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ABSTRACT 

The inconsistent performance of non-mefcic traits in deciphamg prehistoric 

population aflinities has been b h e d  on (1) use of inappropriate traits, and Iack of 

precision and reliability in scoimg of traits, (2) &kts of age, sa and inter-trait 

correlation on trait arpression, (3) use of inappropriate distance statistic. Each of these 

requires nuthr mention and are addressed in the preacut study. Foutteen tnits ofthe 

sternum anâ vertebrai column were d e s c r i i  the I d  of intn- rad hter-observer 

r ep l i cab i i  in th& scoring d y z e d  statkticaliy, and thek hcpCLlCies tabulateci by age 

w g  versus older acluits), sex and population, in a large srimple (1~1690) of U.S. 

Wbites, U.S. Biacks and Native North Americans. Logit adysk was used to descn'be the 

&kts of the variables population, age and sex on trait expression. Patterns of inter-trait 

association were anaiyzeâ using the phi d c i e n t .  A novel distance sututic d o g o u s  

to Mahslrrobis and bascd on 1ogit d u e s  deriveci h m  the modeling proadure was 

demoaswted, and the nsults compaced to those deiveci fiom the Mean Measure of 

Divergence sutistic (MW). The pattern of population afbitîes revealed by the logit- 

based Dz were apnimed for cvidencc patiiniog to cthwgencsis in North America and in 

tams of the p o t d  of these traits for forensic application. 

0 t h  14 logit d e l s  11 coataincâ the population tenn, supporting the assumption of 

a genetic basis for tnit expression. Four aiso containeci the age tam; of these, two 

contained the popilrtion*age interaction term. The remaining thne coatimeci the sar 

tam in addition to the population tam; of these, one contained the popuiation*sex 

intmctioi~ tam. The observed pattern of inter-trait associations was explaineci better in 



t e m  of the craniaVc8udal borda shift classification than the hypohyperostotic 

ciassification 

Spearmds rankqrder d c i e n t  showed highly si~nificant wrrdatïon between the 

MMDs and logit-based d vaiucs indicciting the vaiidity of the MMD. The MMD bas the 

advaiitliges of malrifig optimat use ofârgmensliry samp1es and being b e r  to cornpute. 

hypothesis of peophg of the New World. Ia cigrremait with Ossenberg's (1992,1994) 

findings bued on crimil traits, A k u t s  and Eskimos are both mon dosdy reIated to 

Amerindians than either group is to eaoh d e r .  Trait fkquencies of US. Blacks are 

almost aiways closer to those 0fU.S. Whites than to those of Nrtive Americans indicating 

that non-m&c vertebral variants shouid be d in North American krensic 

investigations. 
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CIIAPTER 1: INTRODUCTION 

Historid Bicirgound 

Non-meaic (discrete) tnits of the skekton are discontinuous morphological variants 

that are characterized as prrscnt or absent. Though they are known to ocan throughout 

the skeleton, to date, those &saMd in the cranium have been the main focus of research. 

Various non-metric traits were fint mted by early rnitomists, but not untii the 

beginiiiog of the nineteenth asitury did researcbers seek biologicai expianations for th& 

appearance. The theme wmmon to most theones was that ofprimitiveness or atavism, 

r e p r d g  reversion to an anaatnl condition or rexmmts of a previous evolutionary 

stage. The presence of a tnit was argued to prove d infsrority or primitiveness, e-g., 

in Blacks (Saunders, 1989). 

By the beeiniiing ofthe twentieth centmy the research foau began to change with the 

appearaace of m'or works that were largeiy descriptive. The most notable wae those of 

Le Double, who in 1903 puôisbed the first in a d e s  of monographs devoted entireiy to 

non-rnetric traits. Le Double's works are baseci on observation of innumerable dhecting- 

room &vers. EspecWy relevant to this thesis is his Tniie Des V i a m s D e s  Os De 

La COI' Verfebrde (1912) wtiich was the first major work on n o n - h c  traits of the 

vertebral CO- it stands t&y as an important classic. Each tnit is metidously 

d e s a i  dong with infbmation on soft tissue relatioaships. In addition, Le Double 

descrî'bes the trait as it appears in human fetal specmiens and m various 0 t h  species. 



Wnhin the context of anthropologkal studies Russe11 (1900) demonstrates, with a 

large series of Amerind skelétal samples (approximately 2000 individuals)t tbat several 

cranid traits vary in fiequency rmong regional populations. In his group ofpublidom 

d e d  Ine NOIErneIhIhd MhpWqgfCOI C b f e r s  of ik Slbn as Cn1ma fot Rocid 

Diagnosrs, Wood-Jones (1930-193 1 and 1933-1934) descri'bes and reports fiequencies of 

26 asnial traits obsemd in ~linplcs of Chineset Hawaüan d Guam skeletons. He states 

t h  the tnits "are of utmost nioportance in dhgnosing the chracters of iadividuals 

belonging to minor groups". 

Genttic Studics on the Mouse 

Q n ~ ~ ~ ~ u a w  nrodd 

in the 1950's a saies of uticles began to appear unda îhe h&g GemtimI S u e s  

on the SkIefour of rhe MW. The basis ofthese articles was the ceftlilation that a number 

of no~metric traits observed on the mouse siteleton were confjned to, or vaMd in, 

fiequency among inbred sbaiiis. Exteasive cross-breediag arpaiments between two pure 

inbred mouse strains lecl GNnabag (1952) to propose the 6'quasi-coatiau~'' mode1 of 

inheritance as a means of atpltining the geaetic basis of the traits. Absence of the third 

molar smes as a cl- example: Uoderfying the discontinuous pbtypic expression of 

third molar as either pr-t or &sent in the mature mou y is a continuous variable in the 

fetal mouse, calid bu& liabiiity, in ins case size ofthe tmth rudiment, contr~IIed by 

multiple genes with additive cffécts. As the fau~  dmlops, the tooth rudiment increases in 

sùe as a wntinuous v8tiabIe. However, superimposed on this underlying continuous 



variable is a denlopmeaal theshoid: if, at a criticai stage of development the mcüment 

has not yet ottiiaed a wifticient sis, the nidmient is simply resorbed by tbe sunouuding 

tissue. 

hthe~mdrr~lethethrcshoIdisoneofsitebutthisisnotaccessarilythe 

case for al tnits; for most traits the physiologicai fktors determining the threshold ate 

unknown. N o r i S t b e t h n s b o l d f w ( 4 ~ e s ~ p ~ e n d i n y . , f r r ~ o ~ t h e  

crîtical developmeotil stage may occur at puberty or even iater. 

A quasi-continuous variant can be recogiripd by a combination of the following 

characteristics (summarized from Grunekg, 1952: 108): 

1) Both the normai and a b n o d  states can be arpressed at various stable lewls; Le. a 

trait cm be gracieci. 

2) If a trait is capaôle of g d e d  expression, populations with a higha fiequency of trait 

expression s h d d  aiso contain a higher proportion of severely r f f i  individuais 

among ail affècted ones. 

3) The tnit is SCIISifiVe to environmentai influences (both pm d pst-natai). 

4) The trait is sendive to genetic influences such as sex. 

5) The efkcts of the multiple gaies are additive d miy be modifiers of major genes. 

Grunebers stresses tbat the phenotypic expression of the tnit is the remote e&ct of gene 

action and interaction combineci with enviromeatal ia&iences. 



Environmatai inflntmsces 

Subseqyent research attempîed to osscss the influence of enviromenta1 Wors on trait 

expression Seade (1954a) studied variation in trait expression of20 n o n 4 c  traits 

observed in two stnmp ofinbmd dce. aenetic fkctots M b n c h g  trait expression 

inciuded sex and the inhented -ence in trait expression ôetween and withm each strain. 

Non-genetic fiictors indude: those acting on wbole sibships due to long-lasting maternai 

inauence; those acting on *le &ers due to common intra-uterhe environment 

( m a t d  age, parity, litter gZe, length ofgestaîion); those acting on individuals; those 

acting independ- on the lefk and right side of individuais. Searle fÔund that undetected 

non-genetic fhctors accounted for 8% of the wiaace in three quarters of the characters 

studied. He also fiund that thre was a tendeacy for eariy littdyoung mothers to have 

the highest mimba of aônormrls; and thst some traits were Muenced by maternai age. 

When sex diflèrences were discovered they did not appear to be assochted with size. 

M.iariaf#- 

In a iater papa Searie (1954b) foaised his research on the iaftueaca of mat& 

&e*s on trait expression obsavtd in a singie inbred anin of mouse. During pregnancy 

one group of molhas war led &inLing wrta coritiiiimg t h i d  (which depresses 

thymid activity and thus slows growth and metaboliSm). Another group was fd a diet of 

oats (which is ddcient in protein) and the nnal gmup wu, fsd a dia  slighsly less mmitious 

thaa the standard diet. Each of these "mrtments" has the pot& of afliecting maternai 

physiology and thus alterhg the intra-uterine environment. T h i o d  had a slight & i  

on the trait fhquency but it is possible that the pst-natai enviromnent (Le. duxing 



lactation) wcis an in&encing fàctor. The oats diet hrad a si@caat & i  on trait 

fiequency with niae ofthe t h e  traits Qiha uicreasing or decreasbg in fiecpency. 

fiequencies in the o-ring of mothem ad the defiCient diet were not sigirincady 

aitered. In terms of individual traits, dl subtiats of the inbred main did aot rhways nact 

the same way in rrsponse to a change in diet; e.g., Tor one trait the fbqyency incniued 

fkom O to 16% in one subline, but remabd constant in another subline. 

As a foiiowiip to Searie's (1954b) naearch Deot and Truslove (1957) set out to 

determine: 

if Searie's reaiits fiom the oat diet acpaimeids were repeatable, 

ifother unôalaaced diets, in addition to ~e oats diet, would have similer & i s  on the 

skeleton, 

the physiologicai chrnncls through which maternai diet riffkcts skdetai differentiation 

of ofbpring. 

The authors were aJso interestcd in the overail eflEiect the variow diets had on the 

growth of the micc (measuted tbrough birth weight and weight at 21 da.). For nineteen 

ofthe twenty-two traits the resuhs ofDe01 md Tdove's acpaimmts were in agreement 

with Searle's oat diet arpaiment. Each ofthe four diets, O-, wheat, buchvheat and 

bariey, had a simüar &ect on the skddon but the least deleterious diet (as me8suted by 

birth weigbt and weight a 21 days) & i e d  the skeletoa the most, while the most 



deleterious diet affecteci the skeleton the least. In at least t a  of the traits an underiying 

reduction in skeietal Sac was responsiôle for the changes in trait expression. 

Howe and Parsons (1967) examined the effbcts on the o v d  pattern of trait 

6equencies of the foflowing hdon: parity, m a t d  age, litter size, age at deatb, lactation 

status of mother whüe Curymg ofltpprmg, and pregrmcy staîus ofthe motha witile 

lactahg Thyfouadtbismmwt~~oftbso~ririg~wei~it60days) 

was correlateci with these fàctors7 anci that th& e f k t  on trait fiequencies was m a e d  

by size; e.g., if litter size was luge the onjprhg wcight wodd be d and the pattern of 

trait fiequencies dïfkent fiom thaî of controis. These results are in direct conasst to 

De01 and Tdove's (1957) tesemh m *ch tbose mice most affected by dietary change 

(as measured by birth weight and weight at 21 days), were least affecteci in tems of 

skeletal changes. 

Wdd rnovrs~ slu& 

Berry (1963) subsc~uentiy showed that  es of wnaianc skeletal traits Wied 

h e m  wild mouse popiliti011~~ H e  ammimi the &<iuency of35 traits in a series of 

wild miœ capturecl h m  15 cent riclcs. Mœ colonize a rick at the end of the ammer 

and rnuitipiy Rpidiy untii the spring when the ricks are threshd Researcb iidicates that 

by spring tïme, most mice üving in a single rick are relatives (Berry, 1%3). 

B q  anis rlso intercsted in how dietary dinénnces wdd I&a trait fiequencies. Of 

the 15 rich two were composed of oats, five of buly, d eight of wheat. In the initiai 

statistid d y s i s  diet is determined to have ody a smaii e&a on trait âequency with the 



main source of V8Zi8biiity ocarrriiig among riclcs, regardles ofthe composition of the rick. 

wuducted on îhe iDbnd mouse strahs, the d d  mice were not d d e d  m quadty or 

variabiiity off& htake- Those lMqg in the b d e y  ricks oould have eirploited other f d  

More important was B q ' s  demonstratioa ofa method for usllig the combined 

&equencies ofail trias in order to abtiin a meuwe of chhaiveness or divergence 

among the 15 rick popuLtions. The methoci was devised by Smith and &st wed by 

Grewai (1962) to measure the rate of genetic divergence in sublines of an inbred strain of 

mouse. Tho@ the measures ofdivergence between ricks were mt stutülig the author 

states : 

the d t s  ohined show cleady that, in conctitions of nature, the epigenetic 
skeletd patterns of diffaent popiLtiom can be used to characte those 
populations genetically (Beny, 1%3:218). 

A n t b m ~  Studia 

The methodology of B q ' s  (1963) wüd mouse study was adopted for the study of 

human skeletai material curafed in British musarms (Berry rad Berry, 1%7). The 

authors' objedm was to determine the avdabüity rad cxtent of non-metric trait variation 

in the human skeleton and to test whcther Smah's Mern Meamire of Divergence @¶MD) 

codd be used to determine reiative biologid distinces among hwnan populations. 

Swerai authopologists had already used non-metic tnits, with some success, to study 

human population atlEinities (Laughün and Jmgetlson, 1956; Brothweil, 1959 in Saunders, 



1978) but Berry and Berry (1967) were the first to use a large battery of traits in 

combination with Smith's Mean Measure of Divergence strtistic. They argued that the 

traits resuit from " n o d  developmentil processes anâ are genetidy detemimi" @. 

361), and because they are dogous to many obsaved on the muse &eleton, &are a 

sinDlu quasi-continuous mode of iabentance. Tbe authors studied 30 nraial trahi in 585 

adult crPaii originuiiig h m  eight geographical regiom. Th& r d t s  are inconclusive but 

hint at the pot& of non-mebic traits as a twl fbr the study of prebistoric popdation 

ailinitia. In addition, the ruthors cliim non-mebic traits to be superior to metric traits 

because of tbar iack of age and sac Cffccts, nonexistent inter-trait co~elasion, and high 

interfia-observer agreement. Aii of these a n  potentiriny affect the distance staiistic. 

They also stae that the data wuid be coiiected with relative ease, and thaî 

materiai couid be ersily a d p d .  

It d that these cligns were too gaod to be me.  Berry rad Berry's (1967) 

publication wu fdowed by an uncriticai riid eahshxic acœptance of the technique. 

Eqxctations rcmahed bigh for severai years. Despite the and aibse~uent 

criticknoftheirclainis, Baryand Barymust begivendueaeda fortheirrolein 

instigating research on the use of non-metric traits to study prebistoric popuiation 

affinities, much of wbkh has refjned thc techaique and stm@med the resuits. 

Berry and Bercy's (1967) publication i&My resuhed in a number of studies of non- 

metic vuution as a means of duciciating migration pettaris and gcaetic relatiouships 

among prehistoric populations. Many took the fom of gnduate theses. One of the fkst 

works was pubüshed by B q ,  Berry and Ucko (1967) and was an attempt to measure 



genetic change in ancient Egypt by using nos-metsic traits of the SU to differentiate 

ammg various skeletd sliaples. Tbe objective of the re~eafch was to JariQ amient 

Egyptian bistory, not test the concordance of the mmrnetric tnit âata with otba sou~ces 

of information This thane geaarlEy continueci with nutha wok- Non-metric data were 

used to ducidate aihitics among ptthistoric peoples, not test the spedc assumptious 

and precisioa of the technique (Birlrby, 1973; F i  1972; KeUock and Parsons, 1970a 

& 1970b; McWilüuns. 1974). S d  cesearchers f d  on reiationships witblli wdl- 

defineci popuiations, eg., Jantz (1970) on the Arilrruq M c W w  (1974) on the skeletai 

materid h m  the Gran QUMR Pueblo and Birkby (1973) on fan qathüy close and 

culturally similar sites in Arizona. Othas adyzed samples âom broad geographical 

regions, e.g., Kdlock and Parsons (1970.) on Australian Aborigines and, sub~equaidy 

(1970b) on the relationship of prehistoric Austnliia Aborighes to prebistoric Melanesians 

and Polynesiaas. 

Though i&acdal  non-met& traits were b w n  to arist 6om the work on mice and 

as the nsult of aduopoIogicai rcsczlfch (Anderson, 1968). c&ai traits were used almost 

exclusive1y, the theôeing B~aryandBary's (l%7) onginillistof30 traits. In 

addition, Smith's Mean Maaire ofDivergcncc was the m c  ofchoiœ for alailtmg 

relative biologid rditednass ktween s1ullp1es. In some caws results on the non-metric 

d y s i s  were compareci to arcbaeologicai H o r  ünguistic data ifaMilable F i  

1972) or c r a n i o d c  data @uürstn, 1972; Jan@ 1970). 

Berry and Bercy's (1%7) assumptiom of lack ofage aud sex egeds and nonexistent 

inter-trait comlation were not u n i v d y  accepted as truths. Several researchers tested 



age effects (Birkbys 1973; Builrstts. 1972; Comccini, 1974; Suchey, 1975) and sex 

effects on trait n.c<iuency (Bkkby, 1973; Comccini, 1974; F k e g m ,  1972; Jantz, 1970; 

Suchey, 1975). They Jso tested for  si^^ inter-trait cotteiation Vuikstra, 1972; 

Comocim, 1974; Reilock and Parsons, 1 9 7 0 ~  McWülirms, 1974; Suchey, 1975). 

Resuhs were inCodusive imd d to vary by skeietai srmple and statisticai 

methdology. 

By the mid 19705 there coiitiaued to be a bok ofcolisensus as to the utüity of non- 

metric trait aaaiysis as a methocl ofstudyiag prriisioric popiltion afhities. Some 

researcb concluded that non-metric traits were ody usefûl in conjunction with, or as 

wnkmtion of; other distance masures (Comacim, 1974; Zegrita, 1975). Others 

coacluded that non-rnetric trait frequency pattans do rdect,  and an concordant with, 

archaealogical and linguistic data ( F i i  1972; Ossenberg, 1977). Fortumtely, the 

ambiguous resuits spurred a shift in foaw âom prebistoric population afhities to 

methodologicai issues. It wu becoming rpprrrnt that the resuits ofa popilaiion study 

were îargcîy deqendent on the mahodr u#d 

ComCCini.s (1974) work marks the begéuiing of this shiA in f~ais. He made a 

substrnilll oontriion to non-metric trait resauch whea he examined the effects ofage, 

sq and inter-trait corcelation on a sampk ofindividtisls oflmown age and sex. This 

approach wu taken because, as die author argues, imrestigation of age and sar effixts and 

interotrait correlation haâ been condudecl, untü this the, with archaeologicai samples. By 

their vay nature, archaeological srmples wi&r nom uncntiin age and sex assignment, 

and d e r  âom Merential presemtion. in addition to the problem ofage, sex and inter- 



trait correlation di, mefhdologid issues have piagued non-metric trait research; e-g., 

choice of disimce stsdistic d appropriate scorhg ofbilateraüy arpressed traits. The 

foliowing sedom present a briareview ofthe titaraue patUnmg to these issues. 

D ~ c t ~  

Smith's Mern M e w n  of Divergence (imtroduced in Gtewai, 1962) is the most widely 

used statistic for n o n - d c  &ait chtance rnrlysis. Sjmold (1977). in &îs doctoraî 

dissaution on the Mean Measure of Divagenœ (using v a r k t s  in the sLdaon of the r d  

fox), d e m o ~ t s  the propaties and theoretical soMdaess of this distance measure. The 

MMD repnsenis the rmmge di&rence ôetween twa skdetai amples with respect to a 

number of traits. The aecpiency of each trait, by skeletal -le, i s  fust traasformed into 

an angular d e ,  Theta (8). The aguk transformation stabiüzes the variance of the 

sample fieqyency, which othawise an vcuy signüicantiy depending on an Mhiown 

parameter ftequency of the trait a the population kvd If trait &equencies among 

skeletai samples have widdy chparate miances, those with d e r  Wunas wiü be more 

heady weighted in the distanoc caiculaîim Green and Suchey (1976) show that, for 

small -le sizes, the FrœmmTuLey mnsfomation is more appropriate than that 

developed by Smith (Grewal, 1962). 

Smith's Mean M ~ ~ l i ~ l f e  of Divergence is defineci as fbliows: 



MMD 

0: =tbe~od~eacyoftheithtnitinthtfirsr&detdsrmple 
8; = the ~ m e d  fiequescy of the ith trait in the second skeietal sample 
Z =totiiaumbaoftrritsusediathe~ 

= total nmnba of observations in the nrst skeletal ample for the ith trait 
= totd n i m k  of observations in the second skeietaî -le fw the ith trait 

variance due to d o m  sample fiuctuation. It malces the variances a niaction of the 

samples Sues, rather than a W o n  of die trait fiequencies Qonigsberg, 1987: 157). The 

correction &or U subtracted h m  the Theta-squareci ciifkence in order to increase 

accuracy ofthe results. When the Freeman-Tukey transfddon is used the cslculation 

ofthe correction fâctor is slightly Mixent. Finnegan and Cooprider (1978) provide a 

comprebensive review of the wious diramce equtions. To Summafize, they appüed 

various tramfbrmations anci dbtance cquitom to a set of data in order to determine if 

caiculations mied signiacantly betwec~ follmulae. The rCSUIfS indicate tht thae is a high 

degree ofsinnluity amoq aii eqwtions when the mimba of skeletal samples, ample 

sizes, and the totaî aumber of traits used, are large. 

Recmtly, Smith's Mean MWC ofDivergcnce luis been cr i t ic id  on two grounds: 

Fistiy, the MMD d a s  wt take inter-trait correlations into acoount. This has added 

impetus to one of the on-gohg and sœmingly unreso1vable debates about non-met& 

skeletal variants: Are there signifiant correlations between traits? When measurement 



(continuous) miab1es are employed in popuiation -dies, inter-trait cornlasion is 

acknowiedgcd rad amnmted fm, e.8.. the k h â a h d h  &stance fonda takes Ïnto 

account inter-trait correlation by way of the pooled dispersion ma&k (Constandse 

Westermann, 1972). 

The seconâ criticism is conccphially baseci. The MMD cannot l~ccommodafe the fàct 

that the traits, though appauhg to be categoricai, have a coatinuous unâeriying 

distriion of lisbiÜry (Blangero and W-Blangem, 1199; 1993). Th& phenotypic 

expression is the thrtsb01d or liribüity levd rad ciin be considcreâ as a m d l e  Mhie of 

the contisuous distriion Ifthis threJhold wuid be wwred fw each trait, threshold 

means muid be usai in a distaace measure analogous to Mihslsnoas d, which would 

eiiminate the conceptual a d  statistid weaknesses perceiveci to be iahamt in the MMD. 

B W d W  4mdasy11111u.y 

Téae W dkgmmmt over how to caiculafe the âequency of a bilatdy Occumng 

trait. The foiiowing thret d o &  are most cunmiody used: 

1) s c o ~ g  ôy side in *ch the Eiequency is computed as inmiba of sdes with trait 

present dmded by total aMba of sides observai, 

2) scoringôy individuais hwbichâequency is computed as numberofindividuais with 

trait prniem on one or bah sides divided by number of individuils observed, 

3) scorhg by hdMdua side in which Bequmcy is computed as nimba of inctividuais 

with trait preseat onjust the leit arjust the right side divided by number of individu& 

observed. 



The method chosen can substantially alter trait kqpencies. As an example, consider a 

sample of 100 pafcctiy preserved crania, H) of which have the trait pmmt on the I& side 

d e  the 0 t h  50 bave it present on the ri@ side. Mcthods one and thne give trait 

âequency of 5W whüe mthod two gmS trait fkpc l lcy  of lW/o. Aherzuuively, if25 of 

each of die 50 W s  with trait prisent on the I& qressed the bNt biiatedy Cie. 25 

SUS have trait p n ~ e m  simultiacaisty on both le& ad iight side) methods one and three 

give tnit frequency of HT/. d e  u d m d  two d d  pmduce tnit frequency of 75%. 

Moreover, m a s  two and thrœ wouid undereshate trait fkpency in poorty 

p r e s w d  &daal samples whik methoci one wouid introduce rdundmt idbrmation into 

statisticai caiculstîons. 

Researchers who have tested for side interdependence of b i i a td  traits have found 

hi@, but not perfiect, dependence errists (Birkby, 1973; Buhtra, 1972; Fmega~, 1978; 

Mclto, 1983; Saunders, 1978). In addition, researchers have found that the ratio of 

bilateral to untlateral tmit presence iaaerseS with age (Korey, 1970; Saunders, 1978) and 

thus may s@iy refiect an we fàctor. Asymm&y has been rcrwned to be random and 

resuit 6om dmlopmcntal noise but TriaLuis (1978) fwad that in ove hlf of the traits 

that he tested tbe uniiatd varius b h d  fiapency dafcmias were greater than lWh, 

indicating to him that Yynmiary was more thanjust a 6 tdom" phenornenon If 

rsymmetry wae tnily random, methoci tbra for caicuhtiag trait -encies wouid be the 

most acainte. However, there is evidence that the unilaferal expression of certain traits is 

directional (Moho, 1983; Sluaders, 1978) and may be related to richer neme and blood 

supply on the right side of the body (Ossenberg, 1969; Ossenberg, 1981; Searle, 1954a). 



Ossenbag (198 1) argues that bilateral trait expression represents higha genetic 

iiabiüty for the tnit and thus more weight sbaild k assigneci to bilateral than to unihiterai 

expression. in support of this argimiait the author W s  thrt as the fkpency of 

myiohyoid bridge and third rnok igenesis hcmses the ae<iuency of W t d  to iuiilatd 

expression incnuies as wdl. niis may be relatai to one of the characteristics used to 

ideutify a quMi-continuous trait as pmposaS by Onincbag (1952); Le. regreasion of tnit 

expression on incidence. Speciacaltyy popdations with bigher tnit &equencies wiil aiso 

have a b igha  numbcr of indlviduals with more savere W expdon. 

An alternatk view to Ossenberg's (1981) is that held by Korey (1980). He examined 

one trait, supraorata forrmea, to detgaMe whetha expression of a trait on the leA and 

right side of an individuai are geaeticaüy wrrelated. Because the nCquency of bilaterai to 

dateral trait expression k e a s e s  with deveiopmental ageY K o r y  states that unilateral 

vasus b i k t d  expression has mimmal genetic sigiiificance and thet scoring trait 

ftequencies by sides would r d  in redundant genetic infodon. McGrath and 

colieagues (1984) calculateci "gmctic correlation bnwcsn sides" and '3ieritab'iüty of 

asymmetry" fw 13 miu m a suies of 442 rfKsus macaques, 133 ofwbich wae mother- 

onSpring pain. They fouad a sipifiant I d  of geaetic colrrlrtion betweai sides and 

low to mnsi@cmt values of heritabiaty of asymmetry. The former supports Korey's 

(1980) ugument that sides contain fddundant genetic information and the latter refirtes 

Osseiiberg's (198 1) argmmt tht unilaterai versus biieral trait expression is genetidy 

influenced. Mainth and colleagues (1984) do caution agaht genedizhg thek results 



fiom monky to human because genetic coneiations and beritabiiay esthates are 

population and @CS rpeafic. 

It should be mted tbaî Green, Suchey and Gokbaie (1979) propose an adjustment of 

that resuits whcn the side metbod (rnethoâ one) is used Molto (1983) argues that in 

addition to behg time consuming to caicuiate, the o d  e&&«iess of the adistmeat 

Wor is aûmst negiigiiwe. Today, tbe a w i i i t y  of high spad computcrs eliminates the 

t h e  coasbum problea 

Konigsberg (1987:102-107) provides an acdlent disaission on the appropriate 

methods for sooring bilrtacil traits. If one is interesteci in the inâividuai as the unit of 

stuc& (and wt the side) he proposes that =ring by side (mdhod 3 aôove) is most 

appropriate. The use of tbis mtbod does not requirr pe&ctiy prrsaved siceletai materiai 

as has previoudy been assmed. Konigsbag (1987: 105) explains '-th sides can be 

scored whea posstic, and if the states of the two ades âïsagrœ, then one side can be 

randomiy decîed to reprcsent the individual". If the asmmption îbaî ;isynmi*ry is 

mdom is correct, U r m n d  tnit cqmssïoa on eitha the left or rigM side should be 

approximatciy cqurl cxcept fat sampling aror. 

Infcic~oonrkamion 

One ofthe major assumptions that must be met in ushg Smith's Mean M m e  of 

Divergence is that traits usrd in the anaiysis are not wrnlsted. As s w m m i d  by 



Saunders (1978) there am three miin teggons for two traits Oonarmg togetha in the same 

individuai wïth a Iiighcr mency than wouid be expected by chance: 

Trpits repn#iit expmaàons of the same unâafying variaôle, e-g., the usociation of 

double trensvcrse foramen on conti~ous d c a i  veztebrae. 

Traits are llSSOCiated through a g c n d h d  or 1bCdiZCd ddopmmul phenornenon 

such as retardecl or mesteci Cpowth (hypostotic) or acess boay dmlopment 

(hypaostosis), e-g., a genarl hypaostotic fàctor could underiy a joint occunellce of 

atlas l a i d  bridge and double traas~nc foramen of the sixth d c a i  vertebra. 

The traits dure a cunmioa regionai, ernôryological or genctic origia, e-g., those 

representing caudal or orrnial border shiffs in axial -on. 

Tnislove (1961) testcd 3 1 non-metric traits obsewcd in two inbred strains of mice for 

inter-trait cornlition and f m d  that fewer correlations ocaimd than were expecfed by 

chance. By oomparhg the pattern of correlation between the two strains, she found 1 1 

traitopair C ~ ~ O I I S  tbrt wae common to both and proposes tbat these may be 

biologicaiiy meaaingfùl. Ho-, because none of the condafions cxceed 0.3, Tnislove 

concludes thai inter-trait corcdstion b not strong aiaigh to distort population distana 

measures. 

Berry and Bary (1%7), awrn ofthe p0ssi.b.i tht some non-met& traits of the 

humrn ainami may be condatecl, conducted pair-wisc c o d o n  tests for 30 m h t s  in 

a ample of 99 Egyptian sktletons. Ta traits were fouid to be corteiated. Though ody 

four w d d  be expected by chance, the authors wnclude thaî there is "atremely little 

inter-correlation" (1%7:373). This conclusion semis u n . t e d ,  and in any case, it is 



doubtnil that a simple of99 is large enough to detect si@cant d a t i o n  for cuiy but 

the most common MNats; Le. those in a f b p n c y  lPga than 25%. 

Hertzmg (lm) enmbed correlation betwcen sevm aiairl w ~ m s t n c  traits in a totrl 

of 366 crauia, h m  six 8c08raphicaliy deeaed gmups (Polywgaa, Afncau, Amcmdm, 
. * 

Asiatic,Europell~zladIidiiin),dfOunda~nmibatbitwaesi@~- Whesi 

Bder  (1970) recevaluated H m g ' s  data he mted thit bve of the seven traits were 

accessory suturai ossicla for which inter-tmit mmht ios  am nr(unlly expected- He rlso 

note& ibat in spite of tbt statistid sieeifiaii# ofthe comliuions, the rctwl imoum of 

shsrd~onansvaydrndwouMootrfficttbeaitcomeofthedisaa#~s. 

ûtherrrstirohas hamused the x2stltuticto testfôrtraitindependenœandhave 

f m d  fewa statistidy si@cant llSSOCiatiom than wodd be expe~fed by chance 

(Keiiock a d  Parson, 1970a; Saunders, 1978; Su* 1975). Noaetheiess, as Molto 

(1983) notes, both Kdlock a d  Parsons (1970a) rad Suchey (1975) followed Bary and 

B q ' s  (1967) amnple o f t e d g  fot inter-trait ~ o n s  in a d portion oc or a 

single smpk d a M d  h m  the totai srmple iniedqi fw dktance rnrlyss, iad this may be 

inappropriate siace the pattans of inter-trait condation am mt mcemady consistent 

among popiirtiom. 

In his maiysis ofAmcrican Wbite and B U  disscctiag-mm s~ullples, Comcchi 

(1974) used x2 to test for iater-trait cordation, ad aise measured the dative Id of 

association bawaen traits, usiag Yde's Q Cdetlscient. He found, thia though aorrelations 

were not hi& they were signîiidy greater t h  zero. In addition, he u d  Speannan's 

rank-order d t i e n t  to test for comelation ôetween traits that were scored on a graded 



d e ,  and finmd the level of statisticaî signincauce increaseâ. Because S p e m m ' s  rank- 

order cotrehion test is a more strtistic thn the chi-sqyared test, Comccini 

suggests that it more accurate reflects the undedyhg biological redity sigeincant 

correlations do exist between traits. 

Molto (1983) nota tht the phi d c i e n t ,  uscd f8r categorical data, is the 

mlithemfttical eqyïdent of tbe Pearson product-moment comlrtion d c i e n t  and is as 

powafiil. In a large w e  of 17 Iqyois skdarl simples, he fwad 20 sigaincant 

dues of pbi, though ody foin would be CXPeCfed by chance. 

Sj mold (1977:77) sbowed thaî 'bvith maeising sacnple size the hict that miiny traits 

are geneticaiiy and probabiy dso cmriromncntdy wrrdated mry be gndudy 

discovered''. He argues that most prehistoric slnletil samples subject to distmce a d y s i s  

are d e r  than the sample k stuclied, and that ifcomlttions between traits are not 

daeaedorareminmul.tbywülnotrffectthedist9iameasures. 

It shouid be mted thit not dl resear~hers sharc Sjmld's view. B&stra (1972) 

rem~vedtnitsthitwacsi~lyrnsoàrdwitholieormoreotbatnitsinha 

rna(ysis of IUiaois arcbaeO10giicrl remahs ami Mdto (1983) did the same with a number of 

traits he snidied in M Iroquois archaeologicsl sunpk. In ha work on Native American 

bones ofthrœ sites on the cmiai  vauit into a sin& trait (womilln bones), in order to 

reduce r e c i m î a ~ ~ ~ ,  and Saundas (1978) fdlowed a sidar procedure with some of the 

idiacmiai traits she studied. 



Abe 

Another rusuplPtion th& must be met in order to use Smith's M&an Mesane of 

Divergence with skeietal samples inchidhg mdniiduais of al1 ages a t h e  of dath, is that 

the traits are not age qressbe. û s m h g  (1969) was the nnt to ooiduct a detailed 

investigation on the d i m s  ofage on non-mefnc trait fhq~encies. Ha raiiysis, bssed on 

arcbIogicrlfy-retricved skeietai siamples agialy represdng the Arctic and Piains 

regions of North America, inciudcd both sub-a&& ad ad& craniai materiai. In 

aumarry, b e n k g  kud that hypostotic traits (tbose repr- r e d u d  bone 

growih) t d  to demase with immshg age, whik hypaostotic traits (those representing 

excess bone pwth)  terd to iacrease with hcmsing age. In addition, the author found 

some traits that were aot aEected by age and others that appeareâ to exhiiit an age-sex 

interacti0~1. These apparent ciifkences were not tested statistidy. 

When Beny ad Berry (196'7) published thar q*or work on non-mefric traits of the 

humanaaiiiumtheystatdth.talihaaswereagestablee L a î e r r r s a r o h a s ( F i i  

1972; KeUock and Parsons, 19701 anci 1970b), tmhg B q  rad B q ' s  (1%7) cbim. 

didnanrniine~skddalsimpl~farrgcin&iClICCdtnitsbefO~pr~withthe 

distlinoe anaiysh. It is now 8- accepted that changes in non-mcfric trait expression 

do ocnir dunDg skdetal growth (Corruccini, 1974; Korey, 1970; Ossenberg, 1%9) and 

Saunders (1978) points out that for sevaJ traits, a faturr oaamhg universaüy in the 

juvenik skdaon as a norxnai devdopmeatil stage, w ~ a  be raallicd in the duit in otder 

for the trait to be scored as "preseat". The obvious soiution to the problem of age 

influence is to aclude subrdult material from the distance aiiliiysis, or foiiow Ossenberg's 



(1976) and Molto's (1983) example and include subadult maîerial ody for the traits that 

prove to be age stable. It shouid be aoted tbat age e & a s  are mt nesessdy consistent 

among popiirtiotls (Chenkg,  1976), thus mquking t h  each skeletal srniple be tested 

sep=tay* 

Buikstm (1972) sohred the age d&cts problem by ushg oaly post-rdolesarit material 

(categorized as ali mdmdwls over 12 y e u ~  otage) ancl d g  aU partiai maniféstations 

of a trait @e. bony spurs ntha than a comptete bridge) as premt. With these 

when subjected to the Students t-test. Two points are in order hae: the apptopriateness 

of the statistical test is questionable and, as Saunders (1978) notes, mmy partial trait 

maMfatatons are not simply dmlopmentai stages, but i n s t d  persist through to, and 

thtoughout aduhhd. 

Comccini (1974) notes that age assipnment of ucb log i ca l  materid is often 

inaccurate, partiabdy in older age gmups. In order to test the rswmiption that non- 

metric traits are not affkted ôy age, he d a disseoring-mm mp1e of known age, sex 

and race. The cbi-qure and MMD staîktic wae employed to detect d i ikmws  in tnit 

tiequency ktw#a young adults (19-39) and old adub (40 iad over), by s e q  anci r a d  

poup @la& anci White). The results ofthe ch i -~~uar t  test indime that twice the -ber 

of siflcant difkcms wae f d  than would be cxpected by chance, while the r d t s  

of the MMD test indicatc that dl comparisons wae statistically signifiant. The author 

suites "The muhivariate divergence test indiCates that cumulative age divergence over 

many traits is more important than marked divergence in a few" (1974:435). Berry (1975) 



responded to Comccini's (1974) claim by examinhg age variation in trait fiequency in a 

di&rent skdetal -le of b w n  agc and sa She poded d e s  ml ferrmles, useâ smn 

adult age groups, and computed the Student's t-test to compare wrn age ofthose with 

the trait vaais mean age of those wiihad the trait- S b  discovercd only one signifiant 

clifkence iiid thus coachdeci that tnit n#iuency was nut by age. 

Suchey (1975), brsed on ha study of CaWornia arcbaeoiogical samples, dmowledges 

that wme traits are affected by ad& agc fbiqges but argues that ifthe demographic 

profiles ofail the s~~mples used in the analysis arc simik, as tbey wae show to be in her 

study, age dêcts would be nSga'b1e. 

The year 1978 marks the appeamnce of two of  the 61% major adyses foais#i on 

innlictaMI non-waic traits. Employing archaeoIo@cai samples representhg Aleut- 

Eskimo, Adcm IndUns anà Late WOdand Mans, Saunders (1978) used two statistical 

tests to examine the diffefc~~ces bnwem young (19-29) vaww old (30 and over) adults, 

separated by sex, and geo8raphicai derivation. The câi-square test iadicatcs tht the 

percentage of SUtisticJly sigdcant resub, ôy subgroup, are Jways pater than would 

be expected by chmcc. The distuice stritistics separatd !mbgmups first by geo~hica l  

derivation, thai by and fiarlfy by age. Smith's Man Measne of Divagence showed 

Statistically Si-EIUlf dinaences betwcul the two llge lpoups within cacll gcograpbical 

area. Saunders (1978:303) concludes that "adult age cbaages in ia&cMiia trait 

fiequenciies ire strong enough to affî a dhmce statktic'' 

Finnegan (1978) aiso aciminsd dult age changes but he did so on a dissecting-room 

sample coosisting of indMduals of known age and ocn He separated specimens by sa, 



caciai group (Black and White), and age group (five age Cgtegories beginning with 20-29 

and endhg with 6û-69), and checked fin stitistially sigaiecant comelations between trait 

and age gmup. Twenty ofthe 240 c o ~ o n s  wae signifiant. When the chi-squue test 

WûS l l S d  t0 da& if- -&CS Si@6- diffnaa baw- tbe 

andoldestagc,only11 oompuisoaswaefOundtobesi@~oaelcssthinwouldbe 

expectedbychancechance ? h e u t h a r c o i 1 C h l d e s t h a t ~ t n i t s a r e o d y m ~  

affbcted by age, mû the & i  is not strong umgh to aita the cibtanw Statistics. Ifthe 

samples in the uulysr are demogrrphically simiiar with respect to age7 then w correction 

is mxssaq forage dependent traits. 

Gai& dff-ces 

The use of Smith's Mean Measure of Divergence with poded-sex sampies is based on 

the awuqti011 that the traits used m the adysis are not dtiècted by sexuaî dimorphism. 

When Bary and Bay (1967) tested cmnial rnnamrïc tmits tbr gender differe~.~s, they 

pooledd skdetalsunples into agMdrmkaruiagMdamrk sample, a u d d t h e  

MMD s W c  to detect sïgnüicam di&raLas. ObvioWry, ifthe diffaares between the 

sexes are wt consistent mss samples, the pot- e&s fw a S c ~  d%cî. Thus 

it is not siirprlliqs that the authors f b d  m sigrdi- ciilErences baween the two 

groups* 

Despte the ülogid nature of thiis test, athcr rasarchas (e.g.. Fiegan, 1972) bave 

foUoweû Bay and Berry's (1%7) example anci poolcd males h m  9 population samples, 

kewise fémales from di popdation amples, ôefôre teshg for genda differences by trait. 

h t z  (1970) a b  folowed tbk procedure, thou& it d d  be argued that he was justifiecl 



in pooling 9 his sunples because they were ali Arikua ûthers hwe used the chi-square 

statistic to test for sac diffCnnces amoag samples, and ha* faiad féwa stdsticai 

Merences than would be expected by chance, p k d  d e s  anû fisdes fbr aibsequent 

aneiyses mirkbys 1973). 

When (]Jseabge (1976) u d  the Mean Measure of D h p œ  statistic to compare 

trait firequCIlCies berwan maies anci &maies in thrœ large s k d d  scimples (Dakota Sioux, 

Wrimo, Alan), fkwer signifiant Mkmœs wae dctcctai than vuouid be expected by 

chance. T b o u ~ t h e u d h o r w r r j u s t i f i e d h p o o ü n g t l i s ~ i a ~ ~ s b e s t r e ~ ~ e ~ t h p t  

not doing so in any case could r d t  in signincant aror in &stance m w s ,  as a 

r d t  of the d sample simes thrt resuit fiwn adyzing the males and femaies seprntely. 

Suchey (1975) agrœs with this approach, In addition, Sucbey dîmkted some d e  

craniaawihetdistance~ofCalifc,rniaAmaiadsinordatbstbothsexeswoddbe 

eqpaiiy represeated in each ofthe thme skeletal samples she c o m p d .  

ûther researchers have fd a grcatcr number of significant sex dinermccs in trait 

fiequency than wouM be expected by chance (Berry, 1975; Corrudni, 1974; FUmegan, 

1978; Molto, 1983; S w n d q  1978). B e q  (1975) used the cfll-qmre ssrtistic to test for 

sex dBerenccs in a skdcîai sample of known sex, and compareci îhe pottaas obsetved 

with those rcported in the iiteratwe. She f d  tht the traits S i e d  varied by sample. 

Beny (1975) lqqWm&d that sar cliftierc~lces may W in opposite dimtions in different 

sampks, and provided tbat enough vsrirmsareused,canccleichotherout. 

Corniccini (1974) compared sa difkences in a simple of Bkks  and a sample of 

Whites of lmown sex, with both the chi-square statistic and Meau Measwe of Divergence 



siatistic, and concluded fiom this study t h  non-mcaic trait distance anaLyses should be 

based on two sampIes, one composed of d e  individuais and one composed of f d e  

individuals. 

F i  (1978) Jso uaed chi-squrn to test for sigdicant sex eE&s but he did so 

with inaacnmal traits and usai the same siceletai sample as Comccbi (1974). Though 

thae were more signiftcant dinérrnccs t h a ~  w d d  be epcted by chance, the author 

judges that innMmil w d c  traits fbe slightly b e r  than do ariarl traits. 

Whai sample sites arc too d to sepamte d a  rnd fieniales prior to the distance 

analysis thne options nmrin: 

1) Elhinate gender dependent tnits hom distance adysk .  

2) Use eitha maks or fernales (but not both) in distance d d a t i 0 1 1 ~  for genda 

dependent traits. 

3) Keep the proportion of sexes equal across skeletal simples. 

It bss kcn mted ( F u  1978) tht many of the @y dimorpbic fértures are aiso 

the most valuablt for d w t q y h q  
0 .  . . 

between populatioi~s~ Flimmatmp this information 

fiom the distrace imJysis d d  substaotiiny d u c e  intn- and inter-population variabiiity. 

ûne might b i t M y  ertpca d e s  to hm a higher hqyency ofhyperostotic traits 

(excess bone growth) rad fùnaies to have a hi* hquency of hypostotic tmits (rduad 

bone growth) as a r d  of semai dimotphiJmr in Bze. Those that have cxamined sac 

ciifferences in tbis contexnt (Molto, 1983; Osseabag. 1969; Saundas, 1978) have found 

this to be the case Tor some, but not ail, sexdepeadent trriits. Sjmold (1977) investigated 



the effécis of Sue on the ocamence o f d y  dimofphic no~metric traits in the fox 

SM and f d  that in 5W of the cases, body size was codateci with tnit expression. 

A fimi point sbould k emphacized with respect to apparent mrlafCmie tnit 

fiiequency difIérences in an ~ l o g i c a l  aample: because of cuitmi ptacfices reiating to 

Mmsge and fesidaxe ppttans, or raiding acighboriqg b i i  for f d e  @es, in some 

cases apparent suc dBhnces couid, in fht, k population diBerences. Assuming that 

regardless of popultion origin, cach genda in the simple was coatiibutuig to the gene 

pool ofthe aext geaariion in thpt village or region, the oaly appropriate way to attempt 

to reprrseni thet gene pool is to amaigamate d e  a d  funaie skeletal samples no matter 

that marked trait ûeqymy diffiereaces are observeci. Except fbr those workers explicitly 

using diffèrent mrlefkmaie measutes to foais on residence pattern (Lane and 

S u b l a  1972; Spence, 1974) this important consideration appears to have been 

overlooked by woikers fussllig ova how to d o t a t e  the ened of snt differences on 

their distance measures. 

Statcment of the h b k m  

Non-mebic traits of the vatsbnl cohumi catahiy requirr more attention. Fewer than 

a haf dozen ~opologicai studies, comprrrble to tk prcsent one, aWt worMwide 

mames, 1994; Fhcp,  1978; Gaherty, 1970; Mabg, 1983; Saunders, 1978; Wmda, 

198 1). The power of verteôral variants to c b a r a c t h  major ncirl groups, h e m  thir 

utiiïty in forensic applications, should be assesmi. Likcwise, we need to explore their 

potential for addressing problems relating to the peopiing of North America. Though 

many variants are known to arist in this part ofthe skeleton (Anderson, 1968; Le Double, 



1912), they have been neglected, p o s s ~  as a d t  of the complexity of the vertebrai 

coiumn (Jackes, lm, coupled with its gendly poor p d o n  at buria sites and 

negiect during ucbaeologiorl retrievai- 

The &as of age, genda and inta-trait conela$ion are mt welî understood and need 

to be exploceû nirtba ushg nimat aaalyticnl techniques basai on logit modelîng. It is 

not clear to what extent each ofthese variables idluences trait atpnssion, and whetber or 

not the pattemi are consistent m s s  populations. in addition, to date no one has 

statisticdly imrestigated the possible agasa interaction that mry be infiuencing trait 

expression. Patterns of inter-trait (ISSOCigtion, age lad sex e&cts on trait fin<iuencies cau 

ais0 provide important chies to the etiology of parti& feiturrs. 

Sniith's Mern Mcasure of Divagence is the most widdy used statistic for non-metric 

trait distance adys is .  S e v a i l  ad- can be applied to the equation but a 

cornparison of the results iadicates that they give closeiy similsr r d t s  (Fiiegan and 

Cwprider, 1978, Molto, 1983). The theoretical ctiticisms ncaiUy leveled @mt the 

M M '  (Blangao and Willirims-Birapao, 1991,1993) must bs adbessed. SpeQncaiiy, an 

aiternative distance statistic needs to be devised *ch takcs i n t e r d  co~elation &O 

accoullt, ad which rppropristdy dects the rclaimption that prrsaicdabserice of a 

skeletai vMliit npresents a thnshold imposed on an underiying contimiow iiabüity. 

Then, the supmior paformiace of thU distance measure over MMD n e d s  to be 

demonstratd in an rcbul population study. Its perceivd theoretid weaknesses 

notwithstanding, the MMD bas prona advaatages in tesms of computatioiipl simplicity, 



ma]SMum use of Sman aiementary simples, and mmy publisbed precedents for credible 

resultswithitswe. 

The inconsistent pexfôrmance ofno~mctfic tnits in desiphaing biological 

relationsbips miry wdl teSuIt h m  the use of inrpproprLa tnia i.e. those b h g  litde or 

no genetic compoaein. M.ny researchers have btca'îmaitical and iinimrpmitive in 

wpying tnit astS h m  seconcûuy s o u r d  (Saunders, 1989:102). Moreover, precision 

and reliabüity in scoring tnits bas ban seriou& n e g h d  oiaa Anderson (1%8) first 

stated uiit fbtme success of this uti ofstudy depcaded on dctaiied descriptive protocds 

for each tnit. This view has since bean reitctated by F i i  (1978), Ossenberg, (1976) 

and Saunders (1978,1989). Saunders (1989) su- tht these two deficiencies are to 

blame for the disrppointing reSuItS of many studies ushg non-metric tnits to decipha 

prehistoric population affinities. 

The objectives of this disertation are to: 

1) desab and mKw the fiteratm on fouztœn wmmctric traits of the sternum and 

vertebral column, 

2) d e m o ~ c  tbe use oflogit modeiiag to study the d k t s  of popuiafioa group, age 

aad gcnda on the &equency distribution of these traits in six large rgsiegate samples, 

3) examine the panaas revealed by logit rnilysis u wdl as ôy inter-trait d o n  

cafncieo~, for evidence which mi@ contriaie to w knowledge of the etiology and 

morphologid signiscaace of these Mnants. 



4) a) demoL1SbtZlfe a nord distance stiaistic, d o g o u s  to Mihahobis D', based on 

threshold vaiues of the traits d a M d  from thek logit rarlgsis; and b) compare a 

twelve-popuiation p u p  distanœ matrOr thus computed with its cotresponding maüix 

cornputecl withtbeMeanMaainofDkrgemx, 

5) açsmiae the patterns of popiladion afhities revesIed by the logit and lo@-based d: 

a) for ewidence in support of citnan hypotheses patrining to dimogenesis in North 

Amecica, and b) in tesms of the p o t d  of these traits fw f o d c  applications. 



CHAPTER II: SAMPLES, TRAITS AND SCORING 
PROTOCOL 

Caoice and Oqpbtion of Simples 

A major objective of this restuch is the application of log& modeling to adyze the 

effects of population gmip, age and sag rid th& interactive e f k t  on the pattem of trait 

distn'buton Such an anilysis r-es luge skeletai samples. Accordingly, the five 

largest series rmong the 12 b w n  in Table 1 were chosesi: Aleut (N=178), Kodiak Island 

(N=i21), Late Woodlaad In- (N=227), White (N..199) and Black (N=197). A sixth 

aggregate, "EJEimo" (N=479), was wisd fiom the Milgamation of the Arctidhupiaq 

Eskimo, South Aiaskan Eskirno and Saint Lawrence Isirnd Wrimo samples shown in 

Table 1. The same six samples dso were used to investigate inter-trait d a t i o n .  

Because logit dues by trait and populrition group were required for the Mahahobis 

distance formula, in addition to the six-semple set of models used for anaiysis of 

population, age rad sex e&c&, a second set of modds was created, for d l 2  siceletal 

samples used in the disîance e. The second set of logit m d d s  ans of interest a h  

in terms of its concordance with the first set. 

The secondrry focus of the nswch  U population dbities and biologicai distance 

analysis. The 12 samples listecl in Table 1 represent 10 geo&raphicaVlinguistic groupings 

of Native Amncaar, dong with a Europeanderived (US. White) sample and an f i c a n -  

deriveci (US. Black) sampIe as outgroup cornparisons for Asianderived Native 

Arnericans. Witbia tbis broad comparative bnework certain questiom related to the 

peopling ofNorth America can be exploreci. In addition, the pattern of @nities of the 



Skeletal aggmptm Malt F d p  T d  
dsamples Y- OU T d  Y- Old T d  Young OH Totai 

Plains Indian 15 42 57 11 26 37 26 68 94 

Total 260 632 892 182 616 798 442 1248 1690 
'~abu<n~igirnppiv~ly 



three major raciai groups represented here (Euopean-White, Afiïcan-Black and Asian- 

derived) wül be iuvestigated with a view to the p o t e  of the traits Cor forensic 

applicaîions- 

The use of archaeologicaiiy retrieved skeletal samples to answer pestions of 

biological rrlrtionsbips is problematic (Cadien a al., 1976). However, because this study 

f d  oa bioIogid teiationships at the broadest led, ntha t h  on 6ne-@ed 

regionai or temporal questions, it is hoped that p o t d  problems wiU k avoided. 

The speeinc daletai srmples tbrt c o n t n i  to the Arctic/Irnipiaq Edomo, South 

Alaskan Eslomo, Aleut, and Plains Indian --es are listed in Table la, lb, and lc, 

and Id respcaivdy. Tabk 2 comiiiu provenience information when available rnd 

institution where the collection was studied. 

The following section presents a general overview of each skeletal sample, 

summarized fiom references citeci. 

AnrticlliinpiaqEsrkirno 

The SadlangUt &es, âom Sartbrmpon Island, is the most recsnt ruchaeologkd 

sample, dating âom the wintcr of 1902-1903 when îhe i n h a b i i  of the village 

succumbed to an epidemic followhg what may have ôeen tbm fùst contact with 

Ewopeans (Merbs, 1983). The majonty of material used in this study was coUected by 

C o h  in 1955,1956,1957 and 1975 red by Laughlin in 1959, rad is cutgted at the 

Canadian Museum of Civiiization, in Hidi, Queôec. Presemtion is  excelknt. 



TABLE la. -les incliirl#l in the Aiaic/lnupiaq Eskimo dioan in Table 1. 
- - - - -  - - - - - - - - - - 

&le Fairaieairaie Tata1 
Skeletaisampbs Y- Old Totil Y- Old Tocil Yimg Old T d  

Thde 13 12 25 6 16 22 19 28 47 

Sacilenniut 12 27 39 12 42 54 24 69 93 

Point H b p  O 29 29 O 21 21 O 50 50 

TABLE lb. Smpla inc1ucbd m the SGtb ALoba F-clrima - cbown iu Table 1. 
U;rle Fgnale Taal 

Skeletai ample Yamg Old T d  Y- Old T d  Yamg Old T d  

BristoL Bay 2 2 4 O 2 2 2 4 6 

K m  River 13 15 28 9 I O  19 22 25 47 

Yukai River O 28 28 O 37 37 O 65 65 



TABLE Ic. S a q l a  mcIuded in the M m  shown in Tabie 1. 
Mab Fande Taal 

Siceletal mie Y- OM Tarl Y- OM Total Yamg OH Total 

Umnak blatad O 29 29 1 29 30 1 58 59 

Other Eastern 5 15 20 1 17 18 6 32 38 

Kogamil Island 10 21 31 4 29 33 14 50 64 

Met Cmtmi 2 7 9 O 8 8 2 15 17 

TABLE Id hiples incheded m the Phms lirdian aggmgab shown m Table 1. 
Male F d e  Taal 

Skeletal -le Y- Old Tatal Y- Old Tdsl Yaung Old T d  

Total 15 42 57 11 26 37 26 68 94 



TABLE 2 - SSreletai -tes, samples, -ence and iastitutîim wkre the mataial was studied. 
Location 

CMC' 
CMC 
sl2 

1500 B.C.-1000 AD. (Osscnbag, 1992) 

1500 B.C--500 AD- (Cybulski, 1992) CMC 

SI, UA~, USD' 
SI 

Plains Idim 

sr, u15, WC, 
RO&, UM7 

50O.-lHW) AD. (Osscnba& 1974) 

100 BC-100 AD. (Ossaiba& 1974) 

*s-lnstitutwis . * Washmgtoa, D.C., USA 
'UnivenityofAibati,EdKKmtoa 
'Unmrsity of south Dakota (w.H.ovcr~wrmi), V d 0 6  
uni* of h d h ~ ,  ~~oomingcoa. 
Royal Chtano Museum, Tomnîo. 
' University of Mimiosai, Miimcapdu 



The Thuie sarnpIe, consishg of the KnmMrür md Silumiut sites, dates from 

a p p r o d c î y  1200 to 1600 AD.. Both &es are located in the Norihwest Hudson Bay 

area and were uccavatd duhg the Norfhwest Hudson Bay Thik Rojest (Utctmoble, 

1984). The skdetom are c t m d y  aartcd at the Canadk Mwnna of CivüiEiition in 

Huii, Quebec. M o n  is poor, prrbiniluty for the d e  slreletons 1967). 

The Point Hope matdû, ucawated iieir tht village of Ti- is is considd to be 

Thule. Téough dahg is m t  &III, th Mbor chcm to fdlow Utctmohle (1984) rad ar on 

the side of a more ment, or Historic Thde paiod, with dites ranging b m  1 4 0  to 1850 

AD.. ThisSer i~~wu~~~11vatcdbyCoI l insg i1929dwtso~~nin tcd i t tbe  

Smitbsonian Iirstitution. The coUection has been rrpatnited ar@ is no longet rcassible 

for study. The b d s  wae l-ed on mouds and wcre in wooden boxes appro Xima-1~ 

two ftec beIow the surfàce. This may llccount for the dativeJy good presaMtion that is 

characteristic of tbis coUeGti011. 

s4UltLawrrriatm- 

Appmxhtdy ten of the individuals arc h m  the KuhilücMidden series which ans 

odlected by Geist from 193 1 tbrough to 1935. It ir bdievdd thit thre indixfi* were 

the victims of8 hnime tbrt devastateci the dhge duripe the winter of 1878-1879 

(Utamohle, 1984). CaUias is thought to have coiiectecl tbe nmiimng portion of the 

sampk whïch dates âam approximatdy 1600 to 1900 AD. (Saunders, 1978). The 

individuais arrmined Tor the present shidy are curateci at the Smithsonian Institution and 

are wdl preserved. However, th& repatriation is undenugr, and they are no longer 

accessible to reseamhers. 



Smfk Ahkan E&mo 

This sample coasisis of sites fiom Nusbagak River, Bristoi Bay, Kuskokwim River, 

Yukon Riva lad Numvak WPd. An sites probrMy date to sometime withïn the iast thme 

hundred y- a d  were cdlected maialy by HrdIicka fiom 1926 to 1936 (Saunders, 

1978), though several slaletons may have been cuüected by C o k  (Stewart, 1932). All 

o f  the South Alaskan Eskirno skeietal materiai is curateci at the Smithsonian Iiistitution 

Stewart (1932: 124) conimaits on the good presaMtion of the mjority of skeletons. 

Ingal .  

Thb Setics was wllected by Hrdlicka during bis 1926 d 1929 Alaska exped&iom. 

The buriais were recemt, dating h m  about 1800-1900 AD., and were excavateci fiom 

s e v d  village sites dong the Yukon Riva and its tributaries, witfmi the territory of 

Athaùascan-spesiring Indians, mainly Ingaiik (H&athwte, 1986). 

ARèut 

The Aleut samples ustd in tliir study orighte fkom sites located in the Eastern and 

Centni portions of the Aleutian Isiand CM The great @ority of the skeletons were 

coUected by Hrdlicka h m  1936 to 1938 and are curated at the SmitIisoMan Institution- 

Most uneqpiwdy d y ,  the Uinaak Island (Eastern section) materhi dates âom 2000 

B .C.- 1000 AD., wliüe, the most unequivocrlly late, the Kagamü Island mummy caves 

material dates Born about 1500-1700 AD.. The materiai fiom the Shiprock r n m y  

caves and shetters (Eastern section), ais0 remah &om Rat and Andreanov Island groups 

(Central section), likely represent a broad t h e  range (Ossenber& 1992; Saunders, 1978; 

Utennohie, 1984). The Smithsonian Institiition's Aleut coliection has been extensively 



studied, probably as a resuit of the excellent preservatioa of most ofthe materiai, and the 

substautiai mimba ofjuvede and adolescent remains repmeuted in the coiiectio~~, 

K o l i i i a k W  

ûniytwo ofthethne stmtafiomtheUyakBaygteareusedin thepresenî adysk: 

earIy (Hidlicka's and nidde @dlicka's 'W") These individuais are thought to 

represent a homogeneous gcoup somewhat distinct fiom the most receut stnrhim which 

c o h  the ancestors of the contemporary Konirgs (Ossenberg, 1992; Utemohle, 1984) 

who now teside on Kodiak Isiand. Hdlicka arc11mted the Ujmk Bay site during field 

se8sons h m  193 1 to 1936 (Heathcote, 1986). The earty strata date fiom about 1500 

B.C. to 1 0  AD. (Ossenberg, 1992). Though this coiiection was originally m e d  at 

the Smithsanian Instinition, in 1989 it was repatrhted to the Koniags. The coiiection is no 

longer avaüable for study (Bray and Külion, 1994). The nlationship of preKoniag 

poples, represented in remains fiom the lower and middle strata of the Uyak site, to the 

historicaliy-known Koniag -O (whose dina ancestors are represented in the uppet 

stratum) ud to Aleuts, lndtns and other Womo hd not been nsolved (Bray and Kiliion, 

lW4; Dumonci and Scott, 1991; Hcafbwte, 1986; Osscnberg, 1994; Utermobie, 

1982,1984; Utermohle and Merbs, 1979) at the tirne of repat&ion ofthe satire Uydr 

site coliection âom the U.S. National Museum to the Koniags in Odober 1989 @ray and 

Killion, 1994). 

N d  PO CI^ Caiat1iCly.n 

This coiiection originates &om the T h h i a n  area of Prince Rupert Harbour, the 

sketetai materiai was excavateci fiom ten midden sites located near the mouth of the 



Skeena River (Cybulski, 1992). Excavation ofthe sites began in 1966 as part of the North 

Coast Pnhistory Roject undertaken by the C.nadim Museum of CmliEation (MicDonaid 

and Inglis, 1981). The initial c m r . 0 1 1 ~  w a s  coducted by Micâonald who continueci 

workinghthearead 197OwhaiInetigrepInl.pAbmiassiUdirector. TheWorityof 

excavations wae mmplete by 1973 but h m  tht t h e  d 1987, sporadic excavation of 

skeletai material has taken plaa (Cybdski, 19%). Radiocarbon dating of assockted 

artihts indicates thaî the w i o u s  sites were ocaipied ikom 3500 to ISûû B.P. (Cyôulski, 

1992). The pmsemation of this m a t d  is poor and tbis is reflected in the small sample 

sizes of some of the n o n - d c  trait obsendons. 

PIm'ns h h  

The Plains Indirui sample is an aggmgate of îhree coilections. The Historic Plains 

aggregate consists ofa small sample of Dakota Sioux, collecteci mainly by surgeons of the 

U.S. Anny at the time of the 19th century Plains indian wars, and currentiy held in the 

Smithsonian Institution, and a mail sample of Assini'boin âom an historic cemetery in 

Alberta, curated at th U'ersity of Albert. (0s- 1974). The Ariùara srmple was 

excavateci in 1971 ôy Ubdaker and is ûom the Mabtidge site in North Dakota It is 

Meved that the vitlage wu ocnipied âom approxbtciy 1700 to 1750 AD. (Merchant, 

1973). The Arikara matairi is CUrZLted at the Smithsonian liistitution and preservation 

mges fiom poor to good It is m r d y  undergohg b a l  p r d g  for re@ation and 

is no longer accessitde to researchers. 



Lare Wdàndlnàïim 

This secies is an aggcegate of skeletal s~mpies excavateci fiom maq burial mounds 

scatterrd tbroughout îhe northern Misassippi Vdly drainage. This large rna (ah caüed 

the northeasem P W  periphay) inchides southern Marntoba, Minnesota, and adjacent 

parts ofNorth and South Dakota The mounds were excavated between the years 1870 

and 1960 by various individuais and ia9titut0~1~- Based on artifacts and ailtural inferences 

the mounds are grouped into eigbt archaeo10gicai complexes dating roughly nom about 

500 to 1500 AD. Their aanial morphology, rndc and non-mec, supports the 

hypothesis that these prehistoric people were anœstd to the historic t n i i  of the 

Northern Plerns (Ossenberg, 1974, 1992). 

illinois HapCma In- 

Excavated h m  the IUunk II and Wdson bwid mounds belonging to the Classic 

period, 100 B.C.-100 AD., these remab were studied by N.S.Ossenberg in the 

Laboratoqr of Bioanthropology, University of Indiana (Ossenberg, 1974). These Middle 

Woodlaud people had a subsistence mnomy bas& on agricuiture, in contrast to other 

Am- peop1es rcpresented in this shidy who wae hunter-gatherers. 

mite and BITock 

The Wbite and Black samples are derïved eom the Teny wliection which is 

pamanently auated at the Smithsonian Institution The material was o n ~ y  

accessioned at the Washington University School of Medicine and was cuiiected by 

RTary, in St. Louis, during the intervai fiom 1910 to 1940. Most indMduals in the 

sample were born in the late nineteenth or early twentieth ceatury, and age and sar 



information is adable for each skeleton Though some admamue with Whites is 

probable for the Black sample (Comccini., 1974:426), it is not deemed signifiant enough 

to obscure the differences h e e n  the two groups. Not surprisingly7 most siceletons are 

wmplete a d  well preservedeserved 

Data Cdîectian and Repamti011 

Trait list 

The mitial trait iirt ad S C O M ~  protoc01 wac developed by N.S.Oaseabag who 

trained me immediatdy prior to the commaiament of data colicction at the Canadian 

Museum of CMLitaton in Juiy, 1994. A totai of 35 mikeral and bilaterai traits ofthe 

vmebral  col^ were axrimined and recordeci. Both the left rad right side were exmineci 

ifthe trait couid be expnssed büritarlly. Wbile sume traits wae ô i i  (soond as either 

"present" or g'abmnt") a number wen polychotomous; Le. scored on a g d e d  d e .  For 

exemple7 the trait mmtber of samd uni& included categories for four, fie, six and seven 

sacral vertebrae. Ifthe bone was missing or damageû in the relevant arcs, the trait ans 

scored as "unobservable". 

The data wae deriveci h m  skdd samples e x a m i d  bythe author during the 

summers of 1994 anci 1995 at the Cliildiaa Musaim of Civilizstion, Hull, Quebec, and the 

Smithsonian lnstitution, Washington, D.C., respectmly. h aââition though it had not 

baii adyzed, a substantid drtibue was on hand fiom siceietai samples examitled by 

N.S.Ossenberg at various iastitutions siDce 1963. Table 3 indiates which researcher was 

respoi1~1ile for recording the rssociated data, by skeletal sample. 



TABLE 3. Skeletal aggregates, samples aad data recordas. 
Data 

Skeletai aggrrguar anci samples recorder 

Arctidnupaq Eskr'mo Thule author 
Sacilenniut author 
Point Hope NSO 

Saint Lawrence I s i d  Eslbmo author- 

South Almkan Eskirno NushagakRiva uithor/NSO* 
Bristol Bay author/NSO* 
Kuskokwim River authorlNSOf 
Yukon River euthof 
NUILivak island authot/NSOf 

Umnak Island 
(MerEastern 
yaDamil lslaud 
ûther Central 

author 
author 
author 
NSO 

North Pacttc Ccaept Id' NSO 

Dakota, Assiaiboin NSO 
Arikara author 

Late W w A m e n n d  NSO 

Illinois Hopewcll Indian NSO 

White author 

BIack author 
The author scorecl 59 skeletons and NSO scoreci 39 skeletom. 
' The author rescored Si lumbarization, six unit sacrum, 
SI clefk n e d  a d  and high sacral hiatus. See text for 
M e r  details. 



It should be noted that as a reSulf of the change in scoring protocol for SI 

mch and hi@ Slcralhtafrrs) whüe rit the Smitûsonh Inaitution durhg the m e r  of 

1995. hthe South AiaskanEskho -lethe authorrrscoredrllBristolBayskeletons; 

Nunivak rslud skcletons, and in the Saint Lawrence Isiad EsLimo sunple the author 

r r s c o d  di skeletons oigiaaliy s e o d  byN.S.Ossmbcrg. For practicaî and 6 a m d  

reasons it was mt possiik to rrarimine the IlllltboscKxrJjiuzction of siceletcil coliections 

curateci elsewhere (sa Table 3). 

The foliowing 14 fèatures (fnw the original list of 35 féatwes) of the stemum and 

vertebrai coluniai were cnalyzed: 

One oftk -est cbrllenges that acmmpanies skdetai research of the vertebrai 

column is the diflJcuity in id- with cmainty, the correct position ofeach vertebra 

in the cohmm niis is particularzy problematic if the vertebral column is inoomplete. 

Fortunatcly, the majority of vatebrai columns açainiaed at both the Canadh Musaun of 

Civilization and the Smithsonian Institution were storeû as artidteci units. ûtherwise, 



when dïc ient  number of lwse vertebrae were anüabe, an atternpt was made to 

articulate the mlmn based both on morphological criteria, ske and nt. 

A g e a u d s a m  

Age estbates were based on rnwaim records, epiphysea union and tooth Wear, and 

in the case of the Thuk a d  Sadlemiiut sliniples, on estimates M y  provideci by Dr. 

Charles M d s  of a n a  Strte Uihmity. The followhg tcn categories were used: 0-5, 

6-8,941, 12-15,1620.21-29,3û+, chilci, ad01esœ11t, adult- 

Sex estimates were basecl on musaim Z C C O ~  pdnc and craniai morphoIogy, d in 

the case ofthe Thule and Sadlermiut s~mples, on estimates M y  provided by Dr. Charies 

Merbs of Arizona State University. Five categories wae useci: d e ,  probable d e ,  

fanaie, probable f d e ,  indeterminate. 

Database 

Data were eatered into Puadox for Wmdows, version 5.0 (1994) with samples fkom 

VBfious geogmphicaüracial groups stored in separate files. In addition, N.S.Ossenkg'~ 

existing drubare was alterai to reflcct my ccscoriqg of the foliowing four traits: Si 

lumkui~lff~olt, six mit sactum, hi@ sacral hiatus, ad defi d atch. Findly a 

" ~ d ' ~ f i l t ~ ~ l ~ ~ e d b y B m a l ~ d f l e s t o b e u s e d i n t h e d y S i s -  

Specific data wae gCttELCted tram the "master" file for the present researcb. The 

master fiie remUns intact and adable for fùture researcb, particuiariy as a means of 

explorhg questions that arise fiom the axrrent d y s i s .  

Two customized database fdes were created for each of the two adyses. The one for 

the Malysis of population group, age, sex aiid inter-trait dation enéas  is comprised of 



data for six -te g e o g r a p h i d d  samples @kirno, Aleut, KodieL Island, Late 

Woodlanâ in di^, Black, and White), wfiile that for th distance u\alvsis has data for 

twelve g e o g r a p b i d ~  siimples (ArctiJInupiaq Eskimo, Saint Lawrence Island EsLimo, 

South Alaskan E s b ,  ln- Al- Kodiak blaad, North P d c  Coast Ladua, P U  

Indian, m e  Woadlaad hdian, IUmOi Hopewdi Iidlln, White and Biack). h addition, 

the following distements were d e :  

1) The initiai bt of 35 traits was d u c a l  to 14 txaits. Those th were discovered to be 

a) difiicuit to scon consistedy (e.g., o s s l ~ e d c p ~ i d  ligament), b) too rare for 

stress relating to subsisteme activities (e-g., qmn@Co&sis) or d) redudmt (e.g., 

double tmmwrse fmmen C3 to CI) wac climinated. A detailed review of each of 

the 14 mitJ appears in the foilowing section. 

2) In orda to fiditate statistid anaiysis, datl for gradeci and muhinomial traits were 

r d  anci rtgrouped to comspond to dichatornous traits. For exarnple, the trait 

ntrmberofsaacrlmi~~~~vnitsocnmidindividualswithaJeccnifsvrurn 

werescodashvbgtbetraitptesent, whiierllothaswaesamdas havingthetrait 

absent. 

3) Data for individuais youqga than twaity years of age wae elinriiiAted. Though 

insuflticimt data wae avaiiable tix andysh of subaduEt-ad& ciifkences, previous 

research (Corruccini, 1974; Korey, 1970; Ossenberg, 1969; Saunders, 1978) already 

doaunents that a amiber of non-metric traits are a e d  by chüâhood and adolescent 

growth. It is l e s  clear whether and to wht extent non-metnc traits are ciffected by 



d i t  age changes. AccordingLy, the différences W e e n  two aduh whorts were 

analyzeû: 'Young duit" (21-29 yeacs of age) or "old dult" (30 yem ofage and 

older). 

4) Data for individuals of indeterminate sex were diminatecl. Those that were classfied 

as "probable male" or ccprobable fede" were as 'bude" and ' T d e "  

respectiveiy- 

5) Data from the right side ofthose traits tba occur bilsteraiiy were excludeci âom most 

of the a d y i s .  The debate coaamiag the use of side vasus incihiduai fat caidating 

trait hequencies bu not been mived, and is beyond the scope of the pment study 

(see Konigsberg, 1987:102-107, for an excellent awzmmt ofthis topic). Following 

Konigskrg (1987), data nom only one side of the body were wed (klt side) for logit 

modeLing. Howeva, in caicuiation of the Mean M e m e  of Divergence, total le& plus 

right side fkequencies were used. 

In sumniruy, two specinc duabeses were created from the "master" database. The 

first, to be used in the anaiysis of the c f f i  of population group. age, sar anci inter-trait 

comeiation on non-mttfic trait fkquency, has data fbr six gwgmphical/rscial samples 

while the second, to be useci in the distina dysis ,  hu &a fw twdve samples. Both 

contain prcsence/absence data for 14 bmuy traits. Each individuai is assigneci to one of 

two sexes (male or fde), and one of two ad& age groups eoung or old). 

FiniUy, bath d a U h s a  wae acported for d y s i s  in SAS System for Wmdows, 

version 6.10 (1 993). 



Ob3civcrRepüubility 

When data are coliected by a singie o b m a  a various mtemIs over an extendecl 

period of the, or by two or mm obsavers, scoriiig consistency cnust be assessed (Molto, 

1979; Suchey, 1975). To chte, féw studies bave ldQesstd the issue of inter- and inra- 

observer agrremeat witbm the wntcxt of non-met& trait rescarch, Exceptions include De 

Stephano et al. (1984)' Molto (1979) and Saunders (1978). 

agreement in the scorhg of non-maic traits of the vertebral coiumn. Becnise phi 

meastues the extent of association betwcen two dichotomous variables, it is i d d  when 

traits u e  b h y ,  ie. scoreci as present or ab- and w k n  cornparhg the observations of 

no more than two individuais (Siegei and Castelian, 1988). 

Pbi is expressed as an d a t i o n  d c i e n t  and is dculated frwi a 2-by-2 

Variable A 
Al A2 

where Al and & represent obsemr A's scoring for trait presence and absence 

respecthcly and Bi and BI represent observer B's scoring for trait presence and absence 



nie formula for calculatuig the phi CoetEcient is arpressed as: 

n11n22 - n12n21 4= J---- 
nI+n2+n+1n+z 

and will range fiom -1 to +1 with zero indicating no BSSOCiBtion betwem variable A and 

variable B. Phi is ssiisitive to mugina distriions, and sLewness of one or both 

variables wiü decrease its m@u& (Ryao1dsS lWT3 1). A correcteci phi a n  be 

calcuiated by dividing the original phi by "phi maxùnd wbich is calcuiated as the 

mucmium d u e  tbat phi can acbieve given the obsaved mirgioal distriions Wiemsen, 

1973). Because the phi d c i e n t  is pmpoctionai tox2, the Parson chi-s~uare a c ,  

~~=n,~~,the~~teststatisticcanbeuscdtotestE&,: +=O. Thistestwillindicate 

whether the obmed m o n  is due to a rd rdaaonship between the scorings or due 

to chance. Obviously, there should ahvays be a statisticaüy simant association between 

repeated o b d o n s  ofthe same item, so thai the test of significance is not important. 

Rather, the phi wet5cients are used to m e w n  the dcgree of d o n  betweea the 

obtmmtious. 

SM&- 

Inter-observer tests wcre conductecl on the A h t  skdetai Mrnple curateci ft the 

Smitbsonian Instiaition in Washington, D.C. The data were collecteci by N. S -0ssenberg 

in 1963 and by the author in 1995. Ninety-eight individuais wae examined but not aU 

traits were observable on each daleton thus sample rite varies by trait. For b i la tdy  

expressed traits o b ~ o u s  fkom the left and right side were combined in order to 

increase sample size. 



Intra-observer tests were wnducted on 50 d o m l y  seiected Sadermiut skeletons 

curateci at the Canaâian Museum of Civüintion in Hu& Quebec. Data wae collecteci in 

August 1994 and December 1995. Not di traits were observable on each &deton, aud 

left and nght sides wae aombined fbr bilatmiiy aqnessaS traits in orda to iocreriss 

k&§ 

Table 4 lists phi dcients7 phi miromimi dcients, and wrrected phi d c i e n t s ,  

for the intct-obsemer agreement t n ~ s .  Two traits Wwed paf& qpement ôetween 

obsewers: s t o r n o ~ e  a d  d .  br i&em*ior .  Eight traits hd phi d c i e a t s  

between 0.825 and 0.995 wtde h b a r  rib rnd sik mit summ hrd phi d c i e n t s  o f  

0.741 and 0.720 rapeaively- Axis  se fwmen defectfw and SI lmban'uarin, 

had the lowest phi dcients, 0.586 and 0.432 rrspectively. When comcted phi 

&cients were caîculateâ, six traits indicated paféd asso&ion, while the remahder 

mged fiom 0.737 to 0.929. The exception was mis tmnsuwse fop~mon &fictive wbich 

rernained the same at 0.586. 

highcst usocirtion ôetween obsenrsitions bcing cewïcalrib with a phi coeüicient of 

0.9873, and the lowest beSng SI lum&rimtion with a phi coefficient of 0.7589. When the 

corrected phi d c i e n t s  were caladateci 10 traits showed paf- asmciatîon, whiie the 

remaining four,, SI Iiimooriizmin, LI anticihuï unit, lmbm rib aad S, clefr neural mch 

49 





TABLE 5. Phi and corrected phi coefficients for intre-observer agreement analysis. 
'94 And '95 '94 And '95 '94 Present '95 Present phi PM 

Trait Present Absent '95 Absent '94 Absent phi max coirected 
Stmd apemrt 2 3 1 O O 1.000 1.000 1,000 

Ailos bridge lotend 2 104 O O 1,000 1,000 1.000 
A h  transycls~ f ~ r a m ~ n  dkjkdyc 4 99 O 2 0.808 0.808 1,000 

L u m k  rib 19 60 1 6 0.800 0,860 0,930 

High sucml Ilrirtkrs 4 46 2 O 0,799 0,799 1,000 



ranged fiom 0.878 to 0.997 respe&veiy. 

DiScussiovr 

For both inter and intra-obsenm agmment tcsts, 10 traits scond above 0.8. Rxis 

transverse fwrwrcn &fictive and six mlt siclm, were beiow in the former, C7 oosull 

transverse fw~lllen and hi& hiclitrs wdn bdow in the iaîîer rad hb rib, and SI 

hanbdaon were bdow in both tests. In regards to the inter-observer rgrremeirt tests, 

it is important to note tht N.S.Osseabag eaunineci the Aleut skeletal matexiai more thau 

30 years More she miami the author in scow pmtocolI Some variation between 

obsefvations may be attriied to changes in protood or systematic recordhg bias that 

ocwred during this long interval. N.S.-s irïtra-observer agreement andysis, to 

be conducted on the same skeietal sample as the aimm inter-observer agreement d y s i s ,  

WU be examuied to determine the extent to which this may be a c o i i t n i g  fkctor- 

Comments pataining to the traits that had phi coefficients (not correcteci) of less than 

0.8 are requid. The poor pdbnnance of SI hmtdbrkatim particulmly fôr the inter- 

obsemr agreement test, was expecfed by the mearcbers. In 1994 N.S.Osscabag 

changed ha pmtocol fw scoMg SI hmibant9n-on to a g d e d  system The new protocol 

included sepente categories for absent, medium, strong and compkte 

lumbarization, wbüe the previous pmtocot inchidcd sepamte categories for absent, signs, 

and complete. It seems îikely that with the addition of a category specüically for "weak 

lumbarization", a l e s  sevae manifesution ofthe tnit that would previously have been 

scored as absent, would now be scoreci as 'bnak 1umboriEation". Close ainiination of 

the data indiateci that this was the case. Fourteen of the 16 sacra which the author scored 



as weak lumbarization using the new protod, N.S.Ossenberg scoreci the trait as absent 

using the old protbcol. In view ofthis d y s i s  of lack of we decided that for 

this mit oniy the data dezted by tbe author would k useû in the population group, age, 

sex and ïuter-trait asochtion adjmis. F e ,  we decided to arclude this fkatwe nom 

the distance anaiysis. 

L u n t k r i o  wu rlso anticipateci to k problemtic. Scocnig this rnit as present is 

usuaily based on the i d d a t i o n  of an artirzilar facet on the îmt lumbaf vertebra. As 

mentioned above, this cau be cli£Scult kcwse the f be t  is variable in size, shape and 

iocation; also damage to the bone or a bdd-up of dirt crn mask L presence- As these 

fadors becrme more apparent, during the initiai phases of data coUectioo, 1 became more 

diligent in acPaiiiilltion for evidence of the tnh Not surprisingly, a systematic S C O M ~  

bias is refiected in the 1995 25 lumbar nie were scored is 1995,20 m 1994. The 

inter-obssmr agreement analysis also hdicated that this trait is difEcult to score 

consistentiy but the discrepancy was not aearty as h e e  Inter-observer phi Coefticient 

was close to 0.8 with a value of 0.741. lnconsisteacy probably d t c d  fkom fàctors 

previously mentioned: bone destruction aaâ dirt. 

Deîecting the presence of a cmW bamerse fw-n on the ~evcllth cervical vertebra 

poses a similu problem, as dimrge a d  dirt buiW-up may obstnict the relevant a m .  

Secondly, though the kger costal transverse foramina are deariy present, those that are 

srnall am be ambiguous %the airroundhg bone is ponnis. A third fkctor may relate to 

orientation of the fixamen; i.e. if it is small, sh-like (rather than round or oval), and 



oriented more ia the wronal than in the horizontal plam, it could escape detection 

depending on the angie at which one obsaves the spcamni. 

The phi cdkcient indicates substantial in ter -obm m e u t  (-884) and 

questionable intra-ob~cner agmmcnt (-783). This trait was scoreci as preseiit eight more 

times in 1995 thaa in 1994, which iadicates systcmritic s c o ~ g  b i i .  The mason for the 

shift is not ciear. 

HIgh srcr<rl Mobrs had a phi coefl6,cicnt of 0.799 fbr the intra-observer agreamt test 

Because the phi d u e  was close to 0.8 in this c r ~ e  and was bigh (-868) for the inter- 

observer rigrrcmatt test, scoring repiicabüit, was wnsidered m i e .  

Axis acmwrse f i m e n  defecfnie anis expected to pose no ~ c u h i e s  in scoring 

wnsistency. This ans the case for htra-ob~ervef agreement in which d a t i o n  was 

loOO/o, but not fbr hter-observa agreemeat in which the phi d c i e n t  and corrected phi 

(-586 in both cases) wcre low. Both observers scored the trait as present f i e  tirnes out of 

135 but ody thnc of the the nM individuais wae mred as pnscat by b t h  observers. 

N.S.Ossenbcrg scoreci the trait as prraent in two individuais in wbich the author scored the 

trait as absent and the author scoced the trait as prcsent in two iadividuaîs in which 

N.S.0- scoreci the trait as absent. Despite the scoring disaepancy, the totai 

fiequency count for axis transverse fonmen deEtdive wwld be the sunc 0.e. 5/135). 

Inconsistaicy betweea obsavers in sooring six mit srxnrmr is pUaüiig. The trait bas 

the potentiril of k g  ambiguous ifthe obsewer is rcquired to detennine whether or not 

the extra sacrai segment is a fused coccygeai v e r t h -  The protocd devefoped for this 

study was intendcd to eliminate this problem by counting the total number of vertebrm 



incorporateci hto the sacrum wahout consideraiion ofthe number of units in contiguous 

regions ofthe spine. Ho-, close aainiiaaion of the data Watcd disagreement tor 

eight ir~divid&~ in three cases the trait wu, soored present by N.S.0ssenôerg and absent 

bytheauthor,whüeÏnnMcasesthedisignemartwasrevemed. F u h a e ~ o n o f  

these Speameas couid the cause of the discrep~~lcy. 

su- 
For both hier & htra-observer - tests, 10 of the 14 traits scored above 0.8 

which was dcemed an icccpcible 1evd of .gnement. Tbose b t  scorexi beiow 0.8 were 

investigated in an cinempt to d e t h  the cause of the poor pafotma~lce. While the 

reasons were kkiy apparent in certain cases, fôr two traits (ms fmomen défictive and six 

unit szcnrm) there secmed to be no expianation for the poor inter-obsetver agreement. 

Trait Description 

Stemdapadvcc 

This trait is dshned as a pafocation in the starnim. usually ocaimng in the mime 

between the third and faath stemelme- The d c b î  can be ovrl or mci, îarge or smaii 

and the edges are anooth âom the anterior to posterior mdke (13gure 1). Renly, 

apertures have been obsavcd in the mimibnim and in multiples in the stansl body 

(Ashley, 1956; Cooper a al., 1988). Microscopie e x m i d o n  ofthe contents of sut 

stemal apertures, removeci duniig autopsy, indicaîes that only fibroadipose tissue and 

small vessds fill the gap in the bone (Cooper a al.. 1988). nie traîî is visible on 



FIGURE 1. Anterior view of sternum showhg sternal aperture. 





roentgenogmns and might be mistaken for a wound. Howwer, as t is completely 

asymptomatic it has not ban the subject of c l in id  re~ezucb, 

EmbrpIogy. The sternum fom fmm two mesenchyme baads which grow toward each 

other, and progreshg h m  craniai to caudal, unite dong the midline by the 10th week of 

fétal developamt. ShoRfy a f b  the s t d  bands bave îuseâ they mite with (and are 

subseqyently influenced by) the nis and segmentation is initiasecl. Bcfore the sternal 

bands unite, chodcation begins withm th& mesenchyme tissue ami by the 5th fetal 

month ossification begins. The number ad location of ossi6cation centres dictate the 

morphology of the sternum (Asbîeyy 1956; Bmesy 1994). In tuni, these centres vary 

dependhg on the devdopmental timing of the fusion ofthe s t d  b d s  and subsequent 

choncidication @ames, 1994). Of the patterns that bave been observa the foliowing 

two occur most fiequently 

1) The fint and second sternebrae form fiom a sinde midline ossifidon centre, and the 

third ad founh fOmi fiom paired, V ieml  ossification centres. This r d t s  in what is 

considerd no& s t d  form Le. the body is siightiy wider inkioriy than superioriy. 

2) Each ofthe f w  staaebne d d o p  âom a siagie midline osdication centre, nailting 

in a narrow, paraHel-sided stemm 

Less fkequently each of the four sternebrae may devdop âom paired, b i l a t d  ossification 

m e s ,  resulting in a broaâ, rounded stammi @mes, 1994; McCorrnick and Nichols, 

198 1). Barnes (1994) states bat  the noal form of the stemm (and presumably the process 

that leads to this form) is geneticaüy determined. 



A s t d  aperture results if chondrification is complete More unifidon of the stemal 

bands at the caudai end (Barnes, 1994). This is because d e n  the mesenchyme tissue of 

the stemal bsnds becomes cartikginous, it loses its ab- to frise, resuhing in a gap in the 

area where fusion has not yet occumd. The size and shrpe ofthe detéct depends on the 

timing of the dehy in fusion (Builes, 1994). As Ashley (1956:88) origmJly argued, 

..it is apparent that the presence or absence of a s t d  formen is determined fn 
t k p e l a ~ ~ i ~ o n  sûqp of &wIopment, Le. when die siemum is stiii 
cartiîagimw. ThettfOre 'defcdive ossification' is the resvll not the wicse of a 
s t d  foramen (italics in onginai). 

It should be noteâ that same mearchers mahtain that the s t e d  apertwe results 6om a 

defect in ossification (Cooper a al., 1988; McCotmick, 1981). but hsw not proposai a 

mechanism by wbich this couid ocair, or eirplained why the gap is not filled with cartiiage 

as wouid be expected ifdmlopment was normal up to and iucIuding chondrifiication. 

PopuIàtiionfrepencyy. There is evidace that the fkequency of s t d  aperture varies 

among populations. Téough no statisticai adysh was conducteci, McCormick (198 1) 

found that Blacks iccounted tw 52% (13/25) ofthe cases exhibitmg the defect, even 

though they amprisexi only 35% (1 13/324) of the total sample. Asbky (1956) also f m d  

(1963) reporteci a fieqyency of 10./. in a ample of Ontario frocpois, whüe Saunders 

(1978) reported a fkequency of oaly 2.7% in a mixeci sample ofEsùimos and Aleuts. 

Age d s a c  effects. The dmlopmentai proceses leading to the fotmation ofa stemal 

aperture suggest that the trait is age stable. By Soc years of age, the adult fonn ofthe 

sternum is determined (McCormick and Nichols, 1981); llccordingiy, the d e f i  would be 



d i  by this tirne. The trait has been reporteci in children as young as eight (Cooper et 

ai., 1988), and in aN ad& up to 88 yesrs of age (McConnick, 198 1). 

Finally, several researchers bm reportecl tht the sternal aperture occurs twice as 

o b  in miks as in fkmales (Ashiey, 1956; McConniciC, 1981). The ciifkence may be 

related to size: the greater the divergence betwtcn the two stemal bends d e n  

choncirifiution begins, the greater the prubabii of develophg a s t d  a p m e .  

Scorngprotd. This trait was scoreci as present or absent. In the case of a partial 

(fi-) spccmiai displayhg an aperhire the trait w a ~  scorecl as pnseat, whereas 

when no aptwe wu visible, the trait was scorecl as unobservable. 

Because the s t d  cipsrhne is &y i d d e d  and recordeci, inta and uitra-observer 

agreement shwld be bigh. in both cases the phi d c i e n t s  indicaie pedèct d a t i o n .  

AtULP~epadcr ia  

The posterior atlas bridge is a bony growth extendhg fiom the superior articular 

process to the posterior arch just posterior to the verteôral artery suicus Figure 2). En 

route to the fonmea magnum, îhe vecîebral art- uoeads tbrough the tramverse foramen 

of the ath ,  and curvcs posteciorty and meâiaüy to lie m its suicus. Whai a bony W g e  

spiuis the dcy it &rms a hramen for the vertebrai art- that am be shallow or deep, 

dependhg on the morphology of the suicus In addition, as the nnt cervicai nave 

laves the spinai curd, it also traverses the foramen created by the atlas bridge. 

The posterior bridge may be complete or hcomplete. However, the latter expressions 

(spurs) w m  not counted as trait preserit in this study as a result of being diiiicult to score 

consistently (Saunders, 1978). The bony bridge has been variously named pontidus 



posticus, KimmerIes anody, the spidum and posterior glenoid process. The foramen 

formed by the bridge has ben d e d  foramen w d e  or forpmen retro-articuh superior 

(Von Torklus and Geble, 1972). 

Etioiogy. The origin of the posterior bridge is not cl=. Earlier anatomist (e.g. 

OsSetlfort, 1926). believed tbat t is a primitive fanire, represeathg the superior oblique 

process that oaws over the vertebrai art- in "lowef' rrummaln. Epstein (1976) and Pyo 

and Lowman (1959) bdieve that t represents late osdication of the posterior segment of 

the atlantOIOCCipitsl ligament, but provide no expianation as to how or why it occurs in 

children. Taitz and Nathan (1986) agree with this hypothesis but concede that because it 

has been observed in relatively young individuais, other m o r s  may be of importance. Von 

Torklus and Gehle (1972) suggest that the posterior bridge is a maiiaestation of the fourth 

occipital vatebra and represents a cranial shitt at the o c c i p i t d c a l  borda, wtnle Barnes 

(1994) speculates that it could resuit fiom ccoCapït~t ion~'  of the atlas, which represents 

a caudal shiff at the occipitowmicai border. Following an investigation ofa skeletal 

sample comprising both American Black and White males Lanier (1939) obsemd that 

cornplete bridgîng occuc~ed in lP!! of vertebrai cohimns exhibig craniai shift and 12% 

of vmebral columns exhi'b'ig caudal M. 

Because it is visile by cümd x-ray, the fiequaicy and distribution of the posterior 

bridge has been weil studied in lmng populations. Of particulat note is the work of Selby 

and wlleagues (1955) and Saundas and Popovich (1978). Both studies are based on a 

large series of x-rays, the former derived in wnjunction with a longitudinal growth study 

conducteci in Ohio, the latter derived in wnjunction with a longitudinal growth study 



conduaed in Burlington, Chmio. The pecipants included children, parents, sibiings and 

other relatives. Sdby et d (1955) fbmd tbat 52% of siiüngs and 48% of parents of 

affécted cbücjren exhiiied the trait, whîie Saunders and Popovich (1978) bund that 4o./o 

of siiüngs and 44% of parents of afEcted chüdren ahiiied the mit. These were 

signincantiy bigba proportiorn than obsened in the study ample. In addition, Saunders 

and Popovich reportcd thaî the fkbrdbprmg rad mOther-oBkpring correlations were 

signifiant, whüe the fhîk-mother condrrtion was not. The & d i a i  nature of the atias 

posterior bridge is mdispitrble rad c i d y  Wcaîes tht this is a geneticaiiy baseci tnit. 

Poplafion f equency. Popuiation fkquencies fbr compleîe posterior bridge range âom 

2% in East Indiaus to 13% in U.S. Blacks, with U.S. and Cliiulirn Wbitcs mghg fkom 

9?! (Saundm and Popovich, 1978; Taitz and Nathan, 1986) to approxbtely 12 % 

(Ossedort, 1926). Ma (1993) reported a aequency of 7+% in a cornbineci Eskimo-Kodiak 

skeletai sample and 12% in a combined Amerind-Aleut skeletd sample. 

Age mdsex eflects. Compkte atlas bridgiag is uwully reporteci to ocan more o f b  in 

d e s  tbau fendes (Ma, 1993; Ossedbrt, 1926; Romanus and Tovi, 1%4; Saunders and 

Popovich, 1978; Sdby et al., 1955) which is cxpected as it is categorized as an 

hyperostotic (txcess bone growth) W. Aitematheiy, Taitz and Nathan (1986) report it 

to be more conmon in fiemales based on th& arniinition of a large skeietal sampk of 

Wbite Americans, wiiile Saunders (1978) fouad no statistically signifiant Merence 

between the two sexes in an Amamd skeletd sample and an Eskirno-Aleut skeletal 

sample. 



The ratio ofcomplete to incornplde postecior bridging inmeases with h a e g  age 

suggestingthrtthetnitisin&idby~chaages. Agah,tasisexpectedasitis 

categorized as an aypaOstotic trait. Nevertheiess, complete bndging hss been o b d  in 

indinduals as young as six (Sdby et ai., 1955), and partial bridging has ban o b m e d  in 

relativeiy old iradividuais, Mcating tht m a n i f i o n  ofa pertLL bridge b not shply a 

developmaarl preammt of a complete bridge. Whesi only aduhs wae considenci, 

Saunders (1978) hmd no signifiant agc di&nnoes between young and old age groups in 

two Amaiad skdetal slmples and a combhcd Eskimo-Aleut skeletd siaiple. 

Scorngpioc~l~ Complcte posterior bridge was s o o d  as present while p d d  ;ind 

absent bridges wae scollcd as absent. Ifa complete bridge was o ô d  on a W e n t e d  

atlas it was scod as present, but if& was not c l d y  abseiit it wrs scord as 

unobservable. 

When "ma pnscnt" is festricted to complete posterior bridge this tnit is easily 

identifid and recordecl. The pbi d c i c ~ l f s  rcflect this with intra-oôserver agreement 

pnfect anâ iutcrlob~erver agmmmt of 0.870. 

Aîkbtii&I.lcral 

The l a t d  idas bridge is a bony growth that cxteads latedy fiom the supàor 

ivtiadar proccss to the transverse prooeat (Figure 3). Occasionally a cornplex stuchin is 

f o d  whm a third bridge joins the Meral bridge to the postaior bridge. Dusing We, the 

vertehi utay, us it emerges b m  the bramen trrasvemrium, w d d  pass bebw tbis 

bridge. The bridge may be complete, or expresseci part* as boay spm. However, the 



FIGURE 2. Supaior view of first ceMcai vertebca showing atias bridge posterior. 

FIGURE 3. Posterior view of first d c a i  vertebra showhg atlas bridge l a t d .  





partial expressious are diahcuit to score aonsistently (Saunders, 1978) and were comteci 

astnitabsentinthisstudy. 

PopuGcrfionfrequency. The trait has not becsi adequateiy studitd because it is not readiiy 

detectable by x - ~ y  rmd is rehtiveiy rare. Nonetbeiess, thae is cvidence that it mies 

between popuiaiions. Ta& and Nathan (1986) rcport a f i q ~ e a q ~  of 3% in a skeletal 

sample of East Mian, Middle Eastern d U.S. B U  anci Wbite iadividuds, while Ma 

(1993) reports a hpency  ofm. m a srmple of Eslamo anâ Kodlllr skeletons, and 1 1% 

in a sample of Amerhd and Akut skeletons. 

Age mdsex efeets. S. In's (1993) Eskkno-Kodiak -pl, males *bited the trait 

*ce as often as fernales QCQ.91; gQ.03). wbile in the Amrind-Meut sample, male and 

f d e  ficquencies wae almost idemid (xf=o.09; H.77)). It is not clear wiietber there 

is an adult age &kt fw complete laterai bridging because, of the tests tbat have been 

wnducted, many c o m b i d  d e s  and férmes, considered both pazthl and complete 

manifestation of the trait, and pooled various age groupa. 

I i t r a i t  OrnekWan. It sbould be noted that both Saunders (1978) and Buikstra (1972) 

found that l a t d  atias bridge wui CO- with posterior rtlrP bridge. S d e r s  (1978) 

pooied ha data and caicuiated a neqUency fbr "rtkr bridgme", wbile Bu- (1972) 

eliminned the i a t d  bridge trait h m  ha dysis. Tahz ud N a t h ~  (1986:216) found 

tht '%he presence ofa I a t d  bridge is not ai- BSSOCiafed with posterior bridge", 

though w tests w a e  conductd to d a c d n c  strtistical si@cance of thas obsendon. 

& ~ n ~ g p r ~ f o ~ o i .  Complete htaJ bridge was scoreci as pr- whiie partiai and absent 

lateral bridges were scored as abscnt. Ifa complete bridge was obsmed on a fhgmented 



atlas, it wu scored as present, but ifit was not cleariy absemt, it was scorecl as 

As is the case fbf posterior bridge, intra rad inter-obwava rgreement are expeded to 

be hi& when complete lateral bridge is scoreci as preseiit ad partial l a d  bridge is 

scoreci as absent Tbt phi coefîlcicnts indicate perfkt rusociation in both cases. 

~ ~ o a l o s a n d c r i d r a ~ m s v # ~ c f ~  

Whea the costal portion of the tna~sse proa~s of the atlas or axis vertebrae does 

not develop, or is uiderddoped, the d t  is an opcn tnnsverse foramen, r e n m d  to as 

childhood dmlopment, the oostai portion tuses with the remaiader ofthe tnnsverse 

process and creates the hramen for passage ofthe vertebnl artery. This defkct ocnus 

most often in the ttlss and iais ~aebrse  d its presence in these two vertebrae may be 

focau of a significant amount of rescrrch. Thac appear to be no dinical symptoms 

assaciated with the dcfèct. 

PopuWunjre~uency. Ossenfiort (1926) lcported a tiepuency of 6% in the atias of U.S. 

Blacks and 9?% in the atlas of U.S. Whaes, whiie Saunders (1978) nported an average 

fiequency ofapproximately 5% in both vertebrai types of an EsLimo-Aleut and an 

Amerind skeletal mple .  Lanier (1939405) stated, 

Most of the minor variations of the cervical vertebrae, aich as doubled and 
incompke tranmerse foranMa appear not to be d t e d  with heredity and 
TB-7 



FIGURE 4. Supetior view of- d c a l  vertebra showhg atlas transverse foramen 
defective- 

FIGURE 5. L r t d  view of second cenicil vertebra showing axis transverse foramen 
defèctive. 





but b s e  no refienœ or data accompanied his claim, it is ciifficuit to d e t h e  

whether it was mae specdation, or b d  on macrete evidence. 

Age mdsex  eflects. Saunders (1978) found a dehite decrease in trait fkpency 

througûout addtbod. This is the pattern expected fW a hypostotic (reduced bne 

growth) trait. 

Essaitlllly,itUnotdarwheibathisaritisgd~ddssminedorvaties 

sigriihcantiy in tic~uency between popiirtions. In addition, it may be too rare to be of any 

use in discana miiysis. 

&oriilgpmtocoI. The The tnit wurred as piesent ifthe transveme fonmai was not 

completeiy dosed. In most wies the entire costal process is absent, but on OCC(ISion, it is 

Pr- but not fuscd to the loterai portion ofthe tramme pmcess. Manifestation of the 

trait in this fom is d y  overiooked. Mer-obsefvm and intra-observer agmment for 

atlas transverse foramen defkctk was 0.825 and 0.808 respe&eiy- Inter-obsefver and 

intra-obsetver agmment for the axis transverse fixamen ddèctk was OS86 and 1.0 

respe&vdy. In two of the 135 inâividuals N.S.Osscabag scoreci axis transverse forarnen 

defective as prcsurt wfnle the author scored it as absead, in two otha mdMduals the 

author scod  the tnit as prement while N.S.ûs!wkg s o o d  it as absent. Thae wae 

oafy tbrœ individuais fw d o m  both observas s c o d  the trait as present. This explains 

the low phi cornhion Coescicient assdciated with the inter~bservcr caldation for this 

trait. 



Dauble bcas~rre fcnamcir of& sixth cadbd vmtebra 

The transverse fbramina of Ci to Cr trcmSma the vcrtebnl .ri- vertebrai veins and 

small sympathetic aaves, whiie the transverse fonmen ofC, tramnits vertebral veins and 

srnall -c nerves- It is wmmon for a trameme hramen in C3 to C7 to be dMded 

by a bony bridge or spur Figure 6). The majonty ofreports iwlicate tht the sixth 

cervical vertebra is most o&n aBEieded (Jackes, 1977; Le Double, 1912; Saundas, 1978; 

Tulsi, 1975) but Arxiason (1963) f d  C7 to k most a&%ed. h this mdy O* 

complete bony bridges obsc~ed in the anth a M c a i  vcztebmc wcre countd as tnit 

present Again, scoring incomplete bridges as present wodd introchm an unacceptable 

mount of inter and intra-observer m r .  

Etiology. The process 1ending to the dmlopment of tliis trait r e m a h  rinknown though 

Le Double (1912) specuiates that it may result &om a boay readion to pressure acerted by 

the vertebrai artexy. 

Popfl~on/rc~uency. The fie~uency appears to vary between popiiitions7 but WC 

trends are difiicult to dam as t hs ban conmion p d c e  to combine cornpletc and 

inoonipkie nmikmion, d o r  report a singît fhqucncy of double transverse îuramen 

complete double firama of as niieiiig Eiom 35% in a d e  EslOmo-Alait siceletal 

sample to 8% in a f d e  Amerind skeietal sample. 

Age d s e x  eflec~s. FuRher emmhation of Saunders' (1978) Qîa indiate that the tnit is 

comistentiy mon common in maies tbaa in &malles, though the diffet.enices are not always 

statistidy si@cant. ln temis of an age affect, Andersan (1%3) observeci the trait in 



immature as weU as ad& vertebnie, aaâ Saunders (1978) observeci it in vertebrae of 

fetuses and Oewboms. To date, no oae hs conducteci a detailed investigation of ad& age 

changes, but because the trait is hypaostotic (ex- bone gmwth), it is expecfed to 

iacrease in hqueacy with age. 

Scoringpottaad. Inter ancl intra-observer agauwnt are expesteci to be bigh when 

complete double fxammme fi,& rn recordeci as present d boy  spir~ are recordecl 

as abseat. In this shidy intra-obsc~cf rgreemerd was p d c t  and inter-obsenm 

agreement wrs 0.888, aiso considered hi& 

C a p r o f ~ ~ ~ m ~ l l ~ P b e ~ ~ ) r ~ ~ ~ ~ c n r i e d ~  

A fonwn may occur in the ni ciment, or costal portion of the transverse process of 

the seventh cavicai vcrtebrae (Figure 7). 'ïhe costal portion coasists of the anterior root 

oftransverse proass, auterior tubercle, costotransverse bar ad anterior put ofthe 

postecior tubacle (McMiaa and Hutchings, 1985:76). Le Double (1912) d e d  this 

f e e t u r e a p m m m v e r s e ~  Thef~isdist iactf ir ,m,ridcrnocair in 

conjunction with, a double tnnsvase tonunen Buikstra (1972) ans the first to suggest 

thatthecostaifbmmis notrdrrtedtoothahaminaobservadonC~and Saunders 

(1978) rilso noted diffaeacls m iccasory  types obsetved on Ci. 

Etiology. No hfb&on is -le on the etioIogy ofbis trait. 

reports a eequency ofiipproxirnateiy 5% in a Huron ossuaq ample. 

Age mdsex efleccl~. No information is adable on the effects of age and seir on the 

îrequency ofthe coseal foramen. 



FIGURE 6. Superior view of sixth d c a i  vertebra showing double transverse foramen, 

FIGURE 7. Superior view of seventh d c a f  vertebra showkg costal foramea. 





5ko~gprot~coI. Zn the mjority of cases, the manSestation of the costal foramen is 

easily identifid, but it varies in sia, ancl when p a r t i d y  smali, can be difficuit to 

confirm. This proMem is exacefbafed wben the bone in tbe area is particuiariy porous or 

the lighting is poor. Inter-obsewer agrenmt was 0.884 and intrrobsemer agreement 

was 0.783. 

CktVkd nb 

The seventh d d  w e b m  W occasionaiiy asmchted with a ni, Qtba unilatarUy or 

bilritdy. A cervicaî ni, as suc4 U a mon denaed morphologicai structure than the 

normal c o d  dement ofthe traasverse process. It acain in many fom and is not 

neassririly -cal whca ocaarimg on both sides. It ranges in sia and shape h m  a 

d bony tubacle to what can k oonsidered a "ttue" ni  (comprised of r head, neck and 

SM) and can be fused to, or articulateci with, the transverse proass, and in the latter 

case, the vertebrai body. As a geaenl de, longer CCNicaî nis are jointeci, whüe shorter 

ones are not (Steina, 1943). The amterior end crn be h, cormected to the fht thoracic 

ni by a fibrous band, or articulateci with, or firscd to, the ih t  thoracic ni (Shmori and 

asymptomafic, whüe the rernaindcr arpsiimcc &OW dqrœs  of pain, sensory and 

Msnilradistutbances, oornurailvm~phyinthtumdhadrrar&ofpresaireon 

the bracbhl pluus, subdniian ~ a y  W o r  spinai m e s  (Epstein, 1976; Honeij, 1920; 

Kohler and Zimmer, 1968; Shrnori and Junghunis, 1971; Steiner, 1943). 

EtioIqy. Each costal proass of the seventh cenical vertebra has its own ossiEication 

centre, which appears at approxhately the sixth f a  month, and fiises to the vertebral 



body between the nffh or six year of lifè (Barnes, 1994, Epstein, 1976). A cervical nb WU 

be present ifftsion d a s  not take place, or the costai process becornes hypertrophieci 

during embryoiogicai developmnt (Epstein, 1976). It is impoftant to note tha the 

ceMcal ni is wnsidefdd a d d o n  of a cmnial &ift @ames, 1994; Kohier and 

Ziminer, 1968; Mabs, 1974; Shmorl ad Jungbamu, 1971) ad as such would k 

genetidy W. 

Populirfimfre~llency. It is düticuit to detgLMIlC ifthe fhquency of this trait varies 

betwaa populations. This idbrmation is scatce m the iiterature, probPbiy kause the 

trait is nue. Shmori and Jungbimirr (1971) sugscg tbat &ciuencies vary between 0.5% 

and 1.W whüe Steiner (1943) reports a fkpency of 0.0005% and Lanier (1939) reports 

fiequenues of2.O.h and 1 .O?! for U.S. White ad Black males nspectiveiy. if the 

fhquencies in the population samples used in thh anal* are as low as those rrported 

above, the cervical ni tnit may not be usenil for distance afdysh. 

Age and- eflecrs. ISsufficient data are anüaMe to detamine ifthe tria is Muenceci by 

gender but HoMj (1920) reportcd it to be mon wmmon in maks whüe Steiner (1943) 

reportcd it to be mon common in f d e s .  

Scori~proft4cd. Miid expression oftbis trait is mrnitèst as a a d ,  fused aibercle that is 

aimd but d a o  not extend beyond the lateral bordas ofthe transverse processes. 

Because it was expected that this fwm ofcervical ni w d d  k diflticuit to i d e  with 

consistc~lcy, it was not scorecl as present (Figures Sa and Sb). însted, oniy those cases in 

which the costai proccss was cleady elongated, or an articuiar f h t  wu obsmnd on the 

body or transverse process of the vertebn, were scoreci as preseat. Ambiguous cases 



FTGURE 8a Superior view ofseventh amical v a t h  showhg articukr hat for 
ceNical ni. 

FIGURE 8b. L a d  view of srme seventh d c a i  vertebra showing atticuiar firat for 
cervical ni. 





were scoreci as absent. Inter and intra-obsewer agreement for this trait were caladatecl as 

0.995 and 0.987 respectheiy. 

Fùst Iumbw YCrtCbPQ m rn&&d unit 

The apophyseal aoetS of the thoraclk vertcbrae are oricated comnaUy d e  those of 

the lumbar vertebrae are orientcd mghüy.  Norminy the hais ofthe tweifth thoncic 

vertebra are transitional: the supecior hcds ue typicaify t h o d c  rad the -or hicas 

aretypicaUyhimb~.Kaa~11rutbe~~~umt,the~enebninwhichthctnasition 

ocairs varies among indinduais. W h  it ocnas in the cleventh t h o d  vertebra or 

higher in the vertebrai column, it represeats a aania shitt, ami when it oocun in the first 

lumbar vertebra or Iowa it rcpresems a caudal shift of the thoracohunbar border (Barnes, 

1994). In this study the fast himbar vextebra as anticlinai unit was wnsidered as trait 

present. 

Etioiogy. Though the location ofthe auticlinlll unit W dateci to, and ciffeets moverneat of, 

the vertebrai whimn (hckes, 1977), the fid that it reprrscnts a craniaimdsl shat in 

axial -on suggests that it is genetidy W. 

Popl l~m~equency .  Tbae is evidam tht the âeqictlcy of the 4 anticlinal mit wies 

betweai poplttions. Stewirt (1932) reportecl a &equcney 2W in an Eslrimo skcletal 

sample, Jackes (1977) reportai a ticquency of 34% in an Ihrroa Iadian skdetal sample, 

and Lanicf (1939) reporteci a fiequency of 12% and Ph in a US. Black d e  and U.S. 

White d e  sktletal sample respectiveiy. 



Age and= effec~. No data are available on the effêcts of age for tbis trait. In ternis of a 

sex &ect, som data indicaîe that it is e q d y  <ostnied (Mabs, 1974), or is more 

cornmon in fbdes mxnpared to maies (Stewart, 1932). 

&oringprotocoi. This This was scorecl a, p m a t  if* the left, right or both supaior 

hcets of the first lumbaf veztebra wae of the thoracic type anci the -or ncets were of 

the lumbar type- If the antïciinai unit occw~ed at any other vertebrai level the trait was 

sornetimes ocan gndualiy over more thn one vertebm In addition, it can occur at 

different levds on the left ad right side. In spite ofthese diflticuhies, the inter and intra- 

observer agreement r d t s  ue high, the phi d c i e o t s  caiailned as 0.832 aad 0.837 

Lu& nb 

In archaeolo~d skeietai samplcs a 1- nb is usudly represeated by an artidar 

frcct, located either on the t rammm prooess CK the body of the bt lurnbar verteha 

(Figure 9). They range in size from smail tubcrcle- or wing-sbped bonts, to long narrow 

me ribs. Tbey are uaially bilaterai in dccurtcl~ce, though often aqmm&C in 

morphology. 

Etiologv. A A b a t  ni is fi,rmed when the transverse process ofthe hnt Iumbar vertebra 

develops fiom a separate ossification centre and does not fbse to the body (Epstein, 

1976). It represents a caudal sbat at the thoracolumbar border. The clinical importance of 

this trait is not clear (Bame~, 1994; Epstein, 1976; Steiner, 1943)Popu~onfiequency. 

Population fiequencies of this variant are difEcuit to determine Born the literature. Lanier 

75 



FIGURE 9. Lateral view of first himbar vertebra showing articuiar ficet for lumbar ni. 





(1939:410) reports that it is "almost eqyaliy commoa to mgr0 and white males", Merbs 

(1974) reports that caudal shat at the thoracolumbar border (&ch included fiist lumbar 

an t ich l  unit in addition to the prrsena of Iumbar nbs) occun in Wh of Eskimos and 

26% of Amai& whüe Steiner (1943) nports thaî Iumbar ni oocurs in 0.0004% of 

patients nsiting the Uaiversity of Colondo Medicai School and Hospitals. The hcpency 

in Steina's sampIe is probably sigdicantiy Utl<itfcStimafed because ody longer nis wouid 

be detected on dognphs. Another ditllicuity m determinhg lumbar ni  fhpencies fiom 

the litenturc is that the pnrena of tbis trait br been used in the past to i d e  the 

occurrence ofan additional (13th) t h o d c  vcrtebra. In othr words, any vertebra wàh 

associateci nis wis considerd as thomcic (Stewart, 1932). 

Age andsa eflects. Saunders (1978) shows thaî adult age &ectS vary by population. 

She fomd no s i ~ c a n t  age changes between ercb addt age group in two Amerhd 

skeletal samples, but did h d  a si@cant demase in hqpency between the youiig and 

old ad& age groups in her Eskimo-Aleut drdctal sample. The c&cts of gender are not 

clear Lumber nis =y occur equrily in d e s  and f d e s  (Saiders, 1978), more o f b  

in fernales (Epstein, 1976; StQncr, 1943) or wm o h  in MLes (Sbmod a d  Jmgbimns, 

197 1). 

ScoringprotocoI. Lumbar ni was scored as pnsem if an articular fàce& was o b d  

anywhere on the body or transverse procas of the first lumbar vertebra. 

Because the artidar facd varies a great deal in location and size and is easily 

obliterrited ôy minor bone destruction, lumbar nb is difl6CUIt to scon consistentiy, 

partidarly in archaeological skeletal samples. This is refiected in both the inter and intra- 



o b s m a  agreement phi coefEcients which were caiculated as 0.741 and 0.800 

respectively. 

Sirc unif sacmm 

Etioiogy. The sacrum U nomaily comprised of ûvc fûseû vertebrae but a decrease or 

increase in the total mrmba cm ocaa. Variation in ninnba is established ePrty in 

embryologial ûevelopmnt (21 dsys) whea the paraxiai mtsoderm on each side of the 

notochord begipis #graesition to bscome sumites. Usurlly f ie pairs of somites occur in 

the s a d  region but additional (or h) an be formsd, *ch I d  to the deVGfopment 

of additional (or fmer) v a t h  @arnes, 1994). Euly brrcding aPagnmts Wcate 

that numetical varhtions ofthe vertebral columo ue keditary mer, 1939). Additionai 

work in this area mdicnes tbat a variation in vertebrai mmiba represerrts a aaniol or 

caudal shiq and dus is genet idy based (Kuhee, 1936 in Saunders, 1978). It is 

important to note that the presence of a six unit sacmm does not always oow Pt the 

expease ofa vertebra fiom a contiguow regioa; Le. it does aot neccssiirily remit fiom 

sacdzation of the Hkh or sOdh lumôar vertebra or fusion of the nrst cocqgeal- In other 

words, six uih srarmi may represent ui iadcpeadent variant. Unfôrtunateiy, this trait has 

been neglected in coaasrt to the attention paid to the pmum of transitioaaI vettebrae at 

the lumbosacral border. 

Popfah'onfieque~~age d s e x  efec~. Mabs (1 974) reprted a ne<iuency of44% in 

an Eskimo ske1etal sample and 26% ia a Northwest Coast Amcfind skeletai sample, 

indicating that prcsence ofthe six unit sacrum varies signiûcantly between populations. 

He also noted that the trait occmed in 54% of d e  and 35 % of female Eskimo 



skeletons. This suggests that its ddopment  m y  be partililly mediateci by size 

differencesces Thae are no data mthble on age etliêcts, but b u t s e  t is niSnifest at an 

eady stage one w d d  atpcct it to remain age d e  tôroughout aduhhood. 

Scoringprot~~~I. Because oftbe disculfies in i d e  the fhtors that lerd to the 

development of a six mit sicnmi (Shmod lad Junghanns, 1971). the decision was made to 

include all individuais & i i g  the &ait in the category oftnit presed For individuais 

with fin, fwr or serin slal VÇffebrae the trait was scoreci as absent. 

Inta and intra-obsc~cf agreement scom wae expected to be hi& but were 

calculated as 0.720 and 0.806 respective@. These d u e s  perhaps d e c t  the difficuity of 

deteminhg wbetber or not bony fusion had ocnimd in spechem with adherent soft 

tissue- 

Lumborrzotiovr of rrkc/irsi rwrol YCItebm 

When the first sacrai vertebm is t'lumbarizad", it take on characteristics ofthe lumbar 

verte& and in admm cases, is detachtd &om the sacrum (Figures 104 lob, 1 la, and 

1 lb). Tbis is a complu vciririat, not strie dicbotomous, but rather atpnssed in stages of 

încreasing !mmity âom budy perccptiife signs ofhndwmti . . on, to uitimate acpression 

as a unit with no point ofbony Won with the rat  of the sacrum. Each e1ement of the 

nrst s a d  nrtcbn cm be aikted and to varying degrces. 

The variations indude: 

1) anguhtion ofthe body of Si to that of S2 such that a second SlDCCPL promontory occurs 

(distai to the usuai k-Si promontory) interrupting the norrmiy. smwth concavity of 

the anterior sacral h; 



FIGURE 10a Anterior view of sacnim showing Si tumôsrization- 

FIGURE 1ûb. Posterior view of same svmm showîng Si luxnôarhtion 

FIGURE 1 la Anterior view of sacrum showing Si iumbarization 

FIGURE 1 lb. Posterior view of same sacrum showing Si lumbarization. 





persistence of a disc epace b e e n  SI and S2; 

alae siophg W o d y  60m theïr m o n  with the Si body ratha than k g  horizontal 

a s i n t h e t y p i c a l m  

laniiniu portions ofthe Si vertebrai ruch separated by a gap fiom th& nised d i d  

homologues; 

infkrior articuiar process dements of Si more d i s h d y  developd tha normal; though 

tovaryiagdegrecs, aihniruring in morphoiogy consistent with that of~ydewloped 

S& synovial fscct joints; 

the transverse demeut of Si separateci from the latemi mas, thwgh in hi* variable 

forms and degrees of expression. 

The varying expressions Unrohg the transverse dement separabion cm occur d a t d y  

or biiataJS, and when pnseat bilatetally, am show markedy asymmetncai degrees of 

expression. The dations 1) to 6) tend to be expressed amuhtkely, such thaî 

individuais with walt  madbtïons might show 1) to 3), those with moderate mrinifestaion 

wodd have 1) to S), whik incihiduais with 6) gssiailly hwe most of the other 

characteristics. 

Etiology. Lwnbarhtion rcpments a caubl sbiff at the lumbasacral border. This is 

knom to be the most common area of the vertebral column in which border shifts occur 

(Barnes, 1994; Shmorl and Jungiwms, 1971). The reawn for the SM is not ciear but it is 

suspecteci ta be related to a delay in the fotmation of the vertebral ddopmental unit 

(precwsor of the imavertebral &SC and adjacent vertebral segment) that bordas the 



lumbar and saad regions of the vertebral column. Because diffetent portions of tbe 

mesenchymil vntebd cohunn appear and deveiop at diBima times, the direction of an 

existing sbiff necd not be in the same âirection as otha U t s  oômed in the associated 

vertebral cohmm (Barnes, 1994). 

With the ewoiution of bipedality and the C O ~ I C O ~  need for an increasiagiy stable 

sacrum, the last two lumbar mebrae beaune incorporateci hto the srcnim. i-e. 

representing a onalll (Ab- 198% Merbs, 1974; Mitchdi, 1934). Despite this 

evolutiomy change, the human mcbnl cohimn has teaded toanrd a caudal sbift which, 

ifnot held in check, can result in the borda moving d o m  even further, partjculariy in the 

Iurnbosarral region (Bames, 1994). 

ClinicaUy, an individuai with this tnit tends to remaia asymptomatic throughout lifé 

d e s s  the spine is trwmetized or subjcct to a d e d  increase in stress, such as wodd 

result fkom pregniaoy, or a large weight gain ova a short paid of t h e  (Kahler and 

Z i a .  1%8). The trait may hve a wcakening &ct on the stability of the articulation 

baween the himbrrized vertebra and the vertdm superior to it (Mitchell, 1934). 

Unilaterai madbmion of l m k h t i o n  is both more oommon and prone to more clinical 

problems than b i l a î d  aud&mtïon (Kohler anci Z i ,  1%8; Bames, 1994). 

Kuhne's (1932,1934,1936) ciassic work, besed on extensive pedigree audies, shows 

that thae is a strong genetic tenâency for onnlll and caudal shiftuig (Barnes, 1994). 

More recently, atpaimental work on the rabbÎt has ideniincd a single gaie respomile for 

a shiffing at the lurnbosacrai borâer (Sawin a al., 1967). 



PoplCrfionfiequency. The pattern of border shiftïng seems to vary si@cantiy among 

populations tbough lumbiaionper se has not always been investigated in isolation of 

other borda sbif€s. Because of the difficuities in distiagukbg ôetween ludmidon of 

an SI and srarünbion of rn k (or k), some rcsearchers have avoided the probtem of 

distinguistiing~thanbycrlliagtbemita"traasitionalvatebra"rttbehmibod 

border. Mabs (1974) rrporis a hquency of himbuiziton in 34% and 32% of ihdividuais 

in an Wrimo rad Amaind dreldil samplt nspeOtiVdy. Sauaders (1978) repofis a 

fiequency ofhimbosad ~ o d  vatcbnc as 13% m a combîned EskheAleut 

skeletd sample, and 13% and 1.5% in two dkthct Amrind & e I d  samples. 

Age d s e r  eflec~. S d e r s  (1978) f d  no signifiant adult age cftkts or sar 

ciiffieraces in an Eskimo-Aleut or Amagd dceletal sample. 

Scorngprofocoï. S d  authon have cautioncd agaïnst trying to distinguish between 

lumbarization and s a d i d o n ,  partinilrrly when the astire vatebrai coluam is not 

present (Kohler a d  Zimmer, 1968; Shrnori and Jmghrimis, 1971). However, because 

variation in the vatebnl column U common, pMicuiariy in the Iumbar and sacrai regions, 

vertebrai number sbaild not be uscd to i d e  a traasitional vateôn. This is tnie in any 

case but espeailly truc with archaeologid m a t d .  A situation d d  ocnir where f i e  

regular 1umôar, one tmdional and five sacral vertebrae are observeci in a singie 

individuai. Another source of di&iarity is tht incorporation ofthe coccygeal vertebra into 

the sacrum is commoq and ocavs with i n c r d g  fhquency widi advancing age (Bames, 

1994). 



In this study fm lumharization caîegories are used that ranged from cke&" to 

cccomplete" and were o n g ï d y  deveioped by NSOssenberg ôased on the feitues 1) to 6) 

d e s c r i i  above. Prior to finai ady& the categories were coiiapsed kt0 a single 

category of Imhrhtion prc~eat. 

In her scoriug pfotocol @or to 1994, N.S.Osse&erg attcmpfed to distÙ@h 

h e m  slasüution and himbarizasion, and because ofthe difficuities associateci with 

that, it was expccted that intcr-obsewer ypament leMi w d d  be low, which it was, 

0.432. latta-observa apmmt was 0.759. 

U@nendamh 4thefinircicrrdmeh 

A d e f i  in the neurai arch can occur rnywhae in the vcrtebral cohum but is most 

common in the nrSt d vertebra (Epstein, 1976; Craigmile, 1977; K o k  and Zimmer, 

1968; Lorber and Levi& 1967; Sduga, 1988; Shmorl and Junghanns, 1971) (Figure 12). 

Thecl&wiesinmZenOmahairtlliecracktoafairtywide~,aadisuwially 

symmetricaUy situatecf in the msdian pluie. However, ifoaly one side ofthe arch is 

afiècteû, the opposite side wül grow w d  its bouiduies, subsequent to the sffected 

side niilEag to meet it at the mi- 1994; Epstein, 1976; Kohla and Zimmr, 

1968). The ci& is med with tough fibmus tUsw which assists die bone in protection of 

the underiying structures (Bames, 1994). 

in the clinical literature tbis d e f i  is refared to as spina bz@& uccultrr *ch includes 

defècts ranghg nom meningeai invoivmnent done, to the meninges and neural tube in 

addition to boue. The tenn "occultas' refers to the fbct thaî in ail cases the defect is hidden 

deep to the slM. Bames (1994) notes tht spina bifida occulta without spinal cord 



FIGURE 12. Posterior view of s a c m  showïng Si cl& nAtral ardi. 





involvement is a developmentai deféa of the neural arch (Le. of the bone), whereas spina 

bifida occaûta with spinai cord mvohement is a developmentiil deféct of the n e u d  tube. 

Though ôoth are geneticaliy bpsed, they represent d e f i  tbat occur at diffkrent stages of 

development, and ideaily, rbould be aeated as distinct traits. Unfortunatdy, in 

archaeological materiai it is airnost impossiile to distinguish between the two fi,rms @ut 

see Barnes, 1994). Neverthdess, it is probabiy safè to assume thrt the @ority ofdefects 

observeci on tbe nrst sacral vuteka are t&ed to nnurl a d ,  rather than to a d  tuk, 

ddeve10pment because the hfmcf arc more coimnon and ue clinicrlly insigiiincrat 

(Bmes, 1994; Cnigmiie, 1977; James and Lasman, 1962; Sduga, 1988; Shmorl and 

Junghamis, 1971) whereas, within the conta ofarchaeoIo~d skdetal samples, 

individuais with n w r l  tube dcvdopmentaî defis  wouid be udikely to survive to 

adultbood (Brsdtmiller, 1984). 

Etioiogyogy Duhg embryological devdopmeat, the sclaotome segments sutromcihg the 

notochord grow posterioriy to form the prcctlfsors of the neural arches. Choncirification 

of the arches k g h  at the left d right jmctions of the n d  arcâ aud vertebrai body, 

and extends postcrioriy untii, ôy the third math, the adagimw archs unite and 

surround the spinal cord. OssiGdon ofthe n a d  arches originates h m  two cehtres 

loaîed at the pars intCf(Vficuhis und, in the sacrai region, coammces between the f o d  

and sixth fetal months. As is the case for the ddopment  of the s t d  aperture, a 

developmaiul defCa in ossification ofthe nami arches results fiom hdty dmlopmeat 

in the precsdmg daginous or mesenchymal stage and is genetidy based (Bames, 

1994). 



FsmiliaI studies designed to detenniue the relationship between spini biiida occulta 

and spina bindr Cystica are dBicuit to risoess because of inconsistencies with the dennition 

of the tnits ad a lrck of cornparaive mcthodologies. Asymptodc parents of o B p ~ g  

with spina Mida cystica, or other fbms of n d  tube detècts, wae shown to have a 

bigher fiequcacy of spm0 Vida occuita than the geaal  popuiition (GPdaa et al.. 1974; 

Lorber and Levick. 1967). On the otba hand, hureme and coiieagues (1968) found a 

relationsbip h e e n  spina Vida d t a  with n a d  tube defi~cts and spai bieda cystica, 

but not bawan spina Vida occuita with aanJ arch defCcts ody. Again, Barnes (1994) 

cautions that the two fwms of spini binda occulta rrsult from developmentaî d e f i  

ocairriag Ui M i  tissues. This d a s  not n-y exclude the poszniiiity that the 

same set of ge~es contriiutes to both types of defis.  Further assessment of the 

relationship between these disordas is required. 

Popuhtionfiequen~y~ in tams ofgeographical distriibution, there is definitely variation in 

the fieqyency of cwgenital mnlfndom in g s n d  ad neuni tube d e f i i  in particuiar 

(Craigmile, 1977; 19û4; Post, 1966). but whdha or not this is the case for spina 

Vida ocailt. witbord nainl tube defixts, is not cleau. Ifthese d&s are genetically 

relatid then fkcpency ddfkrc~lcts betwœn geographicai popuiations are expected. 

Age rad sor ej@ects. Becstuse of the ddiiaihy with the definition of "spina bifida" in the 

clinical iiteratwe, it is not clear if, and to whrtt extmt, age and sac are fkctors in trait 

eXpfeSSi0ll. 

Scoringprotocd. in any individual whae the two hahres of the neural arch of the nrSt 

sacrai v d n  âaâ not ftsed, the trait was soored as pnsait. As previously discussed, 



this cm be manifest es a smail or Irirge cl& in the midsiigi*ril plane, or offset to the left or 

right, or CM bave one side ovaispping or "ridmg up" ova the other whaeby the cl& is 

oblique in orientatioa la cues w h e  the second vettebra was rlsb riffêcted, the trait was 

scored as present- However, ifthe eain sacral ami was open the fèature was scored as 

unobservable, because the Ima is m e  Etiy to reprisent a severe fom of spina bifida, 

Manifistaton ofneurai uch defict of the first sacral ver teh  is d y  dear errcept in 

cases w k e  the two arches had met in the midline but net desccd. Inter and intra- 

obsaver aior for tbis tnit hd phi coefficients caicuked as 0.868 and 0.852 respedvely. 

Egh Scifmlltanrs 

The sacnl hiatus is d&ed as îhe iafaor openhg ofthe sacral canai. It no- 

occurs at the kvel ofthe fi,& v a t b  (Trotter a d  Letterman, 1944) or lower, but 

location can vary wnsidcrably among individuais (Anderson, 1%3; Barnes, 1994; Trotter 

and Letterman, 1944). 

EtioIigy. Factors tbat determiae the mat  dimi adent offhion oflefk and nght laminae 

are not weü undemtood. Dedopent  ofthe tnit may be related to chondtification of the 

neural arches of the sacrum 

PopIaîfonfrequency. Trotter and Lettetrrrrm (1944) report the hiatus to be above the 

fourth vertebra in 45% ami below in 203C of iadmduals h m  a skcietal simple of US. 

Wes and Blacks. Stewart (1932) reports it to ocair at or above the leveI of the third 

foramm in 13% of indnriduals in an EsLima skeletal sample. 

Age d s e r  eflecct No information is adable on the cnéas  ofage and sex on the 

fieqyency of bigh sacral hiatus. 



Scorïngprolood. Hïgh sacd hiatus was counted as trait present when it was situateci at 

or above the levei of the thEd sacrai vertebra In cases where a oomplete sacrai  spi^ 

bifida was present, sacral birhis I d  was scoreci as unobservable. 

There is some ambigu@ in recordhg this trait because id- the levei of the 

~atusdependsso~ontbe~~whichthesrrnimismweddisasomewht 

subjeciive asmema& Neverthtlcss, inta and intra-observer agr- of 0.868 and 

0.799 respectbdy wcre higher than expeded and considercd icaepable. 



STATISTICAL METHODS 

Descriptive statistîcs 

Sunutmy statistics patiinmg to nimbas of observations with trait present, totai 

munber of observations a d  corresponding percentage tiequencies by popdation group, 

sex and age group wae tabulated for each of the 14 traits. 

Logh Moddiiig 

Categorical data d y s i s ,  applicable to variaôles in the form of categories, presents the 

researcha with partiailrr challenges that are not encomered in the anaiysis of wiitinuous 

variables. Categoncai variab1es aich rs trait presendabsence are not arnenable to the 

numerous well dmloped and widely used statistical techaiques, such as analysis of 

variance and regrcssion d y s i s .  Recaitly, wÏth the increasïng availability and use of 

oomputer technology as atool in strtisticai adysis, several advsnces have ban made 

within the field of categorical daîa dysis .  The developamt of logit modeling is one 

example. Log& de l ing  is d in thîs study to determine in what way, and to wbiit 

extent, the variables populaîion group, age and sex Iifftd the prcscIIce of non-wbic traits 

of the vertebrai oolumn Logit models can be devdoped in two diffcrcnt ways: directiy, as 

a nahual description of binary respotisc variables, or as a by-product ofloglinear models 

which are applicrbk to data in the fom ofmultiway fieqpency tables. A wmmon fame 

of both logit and logliaeu models is the "odds ratio"s a statistic used to descri'be the 

association between two categorical variables. 



To understand the theoreticai underpinnings of logit modehg some knowledge of 

odds ratio rnd logliaear analyses is requind. The fbiiowing two sections wül serve as an 

introduction of these techniques. This wiil be foUowed by an introduction of logit 

modeliag and r discussion of its specific application in the pnseat shidy. F i i ,  the 

stepwise ptOC8dures used to iden* the most appropriate or '%est" mdel  will be 

O* rrtfio 

The odds ratio is a mrsure of association betweea two categorical variables. 

Comida the foUowing example of a 2-by-2 contingcncy table coatliiaiiig the fiequencies 

of cross-cMcations of the two categoricai variables, "Trait Prcimf and 'Topulation". 

Yes 20 10 
Trait Pteseat 

No 92 86 

The odds of having the trait prcsent are 20192 or .22 to 1 in popdation A and 10186 or .12 

to 1 in population B. From this ulformation one CM calculnte the ratio of the two odds: 

.22/. 12 = 1.8. An iidividud in popuîation A is almost twiœ as ükdy to exbiiit the trait as 

an incihiduil in population B. Ifthe odds of hrving the trait were the sarne in both 

populations th& od6 ntio would eqUa 1. An dds ratio of 1 indiates statistid 

independence of the variables Population and Trait Present, which can also be determitleci 

fiom the chi-square test of independence. An advaatage ofthe odds ratio over the chi- 



square test is that the former dso indicates the degree of association between the two 

variables: the hther the odds ratio is h m  1, the greater the asdation. 

The odds ratio meaimes negative ad positive d o n s  on diflkent d e s ,  the 

former on the intend O to 1 and the latter on the intanll  to hhity. Variables nom two 

different contingmcy tables, which ahiiit the sune kvd ofwoaition but in opposite 

directions, Win have odds ratios which are reciprocds of one motha. 

A simplifieci rncaswe is obtaincd by caicuIsSing the logadun of the odds ratio. In 

tams of this masure, taôks wah cqwl d o n  but in oppsitt directions, bave log 

odds ratios wfiich are the nqaîive of one inotha, nqptive asso&ions lie h e e n  

nqative Eifinity and zero while positive BSSOCiBtions lie between zero and infiaitl with 

zero repreSeatiag stathticai independence. From the fbllowing table, where IC repfe~~llts 

the population probability ofbeing in one ofeach of the four celis, 

Variable A 
Al A2 

(Wb) odds ratio = 8 = - 

An estimate of the odds ratio, or log odds ratio, can be detenaitled by replacing the 

unknown population probabilities (x )  with withple fieqyencies (n) or proportions @): 



Thus, an approximate 95% coniidemce inteml for the simple log otîds ratio is given by 

loge f (1 .%)sE-~o~~ . An approxhate 95% confidence interval for the hue 

(population) odds ratio folows eady  as the interval with lowa and upper endpoints: 

d o g  [loge -(1.96)-loge ] and M o g  [loge +(1.96)SE-logû 1. 

Note that 1.96 is the 97.5th p e r d e  of the standard normal distriution. 

This method of miisuring association bas three propaiies that are advantageous to 

the present study. F m ,  the odds mîio can be used to make specific statemen*i about 

the data. Fiom the table on page 91, one can say that an individual in population A is 

almost twice as Iürely to have the tnit pr- as an individual in popdation B. Secoadly 

unliLe phi and Peusoa's cbi-qgued, the odds d o  is d e c t e d  by scahg of rom or 

colurrms. SpecificrUy, adrrsne range in d e s  among the margimi totals will not d a e a s e  

the magnitude ofthe measure. In addition, it cui be used to compare relationslips 

between variables across numerou dtidimensional tables. F i ,  odds d o s  ocair 

naturally in loglinear and logit modds and thus provide an effective interpretation of the 

results of this type of adysis.  



It shouid be noted thaî odds ratios can be useâ to caldate association in three-way 

and bigha dimension tables, and thot the variabIes n a d  not be biauy. An 1- table 

contains subscts of 2-by-2 tables d odds ratios cui be caîculated fw each subset- This 

allows the researcher to "isolate" diffbent puts of the table, and thus indgate,  various 

subhypotheses of specinc interest- 

From Reynolds (1977:43), kt Pg dswte the proportion of obsemtïons in the ijth celi 

of an ' b y J  table. A basic set of odds ratios is then 

In tbis aample the bottom right cell of the cable is the refereace point. This is consistent 

with the "corner-point" coDstraints used in the logit am@& (dedineci later). 

Lqglinear aneij,sis 

The goai of logiinear analysis is to %dd" a mode1 that wcounts for the pattern of 

data distribution observeci in a muitidirnensionai conthgency table. The modehg proass 

focuses on rehtioaships amoag response variables (M 19%: M6), and k e  0 t h  

statisticai techniques, attempts to explah variation h the data The unit of rnaysis is the 

c e U  fie~uency. The metbod consists of exptorisg a hnq. of ANOVA-like modeis for the 

logdrhm of the expected celi fieqaency. 

Loglm, modeling is simüar to CS-square dys i s  in that expected ceii 

âequencies are wmpared with observed cell fietpendes. The iatter provides a test of 

independence between the two variables: under the iissumption of independence the data 

would be distributed in a specified way. This pattern of distriiution, expressed by the 



expected fiequencies, ïs iscompand to the observecl fiequencies. With oâds ratio analysis 

independence would result in an odds d of 1 d a log oMs ratio of O. Logiïnear 

analysis is more detailed than the chi-squaite test of independence because it d d s  

simdtaneousiy with severai categorical vaziaôles and interactions among these variables. 

The metbod proposes and tests, in a stepwise mumr, various modeis. Choice of the best 

modd is uaully daamuieci fiom either ofthe two foüowing procedures: 

Forwwdsdectim. The base model coatriiis a single tam for each variable. 

Interaction tams are added separatdy to the base model and the tam that &es the 

greatest improvement in nt is added to give the new modd. The process coatinues 

untii the best mode1 is i d d e c i .  

Backward elinindon. The most cornplex, or saturatecl modd is chosen as the base 

model and terms are removed suctessively, the thene! having the least e&ct on the 

goodness of fit king removed W. The simplified version becornes the new mode1 

and the proass continues until the best mode1 is i d d e d .  

Note thaî in the b a c h d  elimination (forward seleaion) p r d u r e ,  once a tam is 

removed (dded) it is no longer a caudidate in the cycle (Bishop, Ficnberg and Hollrnd, 

1975: 165-166). For both fonwd selection and backward efimimrtron, choosing the best 

model to npresent the data invohres a cornparison of observed cdl values and estimateci 

expecfed celi dues, the latter of which rn bascd on the proposeci model. 

It should be noted that thae is a practical reamn why the logaduns of arpeded cell 

fiequericies are useci to buiid models. Though it is byond the scope of this work to review 

in daail the properties of log-, note that ifA=(BxC) then log(A) = log@) + log(C); 



that is, logar&m comert muhiplication to addition- Associations between categoricai 

variables in a muitidmiensionaî contbgency taôie are expressed by muhiplicative 

relationships amng d probrbîüties or, eqievrlently, c d  mencies.  Ushg logarihu 

the relationships am comrerted to ad* (ANOVA-like) models fw cdl log-otpected 

fiequencies in tams ofparameters for -enlas and insefactions oftbe variables m the 

table. 

The following b an exrmiDItion of the potentiai modeis that could account for data 

fiequemy of a celi in the ith colurmi anâjth row Mda the proposeci rnodei, ancl let the 

row and mkmm variables be denoteû as A and B nspcctiveiy. Though the choia of 

parameter constrpms is arbitmry, the SAS GENMOD proceâme (SAS System for 

Wmdows, version 6.10,1993) sets the psrameter h r  the iast level of each miable equal 

to zero, the SO-CaUed ccwrna-point" constmhts. As wiü be shown, this dows parameter 

estimates to k dmcdy comrerted to odds ratios (Agnsti 19%: 149). 

1) No Egects M d f .  Iîthae ate no mw or cohmm d k t s  then the logaduns of the 

expected~CIICi~~in&cdlwiüsqurlacoanint. WnttcnmatheaiaticJry,theno 

& i  modd is 5, = p. The parameter is denned by the corner-point coastrrllat 

such that p = &, . The no & I S  modd indicatcs that dl celis of the table are qui- 

probable, and as a consequencc, tht the citegories ofboth variables are ecpi-probabie 

and there is no assaSon betwcm the two variables. In a 2-by-2 contingency table, 

the probabüity of behg in a givai cdl is 0.25 and the variables A and B are statisticalîy 

independent. 



k = p + p:. The term p: denotes the ith &kt of wiaMe A In tbis m ~ d d .  the 

p: = A,, - X,, - u d l e s s  of the Jizt of  the table, the row &eds can k considend 

as a set of panmeters, one fÔr each l w d  of the row variable. The row-efEect~dnly 

moâel assuts thpt the levsls of the coIumn variable are spuilly probable, the levek of 

the row M N M e  are wt, rnd the two variables am statistically independent. 

3) M d k I C ~ ~ C o k m m E f l e ~ .  A.y= ~+p~ ,wi th  

modd lad io dogous to the d e d y h g  modd on wbich the di-s~uare test o f  

independencc is based. The modd States that the d i s e i i o n  of Vanable A and 

variable B rn not equai raoss aii catqories and, most importrntty, that A and B are 

statistidy îndepedent. It is easüy seca t h  the log odds ratio, 

h,, + L, 4, - k,,, equJs zero, i.e. the odds ratio equais 1, indicating m 

assoc&ion betweetl the variables. 

The independence modd can k considd the mod b8sic or smip1est iogiinear 

modei of interest. The first three modeis d c s c r i i  do not indude al1 of the main 

&eds (row, column and higher dimensions cffécis) and vay nrely represent reality. 



Such mdels usually apply to a very restncted set ofprobletm since they impose equal 

probabilities for categuries of variables whose terms do not appear in the d e l  

(Colgan a d  S d b ,  1978:153). 

5) I ~ c t i m  M&I. This modd Y identical to the p v i o w  one except fôr the addition 

of a two--or interaction tem that measures the association between A and B. It is 

writtenas Lu= p+pf +$+pV. Thevalueofpr Wgivenby 

"saturateci d e i "  because there are as many parameters as d i s  in the taMe. 

About the mdepcadence modd (#4 above) Apst i  (19%: 15 1) states "When 

variables are chosen wiseiy for a study, tbis modd is rady appropriate" (Agresti, 

19%: 15 1). Tht is, most logünear modds will coatain a least one interaction tam. 

hiefarchy prhciple . h i h e h y  priaciple statts that any mudel coataining an interaction 

tenn must also contain aii main c f f i  and lower ordcr interactions that are included in 

that interaction term Though it is possible @ut mathematicdly difiicult) to produce a 

nonbiefarchical mode4 the bierardiy phiple  aüows for m ordafy md easily iaterpreted 

method of building loglinear models. 



As noted above, the GENMOD procedure (SAS System for Wmdows, version 6.10, 

1993) sets the panmeter d u e  fbr the lrst levd of each variable equal to zero. Using 

corner-point consüahts thus defined, the White popuiation g w p y  old addt age cohort 

and f d e  geada group, are set to tao and cvay loglinear two-way insefaction 

parameter, p r ,  p:, p: is a Zbg & müo for the odls at the 4 cornas of a subset 

table. For the p l  intenaion tam, p l  = 5, + 7c- - kW - A,. (Note that each X 

term represents one of the four comas of a 2-by-2 subtabte fbr variables A and B). Thus, 

log odds d o s  fbilow d h d y  fhm loghau panmeter tStimatts ( A g r d ,  19%: 149 and 

160). 

w m 4 m  
Though logit m o a l s  CM be d&ed c h d y  h m  rrmltidimdod contingency tables, 

for the sake of sbplicity logit modehg will be consïdaed within the context ofits 

rehtionship to loglinear d e i & .  Logit modehg is used when there is s p d c  interest 

in the sfféots of explanatory (iicpmdm) variables on a singie, b i i  response 

(dependent) variable. Whüc the qwntity modeleci in logîinear rnilysis is the log of the 

apecied d hquency, m ln@ mod- it is the log odds of the response variable. The 

goai is to build a moda for the log dâs ratios that ii~counts f9r the observeci d o n  in 

the cell fiequencies. Log& modding is used in this study to detemine if; and ta what 

ment, the expianatory variaôlts of population group, age a d  sa affect the odds of trait 

preseuce versus absence. 



To iIIustrate the relationship ôetween loglinear and logit modeis, consider the 

foliowing loglinear modd that has k e n  Mted to a set ofdru containing variables for trait 

(present or absent), age and sen, denoteci by A, B, and C mpectively: 

Let kW =p+p:+$ +pF +wr + p t  +pz. 

Suppose A is a bmary rcsponsc variable with A=1 npresmtiqg trait present and A* 

represaitiiig trait absent, and B a d  C are explanatory variables, then the logit mode1 for 

the odds of trait present versus absent would be ertprrssed mahmaticaiiy as logit- = 

log(%) . B a r u  ofthe additive nature of 10@thms, 1 
tl2J.k 

Substitutkg the appropriate ioglinear modd finnulas, we get: 

log& =(P+P: +)(,B +pz ++p +ci$- + P ~ ) * P + P ?  +ci: +Clf +Lg +&'+P:) 

= (v: - P:) + (PU - CL:) + (vt: - II::) 
In applying cornerpoint coasaiims with the panmeter for the fmt lm1 ofeach variable 

AB AC set to aro. p: = P , ~  =pu = 0 , 1 o g i t P = ~ + p ~ + & ~ -  Substitutingp for w:, 

fl)for pg,aad PCfor riP,logitR- B+B:+~:. Thus,thclogodds~f(td 

present/trait absent) depeadr on a constant tam B , plus main effkcts for B (age) and C 

(sex). The fbilowing taMe compares logtmeir iad logit modds. 



A B C  +ci:= + + Pi ,k  

Another advcintrge of- moddiiig is that the panmeter estimates for main d a ~ s  of 

the explanatory variables repmsent log odds ratios betwaa the respoase variable ami the 

asdated expianatory vlviaMt- If the data in a 2-by-2 tabie are represented by the "one 

main &&cf' logit modd ihrrtntal in the rbove table, the di.IBcerence - 8: is the log 

odds ratio ofB with A (the respoaae variable). It foliows that because cornerpoint 

parameter constmhs set the fùst level otcach wiiMe to zero, B: = O; therefote 8: is 

the log odds ratio of B with A ûne need ody calnilate the adog of tbis p ~ m t n  

estimate to determine the odds ratio. 

In thïs study the odds d o s  Tor the population group variable wili contain the odds of 

trait present to trait absent of the White group in the denominitor. The odds ratio for the 



sex vrriabk wül cocitrua the odds of trait present to trait absent of the femae gender in the 

denominator. The odds ratio for the age variable WU contain the odds of trait present to 

trait absent of the old adult cohort in the denominator- 

Buüdhg the Lqit M M  

As the mader of variables in a crosdassi6cation tabte increases, the mimba of 

potentiai modds hmeases as wd.  It is not pncticai or realistic to randomly propose and 

test &eh. hstad, it is more &&nt anâ (for reasons d i s a i d  below) Ssatisticrlly 

necasuy to praead in a stepwise mamer- Though thcre is more than one direction in 

which this can k done, cg., forwimd~-eIe~on venus backward e I ~ ~ o n ,  the former 

approach will be usecl in this study. 

The goodmswf-fit test statutic used to compare the estjmated aqmted fietpendes 

with the oôscfved frequencics is the G~ or iikelihood ratio chi-s~uare statistic (Agresti, 

lW6:D). It is d&ed as: 

The o2 stathtic W asymptotidy equNlcnt to the Pearson cbi-square M c ,  and 

providcd the s~lllsplc sizc is adeqyate, follows the $ distnion. Degrees of fieedom are 

caicuiated as the totd mmibcr of allr in the table minus the totai number of parianmers in 

the mdel. An important pro- of the G' statistic is tbat it can be putitioned into 

additive components. As a cesuit, fUIthCC infodon about the contriution of an 

individuai tam, given the prrscnce of aU the otba tems, can be examined for statisticai 

signifiame. This is done by calculathg the différence ofthe G'S for the two modeh that 



differ ody by the tam in question (Colgan and Smith, 1978: 157). Like the e2 statistic, 

the delta & foiiows the dhriibution. Ifthe additional tam is stiaisticrlly signiscant it 

meansthsttht~ed~eaciesBSSOCiafedwiththelmcsmoddrnsi~unily 

diflfient than the expected ikqmcies associateci with the f w  modd. This,  the 

additional tam must be inchdecl m the final modd In summry, as tams are added their 

contriLbution to the modd can be assesd independentiy. 

The f m d  sefecn'on approach kgms with the most WC model which increases in 

wmplcxity as tenns are d d d  This p m e c h ~ ~  was d e d  out in QENMOD, SAS 

System for Wmdows, version 6.10 (1993) and is aidmed Wow. The White, old adult, 

femde group ans chosen as the G~comer-point" refbc~lcc group. 

Both G' a d  its assachteci significancc probabiiity (P) fW the No EflecctP M i l  are 

determinecl and examineci for significance- Because of the simpücity ofthis mode1 (it 

states that the log odds of tnit presence is the slme fbr aü cek in the 3-way table of 

popuiation grouiby-agcby-sac), it is not surprising that the expected rad observeci 

values digP Sigdicuitly. 

The popilriion gmup variable is added to the pmiiau modd. The new d and P 

values M u t e  to what extent the e~pected ~ c n c i c s  based on the new modd 

(which includes the constant tam itom the No Eflects M d f  in addition to the tam 

for popdation lpaup efièct) Mer fkom t&e obsemd fiequencies. The difference of 

G' statistics baween the No Efikts Mdel and the mode1 inchidhg an e f f i  for 

popdation group is calcuiatcd by subtracting the G~ and dcgrees of Aeedom ofthe 



latter nom the former. Ifdelia G~ is sigdicmt, this indicates that the new term. 

population grwp, is  statistically SiBnifiCaur. 

The same poadure is h e d  out for both the age and sex variables- 

3) Ofthe three new shgle-efcect mod& that are created with the popdation group, age 

and sex variables, the variable thtt c~ntn'butes most si@cdy to the m e  in other 

wor&theooewiihtbe~ertPvalue,~mesthemoddtowbichtbetwo 

prevïous step. Ifthe popuiaâion group tumwas most significanî, the age rad sar terms 

wÜi k added to the popilaion group e&d modd ta aerte two new 

modds. I f t h e ~ b e t w c e a t h c ~ ~ o f t h e p o p u l a t i o n g m u p & ~ ~ t ~  ad 

populpsion group plus age effids modd is si@cant, then the agevariable shouid be 

included in the modd. Ifôoth age and sar e&cts are s ip i f ian t  then the mon 

simat of the two wül k ioduded in the new modeî, and the less sigdicant tenn 

added, in the next step, to this modd. 

This procedure C O ~ C S  di no additionai tenns are stotistidy si@cant. 

Foliowing the cfroiœ of the best mode& puimercr estimates d antilogadthms of 

p-er estimates (Le. log odds ratios and odds ntios) llSSOCisted with tliis modd are 

produceci. 

Modd DUgnosiS 

In addition to the probability vahies aswciated with the d of each mode1 and delta d 

of esch added term, d l e d  residuais are a h  used to determine and assess the fit of the 

%est" logit moâel. Whüe the former c m  k considerd as a broad wamiiruy of how weil 



the mode1 &s the data, the latter provide more detded insight imo the fit of the data, on a 

cel l -byd basis. Adljusted miduah wen calcufated fDr each cdl in the multidiaiension 

table based on the fbiiowing formrila: 

fiequencies rrspectivciy in the ith whmn andfi row the of table a d  ve is its estimateci 

standard mot (Agmti, 19%:91). Provided a dcieatiy krga s ~ p l e  size, each a d l e d  

residuai wüi k approxiniately dhdmted as a strnd.rd normal variab1e 0.e. a normrlly 

dhributed variable with mern equel to zero and vinincc equal to 1 .O). Adjutcd 

residuaislessthrn-1.%orgrcaterthrn l.%(Le.thosetbat~withllitwostaadad 

deviatiom ofthe mean) indicate a signifiant discrepmcy betwcen the observed and 

expected fiequeacies in those dis, anâ save to idente where the fit of the modd is 

weakened. Tbough a certain mode1 may appear to nt the data betta than the subsequent 

more compk* modd in the sequence, an exambaion of the d . e d  residuais wili 

sometimes iidicate that the latter has fewa JUtisaicaiîy sigdicarrt adjwted residuais. In 

thiscase, thelrttawaildkcho~rstbtbcstddtofepr~the~. 

Once the îïnai modd is chosen the adjusteci rrsidds are uscd to assess its M. If 

severai are StatiStiaUy si@aat, it is o f b  poosibk ta decipber a pattern of deviance; i.e. 

is the deviance associateci with a specinc population group, age or sa? When oompared 

with the fiequcncy data of the subsamples in question, additional insight mry be obtained. 

in addition, Iowa and upper confidence intavils of the odds ratios are d d s t e d .  

The SAS System fw Wmdows, version 6.10 (1993) produces standard mors for each of 



the parameters in the nnal logit model. Confidence intemis BSSOCi8ted with each odds 

ratio provide i n f o d o n  regardhg the cange of values of all odds ratios d e d  with 

each cornparison 

htcs~Tmit A88acî8tiohL 

In addition to the &kcts ofthe wubles population group, age and scx on the 

expression of tmiî presendtrait absence, inter-trait assocttion U also of intaest. 

Determination of the existence o f d o n  bctween tnits, both cnnul and post-craaiai, 

has tradition9y beai iuvestimed with the X' test of independct~ct. The X' test Statistic 

does not provide information regardhg the saength of asahion bawsai two traits, 

instesd it simpiy indicaies that the trots are or ut not stathicaliy independent. The pbi 

coefficient is usal in this study because it specïfically m e s  the amount of rclsocuti 
. 
on 

between two traits, on a -1 to +1 d e ,  with zero i n d i d g  no asmhtion, and -1 and 1 

indicatin8 @ect assoc&ion The phi d c i e n t  is the categorid data q i d e n t  of the 

Peuson pmduct-moment correlation COtfficient which was deveiopcd fbr qmtitative 

data. 

B r i e  the phi d u e n t  maacuns the extent of asadaion krwan two ô i i  

variables, in this case two non-metric traits of the vertebral column. Phi is arpressed as a 

wmlatïon coef6cieat and is caîCU1ated fiom a 2-by-2 contingency taôlc arrangeci as 

follows: 

' Statisticians rescrve the word "correlation" for continuous variabies and "assaciation" for discontinuous 
variables. 



Variable A 
Al A2 

Bi ni1 Ill2 

Variable B 
B2 ml an 

The formula for calculahg the phi d c i e n t  is e x p r d  as: 

Phi mes ftom -1 to +l with zao indicating no asmktion bnween variable A and 

variable B. Because the phi coefficient is prc,portionai tox2, the Pearson chi-square 

indicete whaher the observeci association is due to a r d  relatioaship between the 

scorings or due to chance- Ifthe sample size is smrll, the s i g d i ~ l l ~ ~ c e  ofthe phi 

caScicnt is determmcd using Fisher's txact test (Siegel and Castdlan, 1988233). 

Associstions among traits are of interest withm the coniuct of th& morphologid 

examineci in an rncmpr to discsnipanem of relationships among oaits. In addition, a 

matrix of the phi d c i e n t s  was useci, in lieu of a codation mathc, in the Mahalaaobis 

distan- fonnuia. Iaf;ofmation pertaioiag to, and justEcation for. use of the phi 

coefncient in the distiuice fonnula appears in the fbIIowing section, Distance Anaiysis. 

riie SAS System for Wmdows, version 6.10 (1993) was used to calahte phi 

Coeflbicients, x2 and Fisher's exact test when sample sizes were d. The poolhg of ail 



daîa (by population grwp, age, and sex) for each aait resulted in a totd of 72 tests of 

associati011, 

Previousiy, pmba rnily8s b;is b u s e d  to madel the probrbilityoftrait presence 

agaiast the variables age, sa and skeletal ddbtmation (Kcmigsberg, et 1,1993). Robit 

a d y s k  was origjdy htmduccd for modds m torticology inwbich the reiationsbip 

between a specified dose ofa chcmical (e-g., a pesticide) and a qymtai response (dior- 

no- e-g., survivll vaais de;ibh) was meamd (Agrcsti, 19%:79-80; B i i p ,  Feinkrg 

and Hoilauci, 1975:367). The anaiogy of the "dosage tbreshold'' mode1 with the @- 

contMuous tlmshold d e l  pposed Iw the expression of non-dc  arits, in which the 

traits are the discontinuous mrphologicaî expression of an uudatymer continuousiy 

distniuted trait 'liabiiity" (Saunders, 1989), is obvious. Ln addition, the probabüity 

distribution associatecl with the probit values is a scaadrrd normal auw, the sam cuwe 

thiit is ;isrrumed to reprrsent the pmbrality of trPt liability. Koaigskrg d coileagues 

(1993) insettecl 'Ct)ireshold vahies'', or poat vaiues tht were estimateci ushg probit 

The sawappmachwiilbcbctJEenbere: thetrrit ~ctbresholdorlogitvahiesfiorn 

the log& models Win be inserted in thc Mahalanobis Df fimu&- Logit dues are 

considemû pnfcnble to -t vaiuts fw the fbliowiqg rerwns: 

1) Though the standard normal aim bas ban assumeâ to rcpresent the probabii 

distribution of trait liabiüty, this has never ban shown to be th case. To date, there is 

no evidaice to indicate that the undedying ooatinuous distriion ofthe 



phenotypicaily expressed non-metric traits is n o d y  distriuted. Ifthe assumption is 

wrrect, use of the probabiüty distriion ofthe lo@tic repsdon will not .tlcd the 

results bccause the logistic denaty cuve is, fbt practical pmposes, the srme as the 

standard nomai density m e ,  the oaly tWbmce being tbat the loghitic c w e  has 

sligbtly thîcker tails (Agresti, 19%:79). 

Panmeter esthnates produced during the logit d d i D g  proadrat hinn intecpretive 

due. The estimates caa be converteci dirccdy into log odds ratios, and hence into 

d d s  dos. The Ltta rrrdily l d  themscivts ta, and arc easily understood in 

discussion oc the results of the -61. 

The logit dues,  by popilaion graip. are CrlCUlllted as B ( c o t l ~ t ~ ~ i t  term) + 

population group parameter estimate- As sucb, the caldateci logit nhK may be 

interpreted as the a g i e d s e x d d ~  log odds oftrait preseace for the population 

group in question. The inclusion of an interaction ttennpoynrktion grarp*qge or 

papuWon gro~rp*sox in the logit modd iadicates that the popdation group miin &éct 

varies with, rnd is dcpadmt on, age or mr m p m i d y .  Tnatmcat of tn i ts  d o s e  mode1 

watainsan~eractiontermwil ibe~~thcResultssediot l .  

In sumrmuy, logit modcling produces a logit or "threshold" d u e  for cadi of the 12 

population groups to be included in the dbtance inilysia, by individuai aiut. Within this 

context the Io& value plays the role of the (age-and-S~K-adied) m m  of a logistidy 

distributed tnit propensity variable over ail individuals h m  a specific popdation group. 

Mahalanobis d (Mahahobis, 1936; Rao, 1952) is considerd the best distance 

d c i e n t  adable for continuous data (Consandse-West- 1972). It was 



originaliy designed to take iato aaount inter-tnit wrrelaîion and to staadardize the data 

by way ofa pooled dispagon rmtmc (variance/~~,VIViZlllCe matrix). In this study a mtrix 

of phi d c i e n t s  was used mstead ofthe pied chpersion mmix and the ratiode for 

this substitution is explaid Mow. expresses the distanœ betwœn two popildion 

groups and is calcaûated as follows: 

d = dTw'd wbae d represents the colmm vector with dements dl,. . . , d, di 

represents the dinience in the log& values ofthe ith trait between popuiation A and 

ppiiatioa B. for HJ,. . J, and dT denotes the transpose of the ~ a o r  d. The expression 

W' represents the imase of the phi cdicient rmitrix f9r ail traits, Le. each trait wül have 

its own column and its own row within the matrk, pool@ over ail popdation groups. 

The mathematid concepts related to the development of; aad the matrix operations 

required for, ddat ion  of Mahalanobiï d statistic are compkx @dahiambis, 1936; 

Rao, 1952) and are only bndy reviewed here. 

Like m4ny 0th distaDce scatistics datelopci fbr the uulysis of qurntiUtive data, 

Mahalanobis d is basai on squrrrd Euclidean distance, measund in an orthogonaî 

system,whaecomlationbnwantrritsisan,dthcnninceis lforeachtnit.  

Considered geumeffically, the addition of a2 to b2, r e p r d g  the sum of ~~uared 

differences for two traits betwee~l popula!ions A and B, eqwls the squared laigth of the 

diffaeaa vcctot, c2. Tbis is remmcent . . of Pytbagoras' tbearem in which the relationship 

between the hypotenuse and the sides of a ri@ angied thqgle is expressed by the 

equation a2 + b2 = c2 (Constandse-Westennann, 1972: 18). The incorporation of the 

pooled dispersion matrix imo the original Mahaianobii D~ formula was intended to take 



the inter-trait correlation and the trait variances into account by adjusting the data to M an 

orthogonai Jystem with unit miances. In this stuây a mrtra of phi &cients was used 

in lieu of the pooled dispasion mm8r, to take inteettait rosociition imo accouni- Phi 

mdiicients were caldateci between cach pair of mits nom data aggmpted over ail 

population sampIes, male p l u  fbde, and young plus ofd. A syinmetricai rnatrix was 

meated in *ch each tnit has its own coiuma and row, and the diagonal is equi to 1 

(1000!% assoam . . 
on)- 

The pooling of di popuiition sampies to caîcuiate the phi COtflticieats for the distance 

rneaswe foilows the same rationale uscd for podmg population ssmples prior to 

caiculation of the varianœkonnrirnce rmitrix fw Mahalanob'i D': It is assumeci that each 

of the populations represented m the sîudy shares the r#me variance per tnit and 

covariance per pair of traits (Constandse-Wcstmmn, 1972:6). Genainy, d sampie 

sizes discomage testhg this assumption 

The phi d c i e n t  is the non-ponmetric equivaient (except fw si-) of the Pearson 

product-moment correlation cdEcient, in the smse tM the frima measures assocMion 

b a w e a i t w o ~ e ~ m d t h k # a w r a i n s c o n l a i o n b e t w a n t w o ~ g t i v e  

traits. As one ofthe M o n s  of the poold dispaaon rnatrix is to take into account 

potcm*d correlation betwecn pairs of aiits, it wu, rclamied thiit the phi d c i « n  would 

do the same. 

Logit modeling provides estimates ofthe constant tenn (p) , and popdation group, 

age and sa parameter estimates for aü traits. The sum of the constant tam and 

population group parameter estimate represents the ttyeshold value on the trait propeasity 



sale for each of the 10 (of 14 traits for which a Io@ modei wuld be prduced) and 12 

population groupa. These wae used to cnate the ciifkence vectors r@ed for the 

Mahahobis D~ formule Specjficaiiy, for a @en pair ofpopulation samples, the 

ciiffierences betwween the logit d e s  fOr üaits 1 to 10 are calailateci, yieldmg dt to dio. 

C a i d o n  of Mahalaaobis d for each pair ofPopilition goups wiii nsult in a 12-by-12 

matrix of distance d c i e n t s  symmatncaî rbout the diagomi, each popdation group 

having its own row and its own coIii11111: the diagonal entries arc, of coiasc, zero. 

in view of the criticUms that bave kea leveled against the Mean Matsure of 

Divergence distmce strtisiic, a germai compyison was condudeci of the resuits of the 

two methods of raiilyais. Thus, Meiui Measure of Divergence distances were calcuiated 

based on the riw eequency data used to aeaîe the logit modeis. The fornula used is a 

modification of Smith's MMD, ushg the Freeman-Tukey inverse sine trdonnation of 

the trait fkequencies (Sjwold, 1977) and is as follows: 

f \ 



The Freeman-Tukey transformation was uscd by Osssnbag (1994) in hr publication 

of distance a d y s i s  based on a;iaiil w~t-metric tn i ts  b m  popdation gwps  thaî are 

similar in coaiposition to those adyzed in the prrseiit study. Both the MMD and 

Mahalanobis distrnce were compared with Ossaibag's intapdon of population 

afnmtes. In addition, Spcsrman3s ri was used to test the &-order cornlition bet-ween 

The Mahalanobis distanœ mmix and MMD dhtance mmix were subjected to cluster 

d y s i s  in Systat 6.0 for Wdows (1996). Cluster a d y s i s  is a rnuhuiate procedure for 

detecting naturd groupings in chta and is uscd mostiy as a descriptive or exploratory twl 

( K h  and Roussauw, 1990:37). The aigorithm chosen to cluster the data is based on 

what Snea!h and Solad (1973) d c b  as unweightad, rgglomemtive and hiauchic 

Rousseeuw (1990) d e  a sbong cise fbr the nilrthcnutid average. The mtthesnrtiul 

neighbor) and cornpletc Iuihgc (nirthest llcighbor) mcthads. The dinma between an 

individuai d an extant chuter, or betwem two extant clustas, is calculateci as the 

average distaaoe betwec~i aU pain of membas in the rcspectivt sets, and îhe two with the 

lowest values are fused rt tlilrt kvd. Oendrograms were plottecl to ilhistnte the resuits of 

the cluster anaiysis. 



in addition, the Mabalanobis and MMD distaaces were subjecîed to multidimensial 

s a h g  using Systaî 6.0 Ew Wdows (19%). M'uiîidimensional sciliiig is a daîa nduction 

technique whrrby distrnce data are qmentai m as fbv dimensions as po~sible such thpt 

the interitem distuices m d y  match the on- distrnas (Johnson and Wichem, 1988). 

The technique attempfs to position a set of points in space such tht their piirwise 

distances correspond as accurate as pode  to the obsand disirnaS. Obviously. as 

we move fiom hi* to lowa dimensions thac is an maSue in los of i a f o d o n .  

Tbe fit betwem the âhmccs and the distsnccs in the wofiguration is 

measwed ôy "stress" and is dnilated us the #lurrr root of the sum of the sguMd 

dewiations of the distances in the con6iguntion space from monotone nmciion divided ty 

the sum of the squares in the configuration spaœ (Kmkai, 1964 ). KNSkai (1%4:3) 

suggests that stress values of .20 are p r ,  -10 are fâir and betweea .O5 and O are good to 

perfed. Kacbigan (1991) altematke1y suggtsts t h  a stress d u e  of -15 or lowa is 

considend satisfhctory. 

Twodimensional rcriluig Win be useû beuuse h s e  of higher dimeasions are difiicuit 

to interpret. 



CHAPTER IV: RESULTS 

Dcrcriptive S m W a  

Table 6 conuins peraacige fiequacies ofeach of the 14 trias by population, age, 

and sar Sampk size varieâ trait by trait as a nsult ofdaasentiil ptesendon or reûieval 

of the parti& put  ofthe skekton where thrt fWwe was obsemd. Totai perceatage 

ftequencies ranged ttom 0.5 fw ufim bpiee &etal (White) to 68.0 for b anticlinal unit 

(Late Woodlaad M d ) .  

Twenty-two ofthe 82 ceils represeating the young ad& coutained samphg mos 

while oniy thne ofthe 82 celis reprcscating the old ad& contameci sarnpüng mos, a 

discrepancy due to d sample sizes of youq addts. in tams of sac clifkences, maks 

had 11/82 sampling t a a s  wbik Emioes had only 3/82 s a ~ ~ l p b g  n o s .  Because the 

o v d  samples &es for the two genders were roughly cquai, it appeared that certain 

traits were, in k t ,  mon rare in miks than in f&es. niis is exploreci fwthet in the 

Discussion sectiaa, 

Logif Modding 

A logit modd wu produced for cach of the 14 traits ( W e  7 and AppeadOr A). In 

order to be accepted, the log of the cxpected cdl fkqyenciies ofthe proposeci logit mode1 

had to be such that, witb the G' statbtic, there wu not a staWcaUy signincaut ciifkence 

in data cüstriiutioa A probabüity vahie of -05 or greater was requked and the logit 

models of the 14 non-wtric traits hed probrbility vahies that ranged from 0.079 for the 

 ut^^ bride posterior trait to 0.882 for Ci costkd b4ltsyerse forumen (Table 7). Only 



TABLE 6. Perceniafie fiequcnoy and toial number of observations per trait, by population group, age and fiender, 
Male Famale Total 

Population Young QU Totirl YOunn pl0 Total b Y S  OA B a l  
Trait &cmP N % N % N %  N % N % N %  N %  N % N % 
Sm7wl Eskirno 27 0,O 52 1.9 79 13 16 6.3 55 0.0 71 1.4 

Aleut 
Kodiak Island 
Amerinci ' 
White 
Blaok 

Eslumo 
AIaut 
Kodiak Island 
Amerind 
Wt8 
Blaok 

EslWm, 
Alaut 
Kodiak Island 
Ametind 
White 
Bbok 

Eskimo 
Aleut 
Kodiak Island 
Amcrind 
White 
Black 



Eskimo 
Aleut 
Kodiak Island 
AmcMd 
White 
Btaok 

Edcinto 
Aleut 
Kodiak laland 
Ameriad 
White 
Blaok 

Eskirno 
Aleut 
K d e k  Island 
Aiirerind 
White 
BImk 

Esrcimo 
Aleut 
Kodiek Island 
AImind 
White 
Bhok 

Eskirno 
Aleut 
K d d c  bland 
Am#ind 
White 
Black 



Lumbar Eskimo 
ri6 Aleut 

K d d c  Island 
Amerind 
White 
Blmk 

Anrerind 
White 
Black 

mean -3.7 
' Late W d a n d  Arnaud, Nathaa Mississippi Valley . 



TABLE 7. Logit model and a s d a t e d  probability value for 14 non-metric traits of the vertebral column 
based on the dataset of six population samples. 

Fit of mode1 
Trait Logit mode1 G' DF Robability 
Slmial-m Population 0,857 

Population + Sex 
Population 
Population 
Nul) (no effhts) 
Popuiation + Age 
Population + Age 
Age + Sex 
Popdation + Age + Pop*Age 
Sex 
Population + Age + Sm t Pop+Age 
Popdation + Sex t Pop*Sex 
Population + S m  

Higk raenJ ikiehu Population 11.56 18 
Lack of dc i ent  data rcquird removai of the White sample in order to producc a logit mode1 for this trait. 

* ûwing to poor inter-obsc~er repiicabiity (i.e. change in scoring protocol) only data dected by 
the author were used to produce a logit model for thir trait. 



atlas bridge posrerior @=0.079) was considerecl to be ''barely non-sigdicant", or of poor 

fit, wtde the logit modeis for the remahhg 13 traits were considaed "tlghly non- 

significant", or of e~cellenî fit. 

PqnIrttiovr Icin, 

El- of the 14 tn i ts  wntained the popiktion tam in uim logit mode1 (Tabie 8). Of 

these 1 1, the foiiowing f~ur traits contrwd oaly the popul.tioa tarm in th& model: 

contained auin etfecs for age in addition to main &as for population, while LI 

unticfimf cmit containecl main e&cts for popuiatioa and age in addition to a 

contained main effects for ssc in addition to main effects for popdaion, wtiile the Si 

lumbari 'on log* model conîaincd main & i s  for popdation and sar in addition to a 

eff-s for al l  thne variables (popdation, age rad sex). In nddition, this logit modd 

term in th& log$ modeis wat rrds liainrvetse fwamen rlofectiw, cewÏd  rib and Jrmb 

rib. 

The G' statistic can be partitiod, miLmg it possible to issess the comnbution of 

each vaMble independenity of JI othr variab1es. This is done by comparing the expected 

celi fiequencies of the previous model in the sequence with the expected dl fhquencies 

when the new term is added. Ifthe Mience is signifiatut (EW.05) then the new tam 

contniutes signincantly to, and shouid be included in, the logit model. The probability 

120 



TABLE 8. Contribution of the population group term as measured by its associated G ~ ,  degrees of 
freedom and probab'iity value. 

Delta 
Trait LA& model G* DF Probability 
S I e m d m m  Population 14.72 5 0,012 

Population + Sex 
Population 
Population 
Population + Age 
Population + Age 
Popouiation + Age + Pop*Age 
Popuiation + Age + Sac + Pop+Age 
Population + Sex + Pop*Sar 
Popuiation + Sex 

Higb soaril k W s  Population 22J7 5 0,000 
' LLCk of dcient  data rcquired removd of the White sample in order to produce 
a logit model for this trait. 

* ûwing to poor intcr-obmtt replicability (i.e. change in scoring protocol) only &ta wflected by 
the author wae ussd to produce a logit model for tlns trait. 



values for the population tam in those logit models that included the term, ranged fiom 

0.0 (ab bn'dg;e bterd) to 0.052 (CS h b I e  tmmwrr~e fwamen)). Though the latter was 

on the borderfine of statistical sï@c8nce, the expected ceil fieqpencies BSSOCi;bted with 

this mode1 k the observecl chta betta thau the moâei tht did not Mude the popdation 

term This was determineci fiom an ecami&on of the adjustecl residuais. For the logit 

modd thaî included the popuiation tam, thers were no statiscicaily siwcunt adjusteci 

residuais, wbile in the log& modd tbrt did mt indude the popdation tam, there wrs one 

statisticaüy s i ~ c a n t  a d i d  miduai, t h  d e d  with oîd Eskixm male. In 

addition, the a d l e d  residual BSSOCiated with old Kodiak fimale cipproackd Statistical 

significance. This example illustntes the importance of critialiy d g  the fit of each 

mode& based on both G' iad probrbüity vaiues, in addition to the associateci adjustecl 

residuals, as a meuis of determining the "best" d e l ,  as opposed to rigidly adhering to a 

Speanc -cal kvd of si@cance (Muller Sad MavhJL 1971: 152). 

4 e -  

Fie tnits included the age tem in then logit moâ& flable 9). Ofthese fie, ody 

one trait, cervïCQ[nb, did not inciude a popiltion tam in addition to the age term, and 

no models hciuded main &kts fbr rge ody. Ofthe fwr with the populrtion tem (CS 

dmble tramvers forranert, C7 COStOI aolts~erse fwcanen, six DC samm, LI m f i c I '  

unil) the latter two ftcmirrs .Ise lud a population*age interaction tam. The probabiity 

values d e d  with the ststisticai signüïcancc of age main ai ,  mged fiom 0.007 

(Sn: Mlit mcnnn) to 0.033 (cemrYIcaI rib). 



Interacft'm tam 

As pmiousiy maitioned, three trias kiuded an intaaction tam in th& rrspeaive 

logit modds (Tabie 1 1). L, anticfiml vnit containeci main eSix& for population and rge 

in addition to an interaction betwcen these two variables. The six unitsacrtmr mode1 

contained miin &eds fw popuiatioa, agc d sa in addition to the interadion tam 

popuiation*agc. Fininy, the logit modd fw SI hmrhzrizazW2 inchided population ad sa 

main effids in addition to an iaterrrdion bdwan b two variaûles. In ail three cases 

the interadion tam iadicated that the sex d o r  agc rnain m M s  h e d  by population. in 

0th- words, in the case ofLr Qnficfid mit and six unit sucmwt, the popuiation tenn is 

not statistiadiy indepudent of age, rnd is wt statisticaUy independent of sar in the case of 

$1 1~1llban'~on. The implidolls of these nlitiomhips are exploreci fûrther in the 

Discussion- 



TABLE 9. Contribution of the age tem as measured by its associated G~, degrees of fieedom 
and probability value. 

Delta 
Trait M t  mdel 0' DF Probab'ity 
Cr h b k  fol~ullwl Population + Ags 5.89 1 0,O 15 
C 7 c o r f o l I r a r i ~ f ~ ~  Population + Age 5.75 1 0.016 
Cèrvical rib Age + Sex 4.55 1 0,033 
L 1 untidind unit ' Popdation + Age + Pop*Age 5.28 1 0.022 
Six nuit m m  Population + A p  + Sex + Pop*Agc 7.32 1 0.007 
I Ltdr of sufioient data requùad removd of the White population group in orda to produce 

a logit mode1 for this tnit. 

TABLE 10. Contribution of the sex tam as measured by its associated 02, dcgrees of f i d o m  
and probability vaiue. 

Ddta 
Trait Logit mode1 DP Probrbüity 
Atlas bridge, jwstpwtalor Population + Sex 7.62 1 0,006 

Age + Sex 9.05 1 0,003 
Sex 11.18 1 0.00 1 
Popdation + Ags + Sm + Pop*Age 7.53 1 0,006 
Population + S m  + Pop*Sac 5.94 1 0,015 

Sl d.pnrwmladb Popdation + Sex 13.49 1 0.000 
' ûwing to p w r  inter-obscrver replicaôüity (i.e. change in s w i n g  protocol) only data coIlected by 

the author were used to produce a logit mode1 for this trait. 



TABLE 1 1 .  Contribution of the interaction tems as measured by their associated G~, 
degrees of fidom and probnbility value. 

Delta 
Trait Logit mode1 e2 DF Probabüity 
L , autic~inal unit' Population + Age + Pop*Age 2352 4 0.000 
Six unit scrcnrm Population + Age + Sm + Pop*Age 9.84 5 0.080 
SI Population + Sex + Pop*Sex 10.58 3 0,014 

Lack of sufncient data requind removd of the White eample in order to produce 
a logit model for tliis tnit. 

ûwing to poor inter-observer replicabiüty (Le. change in mdng protocol) 0 3  data collected by 
the author were useû to produce a logit model for this trait. 



It shouid be wteâ that though the population8age interaction tam for six unit sacrum 

has an associateci probabüay of 0.080 it was included in the Bnil mode1 because, without 

it, the mode1 does mt fit the dtta In addition, the mode1 dut containeci the intetscfion 

tem~ had no StatistiCSny sigiiiscant admai residuais whüe the mode1 that exchideci the 

interactiontamhadone staWcJlysi~caatresidual, tbatumchtedwiththeEskimo 

yomg f e d e  group. As previousiy amtioned, anmiaition of the adjusteci r e s i d d  

dows one to fine-tune the process of modd dection. 

(Md!# Ratios 

Table 12 shows odds ratios, their (ISSOCisted upper and lower confidence limits, X* and 

asJociated probability vah~es by trait ancl parameters ofthe logit modd. The logit 

rnodeling procsdure, being b d  on and produchg log odds ratios, requires a '%aseline 

cornparison" for cach of the tams to be tested. In this study they were "White", "old 

addi", and 'Yemale". ûfthe eleven logit modtls that contained a populrition term, the 

odds ratios for the popdation tesm rangeci fian 0.18 for Late Woodland Amerinds, 0th 

&-se fovanten defecm 0.e. ntio oftnit prestdabsent h r  White to Late Woodiand 

Amaind was 1.00:O. 18) to 34.26 26r Late WWoodlimd Amerhi, <Iih bri* U e r d  0.e. 

the ntio of tnit pItSCLd/absent fw White to Late Woodland Amerind was l.CMk34.26). 

ûdds d o s  are considerd statistidiy sigdicant ifthe probabiüity nhie usocirted 

with the X* is l a s  than 0.05. In addition, if the range b a n  the upper and lower odds 

ratio corifidemce limits coatained the vahie 1.0, this a b  indiates that thae is no 

statistidy signüïclltlf diEkence in the fkqueacy ofthe trait compind between the two 

groups in question (&üienfeld and Lüienfeid, 1980). Thus, if only odds ratios a d  their 



TABLE 12. Odds ratios and associated contidmce intervals, X* and probability values per trait, by logit model parameters 
OR Confidence Limits 

Trait / Logit mode1 Parameter Odds ratio Lower Upper X* DF Probpbiüty 
O. 162 Stemd aprrtirtc / Pq111&~on Eskimo 

Alait 
Kodiak Island 
Amerind ' 
Black 

Atlas bridgepmtm*m/ Pqulartrkm + Scx Eskimo 
Aleut 
Kodiak Island 
Arnerind 
BIack 

Male 

Atlas brldge lateml / Pq~iatr*on Eskirno 
Aleut 
Kodiak Island 
Arnerind 





OR Confidence Limits 
Trait 1 Logit mode1 Parameter Odds ratio Lower Upper x2 DF Probability 
Cm*cd nb / Age + Sa Young 3.58 1.22 10.48 5.42 1 0,020 

Male 0.15 

L , aniiclinal unit / Eskimo 0.4 1 
Population + Age + Pap*Age Aleut 0.26 

Kodiak Island 3 3 7  
Black 0.05 

Young 1.30 

Eskimo/Young 2.57 
AldYoung 1.59 
Kdiak. Noung 0.25 
BlacWYoung O. 16 

Lumbar nb / S a  Male 2.02 1.32 3 .O9 



OR Confidence Limits 
Trait I Logit mode1 Parameter Odds ratio Lower Upper x2 DF Probsbiüty 
Six unit sacmm / Eskimo 

P ' 1 d b o n  + Age + Sex + PopYge Aleut 
Kodiak Island 
Amerind 
Bhck 

Young 

EskimoNoung 
AitutBloung 
Kodiak. Noung 
AmerindPIoung 
Blacklyoung 

Si  l u m ~  / Eskimo 
P~pulan~aon + Su + Pop*Sa Aleut 

Black 





associateci upper and lowa confidence intervols were available, these wuid be used to 

determine statistical sisnifiance ofthe dds ratios. Examkation of Table 12 coafirms 

that botû m e t b i s  produced identical nsults in tams of indicating statistical sigmficmce 

and thus, for ease of nporting, ody probabüity values wat used here to mersure 

statistid  si^^. Ofthe 52 population tam oûds d o s ,  20 were statistically 

sigdcant. Th& probabiiay dues range h m  0.0 for Biack , LI onficihzi mit, ami 

E s b o  and Lite Woodlud Amcrinci C7 COSIOI tmnswrs fwamm, to 0.029 f9r Blsck, 

atlus bride ptwterr'op. nine rnits, afhs b@ppartetim, ab bn'* liderd and LI 

mrticliml had the highest number ofpopiLtiotl srniples sigiiificady different âom 

Whites, 4/5 simples for the &mer two and 4/4 for the iatta trait. 

Note that for both the age and gender terms, thae were only two aitegories and the 

basehe cornparisons were "dd adult" d "fanie" respedveiy- Therefore, the 

appearance of eitba of these two tams in a min effeets logit modd for a spedlc tnit in 

and of itsdf indicated a Statisticaüy signikant di&nacc between the two categories. This 

would aot be the case for thc logit models tkutt contained an interaction tam for age or 

sa: this would indicate statisticai dependence of the two (or mon) inteadon tams, the 

related main S i s  b&g inciuded in the modd as a condition of the hicmchy ptiaciple of 

modd building. 

Of the fm logit modds tbat coatained an age term, the odds ratios for this tam 

rangeci fiom 0.42 for the young adult cohort, six inar samm (Le. ratio of mit 

present/abscnt for old to young dult is 1 -0Ck0.42) to 3 S8 for the youag dult cohort, 

cervical rib 0.e. the ntio of trait p r d a b s e n t  for old to young adult is 1 .OO:3 -58). 



Of the fout age term d d s  ratios, two were stathticaiiy sigdiczuit. Their probabi i  

dues were 0.020 fi>t young duit, cewiÇ4[d a d  0.023 for young ad& C7 COS~QI 

tramverse fmmen. 

The logit d e l  fw LI u n t i C I ~ ~  mit wntliiaed a popilrtion*age intaction term in 

addition to main e&cts for popJloion and age. In this modd the odds ratio of the young 

aduit cohort was nut statjdcaily mèrent fkom the old cdult (OR=l.30, m.547). 

The logit uxulei for six mit sanan CO- a popuiation*age i n t d o n  term in 

addition to main eBeds fDr popuiition, age ad ssx. As wu the case tw the Li mticIinol 

unir, the odds ratio of the young cohort compmd to  the old cohort was not stathticaily 

significant (OR4.42, p3.306). 

Ofthe six logit models tbat contained a tam for genda, the odds ratios fôr tbis term 

ranged fkom 0.15 for cervical rib in males (Le. ratio of trait presens/crbsent for f d e  to 

d e  was 1 .ûû:O. 1 5) to 2.10 for SI cf@ ltetnal -ch in d e s  (i.e. the d o  of trait 

preSeLlf/absmt for f d e  to rmle was 1.00:2.10). 

Ofthe SR gender t a m  od& ratios, five were staSistidy sipificant. Th& probabiiity 

values m g a l  b m  0.0 for Si CL@ macl1 a d  to 0.012 for cenkd ria in d e s .  In 

addition, the proôabiüty d u e  of 0.084 asmciated with the odds d o  of tnit prcsence to 

trait absaice for f;imiile compued to d e ,  approacbed Statiseical signif~cance for SI 

1 ~ m b a r n ' ~ o n  trait, 

The logit mode1 for S, 1umban'~on contained a popuiation*sex i m d o n  temi in 

addition to main e&as for popdation and sex. In tbis modd the odds ntios of the d e  

group was not statisticaiiy diffèrent &om the femnle group (OR 1.84, fl.084). 



lnteeTC.it Association 

Table 13 contains the imerblit BSSOCi8tion mrtrix with phi d c i e t l t s  shown above 

the main diagonal, and probabiiity vahies d e r  a nuü hypothesis of zero d a t i o n  below 

the main diagond. Proôabüity values were caiculated urips the x2 95Pti8tic except when 

25% or more of the cdls haâ arpeded &es of less than fie. When this occuffed 

Fisher's exact test was used instcad. Phi Coescicients rangeci fkom 0.0 for Cs &Me 

aansverse fortvnen - cemkd ri& and Sr cl@ ma& rach - hi@ sacrd hi-, to 0.229 

for da b ~ ~ p m t e r i o r  - etlcrr bri@ lclletal. The -est ncgaîbe phi d c i e n t  was 

-0.083 for SÏX unit summ - high wwal hiatus- Ofthe 78 d c i e a t s ,  12 ùuiicated a 

statisticaüy sigaisant BSSOCiation brped on xZ and Fisha's exact test. Four wouid be 

expected by chnce unâer the critaion ofa 5% signüicance kveL rii summary, fiom 

Table 13, a t h  bridge drneral was the most commody affected trait-. fWr traits were 

associateci wiîh it. This was filiowed by & b m s e  fwamen dkfective, C6 double 

aoltsverse fornsm, and Sa Mit ~ ( ~ n r m ,  dî ofwbich had thra tnits asmiated with 

th= 

The proôabiüties of th twdve signifiant amciations mnged from p=û.û61 for six 

unit s a m m  - SI defl neural atch, to ~ 4 . 2 2 9  ârr arhr pastenen0ulc - orhr bH&e 

lateral. Stemal qprîwe and c e w d  rÎ0 wae ncva sienificantîy assockted with iny 

other traits. 

Amemment of the Fi of the Logit Modàs, By T d t  

Assessment of the fit of each logit mode1 is based on various statistics, the most 

important ofwhich are the probabiiity values associateci with the log likelihood cbi-square 





(G~) and the various adjusted cesiduais. In addition to identifying which cells of the 

contiagency table contain c'outli~" adjusted residuals are dm mehi for direcihg the 

researcher to closer examhtion of the &quency distriution of the trait among 

population, age Iiid sex categories. This is partidady usenil when the logit d e l  

wntained only a main &ect for a single miable. Consida the logit mode1 ccpopulation"- 

A statistidy si@cant djusted cesidual indicated &ch of  the four categories (yoimg 

male, young fbdty old d e ,  old finde) withui a qedic population samp1e exhiited 

ceii fiequencies tbat wae sigmfiwUy difkcnt fiom the âsqumcies predicted unda the 

accepted logit modd. 

Adjusteci residuals were calculated for each celi in the cross-classified table, and under 

the assumption of a multinomial distriion and a dcientiy luge simple sin, each 

adjusted residuai w d d  be rppco~e1y  distnied as a saadird normal miable (Le. a 

normaliy distnhtted variable with mcaa cqual to zero and variance equai to 1.0). An 

admed residud lesser or pater  thn -1 .% and 1-96 respedively (Le. outside the range 

of approximateiy two standard devistions) indicntes a Statisticaiiy signifiaint disaepancy 

b e t w e a i t b e o b s a v e d d e ~ p e e t e d ~ ~ t ~ h t h e ~ d a ~ d  w n n s t o i d e  

when the fit of the d e l  is weakenad. With a 5% Id of sigmfi~~u1ce one out of 

twenty statisticrlly sipif~caiit rrdjutcd rcsiduals wouid k expected by chance. 

The foliowing s a ~ s  as an msessment ofthe % of each logit mode4 by trait, within 

the context of the associateci adjusteci residuals, d ptobabüity dues. and trait 

fiesuencies. Table 6 contains percentage fiequency data for each of the 14 traits* by 



population, age and sex TaMe 7 contains logit modds and theu d t e d  fit, by trait, 

and Table 14 contains adjusteci reddurls, by trait. 

Sternd-m 

This trait was nrdy obsefved (â#iuency rangcd h m  1.3% for Eskimo to 10.2% for 

Late Woodlusd Amaiad). Though aine of the 24 alls in the cross~classified table 

contained s~mpiing zeros, ,wtieo the data were coîlapsed o v e  population, age a d  sar the 

between obs«ved anâ expeeted fkequeLlcies. Thy mnged brn -1.240 for old d e  

Aleuts to 1.248 for yomg f d e  Edàmos 

Atlos bridgeparirrior 

Though tbis tnit was not rare (fiequency ranged nom 5.0% in Wbites to 21 .û% in 

Late Woodlud Amerinds) the nt of its logit mode1 bordacd on non-signifiant (p4.079). 

Nevertheless, ody one ategory, White young M e ,  indiateci a siSmfiant discrepancy 

betwecn the observeci and cxpected îhcpencies with an adjustecl residuai of 1.9%. Ali 

0 t h  residuak ranged fiom -1.660 to 1.616. 

Atlas bridge bcmd 

The percaitige fioquency of this tnit showcd substaatial variation aînong populations, 

ranging hwa 0.5% for the Whites to 14.8% for the Late Woodland Amerinds. ûdy one 

residual approached statistid significance: Eskirno old f@e at -1 -891. Ali other 

residuais feu w&bh the nage -1.627 to 1.589. 







Cervl*cul rib 
Age + Sex 

Eskimo 
Aieut 
Kodiak Island 
her ind 
White 
Black 

LI anticlinal unit Eskimo 
P~~)wlatr~on + Age + Pop!Age Aleut 

Kodiak Island 
Amexind 
BIack 

Eskimo 
Aleut 
Kodiak Island 
Amerind 
White 
BIack 

Six mit samm Eskirno 
Poprtladi*tm + Age + Sa t Pop*Age Aleut 

Kdiak Island 
Amednd 
White 
BIack 



Si lumbarization ' Eskimo 
PopuIution + S a  + Pq *Sa Aleu t 

White 
Black 

Eskimo 
Aeut 
Kodiak Island 
Amennd 
White 
Black 

Eskimo 
Aleut 
Kodiak Island 
Arnerind 
White 
Black 

Late W d l a n d  Arnennd, Northem Mississippi Valley. 
Owing to poor inter-observer repticaôility (Le. change in scoring protocol) only data odlecteù by the 
author was used to produce a logit mode1 for this trait. 



Atla  bansyc~sc far~lllcn defidCtiVC 

Tbis was another rare tnit. Frequencies ranged fiom 1.2% in the Late Woodland 

Amerind to 9.2% in the BIack popiiation -le. In addition, el- of the 24 4dls in the 

cross-classified taMe wntained sampîing =os. When the data were wüapsed over 

population, age Sad sar during the logit modal building procdwe7 the cens cootliiaing 

zero fiequencies weie eIuninatd. Two ofthe 24 adjusteci residuais indicated a statistically 

significant d d o n  h e m  the observeci and expected ceil fiequencies. They included 

Black young W e  at 02-28 1 and EsLimo young male at -2.053. In addition, %la& young 

male approached statisticai sign&mce7 at 1.806. All other residuais ranged f?om -1.179 

to 1.551. 

These residuais indicatcd a pattern of chta distri ion in wbich both young Black 

subsamples and yormg Eskho d e  subssmpies did aot co&m Examination of the data 

asSOCi8ted with the fnu E s h o  subsamples iadicates that the young d e s  defined the 

lower ümit of the fiequency range with a fie~uency of 0.W; the remahhg three 

fiequencies mgcd from 4.6% to 6.Wh. Tbe same was truc for the two adjusteci residds 

observed in the Biack young popdation subsampIts; they defined the lower and upper 

bits of the ficqucncy range. The young fémaies had a zero aeqUency md y m g  males 

had a fiequency of 21 .PA, wwhile the old femaies hd a fiequescy of 8.2% and the old 

d e s  had a âequency of9.6%. Whcther or aot this is d m  or has biologicai meanhg 

needs to be considered in more detail. 



A x i s ~ ~ ~ ~ r ~ ~ f f a r o a c n ~ ~  

Axis b-se f-n defectïw was meiy obsewed (fiequency ranged fiom 1.0% 

for White to 8.5% fbr Kodiak Idrad), and ~e of the 24 edls in the cross-classified tabie 

had zero individuals w&h the trait pceent. Despite the paucity of data, when they were 

collapsed over popilrtion, age or the owginai totais did mt coutain s~mpiiap =os. 

One adwed residual was statktiaUy sigeificant: White old f d e  at -2.38 1. One 

adjusted residuai approached signiii- k i i a k  Islaad y- fémaie at 1.933. The 

range for the 0th- r e s i d d  was -1.3 11 to 1.536. 

The perœatage âequency fw the yamg M e  Kodiak Isiand subsample wrs the 

second highest with a vaiue of 15.4% (Young f d e  Meut was highest at 20.m but this 

was based on a sample Sue of oniy five iadividuals., and here it was important to keep in 

mind that the hmula for adjusted m i d d  takes into acwunt both sample site and 

variance). Old White f d e s  had a fiequency of O.@%, as did severai other subsarnpies, 

but the sample size for the fiormer (99 individuais) was substantially hrger tban the others. 

Cr k M e  arrrrrsvcrs~ f- 

The fiequency of this tnit fangeci fkom 33.5% in BLdrs to 56.W ia Late W d a u d  

Amainds. None of the djwted residUBJS iadicatcd a staîisticaiiy Digmficant deviation; 

young Kodiak maies showcd the gruttest deviation with a d u e  of 1.723. Al o h  

residuais mged b e e n  - 1 -608 and 1 -541. 

Within the context of the logit mode1 building procedure, the mode1 containhg just 

main &kas for age was ais0 coma. Essentially, when the population tenn was added to 

the age main &ect modei, the new tam bordered on statistid sisnifiamce with a 



probabiiity value of 0.052. Equally Unportant, the fit ofthe age + population logit model 

showed a substantid improvement wben the popdation tam was added to the model 

v . 4 7 7 ) .  The fit of the age ody logit model was p-O.187. Here, the choice of the best 

model was aided by an ummimüion o f  the admd residuais. In the modd contaiallig 

only age effeds th4e wur one statbticaiiy sigmbcrat devirtion between the obsemed and 

expected ceil fkequeLlcies, uidtwo devialions that appfoached statisticai sigaifiamce 

(-1.942 and, to a lesser degrce 1.844)- In the modd contahg both main dects  for age 

and population thae wae no statisticaîiy si@cant deviations. Tlnis, the latta mode1 

repre~enfed the data more accumteiy- 

CI&-f- 

The percentage fie~uencies for this trait varied substanUly among populations and 

ranged fkom 2.2% for Kodiak Island to 20.6% for Late Woodland Amerind. Though 

seva of the 24 ceh in the cross-cIassified table presentd a zero fiecpency, when the data 

were coUspSdCI ova  population, age or sex ali wae elimhted. None of the adjuted 

residuals were StatiSticaUy signüicant. The bighest residual was -1.344 d t e d  with 

the old EdSmo male group. Ali other residuals rangecl fiom -1.095 to 1.128. 

Ceniicaln'b 

Only 14 cemNImrl &s were observexi in the total sample. Not surprisingly, 17 of the 24 

ceiis of the cfo~~1~1ZLSSified table bad sampiing zeros (fiequemies mged fkom 1.1% for 

White to 7.W for Eskjmo). Nonetheless, when the data wae  collapsed over population, 

age, or sex ail of the marginal totals had a trait fiequency of at least one. Because of the 

number of zero fiequencies in the cross-clBSSified table, it was not possiik to test the 



effect ofthe age*sar interaction tem, whïch wouid have been the next step in the model 

building procedure. Two of the adjustecl &duais were sisiiificant: young Late Wodand 

AmaiDd male and young Black f d e  with values of 2.415 and -2.039 respectively. 

ûther adjusted residuais range fiom -1 -63 1 to 1.375. 

B ~ t b U ~ e 1 c o n t r i n e d t w o m M ~ c i g e m d s q i t w s s ~ d t t o  

determine wtMher the forma, latter, or cornbinaaion oftams was respomie for the 

breakdown of the modd. Examhtion of the fkequency data suggested that d&on of 

the young Lite Woodlaad Amerinci mak nibsampk (with a fiqucncy of 12.4%) was 

gender relate& as aü other d e  ccli fkequencies were zero compared to ail otheryormg 

ar;iuIt ceü âe~uencies wbich nnged h m  O.o./. to 18.8%. The fkecpency of O.% for the 

young Black fmale subsample was pfababiy Jso reiated to gender beccuise 6/12 cells of 

the f d e  versus 9/12 ceils of theyamgadblt group containeci zero fiequencies. nint is, 

the young Black f d e  Gequency of O.OO?% is âiffbent h m  six of the twelve female 

groups and three of the twelve young duit groups. 

LI add~d unit 

Thiswasanotbatnitcharacterizcdbysub~mtapoplllati0n~0fL 

Frequencies mged nom 1.5% for Whites to 68.0"/r for Late W e d  Amerinds. 

Because three ofthe four cdls ofthe cross-classificd table represshg the White 

population sample wntained zero ftequencies Qoung and oid d e  and young f d e ) ,  

marginal t o m  for both males and young duhs wae zero. As a result, it was not possible 

to build a logit mode1 for this trait. Tastead, a customized data set that excludeci the White 

population gmup was created for the model building procedure. The resuiting logit model 



included main effects for population and age in addition to a population*age interaction 

tene None ofthe .djwted residuais nached statistid siBpiacance. The 0 t h  residuais 

ranged fiom -1 -380 to 1 -460. 

tumbrrrnb 

A cornmon vallnt, this rauged ia fiequency fnw 8.8% m White to 18.8% in Late 

Woodlaiid Amerds. Oaly oae djusted residual wls StatiSticaUy simca~t: old Late 

Woodland Amerid f d c  at Z.ûû3. The other residuals téu witliin the range of -1 -771 to 

1.892. 

Six unif s~crvm 

The fiexpency of tbis trait ranged fiom 18.% in Late W o o d l d  Amerinds to 45.8% 

in Whites. Then were no adjustcd residuals indicating a signifiant deviation of the 

obsemd fiom the expected Iiequencies. The greatest deviation was obsaved in the 

young Womo f d e  with an adjusteci residuai of 1.769. The other residuds feN within 

the range - 1 -488 to 1.145. 

Sl lurndhdzahu 

Difncuhies with the mnqB protocol for tbis trait rsquired dirit the anaipis be 

restricted to data collectai ôy the luthor. A Io& mcdel was buüt using the foilowing four 

population groups: Eskimo, Aleut, White and Biack Tbe fiequencies ranged fkom 21.8% 

to 41. Ph for Whites and Eskimos resptiveiy. None of the adjusted residuals were 

statistidy signifiant. They mged fiom -1 -777 to 1 .Zog. 



SI d ' n e u d a r c h  

This was a rdatively conmion trait (fiequeacies ranged fiom 3.7% for the Aleuts to 

14.1% for Whites). Tlme was oaly one adjusteci residuai that indicated a signifiant 

deviation between the obscrved a d  expected ceii firequencies: old Biack f'emaîe at -2.070. 

Old Kodïak Islrnd f d e  approached sigdicance with a vaiue of -1.947. AU other 

residuais mged n o m  -1 -43 3 to 1.203. 

In addition, though the logït mode1 contaheâ two tenns, population and gender, 

examination ofthe pemntage fiequencies for each ofthe variables indiateci that m the 

two instances w h m  the adiied residuals approached sigdicauce (old Kodirk Island 

f d e  and old Bhck f d e )  the dmstion appeared to derive fiornpcipilotion. The 

Kodiak lslrnd old fanie percentage neqUency o f  O . P !  deviateci more fiom 9.5%, 20.7% 

and 10.5%, representing th remainiug dnee K a  Island citegories, than fiom the O.Cl?% 

(the populations) to 14.3% repr- the 12 W e  categories. The situation is 

similar for the Black old f isde popuia!ioa sample. The &equency of 1.4% is substantiaiiy 

dSerent &om 17.4%, 13.596, and 11.1% of the reaiaimng three Black categories than the 

three 0.W fiequCLlCies inchided in the 11 remahhg fémrle groups. 

Higk surd hiocrP 

Thougb tbis trait was nn, a considerable inter-population variation in trait fiequency 

occurred. The ûequencies mgcd fiom 1 .o./. for Late W o d a d  Arnainds to 8.5% for 

Eskimos. Eight of the 24 celis ofthe aoss-ctassified table contaiaed sampling zeros, but 

these were eliminated w&en the data were coüapsed o v e  popuiation, age or sex 

categories. Noue of the adjusteci residuals hdicated a signifiant deviation between 



observed and expected fie~uencies. Old B k k  f d e  showed the greatest deviatioa with 

a value of -1.742. Ali otba r e s i d d  fdl within the range of -û.892 and 1.258. 

The fiequency of the old Black fbmaie subaet was 0.0%. Because the logit modd 

containeci ody the population tenn, the dewtion between the obmed and expected 

fkequencies &ad 6om the B W  subsample mhtion; the &equc11cies of the ceminhg 

three subsamples are 4.4%, 2-î?? and 3 .Fh. 

DbtunAmîpis 

Appencüx B contains inkrmation patiiniqs to paceailge fhquency of each of the 13 

traits, by population groupy uge and sen In order to perfbrm distance a d p h  certain 

adjustments and arclusions had to be made. F i  ar already noteci, SI E m ~ z o f i o n  was 

exciuded baruse those chta scoted ody by N.S.Ossenberg (for Ko&k Island, Iliinois 

HopeweU, and Late Woodlaad samples) d d  not be used owing to a revision in scoring 

protd for this f m e .  Secody,  beccuise the dhtance anaiysis ans based on Iogit 

models. the miibüity to d e i  stemal qmîwe ,  mcrs aoltsyerse foramen &fectiie and 

ceMcairib, owing to ïnsdicicnt data, mant tht these three features also had to be 

exluded. In addition, because ofindiciiam data, the North Pacific Coast Amerind group 

had to be rcmovcd fiom the ~~ rib 10@ d d i a g  proadun. A tmmary of the logit 

rncdels for 10 traits used in distriace a d p i s  is prtsclised in Table 1 5. ûther fb-g 

preparatory to âistance anaiysis is outhexi Mow. 

The popdation + age + sex mode1 USoQated with six mît s a c m  did not fit the data 

weii Q~0.056) .  The "best" mode1 is the one tht  iIso included the population*age 

interaction temi wkch fit the data with a probabil@ d u e  of0.128. Udortunately, lack 



TABLE 15. Logit mode1 and associated probability value for 13 non-metric traits of the vertebraî 
cdumn based on the data set of 12 population poups to be u d  in distance analysis. 

Fit of mode1 
Trait Logit mode1 d DF Probability 
Stemal insufficient data - .. - 

Population + Sex 
Population 
Population 
not enough data 
Popdation + Age 
Population 
indcient data 
Population + Age + Pop*Age 
Sex + Population 
Population + Age + Ssx 
Population + Sex + PopSSex 

High sciaril hiebu Population 35.05 33 0,371 
' Distance analysis useû hmd-calculated logit values. 
~ h i s  trait was modeld without the North Pacific Coast Indian group. Distance analysis used 
hand-calculateâ logits. 
Distance anaiysis uscd hand-caiculated logit values . 



of SuffiCient data for this trait, partidarly in the srnalier skeletd samples, resulted in 

unacceptably high stlmdard mors assdated with the parameter estimates of the 

intaaction term d e l .  Thw, the parameter estimstes derived fiom the no-imeraction 

mode1 had to k used for the distance aiiity8s. 

Two traits containecl ;in interaction term in tbcir logit modds, LI antklimI unir and Sl 

clefi noirm/îuch. Rcsazce of m interaction tcnn indicated tbit the age or sex main e&ct 

was not Statistidy indepcndenî ofthe popuiation Min c&Et. For Li mticiid mit the 

age &kct Wied €y, and wu tkcfbre uot consistcnî among, dl 12 population groups. 

B-se the age &kt anis not consistent across aü popdation groups the popilhion 

group parameter estimate was not "qgelandkx d#Med'. 

The mhiitive soiution was to caiculate two distinct Io@ madels for each of the traits. 

The LI mticiiinol unit, which containecl a population*age interaction term in the original 

mode4 would require a log& modd for young adults rad anothcr one for old ad&. 

Similariy, Sl ci@ d arch, which containui a population*su interaction tam in the 

original mode4 would rcguin a log& modd for d e s  and a Io@ mode1 for f d e s .  

Unfortunattaty, irwfEaent data in young aduit subsample (LI mticiid mit) and d e  

nibsample (Si clcft neurdarch) pduded the d o n  of separate logit models for îhese 

subsamples. Instead, logit or thrcshold vahies wae hiad-calailrted for the two age 

whorts for the brmer trait and two gaada subsamples for the iaîter trait. &ad- 

calcuiated logit values are Sunply the log oâds of tnit premt ta tnit absent, by 

population. 



Four distance maîrices wae then created nom the four separate data sets. Each data 

set inciuded the logit or tbtesbold values of each ofthe eight trias that did not contain au 

interaction tam p h  one of the following four, as appropriate: 

1) Log odds of tbe young ad& whort for LI mticliital mit rad log odds of d e s  for SI 

clef neural arch. 

2) Log odds of the y m g  ad& cohort fDr LI rnticIlrirol mît ud log odds of fbmdes for 

SI clefl neural mch. 

3) Log odds of the old adult cohort for tr unticlanol mit and log odds of males for Si 

clefr neural -ch trait. 

4) Log odds of the old ahih cohort for 4 onbciïnd Mit a d  log odds of W e s  for S, 

cIefr neufai tuch. 

A cornparison of the distance matrices, ushg Speurma's ML-order correlation 

d c i e n t ,  indicated tht in the case of Ll unticIimI Mit the distance mattices for young 

and old ad&, by gender, were hi- cornlued (fdles: r.4.73, males: @.75); 

dmilarly, in the case of SI cdeft neural mch the disirace miaices for males and fernales, by 

age cohort, wae highly codated @oung: r6=û.93, old: r.4.90). TItcrefore, a decision 

was made to combine young-old hqyencies for LI ~nllc l id  unif and male-fernale 

fi.equeScies for SI cl@ n w a l  ad. The hand4culated logit or threshold d u e s  were 

subsequently deteminexi and iworporated into the distuia calailation wmputer 

program, 

Table 16 contains the Mahahabis distance measures above the main diagonal. They 

range fkom 0.143 between Plains Arnerinds and &ois Hopewell to 2.052 between 



TABLE 16. Distance matrin with Mahalanobis @ distances a h  the main diagond and MMD distances blow the main diagonal. 
Saint Nortb 

Arctic/ Lawrence South Pacifie Lab Iilinois 
h p h q  lslrnd Aiadcm ingslik Kodiak C m t  P b s  W d a n d  Hopowell 
Eskirno Eskhm Eskimo (Athrtbascan) Alait Island hdian hdim Indian Indian Wte Black 

Arctihupiaq Eskimo O 0,354 0.360 0.390 0,409 0.687 0,573 0,362 0,680 0.321 1.289 0.768 
St. Lawfencc Island Eskimo 0,026 O 0.232 0.429 0,375 0,582 0.230 0,358 0.635 0,154 1,126 0,475 
South Alaskan Eskimo 0,101 0.072 O 0.543 0.560 0,424 0,380 0.272 0.584 0,194 1,707 0.922 
ingalik (Athabascan) 0,lM 0,090 0.072 O 0,189 0,446 0,503 0,278 0.656 0,373 0,972 0,448 
Aleut 0.029 -0.001 0,075 0,050 O 0.434 0.479 0,312 0,368 0,258 1,203 0,539 

c, 
Kodiak Island O. 130 0.083 0.050 0,160 0.094 O 0,836 0.346 0,650 0,267 2,052 1,059 

ul w North Pacific Coast lndian 0,075 0.008 0.@3 0.012 0.000 0,133 O 0.550 0,993 0,445 1,488 0.794 
Plains Indian 0.076 0,028 0.037 0.042 0.043 0.051 0.095 O 0,416 0,143 1,339 0,740 
Late Woodland Indian 0.137 0.107 0.072 0.110 0.0860.030 0.1240.031 O 0,355 2,016 1,159 
lllinois Hoptwc11 hàian 0,056 0,016 0.017 0.064 0,021 0,006 0,039-0,005 0.034 O 1,3950.613 
White 0.129 0,140 0,324 0.183 O, 142 0.429 0.139 0,226 0.365 0,262 O 0.239 
BIack 0.075 0.073 0.249 0.137 0,065 0,300 0.077 0.163 0.250 0,171 0.017 O 



Kodiak Island and White. It appeared that the White population sample was the most 

distant or most distina fiom JI o h  with al i  distuices pater  tbaa 1.000 except for the 

Athabasam sample a 0.972, and the Biacks at 0.239. The BIack -le also dibiteci 

some of the largest distances, acept when cornparcd to Whaes. The Black sample was 

most distant fiom Late Woodiand Amaind at 1.159 and Kodiak U n d  at 1.059- 

Table 16 contrins the MMD distulce masuns bdow the mM diagonal. The 

caiculations were restricted to the sarne 10 traits d for the Muhaianobii distance 

caldations. They range h m  4.005 bdwan P b  Awriad ad Euinois HopwU 

Amerind to 0.429 between Kadiilr Island and White. It apperred tht the White 

population gmup was the most distuit or most âishct h m  JI other groups with 

distances mging fiom 0.129 to 0.429. However, the distance between Whites and Blacks 

was much less et ody 0.017. 

Table 17 contains MMD distances below the main diagond and th& BSSOCi8ted 

standard deviations above the main diagond MMDs &ch are l a s  than two times theh 

staabrd deviition ue not signifiant as was the case for eight of the 65 MMDs; i.e. in 

tams of tbis puticular trait battefy the popihtion s~mplcs did not ditFer sigdicantiy nom 

each other. Fie of these were nhed  to the lllinois Hopcweii Amriad sample: its MMDs 

for S t h s v r ~ ~ ~ ~ e ,  South Naskaa Eskimo, Kodiak Idad, North P d c  Coast Amerinds 

and Plains Amerinds were insiwcant. In addition, the disiaece between Illinois 

Hopeweli and Aleut was barely signifiant. 





It was important to recognize that a non-signifiait distance does not indicate that the 

two population gmups are the same. Sjwold (1977:30) e x p b  

Instead a non-sigriiacm r d t  indicates that the two parent populations are not 
possible to disth&& on the available data ThercfOre, it is not reasonabIe to talk 
about a divergence between them Whaha tbU is caused by too smali sample 
sizes or an t ou rab le set oftraÏts mry be a question of discussion in each 
partiaiiar case. 

Finally, two of the MMD distances were aegitm: Plains Amaind and Illinois 

Hopeweli at 4.005 and Aleut and St.hmenct Island EsLimo at 4.001. Because cluster 

d y s i s  and MDS program arc unable to process negative data, a correction fàctor of 

0.015 was added to erch MMD distance, so that dl distincts were then above zen, in 

vaiue but without change in th& nnk order. 

Spearman's rank-order correlation test was applieâ to compare the Mahalanobis and 

MMD distance measUres. The 0.79 correlation is bighly statisticaliy sipmS~llllf and 

indicates that the two techniques produce similar resuits. 



CHAPTER V: DISCUSSION 

The odds d o s  produced by logit d e b g  provide a simple, <luantitntive method for 

intaprethg the reiationship among variabtes. Because the statistical technique used in this 

study has not been wideiy applied witbia the CO- of non-meüîc trait research, 

cornparisons with data ofthis lsnd ue impossible. Thus, in addition to adds d o  data, 

percentage âequcncy data wac aiso used for interprctive rad compafstive purposes. 

Each of the 14 traits were exiaimed sepmteiy, rccording to the thra descriptive 

variabIes, with an emphasis on those tams that were included in the logit model. In 

addition, an attettipt was made to decipher patterns oftrait distrr'bution by population 

group, age a d  sex, based on the odds ratio data. 

Table 6 conîains percentage fi- data for each of the 14 a s ,  by population 

group, age and MX, and Table 7 coatrijns the "best" logit mode1 and theit h t e d  fit, 

for each of the 14 traits. Table 12 contains odds dos,  and Iowa and upper coufidence 

ümits in aâdition to x2, degccss ofîrcedom, and probM&y d u e s  for each ofthe 

parameter estimates Msociaed with a tnit's logit modd These Tables provide the 

referaice data for the foiiowing section. 

St~corrlpanr~ 

The logit modd i d d o d  for this arit included only the popdation group variable. 

Popdrrfron. When each of the f i e  popdation samples were individdy compared to 

Whites none had an associateci odds ratio iidicatiag a sigaifiant Merence in trait 



fiequency. Both the Late Woodland Indian and Black samples approached statistical 

significance with odds ratios of 2-70 (confidence m t d  h m  0.91 to 5.67) and rn.086 

for the fonna, and 2-27 (confidence intend fiom 0.87 to 8.39) and rn.078 for the latter. 

In terms of Eequency, the literatme suggests th* siemalqmture ocaas most o h  

in Blacks. Wah the aception of the Late Woodluid Amerind smiple, tbis pattern was 

aiso obsaved in the pnseiii shidy, Wgh the pacmtage fiequency of 8.Fh was lower 

than the 13% reportecl for East Afiricans (Ashley, 1956) anâ the 11.5% nported for 

Americm Biacks (McCormiicL. 1981). The 4% &equcocy feported by Ashley (1956) for a 

simple of ccEuropeansn is identical to tbat obsexvcâ in the White sample of the present 

shidy. The sams is tnie of the mixed Ala-Eskimo simple stuclied by Saunders (1978) in 

which she reporteû a fkequency 0f2.7.A~ as wrnpared to the 2.W obsaved m the present 

study. It should be noted that there was a subswitial amount of overlap in the siimple 

useâ in this study and the one used by Saunda (1978): The Akut samples were 

essentially identical, while the individuais in Suiaders' (1978) EslSmo m p l e  were 

subsumecl witbin the aimm Esltimo sample. FEaally, the 10.2% fkpency obsmed in 

Late Woadlud Arnerinds raJyoed in the present riudy was close to the lm âequency 

o b s m d  in an OntMo Iroquois skdd samp1t (Andcfson, 1963). 

In temu of geographic location, the Eskimos Aleut and Kodiak Island samples rll 

represeat northem ndthe populations: they wen ab similu in trait Oequency whea 

compared to the Wbite population sample, while the remabhg two population sampIes, 

Black and Late W d m d  A m e ~ d ,  were not. Whether the simüarity in fiquency of the 

three northem groups has biological meaning, needs to be investigated. 



Age. The logit modd did not indude a main &kt for age. The youg Eskimo, Kodiak 

Island and Biack subsampIes had a higher eeqyency of this feature than thek reqwtbe 

old cohorts, whüe the young Aleut, Laa Woodianâ Amerhd and White subsamples had a 

Iowa fiequency of this fêature thrn th& r e q m t h e  old cohorts. This iawnsistency 

partisny explains why no age e&ot was mealeci for stemaI cq>erbne. The rare 

occurrence of the ummaiy and d ample szts for young ad& hampered defiaitive 

d y s i s  of rdult age efKects. 

Sex. The thai logit modal did nos mclude a main e&çt fOt sex Otha tesearchers 

(Ashiey, 1956; McCormick, 198 1) report tha stem2 qerfure occurs more fie~uently in 

males. Howeva, in the prcscnt study there appared to be a trenâ in the opposite 

dùectiom Aleut, Late Wooâlrad Amerin4 White and Biack females have higha 

fiequencies than do té& respecoive males, whiie the EdFimo and Kodiak Island f d e s  

and d e s  have essentirilly equal fiequencies. (1.3% and 1.4% for the forma and 2.5% for 

both sexes in the latter). 

EwItl~n*on, The pattem ofmalefbaie diBCéteaccs may support the hypothesis that the 

stem1 aprfute tnit reprtSQltS m hypostotic trait (duccd bone gcowth or retarded 

skeletai dmlopmeat), since such a trait is predicted to bc more common in females than 

d e s  as a r d  of scrcuril dimorphism in sia. It night aiso be predicted to be more 

common in younger than older individuais ifgenerai bony growth ocaimog with 

advancing age r d t e d  in the dcfed being obüterated. Though not i d d e d  in t&e logit 

modehg procedure, an hypostotic trend was apparent in that, of the fm populations 

showing s e c  differences, females had the trait more fiequently than d e s .  However7 



cornparison offkequencies between youag and old adults reveaIed no trend supportive of 

the "hypostotic trait hypothesiS"esis" 

Two points d to be made with regards to the iiypostotic tnit hypotbesis and sterml 

qertme. F i ,  the siernrtlqpeme forms during eariy fetd devdopment and it is not 

clear to whaî extent saaul dimorphism afkcts the axial skeleton primordia at this stage. 

Secondly, the prediction tht the î rqc~~cy of an hypostotic tnit woukl dmease with 

increasing age is b a d  on the assmption thaî bone continues to grow throughout 

adulthood. Though the sùe of the sfernal apreriirre varies arnong individuais, the siagie 

report that descr ib  the contents ofthe ~ipanin (fibroadipose tissue and d vesseis) 

did not iden@ any rueas of ossification (Cooper, et ai., 1988). Clrsgncation of this trait 

as hypostotic is probably mislending. 

The eariy deveiopmentai stage at which this trait becornes muiifesi suggests that it is 

at least p d y  genetidy controUed. The logit madel supported this obSeTVILfi011: The 

population gmup wuble alone uplained the pattern oftrait dishnhution in the cross- 

ciasdiexi table. Ofputinilrr interest b the fàct that the âequencies obsaved in the six 

popdation ~mples wae almost identicai to those prrviaisly reported for these groups. 

Could it be tht the geaetic basis of this trait has reached a Ievd of stab i i  such that the 

fkequencies are oonsistcm across major gwgraptiical "populations'? 1 susgest that the 

evidence prcsented h m  sirongly indicates a genetic basis for sfemi q r t u r e  whereby 

this fatwe could be usefbi in foreilsic idesltification and population studies. Moreowr, 

the absence ofage ad sar a s  d e s  it amenable to a simpler statistid anaiysis than 

used in the wreat study. 



Atlks bridge padaia 

The Io@ modd praduced for this trait combinecl main &écts fw both population 

grwp and sar Unfortunateiy, there were not enough deta to test the fit of a iogit mode1 

that included a populitioa group8sen interaction term. The latter rnoâei mi@ have 

improved the M of the othemhe acccpted modd, which was brinly non-si@- 

@=0.079). 

Popk'crfi-ion When wmpared to the Whae popdation sample, di 0th popdations cxoept 

E s b o  showed a siificrnt diff- in t d t  fhpcl lcy .  Thcir odds ratios canged fiom 

4.70 (confidence ï n t d  h m  2.04 to 10.83) fa the Iate Woodland Am&& to 2.38 

(confidence intemi fiom 1.09 to 5.19) for Biacks. That is, the Late Woodland Amerinds 

had the trait aimost the timcs as ofken as Whites, and the Blacks have the trait just over 

two times as often as the Whites. Both the Aleut and Kodidr Island samples exhiited the 

feature approxhateiy three times as o h  as WMes. Again, the geo~taphic proximity of 

the Neut and Kodiak Island groups to one m o t k  was noteworthy. 

Comparative hquencies h m  the 1itcranii.e molude 13% nported for a skeletal 

sample of Amaicm Biacks (a cornanriion oiiadinduals biom the Todd coiiection and a 

colieaion curateci at the Museum ofNaturai Histoiy in New York City: T a b  and Nathan, 

1986), which is v q  close to the 11.2% obsavcll in the Black simple d e r  study here. 

The fie~uency of 5.W obmed in the present White sample, however, was substaatially 

less than the 9.W reporteci fiom a radiographie sample of C d a n  Whites (Saunders and 

Popovich, 1978) and 12.2% for a skdetd sample of Amaican Whites respectiveiy 

(Osdort, 1926). The latter sample is descn'bed by Ossedort as consisiing of specimens 



fiom the coUection of the Depariment of Anatorny, Washington University, and some 

"negros" fkom the Uaited States National Museum Thk oould be the begiiimag of the 

Tary coliection wlicb was accessioned betwan 1910-1940 and was originaliy stored et 

the School of Medicine, Washington UniverSay, St. Louis (Bernstein rad Petason 

1966: 139). Though mrny researchers have studKd this trait, most have combined 

d i o n  ofûoth partiai and complete bony bridge kt0 a single trait, tbus maLiag data 

cornparisons difiicult. 

Sex. The genda tam in the finil logit modd mdicated a si@cant ciifkencc in 

âequency of the trait betwemt d e s  and fimaies. Tbc odds Rtio hdicated that males had 

the trait almost twice as ofken as fèrnaies (OR=l.93, oodidence interval 1.20 to 3.10). 

This was in agreement with the of reports which indiate that the tnit ocairs 

more fiequeaUy in des than f d e s  (hi 1993; Ossedort, 1926; ROIMUUS and Tovi, 

1964; Saunders and Popovich, 1978; Selby et al., 1955). 

Though S d m s  (1978) f d  no sigihmt gender âifkence in trait fiequency in an 

Amerind skdetrl Mmpk, the düfèrence found in the prrsmt case ofLate Woodlaad 

Amamds fiom Northan Mississippi Vdey iippeared to be Lrge: 30.û??% for d e s  and 

6.5% for f d e s .  On the otba had, S d t r s '  (1978) observation of no gender 

ciiffierence in a pooled Aleut-Eskimo ample W in closer agreement to the vahies reponed 

here: d e s  9.00/0, and fernales 7.9%. 

Five of the six popdation samples had hi* male than f d e  &equencies. The 

ciiffierence was partiCU).ariy d e d  in Late Woodland Amecinds (noted above) and Kodiak 



Island, males 24.2% and fernales O.@%. Among Aleuts there was no apparent gender 

difEerence, d e s  13 .CE? and fbdes 14.8%. 

Age. Tbough the ratio ofcomplete to inwmplete posterior bridge has been shown to 

increase with ridvrnciiig age, the finai logit modd ïndicated tht 4th9 b r i e  pasterfor is 

age stable. This agmd with Saunders' (1978) obsendon of a lack of -cal 

differeace in trait fkquency between youag and old addt age groups within two Amerind 

skeletal saanples and a c o n i b i  Eskho-Aieut skeletal srinple. Ofthe six population 

groups hcludai m the pnscnt study, two have a greatcr fiequcncy in the young, two have 

a greater hquency in the old, and two have very simdar ibqucllcies in the two cohorts. 

EwIuatïon, As mted in the introductory chiptcr7 thae is disagrecment as to whether this 

trait represaits a d a 1  borda shift (Von Torkh~s and Geble7 1972), a caudal border shift 

(Bames, 1994) or natha of the two. As it is classified as an hyperostotic trait, it can be 

evaiuated witbin tbis context. Hyperostotic tnits are predicted to be more couunon in 

males because oftheir genacilly mon robust skdetai davdopment, and older addts, 

because of age related bone growth. The forma prediction was borne out by the logit 

model: males bad the tnit twice as often as the fbdcs  rad fin of the six popuiation 

groups hd hi* mie vasw f d e  frrsuenciica On the otha han& the same canot be 

said of the agc tam; wt ody wu it not includd in the logit modei, but cils0 the 

population group fie~uency data defieci a trend in any direction. 

When the population group tetm was added to the null or no efEects mdel, there was 

a highly sign&ant Merence in the cxpected di ficquencies between the two models 

(p=O.ooO), iadicating that the population group variable was largely respo~l~lile for the 



observed pattern of data distn'butio~~ There was a statistidy sigoincant difference in 

trait fieqyency for four popilrition gcoups, when compared to the White populaîion 

group. 

This trait has a d c i e n t  genetic wmponent to be vaüd in distina ariliiysis- 

Moreover, the populriion va&Wy indicatcd that it w d d  be usefùl in ethnogedc 

research and shouid tberefore be includad in the d m e  suite of axial skeietal variants to 

be used in distance adysis.  

Atlm bridge &end 

Or& the population 8foup variable wu hcluded in the mlar bride & r d  logit 

model. As this trait bu not been weil studied, relativeiy féw publications are adable  for 

cornparison with the prescrit work 

Popui'on. Four ofthe fivc population sampIes hd odds ratios indicating a siwcant 

Merence when compareci to the badine White samples. Each of the four odds ratios 

were hig& signikant, rangkg fiom 34.26 (wddcnce intaval 4.37 to 268.37) in the 

Late Woodlmd Amamd gmup to 17.57 (confidence i n t d  2.33 to 132.50) in the 

E s h o  group. The Black simple had an odds ratio of 3-05 which was not siBnificant. 

The large od& ratios refiectcd the marked variation E âe~uency of tbis tnit together 

with the hct that it ocaureâ oiily onot in the baseline White sample, which served as the 

cornparison fOt rll other groups. The &etpeucies ranged nom 0.5% in Whites to 14.8% 

in Late Wodhnd Amerhds- 

Age. Previous researchers have not ôeen sucassful in deteminhg and to wbat extent, 

atlar bridge fateral is affecteci by sketetal changes during aduithood. That an age main 



enéct was not included in the nluil logit modd was not surprising: tbree of the population 

groups had a hi* âequency in th& young adult gcoup (&&ho, Aieut and BM), two 

had a higber fidquency in their old ad& group (Kodiak Island and Late Woodliad 

Amerind) whüe the White aunple had approximately equai fiequacies, (0.W and 0.5%) 

in young and old. 

Sa The logit modd for tbis trait indicated that gada did not influence expression of 

this variant. Two popuktion groups bd a higher fiequency in th& d e  group (Eskimo, 

Aleut), two had a bigher ae<iuctlcy in th& fimale group Qodiak Isiand, Late Woodlsnd 

Arnerind) and two had approximatefy equai fiequemies in th& respedve -der groups 

(White and Black). Ma (1993) reports that d e s  arhibit the trait twice as often as 

f d e s  in a wmbined Eskimo-Kadiak spmple. SubstPmial overlap exists bctween Ma's 

sample aod the prrsmt samples; and when the Eskimo and Kodiiilr ~mples u d  in the 

present study wae oombined, maies and fernales exhibiteci fkeqpencies of 12.5% and 4.7% 

respectivcly. In Ma's (1993) Arneriad-Aleut srrmple, d e s  exhibit the trait as often as 

f d e s .  Again, in view of the overiap between the two studies, it is not surprishg to find 

that when the Alart auci Late Woodlanâ Awriad population groups were combinecl the 

d e  and f d e  trait fiequencies rlso w a e  vay close: 1 1. PA and l3.l%, respectiveiy. 

EHlrhation Thae has ban no discussion so fàr of this trait as representing either a 

d a 1  or caudal border shift. Nevertheless, 2s positive association with the atfàs bndge 

posterior (Table 13) mggestecl that whatever direction is represeated in one Miiant is 

also represtmted in the otha. It is an hyperostotic trait, but ualüre the a t b  bridge 

psfenor, the atlas b d g e  hteraI did not show the expected pattm of trait distrriution 



between the sexes: ûnly two population groups had a higher fkquency in d e s  thaa 

fernales. Like ath bridgepwteniw, atk bridge Imeml did not show the expected 

pattern oftrait d i s a i o n  between the ages: ûniy two ~poups hul a higher âequeacy in 

old than young aduits. 

The markai intc~-popiiation VBnabîUy was refiected in the large odds ratios. Only 

the Black sample did not di&r signifîcantiy &om the White bardine sample. In addition, 

the signincauce of the populasion gtoup variible stranBty supported the usunipion that 

manifestation of this mit is at least p d y  g d d y  controUedad The absence of age 

and gender effects indicated tha it muid be employed in a simple âistance statistic. A 

cornparison of the odâs ratios for atllos b~djpposferiw with those fw atlar brtdge lateral 

(Table 12) suggested that the latter wodd be both mon iriformative in ethnogenetic 

. . .  research and also more powafuly dwrinnnating in fordc applications. 

Ail" brursycrs~ f- k r f i  

The logit modd ibr this trait included only a population group main dèct. In addition 

to population group howmr, age and sar wiU be disnuped b r i e  thou& there is a k k  

of üterature patuaiog to thLI mit. 

Popïutzon. None ofthe odds d o s  indicated a sigdczuls difbnce in &equency 

betweein Whites and any ofthe âve other popufation samples. The odds mios mged 

fiom 0.18 (lower and uppa confidence limits ofO.02 and 1.39 respdvely) in the Late 

Woodlaad Amerind sample to 1.53 (Iowa and uppa confidence b i t s  of0.71 and 3.26 

respectively) in the B k k  sample. 



Ossedoit (1926) reports a h  buasverse formen defecfive to occur with a fiequency 

of6% inasampleofAmaicanBhJEs rad% inaMmpkofAmaican Whites. In 

coottast, the Black sampie hem exbiiited a fieqyency of 9.2% and the White m p l e  a 

frequmcy of 6.2% 

Age. Though Saunders (1978) ob#md a d c a e w  in the mency ofatias ~ ~ r s e  

forumen dkfectiw throughout the aduit age paiod, the present log& mode1 indicated no 

signifiaut ad& age cohort Merence. Thae was an age trend obsaved m the present 

study, though its direction was the reverse ofthat reported ôy Saunders. Four ofthe six 

populations had a bigher fkpency ofthe trait among old aduhs than young aduits, and 

ody two ( M e  Woodkad Amerind ad Black) exhlïïted the reverse. However, in view of 

the rare occurrence of this anomaiy together with the smaîi sample sites for the young 

cohort, we should not regard the present hdings defimtive ofthe age pattern of the trait. 

Ser A main &kt for sex was not detected during the logit modehg procedure. A 

summary ofthe descriptive ststistics mealeci, albeit in a simpüstic way, the lack of a 

consistent pattem. In the Aleut sample, trait fiequency was dadatecl as 1.9% for both 

the male and fiemalt grwps. The Lite Woodîand Amainds anâ Wbites had a lowa male 

fkequency whüe the other three popuiaions (Eskimo, Kodiak Idand, B k k )  had a lower 

f d e  fie~uctlcy~ Unfôrtunatcly, daddinai data are not adable for cornparison. 

EwIudorr, As îhis trait is categorized as hypostotic it shodd ocarr more fiequently in 

fernales ancl young aduits. Howeva, the logit mode1 fjkd to show this predkted pattem. 

It was negativeIy assaciated with the presumably hyperostotic atlas bridging traits, as 

would be predicted. 



In terms of population group variation, though none of the odds ratios were 

stetisticaily signifiant, the fhct that the population group variable wrs included in the Logit 

mode1 indicated that it was respongible for the obaKmd pattern ofdata distribution. The 

data presented hae were consistent with the Upumpton that there is a d c i e n t  gaietic 

component to expression of a f k  banmetse foromen &fecfive to indude it among non- 

metric traits used for popdation studies. The fhct tbat thcm are no age or sac efEects 

d e s  this mit amenable to l es  compiiuted distance rnilysis tban that presented here. 

r C r U h v r n s v c r s c f ~ ~ d e j i y c  

This trait showed signifiant positive m o n  with a t k  troptsyerse fmanten 

defedw (Table 13). to be disaissed fùrther M the section 'Inter-trait AsSOCi(lfion". 

Surprisingly, the log& modeîs that best M each ofthe two transvefse bramen defective 

traits were completely diSiment: no single variable occutred in both 

A major impedimcnt to thorough investigation of this trait is its very low incidence. It 

ocaured evm kss ofken than duIs liunswtse fwanien &fec1i'Ye, and uniunless vay large 

samples rm availablc, may mt be d l e  to the logit modehg proceâme. 

Data for this momily gcnerated the oaly logit modd that did not hclude main dects 

for at least one of the thrœ variables. However, it was impomt to keep in mind that the 

"no &ecfSS' logit moal is not a dehult mode1 nai(sing fiom Lolr of drta: standard arors 

associated with the population gnjup, age and sex main eBècts models were weli within 

acceptable range. Thus, the no e&as mode1 seemed to be the best one; this trait simply 

was not affecteci by population group, age or sac . Each of the three variables is bMfly 

discussed below. 



P o p i f ~ b n -  It is difliicult to evaiuate the meanhg of the differences in fiequencies 

observeci m n g  the six populations. Tbe Wbite sample bad the lowest neqyency ot only 

1 .û% and the Kodiak Island and Aleuî groups had the highest at 8.5% ciid 5.3% 

respectkiy. As was the case for the a b  brk&epsterio~, Kodiak Islrad and Alait 

were closer in fiecpency to each other than to any other popuiation group. 

Age. Three of the popiiritions (Aleut, Kod* Bldr) showed a higher hqyency in the 

young cohort, and three of the popuiation grwps (Womo, Late Wooclland Amerinds, 

White) showed a bigha ficquency old cohort. The bgest age discrcpancies were in 

Aleuts and Kodiak Idanders with young adult âequencies of 12.5% and 14.3% and old 

addt fkequencies of 3 -8% and 3.8% respcctiveiy- 

Ssc Three of the populations (Aleut, White aad Biack) haâ a higher fkpency in males 

thaa in fernales. Eskimos exhibiteci fie~uencies of 2.1% and 2.8% and Kodiak Izrlruiders 

exhibited fkeqyencies of 8.7h and 8.3% for males and fernaes respeaiveIy, bdïcating no 

difference bctween the sexes. Late Woodluid Amerind data bmhd at a higher fernale 

(4.2%) vverwis male (O.OO/o) incidence. 

E w I ~ ~ i o n  -de the presumed hypostotic m e  of tbis trait, an aolmnotion of the 

fie~uency data reveald no &écts by genda or age &ch wouid corroborate this 

classification. 

Aside from the düECUIfies that &se âom the statistical aaaiysis of such a rare trait, it 

did not appear to bave much potential use either in popdation saidies, or forensic case 

work whexe an h o w n  individual was compareci to a large reference database of knowu 



sex and geographidracid ongin FsenWy, removal of this feahire fiom a w o r b g  trait 

list would not eliminate vaiuable itifommtion. 

cc dkbîemw$- f- 

The logit mode1 for Cs &bZe aarniiera f-en included amin eBécts for population 

group and age. Duplication or bridging of the tr;msvase foramen Jso O C C U L T ~ ~  with 

varying fiequency in the third, hwrih and tath cervical vettebrae, and its qression in 

these vertebrae is asmciaîed with that ofthe sirdh cenical vcrtebm In the past, 

researchers have deah with this interotrait rssociation by combinhg the fiequency of 

double transverse fixamen obsewed in al four vertebrae as a group into a single mit: 

"double transverse finunen o f a m i d  vertebrae tbree to S. It bas been common 

practice a h  to inchide destat ion of b t h  incornpiete and wmplete bony bridges in the 

category trait present. Thus, despite the cornmon OCCUnence ofthis trait, much of the 

available literature iacks comparable data. 

PopulCrfion. NOIE ofthe odds ratios indicated a signincimt diSisence in trait fieqyency 

between each ofthe fin pojnûation groups when comprnd to the baseline White sample. 

The Late Woodlud Amerind approached si@cancc with an odds ratio of 1.67 

(coofideaa i n t d  âom 0.95 to 2.93). In t a n s  of percanage fiequencies, White had 

the lowest 33.5%, and Late Woodiand Amaind the highest 56.W. 

For the Amamd saniples Saundas (1978) reporteci a fiecpency of only l5.l%, while 

in this study (using a wholiy d i f f i  ample) the nimba was much higher at 56.W. On 

the otha han4 because ofthe major ov- baween our reqective samples, less 



variation WU obsewed between the combined Eskirno-Aleut sampk: 33 .Cf% in Saundm' 

(1978) study arid 41 -9% in the present study. 

Age. Mein effècts for age were iacluded in the logit model but, contrary to what wodd be 

expected ifthis trait ôelonged in the byperostotic clas, the young addt age group 

exhibiteâ the trait 1.43 tims more often than the old adult age group. In addition, tliis 

trait has been obsewed in imarrrbite (Anderson 1%3), aewbom and fètaf skeletons 

(Saunders, 197%). &ch is inconsistent with to the pattem expectcd for an hypaostotic 

trait. 

Four ofthe six population groups had a higher kpency in young adults compared to 

old addts. Comrasdy, the White sample exhiaied a greater fiequency in the old adult 

age group, end the Late Woodland Amerinds srbibitecl approximately equal fie~uencies 

for young and old: 56.4% and 55.6%. 

Ser A main effèct for sex was not included in the final logit model. Eskimo, Aleut and 

Kodiak Islanders bad a hi* fkecpency in d e s  versus &maies while the remahhg tbree 

populations had approxbately equel fiequeacies: 33 .r/, and 33.3% for Black d e s  and 

f d e s  iespective, 55.1% and 57.PA fw Late Woodland Amerind d e s  and f d e s  

respectively anci 39.2% for both the White d e s  and fémdes. 

As was the case for the population gr- cornpuison, Saunders (1978) reported lowa 

figures than did the present author 35.036 for the combinecl Eskimo-Aleut male wibsample 

compared to the 46.4% obsemd here and 3 1.3% for the respective femde subsample 

compared to the 33.9% obsemd here. Again, the Amerind comparisons, being based on 

different samples, show the -test discrepancy: 18.00/. for d e s  and 1 1.8% for f d e s  



in Saunders' (1978) sampIe, cornpanxi to 55.1% for d e s  and 57.7h for f d e s  in the 

GluTent study. 

Ewhraîiolt, l"his is a clrcsic example of an iiyparostatic, or naas bone growth, trait. 

More interesthg than the observation tbat it did not vuy in &ciuenq~ betwee~ d m  and 

fernales, is the fict thaî it ocamcd sï@ciatty more oAen in young comparai to old 

addts. It is difEcult to envision a rccnuio in which the bony bridge d e s  or is resorbed 

throughout dulthood. An undentad& of the morpbdogid sigdicance ofthis tnit, 

hypothesizad to rem& h m  pressure GXClfed by the VCLfebral Uary (lt Double, 1912) 

and possibiy relateci primviiy to ~ o u s  in the vcrtcbnl vcin as wdl as artery' is needed 

M order to arphm the observeci pattern 

In addition to the fàct that the popilaion graip tnm occmed in the logit modd, the 

potential of this tnit is fÙrther supporteci by the substintirl range observed between the 

population grwp with the lowcst fhqyency (White) a d  the popuiation graip with the 

bighest (Late Woodland Amsimd). C&ub& b-se fwapnen appcad to have a 

substdai g d c  coqmxmt, and beause it occurrad with such high fkpency, should 

beusenllinatnitkdesignitdtPrpopilrtiondisuna~dKs. Rcscmhfonisiiigonits 

development rnd relation to blood VCSSCIs is bigbiy fccommended in orda to ddress the 

confusion with regards to its classitication as au hypmstotic tnit. 

C,dbauvrrw/aiaiircnf- 

The logit d e l  fbr tbis tnit wrr the same as that for the CscdoubZe &QllSYerse 

foramen: popilrtion + age. To chte this tnit hs not ken wdl studied thaigh both 



Buikstra (1972) and Saunders (1978) make specid note of it and suggest an etioiogy 

independent of otba accessory foramina oôsawd in the &al verfebrae. 

Popdan'm The odds d o s  cissoaned widi the EsLmio and Late Woodland M d  

samples bdicatd a signifiant ciifference in tria mency when compand to Whites. 

TheWamod&ntioiadi~edth*thetnitoowsrhno~tsirrtimswm~caUy 

(OR4.70, confidence i n t d  2.58 to 12.58 ), and the Iate Woodbnd Amerind odds 

ratio indimes t h  it ooans just ove  s c ~ a  tmKs wm hpeaUy (OR=7.32, confidence 

intend 2.86 to 18.76) than in the White badine ample. In tams of h q y d e s ,  Jackes' 

(1977) rcpoct of 5.0% for a -11 oswrary srmple is substmîhüy kss than the 20.6% 

observeci in the Laîe Woodiand Amerind sample a d y d  in the prrsmt study- 

Age. In dirtd opposition to the pattern &semai for the Cs&ubIe brptsriierse fwcanen, 

this trait occurred most fiequentiy m old d u i t s .  The odds Rtio of old to young WU 

1 .ûû:O.45. TrYt fkquetlcies were consisteutiy bigba in the old compand to young duits 

for di six popilrition groups. 

Ser A main ead fw sex was not inciuded in the logit m d .  Both Eskimo a d  Kodiak 

Island males uchiated a hi* fiequency thn fanies. In the otber four popdations the 

opposite wu truc. 

Evalratim As it npresents an arca on the costal portion of the tmmrsc proass whkh 

is dehient in boat, the costrl fonmcn w d d  be considered as an hypostotic trait. The 

fact that it mcnued in âequency with advancing age, though it wouid k expected to 

decrease, rdectd the confusion this tnit pr-s with regards to disîinguisbing it fiom 

rnanifêstation of increcised porosity r d t i n g  fiom the normai aghg pro ces^^ That is, as 



the amount ofporosity in the bone increased, it was increasingly difficuit to distinguish 

between the c d  mrmwse fmmzen uncl nonnal age &ed porosity. Mer and iotra- 

ob-et agmment tests connmi this (Chapta II). This phcmmemn as0 may account 

for its apparent mcrruie with aâmcing age. 

The conûiiion of the population group tam to the f m i  modd was higbiy sienificmt 

@0.000). Speci6cally, when the popuiation gtaip tem was added to the previous mode1 

(ii this case the nuii or "no & î  mode a compMson of the errpected cell dues 

concluded that tbis trait is bighly &ecfivc in distiaeinsbiog . . among population groups. 

Tbis is a trait ükdy hahg a substansial haditay wmponent, ad is t e c o d e c i  for 

iuclusion in a trait üst mtded fW &stance adysk. 

ckwidr ib  

The correct logit madd for tbis tnit inchaded main &USS far age and sex but aot 

population group. Because the population group vaciable did not cornribute to its logit 

modd, in addition to the fâct that it was rare oôserved, cenfaalrib likely would not be 

usefiilfDr*iiiilygs. 

Age. Young ad& uhibi the tnit 3.58 times more ae<iueatiy (Iowa and upper 

confidence b i t s  of 1.22 to 10.48) thaa old adults. This was s@&ant (p= 0.020). 

The Kodialt IsJand and M e  W d a u d  Amaiad samples wae responsi%le for the 

observeci age e&ct: The young cohart had substanti.Uy more iadividds with the trait 

present than the old cohort. The âe~uencies in the two youag adults were 14.3% and 

13.8% for Kodiak Island and Late Woodiand Indian population groups respedvely. 



Ahernatively, boboth old ad& age groups are zero for Kodiak Island and Late Woodluid 

Amerind. The fourothapopiLtions (EsLmio, Aleut, White audBiack) ~ ~ e d  

sampkg zeros in young ad& and 1.1%. 2.û?!!%, 1.1% ami 2.2% respcdirdy in thQr old 

adult cohorts. 

Sor Thed&r~tiototrrciitpreseace/absenccintemalesuoo~tomskswas 

i .ûû:O. 15 (upper and lower coafidence lianis of 0.03 to 0.66 rrspectiveiy). In 0 t h  

words, f d e s  baâ the trait almost swcn times more îhpaniy tban d e s .  This is 

contradictai in Honeij (1920). Wb0 hypothcbs that the trait ocnirs more &equCIIfly in 

males. On the otha hanci, Steiner (1943) reports the trait to be more m e n t  in females. 

In this study, the perCCLitage hcpency of ri& was wnsistdy lowa in maies 

t h  in females, and ex- for the Late Woodkad Amaiad sample (6.5% to 8.W for 

males and f d e s  nspectively) ali the ootha populrtion samples bad no males with the 

trait prcsent. Among Kodiak Islraders, the f d e  pmxntage ae<iueacy was 9.7??, but 

four otha fmirle subsimple fiequdes wae Iow. mghg âom 1. Ph to 3.2%. 

Populan'on. To reitemte, given the rare occumce ofthis anomaly it was difficult to 

detamiae ifthe f h p e n ~ y   CS m w  p ~ p i L t i ~ n ~ ,  even tho~gh the 1- modd 

indicatai that it d a s  iiot Whai the popuiation group vaziable was addad to the age + sex 

logît modd the p r o b a ô i i  msociated with tk additional t a n  was vny hi@, g.O.277, 

hdicsfjng that the expected ceii fkquencies of the threc tam modd were similar to those 

of the two term model. 

Shmod and Jungha~s (1971) suggest that the fiequency of c e m d  rib varies 

between 0.5% and 1 .(Y%. Mer (1939) reports a hquency of 2.W in a simple of White 



d e s  and 1.W in a slmple of Biack males. As previoudy mted, Mer's sample was 

demnd nom the Tary d e d o n ,  the same skdetal utateriaî dut provideci the samp1e for 

the White and Biuck samples useci in the present study. In this study the White d e  

fiequency and Bkdr mile fiepuency wme both 0.M whilt the White ( d e  rad W e )  

âequencywar 1.1% andtbeBLclr(mileandfde)~encywrs 1.6%. 

EwIudian. This ans one of ody three traits that did not c o d  the population group 

term in th& log& modd. In addition, the trait was nre (though obs«yed in 7.1% of 

individuils in the Late Woodlud Amsrind sampk) a d  wur difECUlf to score consistdy. 

Given a large cnough ample gte, and a dmne geogcaphicai m o n  cem*d rib 

may show a d c i e n t  population #ad to k u s a  for dWuna aaalysis. 

C e M d  rio represeats an uncquivocal -on of craniai sbift at the 

cervicothocacic borda. Failure of the costai dement to fuse with the t m m m e  pcocess, 

or hypatrophy ofthe costai element, resuits h its mmSeststion. Because it develops at 

an eariy age, it might k expected to be age a l e  throughout adulthood, but as the odds 

ratio of 1 .ûû:3 .S8 (old to young ad&) indicrted, it dtacised in hqyency with adwmcing 

age. Fusion of the cervical rib wah the vaieki b lilrdy the cause. 

The rsison why it ocnined mole o h  in &males wrs p u h g ,  though thece is some 

aiidena that cranial shitts are more CornWin m f d e s  (Barnes, 199480). 

LI mticlrndunit 

As previously exphineci, the White popdation sample hd to be excludeci fkom the 

logit modeling procechne. By defauî, the Lue WcuxUand Amerind samples beaune the 

baseliae to which the other four population groups wae  compareci. 



The logit mode1 created for LI mticiimi unit included mEn a s  for both 

population group and age in addition to a popJItion8age interaction tam. 

PopWon Ali tWr odds ratios were si@canî, nn@g âorn 0.05 (iower and uppa 

confidence b i t s  of 0.02 and O. 12 mpeakly)  &for Biacks to 3.77 (lowcr aud upper 

confidence limits of 1 A8 and 9.61 nspeçiivdy) fOr Ko<lirL Idanders. That is, Late 

Woodlrir id~hdthet~20timesmonn#iudythnBlacLs,rndtbeKodisk 

Mandas M the trait almost forn thnes more frequentiy t h  Late WoodLad Ameriads. 

In additiog the Late Woodlind Amaind sample showcd tk tnit almost two and a haif 

times more fhqyently thiin the EgLjmO -le rad almost fan times more fkpentiy than 

the Aleut. ûbviousiyy a considerable amount of inter-popilrtion variation in trait 

f?equency charactenized this feahae. 

S e v a l  derences corroborate this hdmg. Specifically, Stewart (1932) reports a 

fiequency of 20.W for Ll mticiid unit in an Ahsican EsLimo skeletal sample which is 

Iess than haif of tbe 52.0% observeci in the current study (a @or portion of Stewart's 

Eslomo sample of 107 incüviduais was ibcluded in, but conhiôuted l e s  than W t o Y  the 

present Eskho Mmpk). The 34% âcqucllcy obsc~ed in a Huron osswry skdetal sample 

(Jackes, 1977) is again, appcoximatdy haif ofthe 52.W. obscrved in the pfesent Late 

W d i d  Amamd population graip. Whetha these disaepancies refiect true biologid 

differences or reailt fiom mahodologicil diffèrences is unluMw11, Finie,, Lania's (1939) 

12% fkequency obmed in a sample of American Blrck d e s  was compand to the 5.2% 

observeci in the present study sample of Black males (and 7.1% observeci in the Black 

male and fdes ) .  rnnier's 9./. observed in a sample of American White d e s y  is 



wmpared to the O.O.?! oôsened in the present sample of White d e s  (and 1.5% observed 

in the White maks and fimaies). Again, Mer's sample was derived fiom the Tary 

coiiection and consists only ofmaks. The disaepPacies in the mdigenous sarnp1es may 

reflect m e  biologicai milsion as it aristed ~ o n g  these popdation groups. 

Age. The odds ratio incücated that yamg aâuits dbited LI anticiirilri mit 1.30 

(wdideace h î d  ranges h m  0.55 to 3.08) times mon often than the old adults but the 

blomo, Aleut and Late Woodbnd Indim have a hi* fkpcncy of trait prewni in 

young cidults and Kodiilr h i a d  ad Blick hvc a b i g k  aepUency of ait present in old 

a d h .  In the logit modd building procedutc, the addition of the age tam to the 

population main e&as modd iadicated that the diffaaice between the arpected ceil 

values of the forma wmpared to the latter was significant (piO.022). Nevertheles, for 

both of these main Ceects logit moâels, the fit was uiiloaptable and indicad that den 

the expected odl k p n c i e s  unda the proposai logit modd wae comparcd to the 

obsaved c d  hqucacies, there was a highly signEcanî clifkence. 

PopuI;an'cm*! Infe7~~titm trnr. The popiiriion + age main deds modd did not nt the 

data Q~û.002) Wth the addition of the popiiaion*age interaction tam the probab'i 

value BSSOCiaSed with the G* Stltistic indicated a non-sigdlcant diffefca~e b a n  the 

obsaved risd CXPeCfed d fi.ecpencies @30.448). It is within the two-faoor interaction 

term that the age term contnied to the fhial logit d e i .  In tmns of d d s  ratios, that 

associateci with the Kodiak Island yomg aduh group is signifiant at 0.25 (confidence 

intemal fkom 0.07 to 0.94). The young Eskimo adult group ais0 approached statisticai 
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significance (p4.0721) wah an odds ratio of 2.57 (Iowa and uppa confidence iimïts of 

0.92 and 7.18 respedveiy). 

Serr The k k  ofa sex eBht in the 103 mode1 nadcd to be addressed. Both Eskimos 

and Late Woodland Amainds hd a p a t e r  îhpency of t&e trait in k i r  male versus 

f d e  subsamples d e  tbe 0th fair populations had a pater f d e  than maie 

fiequemcy. Though the iack of signifiant sex diff2mioes corrabonted with Merbs' (1974) 

data, the tmid observed here comborated the fémalt pnponderance reporteci ôy Stewart 

(1932). 

E v ~ I u ~ o n .  LI anticianrrl mit reptesents a caudal sbat at the thomwlumbar borda. The 

fàct that a population tam wu, inciuded in the modd was expected, as border shifts occur 

as an eariy deveiopmesitril pmcess and are strongly Muenced by genetic ktors Quône, 

1932,1934,1936 in Bames, 1994). In addition, the popuIation group term, whm added 

to the d d e l ,  is highly si@canî (p=û.ûûû) 

It was one ofthree traits whow Iogit modd includes an interaction term. The age and 

age*poputtion i n t d o n  terms were diffiCUIt to interpret. ActMty iaduced bone 

remodding ofthe apophyseai joints may be invoM. h i a i  M o n  of the tnink ocairs in 

the thoracic region (Aidlo rad Dan, lm), thus the prcsmce of an additionai vatebra 

capable of t h o d c  type rotation, wouid incrcase the mge of rotation. CaEUn adivities 

tht reqyh  strenuous and repeated tninlr rotation, such as kayak& and hrpooning 

(Mabs, 1983)' may atm mechanical stress in the uea thus causing a caudal shift of the 

anticlinal mit durhg ;in hdividual's lifetime. Two of the population groups exhioieci an 

kcrease in trait fiequency with admcing age Qodiak and Black) whüe three (Eskirno, 



Aleut and Late W o o d ' )  showed a decrease. The fieqyency of the trait maLes it easy to 

study, and a popuiatiodgdc component is stroagiy support&, tbis trait hs the 

potentiai to k usenil in &tance rniEp3is rrsarch. Udbrtunattdy the intendion ôetween 

the population gmup anci age tams couid pmve to be pmbldc. More research needs 

to be done in order to determine the m e  of the obsaved man of data distrikition 

hnrbor rib 

The logit moâel for this trait inciuded ody a main efact fw sa. 

Ser The odds &O of 2.02 (confidence i n t d  fiom 1-32 to 3 -09) was signifiant 

(p=û.ûûl) and indicaîed that males n h i i  the trait two tmia mon kqpclttly than 

fernales. F M  popdation groups (acept Lia Woodhad Amerind with d e  and f d e  

percentage fkpencïes of 18.3% anci 20.% mpectiveiy) had a higher fiequency of d e s  

than f d e s  ehibiting the t&. These data supported Shmorl and J ~ ~ ~ g h a ~ s ' s  (1971) 

clah that the trait ocairs more often in des ,  but comndiaed both Epstein's (1976) and 

Steiner's (1943) clrimi that t accurs mon often in fbûes. Mer rescarch indicates that 

h n n b  rib oonimd with cquril fkpacncy in the two gders (Saunders, 1978). 

m. Thlo~de1dEdiiotiaohideamim~forrgethou~pnvid~~resear~h 
hdicatcs that rQlt age &anges do ocair ôut vary by population (Saunders, 1978). A 

trend to popiLtiotl%ge imemction was a b  ob& in this study, with tbree (Eskimo, 

Aleut and Wbitc) having a hi* f i e q u w  ofthe trait in the young comparai to the old 

addt age gmup, ancl three (Kodiak hiad, Late Wooâhd Amaiad a d  Bkk) bvhg a 

higher lhpency of the trait in the old compared to the young aduit age group. It was 



noted, tiirtba, thaî this tread p d e l d  the population*age interaction characteristic 0fL1 

anticiinclf mit 

PopuGafion, When the popdation group tam was added to the #x main e&ct logit 

mode4 the expected cdl fkpCIICics did not change signiîicantly between the two modds, 

and the high proôabüih, d u e  dSSOCiated with the populidion grwp tcna (p=û.432) in tûis 

study i n d i a d  tht it did nat contribute to the harl modd Weed, Lanier (1939) reports 

thelumbunbtooccurwitbcquJ~ctbcyinBlici;ridWbiiemJcs. Thiscank 

cornpucd to~mpecthe~Cl lCics inthepmaï î sû~dy:  18.1% and 13.4%formales 

and 12.4% and 8.8% for maks and f d e s  respcaivdyespcaivdy Mabs (1974) aiso studied this 

trait but combineci it with LI mticlritcil mit, to i d e  the pfcse~lce of a caudal shift at the 

thoracoiumbar borda. He reportecl the caudal sbitt so d e h d  to ocav in Wh of 

Caiiadiiin Eskimos (aubstiatirly greata thn the 14.2% obaaved for l'bar rib in the 

present aggregate EsLimo ~ m p l e )  and 26% ofNorthWest Coast Amerinds (rlso higher 

than the 18.8% observed in the Late Woodland ample b m  the Northan Mississippi 

Vailey). No doubt the idusion of& anIW"c ml h c m d  the hcp~cllcies obsaved in 

Mabs' study, but it was intereshg to note that the hi* ~ c s c y  is in bis Edcmio 

vasus Amrind ~mplê, d e  in the prcwnt study the di&reace was revased with 

respect to the Eskimo-Amd compaNon. 

Eduation, This is tbe t h d  tnit that did not inciude the popdation group tenn in the 

logit model. As does Ll mficIincJ unit, f u m b  rib represents a caudai at the 

thorac01umbar border and the reiationship betwcen these two tnits wül be explored in the 

Interotrait m o n  section below. Considering l u m b  rib 's eariy developrnmtai 



origin, one w d d  expect a genetically based population &èct. In addition, as was 

obscrved with rib, one wouid eqect it to deaeuie in ftequency with advancing 

age, as a rem& of fitsion to the verteôral body. NQtha of these miables appeared to 

influence trait atprrssion. 

Sixunitsocnrm 

This was the O* 1- madcl coatiiining main &ècts for 1 thne variables. Each 

t m  contr i id  si@~a$y to the naal log& modd, and the popuWcm*age tem, M c &  

imptoved the overall nt of the d e l ,  rpprorched siemficiina. As previousiy noted, 

uiclusion ofthe interaction tam improved the fit by reducing the mmiba of d l e d  

residds that were signifiant. In addition, the % of the d e l  that did wt iaclude the 

interaction was barely non-siBeifiicmt (p4.062). 

PopIdon Two of the h e  oàâs ratios assmïated wÏth the population gmup term were 

si@cant: Aleut, with an odds ratio of 0.50 (confidence interval of 0.3 0 to 0.83) and 

probabiüty vaiue of 0.008, d Late Woodhd Amerind with an odds ratio of 0.45 

(confidence intanl ofO.22 to 0.91) a d  ptobabüity d u e  of 0.027. In othcr words, the 

White samplt exûibiied the trait two timcs mon ficqudy than the Alcut, d just over 

two times (2.22) more fiequentiy thn the Late Woodlaod Amaind ~mple. 

Whites had the highest incidencc at 45.VA a d  the Late Woodlrad Amctiods had the 

lowest at ody 18.9./., foliowed ôy KKodiaL IsM at 3 l.3%, and Meut shown to be 

sigdicantiy di&nnt than WMes, at 32.5%. Mabs (1974) reports a âequency of 44% in 

a Canadian Eskimo series. Most of individuais in that series were included in the current 

Eskimo sample for which a six unit srrcnmr frrsuency of 36.4% was caldateci. The 26% 



obsgwd in Merbs' (1974) sample ofNorthWest Coast Am&& is also higher than the 

18-90! obsenred in the present Amaind sample fiom the Nortban Mississippi Valley. 

Age. Lnallpo~~n~ampIesexceptAkutthcfiesu~of~mitsria~,washigha~ 

the old ad& comparai to the youag duit agc cohoin. The d& ratio of old to young 

adults was 1.00:0.42 (iower and upper confidence Limas of 0.08 to 222 rrspectivch,). In 

other words, olda individuais haâ the mit airnost two rad a haiftimes more hquemiy 

than younger ones. Howeva, this ciifkence wu not signifiant (p= 0.306). 

Sex Theoddsritiosssociatdwith~MiriabIewu1.45(~0nG:denccmtanlnOm1.10 

to l.89), was Iiigbiy signifiant @.ûû8). Tht is, d e s  exbiibited tk trait aimost one 

and a halftimes more fiequcdy thn fiemales. 

Maies haâ hi* fkqyencies than &males in each of the six populations, though the 

Eskimo and BlicL clifkences were minimai ( 37.2% versus 35.6%, and 44.3% versus 

42.6%, respedvely). 

Merbs (1974) notes the trait to ocair in 54% of d e s  ad 35% of fernales in the 

Canadim Eskimo sample he stuclied, a more stdkiq genda ciifkence thaa that obswed 

for Eskimos in the pcesent study. 

Poptrl;ation*Age Inieractim rem. The odds ratios for tbis tam mnged h m  0.52 

(confidence haval of 0.07 to 4.09) in the yaung Late Woodlud Amaiad addts to 1.80 

(confidence haval of 0.30 to 10.84) in the young B U  adults. None of the d& ratios 

were staiistidy sigmficant, though the presence of the interaction term in the modd 

implied au absence of statidcal independence of the popuiation group and age tams. 



EwwIt(Qfim Portions of this logit mode1 made intuitive sense: The age cnain egect was 

expected, old adults a h i i i  a bigher fiequency ofthe trait cornpareci to young adults, 

as nision of veftebme in this ama @pmculariy the coccyx) tends to occur d u ~ g  the 

normal aging proces. The suc eg.éct, d e s  a t i i i g  the tnit more ofken than fernales, 

can k atplained by QIe ditkences, the gencnl trend fw variation h m  the normal 

n imba ofvatebrae behg towards an incrrase in d e s  and a deacaw in fernales (de Beer 

Kai$man 1974; Bernstein d Petcrson, 1966; Tuhi, 1972). The population group tam, 

when added to the no sfficcts d e i ,  was bi@y signüicant d supportcd the potential 

utüity of this trait for dishguisôing among wious population groups. 

The populationfage interaction tam likeiy dects the pattern in Aiutsss the ody 

population in wuhich the othawise wnsistent pattem of rin hcmase in trait 6iequency with 

advaacing age did not confi,rm. It is difEcult to emrision a smution where a sacral 

vertebra wouM becorne dst.ched h m  the main sacral unit over time. It is more ükdy 

that the apparent A h  agc di&rcllct rcsuhed from wnpk size problems, The young 

subsarnple havmg a totai of ody 12 individuais, six ofwhom had sir irlant s m ~ ~ .  This 

wouid be e r ~ y  ta ooadPm by building a new logit modd basai on the present sample 

0mittiIlg Alaits. 

To summiarue, the populaîiodgeaeîic basis of tbis trait appead to be strong. 

Thdore the trait shouid be usenil in distance adysis, partïcdarly ifthe confusion 

resulting Erom the intenction term can be resolved. 



s,rum- 0 .  

The final modd for SI hmrban'~en*on inchidecl main entnr for popilasion group and 

sex in aâditioa to a popuiation8sar mtaiciioa term. 

Popchiai. Two ofthe t h e  odds ratios llSSOCigted with the popdation gmup t a m  were 

statistidy significant. Tbe Esicimo sample a d i ï e d  the tnit just over three times more 

fiequentiy (OR-3.14, confidence intemai 1.70 to 5-79), rad the Biack -le presented it 

almost two and a hlf times more fhquently (ORe.29, coddence interval 1-17 to 4.47), 

than the White bascline sample. 

Whites had the lowest incidence (21.8%), fbUowed by Blacks at 29.4%, Aieuts at 

39.Ph and Wrimos at 41.Ph. Based on these mimbas one would expect that a 

significant dds ratio for Blacks as compared to Whites would impiy a StatiSticJly 

signifiant dds ratio for Aleuts as compareci to Whites. This was pialuig, and 

iaspection of subsample figures in Table 6 shed no lie on it. 

Previous research indicates that Si Imbarrurrtion does viry betweea geographical 

population groups, but inconsistent and pooriy defhed scorhg protocds fbtrate 

atternpts to coqme resuits b m  one teport to moshsr. Mabs (1974) dUtisguishes 

between two destat ions ofLimbosiacil transitional VCIfebra and reports lumbarizatioa 

in 34.3% ofa CliiidUn Esùimo skdetai sample and 32.9?! ofa Northwest Coasî Amerind 

s k e l d  sample. Unfortunately, because of revision in scorhg protoool between 

N.S.Ossenbetg7s data ooliection beBimnag in 1963 rad the phase m g  with this 

project in 1994, there was no Amerind sample in the present sRdy large enough to 

compare with Northwest Coast Amerind. M d s '  E s h  sample, which is subsumed 



within the Eslomo sample used in the present study, has a süghily lower trait fiequency 

than the 4l.7?! reportecl hae. The ducnpaDcy between these figures may be a refîectioa 

of inter-observer error Rtha tûan ofa biologicaiiy brssd dinaeace. Samders (1978) 

reports a mency of ody 13% for hmrbosc#xaI trun@OPlQI wrtebra in a aornbirïed 

EskimeAIeut dceietal srmple, a substcinsirlly lowex hqysaicy thn reporteci here. 

Sox ~~hdtbe~.ImOsttwotimsmon~thn~e~(OR=1.84,10~a 

and upper confidence liiliits 0.92 and 6.65 nspeaiv$y). However, the odds ratio did not 

mach a signincant Id @=û.OW). Table 6 shows that ofthe Ew population s~llllples 

ody BlacLs had a b a i e  ~reportdcrance ofSi I u m W m ,  ad here the difference was 

negiigiile (27.1% vasus 3 1.Ph for d e s  and fèmales, mpcthdy).  For the other three 

population grwps the opposite was me, particulariy sa for Alaits among d o m  the d e  

fiequency anis doubk the fmiale fieqyency (55.2% vasw 24.1%). 

Popalallion*kInfermm tem. When diis term was dded to the population + sa logit 

moded, it wis s&tjsticaiiy SiBmficant w.0 14). Onty the Bhck male odds ratio 

approached siBnifictnce with a probrb ' i  nhK of 0.078. Cl-, the Black srmple wu 

causing îhe iuteracîion, as the runainhg tbrre population graips bid higher d e  than 

f d e  frequcllcies. 

Age. Miin Mainkt  fbr age did mt con$r.butt to the final Io& modd. In both Eskimo and 

Alad the yowig duits hd a bigha kp~ency of trait presence thn the old ad&, while 

the opposite was m e  for both the White and Black samples. 

EwIuatio~t, SI 1 ~ n b a B ' ~ o n  is one ofthe most commonty ocaimng border sbifaag 

traits. It represent a caudal shift at the IumboS8Ctal border. The logit mode1 included both 



population gmup and sex main & i s  in addition to a popiilation8sex interaction t e m  

Morphology of the a m  is established errly during csnbryological dealopment rad it is 

iikely thrt the signifiant popuîation variabiiity reflects a gdc basis for & 

lumban"00t. For the same nason, age stability ~ o n g  adula was upected d 

observeû. Funha rescarch is requirtd to conoborate the patterns aiggested by these 

hdings and p a h p s  to detctmitlt the rasons h r  the observad pattern of a geaenlly 

higher male inadence- 

The popiiation8sut interaction wis causeci by the Black popilaion group winch 

showed a gender diflCirena in the oppositt dinaion âom the other three simples. 

SpecifiorUy, the fnsuency oftnit expression is p a t e r  in the Bîack fimûe compared to 

the Black male group. 

The strong paformance of the popuiation p p  tam when added to the nuil or no 

mdd suggested S, l u m ~ o n  auy be pow& for chatacterizhg 

regionaYd groups, espeQllly sime it ocaits with a fairty high fie~ueacy. 

S,*naurd& 

The logit mDdd idCIlfified for this &ait mchided main effeds for popuiation p p  and 

sa The relationship betwan this bony îrait and -on ofgdcaliy idu& 

spina bsda &a imrohriag a neural tube de&% ù unclas. Difkcl~ces in the 

dmlopmenîal timing of the two madwations suggests that they may aot be related 

(Barnes, 1994). In this study, & clejr maalmch included defeds p r d l y  affèdng 

only ôone developxnent. 



Popuk'atrh. Only the fiequency of trait preserit to trait absent in the Aleut sampie, as 

compered to the Whia baseüne, was significant with an odds ratio ofo.23 (Iowa and 

upper confidence ümits of 0.09 a d  0.61 rrspectively). Thus, Wôites arhiiited the trait 

almost tour and a W h  mon fkpemty than Aleuts. 

An examinrdion of the frapc~lcy data a h  reveaid tbat the largest diffaaKx 

cbaractenzed the White - Alad cornpuison, the &met ha* the hi- fhqmcy* at 

14.1% and the laîter bving the lowest fkqycllcy, at 3.7?/.. The hquencies of the other 

samples f d  within the nnge 9.1% mlack) to 12.7% (Qte WoodlPd Amerind). 

Again, because of a lack of wnsistent dehiîions and s c o ~ g  protoc01 for s p b  bifida 

occuita, idionnation that d d  be gieaned fkom the litmature is not compinble. 

Ser According to the odds ratio for sa e&ct males hd Sl clep nerad -ch slightîy 

more than twice as Wedy as fanres (OR*. los Iowa and upper coddence intaval 

1.39 and 3.16 -1). This diffierence wa9 highly sismficant (p=û.ûûû). The d e s  

fiom each of the six popilaion sarnples imrariabiy showed a higher hquency of the 

fature than did the kdes -  

Age- Thou& tbis tam was not inchidad in the hl logit modd it was interesthg to 

compare ae<iuency distniion bctwcen yomg lad old aduit dom.  in the Kodiak Islruid 

sample th îkqyencies wae rlmost ecpd by rge oohoct: lO.û?/. and 10.9?? respectively. 

The trait was not obsaved in yomg Aleuts or young Whites in these samples, but 

occuffed with 8 Wency of 3.9.h and 14.6% in old Aleuts and old mes r c s ~ e l y .  

In contrast, the other three population groups #hibiteci a hi* fiequency of the trait in 

the yotmg versus the old cohorts. 



E w l ~ ~ o n -  This is a weil knom hypostotic congenital d e f i -  Basicaily, SI clef! neural 

arch ocairs during eariy eaibryoi Jcai deveiopmem as two sides of the neural srch fàii to 

meet and fuse- 

As for the popdation gmup term, it is genedy acceptai that congeaitrl deEécts, 

particulariy those mani€& in the region of the spine, vary by popuiation group. The fàct 

that the popdation gioup tam figureci in the modd ans consistent with w b t  is known 

about the nature of& cf@ mad &. To the cxteat tM popuiation variab* in th 

trait dccts  genctic Rtha thm cmiiromnaiiil dinirraas, it dmdd bc an i d d  cadidate 

forusehdisanarnJysiP,puticuluiykcauiethesraumâraswdlintamsof 

pr-on oomped to otha regions of the skdeton and is thus relative& abundarit in 

musaim coliections. 

mgh soenrlhhtus 

The logit modei for this trait inchidecl ody a main cfféct f ir  the populirtion group 

variable. W&ea the popiiation group tcrm wu addai to the di d e i ,  the probabiiity 

value assodateci with the Ltta was bighly signifiaint @=û.ûûû). 

Popllllafion Only one of the five popilrtim gmup odds ratios was statjsticaliy signifium 

The f r q e s c y  of trait prrseaa to tmit absence in the White compareci to the 

Eskimo group was 1 .ûû:4.48 (&dence h t d  of the odds ratio 1-53 to 13 .O8). Thus, 

Eskimos had the trait aimost fbur and a halftimes more o h  than Whites. Kodiak 

Islanders approached Statisticaî sigdicance (p=û.û66') in th& odds ratio which was 3.35 

(confidence limits 0.92 to 12.17 rqectiveiy). This simple had the trait over thrœ times 

more fiequentiy than the White smple. 



Not surprhhgly, Eskimos and Kodïak W e r s  ûad the higûest percentage fiequency 

of the trait: 8.5% d 6S%, reJpeaively, cornpuecl to 2.W in the White bssdine ample 

whichwastbesrmcrstbe~encyob~intheBlrcLsunpleaadsli~higha~ 

the 1 .Ph fieqroaicy obsavcd in the Late Woodlrnd Amamd simple. 

Though the l m l  of the sacnl hirais has kca reporteci in past shidies (Stewart, 1932; 

Trotter and Letterman, 1944), tbcn are no compadve population data available fw 

a b n o d y  high sacral hiati (Le. at or above the 3rd ssaJ ~erfebra). 

Age. For thne siiilples the prevaience of high srcnl himis t d e d  to be bigher in the 

young (Eskimos Kocüaic, Biack), wbüe for the otha thme (Alcut, Amerid, White) the 

tendency was fw a hïgher pnnlence in the old cohort. 

Ser None of the six popuiations listed in Table 6 b w e d  more than a âMal difference 

between d e  and f d e  subsample âequencies fbr tbis &atm. 

E ~ i ~ o n .  High wcrl hiatus probably belongs in the iiyposîotic class of variability 

though its uhimate bony mraifcstriton may k deteniiined at a very early stage of axhi 

skeleton ddopmmt;  i.e. during p h  lifé tîwugh a variant of the sacral elements' 

phordia. The population group d&t, w h  comparecl to the nulî or no & h t s  modd, is 

strong (@.ûûû) suggesting that this trait wodd be a vay valuable addition to the suite of 

vertebrai traits usal in the reseirch of prehistoric popdation aflfinities. 

Inte~trrit Amochtion 

Twebe of the 78 inter-trait d o n s  wem statisticaiiy signifiaut (Table 13), 

though O* four wouid be arpected by chce .  Thus, though several ofthe twelve may 



be mdom, at least some must be biologidy baseci. As summarized ôy Saunders (1978) 

there are t h e  main fiictors uadalymg the asmchtïon betwœn two traits: 

1) Traits represent exptessons of the same unddyiag variable, e.g, the -on of 

double tmmrse fbramen on contiguou &cal vertebrae- 

2) Traits are d e d  through a gaiarliad or locaüzed developental phenornenon 

such as retardai or amesteci growth (iiypoaiotic) or excess bony derdopment 

(hyper~stosis)~ e.g., the laster could produce an d o n  betwecn atias lateral 

bridge and d d e  t r a m m e  foramm ofthe wth cervical vahbra 

3) Tnits share a cornmon ngionil, embryotogicai or g d c  ongin, ag., those 

represesitmg caudal or cnmal borda a s  in  al m o n .  

With the exception of the dis ad axis transverse foramm d e f i e  traits7 the initial 

research design excluded biologially rcdundant vuiaats âom the Yalysis, hemx ody the 

latter two categories were considacd in mterpreting the (ISSOCigtions. Table 13 cornains 

an inter-trait usocicition matck for 13 of the 14 traits, with phi asmcktion coei&icients 

abow the main diagonai anci probrbüity values d e r  a nuil hypothcsis of llssociation 

below the miiin diagonai. The SI hanbCIPjdon tria was not inchided because, the data 

~d~~withthWtnitwrsaotoompirab1etotbsnmiinmgdai.set. 

H m &  a d  k m  bda 

Twelve traits whose morphology d d  be interpreted as ninnifestation of either 

delayed (mestcd) or supeduow skeletal deveiopment were: 





On the otha haid, 34 of the 66 phi d c i e n t s  showed the oppsite ditectioon 

(positive or rime) h m  thit predicted; and 4 of these were sigdicant, involving 6 of 

the 12 -es, as foilows: 

a t h  0ridjppordenenof - ws -se fwmm &feccaW 

a t k  atmmerse fwamen Wecriw - C7 c d  tmnsvera fwrrmn 

CS dloubie Itamwrse f~rccmen - C7 d ncaniierse f-en 

~ a C t m i r m  -Si c lcp-o leh  

In addition, 2 of the 66 phi d c i e n î s  had zero vahies. 

Three trsits which sbowad no simcaat pbi value in support of th& clrssincation 

were stemdqertwe, cemNId rïb, ad suprisin&, SI clcfr nrcrrcrl arch Moreover, the 

latter had a contrary (positive phi) m o n  with sîk Mil sactum. a trait classeci as 

hyperostotic. 

To oomplete tbis section, the pattern of phi d c i e n t s  for LI unticIinarl unit wrs 

eXaLrrmed. Of the 12 gtnerated by testïng it a g a h t  erch trait listd above, 10 suggested 

LI anticfiml mit bdongs to îhe hypaostotic category (phi for a t k  bn'(4oing larerd 

reaching sigpikamc), whiie 2 sbowed the reverse. 

On the whole, insrBcient vasus Supanuous skeietal devdopneat qpeamî to be a 

weak expISnntory variaôle for the apression of non-mcfric W s  in the stemm and 

vertebral column. 

Sevea of the features wae interpreted as m a n i f d o n s  of border shifts of the axial 

segementation in either the d a 1  or caudal dirdoa. Sbats occw at 1 nVe borders: 



occipitovertebd, arvicothoracic, thoracoIumbar, Iumbosad and ssaococ~ygeal. 

These traits were: 

ciaWrkip œuMskif 

1. Cemkafn'b 1. Aths bride posterior 

2. Higli sacrai h i e  2. Atlcu bn'+ &end 

3. LI mticliiicrl unit 

4. Lumbar rïb 

5,SIjrtmifsacrunr 

A sixth caudrl Mt trait, SI hmtbarization, was mt teste& Six fot which no ùnown 

rationaie &ed ta dasi@ them either as auiul or caudai shift wae: stemai cgrerfrrre, 

atiàs a~lt~~erse fimanen drfectiw, ms tmmwrse fonaen defectiw. Cs h b i e  

ir~ll~verseJùmmen, C7 c d  b'mswrse fwamen and SI defl neural arcla. 

ofthe 21 phi d c i e n t s  generated by aU pairwise tests of the fmes  m the lia. 15 

(71%) fbliowed the direction pdcted  accordhg to their border SM classification. Of 

these 15 phi vahies 4 wae signincant invoiving 6 ofthe tnits, as fbilows: 

a t k  brï* pstetïw - Olhs hterd 

atia bric& hterai - L, anticIW mit 

lunrbarrib-srjrunifs~cnmr 

si% unit S Q S : ~  - Mgh sacrai k a î u ~  

Six of the 21 phi d c i e n t s  showed the opposite direction fiom that predicted, 

though noue of these reached a statisticaliy signïfi~llat l e d .  



N e  the 42 phi dues for the six uncfassified versus seven ciassifieci variants were 

examined. Two phi vaiues were zero. The other 40 were tcttlied by cnmcil/caudd sbat 

(Table 18). Ofthse 40 phi values, 13 indicated cranhi sbat asmhtion whüe 27 (68%) 

indicltted caudal shift. As nidorcement for the Met, 4 of the 5 Sigdicmt asmmti . . 
OIE 

were in the caudal direction. 

These fiadings Rised certain mhiguing questions which need to be ddressed in future 

studies. Sfetnal q p e t ~ ~ e  hithato has ôeen viewed WqUivocJly as bdonging to the 

hypostoticcbss:Whythaididonly3 of 11 (2N.)cOetnueatssupportthis,whüe6of7 

(86%) sumesteci instead that somehow this d e k t  in the s t d  body is ilSSOCigted with a 

caudal border shiA ofthe VCftebral whaim? Sinnlaity, it i s  not iikeiy tbat anyone would 

argue with tâe ciasdication of 4 cieB nand -ch as representmg arrested skeletal 

development; why m this case did ody 4 of 10 (W) phi d u c s  support its hypostotic 

class%cation, while 5 of 6 (83%), includhg a signifiant vahie for six wumir sacrum, 

suggested instead that S, CI@ mindurch is somehow r&ed to caudal borda shatmg? 

Also ciifficuit to interpret were the appamtt couâal SM assoc&ions of the G and C, 

transverse f0mr.m varian@ which fit more sdsfàctody than did their 

hypostoticmyPaostotic pattern of (CSSOCiBfiolls. Further, Cs &Me bumerse fmrrmen 

and C7 c d  tmaswrse f m e n  showeû signihant positive usocirtion with each otba, 

a finding inconsistent with the ciasdication of the former as hyper- and the iatter as 

hypostotic. Their pattern suggested that these foraminal variants merit m e r  research in 

orda to determine the developwntrl relationships between foramina transverha, caudal 

SM at the cavicothoncic border, and variants of the deep vasculature of the neck. 



TABLE 18. Brealrdown of phi values by non-classified versus classified cranidcaudai 
border SM traits, 

Sliift Trait givin~ sigdicant 
Trait Cranial Caudal phi vdue 
Stemal ~ r t  1 6 
Atfàs av~rs~iicrse f- dcfèctbw 4 * 3 atlas bridge l a t d  
A J & ~ ~ ~ ~ s Y C ~ S C ~ O I ~ C U I I C I I ~ ~ / ~ ~ ~ ~  3 4 * atlas bridge posterior 
Cd daibte 8hnsvrr~c follull~ll 2 4 ** atlas bridge lateral, high sacral hiatus 
C, c a d o l n o n ~ ~ ~ ~ ~ f ~ ~ ~ l l l t ~ ~ ~  2 5 
SI cl&newral tueh 1 5 * six unit sacwm 
* The number of astaisks indicates the wmber of significant phi associations. 



To conclude this Secfio~ Clearly it was worthwhile exsmining, not just the 

statisticaily Sgnincant values, but the entire m a t ~ Î ~  of phi coefficients in an attempt to 

disceni patterns which mi@ shed light on the etio10gy and morphologicai significaace of 

the traits. According to the talües, border shiftiiie figurecl prominently as la explanatory 

variable for the expression of non-meüic traits of the h h x a d  d &eleton. F e ,  

the tendency for caudai shift predominated over that for d d  m. This was consistent 

with the genarl cvolutionary trend thought to charac td  our species (Barnes, l994:8 1). 

U u s t e r a u ~  

The most stücing simüarity between the dendrogram based on hhbhobis 

distances (Figure 13) and the one based on MMDs (kigure 14) is that Blacks and Whites 

are closeiy linkad together, and not at dl closeiy nlaîed to the major cluster wataiaing the 

1 O American indigenou groups (Amerind). 

As well, thae arc similn+ities between the diagmms with respect to rdationships 

mong the Am«igds. F i ,  LUiaois HopeweU and Plains are the most tightîy linLeci pair. 

Secondy, in each diyplm the HopeweU-Plains pair is joincd gtepwise by Aiaskan Eskimo, 

then by Kodiak in one subcluster. Tbirdly, both dendrograms place Athabascans with 

Aleut and Inupiaq Eskho together in a second oubcluster. 

On the otba band die M4halaM,bis aacl MMDderind dendrograms d8er with 

respect to phammt of certain groups in the Amarind major cluster. Noteabiy, Late 

Woodlaad is closely linked to Kodiak in the MMD dendrogram; but in the Mahalanobis 

dendrogram it stnggles into the Amaind cluster by itse& the last ofthe 10 to join 
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FIGURE 13. Dendmgram for Mahalanobis distances based on 10 non-metric traits of the 
vertebral column, 
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FIGURE 14. Dendrogram for MMD distances based on 10 non-metric traits of the 
vertebrai column. 



MulbtlMarffoatsmlUig 

Figures 15 and 16 are twOldimeLlSionaI plots ofthe 12 populitions produced by 

multidimensionai scaüng based on M;ahalaaobis distaaoes and MMDs. respectBrely. 

Again, both MDS plots are s h i k  in plachg White and Black sampks at the periphery 

and somewbat apm nom the 10 Amerind groups. However, the separation is aot as 

uneqpbocai hae as in the deadro811im; for example m Figure 16, Blacks are as close 

toAthabascans as to Whites, and reciprocrlly, AthiibYcins are closer to Blacks than to 

certain Amamd groups. 

P b  and Hopeweii are v q  close in both diapms. As in the dendrograms there is 

not a tendency for in Eskimos to ciuster together a d  apert fiom Indians. Aside fkom 

that, the qed ic  relstionships among the Am- pups  are dinérent in the two MDS 

plots. The Mahalan0b.w plot shows a tight centriil grouping including HopeweU, Plains, 

Inupiaq and Saint Launeme. Arrangeci a r o d  this c h e r  are the other Amerinds, 

clockww from above left: Athabascam, Aîeuts~ Late Woodlpid Amerinci, Koâiak Isiand, 

South Alrslcui Eskho and North Pacüic Coast Amaiad. In the MMD plot Saint 

LawencbAIeut are as dose to ach other as are Hopeweli-Pb, but the other groups 

are somewhat isolatad. 

Both MDS plots are characterizcd by sballower dispersion aiong they (Dimension -2) 

than dong the x @imaision -1) axis. with the range of population points aiong the x uOs 

somewhat broader in the Whahnobis than in the MMD plot (-2.5 to +1.5 versus -1.5 to 

+2.0, repectively). 
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FIGURE 16. MDS scattaplot for MMD distances based on 10 non-metric traits of the 
vertebrai colur~.  



E&nqpwsis 

nie thtee-wave typothesis of peopling ofthe New Wodd (ûfeenberg et al., 1986) 

states that the first migration wrve wu comprwd of ancestors of North American 

Indiam, the seconcl brought ancestors ofth Na-Dene, and the most recent was comprised 

of ancestors of Al- and Eskimos. This -cal pattern of migration is wt 

supporteci ôy the data presented hem. The dendrogram (Figure 13) did wt fom three 

distinct chasters repmsenthg the thrœ "waves". Ofthe two Na-Dene samples, one (North 

Pacinc Coast Indian) is iinked with Yupik Eskimo (Saint Lawrence) and one (Athabascan) 

is linked with Alait. In addition, each of the three Eskimo groups (Saint Lawrence7 South 

Aiaskm Edrimo ad Arctic5upiaq Eskho) joins pderentiany to Indians More 

eventuaüy joiniDg each other. Aleuts and Eskimos are not more closdy joined to each 

other than &er is to Indians. 

The MDS gmph also fiiiled to support the tbe-migratioa hypothesis (Figure 15). As 

in the d«idrognm, the Atbabarcui ancl North P&c Court Indiau are aot near to one 

another. Aleut are doser to Atbhmm, Late Woodliad d P b  tbaa to any Eskimo 

sample. Thee E s b o  groups are in the same vicinity (Arctic/Inupïaq, Saint Lawrence 

and South iüaskaa Eskimo). Neverthelcss, HoptwcU-Pb intervene in position between 

the E s b o  cluster and the Akut sample. 

B a d  on a variety of physid Mbropological evidena severai workers dispute a 

the-migration ethnogeaesis modd for the indigenous New World (Metziwether et al., 

1995; Ossenberg, 199z7 1994; Ousley, 1995). According to cranial non-metric 



fiequencies representiag s e v d  northwestern North Amerkm populations, early and 

recent, Ossesibag (1991,1994) shows tht Aieuts were more closely related to 

Athabascans, Late Woodlaad and P b  than to Eskimos; r e c i p r d y ,  Eskimos wae 

closer to Athaôascans than to Alaits. She proposes a sanrvio for the peopüng of the 

American Northwest which, as does the three-wave bypothesis (Gr- et al., 1986), 

sees two foullding groups. However, Sée dispites this hypothesis in mggdng that one 

group (Valeoarctic'') was anastral to Na-Dene speakers d Aleut, the wm recent 

("Neoarctic") uicestnl to EsLimo. The Eskimo-Athabascan rtnmty is a q p W  as the 

r d t  of deniic diffusion as the Neoarctic umnls Idviuiced bto Aiaska where they 

eacountered, and mixed wîth, Paleoarctic descendent peoples occupying these territorities. 

This process of demic difIision, however, did not advance into the Aleuth archipelago; 

here, the Aleuts were geographidy isolateci, suMWig as a reiic Paleoarctic gcoup up to 

the t h e  of Russian contact in the 18th œntury. 

This pattern of migration is partially supported by the datri presented here. 

Osseaberg's acuiirl MMD dendrograms wnsistdy Illilr the Aleut with Na-Dene and then 

Plains ladirn. Ofha Na-- samples, the mrthern Athbosan simple (Inpl&) is 

coataiaed witôin the Alait clusta. The Mabalanobis based dendrogram (Figure 13) links 

Aleut with Ahbascm at a level dightly hi* than that which the two closest population 

groups were Wed. The otha Na-Dene population group, North P d c  Coast Indian, 

joins d i r e  with the Saint Lawrence Isiand Eskimo group, and the newly f o d  cluster 

does not joui with the Aleut-Athabascan c k a  uatii the former j o b  with ail other 

indigeaous population groups, except for Late Woodland. The Aieut-Athabascan cluster 



eventuaiiy joins with the cluster thnt contains Plains Indians but not umil etta it is joined 

by Ardic/Iaupiaq EdSmo. 

The Mlahalanobis MDS diryprm piaœs the Aleut closest to the Ahbascm group and 

approxbmteiy equîdistaat h m  the Plains Indian group and the Arctic/unipiaq Eskïmo 

group. In addition, Aleut are M y  close to Late W d a n â .  North P a c  Coast is 

approximatelyeqyidhmt b m  both South AlaskanEskbo and Saint Lawrence Isfaud 

Eskimo, and dosa to these than to any other Indian popiirtion. 

The nlationships aamng the Hogewdl, Late Wmcüand a d  Plains are mt consistent 

with those reportad by Ossenôerg (1974; 1994). Her cranid data coasistently IinL Late 

W d a n d  with Plaias but piaœ Iliinois Hopeweii dsewhert. She suggests that Illinois 

Hopeweii were not in the Late WOOdland-Plrins ancestnI 1-e. Disputhg this, the 

m e n t  data cunsisteatiy placeci the Minois Hopeweli Indan group with the Plains Indian 

group, at the lowest love1 of distance, but linLeci the Late Woodland with the ciuster 

coataining 9 otha iwligc110us gmups. This pattan w d d  be more consistent with a 

reconstruction whereby IIliwis Hopewd wae uioestnl to the Plains but not to the Late 

WOOdld Ladians ofthe mrthersiemPiains penpbay. 

The most strü9ng tbnire of both the dcItdrOgrarn rad the MDS plot b a d  on the 

Mahahobis distrnas for vertebral wiaats is that the rdationships depicted fàil to 

support the long-standing assumption of rn intimate Aleut-Eskimo bdological iffiaitv. It 

appears that neither the Aleut or Eskimo are closer to sacb otha than atha is to Indian. 

The Aleut group joins first with an Indian group (Athabascan) and is then joiwd by an 

Eskimo group (Arctic/Lnupiaq). The three Eskimo groups all join nrst with an hdian 



gmup More eventually joimag to the Aleut-Athabascan clusta. In the MDS graph the 

Arctic/hupiaq Eskimo and Saint L a .  Idrnd Edrimo m in close pro* but the 

former is even closer to the IUino'i Hopewdl-Prllinn Iidim gmups. The South Aiaskan 

EsLimo gmup is dosest to Sunt Lawrence Isiand EsLimo but is  also close to North 

Pacific Coast Indian. 

Fotmwic- O .  

It was interesting to Quaiinc the patterns oftrait hqyencies among the îhree "racial" 

groups (Europeaa-White, Aûican-Black, M e r i v e d ) ) .  Without taking inîo account 

size or statisticai signi6cance of fieqycncy ciifkences, we may note âom Table 19 that 

Biacks have an intermediate frecpency for 9 of the 14 vertebral VIIIUII$, or approximately 

double the nurnber thrt would be expected by chance. Howcver, for most of these 

"Black-intennadiate" htures the Biack percentage was O@ nuirgniuli'y intermediate. In 

fkct, the oaly ones for &ch th& percentage was symmetncally htamdiate were I u m k  

rib and Sr Iumbuzriz&tm For 9 of the 14 traits the Biacks were cioser to Whites than to 

Amerinds, and fot four of these the af6nity wss striliag: atkbs bridgr kirerd, C7 cm&aI 

tr~~lsverse f i i r r ,  six Mit scacrum, and espeoi9y, 4 caihc2.d mit. It seems t .  these 

four fatufes w d d  prove powerfùi for dsctmmiatmg AmaindLan O . .  O  O  remains fiom those of 

either American Biacks or Whites. Ofthese, Ll anticlinal ml s t d  out as highiy 

didmhtory..  51% in Amerinds versus Ph in B k k s  rnd 1.5% in Wbites. High smaI 

hi- (2% in Blacks and Whites versus 6% m Ameriads) might a h  be iachrded in this 

potential suite ofdkiminators. 



TABLE 1 9. Mean percentage fkquency for 14 traits* by three major "racial" groups. 
A t h  Axis 

Atlas Atlas tranmerse îmnsvme C1 double Costal 

Racial group qmtmrc postm*~ l a t d  &fectr*ve cirfdve faoinrn forania, 

White 4.0 5.0 O, 5 6.2 1 .O 39.2 4.6 
BIack 8.7 11.2 1.5 9.2 3.1 33.5 4.8 
Asian-derived 3.5 11.9 10.6 3,7 3.6 43.3 13.8 

Li Sk si cl@ Hi@ 
Cenical anCiclirral Lumbru, unit S I  neud d 

Racial w p  n b  vnir n b  scrcrwm lu - 1  U d  hkat&s 

White 1.1 1.5 8.8 48.4 21.8 14.1 2.0 
Black 1.6 7.1 12.4 43.4 29.4 9.1 2.0 
Asian-derived 5.9 51.3 14.8 30.4 41.2 10.3 6.1 

' Asian-derived represented by data for Aleut and Eskimo only, scored by the author. 



In the clise where a forensic imrestigator had to detennine whether skeletal remaias 

w e n  those of a B k k  or White American, a potential battery might include: stemil 

aperfute, aib Oriee posfen'or, LI anticihaf mit. h b c a  rïb. Sr c l '  neural a d 7  and 

SI l '~mban'~on  (Table 19). Because none of these htures show marked fiequency 

differences between Biack and White, however, the aaswet to this puticuiar query wodd 

not Iürely siand as unsqMrocaiîy in a court of îaw (with a high levd of statisticai 

probabiiiiy) as wodd the rnswa to the question c o d g  whether mnains were of a 

Native American versus Black orwbite- 

In any case, more nseuch W needed to amass a large denaitive database for 

comparative purposes7 d to r e f k  statisticai techniques for use of the vatebrai traits in 

forensic imrestigatiom. 



CHAPTER VI: SUMMARY AND CONCLUSIONS 

Logit dys i s  is an appropriate staSisbccal mabod for UiJyPog the &&ts of 

population, age rad sa on the distribution of non-metric skeietd variants. Usïng six large 

aggregate skeleîai amples, two age grws (y- rad olda adult) and two sexes, a logit 

mode1 was created for 14 traits ofthe stemm a d  vettebral coIun3n. ûfthe 14 log& 

modds 11 coatciiaed the popuiatioa tam, supporthg the Pssuniption of a grnetic basis for 

trait expression. Four aise contriaed the age tam; of these, two containeci the 

populrton*age interaction tam The rrmmiiag tluee contained the sex term in addition 

to the population temi; of these, one containeci the popilrtion*sex intaoaion tam. One 

trait wntained the age and sac tnms, one tnit contained just the sex term and one trait 

containeci no main &ects terms. 

Inclusion ofthe population term in the fiaal logit mode1 supporteci the assumption that 

there is a g d c  cornpriait to trait expression. B a d  on the probabiiity vahie W a t e d  

with the populision group texm, the miportance ofthis tem to the modd could be 

qwmtified. Ofthe eleven tnits thpt containcâ the population group tenn in theü logit 

mdei, the pmbrbiliry values assochted with this tam rangeû b m  0.000 for d&s briu!ge 

posterior, ath bri* h t e d ,  C7 cosl<rl liamerse fwomen. LI anticlid mit, sir rait 

sacrum, SI Iumbariz0hZOhon, and h i ,  sardhiatus, to 0.052 fw CO &bie tr-rse 

foramen. This information can be used to create a customizeâ trait üst, specifically 

tailoreci for distance anaiysis shidies, consisting of those traits whose population tenn 

indicated the relatively important genetic componeut of trait expression. 



ûf the 78 phi d c i e n t s  12 indicated a statistically sigpificarit inter-traït association. 

ûnly four wouid be expected by chance. Ofthe 66 phi d c i e n t s  generaîed by aii 

pairwise tests of the 12 traits classifieci as hypostotic or hypesostotic, 30 foliowed the 

direction @ositive or negatke) predicted and seven of tbese were Statistically sigdcant. 

Ofthe 21 phi h i c i e n t s  genaated by aü purWise tests of the sevcn Oaits clBSSified as 

cmial or caudal borda shiff. 15 fi,IIowd the & d o n  prcdïcted and four of these were 

statisticdly signifiant. In addition, 42 phi d c i e n t s  wae gcnerated by oomparbg the 

six traits that couid not be classiûed as craniai or caudal border SM with the seven that 

were. Twmty-men (68%) hdicated association with caudal shift ad 13 (32%) hdicated 

d a t i o n  with cmhi sbiR The pattem of d o n  for ûoth gentQI q r t w e  and SI 

clefr nezîmiarct, traditiodly classifieci as hypostotic, seemecl to suggest that both w m  

somehow related to caudal border shjf'üng. Abo difEailt to interpret were the apparent 

caudal shift associations of the Cs and Ci transverse firamen wuiants, which fit more 

satisfkctocily than did th& hypostoticmyPCrostotic pattern of asocbtions. Fwther, Cs 

h b l e  btvmerse jamnrn and Ci d &tanmerse fotcanen showed significaat positive 

association wiih each other, a fmâing inconsistent with the classification ofthe former as 

hyperostotic and the iatter aa hypostotic. Th& pmem mggestecl that these foraminai 

variants mait fhher research in orda to detemine the developmentai relationships 

between fora- transverSana, caudal shift a the CerVicothotaCic border, and variants of 

the deep vasculatm of the ne& 

The use of logit analysis and inter-trait association âata m conjunction with the 

Mahalanobis D' distance statistic, as a means of determining relative biological distances 



between prehistoric popuia!ions, was s u c c d .  Logit modeling produced 'Wueshold 

values" for acb tnit, by population The logit or threshold value was the age4ser 

adfisied log od& of trait pra#sia for each popdation group, and was wnsidered the 

median of a logistidy distni'buted mût propeasty variaôle, ova alî individuah fiom a 

speafic population group. The inter-trait asso&ion matrix took imo account interotrait 

associations in the nnrl distawe CrlCuIBfions. Tkdôre, traits that were d t e d  but 

revealed a stroag popiiatiodgemic compomat in their logit modeî, did aot bave to be 

removed &om the distlaa anaiysis. 

Ten non-mnric trias were ussd for the calnilrtion of Mahaianobis D' distances, and 

these were comparai to distances obtamed using the same 10 non-metric traits in 

conjunction with the Srnidi's Mean Meknin of Divergence statistic. The cornparison was 

based on Speamm's rankorda condation coefficient, wbich was highiy signifiant, and 

v i d  inspeçiion of the Mghalanobis D' a d  MMD b a d  cluster dendrograms and 

Mabalanob'i D~ and MMD based MDS scafterplots. In both the dendrogram and the 

MDS d&mm, the mat obvious similady wu the clusterhg of the BIack and White 

samples at a reiatively low kvd, anci th& subséqllent linoag to the dusta contaimag ail 

otha indigenous population groupe, a hi- les& Ushg both distunx rnethods the 

Black-White cluster wrs the last to join and the iüinois HopcweII and Piains Indians 

cluster was the firat to join. In addition, both dencûograms indicated thrit the North 

Amerïcan hdigenous groups form two distinct subchisters. The nrst cluster contrineci 

Athabascan, North PIcific Coast Indian, Aleut, Saint Lswrence Island and Arcticllnupiaq 

Eskirno. The second cluster containeci South Aiasken Eslamo. Illinois Hopeweli Indian, 



Plains Iadian and KodirL IslPnd in the MMD b d  dendrogram and al1 of the former in 

addition to Late Woodland Amamd in the MahaIanobis baseci d d o g t a m  

Within the coatext of ethmgeaesis researc4 the dendrogmm ancl MDS plot cnated 

fiom the Mahalanobis dbtance dculations did not support the three-mve hypothesis 

of peopiing of the New World (Gnenbag etai., 1986). To be consistent with this 

hypothesis it was expexed tbat three clusters would be rgperait: Akut-Eskimos Na-Dene 

Indian, and North Amaian Iadiin. Instead, one ofthe two Na-Dene groups linked 

closeiy with Eskirno and the btba Na-Dene group Wcd closdy with Akut. In addition, 

one of the tbree JWimo w p s  linked with the IUiwis Hopewell-PIsins ciuster, another 

linked with the Aleut-Athabascan chuter, a d  the third linlrcd closely with Na-Dene 

Indian The pattern of duster andysis obsaved in the present stuc& supports Osseiibag's 

(1992,1994) hypothesis tbat the second wave consisted of ancestors of Aleut-Na-- 

Iadiaas and the third wwe consisted of ancestocs of the Eskimo. In sunmury, neither the 

Aleas or Eskimos wae more closeiy r&ed to cach other than eitha was to American 

Indians. 

F e ,  the potentiaî for forensic applications, of a larist some of th non-meffic traits 

of the vertebrai column, is promis@. Ln unhiatt compariso~~~ of trait âquencies, 

s e v d  exhlied substltotjal diacnpancies bctween BlacIts and Whites on the one han& 

and Asianderivad (North American Indigenou) groups on the other hand. No traits wae  

useful for discriminatisg between the Biack and White population group. Further 

statistical aaalyses are requited to assess the acairacy and ability of these traits to 

discriminate, in a foremics situation, among these three chciai" groups. 



Fourteen üahs that were predicted to eafonn well wae selected for analysis. The 

chosen traits possessed a series ofdesinble charactdcs: 

1) They are easy to score consistentiy d have bigh intrahiinter-agreement. 

2) They ocnir in ftequencies high enough to be amenable to muitivariate stritistïcal 

d y s i s .  

3) They are not fiinctionJly or behav idy  influenced. 

4) They arc not biologically dundant exprcSSio11~ of the same thing. 

It has been argued tht the r-n non-metric traits have not perfionnd wdl has beai as a 

resuit of lack of diligence in choosiag the trias. TIU study proves that no~metric traits in 

grnerai, and nomrnetric tnits of the vertebrai colrmm in particuiar, an usâiil for studying 

afhïtïes of prebistoric populations. In puticuiar, tbis study r d e s  the previous neglect 

of non-mdc traits of the vertebral colwm as a tool for studying biological relationsbips 

and cleariy shows that non-metric tnits of the vmebral columa have as much potentid as 

those of the cranïum for this type ofresearch. 
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APPENDICES 



Appendix A. Logit model building sequence, by trait for the data set containing six population groups. 

Stemal aperture 
Calculation of 

Model difierence Delta Delta 
No. Mode1 t m s  G* DF Probability siatistic G* DP Robabiiliity 

1 Nul1 (no effocts) 26.52 23 0.277 - O - 

5 Population + Age 11.29 17 0,841 2 - 5  0.51 1 0.475 
6 Population + Sex 10.92 17 0,861 2 - 6  0.88 1 O, 348 

w 
C: 

A t h  bridgejmtm0or 
Calculation of 

Mode1 difference Delta Delta 
No. Model terms G~ DF Robability statistic G~ DF Robability 

1 Nul1 (no effects) 56.50 23 0.000 - 1 II 

2 Population 
3 Age 
4 Sex 

5 Population + Sex 25.74 17 0,079 2 - 5 7.62 1 0.006 
6 Population + Age 33.27 17 0,010 2 - 6  0.09 1, O, 764 

7 Population + Sex + Pop*Sex not enoufi data to test this model - standard errors unaccsptably hi& 



Atlas briâke, taferai 

Model 
Calculation of 

difference Delta Delta 
No, Mode1 tenns G' DF Robability sîaîistic G' DF Robability 

1 Nul! (no effectp) 61.58 23 0.000 O g - g 

2 Population 
3 Age 
4 Sex 

5 Population + Age 19.43 17 0,304 2 - 5  0.20 1 O, 655 

t4 
Model 

Calculation of 
difference Delta Delta 

No. Model terrns G* DF Robability statistic G' DF Robability 
i Null (no effects) 37.49 23 0.029 - - 9 g 

2 Population 
3 4 0  
4 Sex 

5 Population + Age 24.71 17 0,101 2 - 5  0.34 1 O. 560 
6 Population + Sex 24.27 17 0.112 2 - 6  0.78 1 0.377 





C 7 costal transverse foramen 
Calculation of 

Mode1 diffmmce Delta Delta 
No. Modal terms d DF Robsbility sîatistic G* DP Probability 

1 Nul1 (no aff~cts) 52S4 23 0,000 - - - - 
2 Population 
3 458 
4 Sex 

5 Population + Age 10.48 17 0.882 2 - 5  5.75 1 0.016 
6 Population + Sca 16.22 17 0.508 2 - 6  0.01 1 O. 920 

t 4  
CrrvZcrrt rib 

Caladation of 
Model diffmence Delta Delta 
No. Modal tenns G~ DF Robability statistic d DF Robabiliry 

1 Nul1 (no edhcts) 35.50 23 0.046 .. - - - 
2 Population 
3 Age 
4 Sex 

5 Age+Sca 21- 21 0.405 3 - 5  9.05 1 0.003 
6 Age + Population 23.63 17 0.130 3 - 6  7.32 5 O. 198 







Calculation of 
difference Delta Delta 

No, Mode1 terms d DF Probability statistic G' DF Robsbility 
1 Ndl (no effscts) 49.22 15 0,000 - - r II 

2 Population 
3 Age 
4 Sex 

5 Population + Sex 
6 Population + Age 

N 
7 Population + Sex + Age 17.38 10 0.066 5 - 7  0.34 1 O. 560 

W 
c, 

8 Population + Sex + Pop*Ses 7.14 8 0.522 5 - 8  10.9 3 0.014 



Si cle/r neural arch 
Calculation of 

Model difference Delta Delta 
No, Mode! terms G' DF Prob8bility sîatistio d DF Robability 

1 Null (no e f f i )  47.19 23 0.002 - - O L 

2 Population 
3 Ag0 
4 Sex 





Appendix B. Percentage frequency and total number of observations pcr trait, by popdation group, age and sex, 
Male Fernale Total 

Youon Qu Total y0 ad m u!ml ai! Total 



ArcticiJnupiaq Eskimo 
Swit Lmwrenoa Island 
South Alaskan Eskirno 
bgalik (Athahsian) 
Aleut 
KOdU Island 
North Pacifie Cortst inâian 
Plains Indian 
Late WOOdland 
nünois Hopmwll 
White 



Male Female Total 
Younn 7 Old Total Young ad Total Younn Qld Tolel 

mwuwme Saint LawrencaIsland 3 0.0 II  0.0 14 0,0 5 
foranicrr South AlaskrinEskimo 16 0.0 32 6.3 48 4.2 13 
acfktM !n@ik(A~habsskan) 3 0.0 13 154 16 12.5 3 

Alcut 1 1  9.1 38 5,3 49 6.1 6 
Kodiak Island 8 12,s 12 0.0 20 5.0 12 
North Pacifia Coast indian 5 20.0 17 0.0 22 4,s 6 
Plains Indian 1 I 0,O 23 0,O 34 0,O 8 
Latc Woodland 22 0,O 24 0.0 46 0,O 8 
Illinois Hopoweil 17 0.0 16 6.3 33 3.0 5 
White 5 0,O 92 2,2 97 2,l 2 
BI& 23 8,7 72 2,8 95 4,2 27 

C6 h b k  ArcticAnupiaq EMm I l  45.5 46 34.8 57 36.8 6 33.3 39 2S,6 45 26.7 17 4.2 85 30.6 102 32.4 
Saint Lawrcnc~btand 2 0.0 9 22,2 11 18.2 3 0.0 10 30.0 13 23.1 5 0.0 19 26.1 24 20.8 

f i  swthAtaslraaEWm0 20 65,O 34 61.8 54 63.0 15 53.3 32 34,4 47 40.4 35 60.0 66 48.5 101 52.5 
uigalik (Athabewken) 2 J0,O 10 60,O 12 58.3 3 66.7 1 1  63.6 14 64.3 5 60.0 21 61,P 26 61.5 
Aleut 7 42,9 36 444 43 44.2 5 60.0 32 31.3 37 35.1 12 50.0 68 38.2 80 4.0 
KodislrIslmid 7 71.4 21 28.6 28 39.3 13 53.8 18 16.7 31 32.3 20 60.0 39 23,l 59 356 
NorthPacificCoastInâian 8 75.0 17 35.3 25 48.0 3 0.0 6 16,7 9 11.1 I l  54.5 23 30.4 34 38.2 
Plains lndian 13 38,s 22 72.7 35 60.0 8 50.0 10 40,O 18 99.4 21 42.9 32 62.5 53 54.7 
Late Woodland 26 53.8 21 57.1 47 55.3 13 61.5 12 J0,O 25 56 39 56.4 33 54.5 72 S5,6 
illinois Hopawbll 15 26.7 15 33.3 30 30.0 5 80.0 12 33.3 17 47.1 20 40.0 27 33,3 47 36.2 
White 5 40.0 92 39.1 97 39.2 2 0.0 95 40.0 97 39.2 7 28.6 187 39,6 194 39.2 
Black 23 34.8 72 33.3 95 33.7 27 40,7 72 3û.6 99 33.3 50 38.0 14431.9 194 33,s 



Saint Lawmica I s l d  
South ALaslran Eskho 
h@ik (Athri-) 
Atcut 
Kodiak Island 
North Pacifio Coast Indian 
PlainsIndian 
Late woodland 
Illinois Hopewall 
White 
Black 

ArcticAnupiaq Eskho 
Saint Lawrence Island 
South Alaskan Eskirno 
Ingslilt (Atbahriatran) 
Aleut 
Kodiak island 
North Pacifia Coast Indian 
Plains Indian 
Late Wdland 
  lin ois Hopme11 
Whita 



lhJw& Arctiç/InmEslrirno 
rib SaintLawraiccIslaad 

W 
00 

SwuiALaskenEstrimo 
ïngalik (Athabdcan) 
Aleut 
Koâink blad 
North Coast Iadian 
Plains Indian 
iate woodlaad 
filinois Hqiewell 
Whitc 



Male Fernale Toial 
Yown w Total Younn pl0 Total Yourin ad To_tal 

 rait popuinti~n N % N % N %  N I N K N W  N %  N %  N %  
Arctic/lnupiaq Es)timo 14 35.7 44 45.5 58 43.1 9 44.4 36 38.9 45 @,O 23 39.1 80 42.5 103 41,7 
saint ~ir& Island 
South CUlrskan Eskimo 
lngalik ( A t h a m )  
Aleut 
Kodiak Island 
North Pacific Const Indian 
Plains I n d h  
Late woodland 
illinois Hqme11 
Wb 
Black 

Mnnl& S a i n t L a ~ l i a n c s w  
S a u t h ~ E s k i m o  
w (Ath-) 
Aleut 
K d i  Inlrind 
North Pacific C M  lndjan 
PlainnIndian 
Lata Woodland 
ï i l i ~ i ~  Hopawa11 
White 



Trait Population N % N % N %  N % N % N %  N %  N %  N %  
Hl# s r n r l  Arcticlhupiaq IMcimo 15 0.0 50 8.0 65 6.2 10 40,O 43 9,3 53 5 25 16.0 93 8.6 118 10,2 
h h  SaintLawrcncutslaMi 

South Alaskm Eslumo 
Insalik 
Alcut 
Kodiak lslsnd 
North Pacific Coast IndiSn 
PîainsIndiarJ 
Latb woodlsad 
illinois Hapawall 
white 
B U  




