 -- 142 138 --
Au_c,_]ar Height 116° I00" 124° -- I3_"
MLr,.:mum Frontal BreadL_ 93" -- 92" -- 95"
Basion-alveolarL_ngth (94) ....

Basion -.,'_aslcn Leng_ 102 -- -- 102 --
BLzygoma_c _read th 127 -- 140 I35 --

Upper Fatal Height 67" 57" 66" -- --
To_i Fa_a'_ He;,f,h_ 114" 108" 1:0" -- --
N_al Height 47" 47" 51" -- --

Nasal Breadth 21 -- 24 28 24
G-'_'_i:al."'.'eight 34" 29" 36" -- --
C;'r5ita! Breadth 38" 37" 38" -- --

( )= esz.--.,atedorrecoru._ac:ed

"data drawn _om or':._a! ,s_urce; a_ other data recorded by authors

2 Bre_'e."rj,*zeta'. __"

3 jerks 1937
4 Young 1986

L'niva:'ia:eand bivariateexamLnatiensofthedata proxL.'narLcnsofgeneraizeddistance,bu,*thesemeas'ar+.s

were :onductedto deter'trinewhe',.he;thePaleoi_.dian require_e accepta_nceofaasump_or_whichca."c.ctbe
samp!e ,aKfered si_:nificandy ,h'om mare recent Holocene met by most and'a'opcmeb'ic data
pcpulatio_ T-tests for differences i.n mean _a.niofacial We chose a principal components analysis (_CA Sas a.-
d_."nertsionsbetweenthePaleoindianand otherPopula- alternativetoan analysisof _e generaL:zeddistances

_on3 were cond,.uc,'edus_g Bor_erroN'se_er.ment- beeweenpopulations(Goodman 1972;Rev'mente: £.
wise alpha proration The l_rderrord alpha protection 1984) [n the case of PCA, there i_ no _ priori grouFang cf
for eachvariablewas obtaLnedby dividingthetypical thedata; in otherwords,therelation.shipbetweenpop_-
0.05levelofsigrdficancebythenumbero/pairwiset-tests lationsisnotaffectedby theirgeograpkicproxL"ni_¢r
conducted.Insome cases,thesamplesizeofeitherthe otherfactors,andisst'dcdyaproximitybasedonmorpho-

Paleomd_ansorthecomparativepopula_onwas one,I_ lo&dcalsim_ity. Otherresearchers(Kamminga and

thesesituations,a pointt-test,which tllowsa single Wright1990;Nevesand Pucciarelli1991)havehad su:-

observation tO be compared to a population, was per- cessinanaly.'_h'_gvector_ of population means with ?CA
, fan=ned(5okaland Roh_/1969).[.nadditiontourtivar_ate todeterminerelariortsl-dpsbetweenmodern and fossi'.

tests of significance, _l_:_ed dava were plotted i_ bivm,i- huma_ populations. All sat"i_tio and plots for the p.,ina-
i atescatterg'ram.s (FiguresI-3)showingthepositionof pal ¢omponent_analysiswere8¢neratedusingthePROC
, PaleoLndia.nsrelativeto othergroups. PRIN prc,cedu_ inSA5 (5A5Institute,1985).

Multivariate analyses offer an advantage over One problem in a-,essi_g mo_hological similarit/es
i univariatecomparisonsbetweenpopulationsbecause derivedfrontmetricdaraistheeffectotsimilaritiesL_size

the)' can present a simultaneous picture of population, compared to sh'nilarities derived from shape alone Some
retat'ionships(Howel[s196_)),/_most cases, we didnot r_searchershaveelectedtoelimmatesizethroug._tog-

have accessto the originaldataforthecomparative scalingofthedata(Reymentetal,1984;Simmons etal.

umpies Distance measures typically used to display 1991) or by dividing each measurement by the geometre
reIanonsi'ups among populatior_, such as Mahalanobis" mean of variables in that case (Darroch and Mosimar_
_eneralizeddistance(Mahalanobfs1956),couldnotbe 1985;Simmons etal.1991).We have eliminatedsize

Computed without the covaF_ation matrix of the original effec_ by u_ing a Q-mode correction of the "lata follow-
data.Rao (1952]and Penrose(1954)havesuggestedap- mg Corruccini(1973)and Nevesand Pucciare!h(199_)
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146 Me:h;d a.-.a 7':._q, _r :r_v_tfga::_$ !he Pesjviin$ o/:he Amr":,c._s D G c:ee.'e .:'_d _' F F:ke2

Table 4: bla]e Means and T-test Results for Selected Cfa.vJometric Dimensions in PaIeoindians, Prehistoric, and

Mode:-n PovuJaSons t.hroughout the World 1.

,_:_._."-AUC'q CKAN_,AL CRANIAL _LTYGOMA71C _.'PFERFAC:AL NASAL NASAL ORBZ'._,L O,_=,--.A:.

L:.-_C'AH. BKZAD_ BR_AD .TH I_GH7 _Ch'T BREAD_ }'_C:-:7 B_ZA2_H

_GCL_ _C_J (ZYB) (!_V:_, (Nq.,H) (NLB) (OBH) (CB_)

Pa/eomd2_:, 188.67 139 67 .13750 66_ 5_.00 25.33 3630 3830

Norse 18&47 14:,87 134.44 88.93 5196 2547. 3374 44.38

Berg _.$0.37 147.61 135.55 67.89 51.71 25.46 33.73 40 14
Z.alaya.r 188.2/- 14:3"9 13306 68.50 5141 25.37 3_.65 39.98

L_mbards I88.2"; 13679 132.03 70.00 53.95 23.94 3244 --

Geor_._,s 175.50" 15_.54" 135.44 70.59 52.71 24.57 34A7 4.2,_3
Azmen/ar_ 172.4-4" 144.23 133.27 73.50 54.11 25.41 34.70 42.11

E_,_t 185.62 139.22 128.53" 68.43 5! ,74 24.83 32.95 39.80
Te'.,,a 18358 129.83" 131.30 66.00 5G,09 _,91 33.29 39.85

E_gcn 177.85" !37.29 129,86' 64.85 47.83 28.35 3379 39,71

Z'iu 18513 134.1: 129 94' 67.33 50.00 28.65 3376 4044

Bus_,m.a.,_ 178.37" 133.58 112.56 ° 57.53 43.76 27,17 30,83 39.27

Andam__'_ 167.81 135.38 123 69" 60.69 4634 24.50 32.58 37.54

Tola/ 183.53 130.36" 136.00 66.37 4-844 27.82 32.24 41.18

Mokavu 186.31 143.72 138.82 68.61 33.31 27.39 35.06 44 69

S. A us_adia.-. 19031 131.94" 136.77 64.77 49.69 27.88 3346 4186

T_ m zcJ_n 185.29 138 !8 135.73 62.41 48.70 28.86 31.04 40.70

U??er Cave 256.30" 144.00 143.90 76D0 5800 33.D0 54.30 45._0
C'_'_ e se 178.50 138.20 132.70 75.3_ 85.30 25.00 35.50 4.4_0

Mina:c gawa 182.00 148.00 144.00 63.00 49.00 26.00 30.00 46 03

,_emcn 181.90 144":0 144.80 _.C_ 49.60 27.10 33.00 43.29

ya_a.r.ese 178.90 140.3C 132.90 70.7C 52.00 2,5.00 34.30 42.70
Bu_at "181.83 134.96" 14.4.43 74.50 56.89 28,48 3387 41.52

Chv:&d_. 185.73 14.2.75 14.2.50 79.60 55.]0 24.40 -- --
Os_ak !83.10 142.80 141.1_ 75.70 54.00 25.70 -- --

Pre-Aleut 186.90 142.60 144.10 76.40 52.80 25.60 36.20 3970

A/eu: 180.40" 150.80" 144.20 74.30 51.60 2.!40 -- --

"¢_kuv,,o 188.30 133.94 139.59 71.70 54.11 23.68 36.!8 4"1.96

,",'_' Coast I,"740" 144.00 142.80 76.00 51,90 24.50 5600 --

Pecos Pueblo 175,74" 137.54 138.56 7"2.85 50,96 2.5.80 34.90 39.49

A.,"Lka.ra 179.48 ° 141.55 14(3.88 71.69 54.45 27.09 34.95 4&55

T9<.a_-chaic 185.00 130.80 142.00 -- -- .2.3.00 34.00 41.00

/,ndian K.._o _ 178.80" 185.40 136.00 70.00 51._0 24.40 33.30 42.70

TN A.rcha2c 179.08" 136.08 136.14 69.48 ....

TN Wood2and 173.83" 143.33 136.17 69.16 ....

TN Miasi_ippia_ 165.78" 147.83 139.7I 73.57 ....
Peru 177.96 °137.94 134.93 67.78 50.34 25.24 342.7 38.2.5

• SigzGfic.a_t at p= 0._ u,smg Bon.¢errord'_ alpha protec_dor_

_T-test for upp_ fada_ height nasal height nasal breadth, orbital height, and orbita brea_d th were conducted using a point

'_-test for comparison of a single Paleoi.ndia.n observation toa population me_m (5okal and Rol'df 1969"_4). A]J o',.her tests
u_lzed a standard S_dent's t. Sample sizes and st_ deviations ava_Iable upon request.

t
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Ta_;e 5: Female Means and T-test Results for Selected CranAometri¢ Dimensions L_ Pa]eoindia:_s, Prehis:or:¢, avd
Modern Pop,alafions t,h:_ughou the World I,

FCLL-_T:CN t--7£-_N::Q CRA,';:A L _'TYGCMA,_,C UPPER FACIAL N'ASAL ,NAS-kL CRSZ' :C ORBT'.-_L

LE_CTH BR E:_.'YH., BR£AD_q /-LEGP.'7 b_.c HT BREAD,'Y_.". HEC H'7 B_ A,gC._

(GOL, (-XCB) (ZYB' ,tNPH',, (Nq..H') C',"-B) (O'_b3 (O53

Pa',ecL'_dian 176.00 ).3S.30 127.00 62 00 47.00 21.00 31.30 3730

Norse 179.9_ 136.29 !24.44 64 25 49 16 24AB 33.22 39.22

Berg 170.53 14036 126.38 63.49 48.23 24 89 32.75 38 38

Za!a vat 176.44 136.89 125.44 63.18 48.49 24.67 32,29 38 57

iomSards 179.88 136.95 126.56 67.80 48.45 2i12 32.57 --

Geerglav-s 16781 15962 124.95 6428 4..8.41 2368 32._E K._9

.i, .'-'_..en:a :'.s t66.19" 140.92 124.30 69.C'6" 51.82 24.30 34._9 4C 52

EgT-_: 175.5_ .'.35.57 120,06 6406 48,96 24.32 32.$3 ,37.'37

Terra 174 61 J.26.37" 124.14 60,98 46.43 2718 32 I8 37 75

Dog:.-, t69._3 ";32.21 121.09 61.43 4-6.09 27,70" 32.73 38 C"

Z_iu 17938 131.9! 12259 63.40 47.34 27 98" 32.9" 39 25

Bus___a,_ 17].71 125.37" 1i6.53 56.12 42.86 25,92 30,96 37_:"

A.'_d a m a.':. 160.5;" !31 61 118.18 56.68 43.79 24.37 32.39 365',

Tc'.ai I74.74 12511 ° 126.40 62.8C 46.65 26.67 32.29 39 27

Mckap_ 17339 "38.57 126.88 63.75 49.39 26.02 3412 39 43

5 A us.':a_:aa 181.10 12731 125.78 6;..14 46.31 26.24 33.10 3996

Tas..,=an;a:_ 17790 13302 125.62 58.36 45.36 27.64" 3074 39.59

Upper Cave : 190.00 133,50 134.00 68,75 43.75 25.73 3,2.13 42 _

•Krma t¢ga',*'a : 171.00" 136.00 136.00 58.20 4600 24.00 -- 31C0

B'_:nat 171.82 148,42" la-_,-t, 6943 53.42" 26.82 34.91 397S

C.:"u k.:._: 177.50 136,80 132.00 73.90" 3!00 .?.3,80 35 7C" 39.,2C

Cs::ak 174 12 139.60 131.!0 699C" 50.60 24.90 34.50 37.90

Pte-Aie'at 178 SO 138.20 133.5 71.4C" 49.50 24.40 35.!t 387C
Aleut 17190 14 .... 13380 70.2C" 49.20 24.20 3340 366J:

'¢• k::':'..o 180.$: 131.02 130.!7 67,06 50.39 2331 33,13 4046

N'WCoast 170,I0 138.30 131.20 6890, 49.60 24.00 35.30 37,7_

Poets Pueblo 163.65" 138.04 129.87 69.04" 48.20 _.33 34.49 38.14

Ankara 171.11 136.48 130.67 6753 50.52 25.81 34.63 39.22

TX A.rc.'_aic • 181.50 130.00 -- 57.00 _ 25.00 38.00 --

/_d/an .K:_c2 172.10 131,50 127.40 65.40 47.60 23,80 32.80 4040

TN Archaic 17619 135.10 -- 64.44 ....

TN Wood/and 163.00 143.00 -- 67.80 ....

TN ML%sis_pplan 159.35" 144,92 -- 7032" -- -- -- --

Per'a 169.00 134.93 125.60 63.65 47.63 23.96 3-4.14 3682

"Si_r_ficantatp = 0.05usingBonfe_oni's alphaprotection.

_T-eest for upper facial height, ra_,al height, nasal breadth, orbital height, and orbital breadth were cortducted usi._g a
point t-test for compa_n of a single Paleoindian observation to • population mean ($okal _d Rok_ 1969'!24). A2 other

, test, utilized a standard $_dent's t. _mple sizes_md standard deviatiom avaLlable upon request.

I _-$Mglei_dividua] compared to the P•leoindian ,ample u._mg a point t.test (Sokal aad Roi'Jf 1969-!24).
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160

I".3
"60 ;65 170 175 180 185 190 195 200 2_5 210

COL

"k" TM ',veer. / /

130 / / * rx_:_.:

Fig'u_-e 1.Pic:oimean ca- _" / r- # _r

r_a. :ength(COL) vs. ,mean 12._ _ r-
_ania: breadth (XCB) {or

ma;es (upper portion)and

femaJes (lower potion) _ 120
modern,a.ndpre}'J_stoneworld !55 160 165 170 175 l80 185 190 19c

populatio,"_.Lines (top to GOL . *,r_w_s _ _i. _r__ _,c_r,c._
botton% seFarate brschy- • A_ D
m"4rJc,m_oc:'_u'uc,_nd doU-

O E_ro_
cc_"arJcSToups.

TheQ-mode corr_tioninvolvesdivid_g eachme_ure- populationmeans (i.e., size-and-shapedata)arepre-

ment m a caseby the arithmetic average ecrossall mea- sented in Figures 4 and 5, and i.nTables 6 and 7. T_e
su.rementsforthatpar'dcula_ cas_.Th_ type ofcorrection Q.-modecorrectedPcA (i.e.,shapeonly),presentedin
sirnd_rtothatofD=Lrrochand Mosim,lm_(I 985),but Figures6 and 7and Tables8=Lndg,canbecontrastedwith

uses the arit}'u'neticaverage _ther tl'um the gecmen'ic " the size-and-shape results to determ._e the effectsof
mean. The Q-mode correction elim_ates size differences size on rela :ior_hips between the populations exan'u.ned

by givinge'chpopui4tion"thesame averagecharacter 'We alsoanalyzedthe populationmeans usL'_ga

$tateormagnitudeoverallthemeasurementstakenonit" canonical dL_,cnm/nant function analysisgenerated by
(Corruccini ] 973:7470. PROC CANDISC in 5A5 ($A5 I.nst5_te, 1985). Each popu-

The resultsofthePCA fortheuncorrectedvectorof lationwas assigrtedtoone o_ fivemajorgeographic I.

f-
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cT"rhe .dr_e-:.'_: .4 Mor_h-._,rr:_ 'v'ze'.:

86 "" •

ZYB

• i

6¢I _ r- "a" N_ir_to,;a_,a

$5 i_//- Fi_,tre 2. Plot of mean b_y-

0 gomafi¢ breadth (ZYB) vs.

mean upper facial height

$ (NPH) for ames (upper) _tn,d
_!3 )20 12J 130 135 140 /emales (lower) in mode.v,

ZYB it"A.wt.,¢_ _- aaar=rm ,m _ _,mr.¢ ,,m and preh.Lstoric world popu-

• _t D _ la_ons. Lines (top to bottom',

O t,ta-o_ separate leptene, mesene
Euryene, and h_pere'aryene

_oups based on a presumably common cultural and group,so that their positions among the classes could be

biologi_l history: Europear.s, northeast A_ns, .southern b_tter assessed. The results of g_is analysis are _resen ted
PaCfi¢ populations (includxng Australians, Tasma_, in Figures 8 and 9 and Table I0.
and Melanesians), and American Indians. These a priori

classeswere entered into _e canonical di.s_'imiaant

analys*,, th,algo t m,ttem=to ,ta ,,ame RESULTS
the differences bet'_'een class-s and partition them

through a linear combination of the variables. The Because the model depicVmg the maken of Clovis projec-

Paleoindian, UpperCave, Minatogawa, andJomonpopu, tile points as the first colonizers of the Americas is not

lations were not assigned to a particular geographic universally accepted (Carter 1978; CruEts 1987; 5_mFson
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,8,

30 J •

28'
36 3g 40 42 4.4 46 48

O8B

Pe_ "Jr
34

O

8 a. _c..vf c o*

Fla.:re 3.Plot of mean orbital 30 ___ Upper_,._lve
bread__, _G_) vs. mean or-

b:tal height _OBH_for males /
(upper)a.,'dfemales(lower) 28 ,l-
in modem and prehistoric 34 36 38 40 42 44

world populations. Lines OBB _ _r¢._ _A_ra_r_r_Pa_,c_m
(to F, to bottom) separate • _ _ AtnrJ

hy'psiconc.h,mesc<onGn,a,nd O
c.ha.maecon-Gngroups.

2978; SimpSOn et aL 1986), proposed early human re- Of the Paleoindian.s sI:_.,'_imenslisted in TJble 1, the
mains are typically exami.ned for "primitive" features Brover_ V_lley, Gordon Creek, Horn Shelter, La Brea,
which would link fl'_m to e_lier human popula_on3 Pelican Rapids, Sauk Valley, Whitewater Draw, and W_-
suc_has H_mo erectus or archaic forms of lqomo sapiens son-Leonard r_mains are represe_ntedby cra_c complete

(Givens I968a,b; Bryan 1978; OavLs et aL 1980). primitive, enough to ev_lua_.e one or more of the primitive teatures.
features usually considered diag_nostic of earlier popula- Browns Valley, Sauk Valley and the Horn Shelter adult
tionsaremassiveand protnJdingbrowridges,alow ris- . arethemost robust,and allthreeareconsideredtobe

kng frontal, marked postorbital constr_cric a of the frontal, male based on the fea_res of the ascoxae and the robust-
thickcranialelements,a prominentand protradingoc- hessoftheskeleton.Gordon Creek,PelicanRapids,l..a
c_pi_al, small mastoid processes, and a massive face. Brea, and Wilson-Leonard are considered adolescent or
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,r

PRJN3

1.97 ) ¢

0.5, _ [ [

! I

w.SC nent Analysis of size and

2.15 shape data for [emales show -PRIN2 .-4,35
.2..S5 i.ng the first, second, and fiord

pdncipal com_one_.
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"..5= ._.,.:._or.;='rd .'7"'r¢c',",_.¢crL':ves::g_t!'rg :hi P¢cl:hr, g _'tht A,',,_,=.as D G 5:r:?'. =':_ ,' F ,=_,¢,;

ad'ait/erra)esand aredLsfc_g',:Lshedby the:=g'ra,nleske!- PreS_tor',c specimens ff=m theTexas coast,a."d:nother

etcn.T._ebr_w.-:.c/_esof )ro_."n._Valleyand Sauk Valley anatomicallymodem assemblages.

have bee."_araccer='edasrobustamd vr_..'ninent(Jerks No_e of t_e Paleoi,n4/ansped..men.sex,_abit?ar':!c,,-

_936 ]erJcsa_d Wi!or._ 293_;5='-'th).9757,butun bothof 1._'ly C_ick_ontals,par:ecals or occ.?ita__._d:ca_','eci

thesesFe_mer_ iti_thes'opracId!h_-y,archesneat_abella archaicHomo pogulafions.The 5_IFhur 5?dc_gsWoma:" i

wk,:c _ are Fro,,'v±'_ent there we 5o_ow Uhe browr_dge ter- (Sayles and Antevs :94:) has notably tback panetal e_e-

='dnc[ogyestab;_he_ by $ci-,walbe1909, as dted in men_nearthesa_ttalsut'are,butu_,onexa.=a.-..a";or,,¢'_

Russe'.i"i985).in conn'ast,the suFraorbiU_Isulcus is _l_ich'_essisdue toan expansionof the diploewi_ c_n-

p."_e..'_t ',mb,oC_spedmm'_ and thelateraJextera_icnofthe com3tamt reduc_on of the corticalbone, a panero tha:

supraorbitalarchesarereduced.Trdsbrowridge config'u- suggeststhepresenceofporotichy'perostosis.An examJ-

ranch _ ,_y'picalof robust _natorrdcallymodem male rationofthePaleoindianspedmens innorraalateral;(also

c-ar2aThe Horn $'heltermale differsfrom thesetwo onJy conf,_tinst/_tthe general height of the braL_case,the

_, iS slighdymore prominent development of the su- development of the frontalexpaasion,and the prom_-

praorb_ azc.h,in the Horn She!termale, the lateral nence of the occhpitalprotuberance are weilwit.hi,_-he

aspe_ cf the supraorbitalarchapproximates ',.hesizeof range ofvariationof anatomicallymode_ human.s,and

Lhe a.°=/_seenL_ M_ddle a_d U?per Paleol3_'Jcspec..mer..s does not provide evidence foran archa/cHa,noIL-,kage

such as &,e Nt_dclePaleo_Jr.hicSk.,_ulV, Israel,and _he The bivariateplotsofe.;ghtmeasuremens oft,heb:a!.'=-

Upper ?alecLiuhicPredmest 3, Czechoslovakia (Day case(craruallengthand breadth)and face,'_iz':'goma=c

1986).._thoughuncommon, we have alsoseensupraor- breadth,upper facialheight,nasa!heightand breaded.

bitalarc_hesLh.Lsprou-"G',.entin T,ate A.rchaic and Late orbitalheight and breadth) were used to evaJua'et.i"e

Table 6: Eigenvalues and Eigenvectors for the First Four Principal Components Using Male Data tor Size and Shape.

COM.PON'EN'T _ COMT_ON_N7 tI COMPONEN'/" UI CO_'ON_.N7 .%'

Eigenvectc:-s
COT 032604 0,34876 -C,50657 0.05489

XCB 0.27958 -0.03302 0.67064 0.5130_

Z_:__ 0.39590 0.21737 0.09055 0.30035

N'PH 0.43065 -0.36316 .0.02930 -0.267.64

N'!_H 0.49337 .0.22.759 0.00!17 -0.13806

C 5H 0.26983 -0.56044 .0.27832 0.10458

C 5_ 0.27071 0.34015 0.37800 -0.704,60

.N'I_B 0.28952 0.46054 -0.25342 0.21929

Cumula'ive Eige_value_: 3.31918 1.92560 1.09902 0.71837
% cfVariance: 0.4i-197, 0.65560 0.79297 0.88277/

Table 7: _genvalues and _.genvector_ for the Fi_t Four Principal Components Using Female Data for Size and Shepe.

CO_O'ON'F,,',"TI COMPOhT_'r II COMPONENT llI COMPON_2,'r IV

EJgenvectors
GOL 0.06214 058662 -0_%4700 0.12826

XCB 0.36045 -0.25992 014775 -0.66163

Z'YB 0.45140 011475 -0.03007 0.19284

N'PH 0.50236 0.02326 -0.14410 0.13017
NLH 0A9695 0.02989 0.04821 -0.17099

OBH 0.38875 -0.31248 0.03625 0.52931

O_B 0.10752 0.57813 • -0.01065 -0.34949

N'LB .0.02097 0.32997 0.89039 0.24519

Cumulanve Eigenvalues: 3.49486 2.10726 3.91528 063651
% of Variance: 0.43686 0.70026 0.81467 0.89424
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qF :h_ A.'ne_cas; ,4 .Mc'Thcme;r_c "¢:r-'

_ardal s_._cV,;re of PaleoLndia._,s compared to a se!ec_cP, 10 ma_e sa_F,:es w_di'_ are ide__'fied as doh_',ocra:'dc

of a-'_atc.-_dcai:y modem human po?ulaSor',.s. Crar'-al. (long-headed). "I2._efemale Pa'.e_:.._diar_sam#e, or` L_e

le_:'_ and brea_'th car, be used to desc-:z.._ethe overa:! " other hand, is not as lot:g-healed re!a_*.e to "he oLd,e:

shape cf _hebraLr',case The male ?aleoLnd.an sample has " Jemale samzles, r,or as na=':'ow Eve_ _-,ough the fe..-,_:e

one :fthelongestc-=.acdalIength,softhe36 samples eva!u- Pa',eoir,iiansareamong C'_elargeroft.hefema:esamp'.es

ated_aSie 4) Of these36,ovdy sixaverage :g_.C,mm cr (mea_ c'rama_leng'.J',= 176.00L-_.m),12 of the33 modern

more,z,_don!ytwo ofthesamples,Sou_ A _s_al_,r..sacd femalepopulanov,_exceedthePalecb'_diar,mea=_forc_a-

Upper Cave, exceed the PaleoLndiar,mean o( 188.67. r_J ler_B__None of these12,however, are sigr_ficaatlv

"l-F_-teenofti_e56 samFies?o_es.s c.:a._a! ien_J'Lssi_,L_.- ).arger;in facL We female samples are si_'n_ficantly

c_._dv sho_er C"_.'_those of ',.he PaJeoLn_a._ males, e._gY.t shorter t.han Pa_.eoi_dians. In craniai breadth., the

ofw_ch are American I,nd_an poF u'.a_c._._,N'_netee.',o._ FaleomdJan femalesareagaL'_a_ong _,elargersamples

the36 samples exceed thePaleothdia.nsample m _ardaI (meam c'Ta_a!breadIh = 138.00ram). Twe[ve have a

breadth,and fourof theseare sig'rd.ficantlybroader.The greater_a_al breadth and one Lssigrafica_t!/broader

re!a_cr,s_p between crania]lengthand breadthis_'adi- Three of the 33 samples thathave a na.'TowercTanial

_.onaU?'presentedas ',,heCranialIndex cr L_a bivarlate bread_ are si_Lf'icar,tlysmaller.'_en c'ra._alleng£'_

plot(upperpot=on, Figure1) Con.siderLmgboth dimen- and breadth areplottedforthe fernaJes(lowerportion,

s_cr`_sL--,',dtacecusly,th.ePaleo_nd_a_-'.swere or_eof orJv FigureI),thefemale Paleomdiar.samp;e ismore b'_ical

Table 8: Eigenvaluesand EigenvectorsfortheFirstFour PrincipalComponents Using Q-mode CorrectedMale Data for

ShaFe Only

CO.'._O._-E._-- : CCN_C,'_.','T, If CO.',IPON-E.',--n-i CO_C_O,'¢EN-:"W

Ege."vcctors
C,OL -C 34082 0.53975 -0.IC066 -0._2548

XC5 0.08922 -0,64265 0.C04gl -0.52723
Z":_ -0 25302 -0.27582 -C.45899 0.478C4

N.-?H 0 4S987 0.13656 0 12_77 026803

hie 0.47508 0.17835 032778 -0.05342

C_H 0 -$2963 0.16579 -044034 0.07273

C_5 -0.16648 -0.23854 0.62546 0.52911

h-_ -0.34184 0.29111 0.26465 -0.36456

Cu_,u:a_ve EigenvaZues: 3.1_,201 1.69382 i._./250 0.95492
% of Vat.ante 0.38900 0.60073 0.75354 0.87291

Table 9: Eigenvalues and Eigenvector_ for the Fi_t Four Principal Components Usm 8 Q-mode Corrected Female Data

for Shape Only.

CO_PON'_.'CTI CO_PONEq'T If CO_I'ON'_N'T Ill Co_,mOh'I.',a" W

E_ger`ve_ors
COL -0.47486 -0.15067 -0.20776 -0.20043

XCB 0 .25024 0.51112 0 .36498 -0.41138

ZYB 0.10497 -0.67942 0.39145 0.02879

N"PH 0.39884 -0-%4262 -0.34306 010263

N'I.H 0.38847 0.25861 .0.41720 017684
OBH 0.38930 0.0}657 0.15341 0.33980

OBB -0.38796 0.18100 .0.33542 0.310'..5

N'LB -0.27000 0.18995 0,49254 0.67848

Cumulative £igenvaI ues: 3.43595 1.49556 1,11126 0.$100g
% of Variance: 042949 0.61644 0.75535 0.85661
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-6.50 showing the firs:,second.

and _.r_ va_.ates.
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CAN3

" "" - 3.23

nant Function Analysis of
CAN] -L72 _-'-"-'-"_-4.B$ size and shape data for fe-

•6.97 males showtn_ the fi_s:, sec-
ond, and _'drd vanates.
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Table i0: CanonicaI Disc._,minant .,knal', sis of Male and Female Crar.iomemc Dace.

.k£_LE FE_,,.LE

Caner;ca1 -_×:sI Cancmca! Axls.'q Canonical Ax:s L[! CanomcaJ Ax:s ] Canonical Axis H Canonical Axis [:]

Var.abie
GOL -C 0384 -0.2372 -0.2.528 -0,1:92 00438 0 1305
XC_ 30895 0.7795 -0.20S1 0.5493 -0.5730 0 2977
ZYB 2 65"8 32L311 -0 0308 08512 -0.2C09 02890
NPH 04751 C._361 0.4436 0.7539 -0.3087 0.4851
N-.H 0.3529 0.6946 0.1616 0.6313 -0.4977 0.3323
OBH 0.4739 04380 0.5025 0.77C2 -0.0141 0.4564

©EB ::.3803 0.5516 -0.!101 0A88C -0.2170 -0.3626
:x,=_B -C.4327 -0.4530 -0A4=9 -0,5846 0.3229 0.2390

_e_va:ue: lC 6377 2.98:9 0.5534 97883 1.8753 0,976]
%Variance 07389 0.9332 0.97"i 0.7646 0.91:1 09873
(Cumuia-ve)

ofot_erpcFu:anonsand fallswm_±n :hemesocrar/c .-kme_cznInCiara,and two aremodem nor'hemAsia.-.
ran£e, populahon_.','_%enfada!lengthand breadLh areconsid-

Whie 9"e b_va.",.ale ana]ysls of crar=al ]eng-', and ered simultaneously (Fig"are 2), however, _e relative:y
breadthdoc.:mentsre!a_ve!ysimianposlno."Lsforma'.es shortand broadeurvene.#aceofthePaieoindiar,faceis

and fema:escfthesamepopulabon,bye popuia_ons(in apparent.Orgy fourof'.hemale and t_'oofthefe:r.a,e
addi,'=cn:c:bePaieoL_dians)e_bit marked sexualdi- Populationshave relanve!ybroaderfaces.Considered

mc_l'csm :ncanialshape.--_-eeofthesepopula_ons therelativeeffectsofupperfacialheightandbizygcma_c
are A.mencan Lndian (Tennessee Woodland,/dour, and breadth m determLning focal shape, it is apparent that the

Peccs?=e:k a=dtwcareEuropean(Lorr,nardandGeor- markedshor:erfaceofthePaleomdianscon_ibutesto:he

g'i_). Of :".e _','e populations uhat show sexual 4imor- euryene (broad) upper faoal index.
ph_."r. _n ca..-aal shape,onlytwo (TennesseeWoodland Examm,a_cn of the nasal dimensior'..s reveals the:
and FecesPueb',o)alsoex.habitsexualdimo_hism Ln thePaleoindianshave relativelyshortand narrow

cra.r2al '.erich. nasal apertures, but on!y three female samples (Dogon,
Six measuremenL_ were used to describe the shape of Zulu, and Tasmania) have significantly broader nasal

the face: facial height and breadth, nasal height and apertures than the Paleomdiari Wl"dle not di/fermg sit-
breadth, and crb:t height and breadt.K When we consider rd.ficantly, ',he majority, of the nor the.m Asians and Amefi-

populations tested, both the .male and the female can I.ndiam_have longer and broader nasal ape._es.
' Paleomdlan_ have a relatively broad face, their facial Orbit dirnensionsexh.ibitadi/ferentpa_ern(Figure 3).

breadth being exceeded by only l 5 of 36 male and 12of 29 The American Indian populations consL',tenfly ex.hibit
female populafior_. Of these, five of the male samples high orbits, but orbit width B not _ diagnostic. The
have sig'r'aficanfly nor'tower faces, while none of the re- Paleoinclian males follow this pa_ern, exhibiRng one of
males populations differ aignificantly. A d_fferent per- the largest means for orbit height. Paleoi.ndian females,
spective_ obtainedwhen comparingPaleoindiat_to however,do no followthistrend,i_vi.ngone ofthe
nor',hernAsian.sandAmerica_Indians.W'hflenotsigntfi- smallestorbitheights.BothPaleoi_di_nmalesand fe-

_a'_flydifferent,themajorityofthemodem northernAsian malesexhibitnarrowerorbitsthanallbutafew samples,

4rodAmericanLndianpopulationshave a br_derlace. butthereisnocleatpatternoforbitbreadthinanyofthe
In contrast, theupper fadalheightof Paleoindians geog'npl'fi,'*lreg'ion.s.

comparedtoallpopulationsisshorterthan29ofthemale We h_ve used univariateand bivariateanalysesto
samples and 25 of the female samples, with five of the support the distinctiveness of spedfic structural features

femalesamplesbeingsig'rfi.ficant!ylondonWhen consid-- , ofPaleoindians.To statisticallysummarizetherelation-
e_ng justnor't.hemAsianand AmericanIndianpopula- s.hipofthePaleoi.ndianstotheotherpopulationsusingall

tions, allofthe American Indian populationsexhibit measurementssimultaneouslywe )"_ve usedtwo prmci-
longer faces, while the faces of northern Asian popula- pal components analyses and one canonical discrimmant
fions are approximately the same height. What is particu- analysis. The principal-components analysis of the
larly noteworthy is that of the five female samples which uncorrected size-and-shape data (Tables 6 and 7, and
exhibit significantly longer faces, two ofthem are North Figures 4 and 5) aligns both the male and female
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Palecmd__a:',swith Lhe Amenca.n Lnd_Ar,sa.n,dnorthern "Vr,e al_o;,estatement,however, does nc_precludethe

,,Ls;a_-__on thebasLsofthe.Srst,_'oFv_,c;Falcomponen_ possibL_.':7 tha:the-",'0_ iL,."c,erka_",Paleomdia."?oFuia-

b_:r separates t._e._, s',}ghJy along the t,_-"d component. . . t_on d_Jfers _om later Holoqene F,_FuiaOons ;,.nbod_ the

•No d!scer_.,ibiere_aaor.shaF among the fossilsamples Americas and otherFopuiatior.salor,g the Pac_c rzn.

(PaieoLr,d_an,Jorno_ Upper cave and MLr.atogawa)can C_.eof Lhelongest-he!dviews conce.."r_g_e peoF'!_gof

be seen in L-is a_a]ysis. "i"_e _st three compone=ts ac- the Ame_cas is that the earliest popula_or.s en:ermg

ccu._t for 79.29% and 8186% of the variance seen h", the _om the I_er._g Strait region differed h'om more recer, t

_'_e and female samples, respec'dve!y, northern _ian and American Indian Vop_LaV..,oru L_ser-

ViCer., the data are correctedfoilo',v_,gCorr.ac,_,.rd era]respeC,s.Ty'pica]ly,theseear!ypeoples,wKJJe s_'_

(19731sothatPCA dis_..ng_Lshespopula_ons on me basis ta]l.ingw_.m therange ofanatorr_ca]iymode_ popula-

of shape alone,the Pa]eoindianmale sample a_g'r'_be- 0.or.s,were characteri2edasdoLic_,ocr_'uc(long-headed)

tw ee_.':_e Amebean [ndi_"Ls and souther'n Padre popula- with a low ri.si.ng Frontal and coma'v,orJy w,_th a prommer.:
tion.s, a_d away From. modern northe:-n A._iana ('Tables 8 occpital protuberance.

a.=d 9, Fig'_res 6 and 7),. The female Paleoindian sample Dixon (19231, one of the bixst researc_hers _o describe

_oUows _'...ssame patte_, wiu',theA.menca,'_Indianand th_ssuiteoffeaturesforthefirstcolon£zers,proposed Lha:

ncrthe.mASCan samples form_._ a ioo_.e_oup alor_gthe by more recenttimes thesepopula_or_ had been re-

se¢_c, c_m.rC_ev,t]'-_.efossi!samples,whaiesv.2widely placed in the ten.a] poruons of the Americas by later-

d:..spersed or" the basis of the second ar.d _Jrd prmdpal arriving brachycranic popula_o_ with, more typical

components, are a]ig'_ed more with the sout_hern PacL_c mongoloid feat'ures. _ h vpothesLs is remarkably sL"vj-

and European samF:es,ratherthanwith Americar_Indi- la: to models of ancestor dLsplacemer,t derived From

a:",s and nort_,e.--., Asians For the shape data, the first vicariance biogeog'raphy (Rosen 1978). Other researd_e."s

three prm,:ipal components acroun: for 75.35% and expressing _ view include BErdse!i (1951),Hooton

75.54% of the male and fe_!e va:':a_ce, respec_ve!y, (1930, 1933), I-L-dlicka (19231, Newman (!962), R2ve',

_en C'_ecancnicaldis_im±nant analysisLsexarrd._ed (1925),and 5tewAr" (1949,1973).Neuma_n (1952),one of

_Ta_';e ]& F!gures ,8 and 97, the Pa]eoin&ian males are the/ewphysica) anfl"u'opolog,.s_ to attempts com?rehe_-

se_ara'.edFrom +heAmerican L_dLLnsa:'.dmove towards sire$ur:'_-_a.,-_a.ationof the struc_ralVa_At'.onof North

scutherr,Pa"_ic a_d Australiangroups. However, the American In,dians,iden_ed therem,nantsof C_eseear!v

_a::e:'r.,for female samples is more dispersed,with po?uiano_ as the "Otamid varie_" He based hLs de-

Palecind_anssomewhat isolated,but =loserto theEuro- sc:'_pdonof theva.rie_on aTexas centralcoas_i sampTe

vea:_popula_or_ than wish,any othergroup W'hen the of 18 specimens, and idenrHied the Browns Valley

[cssil sam vles are considered, the close simJlari_ of Pa!eoindian male as an early example of an "OtAmdd."
Pa'.eoin_a:'.sand Jcmon Lsapparent inthemales (Fig,are Neumazm felttha_these"Oramid" descenda.ntsof the

8',.For Pa]eoindianferr,ales,theclosestfossilassemblage earliestcolo_zers were relictpopulationsresa"ic'.edto

,s the Upper Cave sample, marg',.nai er, vif0ru-_ents.

Sinceboth Europeanand southern Pa _q.c popular_or,.s
have a more long-headed c:'araal ahape,many researc.._-

DISCUSSION orshave proposed that thesepopuia_ior_were possibly
more closelyrelated to Paleoi..ndians by a common an-

As no_ed above, the subjec_ve analysis clearly alig'n,s nestor. Neves and Pucciarelli (1991), NeumAnn (1962),

the 8,506-10,C300 year B.P. sample of PaJeoindian re- Prot_.h (1978), and Stringer and Andrews (I9881 have

mares with Anatomically modern humans, and there is no all proposed that the Asian ancestors to the American

anaton'ucal evidence of a morphological linkage to an _diar,,.s lacked the markedly broad face and cranium

earlier, isolated Archaic American Homo population. If associated with modern northern Asians, and in thas
we assume that similarities in craniobaclal morphology to respect were more European or southern Asian

some degreereflect'gene_icrelanonships between popu- in appearance. Generally, those espousing this view

lations, rather than parallel evolution in craniofacial have identified the Asian ancestor as "proto-mongoloid,"
shape, we can make some interpre_ve statements about "archaic-mongoloid," "prow-caucasoid," or "pro-

the results presented above. Our data suggest that the mongoloid" (Kamminga and Wright 1990; Neves and

Paleoindian samples, which currently represent the old- Pucciarelli 1991, Ne_marm 1962, Protsch 1978). Ty3_i-
est North American human remains. _tre gene_cally de- rally, the Upper Cave male is used as an Asian fossil

rived kom the anatomically modem hu.ma_ population example of such a dollchoc_anic ancestor to the American

which evolved in the Did World beforecotoni._ng the Indians (Kamminga and Wright 1990; Neves and

Americas. This viewpoint is held by most, if not all, Pucciarelli 1989, 1991; Neumarm 1956).

physicalanthropologistswho have examined theAmeri- In general,our resultsand thosepublishedelsewhere
can fossil record (Hrdli_ka 192.3, 1937; Neumann 1956; (Steele and Powell 1992) substantiate the distincl_veness

Protsch t978; Smith 1976; Steele and Powel11992; Stewart of the Paleoindians. In many of the univanate analyses

1960, 1981; Young 1986, 1988), presented, the PAleoi.ndiAns are found to fall at one ex-
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_'emeend of theAme_can Indianra.nge,awav From palComponertsana!vsesrevealsthat:he_oss:]rema::'.s
norther::Asiansand nearertosouthe:m,As:a_nsandEuro- ofthePaleoLnd.an_,theUpperCave specme.",s,ird the

pe_._,s"_.'.e.:eawresdLs,u.ng-,:isb,mg ,,,hePa',eo:,",dians`from Jomon sampiefrom)'aF,aJ'.area.l!al.ig'_._edwnthsouthern.
_e more rKentAme.'-ic_nI.ndiem.sarethenat-rowerand pae'ificand Aus='alianpc.vulatior,_ont,_'ebasusofthe_L-st

Io,r,gerbram:aseand thesrnai!erand sligbdynarrower pr,.ndpalcomponent.However, thesecondand :_L-d
faceand,',.asaIapet"_.are.Themui_vanate."v,orphome,,_'ic prmdpal componentso/eachanalysistend:cseparate

pa_em.,thatemerges_ o_ewhere!a:erHolocenenorth- thesefo_ilgroupsfrom one another.Considef,'_g-_e
era,A.sians,and toa slightlylesserextenttheAmerican u.rdvariateanalysesand theeigenvecto_presentedm
I.r,d.ia_s,faL!on one exLzemei.na suiteof_artiofadal Tables6-9,itisapparentbhatm parttheseeompone:':s

[eaI'a.-es,w,:"dieso_the:"nPac"_.cand EuropeanPopuIa- arebeingthrluencedbv thedol.ic.,hocra_cshapeofUhe
_ov,s fa2or'theotherPaleoi.ndians,when theydiffer braincase.In ",hecanoracaldiscriminantanalysisthe

._'om more recent A.mericaz_L'_diar_,fall bet'wee'r, these alJgrt_ent of Paleoindia.-_ with ]'omon isapparent m =he
two ex=emes.Theseassessme'n_aresummarizedimthe males,asistheundquenessoftheUpperCave male.We

p_mcpa] components analyses and are most markedly also feel that it is impo_ant to recognize that wb_e the
i2us,'a-atedi.ntheca.nonAcaldi_-"imana.n:analysis,_ fossilsamplesdeferfrom one anotherto a lesseror

more ce.u_a]?osi_onof theearliestNorth A,_encan greaterdegree,theyalldi/fertoa marked degreefror:'.,

pop_ia_cn_among theseofthePacificrimalsohas been modem no_hernA.sian.s.

co,'_.-medforearlySouthAmericanpop'.tla_ons(Neves I.nconclusion,we believethatour anal?_isprovides
and Pucciare!Li1959,1991). themostcare,halcor_idera'donofthePa!eoindia.nremain.s

T_-ner_nd co_eag'_es(Greenbergetal.1986;Turner to date,andthatthisanalys_supportsthed.isti,',c_iJveness
19,_,!9_3a,b,1985a,b,i986a,b,1987;Turnerand 5ird ofthePaleoindbmsample.._mthemorerecentHoio<:ene

198! havepro,.udedbhemostcompreher'_siveevalua,':ion Ameri_n I.ndiar_.Our analvsi,_alsosuppo,"tsthepre',u-

of",.hepeopli_,goftheAmericas,the_viewsberg based ou,swork describinB thesb"uc_vuralsim,,i2anI:iesbet-,veen

pe_cipaLlyupon denta!sLr_._anties Ofpcp_ation_.Their Paleomd.ia.r_,and southernPa_._cand Europeanpopu-
data,pa,"v;cu!arlv Turner(1985b),ver'i_"thedi_ti,nc'dve- latior_.Atthepte_nttime,it_ ouropi.n.ionthatthe!ate
hess _f Faleo_dians from more recent Ame.,'ic_"__dians Pleistocene and early Holocene populations of northern
and nor*',he."-nAsians. Asiaand theAmericasd,feredmorphologically,but we

_i_"ethereseemstobealonghi_tcrlcalrecordofthe areu.v_ureofthecauseofthe_ cLi.fferences.One vie',,,'is

rKogrJ_or,o/thedis_nc_venessoftheearliestA.merica.n thatthesedifferencessubsta_ntiatethattheearliestcol_

populaacn.s_o.":'..laterpop_lat_or_m theNew World, rtizi.ngpopu.!ationsenteri.ngB_rin_ia had a differentBe-
and anapparentcor_er_;.:samong recentscholarsonthe neticStT'uctu=ethanlaternorthernA_i_u",._and theirNorth
more moderatesb'_c_ra.Ifea_res ofthePaleoi_dim_, and SouthAmericandescendant'_.Thesecond,dewisthat

we arestC1.1cautiousm modeh.ngu.rdversalAmerican thesedifferencesrefle_,an adaptationoflaterpopuia-

_'endstowarddsthesim,;:ltaneousbrachycephalizationof t_or_toa dilferentenviroru"nentorI.ifestyle,Possibly

thebraincaseandenlargementofthe[aceLr,allAmerica.n associatedwiththeorig4,"_ofagriculture,and thatthese

Pop'alations.Ino_ analyzeds_urple,two temporalso- adapta_ortswereaccomplishedbythegeneralpla_Vlci,"y

que_nceswithinsped.ticregion_permitus toevaluate ofa comxnongenome.At thepresentt_'newe cam.not

thesechangesL_late-Ho]ocene North ,_me,,'ica.npopula- resolvefl'ds last Lssue.
,lions:theTermesseepopularior_examined by Boyd

(198,8)and thepre-A]eutand Meut samplesreported by
l,-h'dLi_,..k..a(194.4).Wl'tilebothofthesesequencesdepicta

i.,,the  dthofthe REFERENCES CITED
throughtime,theTermesses_mples asrepottedbyBoyd

(1988)exNbitsslightre_uc1'ioninthefaceovertime. Al:x:iusheIL_hvill,M. C.

The Iz.st point we would ILke to make concerns the 1960 Cra_o]o_y of the C,_ue._u.s.I.n Contributionst_
_el_on_p of the Paleoi.ndia.,_ sample to the other early _ht Physical Anthropolug_j of the 5o_itt Union,
Holocane/Late Pleistocene samples of the Pacific rim. As edited by V. V. Bunak, G. F. Debris, and M. C.
me_oned previously, the Paledindian population _ Levin. RussianTrar_lat_onSer_esofthePeabody
commordy considered sim.iL_ to the Upper Cave rm Museum o_ Archaenlogy and Ethnology, vol. I,
Rom northern Asia. Further, these lathes re_udns are No. 2. Peabody Mu._um, Cxmbridge.
commordy considered evidence of the presence of

apopulation in China which lacksthe ty'piealbroad " , Berger,R..
features of later norther .A_ians (Kamm_ga and Wright . 1975 Advances and Results in Kadiocarbon Dating:
1990). While this view can be held when cor_idering Early Man in America. World Archatol_gy

i_ctividual features, the Upper Cave remains ('bothmale 7:174-184.
and female) appear as aberrant outliers i.n all of our Birdsell, J.B.
multivariate analyses. An exam.marion of the two Prgnci- 1951 The Problem of the Ea.rly Peopling o_ the Ameri-
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_',a£_. D 1991 Update of Natchez Mar,. Amer_,ca,'. A_:i=uir:
19.28 A St_i;; =fKar_u a_dHonan Aeneoli_c 5ku'A.s 56:_16-39.

and Spec:._e.,_ from Later Kan.su Prehs.stonc Danoch, ]. N., _md : E. Mosi:v.ar,n

Sites m Companion wid',Nc,r_ C,hi.ruaandOther 1985 Canordcal and Pfm_pal Compcv, en_ of Shape.
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Bc?d _ C.M. Davi& E. L., K. H. Brow'n, and J. Nic.ho"_
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Vana .-.on: A(us _'a'ia) to Z(u.ni). Ameri:,:,n journal
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!984 1_.eh:stoncand Mode:-;',,ToothSizei_Cb3na.Ln tir,_,.,t._es and Hudson,Londov,
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Fryxell, R., T. Bielkki R. D. DaugherD,', C. E. Gustafson,
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Carter, G.F. _t Soc_ty 38:47-50.
1978 "l'neAmerican Paleolithic. In Early Man in 1968b On thePeoplingof America.CurrentAnthrvTof

America from a Circum-Pa¢ific per_ctive, _Uted ogy 9:120.
by A. L. Br'yan, pp. 10..-18. Archaeological Re-
searc.hes Intemahonal, Edmonton, Alberta. Greenberg, J. H., C. G. Turner, _nd S. L. Zeg'u.ra

1986 The Settlement of the Amedc_s:A Compare,on
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I975 The .Early Man Site at Warm Mineral Springs, Current Anthropotog'y 27:477--497.
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1986 Analysis of Human SkeletalRemax_ from the 21:174-186.

Palm Harbor Site (41AS80), A Mortuary Site on
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Texas Archeological Society 55:213-249. 1979 The Origin and Diaperaion of American J.ndua-_
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i..,au_-iin and A. B, Harper. F? !-12. Gustav Karm','ru_ga, J , a_d R. S. V Wright
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