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Chapter 1

INTRODUCTICN

The use of non-metric, osteological +traits as
indicators of biological distance has become popular in
recant YeATrS. Among the research {sze Kellock and
Parsons,?'70:409), studies on mice have been pvarticularly
informative. These have resulted in the development of
statistical methods appropriate +to non-metric, osteological
analyses and have contributed to an understanding of the
patterns of inheritance for non-metric variables.

Berry {'68) has used non-metric, cranial variation to
estimate genetic distances bhetween mouse populations,
Gruneberg ('52) defined the guasi-continuous variable and
its correlation with penetrance and expressivity in studies
of skeletal variation  of the mouse. This definition
established two main characteristics of the quasi-continuous
variable:

a) its underlving polygenic continuous nature, and

h) its discontinuous wmanifestation as a result of
developmental processes., Modification of the continuous and
additive character of the genotvpe in phenotypnic expression
has also been examined in plants (¥eber,'59). The tern

"gpigenetic® has been used by Berry and Berry {*672362}Y *to




indicate non-metric, ostesological traits of munlti-factorial
determination.

Tn human populations, non-metric variation appears *o
exhibit similar morphological characteristics to mice. Berry
{*68) has suqggested that the morphological similarities
imply similar modes of inheritance. Non-metric data have
been applied to estimation of biological distance bhetween
native populations of 1India {Sanghvi,*53)., This study
demonstrated that estimates based upon morphological
characteristics discriminated between populations
complementary +o estimates based upon blood groups, taste
and color vision. Laughlin ('63) and Laughlin and Jorgensen
{*56) have presented estimates of genetic distance based on
cranial characteristics in Alsut and Greenland FEskimo
populations, respectively. Berry and Berryvy ({%67) have
considered cranial non-metric variation in world poulations.
¥ellock and Parsons ('70) have analyzed patterns of
non-metric cranial variation in aborigines and have gained
insights into possible migrations in prehistoric Australia.
Berry and Smith ('68) indicate that statistical analvsis of
non-metric variation may provide reliable estimates of
genatic separation of populations than analyses based upon
metric traits.

g+ydies of tocth morphology in the mouse suggest that

dental traits are guasi-continuous variables under




pleiotropic genetic control (Gruneberq,'65). Sofaer ('69)
demonstrated polvaenic inheritance of a supernumerary molar
cusp in the mouse, as opposed to a monogenic mode. Gruneberg
{152) showed variable penetrance and expression in third

molar agenesis, associated with more than two stable levels

of the character, a indication of <gquasi-continuous
variahility. Recently, Sofaer et al. {¥72h) have
differentiated hetween native populations of the

Southwestern U.S. and world populations. Their conclusions
suggest that comparative studies in dental morphologyv,
althouah suffering from a lack: of standards for +trait
expression, nay provide useful information about

relationships between populations.

)
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The objectives of this study are 1) to describe and
present freguencies of non-metric dental characters of the
Gray site population and 2) to interpret the biological
relationship of +the Grayv site to selected Asian, Eskimoan
and Amerind populations. The common rationale for the use of
t+he dentition in the study of skeletal remains includes the
post-mortem presservative gualities of the teeth, the reduced
environmental effect on developing elements due to the
complete development before erurtion {(Dahlbera, *62) and high
genetic component {Greene,?b7aj; Turner,67b;1'69) .

The second obdective, the use of dental characters in
the estimation of biological affinity of the 6Gray site *to
other Mongoloid populations, is an independent discriminator
of North American aboriginal relationships. The Gray site
represents occupants of a geographical region previously
undefined as to physical type. An analysis of biological
distance presents evidence and permits discussion of
prehistoric interpopulational relationships and/or

migrational influxes into the New ¥World,




S st s e e . o

The Grav site population is evaluated with respect to
mos+ dental traits comnonly studied in the field {z2e
Dahlherg,*51;163) and other «characters that have been
referrad to as "anomalies" of the dentition {Appendix:135).
Frequencies of trait manifestation are based on numbers of
teeth thus, no consideration is made for individual
bilateral asymmetrv. This decision is prompted by the
incomplete nature of the skeletal material.

Although there 1is some indication by radiocarbon
dating that the entire sample may represent more than one
population, So and Wade ('75:2) believe that "{T)he use of
the site may have been less discontinuous than would seen
initially apparent on the Dbasis of the relatively spall
number of dates.™ Tn the absence of any sound basis for
possible division of the site temporally the material is
assumed to Tepresent a genetically homogensous population
over an extended period of time. /

The statistical analysis in the third chapter is
emploved under the premise of the axistence of
quasi-continuous variation in dental +traits. This assunmes
that the underlving range of continuous variation is related
+n the development of +the character. The relationship

betvween incidence and degree of expressivity of the




quasi-continuous variable is such that "...as the continuous
distribution crosses the «critical 1level, the first few
normals will generally be only slightly affected; as the
distribution is further shifted in the same direction, an
increase in the percentage of abnormals will dgo together
with the appearance of more severely affected individuals
{Gruneberq, '52:108)." The critical characteristic of anv
gariable is +he position of its mean, as the mean is an
approximation of the threshold vposition and this can bhe
estimated from vopulation freguencies of the affected class.
sofaer et al. (*72b) indicate that further clagsification
gives no information except for a test of equality of
variance between populations {this is assumed to be egual).

Therefore, all observations were distributed betwesn two

classes, "affected" or ‘“non-affected", from which vwers
calculated Chi-sguare estimates of diveragence
{Sanghvi, '53:393; Sofaer e*t al.,'72b:359). Chi sguare = sunm

{1...n)*sunm {(1...T)%  {{P1-0)Y%2/0 + (P2-Q)*2/0)/ deqgrees of
freedom, where:

P1 and P2 are percentage incidences of two populations
of 2ach of r classes in which a given character is scored.

0

]

(P1+p2) /2

]

n number of characters scored
Degrees of freedom = n{r-N=n, as r=2 in every case.

A discussion and interpretation of results follows,




Chapter 2

THE MORPHOLOGY OF THE GRAY SITFE

Material

B o e s i e W

The present study is based upcn examination of the
skeletal remains of +he Grav site, near the town of Swift
Current in southwestern Saskatchewan and radiocarbon dated
a+ 5100-3485 B,P. {So and Wade,?'75). A detailed account of
+he site is to be found in Millar et al.('72). A summary pf
possible cultural affinities is presented in Knutson {'75).

A +otal of 141 (complete and fragmentaryv) individuals
were examined ranging in age from & years to adult. The
individuals are represented by 100 wmaxillae and 116
mandibles.

Individual tooth <counts reveal a high rate of
post-mortem 1loss. In the incisor region, an average of 50%
of the teeth are missing while molars are lost postmortenm in
direct proportion +*o the tendency of their roots to fuse
{average postmortem loss of all wmolars, mandibular and
maxillary, is 25%). The degree of attrition is generally
pronounced.

Y-rays aided inr the determination of hypodontia,

impaction, hyperodontia and root fusion.
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Table 1 presents frequencies of the shovel character
in incisors of the Gray site. Dahlbsrg {'5N) has suggested
+hat the use of opronounced apd moderate forms is a more
reliable method of comparing findings of different authors.
Thus, the subjective scale of incisor shovelling of Hrdlicka

{720) was sliqhtly modified as follows:

Hrdlicka's scale Present study
- shoval - pronounced
- semi-shovel - moderate

- trace shovel, - absent

no shovelling

The metric technigue of recording shovelling suggssted
by Dahlberg and Mikkelson (?47) and used by Goaz and Miller
{*68) and Rothhanmmer et al.,{'68), was not applied to the
present data due to the prevalence of extreme attrition in
the Grav site remains. Where wear is not below the enamel
rim that defines the shovel character, the cross-sectional
incisor shape is used to determine degree of shovelling.

Freguancies of shovelling in the Gray site nmaterial
with Tespect to sex were not considered due to the greater
nunber of individuals of indeterminable S&X., Sexual
differences in shovelling are not believed to bhe
statistically significant (Greene,'67a). Rothhammer 2t al.,

1768) found women with thigher indexes of shovelling in a




Chilean population but stated that the result mnmay be
accounted for by sampling error.

The Grav site exhibits the typically Amerindian
frequency of maxillary incisor shovelling, characterized by
a high percentage of observations in the pronounced and
moderate categories of trait expression (Dahlberq,'63). This
contrasts with Caucasians, who show a predominance of trace
and moderate degrees, and Negroid populations who exhibit a
frequent absence of shovelling {Carbonell, '63). Differences
of shovelling among Oceanic populations suggest a dispersion
of pro-Mongoloid groups from Indonesia to Polvynesia
{Riesenfeld,?56: Suzuki and Sakai,'64).

Tn mandibular incisors, the shovelling trait is not as
pronounced or as frequent as among maxillary incisors, an
observation also noted by Turner {'67b). Among Peruvian
Tndians, Goaz and Miller ('68) found mandibular incisors
with less pronounced shovel forms than their maxillary
counterparts, although both were characterized by 100%

shovelling.



Incisor

Pron.
Mod.
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Mod.
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0.0
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The studv of Bradlaw {34y of a three gensration

O

pedigree established a genetic connection between +h
inheritancs of dwvarfed and absent maxillary 1lateral
incisors. Later studies have shown that agenesis and
peg-shaped maxillarv lateral incisors are variations of the
same genetic complex {(e.g., Taylor,'69). In a study based on
admixed Hawaiian schoolchildren, Chung et al. (*72) concluds
that peg laterals and nissing laterals are variations of a
trait of multifactorial inheritance. The frequency of the
complex mav be much higher than reported in earlier studies.

Whether peg-shaped and anomalous lateral incisors are
variations of the same complex is open to gquestion. Dahlberg
{*51) includes malformations of the «cingulum, principally
the barrel shape and dens en dente, as manifestations of the
anomalous form. Tn the pressnt study all cases of reducad
incisors were regarded as manifestations of the same genetic
trait, although in instances of severely worn teeth it was
often not possible to determine if the barrel shape had ever
heen present., Presumably, all forms are related to the
reduced maxillary lateral incisor as this is the sole site
of their occurrsace {Dahlberq,?*5N. | -

The freguency of missing upper laterals {excluding peg
laterals) is in the vicinity of 2.5% in world populations.

No clear pattern of variability is evident fron the

11




frequencies available for human populations, "...there being
relatively low and high figures among the FEuropean,
Mongoloeid, and Y¥Yegroid samples studied® {Brothwell et
al.,?63=2182y. Frequencies of missing and anomalocus lateral
incisors in American Indian populations have heen rTeported
by Dahlberg ('51).

The Gray site population is seen to be within expected
Mongoloid frequencies for congenital absence of upper
latarals whereas the frequency of the anomalons forms 1is
higher ({Table 2). Different forms of the reduced incisor
have probably not been considered as manifestations of the
missing incisor complex and this may in large part explain
+he differences from freguencies reported by pravious
investigators. On the other hand, the presencz of relatively
high incidences of the reduced incisor form are found in
Indian Knoll, Navaho and South American Indian dentitions
{Dahlberqg,*51: Dunkel,?!'65; Niswander,'67 and Goaz and
Millér,'éB, respaectively).

The sex distribution of missing and anomalous laterals
in +he Grav site is presented in Table 3. Previous reports
have indicated a tendency for anomalous forms to be more
common in rales and agenasis higher in females
{Hrdlicka,'21; Schultz *32:;?'343; Montagu,*'40). However, there
are exceptions {Chung et al.,?'72; Beiguelman,*62).

The Dbarrel shaped lateral incisor is censidered a

12




Mongoloid dental trait {Chung et al.,'72; Niswander,'67Y.

13



Table 2

Distribution of Missing and Anomalous Maxillary

Lateral Incisors in the Gray Site

N cong. Abs. Anomalous Both
Teeth 111 1.0 17. 1 18.1
Individuals 59 1.7 20.3 20.3

14




Table 3

Sex Distributions of Missing and Ancmalous Maxillary

Lateral Incisors in the Gray Site

Male Female Indet. Sax

Anomalous

{bilateral) 4 2 1
Anomalous

{unilateral) 2 2 1
Agenesis

{unilateral) 0 1 0
Totals 6 44 2

4 - one female with anomalous and missing lateral incisor.

15



Mesial-palatal Version

" — < e S, S P i o e S S s s o e W S S

Winging of the maxillary central incisors is revorted
+to varv between 22-38% among American Indians, with lower
incidences in Japanase {10%) and Caucasians {3%)
{Dahlberqg,'53). Prehisforic Aleut ({Turner,*67a)} and sone
South American Indian populations ({Campusano et al.,?'72;
Rothharmer et al,,*68: Wricht,?42) exhibit high fregquencies
of the trait {(41,0-82,5%). The causes of the mesial palatal
version are not clear. Leigh {'37) reported the occurrence
of the trait in cases where the +torsion occurs with no
indication of incisor «crowding., The illustrations of
Oschinsky {*61) of ©Fastern <Canadian Eskimo palates show
winging of the central incisors asscciated with "instanding
laterals” which he attributes to crowding of the maxilla in
relation %+o the size and number of teeth (Oschinsky and
Smithurst, 160}, Crowding in Eastern Canadian Eskimo palates
varies from 22-40%,

Dahlberg ({'63) found 4in a maijority of cases that
crowding was not necessary for the trait to occur. The verv
rare incidence of incisor rotation among Negqroes and North
American Caucasoids {Dschinsky,?61) argques for the status of
winging as a Mongoloid trait {see Niswander,?'67).

Winging of the central maxillary incisors is found to
occur in 22.7% of Grayv site inhabitants {(N=22). Two cas=as

are unilateral while the others are bilateral occurrences of

16




winging. Obvious crowding is not opresent in the maxillae

examined.,

i FD e e i T i s oo S S e, 4 i Ty o i Py e W S o rm. Vg . ) e o o . et

Niswander {(*67) has presented the only known
population study on :transposition of maxillarv canine and
first premolar. Among the Yavante, one bilateral and two
unilateral cases were observed, with a freguency of 0.18%,
Tables 4 and 5 show the distribution of the tvpes of
crowding observed in +the vpresent study. Instances  of
transposition, impaction of canines and canine crowding may
all be the result of the same factors. Lasker ('45), in
passing, has noticed cases of canine crowding among the
Chinese,.

Tn the mandibular premolar region a significant number
of first and second premolars are either rotated or crowded,
Crowding is predominantly in the area of the second premolar
and is principally directed o the lingual aspect. Instancas
of rotation are not to be confused with 180 degree rotation
reported by Greene ('67b) in ancient Sudanese. In the
present stndy all cases of rotation involve no more than 30
to 45 degrees and generally appear to be associated with
mandibular crowding. Moorrees and Reed (*54:287), howevar,

note that mandibular crowding mav occur in both 1large and

17




small mandibles vwhere lack of

casas where tooth size mav be reducsd. One case occurs wherea

a first and second premolar are both found rotated on the

same side of the same mandible,

18




Table 4

Crowding in 6Gray Site Maxillae

(N = 109 Maxillary Sides)

Number Percent
Lffected Affected
Unilateral
impacted canine 3 , 2,9
Bilateral
canine crowding 1 0.9
Unilateral
canine crowding 2 1.8
Totals 6 5.6

19




Table 5

Crowding in Grav Site Mandibles

{N = 149 Mandibular Sides)

Number

Affected

Unilateral

canine crowding 1
Crowded First

premolars {bilat.) 2
Crowded First

premolars {unilat.) 4
Crowded second

premolars ({bilat.) i
Crowded Second

premolars {unilat.) 6
Totals 17

Percent

Affected

2.67



The _Cnsp_of Carabelli

Carabelli?s cusp 1is a tubercle present on the

mesio-lingual surface of the permanent molars and ths

5

deciduous second molar of the maxilla. Irn the permanent
dentition it is found predominantly on the first molar
{Kraus,?'51). It is usually found at the Function of the
middle and occlusal thirds of the crown (Dietz,?44)., All
forms of pit, groove, and cusp are regarded as
manifestations of the cusp trait (Kraus,?'59; Dahlberg,'63;
Snyder et al.,?69).

The classification employed in the present studv is a
condensation of the cateqoiies of Dahlberg ('63) and Snvder
et al, {'69). The following modification is conventional (se=

Bang and Hasund,'72).

Dahlberqg {763) Snyder 2t al. {'69) Present Study
a 0 Absent
b,cC f Moderate
d,e,f,q cl,c2,c3 Pronounced

The oxpression of the Carabelli trait is reported to
he almost alwavs bilateral (Xraus,'59). However, there nay
be variable dintensities of expression on sach side (e.q.
Dietz,'tl; Meredith and Hixon,'54).

The trait is reported to be manifested similarly in

in

both sexes (Garn et al.,'663 Meredith and Hixon,'5#).

Relationships between Carabelli's cusp and other

21



aspects of the dentition have been suggested. Keene {'65)
found +that size and frequency of the cusp on Ml1s are
positively correlated with maxillary third molar agenesis
{i.e., total freguency and deqres of expression of cusps on
M1 were reduced when unilateral or bilateral upper M3
agenesis or tricuspidity of maxillary M2 occurred). Keene
{*68) reported that Carabelli's trait and the hypocone seaen
parallel in their variabilitv and expression and that both
are dependent to some extent upon factors related *to
structural and numerical reductions in the maxillary molars.
On the other hand, Bang and Hasund {'72) indicate, in their
study of Alaskan Eskimos, that the presence of Carabelli's
cusp is found +o bhe MYgenetically independent® of cusp
nunbher, gqroove morphology, or mesio-distal diameter of M1,
Tsuji ('58222) found no association Dbetween Carabelli's
trait and blood groups or taste ability. )
Wworld frequency distributions of the Carabkeslli cusp
generally range from high among Caucasians to low among
Monqoloids. Africans show moderate incidences of the trait.
The pronounced form of the character is found predominantly
among Caucasians, while the moderate {pit and ridge) forms
are the maﬁdr deqrees of expression to be found ir Mongoloid
populations. Amerind populations exhibit higher fregquencies
of absent and moderate expressions of the trait, and thus

show general affinity +o lMongoloids, although there are




notable exceptions to +his pattern (Pima, Papago and Zuni
groups of the American Southwest). Eskimo groups range fron
complete absence of the character {¢.9., Fast Greenland
Fskimo) to a freguency of 42,7% (Alaskan Eskimo). Snyder et
al. {'69) found a high frequency of expression of the cusp
among the Tarahumara and Mestizos of Mexice and suggested
+hat the incidence of Carabelli's cusp is probably higher in
¥ongoloid groups than previously believed. Instances of pit
and groove expressions may have been overlooked in previous
studies.,

The Carabelli trait in the Gray site population falls
into what 1s considered the Mongoloid region of the
fregnency spectrum. Predominant expressions of the cusp ars
of the moderate variety. All expressions of the pronounced
cusp are characterized by an eminence without a defining

groove {c1 of Snyder et al.,'69).
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Table 6

Freguencies of Carabelli?s Cusp in the Gray Site

Tooth Pron., Mod,
M1 2.7 13.3
M2 0.0 4,3
M3 0,0 5.8
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fray site cusp numbers on maxillary molars ars=
presented in Table 7. General world distributions show
Cauncasians exhibiting a 7treduction in numbers of cusos,
particularly in the M2 and M3 region with Mongoleids showing
a retention of the 4-4-% cuspal pattern. Australians and
Bushmen almost alwayvs possess four cusps on the first two
maxillary molars and on three-quarters of the M3s {Lasker
and Lee,'57). Amerind populations are characterized by a
high freguency of four cusps on M1 {approaching 100%) while
showing variability in the M2 region and predominantly

three-cusped M3s (Dahlberg,?5137583).

[}

Tha following classification 1is enployved (afte
Dahlberqg,¥512164y: "Four well developed cusps on a tooth
gives the tooth a <classification 4, If the hypocone is
reduced in size, the tooth is designated as 4-. Totral
absence of the hypocone is indicated by 3 and if the 3 type
has a cuspule on the distal border it is called a 3+ tooth."
Maxillary M3s are often highly crenulated and of irregnlar

cuspal configuration.



Tooth

M2

M3

cusp

4

Table 7

Numbers on Maxillarvy Molars of the Gravy Site

cusps h- 3+ 3 Cusps 2 Cusps
39,0 1.0 0.0 0.0 0.0
36.8 18,9 25,4 18.9 0.0
36.2 0.0 0.4 50,0 3.5

286

119

95
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The classification of Gregory and Hellman (26} is
widely used today. The Y5 type or "Dryopithecus pattern" is
defined as when the hypoconid and metaconid form common
border (Robinson and Allin,%66), i.e., cusp 2 and cusp 3
contact, after the numbering system of Gregory and Hellman
{'26). The plus five pattern occurs when the vrotoconid and
metaconid have a common bhorder ({1-4 contact).

The four cusped molar patterns invelve less of the
hypoconulid alona with +the postericr fissure and fovea
{Robinson and Allin,'66) and are considered to be
evolutionarily advanced types due to the trend toward
reduction in size and form of +the lower molar teeth in
hominid dentitions. The Y4 pattern exists when the hypoconid
borders the‘metaconid {2-3 contact) while the +4 <condition
is found with +he protoconid, entoconid, metaconid and
hypoconid meeting at a common junction {i.e., it cannot be
determined which diagonal pair has the most bhasal contact).
A further classification «called the X pattern has b=sen
proposed by Jorgensen {'55) where theres is basal, linear
contact between the protoconid and entoconid cusps. The
number of cusps in the lower molars mayv involve the
retention and disappearance of different cusps. While
Jorgensen ('55) states that the X configuration reoresents

+he most advanced stage of the Y5 -~ +4 -X4 pattern series,
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Zoubov {'64) notes that the change from five cusps to three
mav or mav not proceed through the four cusp stage and may
involve any two of the entoconid, metaconid, hvpoconid or
hypoconulid.

The finding of Jorgenson {'55) that the #4- and 5- cusp
t+ypas are not corralated with the plus and Y patterns,
respectively,is an important result. "This is reason enough
for treating the two structural elements separately instead
of c¢cellectively,.." {Jorgensen,?'55:198). A studvy by Garn et
al, {(*66) indicates that this assumption is probably valid,
as c¢hi sguare tests of independence show that cusp number
and groove pattern in the mandibular molars are
H,,.independent morphological and, presumably, gensetic
variables" (Greena,'67a).

B substanrtial range of variation in <cusp number is
found in world populations, with M3 appearing to be the nmost
variable. Although previouns studies have reported Caucasians
to possess higher frequencies of the 4-cusped varieties,
there are notable exceptions, e.g., Danish and Dutch
vopulations {Jorgensen,?'55). Among the Aleut and Alaskan
Fskimo groups, high freguencies of 4d-cusped mandibular
molars have similarly been shown to be uncharacteristic
{Pedersen,'ugz Turner, ¥67a) . Monagoloid and Caucasian
fregquencies have a sizeable overlap.

The Gray site material exhibits a sizeable proportion
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of six- cusped M1s, This character is reported +o bhe high
among Polynesian populations {Suzuki and Sakai,'73). Tratman
{*50) reports the occurence of five- and six- cusped Mls
with large crowns to be more common in Mongoloids than in
Cancasoids., Six- and seven- cusped forms are found in
relatively high incidence among Alaskan and East Greenland
Fskimos on M2, The second molar pattern in the Gray site is
consistent with what Dahlberg ('63) sees as a decided shift
to the four cusped variety among all Amerindian groups. M3
is found with irregular cuspal formation resulting in a
number of six- and seven-cusped teeth and also matkedly
reduced forms. This condition is also found among the Pima
{Dahlberqg,?51). The Gray site shows the 5-5 pattarn
predominant over the 5-4 pattern on mandibular M1 and M2 andgd
thus exﬁibits affinities with the generalized Eskimo
population which is believed to be the only human group with

5-5 prevalent over 5-4 {Goldstein,?'31).
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Tahle 8

Cusp Numbers on Mandibular Molars in the Gray Site

Tooth 7 Cusps 6 Cusps 5 Cusps 4 Cusps 3 Cusps N

M1 ‘ 1.0 22.9 76,1 0.0 0.0 104
M2 0.0 9.0 52.2 38.8 0.0 90
M3 1.6 7.8 50.0 36.9 3.7 65
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Mandibular Molar Fissure Patterns in the Gray Site

+7

+6

+5

+4

X4

Table 9

M1

19.8

68.3

101

31

M2

45.9

32.1

87

M3

36.2
13.8

13.8
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Hvpodontia

The possible aetiologies of hypodontic conditions have
been arouped into four maijor categories ({Brothwell et
al.,"63):

N T.ocal influences to tooth gerns, 22T,
psteonyelitis, trauma, tumours, radiation, etc.

2y Constitutional diseases, =3 tuberculosis,
rickets, syphilis. Campbell (?34) believes syphilis plays a
role in most cases of hypodontia.

3} PEndocrine and nutritional disturbances {see
Hutton,?36: Brekhus et al.,'d4y,

4y Hereditv.,

0f concern in this study are those instances in which
+he hypodontia 3is <congenital (corroboratsd by X-rav).

s a singularly important genstic trait.

.—Jt

Agenesis of M3

Lgenesis of M3 dis Dbelieved to be part of a complex
associated with agenesis of +teeth of other nmorphological
classes, delaved M3 eruvtion, variability in formation
timing, and tooth eruption seguence. {Davies,'68; Sofaer et
al,,*72a; Garn 2t al.,?63: Keene,'65; Gruneberqg,?52). These
authors have noted that incidence of hypodontia increases
within other morphological classes with an increase in the
namber of M3s congenitally missing.

Mmongoloid populations generally have relatively high

freguencies of M3 agenesis {Dahlberg,?'63) although, apart
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from Eskimos (Fast Greenland FEskimos, Alaskan Eskinmo),
North American aboriginal populations show a substantial
range of variation in incidence. Negroid and Oceanic dgroups
exhibit a great range of variability ({(Lasker and Lee,?57),
while M3 agenesis in Caucasians falls between 7 and 26%
{Garn et al.,'63). In the Gray site material, the freqguency
of M3 agenesis is found to be comparatively low for a
Mongoloid population.

The freguency of impacted third molars in the Grav
site is 3.7% (¥=81 mandibles). No <cases of impactad
maxillary third molars were encountered. A high rate of
impaction mav indicate developmental abnormalities as well
as genetic factors. Garn et al.{763) note that delaved
eruption is a particular manifestation of the tendency
toward suppression of M3 and agenesis. In addition, delaved
eruption is also related +to nutritional factors, while
impaction is fundamentally determined by angle of tooth
eruption toward the back, growth rate in the lenath of the
mandible, and direction of condylar growth (Bijork et
al.,’56)., Previous reports of impaction include 5.4% in
Fskimos bv Goldstein ('32) and 9% in Eskimos by Hellman
(*28y.

One instance of a mandibular right third molar, fully
erupted but Totated 90 degrees, is noted. No previous

mention of this condition is known.
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The only other cases of hypodontia found in the Grayv
site are one instance of unilateral maxillaryv I2 agenesis
and one instance of bilateral mandibular I1 agenesis. Both

cases were independent of M3 agenrssis and of sach other.
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Table 10

Missing and Reduced Forms of the Third Molar

in the Gray Site Tl

Percent
¥ Agenesis of One or More Totals

1 or More M3s Dimin. M3s

Maxilla 55 ind. 3.6 7.3 9.1
117 teeth 1.7 4,2 5.9

Mandible 81 ind. 11.1 1.2 12.3
148 teeth 6.7 1.3 8.0

Totals 94 ind, 10. 6 5.3 14.9
265 teeth 4.5 2.6 7.1
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The vparamolar +tubercle is locatad on the buccal
aurface of molars and premolars of the upper and lower daws
{Dahlberq,51). The *terminology adopted in the present study
is that suggested by Dahlberg ('45) where cuspule formations
on the mandibular molars are labelled protostylid and those
on the maxillary molars are designated parastyle.

The protostvlid is defined as a specialization of the
cingulumr Jlimited +o the anterior portion of the buccal
surface of molars ({Dahlberg,?'50). It is manifested with
areatest size and character in the deciduous second lower
molars and decreasingly frowm this tooth through the seguence
of first, s=conrd, and third molars {(Dahlberqg,'63}. The *frait
behaves as a continuous variable, ranging from a pit +to a
pronounced cusvp.

A modification of the classification of Dahlberg ('63)
is wused in assessment of the degree of manifestation of the

parastvle and the protostylid.

Dahlbherg's scale Present study
0 Absent
p,1 Moderate
2,3,4,5 Pronounced

Occurrence of pit forms of the trait on ®M1 are
commonly found in both Caucasian and Mongoloid populations,

while Monagoloids mav exhibit thigher frequenciss of the
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pronounced forms. Pedersen {749) reﬁorted only pit
developments in Fast Greenland Eskino dentitions and
Moorrees {*57) noted no protostylids among the Alsuts. The
character is found predominantly on M3 in the Gray site
{Table 11Y. The Gravy site population shows a strong
similarity in freguencies of the protostylid +o Pima and
Papaqgo groups {(Sofaer et al.,?'72h) for ™M1 but 1less
resemblance to other Amerind populations.

The varastyle is found in the same 1location din +the
maxillary molars as 1is the protostylid in the mandible.
North American Indiar populations show a low freguency for
the +trait {Kustalogu,'62), while Turner {('67b) records a
relatively hiqgh incidence among his pan-Arctic serias, The
range of morphological variation and freguency of forms in
Aleut and Eskimo crania is similar to that observed for the

Carabelli?*s trait {Turner,?'67b:913).
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Table 11

Txprassion of the Protostylid in the Gray Site

Tooth Pron. Mod. Abs. N
M1 0,9 4,5 94,6 110
M2 2.3 23.2 74,7 86
M3 15.0 38.4 6.6 50

38




Table 12

Expression of the Parastvle in the Gray Site

Tooth Pron. Mod. Abs. N
M1 0.0 2.5 97.5 79
M2 0.0 D.0 100.0 T4
M3 2.6 2.6 34,8 38
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Root _Variations

a) Normal, coalesced and fused root forms in the
molars

The classification adopted in this study distinguishes
hetween three degrees of root fusion., "Normal" indicates no
tendency toward root fusion. The coalesced condition =xists
when a tendency toward fusion is evident {i.e., roots are
interconnected by cementum) but root differentiation is
complete as separate voot pulp cavities still occur. The
fused root term is avpplied to compressed roots or to roots
interconnected by cementum with failure of 7rToot and opulp
cavity differentiation. Assessments of degree of TrToot
involvement were based on root examination, root socket
examination, and/or ¥-ray material.

A tendency toward fusion of roots 1is reported in
Mongoloids (Lasker and 1Lee,'57; Tratman,?'50). M2s have
raduced roots in Mongoloid racial stock, while maxillary M3s
show teduction of form accompanied by partial or complets
fusion of roots into pvyramidal root forms. The tendency
toward root fusion of posterior molar *teeth is reported to
he associated with relatively small-sized roots in Pecos
Puehlos Indians (Nelson, *38). Caucasians exhibit low
frequenciss of maxillary and mandibular molar root fusion
{(Visser,48) while extremely high incidences of root fusion

are found in Sounth African Bushmen {Drennan,?29) and ®ast
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Greenland Eskimo {(Pedersen,?49), The Gray site and Pecos
Puneblos 1Indians are intermediate between Caucasoids and the
other populations mentioned above.

b}y Root numbers:

In the usual situatiorn, maxillary molars ares
characterized by three distinct reoots and mandibular molars
by two {Ackerman et al.,?73). Deviations from normal Too%t
numbers in the molar series are considered to be a Mongoloid
trait {Tratman,?38,*'50: Turner,'71). The additional
distal-lingual root found on mandibular M1s and M3s is
reported to be present in greater than 10% of Monaoloid
cases {rare on M2) while scarcely pressnt at all in
Indo-European Caucasoids {Tratman,?!'50). The presence of +the
supernumerary root is associated with the retention of the
hyooconulid on the lower wmolars fLeigh,'25; Tratman,?50).

Arctic populations show high incidences of tha
character while Amerinds are consistently less affeactad.
Asiatic Mongoloid groups are intermediate in freguency of
expression of the trait. Tratman (*38) reports that Asiatics
have high fregquencies of three-rootedness on hoth deciduous
lower m2s and permanent lowver Mls, with the trait occuring
four to eight times more freguently on the latter tooth.
Three-rooted wmandibular molars were found on 5.9% of Mls
{N=152% and 7.6% of M3s {(N=92) in the Gray site population.

Supernumerary maxillarvy molar roots werzs found in the

41




Gray site sample., Four-rooted forms were recorded in 3.4% of
M2s, 5.7% of M3s, but wera absent on Mls. Reduction in root
numbers was also noted in the maxillary molars. Two rootaed
forms were observed in 0.8% of M2s, 4.6% of M3s, No cases
wvere recorded for Mi.

It has Dbeen reported in earlier studies that ",..the
occurrence of +the +two-rooted forms {(of nmaxillary and
mandibular premolars) is sufficiently rare in both agroups
{Mongoloids and TIndo-FEuropeans) to be considered as an
abnormality vrather +than one coming within +the range of
normal variation {Tratman,?50:63)." On the other hand, Leigh
{*37) has noted that the premolars of pre-Spanish Peruvians
were commonly +three-rooted., Three-rooted maxillary first
premolars are encountered in 6.8% of Gray site dentitions

{N=88) ,
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Maxillarv Molar

Tooth Normal
M1 95.9
M2 46,56
M3 172

Table 13

Root Fusion in the Gray Sita

Coalesced

1'1‘01

27.1

Fused

26.

%)

59.8

1487

118

87



Table 14

Mandibular Molar Root Fusion in the Gray Site

Tooth

M1

M2

M3

Normal

98.0
73.0

59,9

Coalesced

1.3
10.9

19.5

44

Fused

16.1

20.6

N

152

137

92
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This condition involves extension of +the anamel
between the buccal roots on the buccal aspect (Tratman, '50),
in which ".,..the lower border of the enamel at the necks of
the nmolars vpresents a point of enamel running towards the
bifurcation of the roots (Chappel,?27:10)." The character is
often associated with pearl {(odontone) production on
radicular portions of molars, and the two phenomena may be
genetically related.

Framel extension may take the form of (Watson and
Hoods, '26) 2

a) Extension with a spine.

b) Extension with a tongue between the roots:

~ passing under and becoming invaginated in
cementum,

- tongque terminating in an enamel nodule.

- isolated patches of enamel, often circular, lying
between the roots,

Mongoloids are reported to exhibit high frequencies of
expressions of the +trait. Tratman {*50}) records a 90%
incidence in maxillarv M1s {lower frequencies indicated for
M2 and M3s). Chappel {'27) found Hawaiians with enamsl
extensiocns occurring almost exclusively on permanent molars.
{93,53% of cases examined). Caucasians are reported to

possess the trait in frequencies of 27% {(Chappel,'27) and
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17% {Hatson and %oods,'26Y., Amerind populations have
freguent occurrencas of the character (2.0, ,
Fenstermaker,'36,'37, in historic Iroquois; Leigh,?28, in
aboriginal Californians). Freguencies of enamel extension
and pearl formwmation in the Gray site show predominance of

the condition in both maxillaes and mandibles,




Table 15

Fnamel Extension in Gray Site MNolars

N M1 N M2 N M3
Maxilla 120 43,3 87 77.0 49 62.8
Mandible 156 44.9 117 59.8 65 67.7
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Table 16

Odontome Production in Grav Site Molars

N M1 N M2 N M3
Maxilla 120 2.5 87 6.9 49 10.2
Mandible 156 5.8 117 4.3 65 7.7
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Tnamel pearl formation has been categorized as follows
{Cavanpha,v65)z

a) FExtradental:

- coronal

- cervical

- radicular
b} Intradental:

- coronal

- cervical

- radicnlar

In addition, the crown, neck, and root may bhe the
sites of eithar a true enamel ©pearl, an =snamel dentin
pearl, or an enamel dentin pulp pearl. Pindborg ('70) calls
+he intradental condition dens invaginatus and labels the
extradental form dens evaginatus. The latter tvpe, when
fouyund on the occlusal surface of nmolars, premolars, or
canines, is known as an odontome of the axial core *type.
When pearling is found on the radicular surface of teeth the
odontome associated with enamel extension results.

Occlusal pearl formations have been described in
various terms. Merrill (%64) states that the following
represent the same condition reported by a number of
authors: interstitial cusp, Leong?'s premolar, odontome of

+he axial core type, tuberculated premolar, occlusal enamel
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pearl, cone-shapad supernumerary cusp, evaginated odontone,
and +he simplest type of composite dilated odontome. Lau
{*55), regarding the genesis of the tubercle, indicates that
it is probably caused by "...an evagination or extrusion of
a part of the inner enamel epithelium' to the stellate
reticulum occurring in the earlv stages of tooth developnment
{p.220)." The tubercle has an outer enamel covering and core
of dentin around a central canal which is continuous with
the pulp (villa et al,,'59). This corresponds to the
extradental coronal enamel-dentin~-pulp pearl of the
classification of Cavanha ({'63), above.

The Leong vremolar is found in one instance in the
Gray site population {0.37%; N=269). It is a rare Mongoloid
trait and non-existent in Indo-European Caucasians
{Tratman, '50). Lau {'55) reports the condition to be rare in
Furopeans and Africans. The freguency of the +trait din
Japanese and Chinese is reported between one and two percent
{Lau,?55: XKato,'37; Wu,'55). The expression of the Leong
premolar may be slightly more frequent in Eskimo Aleut and
Amerinds {Merrill,'6#4), although Moorrees {(?57) finds only
one instance of the character in living Aleuts.

The opresence of the Leong premolar often leads to
infection of +he opulp and periapical region (pulpitis)
because bacteria invade +he pulp through the opened axial

canal after the tubercle is broken off ({Lau,'55; Villa et
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al.,*'59). Oehlers ot al, ('67) indicate that the odontome is
liable to fracture after eruption, implying that the trait
may be maladaptive. Knutson (*'75) finds no evidence of
increased susceptibility of premolars to ante mortem loss or
decay in the Gray site material. Thus, the true incidence of
Leong premolar in the Gray site population in probably close

+o that observed.

P R A= AR

The freguencies of supernumerary maxillary incisors in
populations of the Southwestern U.S. have been presented by
Snyder {"60). Studies of various world populations indicate
that the incidence of the trait is low. In the Gray site,
5.1% {3 of 59 maxillae) are found to possess mesiodens and
in one case two supernumerary Ils are in the same naxilla.
A1l cases were confirmed by X-ray.

One instance (0.6%) of a supernumerary fourth molar
was encountered in the Gray site. The root socket was found
in the right side of a mandible, distal to M3 and situated
in aliaonment with other teeth of the molar series. Snyder
{*60) finds founrth molars are rare in all populations, with
greater freguencies being found in Bushmen and Negroes than
in Whites or Mongoloids {Lasker and Lee,'57; Klatsky,?56).

Amerind and Fskimo populations may possess lower incidences
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of +the fourth molar. However, it is not known if the
slightly variable incidences are indicative of actual racial

differences.




Chapter 3

ESTIMATES OF BRIOLOGICAL DISTANCE

Material

Source data for fourteen populations is considersd, of
which five are of Fskimo origin, seven are Amerind, one is
Japanese, and the last is Chinese. The choice of pooulations
was determined by the availability of appropriate studies in
the literaturse.,

A,B,and C) Zuni, Pima, Pavago - Original data ware
presented on 610 Zunis, 327 Pimas, anrd 164 Papados by Sofaer
et al. ('72b). Trait freguencies were assessed by intra-oral
examination and on the basis of dental casts on living
individuals.

D) Pima - A1l data were presented in Dahlberg ('5N).
Percentages of incisor shovelling presented in Dahlberqg and
Mikkelson {'47) are also used in calculations.

F) Pecos Indian - All data are a result of excavations
at Pecos Pueblo in north-central New Mexico {1915-24)y . 250
well npreserved skeletons out of 1250 original were studied
by &elson (*38) at the Peabody Museum. This is the sanpe
material axamined by Hooton ({730). Pecos Indians are

pre-contact and believed to be slightly later than a
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neighboring settlement dated by Douglass ('29, cited in
Nelson,?'38}, to be approximately A.D. 1073-1272.

G) Texas Tndian - Original data on 370 pre- and proto-
historic skeletons from various parts of Texas was presentad
by Goldstein (148), Most of the sample is believed to have
had no contact with Europeans {Goldstein,?'d48:66).,

K) Fast Greenland Eskimo - A1l original data was

reported in Padersen (*49). The sample consisted of pr

D

Danish East Greenland skulls, casts of present day FEast
Greenland TFskimo dentitions, and dental records of present
day Fast Greenland Eskimos. Weighted mean freguencies were
calculated for the values used in this study.

) aleut Fskimo =~ The sample of eastern and vestern
Aleuts is comprised of data collected on 75 individuals
during the 1946 expeditions of the Peabody Musenm and
Harvard University to the Aleutian Islands, and reported in
Moorrees {'57).

M) Alaskan FEskimo - This population is a compogite
sample consisting of data on incisor shovelling by Hrdlicka
{*20) from an Eskimo sample at the U.S. National Museun;
data on shovelling, Carabelli's cusp, upper molar cusp
numbers {Bang and Hasund,?71,'72,'73), on Eskimos from Point
Hopa and Anaktuvuk Pass. Lower molar data were presented in
Goldstein (948) from the «c¢ollection of +the U.S. National

Museum and has been pooled with material studied by Hellnman
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128y,

¥) Japanese - This material is a composite sample of
vpooled data for incisor shovelling from Sakai ('58),Takehisa
{*57y, Kikuchi (754)y, and Suzuki and Sakai {(765) {compiled
in Suzuki and Sakai, 66}, and Hrdlicka {(*20): data on the
Carahellit's cusp by Mori, Yamada, Ma, and Suzuki and Sakai
{presented in Suzuki and Sakai,?57); material on the uppar
molars by Suzuki and Sakai ({'56a) and on the lower molars by
Suzuki and Sakai {'56h). Frequency of +the oprotostvliid is
reported in Suzuki and Sakai {'54).

P}y Chinese - The data on incisor shovelling was
presented by Hrdlicka {*20) and Lasker {*45): data on
Carabelli's cusp from Oshima ('49) and Maruvama {'57)3; data
on upper molars by Suzuki and Sakai{'56) and lower molars by
Hellman{?28).

o)) Paleo-Aleut - All data are presented in Turner
{*67a), consisting cf a composite sample of 151 western,
central and eastern Aleut dentitions.

R} Paleo-Eskimo - PRevresentatives of this_qroup are
Eskimos from Xodiak 7Island, Arctic <coast of Alaska,
Sadlermnit from Sounthampton Island and Western Greenland
coastal Eskimos. Data are found in Turner {'67a)}., The
inclusion of the above individuals into the same Eskimo
group by Turner is accepted in the present study. There is

no basis upon which +o divide the material into breeding
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isolates {Turner,?'67a}. On the other hand, +the individuals
of this group are not 1likely to overlap ths other
populations of this study, with the exception of the Alaskan
Fskimo sample, and thus are suitable as a check on the
fregquencies obsserved in the latter population, The
designation of this composite population as Paleo-Eskimo is
rot strictly true, as some of the skeletal Tremairs are
prehistoric while others are definitely historic {see Turner

157a) .
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Table 17

Scoring of Dental Characters in Biological Distance

Tooth

gI1

uI2

UM

M2

LM1

M1

L¥A1

M2

Estimates {after Sofaer et al.,?72h)

Character

Palatal

shovelling

Barrel-
shape
Cusp of
Cafabelli
Cusp
number

Protostylid

Cusp
nunber
Fissure
pattern
Cusp
numher
Fissure

pattern

Affected

Marked,
shovel, and
semi-shovel

All forms of
anomalous I2

A1l dearees
of formation

4 cusps and
2 plus

A11 degrees
of formation

6 cusps or
nore

Y or X
pattern

5 cusps or
mors

Y or X

pattern

57

Non~affect=4

Absence and

trace shovel

Normal shovellsd

incisor

No feature

3 cusps

No feature

5 cusps or
less

Plus
pattern

4 cusps or
less

Plus

pattern




Results

Individual Chi-sguare tests of significance have bheen

calculated for nine dszsntal <characters for all population

0]

combinations for which +the appropriate freocuencies ar
available. The methodology involved in character assessmpent
is indicated in Table 17.

In addition +to individual Chi-sqguare tests of
significancs, cumulative Chi-squares are calculated. Using
the results of a concordance study undertaken two months
after +he initial scoring of morphological <characters,
dental +traits are added to a cumulative Chi-sguare value
beginning with traits with highest concordance and
proceeding to those of lowest concordance. 1LM1 protostylid
and UTI2 barrel-shape are excluded from the cumulative
Chi-square testing because of the reduced numher of
populations for which freguencies are available.

Concordance in +the present study is generally higher
than that observed hy Sofaer =t al.,{'72b), =a conseguencs
that may be attributable *to a greater reliability in the
evamination of skeletal material as opposed +*o cast and
intra-oral examination. For =some characters, the range of
expression varies from population to population, introducing
more opportunity for misclassification in populations where
+he range of +rait manifestation is greater. The overall

seguence of traits from those with greatest +to those with
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the lowest ccncordance is similar to the finding of Sofaer
et al, {"72b)., Characters such as shovelling and barrel-

shape in the Gray site are more affected by single instances

D

of discordance due *o the small sample sizes involved in th
determination of the frequencies of these characters.

The following relationships are suggested:

1y Chi-sguare analysis of UI1 palatal shovelling
indicates an overall closeness in statistical relationship
between the Gray site and all Amerind groups with +the
excaption of Pecos Pusblo (F). East Greenland Eskimo {¥) and
Living Aleut (1} are closely related to each other and to
Amerind nvpopulations. Genetic relationships are suggsested
among a cluster of populations consisting of Alaskan Eskimo
{M), Paleo-Aleunt (0¥, Paleo-Eskimo (R}, Pecos Pusblo, and
Chinese {P) populations, while the Japanese diverge from all
groups considersed. This observation is consistent with the
theory of Japanese isolation from presumed pro-Mongoloid
elements for some time. The overall lack of significant
values less than 0.05 reflects the homogeneity of expression
of shovelling anmong Amerinds., On the other hand, the
statistical separation dus to lower fregquencies of the trait
is characteristic of Asiatic Mongoloids.

2}y On the basis of statistical analysis of UI2 barrel-
shape, the Gray population exhibits separation from American

Tndi an groups due +o a higher freguency of the character.




Fstimates of ralationship between Eskimo and Amerind groups
are generallyv not significant due to the small rénqe of
variabilitvy in frequency of the trait in all populations.
Two clusters are suggested: a) Alaskan Eskimo, Paleo-Aleunt,
Paleo-Fskimo and Pecos Pueblo and b) Papago, Pima, Japanssse
and Chinese.

3y Manifestation of Carabelli?*s cusp in UM1 is
suggestive of strong affinity among Alaskan Eskimo, Papnago,
Pima {D), Zuni, and Paleo-Eskimo populations due +to the
strong developrment of this <cusp in these groups. Lack of
homogeneity between the Eskimo populations is evident. The
Gray site, Pecos Pueblo, living Aleut, Chinese, and Japansse
groups indicate intermediate distance relationships fron
Fast Greesnland Eskimo on the one hand and Southwestsrn U.S.
and other circumpolar groups on the other. The Japansse
sample is particularly close to Paleo-Aleuts.

4y Significant wvariability 4is found among RAmerind
populations with respect to UM2 cusp number. Although Texas
Indian {6) and Zuni{A) aroups show close connection to each
other, thev similarly show diffuse relationships to 1living
Aleuts, Fast Greenland‘ Eskimo, Alaskan Eskimo and
Paleo-Aleuts., Pecos Pueblo is singularly differentiated from
all populations however, Palso-Eskimos also possess a high
frequency of M2 8-cusped forms., Japanesse and Chinese groups

are statisticallv telated to the Pima, Papago and Gray site
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populations.

5} The freguency of LM1 protostvlid has not bheen
reported for all populations considered. Although the
character has been suggested to be a Mongoloid genetic
marker, the freguency of manifestation is generally low in
Amerind populations. Zuni, Papago, Gray, Living Aleut, and
Pima {B) are noted as showing general relationships to each
other on the basis of the virtual absence of the <character
in these samnples. By contrast, Pima (D), Paleo-Alent, and
Paleo-Eskimo indicate affipity +o each other in their
substantial development of +he protostylid. The Japanssa
population is closest to the Palso-Eskimos.

6} In +the anpalysis of LNM1 cusp number closs
relationships indicated within the Paleo-Aleut,
Paleo~-Eskimo, and Grav group and +the Zuni, Papago, Pecos
Pueblo, Alaskan Eskimo and Fast Greenland group. The
Japanese, Texas Indian and Pima {B) conprise another cluster
of related populations with rsspect to this trait. The
absence of 6-cusped forms of the LM1 in 1living Alesuts is
probably not valid as an indicator of close relationship to
Pima {D} and Chinese populations, Moorress {'57) apparently
not recording the frequency of the character in the former.

73 Analysis of ©LM1 fissure pattern shows close
relationships among Chinese, Alaskan Eskimo, East Greenland

Fskimo, Pima {(BY, and Pima {D) groups. A second cluster of
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poovulations consists of Texas Indian, Papago, and Zuni,
which shows association with Paleso~Aleut, Paleo-FEskimo, and
Japanese groups. The Pecos Pueblo and Gray populations
appear closely related to 2ach other and intermsdiate in
distance between th2 two clustsrs indicated above. Distinct
separation 1is evident between Paleo- and later Eskimo and
Aleut populations.

8) The <clustering of Eskimo populations when
Chi-sguare analvsis of 1LM2 cusp number is considered
reflects the pradominance of 5-cusped forms among
circumpolar groups, althouagh Paleo~Aleut and Paleo~Eskimo
are statisticallv separated from the other Eskimos and
Aleuts. Pima (D)} and Grav suggest Eskimo genetic influencs
with respect to this character. The close relationship among
Zuni, Papago, Pima (B}, Pecos Pueblo, Texas Indian, and ths
Chinese population is suggestive of recent common ancestry
for +these groups characterized by advanced acguisition of
the 4-cusped LM2,

9) Chi- sguare analysis of LM2 fissure pattern finds
that a number of Amerind populations {Papago, Zuni, Pima
{D}, and Texas Indian) are closely related +to the Chinsge
gqroup. Japanese, Paleo-Alesut, and Paleo~Eskimo aqroups are
found to be statistically close and separate from other
populations. Less immediate connections are indicated

between Pima {B), 6Gray, Pecos Pueblo, and living Aleut and
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other Amerind populations referred to above. This situation
is suggestive of mixture between what continually emerges as
evidence for two fairly distinct ancestral 1lines in
circumpolar prehistory. Finally, while East Greenland and
Alaskan Eskimos both possess high freguencies of the ¥
pattern on LM2, there is a statistical separation bhetween
+the two populations.

A summation of the numbers of significant
interpopulation Chi-square values shows that closa
biological relationships are apparsnt between Texas Indian,
Papago and Zuni populations. Pima {B) and the Gray dgroups
are close together and suaggest affinities to Eskinmo
pooulations. The Pecos Indian sample reflects possible
common ancestry or admixture with circumpolar groups and the
Chinese population although distinct from Grav and Pima {B).

Paleo-Alent and Paleo-Eskimo pcpulations are closely
related +o the Japanese group and distinct from virtually
all others., Finally, the Chinese sanple exhibits vaquely
closer relationships to most Amerind groups than to Eskimos
or the Japanese. The difficulty in determining relative
hiological distances bhetween populations can be noted whera
groups show relatively low significance values for a number
of characters and highly significant values for others.

On +the basis of cumulative Chi-square analysis, it is

possible to gain further insight into interpepulation




comparisens on +wo counts, First, with the 2xception of
three closely related Southwestern groups {Papago, Zuni,
Texas Indian), Chi-square values are significant for some
dental characters between all populations. Thus, relative
distance dstermined by absolute values of the Chi-sgnare can
be highlvy misleading bhecauss slight <changes in observed
frequency of a dental +rait can cause paramount changes in
estimates of distance wvwhere Adistance is actually fairly
large to beqgin with. The cumulative Chi-sguare averages
individual +trait valuss on the assumption that thev are
genetically indevendent. This is nect strictly true. Sofaer

et al. {*72h and Sanghvi {'53) have noted that this

ot
n

assumption of independence mav lead to certain effec on
the statistical test emploved by exaggerating differences
and similarities hetween distant and closely ralated
populations, respectively. In 1lisu of knowing the mode of
inheritance of dental traits one can increase the number of
characters in the analysis and hope that spurious values
will tend to =2oualize themselves,

Second, in addition to the magnitude of the statistic,
the direction of change in the cumulative Chi-sguare value
mav be taken into <consideration. Sofaer et al. {('72h)
presumed that lack of concordance was a prime source of +he

noise that was introduced into estimates of biological

distance with an increase in the number of dental +raits
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ntilized. This point is valid where 1low levels of
repeatability of scoring dental characters are encountered
{fe.g. 79% concordance for Carabelli trait in their study).
However, one2 may observe +the type of effect +that the
addition of a single Chi-sguare has on the cumulative value,
Fxamination of +*the "pattern™ that emerges may help +*o0
clarify the analysis where large nurbers of interpopulation
comparisons are attempted (in this <case there are 91
different comparisons). Similar patterns of cumulative
Chi-sguare changes might also be presumed +o indicate
relative biological distances between populations.

On the hasis of the analyvsis outlined several

{

initially obscure relationships ars brought into sharper
focus.

1Y The Texas Indian, Papago and Zuni samples exhibit

D

the «closest relationships among populations of th
Southwestern U.S. The indication of pattern difference of
Pima {B) and Pima (D) from the above nmentioned cluster
hecomes evident vwhen they are viewed in distances from the
Chinese population. The relative positions of Pima (B) and
Pima (D) point to influence by pro-Mongolcid elements {such
as appear to be represented in ths Gray population) by their
closer distance estimate +to TFast Grezenland and Alaskan
Eskimo groups. This view is reinforced by the closeness of

Pima {B) *o the Grayvy site.
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2y The Pecos Pueblo population exhibits more distant
relationships to groups of the Southwestern U.S. by showing
a consistent decrease in probahility of not belonging to the
cluster with an increase in the number of characters in the
cupulative Chi-sguare. The similar types of relationship
between Pecos and all Amerind samples considered, including
+he Gray site, suggests that Pscos is substantially separate
from most Amerind groups. This indication 1is augment=2d4 by
the observation that the closest Pecos distance measure is
+0 +the Chinese sample, The general distance estimates among
211 2Amerind populations considered suggests sizeable gene
flow bhetween *them in prehistoric times. Evidence for
extensive qgene flow between Pima and surrounding populations
has been vpressntad in the blood group studies of RBrown et
al. {*58).

3y The position of +he 1living Aleut population in
relation to Southwestern U.S. groups again indicates a
separation of the Papago, Zuni, Texas Indian and Pima (D)
cluster from Pima ({B) and Gray. The Chinese population
exhibi+*s a pattern change similar to Pima (D) with thse
addition of dental %raits to the cumulative Chi-sqguare, thus
suggesting that the living Aleuts are more distantly related
to Amerind grouns than are the Chinese. The most interesting
aspect of +the relative distance of the living Aleuts is

their estimated distance from the Paleo-Aleuts and Eskimo




populations. No relationshipo is evident to Paleo-Rleuts,
Palzo-Eskimo, East Greenland Eskimo or Alaskan Eskimo
samples., Japanese are similarly wsll separated from this
population.

#4yThe Alaskan Eskimo distance estimates imply <Temote
relationship with both Pima groups, Gray, and East Greenland
Fskimo, which suggests their distant relationship +to Pima
{D} and 6ray. The Paleso-Aleut population appears to have
been the ancestral group to both +the East Greenland and
Alaskan Eskimos, Paleo-Eskimos are closely related to
Paleo-Aleuts and Japanese but do not seem +to have Dheen
ancestors of +the FEskimos samples selected in this study.
Paleo-Eskimos, Javanese, Paleo-Aleut, and Paleo-Eskimo are

probably derived from the same ancestral stock.
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Discussion

Evidence for close biological relationships hetween
Pima, Papago, and Zuni groups has been presented by
Niswander et al. {(*70y and Sofaser et al. (*72b). To this
cluster may be added the Texas Indians, who show
consistently close distance values to the Papago and Zuni in
particular. The high freguencies of Carabellirs cusp
manifestation among the Pinma, Papado, and Zuni is unique
among Amerind populations. The condition may be attributable
to genetic Arift or admixture, The low freguencv of ths
character in the Gray and Texas Indian samples and the close
relationship shown between Grayv and Pima {B) groups 4o not
reveal whether microevolution or admixture is more probable
{see VNiswander et al.,'70).

311 populations of the Southwestern U.S. and the Gray
site exhibit affinity to the Chinese sample. The strongsst
association is manifested by Pecos Pueblos Indians, who pay
have been a late population +o infiltrate +the region 1in
‘post-Pleistocene times. The Southwestern U.S. has absorbed
+he brunt of many intrusions. Wormington {*59) states that
in Farly Christian times +the Cochise was superceded by
Anasazi, Hohokam, and Mogollon desert cultures. The DBAnasazi
remnants are found in contemporary Pueblos while living Pirma
and Papago ars generally believed to be remnants of the

Hohokam culture,

58




The TEskimo and Alesut populations considerszsd appear *o
repre2sent a heterogeneous mixture of circumpclar peoples.
The c¢lose relationship between Paleo-RAleut and Paleo-Eskinmo

has previously been indicated by Turner ('67a). The nmost

&)

interesting situation, however, is that concerning the
origin of the living Aleut population. Turner ({'67a:189),
after an analysis of Arctic and sub-Arctic dentitions,
concluded: "In sum, Aleut dentitions are, and vprobably
alwavs have heen, more like those of Eskimos than Indians,
and both Aleuts and Fskimos are more like Asiatic Mongoloids
than are Indians in most respects. Most of the geographical
variation in living Aleut dentitions is the result of local
prahistoric evolution, rather than due to differential
historic {European) admixture.®

While Alaskan Eskimo and East Greenland Eskimo
populations show ancestral biological relationships %o the
Paleo-Aleut, the living Aleuts are singularly separated from
them all. Closest distance estimates are to the Amerindians

and the Chinese. In fact, the distance estimate between

3

Paleso-Aleut and 1living Aleut is greater than most othe

0]

interpopulation comparisons. TIf the Palso—-Aleuts ar
ancestors of modern Aleuts the implication would be that,
due predominantly to accepted evolutionary principles such
as genetic drift, dental differences are greater through

t+ime than over geographical distance.
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The separation of the composite Paleo-Eskimo sample
also is a complicating factor in the reconstruction of
Arctic prehistoryv, as this population shows no relationship
to the presumzd descendant Eskimo groups.

A possible explanation proposed by Hrdlicka, but not
supported by Turner ('67a), 1is that the Paleo=-Alesunt
pepulation ¥as replaced by a biologically distinct
population. A possibility in this respect could be a
proto-Chinsse group. However, there 1is 1no supporting
cultural avidencea nor do cranial measuremnents as
re-evaluated by Turner rveflect sudden changes in physical
typ2 to support this sxplanation.

The Paleo~-Alaut and Paleo-Eskimo probablyv represent an
ancestral group from which Fast Greenland and Alaskan Eskimo
originated. This has been termed as {one of) the
Fpi-Gravettian pro-Mongoloid migrations (Bandi, ¥69) to YNorth
America. Its people are presuned not tc have dispersed to a
great extent toward the south, possibly due to Arctic
pre-adaptation {Bandi,?69:31).

The Paleo-Eskimo population holds the possibility of
being ancestral to vre-Dorset populations that occupied the
Canadian Arctic prior to the rapid dispersion of the Eskimo
small tool culture. This would acount for the lack of
biological relationship between Paleo-Esgkimo and Alaskan and

Fast Greenland Eskimo and would tend to support +the theory
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of Collins ({'513;'64) of a Southeastern Alaskan {Paleo-Aleut)
origin of present-day Eskimos.

Certain Amerind samples from the Southwestern U.S.
support the view {2.9., on the basis of transition to
#-cusped LM2s and loss of the Y pattern on lower molars),
that earlier Amerinds were probably 1less Mongolonid than
present day FEskimos. Muller-Beck {1686) believes that the
leaf-shaped points of +the wupper Paleolithic in Eurasia
{30-25,000 B,P.) are evidence of the ancestral groups which
are traceable in the early Llano complex of the Southwestern
7.S. and of which some Amerind groups are possible
degscendants (i.e., 2Zuni, Papago, Pima)., Sites in the Lake
Baikal region of Northeastern Asia are considered by Bandi
{*69) +0 represent a group of seni- or proto-Mongoloid
stock, closely rtelated to Amerindian ancestral populations.
Pro-Mongoloid elements as found in the Pecos Pueblo and Gray
groups may indicate subsequent migration of, or contact
with, populations sharing apcestry with Paleo-Aleut,
Paleo-Eskimo, and Japanese.,

The Japanese affinities to Paleo-Aleut and
Paleo-Eskimo, on the one hand, &and the indication of
relationship between living Chinese and Pecos Pueblo groups,
on the other, are suggestive of at least two late migrations
to +the New World. Speculation concerning the nature of

biological relationships betwszen living Aleut, Chinese, and
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Sounthwestern U.S. populations 1is wea k. However, the
relatively close distance of these groups to ons anothar may
be evidence of common ancestry or contact. On the hasis of
variable frequency of threse-rooted LM1s and through the use
of raior linguistic divisions in VNorth America {see
Swadesh,'60), Turner ('71) hypothesized at least three najor
migrations to the V¥Yew World. Although examination of
skeletal remains cannot confirm linquistic affiliation, the
presant +he present study gives physical evidence of
diversity that supports the theory of nultiple origins of

North American aboriginal inhabitants.
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Conclusions:

s e T S et e ST e o s e

Certain factors make tﬂe results of this studv highly
tentative. Foremost is the lack of good comparative material
between populations because of lack of standardization of
neasuremnant in the field, observer bias, and small
population samples.

Second, one of the problems related to the use of
Aental non-meirics has been the lack of knowledge about
their genetic basis. In most cases the effect of factors
causing variation in ©penetrance and expressivity of the
variable cannot be identified. Berry ('68) finds that, in a
particular group, the accumulation of certain allelonorphs
will be manifested regularly and appear to be inherited in a
reqular fashion, implying simple assumptions about the
inheritanrce of the character. In other populations, however,
the nature of the presumed inheritance changes, probably due
to the different conmposition of the genotype.

Third, th

)

prehistory of V¥orth America is conplex,
having neither concrete evidence of time of initial
occupation or subsequent migrations (see Salzano,'62, for a
discussion of genetic aspects). As the date of initial
inhabitation is pushed back, evolutionary processes can bhe
assumed to have had more and more chance to obscure initial
biological relationships.

Stewart {'60) and Hulse {'53) support *the view that
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early migrants to +*he VNew World were a small homogeneous
population and that the variability seen in Amerinds 1is a
result of independent evolution according to accepted
biological and dgenetic ©principles. Increasing evidence,
however, supports +he theories that the initial occupving

population was heterogenous or that suhsegquent waves of

migration have considerably altered the gene pool at
different points in prehistory {(see Newmann, '67;

Genoves,'67). Farly classifications of ©North and South
Amerinds have continually sought to explain the diversity in
physical type in terms of biological influence from
Australia, Polynesia, different regions of Asia, Africa and
Europe (see Comas,'60, for a review). In summation, Genoves
{(*67:303) states "...the heterogeneity found in modern
Amerind vpopulations is «certainly due to such factors as
differential selection in varied environments, genetic drift
in 4isolates, morphological adaptation, gene flow from one
area to another, etc., but theses explanations though wvalid
do not seem to suffice.™

Studies on physical type also indicate the
heterogeneity of Amerinds. The study of Neumann {52y,
attempting +o classify TIndian crania dinto morphological
types, has been examnined by Long {166) using
multiple-discriminant analvsis. Although their results

differ, evidence for substantial differences batween
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proximal groups 2xists and suggests microavolution or the
effects of migrational influx., Giles and Bleibtreau {(761)
and Bass (*64) used facial and® cranial wmetrics and
morphology %o evaluate the persistence of inherited
characters throuagh time in the Pecos vpopulation and
relationshins hetween protohistoric Pawnee and Arikara,
respectively. Spuhler ({'54) has revealed a Dbiological
hodgepodge in his analysis of Southwestern U.S. skeletal
geries.,

An important problem in +the present study is the
biological position of the living Aleut relative to other
Aleut and Eskimo populations. If genetic drift accounts for
+he genetic change between prehistoric and living Aleuts as
measured by dental morphology, then the utility of dental
characteristics mayv he lessened as estimators of biological
distance. That such an outcome is unlikely is implied by the
types of relationships snggested among Amerind vpopulations.
Analysis of dental morphology appears to be another
reasonably good independent discriminator of biological

!
distances between populations.
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sSumpmary

On +the basis of a Chi-sguare analysis of nine dental
characters, several relationships among selected North
American populations are sugaested.

1Y Close biological relationship is apparent betwaen
Papago, Zuni, and Texas Indian. Slightly nmore distant are
the two Pima populations and the Gray site.

2) TEskimo groups are heterogensous 1in hiological
composition as measured by dental analysis. Paleo-Aleut and
Paleo-Eskimo samples indicate common ancestry with the
Japanese. The oriagin of Alaskan and East Greenland Eskimos
is implied to be from the Paleo-Aleut., Living Aleuts are
found +to exhibit evidence of marked separation from all
Fskimo and Aleut populations. Paleo-Eskimos are probably
ancastral to pre-Dorset culture but not closely related to
present day Eskimos.

3) Pecos Pueblos, 6ray and Pima populations show
pro-¥Mongoloid biological influence as reflected in
affinities toward historic Eskimos ard the Chinese.

1y A%t least two 1éter migrations to the New ¥orld are
supported in the present study. 0One is the pro-Mongoloid
Japanese, Paleo-Aleut, Paleo-Eskimo group, ancestral to Fast
sreanland and Alaskan Eskimo populations, The other

migration is suggested by the <Chinese and Pecos Pueblo
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aroups, who show affinities *o 1living Aleut and Amerind
populations. The nature of the relationships between these
populations is obscure. The proto-Mongoloid element seen in
+the senthwestern U.S. tends to support the theory of an

even earlier proto-¥Mongoloid migration to North America.
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Figure 1

Change in Relationship between Chinese and the Papago,
Zuni, Texas Indian Cluster with Increase in the Number

of Character in Cumulative Chi-sguare Analysis

Probability of belonging to the Chinese sample

35 990 80 70 50 30 20 10 5 0
Number
Char.
2 C a G
3 C A G
4 C A G
5 C B G
8 CAa G
7 C A
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Figure 2

Change in Relationship between Chinese and the Pima D,
pima B, Gray Cluster with Increase in the Number of

Characters in Cumnlative Chi-sguare Analysis

Analvsis

Probability of belonging *c the Chinese sample

95 90 80 70 50 30 20 10 5 0
Number
Char.
2 D B )
3 D BJ
4 D B J
5 DB J
2] B D J
7 D BJ
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Figure 3

Change in Relationship batween Living Aleut and the
Papago, Zuni, Texas Indian Cluster with Increase
in the Number of Characters in Cumulative

Chi~-sguare Analysis

Probabili+v of belonging to the L. Alesut sample

a5 90 80 70 50 30 20 10 5 0
Numher
Char.,
2 AC G
3 AC G
) AC G
5 A CG
1) | ACG
7 AC
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Figure 4

Change in Relationship between Living Aleut and the
Pima B, Pima D, Gray Populations with Increase
in +he Number of Characters in Cumulative

Chi-sguare Analysis

Probability of belonging to the L. Aleut sanmple

95 90 80 70 50 30 20 10 5 0
Numher
Char.
2 D | Bd
3 D PBJ
4 D P B J
5 D B PJ
6 DPRJ
7 J DPR
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Table 18

Percentages of Dental Observations in the Affected

Class for Selected Mongoloid Populations

011 uI2 oMt uM2 LMY u1 1M1 LM2 LM2
prot cusp fiss cusp fiss

Zuni A 94,4 3.0 36.2 66,7 0.1 4,0 84,5 34.9 5.6

Ui
N
L]

~
(82}
w
»

w

Pima B 97.° 81.8 7.8 17.4 94,8 45.5 10.6

Papago 97.3 6.5 44.6 7T5.6 3.3 5.1 78.0 24.3 5.2

Pima D 97.4 8.0 35.0 81.0 31.0 -=-= 99,4 71.0 3.0
Pecos F 89.5 D.u 8.8 98,2 -— 3.9 89,0 34.3 12.0
Texas G 95.1 - --- 59,3 --- 11.8 69,3 27.7 4.9

G.Esk K 98.3 - 0.0 65,3 -—- 1.2 95.9 68.5 32.8
Aleut L 97.3 --=- 13,3 69,1 0.0 0,0 &41.48 55,5 0.0
A,Esk M 81.5 1.5 82.7 70.9 -—— 6.2 92.7 72,2 18.5

Jap. N T7.4 4,7 19.4 8#.6 18,5 12.5 77.3 53.7 55.8

Chi. P 90.1 7.7 6.1 84.8 -—- 0.0 99.9 23.0 5.0
P.Aleut 88.56 0,0 23.0 70.0 32.0 21,0 80,0 91.0 49.0

P.Esk R 90.5 1.5 36,0 91.2 20.0 22,0 79.0 99,0 43,0
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Table 19

Cconcordance bhetween Two Independent Scorings of Dental

Characters in the Gray Site

Character Concordancs
UM2 cusp number 0.99
LM1 protostylid 0.99
LM2 fissure pattern 0.97
011 shovelling 0.97
UI2 barrel-shape 0.95
LM1 cusp number 0.95
LM2 cusp number 0.94
UM1 cusp of Carabelli 0.93
1M1 fissure pattern 0.89
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Tabhle 20

Chi-sguare Values for UI1 Shovelling

B C D F G )
1. 24 1. 06 1. 14 1.62 0,05 1.33
0.01 0.00 5.27%% C,81 0.00
0.00 4,93%x (0,66 0.02

*
il

0.1>p>0.05 0.89

* %k <0, 05

[t}
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M
7.85%%
13.62%%
13, 17%=
13, 39%x%
2.58
8, 95%*
13, 85%%
15, S4x*

13, 17%*

Table 20 {(continued)

N
11.93%*
184 1%%
17, 92%x%
18, 16%*%

5. 30%%
13,27 %%
18.65%%
20, bp*x
17.92%x%

0.51

5.93%%

2.82%

6, 30%%

7. 69%%

5, 78%%*

1998

G, 45%x

0.12

4, 30k
4, 0U%%

4, 19%%

4, 50%%
5 75%%
4,Qn%%
3.36%

b 3THX

.01




o]

G

Chi-sguare Values for UI2

Table 21
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Barrel-shape

G

J
11.00%%
5, 16%%*
5. 40%*
3.77%

17. 6 6%%

—r—



Table 21

{continued)

P Q
2.18 2.76%
0. 07 6o 63k
0. 11 6o 2%k
0.01 8o 03%k
6.86%% 0,18
4,07%% 18, 38%x*
L,38%x 1,23
0.77 4,52%x*

T. 7 1%

87

00:51

3. U4*

3.26%

b, 67%*



Chi-sguare Values for UM1 Cusp of

D

0.03

Tahle 22

F

21.53%%

6.,79%% U6, 25%%

1.92

32, ThH*x%

20, 07%%

88

1]

Carabelli

J
10, 58%%
30.72%*
19, 37%%

9,.50%%

2.39

K

43, 86%%k
T2.371%%
57. §5%*
42, 09%x*

8. 90%x

17, 08%x*



Table 22 {continued)

L M N p 0] R
14,08%* 0.88 7.03%% 27,17%x  4,18%% 0.00
36, 02%% 2,25 24, 804%% 53,36%% 19,45%%  6,06%*

23.81%%x 0,07 14,59%% 39, 17%k 10,43%*% 1,54

12, 85%% 1,25 6, 1%k 25,58%kx 3,50% 0.02
1. 03 30, 05%% 4,53%x 0,53 T, 54%% 27, 28%x%
0.29 17.19%% 0,40 L,98%% 1,56 10, 40k

13.904%% 53,95%% 21,73%% 6,20%% 25,67%% 43,56%x
21.80%% 1,36 2.96%  3,17% 13,87%x
12.68%% 36,31%% 8§,80%% 0.904
7.95%%x 0,39 6, B8
11, 48%% 26, 90%%

4,06%%

89



G

Table 23

Chi-sguare Values for UM2 Cusp Number

D F
5.29%% 34, 29%%
0.02 14, 9h%x*
0.86 22, 4 3%kx

15, 87%x

90

1. 17
12, 18%%*
6. 05%%
11, 24%%

45, 21k*

J K

5,38%%x 0,04

0.02 T.00%%
0.89 2.55
0.00 6o 277 %%

15.,76%% 36, 28%x%
11.36%% 0,77

6, 3%k




3.78%

2. 79

Table 23 {continued)

8., TO*x%

0.28

30,96%% 28,53%% 11,77%x%

2.96%

2.85

15.86%*

0.43
G, 92%%
6, T5%%*

5o 42%%

11, Dl*x

16, Th%%

91

0
0.25

3,81

3. 34%
0.50
0.02
0.02
6, 07%%

6, 25%%

R
18, 0 6%
3,78%
8, 79%*
4, 35%x%
i, 88xx%
27.32%%
B 27%*
19, 7 1k%
15, 35%*
13, U2%*
2.05
1.94

T, 37k




G

B

7.81%%

Table 24

Chi-square Values for

C
3,06%

1.93

D
36,35%%
17.2%%%

27,00 %%

-]

92

L1

Protostvlid

G J
- 5, 25%%*
- 0.47
- 0,53




0,00
7. 81%%
3,06%

36, 35%*

i

18, 1 4%
3.83%
10, 19%%

5.46%%

18. TUxx*

Tabhle 24

20,07 %%
5601k
11, 89%%

4, 19%*

20.07%%

0.09

{continued)

93

37.76%*
6, 17%%

4, B3k

R

27.90%%*

6o 22%%

13.55%*

3. 18%




G

B

9, 40%k%

Table 25

Chi-square Values for LM¥1 Cusp Number

C D
0.14 3.79%
T BBk 18, Thkk

4, 9f*x

F

0.00

9, 58%x%

0.17

3.68%

94

G
4, 18%*
1. 26
2.90%
12,23%*

4,3 1%x

J
16, 49%x
1.29
14, 25%%
26, 82%%*
16,7 1%*

4,99%%

1.47

9, 24 %%

23, 48%x%



s

J

L
3,79%
18, Th*xx
4, 9u%x
0.00
3. 68%
12, 23%%
26, B 2%k

0.94

12, 25%*
3.51%

6. 10%*

Table 25 {continued)

10.00%*
13, 02%%

2.34

P
3. 79%
18, 74
4, 94 %%
0.00
3.68%
12, 23%%

26, 82%*

6. 10%%

13. 02%%

95

0
13, 271%%
0,42
11, Th*x*
23, 14%*
13, 4 Pk*
3,09%
0.24
19, 8ok *
23, Thx*
G, 32%*
2.59

23, 1h%k

12. 19%%
24, 40%x*
14, 53%*
3.70%
0.10
21, 10%x*
24, 40%*
10. 3 1%*
3,16%
24, 40%*

0.03



Tahle 26

Chi-sguare Values for LM1 Fissure Pattern

B C D ¥ G J K
A 5.72%% 1,39 15.00%*% (.88 6.50%% 0,92 7. 35%%
B 12, 01%%x 3, 76% 2,26 22,08%% 2,19 0.14
C 22,85%% 4,39%k 1,95 G, 48%% 14, 12%%
D 9,90%% 34,32%% 9,7%kx 2,67
F 11.76%*  0.00 3. 41%
G 11,90%% 25, 62%*
J 3.33%

96



L

39, 82%x
65, 63%x
27, 8hkx%
80.72%*
49, 93%x%
15, T5%%
50, 17%*

69, 01k*

8, Hld*
5¢ 92%*
0.82

17.79%x

59, 56%*

Table 26

1.67

12,76%%

14, 97k
26, 70%*

9, 30%%

P
16, 49**
5. 0%
24, 4 0%k
0.36
11, 33%x%
35, 9l kx
11, 22%%
3,.89%%
82, 52%*
7o 27 %%

25, 28%%*

97

fcontinued)

20, 37%%
3.09%
3,03%
3. 17%

11, 93%%

37, 23%%
6o Blxx*
0.22

21, 90%%

R

1.01

10, 96%x%

3.80%

13 0%

29, 50%%:

T T 3%%

0.08

23, T4%*x

0.04




G

Tahle 27

Chi-square Values for LM2 Cusp Number

B C D F G

2. 34 2.70 26.16%%  0.01 1,21
9,80%% 13,37%% 2,62 6. 83%%

43, 71%x 2,41 0.30

27, 01%%k 37, 50%*

1.02

98

J
13, 85%%
4, 95%x%
27 . 82%%
2. 14
14, 50%x%

22,7 2%x%

K
22.671%x%
10, T9%*
39,28%*%

0.15
23, Lk
33, 34%kx

1. 17




20, 30%*
50 17%%
9,08%%

15, 91
0.87

3. 59%

M

27.97%%
4, 72%*
45, 9l *xx*
0,04
28, 85%x*
39. 60%*
2,72
0.33

6, Dipkk

Table 27 {continued)

18,17 %%
6. 37%%
T 63%X

13, 99 %x*

P
3.44%
116 24%%
6.05
46, 25%*
3. 12%
0.58
29, 93%%
41,70%%
22, 15%%
48, 52%*

19, 92%%

99

0 R
67, 847%% 92,85%%
47,77%% 71, 38%%
91, 11%x%118, 0 %%
13.00%% 30, 75%%
68, 6%k*x G, 16%X
83,04%%109, 4 8%
24, 41k 44, 82%x
15, 67x% 34, 18%*
32, 16%% 53, 8U%x*
11. 77%% 29, 13%%
34, 77k% 56, 82%%
94, 33%%121, 40%*

6.7 sk




G

Table 28

Chi-square Values for LM2 Fissure Pattern

100

3.26%

X
23, Bl*%
14, 50%%
24, 75%%
30, 21%%
12, 4lxk
25, Bl

11, 36%k*




L

5.86%%
10, 89%%
5, 0 lsk*k
2.76%

12, 46%%
4, 73%%
13.37%%

38,90%%

M
7.85%%
2451
B, U7%%

12.52%%*

Table 28 {continued)

N
59, 22%%*
46, 06%x%
60, 39%%
57, 16%%
42,871%x%
61, 28%x
41, 02%x%
10, 72%%
77 . 03%%

29, 80%x

3,75%
25, 21%%
4, 83%%
8, 79%x

50, 98%*

101

0
47, 45%*
35, 24x%
48, 55%%
54, 99%x
32,29%%
49, 39%x*
30.69%%

5, 4 3%
6l , 55%%
20, 80%%*

0.93

49, 1 1%

R

38.,02%x

26, 76%%*

39.06%%

45, 17%*

24, 10%x

-39, 85%x%

22, 67%%

2.21

54, 4 3%%

14, 0G%*

3' 28*

39, 5 8%*

0.72



Table 29

Number of Characiters for which Significant Valuss

vere Recorded

jas

{p<0.05)

B C D F G 3 K L
5 0 4 2a  2¢ 6 Ly 4a
3 5 5a 3¢ 3 5h 6ba
4 52 1¢c 5 4h 5a
Ta Uc 5 3b 4a
3¢ 5a 5b 5b
5¢ 4c¢c 3¢
by da
3b

a = based on 8 characters

h = based on 7 characters

Q
[

02

based on & characters

M

L4a

3a

5a

ba

3b

7b

6a

¢

7b

5a

3a

5a

ta

3a

3a

5h

Ta

5a

n Interpopulational Comparisons

6h

5a

6a

Ta

7h

Ta

5a

6a




Table 30

Cumulative Chi-sguare Values for Two Characters:

UM2 Cusp Number and LM2 Fissure Pattern

B C D F G J X
3.82 0.98 2. 05 18, 42%% 0,61 4,24 11, lk*
1. 57 2. 29 T52%%x  T,22%% 0,12 10.75%%
0,74 12.68%x 3,03 2,21 13, 65%*

10.85%% 5,86% 3.30 18, 2%

24, 23%%  7,8%%% 204, 36%%

*
i

= 0,1>p>0.05 T, 60%% 13, 10%%

¥ %k

it

p<0.05 8. 86 %%

103



21,7 1k*
3. 41
8.6 k%

19,6 T**

Ta 65%%
15. 08%*
5.95%
2.04
3.04

10, 07%%

Table 30 {continued)

N
33, 96%%
23, 17%x%
31, 47%*
33.471%*
27 .29 %%
38,57 %%
20, 73%%
10.32%%
41, 89%x

17.671%%

17.68%%
5.89%
To 20 %%

30, 49k

104

0
23,85%%
19.52%x%
24, 67x*
29, 13%%*
31,0 1%*
25, 95%x%
1760 %%

2.97
32, 28%%
10, 4 1%*

3.50

27, 69%%

B
28, O4%x*
15. 27%%
23.,92%%
24, 76%%
14, B Gxx
33.58%%
T34 7%%
10, 96%%
34, 89%%
13, 75%%

2.66
20, 7 6%k

7. 55%%




Cumulative Chi-sqguare

M2 Cusp Number,

Table 31

values for Three Charactars:

.M2 Figsure Pattern and UTI1

Palatal Shovelling

b
2. 41
1.52

0,49

7
12, 82%*
6,77
10, %*

8. 93 %%

105

G

0,42

5,08

2. 24

X
B H8%%
Te22%
g, %k
12, 22%%
18, 9%
G, 27 %%

5,94



16. 115%*

2‘ ug

13, 15%%

5.37
6. 47%
7. 80%
9, 57 %*
10, 9 1%*

6, 95%

7.20%

11, 10%*

Table 3%

N
26 ,62%%
271, 58%x
26, 95%%
28,59 %%
19.96%%
30.12%%
20, O %*
13.70%%
33, 90 %%

11.91%%

{continued)

p 0
3.41 16, 62%*
2,40 15, 06%*
2.35 18, 37%x*
1. 86 21, 40%%
4,90 20, 69%*
5.98 18, 24%%
3,03 13, 4uxx

13,.83%% 4,54
5,30 23, 45%*
5.81 7. 60%

22.30%x 3,82

18, 50%*

106

R
19.06%%*
11, 6 3%x
17.29%%
17.90%%

G, 68%k%
22.92%x*
10, 48%x*

9, 22%%
24, 61%x
10, 29%%

3.90
13.84%x%

5.10




]

[p]

J

Table 32

Cumnlative Chi-sguare Values for Four Characters:
UM2 Cusp Number, LM2 Fissure Pattern, UI1 Palatal

Shovelling and ILM1 Cusp Numbher

B C D F G J K
4,57 0.78 2,75 9.62%k 1,36 6.57 6,89
2.68 5.83 7.47 4,13 G.38 9.30%
2.14 7.61 2.40 4.67 7.50
7.62 6.17 8.35% 9.40%

13, 74%x  9,48% 14,23 %x%
5.27 9,26%

10 33%%

107




13, 00%*
Ll'o 92
11,0 1%%

10, 10%%

Table 32 {continued)

N
271, 16%%
16, 30%%
21.,07%%
24, 70 %%
16, 20%%
22 59%%
16, 12%*
12.78%%
28, 68%x%

G, D2%%

B. 98%*

10, 6 1%*

19, 98%x*

108

0
15, 77%x*
11, 39%%
16. 56%%
21, 8lxk
18, 8 7%
14, 45%x*
10. 11k

8.37%
23, 37%x%
8.03%
3.51

19, 66%*

R
17.87%%
8.88%
16, 02%%
19. 53%*
10.89%%
18, 71 1%
7.89%
12, 19%x%
24, 55%x*
10.29%x%
3.71
16, 48*x*

3.83



G

Cumulative Chi-sguare Values

Table 33

for Pive Characters:

M2 Cusp Number, LM2 Fissure Pattern, UI1 Palatal

Shovelling, L¥1 Cusp Number and LM2 Cusp Number

C D F G J
1.16 7. 44 7.69 1. 33 8.03
4,12 7.33 6. 50 L.67 1.29

10,02% 6.57 1.98 9,30%

11.50%% 12, 43%%x 7,11
11.20%% 10, 48%

8.76

109

10. 04 %

9.60%

13. 80%*

7.55

16, 07 %%

14, D8k

8. 49




13.65%%

6. 97

12, 22%% 12, 42%*

7.12

12, 87%%

Tabkle 33 {continued)

N
18,3 6%%
13, 31%x%
20.53%*
21.03%x%
14, 4 8%
20, 87%*
13,12%*
17, T4
22.96%%*

9.08

13, 17%=*
16, 83%%
7,66

14, 41%%

19, 9 7kx

110

0
26, 17%%
18, 67%%
31, 47k*
20, 0 7%%
28 Bk
28, 17%*
13.00%%

9.83%
25, 13%*
8.78
9.76%

34, 59%%

R
32, 87%x*
271, 38k
37.87%*
21,7 Tk
27.55%x%
36.39%k*
154 27%%
16, 59%%*
30. 4 1xx
14, 06%x%
T4, 3Ux*
37 UT7%%

4.41



Tabhle 34

Cumulative Chi-sguare Values for Six Characters:
7M2 Cusp Number, LM2 Fissure Pattern, UI1 Palatal
Shovelling, LM1 Cusp Numher, LM2 Cusp Number

and LM1 Fissure Pattern

B C D F G J K
A 4,39 1.19 8.70 .56 2.19 6.84 9.59
B 5,44 6.74 5.79 7.57 1. 44 8.02
C 12.16% 6. 21 1. 97 8.49 13. 90 %%
D 11.23%  16,08%% 7,56 6.73
F 11, 26% 8.74 13, 964
G 9,28 15. 83 %%
J 7. 64

111



2

[7p]

J

9.80
16, 93%*
9.86
15, 40**
18, 50%%
8.56
15, 8 1%

18, 83%*

C 12,8 7%x%

6.79
10.49

13. 36%%

17. 50%*

Table 34 {continued)

N
15, 58 *x*
13.22%%
17. 11%%
271, 48%%
12.88%*
17. 66%*
11.76%
11.77%
23.58%x

9,11

1. 1%
12, Bk
T4, 67 %%
20, Tk
13, 22%%

20. 86%%

112

0
21.87%x*
17, 22%%
26, 25%%*
20, 12%%*
24, 54%k*
23, 98%%
11.36%
10.18

26, 15%%

32, 48%x*

R
27.56%%
19. 65%%
31.57%%
27, T 4
23,58%x%
30,7 3%
13, 36%x%
15.99%x%
30, 26%*
T30 1%
11. 96%
35, 08%%

3.68



Table 35

Cumulative Chi-sguare Values for Seven Characters:
UM2 Cusp Number, LM2 Figsure Pattern, UTI1 Palatal
Shovelling, LM1 Cusp Number, LM2 Cusp Number, LM1

Figsnre Pattern and UM1 Cusp of Carabelli

B C D F G J K
L.A0 1.23 T.47 8.70 - 7.38 14, 48%%
.88 6.74 11.57 ——— 5.63 17, 271%%
10.70 9.29 - 10.05 20, 0775x%
12.49% —— 7. 84 11.79
-—- 7.83 13. 24%
8.99

113




10, 41
19, 66%%
11.85
15, Ol
16, 0 T¥*
13.59%

18. 13%*

13,29%

7.27
11.48

18, 06%%*

Table 35{continued)

14, 62%%
14, 88%x%
16,75%%
19.29%*
11.69

10. 14

13, 19%
20, 4 Pix

9.62

11.72

13.47%
17.69%%
16, 523

19.02%%

114

19, 35%*
17 . Sk
23.99%x%
17, Ta%**

22, 12%x%

9.96
12, 39%
22 . 86%%

8.50

7.06

29, 48%x*

23.62%%*
17, 71%%
27, 28%%
18. 64%x*
23, 25%*
12.94%

19, 93%*
27 .9 2%%*
11.28

11.23

33, 91%%

3.74



1.

DATA SOURCES:

Bang, G. and A. Hasund 1971 Morphologic
characteristics of the Alaskan Eskimo dentition. I.
Shovel-shape of incisors. Amer. J. Phvs. Anthrop.
35:43-7,

1972 Morphologic <characteristics of the Alaskan
Fskimo dentition. II. Carabellil's cusp. Amer. J.
Phvs. Anthrop. 37: 35-140.

1973 Morphologic <characteristics of the Alaskan
Fskimo dentition., IJI. Number of cusps on the upver
permanent molars. Amer. J. Phys. Anthrop. 38:721-5,

Dahlberg, A.A. and O. Mikkelsen 1947 The shovel-shaped
character in the teeth of the Pima Indians. Amer. J.
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Pahlberqg, A.A. 1951 Dentition of the American Indian.
In Launghlin, W.S. {ed) Papers on the physical
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10,

11,

12.

14,

15,

16.

17.

Morphological anélvsis of the shovel~-shaped testh,
Jinrui-Gaku Zasshi 7#({752): 202-17,

Lasker, G.¥. 1945 Observations on the +teeth of
Chinese born and reared in China and America
{including data onr Peking prisoners collected by
1iang Ssu-Yung). Amer. J. Phys. Anthrop. 3:129-50.

Maruvama, 1957 In Suzuki, M. and T. Sakai 1957 The
living Sakhalin Ainu dentition. Anthrop. Rebp,
18:303~46,

Moorrees, C.F. BA. 1957 The Aleut dentition. Harvard
University Press, Canmbr idgs.

¥elson, C.T. 1938 The teeth of the Indians of Pecos
Pueblo. Amer. J. Phys. Anthrop. 23:261-93.

Oshima, S. 1938 Dental anomalies of the Chinese. J.
Orient. Med. 26:no0.56

Pedersen, P.0. 1949 The ©East Greenland Eskimo
dentition. Meddelelser om Gronland, B4 1142, Nr 3.

Sakai, T. 1954 In Suzuki, #. and T. Sakai 1966
Morphological analysis of the shovel-shaped teeth.
Jinrui-cakn Zasshi 74{752): 202-17.

Sofaer, J.2., J.D. Niswander, C.J. Maclean and P.L.
Wworkman 1972b ©Population studies on southwestern
Tndian tribes. V. Tooth morphology as an indicator
of bieclogical distance. Amer. J. Phys. Anthrop.

37:357-656,




18.

19.

19.

21,

22,

23,

24,

Suzuki, M. and T. Sakai 1954 On the ©protostylid of

the Japaness, Jinrui-GSaku Zasshi 63:81-4.

1956a On the occlusal surface patterns of cusps of
maxillary molars in recent Japanese, Jinrui-Gaku
7Zasshi 65:54-61.

1956h On +he "Drvopithecine pattern® in r=cent
Japanese. Jinrui-Gaku Zasshi 64:87-94,

1957 The living Sakhalin Aipu dentition. Anthrop.
Rep, 18:303-46,

1965 In Suzuki, M. and T. Sakai 1966 Morphological
analysis of the shovel-shaped teeth. Jinrui-Gaku

Zasshi T4{752y:207-17.

Takehisa, 1957 In Suzuki, M. and T. Sakai 19646

Morphological analysis of the shovel-shaped teeth.

Jinrtui-Gaku Zasshi 74{752): 207-17.

Tsuji, T. 1958 TIncidence and dinheritance of the

Carabelli’s cusp in a Japanese population. Jap. J.

Hum. Genet. 3:21-31.

Turner, C.G.,II, 1967a The dentition of Arctic

peoples. Phd Dissertaticn, University of Hisconsin.
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