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Chapt-er 1

T}ITRODUCTTON

The use of non-met.rieo osteologica I traits as

ínrlieators of biol-oqical rlistance has become popular in

recent vÊars" Amonq the neseareh {see Kellock and

Parsons ,t70:409) , studies on mice trave been particularl v

informative. These have resul-ted in the development of

statistical met-hods appropriate to non-metric, ost-eoloqiea 1

analvses and have contributed to aD understandinq of th+

patterns of inheritance for non-metric variables.

BerrY { | 6Bl has used non-netric, crani-aI r¡a:riaf-ion to

estinate genetic distances 'betr¿een mouse populations.

crunet¡erg {t 52) def ined the suasi-continuous variable and

its correlation v¡ith p'òßÊtrancç and expressivity in studies

of skeletal- variation of the mouse. This definit.ion

est.ahlished two main characteristics of the quasi-eontinuotts

variable:

a) its nnrJerlVinq polyqenic continuous nature, and

h) its rliscontinuous manifestatì on as a result of

developmental processes. Uodification of the continuo!-1s anC

additive eharact-er of the genotYpt in phenotynic expression

has also been examined in plant s {i'leber n t 59) . The term

fNepigenetiet, has been used by BÊrry and Berry {t67:362\ to



indicate non-metric, osteoloqical traits of mul-ti-factorial

determ ination.

Tn human populations' non-metric variation appêars f-o

exhitrit similar morphological characteristics to mice. Berr:y

lr 6B) has suggeste,l that the morpholoqical sj-milarities

implv similar modes of inherlt ance. Non-met-r'ic data have

been a.pptrie11 to estimat-ion o bioloqical distancê þetween

native populations of rndia {sanohvi " 
n 531 . This st.urlv

ðemonstrated that est.imates based upcn morpholoqical

ch ara c ter istic s discriminateå bet ween populat i on s

complenentary to estimates bascd upon blood qrouÞs' tast'e

and color vision. T,aughIin lr 63) and T,auqhlin and Jorqensen

{r 56) }rave presented estinates of qenetic distance basetl on

crania l- eharac+.êristics in Al-eut and Greenl-and E'skimo

popula tions' respectívely. Bêrry and Berry {t 671 have

considered cranial non-metrie variation in wcrld poul.ations.

Kellock and Parsons { f7 0) have analyzed patterns of

non-metric cranial varia.tion in abori gines an'l have qaineC

insiqhts into possibl-e rnigrations in prehis|oric Australia'

Berrvandsmi.th{168)indicaf-ethatst.atisticalanalvsisof
non-metric variation may provide rel-iable esti-mates of

qenetic Separation of populations than analyses based upon

metric traits"

Stu-,l,ies of to cth norpholoqy ín the mouse -suggest that

d.ental traits are guasj--continuous variables i¡nder



pleiotropíc qenetic ccntrol lGrllneberÇ0 t 65) . Sofaer { | 69)

denonstrated polyqeni-c inheritance of a supernuilìerary molar

cusp in the mouse, âS opposetl to a monogenic node " Gruneberg

{r 52\ sho¡¡erl. variahle penet-rance and expression in third

nolar agenesis, associated with morë than two staþle leve1s

of the character' a indieation of quasi-eontinuous

varial¡ilíty. Recently, sofaer et al"(r72b\ have

rlifferentiated hetween nativÈ populations of the

Southwestern IJ' S. ar¿d r,vorld populationso Their conclusicns

suqgest that comparative stud.ies in d.ental morpholoql¡'

alt.houqh suffering f rorn a lack' of standards for tr:ait

exprÊSsion, nay provi-de usÊful information at'¡cilr

relationships between populations"



ñh ì on* 'i rvo <

The ob-iectives of this study ere 1) to describe and

Ðresent frequencies of non-metric dental characters of the

Gravsitepopu]-at.i.onand2\tointerpretthebioloqica.l

relationship of the GraY site to selected Àsian, Eskimoan

and Amerind popul-ations. The comm,on rationale for the tìse of

the dentition in the studY of skeletal remains incluces the

lrost-nortem prêservat j-ve qualÍties of the teeth, the rerluced

environmental- ef f ect on derrelopíng elements d ue to the

conplete development bef ore erupt-ion (Dahl-ber ct ' 
| 62) and hiqh

qenet j-c conponent {Greene ,'{z7a; Turne t 
" 

67b; | 6 9) '

The seconsl ot¡iective, the use of dental- çþ¿¡¿çt-ers in

the estimation af iriol-aqícal affinity of the Grey site t-o

other Mongoloid populations, j-s an independent discriminator

of North American atroriqinaI relationshiPS. illh+ GraY site

represents occupants of a geographical reqion previ ously

undefinedastophysiealtype.i\nanalysisr:fbioloqical-
distance presents evirlence and permits tliscussion of

prehi*qtoríc interpopu la t ion a 1 rela.tionsh i ps an drlor

migrational influxes into the ¡le''r r'{or1d'



Àppgoech

The Grav site populati on is evaluated r,rith respect +'o

most dental- trait-s commonly sturlied in the fiel.d (see

Ðahlherq, | 51; | 6j) and other eharacters that have l:een

referred to as ttanomaliesrt of the dentition {Appendix:135ì .

Frequencies of trait manifestation are based on numbe'rs of

teeth thus, ilo consideration is made for individual

bilateral asynmetrY. Thi s decision is plompterl by ihe

incomplete nature of the skeletal material.

Al-tholrqh there is somÊ intication þy radi oca.rbon

dati-ng that the entire sample may represent more than one

populationn so a nô lilade 1t'75;2) belj-eve that " {T) h e use of

the site uìav bave been less discontinuous +-han v¡ou1i seem

initially apparent on the basis of the relativelv small

number of dates. tr Tn the absence of any sound basis for

possible divi-sion of t-he site temporally the matcria I is

assumed to represenE a qeneticalty homoqeneous p6pulati on

over an extended Period. of tirne.

The statistical analYsis in the third chapter i'q

employed under the premise of the existenee af

quasi-contintlous variation in dent-al traíts" TlLis assumes

t.hat the underl-yinq range of eontinuous variation is relater'1

tc the development of th+ charactel. The relatj-onshi p

het*ween incì dence and <ieqree of expressivitv of t-he



gUaSi-ContinuoUs variabl-e is such that rr.'o âS +.he c6ntinuous

distribution crosses the criti cal 1eve1, t he first few

nornals uil1. generally be only sliqhtly af fecteri; as the

distribut-ion is f u¡ther shif ted in the same rlirection n an

increase in the percÊntage of abnornrals 1,¡i11 go toqether

uith t.he apD€arance of more severely af f ec+"e d indi-viCuals

{crÌlnÊherg,r52:1081 .u The critical characterj-stic of anv

variahle is the positicn of its meanr ãs the mean is an

aprrroxiination of the thresho.l-d position anrl this can he

estimated frorn DopuIa+.i^on f::equencies of the affect-ed class'

Sofaer et a1. ( t-l2h\ indicate that f urther cl-assification

qives no information except- for a test of eguality of

varíance between populations lthis is assumed to be equalì .

Theref ore o all observations were distribu+.-et1 betwean two

cl asses, ilaffected tr otr rf non-affectedrr, from t¡hich li|erâ

catrcrrlated Chi-square estinates of diver serce

{sanghvi" t 53:393; Sofaer et â1. ¡ t72b:359) . Chi Sguare = sum

11...nì*sum {1...F1* ({P1-g)*2/Q + {P2-A)*2/A)/ degrees of

free,{om" where:

p1 and p2. are pereentage incidences of tr¡Io poplrlations

of each of r classes i.n r+hich a qiven character is scored'

o - (P1+p2\ /2

!r = nunber of characters scored

DeqrÊes of f reed-om = r'lr-'1) =no as r=2 in ertery câse'

A di scussion and j-nterpretatiotl of results follotr-s'



Chaþt"er 2

THE MORPFIOIOGY OF THE GRAY SITE

Ea!ÊEiê1

The present study is based upon examínat-ion of the

skeletal- remains of the GraV site' near the town 6f S'¡j-f1:

Current in sout.hwestern Sa skatchewan an d r ad.iocarbon daterì

at 51 00-3485 B"P, {So and Wa.de' t 75) ' A detailed aceount of

f-he site is to be found in l4i11ar et a1" (t'12\' A sttmmary of

possit-.l-e cultural affinities is plesent,ed in Knutson { s 75) "

À t.ota1 of 141 lcomplete and fragmentarv) individuals

were examined ranginq jn age from 4 years to adult"

individuals a¡.e represênte,1 by 100 rnaxillae and

mandibles.

'r ne

1 1'c

Individual tooth counts reveal a hiqh rate of

post-mOrtem 1oss. In the incisor reqionr âD average of 501"

of the teeth arÊ missing while molars are lost posÈmorten in

dj_rect proporti on t-s the tendency of thej-r roots to fuse

laVerage postmortem loss of all molars' mandibu}ar and

maxillaryo i.s 25Y,\ " the deqree of attrj-tion is qenerallV

pronounceð.

l-rays ai d.ed in the determination

impactionu hvpecodontia and root fusion'

of h ypod o ntia ,



lecis.er-Þbpve!1ie

Tab,l_e 1 presents f ::equencíes of ihe shovel- character

in i-ncisors of the Gray site. Ðahlberg lt 51) has suctsested

that t.he l-lse of 'pronounce,l and mod*rate f orns is a morê

rel-iable method of eonparinq findinqs of 'lifferent authors.

Thus, the subiective scale of incisor shovellincl of Hrål-icka

{t 201 $ras sliqhtly nodif ie d es f ollows:

IlrdLicka, s seale Presen t sturl Y

shoval

semi-shove 1.

trace shovel o

no shovel-lin q

p ron ounce d

m o derate

ahsent

The metrì c teehnique of recortLinq shovel-linq suqqêst.e{

bv Dahlberq and L,rikkelson l¡ 4?) and used by Goaz anC t{i1lsr

{f 68} and Êothhammer et a1o " {t 68} , rdas not applied t-o the

Þresent dat-a due to the prevalence of extrome attrition in

the çray sj,t.e renains. ÍIhere wear is not below the ena.nel

rin that defines the shovel character, tho cross-sectional

incisor shape is used to determíne degree of shc¡vellinq.

Frequaneies of shovellinq in the Gray site mat.erial-

$ith respect t-o sex ríêre not considered dua to the qreatet

nunber of individuals of indeterminable sex o Sexual

dif f e¡e rces ín shovellinq are not believerl tc¡ Ì:e

statisticall.y si-qnificant (GreÊnâ' | 67a\ " Rothhammer et â1'n

{t 68) founrl uonÊn with higher indexes of shovellinq in a



The Grav site exhibits the typically amcrindian

fresueney of maxillary incisor shovellinq, characterizerl by

a hiqh percentage of observations in the pronounced and

moderate categoríes of trait expression {Dah1herqno63l. This

contrasts r,litb Caucasians, Ìrho show a predominance of t-race

and moderate degrees, and. Negroid populations who exhihir- a

freguent absenee of shovelU-nq {Carbonell, r63) ' Differenc¿ès

of shovellinq amonq Oceanic populations suggest a dispersion

Ch i lea n populat j-on hut stat ed th a t

accounterL for by sampling error.

of pro-llongoloid qroups f¡om Indonesia to

{Riesenfeld, n 56; Suzuki antl Sakai' N 64) "

the result mav Lre

Pol ynesia

In mandihr:1ar i-ncisors" the shovelling trai+ is not as

prOnounced of: aS frequent aS amonq maxillary incis6rs, an

observation al-so noted by Turner {r67h) ' Among Peruvian

Indians, Goaz and l{iller {f6B} found mandihular incisors

with less pronouncerl shovel- forms than their maxill-arV

counter parts , alt hough b oth ldere characterizeð hY 10Af"

shovelling"



rneisor Palatal

Table 'l

Sh ovellinq in the crav Site

l{a xi- 11a t{antlibIe

T1

85.7

11.9

97. fi

2.4

t42

Í2

7'7 "3

18.2

lrE

4li

I1

0.0

61,1

12

0"0

46"1

53,9

39

Pron"

lll!od,

Pron "

Mod.

Trace

AbS.

N

95. 5 6',|"1 46,1

38" 9

36

1r\
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The studv of Bradl-aç¡ {{341 oi a three generaf-ion

peðiqree established a genet-ic ccnnection between the

j-nher j-tance of dwarf ed a nd ai:sent matil l ar y Iat'eral

incisors. tater studies have shown that agenesis a:rd

peg-shaped maxillary 1at-era1 incisors are variations of the

same qenetic cornplex {e. g. , Taylor o | 69) . În a stutly I¡ased on

admixed Hawaij-an schoolchildren, Chunq et aI" {'72\ ccnclude

that peg lateral-s and missinq lateral-s are variations of a

trait of mul-t-ifactorial inheriLance. the freguency of 'lrhe

conplex mav be mueh higher than reporte<l in earlier st'udies'

Wbethel peg-shapetl a nd anomalous l"ateral incisors are

variations of ttre samê complex is open to guestion " Dahl-be-r:q

lr 51) incluðes mal-f ormations of the cingultlm " prineipallv

the harrel shape and dens en dentee âs manifestations of the

anomalous form. In the plesÊnt study all cases of red'uced

incj-sors vrere regarded as nanifestafions of the same qenetic

traitn âlthough in instances of severely worn teeth it lIas

often not possible to deternine if the barrel shape had e'¡er

been present" PresumabS-y o all forrns arê r+1at-er1 t-o the

reduced maxillary l-ateral incisor as this is the sole site

of the j-r occurrenee {ltahlberq, t 51} "

The frequeneY of missinq upper

laterals) is in the vicinity of 2.5?n

IIo clear pattern of variabj-litY

lateral-s {excludinq peq

in r'rorld populations.

is evident fron the

11



freguencies available for human populations, rr"..there treinq

relati'¡el-y lot¡ an d hiqh f i ctures anonq the European '
t{ongol-oido and lrleqroid samples studied.rr lBroth'¡relL et

alont63:182). Frequencies of míssinq and anonalcus lateral-

incisors in American Indian fiopulations have heen reported.

by Dahlberg (t 51ì .

The Gray site popul-ation is seen to be within expected

¡,lonqoloiå frequencies for eongenital absence of upper

l-atera 1s whereas the f resuency of the anomalor,ts f orms is

hiqher {Tab1e 21 " Ðifferent forms of the reducad incisor

have Þrobahly not been consitlered as nanifestat.ions of thç

nissinq incisor complex and this may j-n large part explain

the differences from freguencies reporterl by previous

investigators, On the other hand, the presenc+ arf rel-ative11r

hi.qh incid.ence-q of the reð.uced i.ncisor f,orm are found in

Indían Kno11, Nêvaho and South Arnerican fndi an dentitions

lîJahlberg, | 51 ; Dunkel, t 65; Nisr¡¡ander , t 6l and Goaz and

t{iller 
" 

| 68, respectively) "

The sex rlist"ribution of missing and anomalou-s laterals

in the Gray site i s presentecl in Table 3" P::evious rei:orts

trave indicaterl a tendency for anomalous forms to be more

common in nales and agenesis hiqher in females

lHrdl-icka"r 21t Schultz a 32:r34î l{cntâÇtlr | 401 . However' t here

are except.ions {chìrng et a1-"ot72i Beiguelman"|62J'

The barrel shape d lat eral incisor i-s consid ere r1 a

12



Ho:rqolr:id dental trai+- lchung et al . ur72" Niswander o'671 .

13



Table 2

Distribution of ¡tissi-nq anid Ancmalous Haxì l-lary

Lateral Ineisors in the GraY Site

N Cong " Abs. Anonaf or:s Bot h

Teeth 111

Individuals 59

'l .0

1,7

17.1

20"3

18"1

20.i

14



Table 3

Sex Dist-rihutions of ltlissinq and Ancnalous Maxil-lary

Iateral Ineisors in the Gray Site

l!a1e Female Indet" Sex

A noma 1or.t-=

{bilateral)
Ànoma 1 ou s

lun i late ral)

Agenesi s

{uni latera l)

Totals

# - orê femalel*i-th anomalous an,l missing lateral inciscr.

4#

15



Mesial--pa lata 1 Yersion

lqinqinq of the maxil l-ary central incisor.s is report"ed

to vary betiEe*n 22-38% among American Indianso '¿ith lower

i-ncidences in Japanese I 1 0%) and Caucasians {3q)

{DahlhÊrÇ, ? 63ì . prehistoric Aleut {Turner, t 67a} anrl somÊ

South Aneri-ean f ndian poÞul-at ions lCampusano et. al-. , t'l2i

Bothharrurer et a1" o | 68; T{right ,o 42\ exhib j-t hiqh f reguencies

of the trait {41.0- 82.,5y,). The causes of the nesial palatal

version are not clear. teiqh { | 3?) reporterl the occllrrence

of the trait in cases whe re the t,orsion occ urs t+it-h no

i-ndication of inci*qor cror.¡dinq" The illustrations of

t-"rschinsky l{61) of Eastern Canadian Eski¡no palates shot+

sinrfing of the ccntral incisors associateð withrrinstandinq

lateralstt which he attributes t.o crovd.inq of the maxilla in

relation to the size and number of teeth (Oschinskv anrl

Smithurst,r60ì " Crovtling in Eastern Canadian Eskimo nalates

varies fnom 22-4AV',

Dahlt¡erq {r63) found in a mair:rity of

crorçcling was not necessary for the trait to occllr.

rare i ncirlence of i-nci-sor rotation anong N€groes

American Caucasoirls {Dschinsky"61) arques for the

ninqinq as a t{onqoloid trait lsee Niswander ,' 61) "

cases that

The verv

anri Nort-h

status of

lïinqi-nq of +-he central maxillary incisors is fotrnrl to

occur in 22"-lY, of Gray site inhahitants {N=22'f " lllwo casÊs

arÊ unilateral while the others arê bilateral occurrences of

16



winqinq, O!:vious erowdi ng is not

examin ed .

prÊ sent in the maxi 1le.e

Çse$rdisg-ie_!bS_Bge ne re g_Ee qio n

Niswander {r 67) has pre s en ted t- he on 1v k no wn

population stuðy oÐ transposit-ion of maxillarv canine and

first oremola r. Àmong the Xavanten one bilat*.ral anrl tlto

rrnilateral cases !ûere observed, wit.h a frequency of 0.18%.

Tat¡les 4 and 5 show the distribution of the tvpes of

crowrlincJ observed in the present studyo f nst ances of

transposition, impactíon of canines and canine cror+dinq mav

all be the result at the samÊ factors, task-er l'45) o in
passinq, has noticed eases of canì ne cro'rrding among the

Chinese.

In the mandibular premolar region a significant number

of first and seeoncl premolars are either rotated or cror.rded.

Cro¡rdinq is predominantly in the area of the second premolar

anil is principally directed to the lingual aspeet" Tnstances

of rotation are not to be eonfused with 180 cleqree rotation

reported by Greene {r67b) i-n ancj-ent. Sudanese. In th*
present st.urly all cases of rotation involve no more than 30

to 45 deqrees anil generally appear to be assoclated r*ith

mandibular crorEdingo Moorrees anrl Reed ( t 54; 87) o houre'r/cr¡

note that mandibular crowrl.ing mav occur in both larqe anrl

1'l



sna1l nandibles çhere lack of space

casês where toot-h size may he reðuced"

a first anrl second premol-ar are both

sane sirle of +-he same manriihl-e.

is not evirJen-'*

One case occllrs

f ou nd rot-a terl

and in

whe re

on the

18



Tahl" e 4

Crowding in Gray Site Maxillae

{N = 109 Uarillary Sides)

tln i lat eral

impacted eanine

Bi lateral
canine crosding

{lni lateral

canine crotading

Totals

Number Percent

Affected Affected

2,9

0.9

'l .B

5.6

1c,



Table 5

croqrl ing in Gray Site I{andibles

lN = 149 f{andik¡ular Sirles)

Nu m be r Per cen t-

Affected Aff,ected

ßnilateral

canine crowrlinq

Cror,sded Fi-rst

premolars {bil-at ' )

Croçded First

U. NC)

1.33

premolars (unil-at. ) 4 2" 6"1

Crowded second

premolars (bj.lat.) 4 2"6-l

Crosdeð Second

premolars {unilat. )

Totals 17

4.02

11.39
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The CusÞ of Carabelli

carabellí | s cusp is a t-ubercle present on the

mesio- lingual- surface of t-he permanen t molars and +.he

decicluous seconrf molar of the naxilla. In the pernanent

denl:ition it is founcl pred ominant.ly on the f irst nolar

{Kraus o o 5 1) . Tt is usually found at th= iunction of the

middle and occlusal thircls cf the crown (Ð1etz o o 44) . All

f orms of pit , groove , and cusp ar e reqar'le d as

manj-festations of the cusp trait (Kraus, u59; Ðahlber4,o6ii

Snyder et a1o, r69) .

The classi f icat ion e mployefl in the presen t studv is a

condensation of the categories of Dahlberg (t63) and. Snvder

et al" {! 69) . The f ollowir¡q morlif ication is conrrent iona l- (se+

Bang and Hasund rtT2l,

llahlt,erq {r63ì Snyder et al' ('691 Present Study

a 0 Abs ent-

h rc f Moderat'e

ôrerfrg c1 ,e2rc3 Pronouneerl

The expression of the Carabelli trait is reported t'c

be almost alwaYs bil-ateral {Kraus, t 59) . HoríÐver, thÊre may

be variable intensities of. expression on each sír1e (e. q"

Dietz u t 44; Meredith and Hixon ' 
t 54) "

The traj-t is reporterl t-o be manifestetl

botb sexes lGarn et al. ot66i Meredith anrL Hixon

similarly in

, t 54ì "

p and otherBelationships liet.ween Carabell-ir s cLl.s

21



aspects of th¿ tlentition hrave been suqgested' Keene {t 55)

found that size and f requencY of the cu.s p on l'11 s are

positively correlated uith maxillary thircl molar aqenesis

{i.e.o total f::eguencv and degree of expression of cusps on

l{1 werê reiluced when unilateral cr bil-at'eral üpper ll43

aqenesis oI tricuspidity of maxill-arY 112 occurred) . KÊene

f | 6Bì reported that Carabell-ir s t-rait and the hYpocone seen

parall-eI in their variabilitv and expression anti that both

are depend--ont to somÊ eïtent upon factors related. to

structural and. numerical reductions in the maxillary molars.

On the other hand, Fang and tiasund {r72', inrlicat,e" in their

study of Alaskan Eskimos, that the presÊnce of Carabell.its

cusp is found to he t'genêticalIy independ.entrr of cusp

nunber, qroove morphology" oI mesio-distal diameter of iï1,

Tsuji ('58=22\ found no assocj-ation between Carabelli I s

trait and blood groups or taste ability.

[Ior1d frequeney distributions of the Carabelli cusp

qenerally range from hiqh among caucasians to 1ow amonq

Igongoloids, Afrieans sho+l noderat-e incid.ences of the trait.

The pronounced forn of the character is found predorninantly

among Caucasians" whil-e the moderate {pit and ridqe) forms

are the major degrees of expression to be found ir. t4ongol-oif,

popqlations. Àrnerind. populations exhibit hiqher frequencies

of absent and moCerate expressions of the trait o anrl thrrs

shoa seneral- affj-nity to llongoJ-oids, althottqh there are

22



noteble exceptions t.o this pa+-tern (Pima, Pâpaqo and Zuni

gr6ltpS of t-he lmerican Southwest) . Eskimo groups range from

eomplete absence of the character {e. g. ' last Greet l-and

Eskimoì to a freguency of 42"1% {Alaskan Eskimo). Snyder et

al. lf69) found a hiqh frequçncy of expression of the cusÐ

ano$g t"he Tarahumara and Mestizos of i{exico and sllggÊSted

that the incidence of Carabellj-rs cusp is probablv hiqhor in

Honqoloid gtoups than prêviously believed" Instances of pit

and groove ÊxpressionS maY have been overlooked in previcus

st- u,åies,

The carabell-i t-rait in thc Gray site pôpulation falls

into what is considered t he lvlongoloid region of t-he

frequency spectrum. Predominant, expressions of the cusp are

of t.he mÐderate variety. À11 expressions of t-he pronounced

cusp are charact.erized by an eminence without a defininq

groove {c1 of Snvðer et al'rt69) '
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Fresuenc ies

Table 6

of Carabell.irs Cusrr in the Gray Site

Tooth

r{1

u2

n3

Pron.

11

0.0

0" 0

Mod.

13, 3

¿l .3

Abs,

84" 0

95 "-l

94" 2

\ï

75

7A

34

¿L+



Maxillarv r,lolar Patterns

Grey si t.e cu*sp numbers on maxill-ary mol ars arÊ

presented in Tabl. e 7 " General world d istribrrtions sholrr

caucasians exhibitinq a reduetion in numhers of c1.1sÐs'

particularl,y in the t{2 an.l lil3 reqion uith t{onqoloitis shor+ing

a retention of the 4-4-4 cr-rspa1 pattern, Australians and

Bushmen alrnost aluays possess fou.r cusps on the first twtl

¡naxillary nolars and on three-quarters of the 143s {Lasker

and LeÊ 
" 

t 57) " Àm-or ind populati ons are charact erized hy a

hiqh fregueney of f our cusps on I'1'1 {approachinq 100%} while

shor+ing variabil-ity in the M2 region and pr:edominant lY

three-cusped lI3s {llahlherQ n ! 51 ; | 63) .

The folloi,rinq classification is ernploved (after

ÐahlbeltÇ" t 51: 16a) : "Fotf r well deve 1oF,e11 cusps on a tooth

qives t"he tooth a classification 4' If t-he hvpocone is

reduced in size o the too th i. s desiqnated as 4-" îo+-a1

absence of the Ïrypoeone is i,ntlicated by 3 and. if the 3 type

has a cuspule on the rlistal horder i-t :ì s call-erl a 3+ toot-h.'l

l{axi1lary i{3s are often biqhly crenulaterl and of irrequl-ar

cuspal confiquration,

25



Table 7

Cusp Numbers on Maxillary t{olars of the Grav Site

Toot.h 4 Cusps 4- ?+ 3 Cusps 2 Cusps ìù

s1 99"0 1.0 0.0 0.0 0"0 '119

t12 36"8 18.9 25"4 18,9 0.0 95

M3 36"2 0.0 10.4 50,0 3.5 58
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ga gÈi þslÊ L ¡{ q 1 ê g -I u s P-ês É - Ðles'rrg- Ia L !e re

The classificat.ion of Greqorv and Hellman {t26) is

qidel-y used t-oday. The Y5 tYpe or trDryopithecrrs patternil is

rlefinetl as'"¡hen the hvpoconid and metaconj-d form common

border {Robinson and A}lin"n66) , ioe,, cusÐ 2 and ctlsp 3

er¡nf,acto after the numberinq SYstÊm of Gregory and H-o11nan

{t 26), The plus f ive pattêrn occtlrs r¡rhen the protoconid an,1

netaconid have a conmon horder {1-4 contact).

The four cusped molar pattârns involve loss of thc

hypoconulid alonq r,vith the postêricr fissure and fovea

lRobin son and A1lin o t 6 6ì an C arÊ consi rlered t o he

evolutionarilv aåvanced types due to the trenrl toward

redr¡ctic¡n in síze and forn of the lower mol.ar t.eeth ín

horirinj-11 dentit-ions. The Y4 pattern exists when t-he hvpoconirl

borilers the netaconid t2-3 contact) while t,he +4 condition

is f6gnd with the protoconido entoconid" me.l:aconid and

hypoconid meetinq at a common junction {i'e"" it cannot be

determi-ned which rdiagonal pair has the most basal- contact) "

A further classification called the X pattern has b+en

proposed hy Jocgensen {t55} +¡here there is basal, linear

contact between the protoconid and entoconid etrsps. The

number of cusps in the lower molars maY involve the

ret-entíon anrl disappearance of rlif f erent cusps. I'trhi'l e

.lorgensên (t 55) states that t he X conf iqurati-on reoresents

the most arlvanced staqe of the Y5 - +4 -Xtr pattern series"
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Zoubov (r64) notes that the chanqe from. five cusps to three

may or may not proceerl throrrqh the four cusp staqe and may

involve any two of tl¡e entoconido rnetaconid o hypoconid or

hvpoconulid.

The finriing of Jorgenson {r55} that the l+- anrl 5- cusD

typ=s are not corìtelated with the plus anrl Y paf-terns,

resnectivelyris an important result. trThis is reason enouqh

for treatinq tÌìe t,¡.lo structural eLements separately instead

of colleetivelyo. orr lJr:rgensêor t55:198). A study by Garn ef-

a1, lr66) indicates that this assunlption is probabtr-v valido

as chi sguars tests sf intiependence show that cusp number

and qroo \te pattern i¡ t he m an d,ibu 1ar nolais ar€

Ito..j-nrl.err+ndent morphological and, presumably r Çêle!ie

variablestr {GreÊnâ o t 67a} .

A substantial range of variation in cusp number is

for.lnd in rçor1d populations, with ¡{3 appearinq to he Lhe most

variable. Atthouqh previor:s studi es have reported Caucasi-ans

to possess hiqher freguencies of the 4-cu-sped varieties,

there are notable exeeptions, êo e n r Danish an,1 D¡:tch

populations (JorqensoIl, | 55) . Among the Aleut and Alaskan

Eskimo groups, hiqh fre gueneies of 4-cusped mand ibular

molars have simil-arlv been shown to be uncharacteristic

{Pedersen o t 49; Turnêr, f67a) 
" l{onqoloiri. an,1 Caucesian

freryuencies havç a si-zeable ot¡êrla p,

The Grav site material exhibi-ts a

28
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of six- cusoçC l{1s. This character is reported tc he hiqh

among Polynesian poorrlations {suzuki and Sakai"r73) " Tratman

{3501 reports the occurence of five- and six- cusped m1s

r*ith large croldns to be more com mon in Mongoloids than in

Caueasoids. Six- and seven- cusped forms are found in

relati-vely hiqh i-ncidence amonq Alaskan and East Greenland

Eskimos on y!2. The second molar pattern in the Gray site is

eonsistent wi-th what Dahlberq ln63) sees as a decidetì shift

to the four cusped varietv anonq all Amerindian gloups. i"!3

is found with irregular cuspal formation resultinq in a

number of six- and seven-cusped teeth and also marke'31v

reduced forms. This condition is also found amonq the Pi.ma

{Dahlberg" ? 51) " The Gray site shows the 5-5 pat"tern

nredominant over the 5-4 pattern on mandibula¡ M1 anrl M2 and

thus exhi-bits affinities with the qenêralizcd Eskino

population which is believed i-o t¡e the only human group t+ith

5-5 prevalent ovâr 5-4 {Goltlstein, | 31} '
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Cusp Numbers

TaÏ'1e I

on Hanrlibular Molars in IL^LIIE Gray Sit e

Tooth

H'I

fl2

r{3

7 Cusps

4 r'l

1.6

6 Cusps

22" I
orì

7.8

5 Cusps

16"1

52" 2

50,0

4 Cusps

AA

38. B

36" I

j Crrsps

nn

^rì
??

Ll

104

90

65
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Table 9

I{andibular !{olar Fissure Patterns in the Grav SiLe

Pat-tern M1 M2 M 1

'17

vÁ

Y5

Y4

+7

+6

+5

+4

x4

N

1n

19"8

68.3 6.9 18"9

l+"6 6.9

1"7

3,0 9"2 8"6

7.9 45, 9 36.2

32. 1 1 3.8

1.2 13.8

101 87 58

31



flspgdentia

The possihle aetíoloqies of hvpodontic condj-tions have

been grouped i-nto forrr maior categoríes {Brotht¿e1l et

â1.0¡63):

1) T,ocal influenees to tooth germs,- ë'q"'

ostaonyel-itis" t-rauman tumours, radiation n etc"

?-) Constituti onal di-seases ¡ ënÇ. ¡ tuh-orctl1os'i s,

rieketsu syphi.lis" campbell ('34) believes syphilis plays a

role i-n most cases of hypodontia.

3) Endocrine and n ut riti onaf d.ist urban ees {sae

Hutton, t"36: Brekhus et . I. o | 44) ,

4) Hered j"ty 
"

Of concern i-n this stu,ly are t-hose instances i-n r¿hich

the hyr:odont-ia is congenital (ccrroborate,l by X-ray) "

Aqenesis of ll3 is a sinqularl-y in'.portant genetic trait "

Àgenesis of !13 is believerL to be part of a complex

assoeiated with agenesis of teet-h of, other norphol oqical

elasses" delayeri. l'13 eruption' varíability in formation

timi¿g, and tooth eruption sequence, {Davies, | 6B; Sofaer "t
al.rt72a; Garn et al-.rt63; Keener!65; GruneberÇ0t52\. ThÐse

aut.hors have noted that inciderrce of hypodontia íncrea'ses

¡¡ithin other morpholoqical classes with an incre ase in t-he

number of ¡c3s conqenitally missinq.

l{ongoloirl population s generally have rre latively híqh

frçquencies of $3 asenesis {Dahlbergo'63) althouqh" aparr-
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from E-<kì mos (East Greenland Pskimosn Alaskan Eskimo) '
Ìlorth american aboriqina 1 populations sho+¡ a substantial

ranqÊ of variation in incidence" Neqroid and oceanie qroups

exhibit a great ranqe of r¡ariability {tasker and tÊe"'57),

çhile t43 aqenesis in Caucasians falls beti+een 7 and 26%

lGarn et a1.rt63). In the Gray si-te material" the frequenc.¡

of l,t3 asenesis is founrl to be comparatively low fçr a

Monqoloid ponulation.

The frequencY of impacted third molars in the Grav

site is 3.14, (N=81 nan dihles) . No cases cf impact-e,fl

maxillarv third molars ilere encountered" A hiqh rate of

imnaction mav indicate developmental abnormalities as well

aS qenetic factors. Garn et a1. {f631 note that delayed

eruption is â part"icular manifest ation of the tendeney

toward supprçssion of l{3 and agenesis. In addition, delayed

erupticn is also rclated t-o nutritional factorso tirhile

impaction is f rrnðamental ly rletermined by anqle of t ooth

eruption toward- the back, growth rate in the lensth of the

rnandible, and direction of condylar growth (Biork et

âlo 
" 

t 56) . Previons reports cf irnpaction inelutle 5' 4g ì n

Eskimos hv Goldstein ln 32) and 9% in Eskimos try HeIl.man

-{t 281 .

one inst-anee of a nandibular riqht third molar, fully

eruÞted but rotated 9CI degrees o ís noted. No pr+vious

mention of this condition is known.
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sit e

and on

çct Þç->

The only other cases of hypodontia

are one instance of unilateral ma

e i-nstance of trilateral rnandibular

Hâre independent of l'13 agenesis and

f ound i-n t he crav

xil-1ary T2 aqenesis

I1 agenesis. Both

of each other.
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Table 10

Pfissinq and Reduced Forms of the Thj-rr1 flolar

in the cray Site

P erc ent

N Àgenesis of one or Hore Totals

1 or 14ore 11{3s Dimin" l{3s

l{axil1a 55 in d.

117 teeth 1 "7

Santiible 81 ind" 11.'!

148 teeth 6"7

Totals 94 ind " 1 0.6

265 teeth 4"5

7.3

4.2

1,2

1.3

5.3

2.6

o1

qa

12.3

tt" tJ

1t-l .9

7"1

l5



ThÊ-Par4 ln91a9*gssp-Eo4m a !i ges

The naramolar tuberele is located on the buccal

surface of molars and premolars of th.e uppËr and 1oçer iaws

{Ðahl-herqo51) " The t,erninol-6c¡v adopted j-n the present study

is that suggested.by nahlberq lt45) shere cuspule formations

on the mandibul-ar molars are labelleð protostylid and thos+

on the naxi-llary molars are desiqnat.ed parast.yle.

The protostylid is defi.ned as a specialization of the

cinqulum .l-imited to the anteríor portíon of the buccal

surface of nolars lDahl-berqr t 50l " f t is manifeste,l with

sreatest size and character in the deciduous second lower

molars and decreasinqly from +,his tooth throuqh the sequence

of first" seeond,o and thirri mol-ars (Dahlbergo f 63l " Th.e trait

behaves as a continuous variahle, ranqing fron a pit to a

pronounced cusp.

À modif ication of the cl-assif ication of rtahtrberq ( | 63)

is used in a.ssessnen+. of the degree of manifestati-on of the

parast- yle and the rrrotostylid.
Dahlherqts scale Present study

0 Absent

P,1 l{oderate

2r3r4"5 Pronounced

oecurrenee of r:it f orms cf the trait on t41 art

commonly f ound in hoth Ca ucasian and 1'!ongol oid po pulation s,

llhi-le Monqoloids mav exhi-bi+- higher f¡sÇriêncie"s of the
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I)ronounced forrnso Perlprsen i ¡ 49) report ed only pit

developnents in .East Greenland Eskino dentitions and

fioorrees Í P 5?) note"rl no prot-ostylids among t he Aleuts " The

charact-er is found predominantly on M3 in the Grav site

{Table 1 1) " The Gray site population shows a strons

similari-tv in frequencie.s of t-he Þrotostvlid to Pima and

Papaqo groups {Sofaer et al. n r72b\ for M1 but less

resemblance to other Amerind rropulations.

The.oarastyfe is found in the same location i-n the

maxill.ary molars as is the protostylid in the mandi-hle,

North Äm,erican Ind ian po pu lations show a lor¡ f reguency f or

the trait lKusta1oguot 62\ , qrhile Turner I i 67bl reco'rds a

reLatively hiqh incidence anonq his pan-Arctic series. The

raßse of morpholoqical varíation and freguency of forns in

Al-eut and Esk-i mo crania ís siuril-ar to that observed for +-he

Carabell-i,s trait {Turner, | 61b; 913} .
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Exnression of

Tabl-c 11

f,he Protostvlid in t he Gr av .S ite

Tooth

r{1

t42

M-3

Pron.

0.9

2.3

15, {:ì

!1o,1 .

/r q,

23 "2.

38.¿Í

"Abs"

94" 6

74"7

t+6.6

11n

B6

.\J

3B



Ðxpression

Table 12

of t-he Parastvle in the Gray Site

Toot-h

M1

r42

r{3

Pron o

nrl

0.0

2"6

Horå "

.)q

0.0

¿.î)

Abs.

97"5

10CI,0

94. B

\Ì

79

74

38
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Root vari-ations

Iio mal, coalesced and fused root forms ia the

mr:1ars

The classificaticn adopted ín this studrr distínquishes

between three deqrees of root fusion. rrNormalrr i¡.tlicates no

Lendency toward root fusion. The coalesced conrlition exists

when a tend.ency towarrl fusion is evident {i"e", roots are

interconnect-ed by cemêntum) but root differentiation is

conplete as senarai-e root pul-p cavities sti-11 occur. The

fused root term is applied to compressed roots or tc roots

inl-*erconnecterl by cementum rsith failure of, root and pulp

cavit-v dj-ffereni:iation. Assessments of degree of root

i-nvolvement ïÍere baseâ on root exanination o root socket

examinationn and/or l-ray material"

A tendency toward fusion of roots is repo::terl i ¡¡

Ftongoloids {taskor and Lee, | 5?; Tratman, t 50) . 152s h"a'¡e

raduced roots in !!{onqoloid racial stcck, whila maxillary fll3s

show reduction 6f form accompanied by partial or conplete

fusion of roots into pyramidal root forms. The tendency

toward root fusion of posterior nclar teeth is reported to

be associated sith relatively smal1-sized roots in Pêcos

Pueblos Indians (Ne1son, o 3BJ . Caucasians exhibit lot'

freq¡encies of maxillary and mandibular mnlar root fusion

{Visser" t 4B) while extremely hiqh incidences of root fnsi on

are found in Sonth African Bushmen {Ðrennan,Ð291 and East

eì
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b) Root numbers:

În the rrsual sit uatì-on, maxillary molars are

characterized by three distinct roots and mandibular molars

by two {Ackerman et ê1o ¡ r73) . Der¡iations from normal root

Grêenland Es"kÍmo lPedcrsen 
" 

| 49) " lhe

Pueblos Indians are int.armediate bet

other populations mêntioned above.

cray site and Pecos

ween Caucasoids and the

a Mongoloi,i

addítì onal

anð t1l3s is

lvlo n go Ioi,l

numbers in the molar series are considered to be

traj-t {Tratmanrr38ot50; TurnerrrTl). The

rlistal-lingual root found on mandibular 141s

reported to he present in qreat-er than 10% of

cases {rare on IU2) while scarcely present at al_1 in

Tndo-European Caucasoids {Tratmano r 50) . The presencÊ of ..t.he

supernumerary root is associated with the retention of the

hypoconulirl on the lower molars lLeiqh ur25; Tratmano n 50) .

Àrctic populations shor¡ hiqh incidences of th+

character while Àrnerinds are consisf-ent1y Less aff ect,+d,

Asiatic Monqoloid qroups are intermediate ín freguency of

expression of the trait. Tratman I | 3B) reports that Asiatics

have h iqh f resuencies of thr:ee-rooted ness on hoth deciduor:.s

lower m2s and pernanent lower M1s, '¡ith the trait occurins

four to eíqht t-imes more f re guently on the lat+-er tooth "

Three-rooted mandibnlar nolars were f ounrl on 5 "9q, of fils

lll=152T and" 7,6qo of I'13s 1¡t=92) in the Gray si+-e poprllation,

Supernun€rary maxillarv molar roots werÊ found in the
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Gray sj-t-e sample. Four-rooted forms were recorded in 3.lJ% of

F,2s, 5.'lo/" of f,!3s, but were absent on l{1s" Eeduction j-n root

numbers was also no'terl i n the maxillarv molars. Two roote,{

forms r^rÐre observed in 0 " B% of M2s , 4 " 6Tn of lT3s. No cases

ltece r ecorderl f or f'I 1 .

ft has been reported in earli-er studies that rr. . . thÊ

occurrence of +-he two-rooted forms {of maxillarv anrl

mandibular premolars) is suffj-cientl-y rare in both grouÞs

{!{oaqoloids and Tndo-Europeans) to be considered as an

ahnormalitv rather than one coming within the range of

normal variation {TratnaD, r 50:63) . il on the other hanrl" teigh

{r 37) has noted that t-he pr:emolars of pre-Spanish Perur¡i ans

!,rÊE€ commonly three-rooted" Three-rooted maxillary finst
pr+nolars are encountered in 6"8% of Gray si-te dentj-tions

lN=BB) "
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l{axi lIarv $ol-ar

Table 13

Root- Fusion in the Gray Site

Too th

r{1

ryr 2

ilr3

Nr¡r ma1

g5"g

46 .5

17 "2

F userl

0,0

26.3

59" B

N

141

118

B-7

Coalesced

4.1

27"1

23.0

43



Table 14

l,lanrlibular !11!o1ar Root Fusion in the Gray Sit.e

Too t, h Nor na I

98"0

73.0

59 " 9

Coalesced

1,3

10.9

19"5

Fus ed

0"7

16" 1

20.6

M1

\2

t{3

N

152

137

92

It llIT



E q a s e L-E¡ !e s s i ss-s s - [ 4 5i- ! L e ry- e s 4 - Sas È !Þu Les- Eq Jar s

This condition involves extension of the enamel

betwee¡ the huccal roots on the buccal- aspect (Tratman,t50),

in which I'o. oth€ lower border of the enanel at the necks r:f

the nrolars presents a point of enamel running tov¡ar'ls the

bifurcation of the root's {chappel ,'27:10).rt The charact'er is

often associat.ed uith pearl {odontomel protluction on

radicular port-ions of molars n anrJ the two phenome¡a may be

seneticallv rel ated.

EnameL ext-ension may take the form of lldatson and

iloodsrt26\:

a) Extensi on wj,th a spine.

b) Extension çith a tongue

passing under and

cement um,

bet¡o¡een the

becom ing

roots:
i nvanì nailr,l¿r¡ w u.Y l_n

tonsue terminatinq in an enamel nodule.

isola-t-eå patches of, enamel, often circular, lyinq

bet,ueen the roots.

t{ongoloids are reported to exhibit hiqh frequencies of

exÞressions of the trai"t" Tlatman (t 50) ::ecords a 90%

incidence in maxillary M 1s {1ot¡er freguenci-es indicated f or

1112s and lt'l3s). Chappel ('271 f ound Hawaiians r'rith enamel'

ext-ensicns occu¡rins almost exclrlsivelY on permanent molars"

1q3.53% of cases examined) " Caucasians are reported to

possess the trait in freguencies of 27v; {chappel-, | 2'7\ and
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17V" {Wa tson an 11 Food s , '26\ . Amsrind porrulat ions have

frequent occurren ce s of the charact er j!-oqc t

Fensternaker r'36r'i1" in historic Iroquois; I-eiqhrt2Bo in

aboriqinal Californians). Frequencies of enamel extension

anrl pearl fornation in the Gray site show predc.minance of

t.he condi-tion in both naxillae and mandibles.

lt6



Tahle 15

flnamel- Elxtension in Gray Site lllolars

N

Maxi'! la 120

Man dib le 15{,

l!1

43. 3

44"9

B?

117

y,2

7-7 "0

59, B

f'l 3

62"8

57 ,7

ìYÊ an

¡{ 1 -¡{3

57. B

54.4

IrO

65
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Table 16

Odontorne Prorluction in Gray Site l{olars

f,1ean

N ¡11 N Yt2 N rl{3 iÏ,l-l{3

Ilaxil-la 120 2"5 B? 6'9 49 10"2 5'4

tlltandible 156 5. B 117 I+.3 65 7.7 5.6
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EsascI-!earlång

Ilnamel pearl formati.on has been categorj.zerl as follows

{Cavanha, t65):

a) !lxtradental:

- coronal

eervi cal

ra dicular

b) Intradental-:

coronal

cervi"ca 1

::a dicrtl ar

In additiono the cro.ønu neckn and root nav be the

sites of ei-ther a true enamel pearl" dll enamel dentin

pearJ-o oI an enamel dentin pulp pearl" Pindborq (t70) calls

the intradental condition dens invaginatus anrl lahel.s the

ext,rarlent al f orm dens evaginatus. The latter t Vpe o when

found on the occlusal surface of molarsr Þr€nolars t ox

canines" is known as an odontome of t.he axial core type"

When pearling j-s fot¡nd on the radicular surface of teeth the

odontome associated çrith enanel extension results"

occl_u.sal pearl forma.tions have bcen describe' in

variou s terms. Pf errill { ç 64) states that t he f o1"louinq

represent the same condì tion reported. by a numhçr of

authors: intetstitial- cusp, Lêongrs pr€molarn odontome of

the axial core type, tubercul ated premolaro occlusal ena.mçI
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Dear1, cgne-Shape,l superEumerary Cusp, evaginated oðont-omeo

and the sì irplest- type of composite rlilateð odontome" tau

{r55), reqarCinq the qenesi-s of the tubercle, indicates that

it j-s probably caused hv tr o .. ârì evaqination or extrusi on of

a part of +,he i nner enamel Êpit.heliumr to the st-ellate

reticulum occurring in the Êarly staÇes of tooth development-

lp.22C)).tt The tubercle has an outer Ëname1 covering and core

of denti-n around a central- canal l¿hich is continuor:s with

the pulp {villa et â1. I t 59) . Thi s corresponds to +*he

extradental coronal ênameI-dentin-pulp pearl of the

classi-fication of Cavanha l¡651, above'

The Leons Dremolar is found in one instance in the

6ray sit-e population l0'3?E; N=269). 1t is a rare ltongoloid

trait and non-existent in Indo-European Caucasi'ans

{Tratmano ì 5(Jtr . Larf {! 55) reportS the condition to be rare in

Europeans and Àf ricans, The freguerlc y of the t-ra it in

Japanese an'i Chinese is reportÊd between one and two percent

{tau"r55; Kato"t37: Wurr55} " The çxpression of the Leonq

premolar may he sliqhtl-y more frequent in Eskimo Aleut and

Amerinds {Merr j-11o r 64} o a1t}rough uoorreÊs {r 57) f inrls only

one instance of the character ín livinq À1euts.

The oresÊnce of the Leoûq prenolar often l-eads to

infection of the pulp and periapical regi-on {puloitis}

beeause hact.eria invade the prtln through the opened axial

canal aftel the tuhercle is broken of f 'llau ,'55; Villa' et
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al,, t59). Oehlers et aL" (167) indicate that the odontome is

1iable to frac',-ure after erupt.ion, implying that the trait

may L,e maladapti ve" Knut.sOn lr 75) finds no evidence of

increased susceDtihilitv of premolars to ante mortem 10ss or

rlecay in the Gray Síte nat-eria1 . Thus, the true incidence of

Leong prenolar in the Grav site population j-n protrably close

to tha.t observed "

Ëvpete4sE!åa

The frequeneies of Supernumerary maxÍl-larv incisors i.n

popul-ation-s of the Southsestern [J. So have been presented 'bV

Snyder {f 6O) . Studies of various }torld popui-at ions j"ndicate

th at t be incirlence of the trait is lo w. Tn the Gray s ite '
5. 1V, {3 of 5q maxillae) are f ound to possess mesiode ns antl

in one case two supernumerary I1s ar€ in the sane naxilla'

All cases rrere confirmed hy X-rê'Y.

One instance {0.6%) of a supernumerarv fourth molar

ças encountered in the Gray site. The root socket was foun'1

intheriqïåtsirleofamandible,distalto!'{3anrLsituate'l

in alisnment rvith other teeth of the nolar series. Sny4er

{r 60) finds f,or:rth nolars aI,e rare in a1l populat'ionso with

qreat.er frequencies beinq fotl:rC in Bushmen and Negroes t-han

in I,lhif-es or l{ongoloids {T,asker and tee, t 57; Ki-a tsky o t 56\ "

Amerind and It,skimo populations ¡ßay pcssess 1ov¡er incidences
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of the f orrrth molar. However " it is not known if +-he

sl_íqhtly variable incidenees ere indicative of aet-ual racial

di f fer ences 
"
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ChaFrter 3

FSTTHATES OF NTOLOGICAT DTSTANCE

IlAlesieI

sourcÇ data f or f ourteen populations is consi,ler+rl , of

r¡hich five are cf Eskirno or qín' sÊven are Amerindr ollê is

Jaoanese, and the 1ast. is Chinese. The choice of, Þoplllations

was deterrnineii hY the availabili+'Y of appropriate studies j-n

the literailìrê"

AoBoanrl C) Znni, Pi-mao Papago - 0riqinal rlata f¡¡ere

nresented on 610 Zunis , 321 Pimasr and 164 Par¡aqos bY Sr-'faer

et a1. ( t72h\ . Trait f requeneies 1ïrere assessed hy intra-orel

exanina.tion an,1 on the basis of dent-al- cast-s on lívinq

ind ividua ls.

D) Pima Al-1. data rlere presented in Dahlberq { | 51) '

Percentages of incisor shove}lj-ng presented in lfahlberg and

Hikkelson lr47) ara also useC in calculati-ons'

Fl Pecos Ind ian All tlata are a result of excavations

at pecos puebtro in narth-central Ner¡ ùlexico (i915-24). 250

well DIêserved skeletons out- of 1250 original were sturLied

hy Nelson (t 39) at the Peabody liluseum. This is the same

material- examj-ned bv Hooton {r 30) . Peco*q f ndians are

pre-contact and believed to be s1j-qhtly later than a
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neighborinq settl-ement dated by Dougl ass {'29 o ci ted i-n

Ne1son"r3B), to be approxirnately A.D" 1073-1272"

G) Texas Inrlian - origin al data on 370 pl:e- anrl proto-

historic skeletons f rom va rious parts of Texas vlas Dresent'"4

by Goldstein {r ¿t Bl . lvlost of the sample is believed t.o hav+

had no contact with Europeans {Goldstein, n48:66).

K) East G::eenland Eskino Al-1 oriqinal data T{âs

reported in Periersen lt 49l . The sainple consisted of pre

Danish East Greenland skul-Is, casts of present dav East

Green]and Eskimo dentitionso and. dental- records of pIâsent

dav East Greenland Eskimos" tr.ieiqhLed mean frecluencies $ere

calculated for t-he values used in this study'

t) Aleut Eskimo - The sample of eastern anrl west-ern

Aleuts i-s comprised of ilata collected on 75 indivi '1uals

during the 1946 expedit icns of the Peabo'åv lluserrn a nd

Harrrard Uni-versì ty to the Aleutian Islarrds, and repo::ted i ¡

Moorrees lt 57) ,

I{) Alaskan Eskirno This population is a cômPosite

samptre consistj-ng of data on incisor shovellinq by Hrdl-icka

lr 20) from an Eskimo sample at the Un So lüational iluseum;

data on -shovel1inq, Carabellirs cusp' upp+r molar cllsÐ

numbers {Bang aad Hasund r,llr'72or73} o o0 Eskiuros fron Point.

Hop+ and Anaktrrvuk Pa ss" tower molar data were present-ed in

Gol-rlstein (t 48) f ron the collecti-on of the [Jo S o Nati-onal

Mus*um and has been poolerl r,ritn material stud.ied by HeJ.lman

q. lr



lr 28ì "

N) Japanese - Thi-s naterial is a composite samnle of

pooletl data for incisor shovell-inq f ron Sakai {r 54) nTakehisa

{'57) n Kikuchi- f r54l 
" and Suzuki and Sakai lo 65) {com¡riled

in Srrzuki anrl Sakai,t56\, âDd llrdl-j-cka {n20); dat-a on the

Carahelli ¡ s cusp ily luori, Yamatìau tlâ, and Suzukí anrl Sakai

lpresented in Suzuki and Sakai"r57); material on the upper

molars hy Suzuki and Sakai lt56a) and on the lor¡er molars by

Suzuki and Sakai {r56b), Frequency of the nrot-ostylid is

rêported in Suzuki and. Sakai (r 54) .

P) Chinese The data on

presented hy Hrd.licka {1 2A\ antl

Carabelli¡s cusp fron 0shima {'ll9)

on upper molars by Suzuki and sakai

I{el1man (r 2Bl "

incisor shovelL.incJ '¿as

Lasker lt45); da.ta oi'!

and Maruyaaa {!57); data

{ | 56) antJ. l-or¡¡er molars bv

0) Paleo- Aleut - All <lata ;ì rÊ nrÊsÊnteñ in Trrrnert/à vv

m ple of 15 1 çre stcrn,{t 67a) " consi.stinq cf a composi-te sa

central and eastern ll1eut rlentit ions.

B) Pal-eo-Esiciurr: Represent.atives of thi,s qroup are

Eshimos from Kodiak Islando Arctic coast of- Àl-aska"

Sacllernuit fron Southa.mpton Tsland and lJestern Greenl-and

coastal Eskimo*c" Data arÊ f ound in îurner {t 67a\ " The

inclusi-on of the airove individuals into the sane Eskimo

qroup by Trtrner is accepted in +-he present st,udy. There j-s

no ba sis upon shich to divide the material int.o iireeding
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isolates {Turnerot61a.\. on the other harrdo the individuals

of this group are not 1ikely to overlap thr: other

populations of this stutl-v, with the exciìption of the Alaskan

Eskimo sample o and thus are suitable as a- check on t-hÊ

f,reguencies observed in t.he latter populat ion" The

designation of this composite population as Paleo-Eskimo i s

not strictly true, âs some of the skeletal renain".s a¡e

prehistoric while others are 'lefinitely historic {see Turner

c 67al ,
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Tabl€ 17

Scorinq of oental Chara.cters i¡t Bioloqical Distance

Estimates {after Sofaer et al""t72b)

Tooth Character Affected Non-affecterl

rr11 Palatal 14arked, Absence and

shovell-inq shovel-, and trace shovel

IJT 2

ülï 1

r112

tu1

LMl

tM1

LV2

Ltlt2

Barrel-

shape

cìrs p of

l'¡r qn

number

semi- sh ovel

All f o¡ms of Normal shov*l- Ierl

anonelous 12 incisor

All desrees No feature

Carai:elli of forn'.ation

4 eusps and 3 cusps

3 plus

Protostylid AII-,lesrees No feature

Cusfi

num ber

Fissure

ne *.|.ornyqu\-v!¡:

Cusp

numl-rer

f is sr:::e

pa tt-êrn

of formation

6 cu.sÞ-q or 5 cusps or

5 cusps or 4 cusps or

mo!e

YorX
nâlfêrn

more

YorX
nefir:rn

less

Plus

n:ttorn
vq v v / !À!

1^^^

Plus

nâtfêrnyl¿! -v¡-¡¡
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Result s

rndivj-dual- Chi-square tests of siqnificance have been

calculated for nine dental characters for a1l- Þorììtlation

combinations for which th+ appropriai.e freouencies arê

available" The met.hof,oloqy involveri in character assessment

is indicated in Table 17 
"

fn addition to i-ndividual chi-ssuare tests of

siqnif ica nce, eumulative Chi-sguarÉS are calculaterl " tlsinq

the results of a concordance strrdy undertaken two months

af ter +- he initia ll- scoring of mor phological characters 
"

rlental traits are added to a cumulative Clii-square valuæ

treqinninq vith -u¡aits with hÍqhest concorflance and

proceerlinq to those of lowest concoidance" Lru1 protostylid

and tJT.2 barrel--sharre are excludecl frorn the cumu lat-ive

Chi -square testi nq because of the reducerl numher of

pcnulai-ions f or r¡hi-ch freguencì es arÊ available.

concordance in the prasent study is qenerallY hiqh+r

than that observed by Sofaer et al. {'72h1 ' a conseguencç

that nây be attrihutable Lo a greater reli-abilitv in the

examinat.ion of skeletal material as opposed to cas'. and

intra-ora1 €xamination. For sotte characters, the ranqe of

Êxpression varies from poprllation to population, introduei-nq

morê oÞÞortunity for nisclassifj.cat.ion in populations whe¡e

the ranqe of trait manifest-ation is greater. The overall

sequence of traits from those r+ith qreatest t.o those with
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the lor,rest ccncorda.nce is similar to the fi-ndinq of Sofaer

et al. {,'72h\. Characte¡s such as shovellinq anC }:a¡re1-

shane in the {ìray sit-e are more af f.ecLed by sinq] s i nstances

of di-scorrlance due tr: the small sample si zes involved irr t he

determination of the fresueneies of these ctraracters,

The followinq relationships are suggested:

1) chi-sguare analvsis of uI1 palatal shov+l-linq

indicates an overall closeness in statistical relar-ionshi p

between the Gray site and all Amerind qrouDs wj-th +.he

exception of pecos Fueblo {F). East Greenland Esk-imo {K) and

tivinq Aleut {t} are closely related. to each other anrl to

Amerind popr¡lations. Genetie relationships arÈ suggested

among a cluster of populations consi-stinq of Alaskan Eskirno

{l{ ) " PaIeo-A leut {ç-) , Paleo-Esk imo (R} , Pecos Pr:eb1o, anC

Ch j-nese lP) populations, while the Ja panese diverge f ::om e11

qroups considered. This ohservaticn is consi.stent with the

theory of Japanese isolation from pr€sumed pro-llonqoloid

elements for sornê time. The overall lack of siqnificant

values less than 0.05 reflects th+ homoqenej-t,y of expression

of shovellinq among Anerind-s, On the other hanrl o t-he

statistical separatj-on d ue to lower f,reguencies of the trai,t

is characteristic of Asiatic MoDsoloid.s.

2) on the hasis of statj-s¡'ícal analysis of ItI2 t:arre.1-

shape, the çray population exhit:its separation fram A¡nerican

Indi an groÌ.rps due to a hiqher frequency of, the character.
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Estimates of r+lationship b+tween Eskimo an,J Arnerind qrorlps

are generallv not signi-ficant ðue to the sma11 ra.nqe of-

variahilitv in frequency of the trait in a11 populatíons"

Two elr:ste¡s are suggested: a) Alaskan Eskimo, Pâ l-eo- Aletrt 
"

Paleo-Eskimo and Pecos Pueblo and b) Papago' Piman Japanese

and Chinese.

3ì lllanifestation of Carabel-li t s cusÞ in Til''t1 is

sugsestive of strons affinity anong Alaskan Eskimo, Papago'

Pi ma {D) n Zuni t Ayrd Pal-eo-Eskimo populations due to the

strong developnent- of t his ctlsp in these groups" tack of

honoqeneity between the Es ki mo populat'i ons is evirlent. . Thê

Gray site, Pêcos Ptre!r1ou livinq Aleuto Chíneseo âod Japanese

groups indicate intermediat-e distance relationships froin

East Greenland Eskimo on the one hand. antl Sout hryest+rn II. So

and ot.her ci trcumpol-ar groups on the other" The Ja panese

sample i-s particularly close to Paleo-ÀIeuts.

4) Siqnificant 'rariabi lity is found anonq A merind

popula+- j ons i¡ith respect t,o If H2 cusp number. Althouqh Tçxas

Indian {c) and Zuni {À) srotrps show close connection to each

other, they similarly shor¿ diffuse relationships to lir¡ing

AIeuts, Iìast Greenland Eskimo, Alaskan Eski rno and

Pal-eo-Aleuts. pecos Pueblo is singularlv differentj-at-e,1 from

all popul-ations however, PaIeo-Eskimos also possess a hiqh.

fregr:E: ncy of û'q2 4-cusped f orms, Japanese anrl Chines+ crroups

are sÈatisi-icallv t:ela ted t.o the Piura, Papago and Gray site
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PoPtllations"

5l The f r:equency of Ll{ 1 protostylid has nor- been

reported for all populati ons considered. Althouqh the

character has been suqqestetl to be a l'1ûncroloid genetic

narkern the freguency of manifestation is qenerally lorv in

Amerind F¡oprrlations. Zuní, Pàpaqo¡ Grayo tivinq Aleut n anil

Pima {B) are noted as showinq general relationshíps ro each

other on the basi-s of the virtual ai¡sence of the characte::

in these samples, By eontrast, Pima (D), Paleo-Al-er.rt, and

Paleo- Esl<ino inrlicate af f inity +.o each other in i.heir

substantial- development of the protostylid. The Japanrse

popul-atron is closest to the Paleo-Eskimos.

6l Tn the analysis of T.M1 cusp number clos+

re lati onshi ps rnot_cateo wi-t hi n .l-Ln Paleo- Aleut n

Pa1eo-Eskimo, and Grav group and the Zuni, Papago, Pecos

Prreblo, Alaskan Eskino and llast Greenla:':d group. The

.Iapanese,'r'exas Intlian and Pina lB) comprise another cluster

of re lated popr:lat-i ons uith re spect to this trait " The

atrsence of 6-cusped forms of the tM1 in livinq A1euts i.s

probably not valid as an indj-cat-or of close relationship tr¡

Pima {D) and Chinese popul-at-ions, i{oorrees { t 57) anpa::entlv

not ¡ecorrling the frequency of the character in the former,

7\ Analysis af L l{ 1 fissure patte¡n shows close

relationships amonq Chinesen Alaskan Eskimo" East Greenlanl

lskimou Pima lB), and Pi-ma lÐ) sroups. A secnnd clustcr of
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populetì ons consists of T€xas Indian, Papaqo, and Zuni,

which shows association with Paleo-å1euto Faleo-Eskimor â4d

Japanese groups. The PÊcos Puebl o ant1 Gray popìrlations

appear closely related to each other and interme'liatc in
distance hetryeen tha two clusters indicated ahove. Distinct

separation i s evi,lent beti+een Paleo- and later Eskimo and

Al-e¿t populaticns 
"

8) The clusteri-nq of Eskimo popn'ì ati ons ¡¡hen

Chí-square anal.ysis of LH?- eusp number is considçred

refl-ects t-he Dreoomr_nan ce of 5-cus ped forms anonct

circumpoler groupso althouch Faleo-À1eut anrl Palêo-Eskimo

are statisticallv seoarated from. the other Eskimos anrl

Aleuts" Pima (D) and Gray suqoest Eskimo genetic influerce

with respect to this character. The close re.l-ationship anong

?unì, Papaqo, Fima {B}, Pecos Puebloo Texas India.n, and the

Chinese population is srrgqestíve of recent common ancestry

for these grorrps characterized by advanced acgrìisit-ion of

the 4-cuspe,1 Ll',! 2.

9ì Chí- square analysis of tt{2 fissurë pattern f inds

that a number of Amerind popul-atj,ons {Papaqou Zunio Pima

{D), and Texas Indi-an) are closely related to the Chinese

qroup, Japanese, Paleo-Aleut, and Pal-eo-Eskimo qroups arÊ

found to be st-atistically cl-ose and separat+ from other

poÞulat,ioas. Less immediate connections are indicate,l

l:retwee n Pima {B]| , Gray, Pecos Puehlo, and Iiving Aleut an,1
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other Àmerind populati"ons::eferred to above" This sit'¿ation

is suggest-ive of mixture betr¡e+n wliat contínuaIlv ernerges a.s

evidenee f,or two fairly distinct ancestral li nes in

circumpolar prehistory" Fina11Y, whi-Ie East, Green'l an d an,1

Alaskan Eskinos both possess hiqh frequencies of the Y

pattern on !",ú2, there is a statisf-ica1 separat- j.on betwep,n

the t-lto populations"

A s¡lmrnation of the numbers of siqnificant

interpopul ati on Chi-square val ues shows that close

biological relatir:nships are apparent !:etween Texa,s f ndian,

Papaqo and Tpni nopulations. Pima {B) and the Gray g1:ollÞs

are close together and suqgest a f f in i ties to Eskitito

populatíoÐs, The Pecos Tndian sample refl-ect-s possíþle

com mon ancestry or ad mixt.ilre with circumpolar groups a nd the

Chinese population al-tìrouqh distinct f roin Gray and Pima {B) .

Paleo-Âlent an,1 Paleo-Eskimo pcp'¿l-ations are closelv

related to the .JapaneSe group and d.istinct f::orn vi-rt-r-ral-ly

all others. F inally' t.he Chinese sampl-e exhihits vaguely

closer relaticnships to most Amerintl qroups than to Eskirnos

or t-he Japanese. The Cifficulty in deterinininq relatir¡e

lriol-oqical distanees hetween populations can t¡e noteri where

groups shou relativel-y low siqnificance values for a nunber

of characters anrl hiqhly siqnif ieant values f or ot-hers.

On the basis of eumulatj-ve Chi-sguare analysis, it is

possit¡1e to gain frrrther insi-ght into int.erpopulation
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compariscns on i.wo counts. lirst o with +'he êxception of

three closely related Sout.hwesterri qroups lPapaqo, Zuni,

Texas Tndian) u Chi-square r¡a.Iues are siqnificant for sone

denta.L. charaeters between al-1 populations. Thus n Telati ve

distance d.eternined by absol ute values of the Chi-sguare can

be hiqhly misleading l:ecause sliqht chanqes in observed

fregueney of a dental trai-t can causÊ paramount changes in

estimates of distance where 4istance is actually fairly

large to beqi n r¿ith. The curnulative Chi-sguare averaqes

indí'¡idua1 trait valnes on the assumption thai they arÊ

qenetically indepenrlent. This is not strictly true. Sofael

et a1. {t72b\ and Sanqhvi {053} have noted that this

assunption of inrlcpendence may lead to certain çffeets on

the statis''-ical test emplovecl by Êxagqeratinq rlifferences

and similari-t-ies hetrqeen rlistant anrl closely relaterl

populat.ions, respectivel-y " Tn lieu of knowi.ng the node of

inherii,anee of dental traits one carì increase the numher of-

characters in the analysis and hcpe that snurious values

lri11 tend to eq'ualiee themselves.

Second, in adrlition to the magnitude of the st-atistic,

the rlirection of change in the cuir.ulative chi-square r¡a1uê

nay he t-aken into consj-ðerati-on. Sofaer el- al. {t-72h\

presumed that lack of concordance was a prirne sourcÊ of the

noise tha" Has introrluced ipto est.imates of biol-oqical

distance rçith a.n inÇrêase in the number of dental traits
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utilized, This point is valid where low ler¡e 1s of

repeatability af- scoring Cental ch.aracters arÊ encôunte::ed

{e. Ç. 19q, eoncordance for Ca::abelli trait in thcir .study) .

However, ons may observe the type of effect that the

arldition of a sìngle Chi-sguare has on the cumulative value.

Examination of the rfpatternrt that emerqes nay help t-c

clarify the anatrysis where large num.bers of interpopulation
conparisons are attenpteri (in thi s case t here arê 91

dj-fferent comparisons). similar patterns of cumulat"ive

Chi-sguare changes rniqht" a] so be presumêd i-o indicate

rel-ative bioloqical distances hetween populations.

On the -basis of the analysis outl ined ser¡eral

initially oÌ:scure relationships arâ brouqht j-nto sharner

focus "

1ì The Texas Tndiano Fapago and Zuni samples exhibit

the closest relationships amonq populations of tha

Southwest.ern II. S. The indication of patf,-ern dif ference of

Pima {B) an,1 Pima {Ð) fron the above mentioned cluster
becones evident shen they are vier,¡ed in distancçs from the

Chinese populati-on. The rÊl-ative positions of Pima {ts) anC

Pima lD) poi-nf- t.o influence hy pro-Monqol-ci-d el-ements {sucb

as aÐpear to be represented i.n ths GËay population) by their
cl-oser dis+-ance estimate to East Greenlan'l a n,1 Alaskan

Eskj-rno groups, This vierr is reinforced by th+ closeness of

Pima lB) to the Gray site"
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2\ The Pecos Puebl-o population exhíbits mor€ dist-ant

relationships to g::oups of the Southi¿estern UoSo by showinq

a consj-sf,ent decrease in probability of not belonqino to the

cluster r¡ith an inerease in the number of- charact*rs in the

cumulative chi-sguare. The similar types of relat-ionship

betrqeen Pecos and all Àmerind "samples considererln includinq

the Gray site, sitggests that Pëcos is subst.antial-lv seÞara+.-e

from nost Àmerind groups. This indi-cation is augmented by

the observation that the elosest Pecos distance measure is

to the Chínese sanple. The general d.istance estimates arncnq

all Amerin.d r¡orrulations coesidered suggests sizeable genê

flow betçreen thern in orehis+.oric timeso Evidence for

extensive qene f1o'¡ between pi ma antL surroundinq populations

has been presented

al. ln5B).

in the blood sËoup s'ttdies of Brokrn êt

3) The position of

relation to Southsestern

separation of the Papaqo'

cl- uster f rom Pina {B)

exhitriÈs a pattern ehanqe

addition of dental tra-its

suggestinq that- the livi-nq

to Amerind qroùps than are

aspect of the relati r¡e

their est.imatetl C.istance f

the living Aleut population in

tJ. S. groups again in,licates a.

Zuni, Teïas Indian and Pirna {Ð)

anri cray. The Chínese population

similar to Pima lDl with the

to the cunulati¡¡e Chi-square, thus

Aleuts arê mors distantly related.

the Chinese. The most interest-inq

distance of the livinq Aleuts is

rom the Paleo-Aleuts and Eskino
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populat-ions, No relationshíp is evident to Paleo-Aleuts'

Paleo-Eskimo" East Greenlanrl llskj-mo or Alaskan Eskimo

samples " Japanese are si milarly w+11 separate'] f rom this

po nulati on.

4ìThe Alaskan Eskino distance estimates imply remot-e

relationship with bot-h Pirna groups' Gray, and East Greenland

Eskimo, which suggests f-heir ,iistant rel-ationship to Pima

lD) and cray. The Paleo-Aleut population appeal:s to have

been the ancestral group to both the East Greenland an,C

Àlaskan Eskj-mos. Paleo-Eskinas are closely related tc

Paleo-Aleuts and Japanese hut do not seem to have been

ancestors of the lskimos sample-s sel-ectecl in this sLu,1v '

Pal-eo-Eskimoso Japaneseo Paleo-Aleutu and Paleo-Eskimo are

prohably derivçd from the sane ancesLral stock,
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Evidence for close bioloqical relationshj-ps hei-ween

Pima " Pâpago o and 2uni groups has been pEesenterf by

Irlis"ranrler et al-. {'70) and Sofaer et al. {t'72b\ " Tc this

eluster mav be added the Texas Indians, who show

consistently close distance values to t-he Papago and Ztrni in

particular. The hiqh frequencies of Carabellits cìrsp

manif,esta.tion amonq the Pirna, Pãpaqoo and Zt:-i is unique

among Àmerind popul-ations, The contli+*ion may be at-triL:utable

to genetic dnift or adrnixture" the low freguencv of the

character in the Gray and lexas Tndian samples and the close

relationship shosn betirreen Gray and Pima {B) groups Co not

reveal- shether microevol-ution or admixture is noEê-, probahle

{see Nisr¡an der et a1, o r 7 0)

À11 populations of

site exhibit affinity to t

ass':ci-ation is manif e stetl

the Southwestern U.S" and the Gray

he Chínese sample. The strong,est

by Pecos Pueblos Indians, who nay

have been a late populat.ion t-o infiltrate t,he region in

post-Pleistocene t-irnes. The Sout hwestern U. S " has absorbed

the brunt of nany intrusions" I4iormington { | 59) state-c that

in Early Christi-an times f,he Cochise lras superc*orled by

Ànasazio Hohokamo and llogollon desert cultures. Th€ Anasazi

remnants are founrl in contemporary Pueblos while livinq Pima

and Papago are qenerally believed to he rÊmnants of the

Hohokam cultureo
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The Eski-mo anC Aleut populations consider*d aìrDear to

represent, a heterogenêous ¡.rixt-ure of circumpclar neop3es.

The clo*se relationship bet.'¿een Paleo-A1eut and Paleo- Esk-ino

has previously been indicated bv Turner ('6?a)" The most

interestíng sit.uation, how€ver, is that concerning the

oriqin of +-he l"i vinq Äle ut population. Turner { | 6?a: 189} ,

after an analysi-s a.ç, Arctic and sub-Arctic rlentitlons,

concluded:rrI¡r sum, Àleut dent,itions are, and probably

al-wavs h-ave heen, mone 1íke those of Eskimos than Indians,

and hoth Aleuts and Esklm'os are more l-íke Asiat- ic t4ongoloiCs

than ar€ fndians in most respacts. l{ost cf t},e geoqraphical

variation j.n l-j"vincr Àleut ri.entitions is the result of loca1

prehistoric evolution o rather than due to dif f erential

historic llluropeanl adnixture. tl

t'lhile Alaskan Ðski. mo and East Greenlan 11 Eskirno

rronulations shot¡ ancestral bioloqical relationships to i:he

Paleo- Aleuto the livinq Aleuts are sinqularly separaterl. fron

them all " Closest distance esti-mates aÍe to t-hê Àmeri-nd i-ans

anä the Chir¡ese. In fact-o the distance estimate hetween

Pa1.eo-Aleut and livinq Aleut is sreater than most- other

interpopulaticn cotnpa::isons" Tf t.hc Paleo-Aleuts are

ancostors of modern Aleuts the implication would be t,h.a+-t

due predominantly to accepted evolutionary pri ncinles such

as qenetie drifto dental Cifferences are greater throuqh

tine than over qeographical distance"
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The senara+-ion of the eomposite Paleo-Eskimo sample

also is a comptricatinq factat in the reconst¡uction of

Arc"ic prehistory, as this poptll-ation shotss no relationshirr

t.o the presumed rlescendant Eskimc, groups'

A nossible exnlanation proposed by Hrdl-ick-a" but not

supported by Trrrner {t 67a) o is that the Paleo- Aleu'l:

popul-ation l¡as replaced hy a biclogically distj-nct

populat-i.ono À possibilitv in this respect coul{ be a

proto-Chinese erorrÞ' Ilol¡ever o there j-s no supÞortinq

cul-tura1 evidenc+ nor do craÊia1 measurements as

rÊ-evaluated by Turner reflec+- sudrlen changes in physical

type +,o support 
"his 

explanation.

The PaJ-eo-Alerrt an,1 Paleo-Eskj-mo probablv reprasent an

aneestral qroup f::o¡n which East Greenlantl and Alaskan Eski mo

oriqi nated. This has t¡een ter¡red as (one of ) the

f,pi-Gravettian pro-Mongoloid miqrations (Bandi,t59) to Nort.h

Anerica. fts peonle are presume'4- not to have dispêrsed to a

qrcat exteni, toward the south,

pne-adaptat-ion {Bandi , | 69: 31) .

possibly Cue to Aret ie

The Palco-Eskimo populati-on holds the possibil-ity of

beinq a.ncestral to Dre-Ðorset populations that- occupied the

Canadian Arctic prior to the rapid d.ispersion of t-he Eskimc

sma1l tool cultr¡re. This would acount for the lack of

biol-oqica 1 rel-ationship between Paleo-Eskimo and Alaskan and

East Greenland Eskimo and ¡¿ould tend to support t he +-heorv
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of Collins lt51;t64) of a Southeastern Alaskan {Paleo-A1eut}

oriqin of present-CaY Eski m.o-s,

Certain Amerind sampl-es from the South'¡estern Il.S.

support t-he vi-ew {e. g. y or, the basis of transit ion to

4-cuspe'l lll2s and loss of the Y pattern on lower mo1-ars) n

that earlier Aneri-nrls were probably l-ess trlongo)-oi d than

Þrêsê¡tu day Eskimos. ttrrller-Beck (r 66) beliÊ:vês that the

leaf-shaped points of the upÌler Pai-eolith ic itl Eurasì a

{30-25,000 Bo P.) arê evidence of the ancest-ra1 croups ',*hieh

are traceable in the earlv ll-ano com-plex of t.h+ Southr¡estern

U. Sn and of luhich Some Amerj-nd groups are possilrle

descendants (i,e. u Zuniu Fâpacto, Pi-ma), Sj-tes å.n t-he Lake

Bai-ka1 reqion of Northeastern Asia are considererl. hy Banrli

l{ 69) to IepI*sent a group of semi- or proto-Monqol.oirl

stock, closelv related to Amerinrlian ancestral' populations.

Pro-lqongoloi-d el-enents as found in tb.e Pecos Pueblo and Gray

groups may indicate subsequent miqration of, or contact

r,¡ithr ÞOpulations sharinq ancestry with Paleo-Aleut'

Paleo-Eskimon ând Japanese'

The ,Japanese affj-¡iti-es to Pal-eo-Al-eut and

Paleo-Eskimo¡ oIì the onÊ handu and the indication of

rç1ati-onship between livinq Chinese and Pecos Pueb-lo grollps,

on tire ot-her" a¡e suggestive of at least trqo late niiqrations

to the lüew T¡{orl-d. Specul-ation concerninq the nature çf

bioloqical- râ'lationships between l"iving Al-errt, Chinesen and"
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SOrrthr¡estern {J. S. popt¡lations is l¿eak' Holleveru the

relatively close di-stance of t-hese'groups to one anot-her {ìay

be evidence of conmon ances+-rY or contact " On t"he hasis of

variable freouency of three-rooteô LMls and throttqh the usâ

oÊ r0aior lingui-stic d ivisions in North America lsee

Sçadesh, | 60) , Turner (n71) hVpothesizerl at least t-hree ma'lor

miqrations to the IIer+ Tù,or1d " Althouqh exam.ination of

skeletal remains eannot confirm linguistic affiliati-onn the

oresent the Ðresent study qi ves physical evidence CIf

diversitv that support-s the thecry of, multipl-e oligins of

North Anerican ahoriqinal inhahitants.
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certain faetors make tin results of this studv hiqhlv

tentati-ve. Eorenost is the lack of qoorl comparative aa-uerial

between poonl,ati-on s because of lack of stanclardízation of

measurement. in the f ield ' observer bias r âIld small

popnlation samples'

Second.u one of the prohlems related to the usê of

denta.l non-mçtrics has been r-he lack cf k-nowledqe about

their genetic ]:asis. fn most cases the eff,ect- of faetors

causinq r¡arj ation in penetrance and expressivity of the

variahle cannot be identåf ied" BerrY t r 68ì f inrls t-hat, in a

particular grouÞ, t-he accunula-tion of certairt a1lel-omorphs

I'ilI be nanifesterl regularlv and appear to be inherited- in a

regular fashion o implyinq sirnple assunptions ahout t.lie

inheritance of the character. Tn other populationso hot+evel,

the na.ture of t"he presuned j-nheritance changesr Plotrably '1ue

to the different composition of the genotype.

Thirrl, the prehistory of Lrorth Ànerica is comÞle xo

having neither conerete evidence of time of init-ia1

occupation oI sirbsequent migrations {See Salzan o"'62, for 4

discr-lssion of qenetic a spects) . Às the tlate of in itial

ính abi-tat ion is pushed bac k n e volutiona rY process€s can trÊ

assumed to have had motre and more chance to obscure initial-

ioloqica I rel atir¡rrships.

Stcr,¡art {r60} a.nd tltllse {f63} support the vie'* that
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earlv migrants to the Nêlr Iùorld were a smal1 honogenÊclls

rropulation and |hat the variahility seen in Anerinds is a

result cf inrlependent evolution accordinq to accepted

bioloqi cal and qenetic principles" Inereasins evidence,

hovevero supports the thcories that tîre inif-ia1 oceupyinq

nopulation wa S heterOgÊnOUS Or tha+- suhsequent ráIAves of

miqration have considerabl-v alt.ered the gene pool at

different points in Prehistorv (see Newmann, ¡67;

Genoveso r6?i. Early classífications of North and south

Amerinds have continually sottght to explain t he .riversity in

physieal tyoe in terms of bioloqical- influence from

Australi-a" Polynesia, diffe::ent reqions of Asiao Africa and

Europe (see Comas ot60u fOr a review) " Tn summationo GênoveS

{r 6?:303) states rfn ".the heterogeneity found in mod+rn

Âmerind popr:lations is certainl y d.ue to such faetors as

d.if ferential selection i-n varied environmentsr 9€Iieti c 'drift

j-n isolates, norphological- adaptation, gene flov from one

area to anott¿ern etc. " but these explanations thouqh vali'l

do not seem to suffice.tl

sturli.es on PhYsical tY

heteroqeneitY of Amerinds. The

attenptinq to c l assifY Indian

types, has been examined

pe also indicate the

study of t{euinann l'52\ ,

crania into morpholoqical

l: y ]"on q { t 66\ using

mul-tiple-discriminant analysis" Al-thouqh their results

dif fer, evidence f or subsi-antial d.if f çrences bet'*reen
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proximal qroüps Ðtrists and sugqests microevolution or l:he

effects of miqrati onal i¡f lr:x' Gil-es and Btaibtreau {t61}

and Bass (t 6lll used f acial ancl' cranial metrics and'

morpho log y Lo avaluate t he persistence o f inheríterl

characters through time 1n the Pecos populat'i on and

rel-ationships hetween protohistoric Pav¡nee anrl Âri kara 
"

respectivel-y. Spuhler I | 54) has revealecl a bioloqical

hodqepodge in his analysis of Sor:t'h western U o S o sk +1eta1

series.

An important problem in the present str:dY is the

bioloqical positi-on of the livinq Alerrt relat-i- ve t-o other

Atr_errt anrl Ílski¡ro poptlla t-j-ons. If geneti-c clrift accounts f or

the qenetíc ctranqe between prehistoric anrl living Aletrts as

measuredbydental-mGrphologyrthentheut-ilityofdental

characteristic*s aay he lessenecl as estimators of bioloqical

distance. That such an outcome ís unlikelY is implieð by tlLe

types of relationships susgested anong Amerind populations'

Analysj-s of dental morpholoov appears ïo be another

reasonably good independent di-scriminator of hioloqical
I

distances hetween Populations,

-75



sgmmaEï

on the bas j-s of a chi-square analYsis of nine rienta 1

charact-ers" sevÊra1 relationships among select-ed North

Àmeri-can poÐulations are suggested "

1ì Close biol-oqical relationshj-p is apparent bet'¡een

Papago ¡ Zun-i-, and Texas f ndian. Slightly mÔre distant are

the tuo Pima populations and the Gray site.

21 Eskimo groups ârÊ hêterogeneous in tri-o1oqj-cal-

composition as measured by denta-l- analysis. Paleo-A1eut anrl

Paleo-Eskimo sanol-es indicate common ancest-ry wit h r-he

.lapanese" The orj-qin of Alaskan and East Greenland Eskimos

is inplied to be fron the Paleo-A1eut. Livinq Aleuts are

found to exhibit eviCence of rnarked separation flom all-

Eskimo and Aleut poplllati.ons. Paleo-Eskinos are probahly

ancestral to pre-Dorset cult-ure t¡ut not closelY relateC +'o

present rl a Y Eskimos '

3) Pecos Pueblos, G¡aY and Pima populations sholtI

pro-r4ongoloid bioloqi-ca1 influence as reflected in

af finities tosard his+.oric l:'skimos and the Chinese.

4) At l-east two l-ater migraticns to the New r'dorld are

sunported in the present sturlV. Cne is the pro-Monqoloid

Japanese, Paleo-Aleut, Paleo-Ðskimo qroup' ancestral to East

Greenland and Alaskan Hskj-mo populations" The other

migration ís surtgesterl by the Chinese anrl Pecos Pueh¡lo
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r¡roup-<, wbo shor.,t affinities to lir¡ing Àleut anrl Arnerind

nooulations, The nature of the relationship-. between these

ÐopDlati ons is obscure. The proto-l'longoloid element seen in

the Southwestern U.S. tends to support the t"heory of an

even earlier pl:oto-l{onqol-o id miqration to North America .
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Figura 1

Change in Rela+-ionship betr+een Chinese and the PaDago'

Zun io Texas Indian Cl us ter with Increase in t-he lltrmber

of Character in Cumulative Chi-sguare Ànalysis

Probability of bel-onqi-nq to the Chinese sample
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Figure 2

ch.anse in Relati-onship between chinese and the Pima Ð'

pima B, Gray Cluster uith Increase in the Number of

characters ín Cuinrrl-ative chi-square Anal-ysis

Anal Y si-s

Probabilitv of belonginq tc the Chinese sample

95 e0 B0 ?0 50 30 20 10 5 0

Nu mJrer

Char"
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BD
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Figure 3

CtranÇe in Belationship betr,reen tiving Aleut an 11 the

papago, Zuni, Texas Indian Cluster sith Incrêase

in thc Nr:nber of Cha::aeters in Cumulative

Chi-squar? AnalYsis

Probahilitv of betonginq to the Lo AIerrt samplc

s5 e0 B0 70 50 30 20 10 5 0

Nu m Ïrer

Char "
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fl
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Figure 4

Change in Retra+-ionship between Living Aleut and the

Pina B, Pi ma D, Gray Popul-ations sith Tncrease

in +,-he Number of Characters in Cumulative

Chi-squarê AnalYsis

Probability of be longincl to the t. Al-eut sa mple

95 90 B0 ?0 50 30 20 10 5 0

Nu m ber

Char.
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ÐPBJ

J DPB

B1



Perce ntages

Cla s*c

of

for

Tal¡1e 1B

Dental Observaticns in the Àffected

S+ lect- err Iu] onqc 1oíd Po pulati ons

Zrrni A 94.4

Pina B 97 "5

Papaqo 9'7 " i

Pina Ð 9?"4

Peeos F 89"5

Texas G 95" 1

Gray J 91 "6

G. Esk K 98" 3

Aleut I 97"3

A,Esk l[ 81,5

Jap. ¡T 77.4

chi. p 90.1

P. Aleut BB.6

P.Esk R 90"5

UT 1 11T2 I:I H 1

3.0 36.2

{'t.7 53. 3

6.5 ¿+4.6

8,0 35"0

0" ¿t 8.8

tJ'!12 L ti 1

pr ot

66.7 0. 1

81.B 7"8

15"6 3.3

81"0 31"0

gB 
"2.

59,3

81"1 5"4

65" 3

69.1 0.0

70.9

84.6 18.5

B4"B

70.0 32,4

91"2 20 " 0

LH1 LlY1

cusp fiss

4" 0 84.5

17,4 94..8

5"',| 78.0

99"4

3" 9 89.0

1'1. B 69" 3

23.9 8q" 1

1"2 95" I

0"0 41"¿1.

6"2 9?"7

12"5 7'l "3

0,0 99.9

21"0 80.0

22"0 ?9,0

Lv2 Lt12

r.11 qrr f i qq,

3f+.9 5"6

r+5 
" 5 10.6

24"3 5,2

"1.0 3.0

34"3 12"4

21"1 4"c

61 .2 12.8

68,5 32"8

55.5 0,0

7 2,2 18. 5

53"7 55"8

23"0 5"0

91 .0 49 " 0

99"0 43.0

1'1.1 16"0

0"0

13.3

1.5 112"7

4"7 19,4

1.7 6.1

0"0 23" 0

1"5 -36.0

82



Concordance hetween Tuo

Characters

Tabl.e 19

lnde pen de n t

in the Gray

Scorinq s

\f 1a

of Dental

Characte r

U]I2 c!.rsp nunber

tl{1 nrotostylif,
Ln2 fissure pattern

ûI1 shovel-1inq

\1f2 barrel-shape

tl{ 1 cusp ntrmber

Lú2 cnsp number

UM1 crrsp of Carabelli

L l{ 1 f íss ure pa tt ern

Con cor d.a n ce

rì oo
va )J

0.99

no?

0"9'7

0. 95

0" 95

0. 94

0" 93

A AQvavJ

B3



Tahle 20

chi-ssuarê Values for UI1 Shovellj-nq

A

B

C

r)

f'

\t

ú

B

1" 2g

C

1" 05

^ ^1

1"'!4

0 " 00

U " VU

F

1 .62

5.27**

4. I 3**

5. 1û*r

\f

0,05

0, 81

0"66

0.73

2" 21

J

1.33

0.00

0"a2

0"0"1

5.44t*
n aa

?.. 16

0.16

CI.23

0.19

ó . -'l 6*tF

1.60

0,12

* = 0.1)p)0"05

** = p(0.05

84



¡t

f)

C

D

"1:

lf

K

s

}T

a

1

1^^

0" 01

0. 00

0" 00

4,93**

U¡ Ot)

0" 02

a" 2i

t4.

7. 85**

13 . 62t*tr

13.17**

13.3q**

2.58

8, 9 5**

'1 3 " 85**

1 5. 54**

13,17**

l:

1 
'O

4 . 71*+

4" 39**

t¿. 5 5**

0.02

1, 82

4, B?**

6. 1 5**

4" 39**

3.04*

5" 93**

2,16

6 " 12**

5" 7B**

5" 95**

0"04

2.824,

6,-30**

7"69**

5. ?B**

1"98

4" 454(*

0"12

i{

1. C9

4. 3 4**

4" 04**

4. 1 9*t

0.06

1.58

4" 50**

5. 75**

4¡04*tF

3" 36*

6,37/'*

0"0i

0"19

Table

N

11.93**

18.41**

1'N .92/'*

19.16**

5" 30**

13.21**

18.65**

2 0. Ii6 **

i7"92**

0,51

20 lcontinued)

85



C hi-sgrr are

Table 21

Values for UI2 Barrel-shape

A

B

f-

D

F

1f

T

11

1" 48

C

1. _i5

0.00

D

2" 41

0.12

0"17

2" 02

5. B0**

5" 59**

? " 
'l8r*

L: JK
'l 1 .0 0**

5. 1 6**

5" 40**

3 "'7 
-l tr

lJ . Q $*tr

B6



tl

l]

C

D

F

.f

K

I!1

N

P

0

M

0" 51

3"44*

3.26'.

4 " 67**

0.64

Table 21

N

0.39

0.37

0.31

a. q2

3,72*

(continuerll

P

2."18

0.07

0" 11

0. 0'1

6 " B6**

2 "7 6tr

6.63**

6 " 42**

B"C3**

0" 1B

R

0.51

3. t{4*

3"26*

4"6'l**

0, 64

1 4. 4.3r* 7 ,92** 4.07r* 18"38** 14.43**

1"70 4" 3B+*

^ 
'7'1

1" 23

tt " 52'#+

7 "71**

0,00

1.70

4" 38+*

1"23

87



Table 22

Chi-square Values for U¡41 Cusn of Caiahelli

BCDFGJK

A 5"91x't 1.47 0.03 21"53+* 10"58** 43"86**

1,51 6 "79+* 46"25** 3C "-l 2** 72 " 31**

1 .92 32"'14** 19. 37** 57, 05**

2.0.07** 9.50** r+2"O9tr*

2.39 B. 90**F

U

.l

C

1 7" 08**

BB



L

A 14"08** 0

B 36,02*rF 2

c 23" B1** 0

D 12,95** 1

F "!"03 30

G

'lahIe 22 {continued.l

I{NPAF

.88 7,03** 27.1-V!X* 4,18** 0.00

"2\ 2tl,84** 53"36** 19.45** 6.06**

"0? 14"59** 39.17** 10"43** 1.54

"25 6,14** 25"58*t 3"50* 0.02

.05** 4,53** 0.53 7.54*{( 21.28**

J 0.29 lJ,lQ>t* 0.40 t+.98*+ 1,56 10.40**

K 13.94** 53.95** 21 ,'73 ** 6"29** 25"6'7** 4-3"56**

21. 4ttr¡rF '1 .J6 2.96* 3"1?* 13"87**

12..68** 36.31/K* 8" B0** 0 " 94

?"95** 0"39 6"BB*,1.

11,48>** 26,90*t¡

4.06**o

89



Table 23

Chi-square Values for Ill{2 Cusp Number

.¡i

B

c

B

'J

-r

5"

ñ^

96** 1.93

1 1Cra rJ

D

5.29**

0"02

0. 86

F

34 " 29**

14.9I¡**

22. 4.3**

15 " B7**

\l

1"17

12.1B*#

6,05**

11.2tt**

45 " 21tÉ*

rJ

5. 3 B+*

0.02

0. B9

0. 00

15"76**

11"36**

n

0" 04

7.00**

2. 55

6 " 2"7 *'N

36.28**

All

6".16**

9A



tþ

A 0.13

B 4- 35**

c 1"06

D 3" 78*

F 30" 96**

c 2.09

J 3. B5**

K 0" 33

1

H

N

P

\),

t{

0" 41

3. 29*

0. 56

2.79

2B " 53**

2.96*

2. 85

0.j2
0.08

Y

B" 92r*

0.32

2" 61

0.5'1

11,54**

16. 1 4**

0,48

10,15**

6" 95**

5"60**

0" 00

r\ )q

3. B ',l*

0.79

3 " 27*,

29. ?r+* *

2"50

3" 34t

nqn

0,02

a "02

6.07**

6 " 25**

tf.

1B ' o 6**'

3"?8*

8. 7 9**

4. 3 5**

4. 8B**

27.32**

tJ 
" 27/r*

19.71**

'15"35**

13. 42**

¿"\))

1.94

1 lå. 3 7* j,,

ñ^ L^1 ^1i1lJ-Lt:

N

9.70**

0 .28

2,1tl

0" 46

11.77 8

15"86**

0.43

9.92**

6 " 75i'*

5. 42**

23 {continued)
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Ta.ble 24

Chi-sguare Va Iu es f or I l'11 Protostyli d

B1** 3,06*

1 q?

D

36" 35*¡k

11.21{"*

2'7 .00f.*

u JK

5 " 25**

0.47

0,53

22 " 01**

,A

B

I

D

F

tt

.T

7.

92



1l

B

D

tt

J

K

I

H

N

P

ç)

0"00

7. B1**

3" 06*

36,35**

F]

18.14**

3" 83*

10,1g**

5"46**

3'Ì .7 6x*
4 õ a?úù| Õ ¡ J /+r

28" 34**

0"02

t1

21 .90**

6.22**

1 3. 55**

3.18*

Tah 1e

N

20"07**

5.01**

1 1. 89**

4. 1 9**

24 {continued)

Y

5.25+>r ñ.67** 8.15** 23"27+rf 9.61**

'f B,14** 20"07**

0,09

37 "7 6*+

6 " 17**

4. B3**

21,90**

0 .32

0 " 07

3.'l|+tF

93



Table 25

Chi-sqllare Values for Lt{1 Cusp Numhar

BCDFGJK

A 9.40** 0.14 3"1grs 0'00 4"18** 16'49** -1 '55

B ?.58** 18.?4** 9"58** 1'26 1.29 15'56**

C ¡t,94*,fi 0,17 2.90* 14.25** 2"49

3.68* 12.23** 26.82** 0" 94

4"3',|** 15.71** 1.47

4"99** 9"24'r*

23.4Bt+

F

J

94



Tatrl-e 25 {continuecl)

A 3 "79*
B "lB" ?4*x.

c 4,9lt*v¡

D 0.00

T' 3. 68*

c 12" 23**

J 26. B2**

K 0" 94

!.

M

IJ

?

Ç,

lrl

rl ç,n

6.03*{'

0.11

6" 10**

0. 55

1" 91

12"25**

3.51*
î 4 

^+J.o" It¡'"-''

I\T

4"77**

0" 94

3"41*

13.02**

4.91**

0. t2

r"i. 35**

10.00**

13"02**
,) 1.'r

P

3.79*

18"74**

4.94**

0.00

-J. 6 8*

12.23**

26 " Bztr*

0" 9l¿

0" 00

6. ',l0**

13 " Az*tr

n

13.21**

u.4¿

11" "14**

23" 14**

13,41**

3.09*

Q"24

19, B6**

23" 14**

L 32**

2 .59

23 " 14ix'r

If

14.32¿<tr

0 ,6-7

12. 19*rr

2r{" 40**

1r+"53**

3.70*

0" 10

21.10**

2It..40**

10"31**

3" 16*

24.40**

0,03

95



Table 26

Chi-ssuare Val-ues for Ll'11 Fissure Pattern

BCDFGJT(

A 5.72rF* 1.39 15.00** 0"88 6.50** a'92 ?'35**

B 12"01** 3"76* 2"26 22"08/.',F 2.19 0. 14

22.85** 4.39** 1"95 4.48** 1[t.12**

9,90** 34" 32*t 9.79** 2,67

11"76,y* o.oo 3.q1*

1 1" 90** 24"62*+

3":ì3*

C

.f'

96



Table 26 I conL inued)

I

A 39" B2**

R 65,63**

c 27. B4**

D 80"72{'*

F 49" 93**

G ',l5. ?5+*

J 50,1?**

K 69.01**

I
¡4

N

P

ô

ryI

3. 3-3*

0.38

8.64**

5 " 92**

e, g2

11 "'79**

0. ?8

59" 56**

N

1"67

12 "-7 6**

0"01

23 " 72**

¿l 
" 90+*

1 .6lr

4 " 97**

14.91**

26 " 7 0rr*

9,30**

16 " 49**

5" 0a*+

24.40**

0" 36

1'!.33**

35. g4**

11"22*+

3. 89**

B2 " 52tr*

'l 
" 27**

25 " 2BtFt¡

v

0. 69

9.95**

0. 12

20. 37**

3"09*

3"03*

3. 17*

11.93**

31,23**

6,84**

0 .22

21 "94**

õ

1"01

10. g6**

0.03

21.60**

3.-7 2*

2.45

3.80*

13. o 1*x'

2 9. 5 0**:

7 "73**
0.08

23. 14*t,

CI.04

97



Table 27

Chi -sguare Values f or t112 Cusp Nuqìï'Êt

2.34

CD

2.70 26 "16**
g, gq** 1 3. 37*+

43.71**

ñ
u

r\ ô1

2"62

2"t4 1

2-t " 0tr{"*

\t

1"21

6.838*

0. 30

3?" 50**

1"02

J

13.85**

4.95**

27 " Bzrkt'

2" 14

14.50**

22,7 2**

\

22" 61**

10,79**

39. 2 B*t

n 1q

23"tl 1'ttß

3-1" 34**

1"1?

tr

B

c

Ð

F

1l

IU

9B



.A 8" 57**

B 2" 00

c 20" 30**

Ð 5.17*+

F 9.08**

G 1 5. 91**

T A Elu tro t) '

fi 3" 59*

T

¡{

ilI

P

^

l{

21 "97*+

14"72**

45. 94**

0,04

28.85**

39 " 6û**

1aîZo tZ.

0,33

6.04**

Table

N

7 , 16*t,

'1 .33

18,17+*

6.37**

7. 63 **

1 3, 99**

I o lq

4.60*+

0"06

?" -33**.

2'7 {cont.inued)

ñ

3, 4l+*

11 .24**

0,05

tr6 
" 25*8

3"12*

0.58

29. I 3**

41.70**

22 " 15**

48.52**

19 " 
q2**

Õ

6J.47*rF 92 " 85**

4'l .77** ?1.38**

91. 11**118. C) 1**

13,00*+ 30.75**

68.69** 94.16**

83.04**109.48**

24 " 41ix* 44. I 2**

15.67** 34"18**

32" 161x¿F 53" B4**

11"71** 29"13**

3t+ " 77+* 56. B 2**

9f¡., 33r,*121 .40**

6.7 4**

9g



Tab1 e 28

Chi-square Values for LtSz Fissure Pãt!'Ðrlì

BCÐFGJK

A 1.68 0,02 0'82 2,55 0.05 3.10* 23"84**

B 2.00 4.56** 0''.10 2"27 0.23 1lr' 50*t

c 0.62 2"94* 0"01 3'53* 2tJ''75**

Ð 5. S4** 0.48 6.60*t 30" 21**

F 3.26* 0" 03 12 ' 44**

G 3'81** 25"44+rt

- 1 1 ' 36**

100



Tatrle 2B lcont-j-nued)

L

À 5.46**

B ',l0 
" 89**

C 5" flUY"*

D 2"7 6*

F 1 2" 46**

G 4.73**

J 13"37**

K 38.90**

t{

Ì\l

P

t1

7" B5**

2.51

8" 47f'*

12 "52i.*
1.63

8.95**

1"23

5.35**

20"0?**

À'r

59 " 22**

¿16 . 06 **

60.39+*

6'7 " 16**

42. 8',l**

6 1.28**

41 " 02**

10 "-v2**

77" 03**

29.80**

P

0. 04

2" 1B

0" 00

^ 
q.?

3.15*

0" 00

3" 75*

25 " 2X**

¡+. B 3**

8.79**

60.98**

n

4'l " 45**

35 " 24**

48.55**

54,99**

i2.29|.*

49.39**

30. 69**

5.43**

64. 55**

20. B0**

0" g3

49. 11**

R

38.0 2**

26 "7 6**

39 .0 6**

45. 11'F*

24"10**

39,85**

22 " 6-7**

2.21

54,43**

14.09**

3.29/'

39" 5 B**

0,-72

101



Table 29

Nunber of Characters for which Siqnificant I/a1ues

Here Hecorded in Tnterpopulational Conparisons

(p<0.05)

Àil

C

D

F

r:

J

0

T

¡{

N

P

C

?

Õ

ïl

c

11

5

ÐFGJ

42a2c6

55a3c3

4 5a 1c 5

'la 4c 5

3c 5a

5c

4b 4a

5b 6a

tlh 5a

3b 4a

5h 5b

4c 3c

4b ¿la

3b

MN

4a 'l

3a 5

5a5

6a 7

3a 6a

4c 4c

5a 6

3b 7I)

?b 6a

5a

pôR

3a 5 5

5a76

4a 7 6

3a6-7

3a 5a 5a

3c 2c 3c

6a57

6h 6b 7rr

5b 5a 7a

7a 6a 5a

5a6-3

7a 6a

?
f

based on I charaeters

baserJ on l charaeters

based on 6 characters

1t2



Table 30

Cumrrl a.tir¡+ Chi-srruare Values

Ul{2 CusÐ Numher and LY2

f or Two Chara-cte:s:

Fissure Pattern

A

B

f-

D

F

!?

J

D

1" 82

L

0.98

1, 57

U

3. 05

2"29

^ 
?rl

F

18,42**

7 " 52**

12,68**

10.85*+

u

û"6'1

7 ,22*8

3" 03

5.86*

24 " 23**

J

4 .24

a"12

2.21

3.30

7" 89**

7, 6 0**

1 1.94**

10" 75*+

13.65**

1a " zu*'r

24 " 36,F*

13"10**

8" 85'l'*

* = 0.1)p)0"05

** = p(0"05
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mable 30 lcont inue,l)

L

A 2"-l ,q

B 7 "62*^*
I ? ô(

Tì 7. )1

F 21"71**

G 3" 41

J 8"61**

K. 19"61**

IY

Y

t{

4.13

2"90

4.51

7 .65**

15"08**

5.95*

2,0r1

3"0{+

10,07+*

ïù

33. 96*ìk

23"1?r*

31.47**

33" 41**

27 "29**
39.57**

20. ?3**

1 0, 32**

41.89**

17 "61*+

P

4" 48

1,25

1 ??

0.51

7.34**

8, 07**

?." 11

1 7" 6B*+

5, g9*

1 â^ ú-LI ¡ Z\)++

30" 49**

23. B5**

19"52**

24 " 61**

29 " 13J.*

31.01**

25.95**

17.01**

2, 97

32 " 2g|**

10. 141+*

3,50

27 " 69,r*

fl

28"04**

15"27*+

23,92**

24"76**

14'49*t''

33.58**

13.47**

1 0.96**

34. Bg**

1 3, 75+*

2" 66

20 "7 6,k*

7,55**

104



D

F

Table 31

Cumulative Chi-srJuare llalues f or Three Charactel:s:

'$flz Cusp Nrrmber, tl{2 Fissure Pattern and 1II1

Palatal Shovellinq

BCDFGJK

A. 2.96 1.00 2.41 12"82x* 0"42 3.27 8"68*v¡

1.05 1"52 6.77* 5.08 0.08 7"22*

0"49 ',10.** 2.24 1.48 9.**

B. g3** 4" 15 2.20 12"22+*

1 6" B9** 7, 07* 1 8" 49+*

5"37 9,2Jtr*

). Y4
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Table 3 € lcontinuerl)

I

a ?."21

B 5"ÛB

c 2"03

Ð 2.18

F 16" 1 1**

c 2"49

J 5.74

K 13.15**

¡,1

tû

Y

t{

5, 37

6.47*

7. Lt 0*

9. 57**

10.91**

6. 95+

5. 9?

-7 
" zot<

11" 10**

N

26 " 62i-*

21"58**

26. 95**

28" 59**

19.96**

30.12**

20.04{.*

1 3. ?0*8

33' go**

11"91+*

P

3.41

2, 40

2"35

1. 86

4.90

5. 98

3. 03

1 3. B3**

5" 39

5.81

22.3Q*+

16 . 6 24,*

15,06**

i8".3?**

21.40**

20 " 69**

18" 24**

13" 44**

4" 54

23.45**

7. 60*

3"82

18.50**

i{

19.06**

11"63**

17 .29**

17.90*+

9. 6 8**

22 " 92**

10.48**

9.22**

2t+ " 61*tF

'10. 29f *

3.90

'l 3 " B4**

R lrl
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C

Tab-'1. e 32

Cumulative Chi-square val-ues f or Four Chara.cters:

U H2 Cusp l{r.rn?:er, T,l'i2 F'issure Pattern o [II1 Palata]-

Shovell-inq and tlu 1 Cusp Nurnber

BCDFGJK

A 4"57 0"78 2.16 9"62** 1.36 6.51 6.89

2.68 5.83 7"47 4.13 0"38 9.30*

2.14 7 "61 2"40 t+"67 7.50

'7"{}2 6"17 8.35* 9.40*

13.74** 9.48* 14.21**

5 " 27 9,2.6*

10.33*Yr

'! 07



1.,

h 2"61

B 8"1+9*

c 2,76

Ð 1"63

F 1 3. 00**

$ 4"92

J 11" 01**

K 10" 10**

t
.L'

I5

tÌ

P

o

ìY

4" 15

6, 38

5. 57

8.70*

8.32*

5"69

1 frt

6 "28

9. I 5**

P

3. 5't

6. ¿rB

" 
ôtì

1 ?O

r+. fY

1 ,54

B.9B*

10.61*f

4" 0t+

5. 88

19.98*+

15.77*)r

11.39*#

16"56**

21.84**

18" B7**

14,45**

10" 14**

9"37*

23 " 37*,k

8"03*

3. 51

19"66**

¡

17 " B1i'*

Ç.84*

16,02**

19.53**

10. B9**

'tr8.11**

7, 89*

12 " 1gx*

24,55**
'10"29**

3" 71

1 6. 4B**

Tahl-e

N

21" 16**

16"30**

21.0?**

24.70**

1 6. 20**

22.59**

16.12**

12,7 B**

28. 68**

9" 52**

32 Icont j-nued)
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C

Tabl e 33

Cumulative chi-square VaIues for Five Characters:

lItjr2 Cusp Number, U.12. Fissure Pattern" UT1 Palatal

5hove11"inq, f U1 Cusp uum ber and I'M7 Cttsp Number

BCDFGJC,

A 4,12 1,'16 7"I{fl 7.69 1"33 8.03 10"04*

4.12 7.33 6.50 4"61 1"29 9.60*

10,02* 6"57 1"98 9.30* 13"80t*

1 1. 50** 12" 4 3+È 7.11 7.55

11"20tt* 10"48* 16"07**

a 'l^ 1lt nQ>k*,J ó 
' 'f

Q ,tOT
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Tahle 3 3 {contiaued)

L

A 3.80

B 7"19

c 6,26

Ð 2.34

F 12,22rr*

c 1.12

J 8,94

K. 8. B0

L

l,l

N

r

o

t{

B. 91

9.03

1 3. 65**

6. 9?

12. 42**

12 . ll''l'ttß

6" 58

5" 09

9"09

t{

18.36**

13 " 31**

20.53**

21"03**

1 4" 4B**

2CI.87**

13"12**

11.14**

22 " 96**

9" 08

P

3. 49

7" 43

2"'41

J0" 36*.

tr ? f'l

6,15

13.17+*

16, B3**

7"66

14" 41**

19.97**

I?

26,11**

18.67**

31,47**

20" 07**

28" 84**

28 . 1-1y* *

13"00**

9, B3*

25" 13**

B,7g

9"76*

34,59¡"*

R

32. 87**

21 , iB**

37 "87**
21 .17**

2-l "55**
36.39**

15.21**

1 6, 59**

30"41*x'

14 . A'a+*

1 4" 34**

37 . tl1 tr*

tt It1
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C

Tabl e 34

Cum.ulative Chi-sguare rlal-ues for Six Charaeters:

tlH2 Cusp Numbero Ll{2 Fissurç Pattern n flIl Palatal

Shovel-1inq, tl1T1 Cusp llumber, LM2 Cusp Num"h+r

anrl Il.'11 Fissure Pattern

BCÐFGJK

A 4.39 1"19 8.70 6"56 2"19 6"84 9"59

5"44 6"74 5"79 7"5'l 1.44 B.O2

12.1{)* 6"?.1 1.97 8"49 13"90+*

11"23* 16.08** 7,56 6"1j

11"29* B"7tt 1J"96*''.

9.28 15.83*+

7'6t)J
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iable 3l¡ {continuad )

!

A 9. BO

B 16" 93**

c 9" 85

Ð 15. r+0**

F 18.50**

c 8,56

J 15" B1**

K 18.83**

t.

M

N

P

n

P]

7.98

6 "75

12 " B 1*,N

6"79

10"49

'13. 36**

5"61

l+,¿10

17.50**

l\l

1 5. 58**

13 " 22**

'17.11**

21"48**

1 2" BB**

17.66*+

'1 1.76*

11 "77 *

23.58*X

o 11

r

q, 
^6"

1 n?

^^1

8"69

5. 47

11" 11*

12. B4**

'14, 6?**

20. 'l 4**

1 i. 22**

20" 86**

n

21" B7**

1"1" 22**

26 " 25*+

20 " 12**

24.5¿t**

23.98**

11"36+

10" 1B

26 " 15**

9.46

8" 17

32" it8**

ñ

21 " 56**

1 9. 6 5x.*

31.57**

21 ,7 4*,t

23.58**

30.73**

13.36**

15"9q**

30. 26+*

13.01**

11"96r

35"08**

3"68
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Tabl e 35

cuurulative chi-square values for seven characters:

vv2 Cusp Numbern Ll{2 Fissure Pattern" Uf1 Palatal

Shovellino, tt{1 Cusp }trumbe¡ î LMz Cusp Numher ' L141

Fis-<ure Pattern and IJMl Cusp of Carabelli

BCDFGJK

A 4.60 1.23 '7"t+'7 8.70 ?"38 14'48**

r1.88 6"111 11,51 5" 63 11 .21*ts

'x0"?0 9.29 10"05 20"0?*i'

12.49* 7.84 11" ?S

7"83 13"2tt*

C

Ð

F'

v

.' B" 99
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Tahl-e 35lcontinued)

A

B

c

l)

C

î
L,

10.41

1g " 66**

11. 85

'!5" 04**

16" 01**

IvI

6"97

6" 11

10.9c

6,00

13 .29*'

tl

1 4.62**

1 r+. BB **

1 6.75**

19.29,r*

11"69

P

B. 73

'13.65*

10.80

11" 10

4. /O

u.

19. 35**

17" 54**

23" 99**

17 "1 4**

22.12**

Ìf

23 " 62'*rß

17 "71**
21 ,28**

18.64**

2i " 25**

P

J 13"59*

K 18" 13**

l{

N

7"27

11" 48

18"06**

10.'14

13,19*

20"41/.*

9"62

11"72

13"4?*

17" 6 9**

16" 52**

19" 02r*

9.96

12"39*

22, B6**

a q,n

7 "06

29.48**

12 " 9t1*

19.q3**

27.92**

11.28

11"23

33.91trtF

3"7 4
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