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ABSTRACT The analysis of the human dentition pro-
vides important information on the origins and dis-
persals of the first American inhabitants. However,
most of this work has focused on North America,
whereas less research has been devoted to variation
within Central and South America. This study ex-
amines the permanent dentitions of 340 individuals
from six pre-Hispanic South American populations
and places them in the broader context of the peo-
pling of the New World. Non-metric dental data
were collected using the Arizona State University
Dental Anthropology System (ASUDAS). Intra- and
inter-regional comparisons were assessed using the
Mean Measure of Divergence statistical program.

Since Columbus reached the New World in
1492 and found it already inhabited by humans,
one of the most enduring debates among scholars
and early natural historians has centered on the
origins of the first American inhabitants. Until the
1980s, the predominant view was that one single
founding group, represented archaeologically by
the Clovis culture, first entered the Americas after
the last glacial maximum (LGM) via the Bering
land bridge (Martin, 1973; Lynch, 1983). The Clo-
vis-first model hypothesized that around 13,000
years ago people migrated from Siberia to Alaska
tracking big game animal herds and that in a few
millennia spread rapidly from Beringia to Tierra
del Fuego (Dillehay, 1999, 2000, 2009; Meltzer,
2004; Goebel et al., 2008). In accord with this mod-
el, Greenberg et al. (1986) published a widely cit-
ed, yet highly controversial, three-wave model for
the peopling of the New World. Based on the lin-
guistic, dental and genetic evidence available at
that time, they argued that the first Americans
came from Northeast Asia in three separate waves
of migration. Following Greenberg et al. (1986),
the first migration would have involved the ances-
tors of Amerind-speaking populations from South,
Central and most of North America. These first
settlers would have been associated with the big-

All samples are characterized by relatively high
frequencies of UM1 enamel extension and LM1 de-
flecting wrinkle and low frequencies of UM1 cusp 5
and LM2 Y-groove pattern. Although preliminary,
results indicate that populations from Chile, Vene-
zuela and Peru-Northern Coast are dentally similar
and follow the Sinodont dental pattern. The Peru-
Southern Highlands sample is the most divergent
of the South American groups examined, showing
the closest affinities with Sundadonts. Finally, no
clear pattern was found for Bolivia and Peru-
Amazonian Andes, as most of their trait frequen-
cies fall within the range of overlap between Sino-
dont and Sundadont populations.

game hunting Clovis culture and its rapid spread
throughout the American continent. The second
migratory wave would have been associated with
the ancestors of Na-Dene speakers from the west-
ern half of the North American subarctic, includ-
ing the North Pacific Coast. The third and last mi-
gratory wave from Northeast Asia would have
involved the ancestors of Aleut-Eskimo popula-
tions, occupying territories from western Alaska to
eastern Greenland.

Over the past 25 years, several archaeological
sites in the Arctic and the Americas have provided
compelling evidence for human occupation pre-
dating Clovis (e.g., Dillehay, 1997, 2000; Adovasio
et al., 1998; Pitulko et al., 2004; Goodyear, 2005).
Relatively recent genetic and craniofacial studies
have also brought both the Clovis-first and three-
wave models into question. For example, molecu-
lar data suggest a single and early (i.e., pre-Clovis)
migration for the peopling of the New World
(Bonatto and Salzano, 1997; Schurr, 2004; Zegura
et al., 2004; Tamm et al., 2007; Wang et al., 2007;
Fagundes et al., 2008a,b). Mitochondrial DNA
(mtDNA) analyses have revealed that the majority
of Native Americans (including Na-Dene and Al-
eut-Eskimo) belong to five distinct mtDNA hap-
logroups, which have been identified as A-D and
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X (Schurr, 2004). Furthermore, Zegura et al. (2004)
demonstrated that these populations exhibit, al-
most exclusively, Y-chromosome haplogroups Q
and C. Although all these lineages can be traced
back to modern Northeast Asians, recent genetic
data from Native American samples reveal the
presence of autochthonous mutations of particular
mtDNA and Y-chromosome haplogroups, which
cannot be explained by old Clovis paradigms
(Tamm et al., 2007; Fagundes et al., 2008a,b). In
this regard, and although the exact pre-Clovis tim-
ing of migration remains controversial (for re-
views see Schurr, 2004), geneticists seem to concur
that a population expansion with its roots in Ber-
ingia occurred by the end of the LGM, followed by
a rapid settlement of the continent along a Pacific
coastal route (Bonatto and Salzano, 1997; Tamm et
al,, 2007, Wang et al., 2007; Fagundes et al.,
2008a,b).

Research on craniofacial variation among ear-
ly American populations also suggests an early
date for the peopling of the New World (Powell
and Neves, 1999; Pucciarelli et al., 2003; Neves et
al., 2003; Neves and Hubbe, 2005, Hubbe et al.,
2011). Contrary to interpretations based on molec-
ular markers, these studies have proposed that the
New World was initially occupied by two biologi-
cally and chronologically distinct human groups.
Advocates of this two-wave model argue that the
ancestors of a morphologically generalized (or non
-specialized Mongoloid) “Paleoamerican” popula-
tion first migrated to the New World and were
later replaced by the ancestors of the
“ Amerindians,” who carried the highly derived
Northeast Asian (or Mongoloid-Sinodont) pheno-
type. Lahr (1995) considers that the high level of
diversity observed among Native Americans, in-
cluding both Paleoamericans and Amerindians,
can be explained by a single, albeit not necessarily
earlier, migration of non-specialized Mongoloids
that entered the Americas before many Mongoloid
-Sinodont traits spread throughout Northeast
Asia. More recently, Gonzalez-José et al.’s (2008)
analysis of modern human cranial variation also
suggests a single origin for all Native Americans.
Contrary to Lahr (1995), however, they propose a
pre-Clovis occupation of the New World and em-
phasize the critical role that Beringia played in
shaping the Native American pattern of variation.

Although considerable advances have been
made since the publication of Greenberg et al.’s

(1986) model, our understanding of the real extent
of dental morphological variation across the
Americas remains elusive. Turner’s pioneering
research on dental morphology demonstrated the
usefulness of non-metric traits for assessing hu-
man biological relationships and reconstructing
human population history (Turner, 1984, 1986,
1987, 1990, 1993; Scott and Turner, 1997). Based on
his work, however, Native Americans have been
regarded as a rather biologically and phenotypi-
cally homogeneous human group, sharing a strict
Sinodont dental pattern (but see Haydenblit,
1996). Nevertheless, the apparent homogeneity of
Native American populations, and their close as-
sociation with modern Northeast Asians, may be
attributed to the fact that our characterization of
Native American dental morphology has largely
been based on North America (Dahlberg, 1951,
1963; Moorrees, 1957; Sofaer et al., 1972; Turner,
1983, 1990, 1993; Scott et al., 1983). In fact, relative-
ly little work has concentrated on Central (Baume
and Crawford, 1978; Haydenblit, 1996) and South
(Goaz and Miller, 1966; Kieser and Preston, 1981;
Turner and Bird, 1981; Sutter and Verano, 2007)
America. Furthermore, research in Central and
South America has generally focused on a limited
number of dental traits in only a few populations.
Thus, attempts to assess biological affinities be-
tween South Americans and other world popula-
tions have been relatively rare (e.g., Turner and
Bird, 1981; Turner, 1984, 1986; Sutter, 2005; Hani-
hara, 2008).

To partially reconcile interpretations derived
from dental morphology with those based on rela-
tively recent craniofacial and genetic data, the pre-
sent study reanalyzes dental affinities in the New
World, with special attention to South American
populations. Two hypotheses are tested. Hypothe-
sis 1: if South Americans are dentally homogene-
ous, no significant differences among groups are
predicted. Hypothesis 2: if all Native Americans
have a relatively recent Northeast Asian origin, a
shared Sinodont dental pattern across all samples
is predicted. The specific goals of this study are to:
(1) describe South American dental morphology;
(2) determine biological affinities among South
American populations; and (3) compare their mor-
phology with published data from major world
populations showing either the Sinodont or Sun-
dadont dental pattern. Ultimately, I analyze dental
morphological data to enhance our understanding
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TABLE 1. South American samples used in this study

Sample name Code n Time period
Peru - Southern Highlands PSH 61 pre- or proto-Hispanic
from pre-Ceramic Period to Initial Period-

P - h PN . .

eru - Northern Coast ¢ 37 Cupisnique times (ca. 3500-200 B.C.)

. from Late Intermediate Period to early Spanish post-
Peru - Amazonian Andes PAA 62 Contact times (ca. 800 - 1532 A.D.)
. from pre-Ceramic Period to early Spanish post-

hil HI 41 .
Chile ¢ contact times (ca. 3500 B.C.-1532 A.D.)
Venezuela VEN 32 pre- or proto-Hispanic
Bolivia BOL 107 Late Intermediate Period (ca. 1000-1400 A.D.)
TOTAL 340

n = number of individuals examined

of South American origins and the initial peopling
of the New World.

MATERIALS AND METHODS

Study Sample

This study examined the permanent dentitions
of 340 individuals from six pre- or proto-Hispanic
South American populations. The geographic
origin and number of individuals in each sample
are presented in Table 1. Figure 1 illustrates the
geographical range for each sample. Except for the
Peru-Amazonian Andes sample, which is curated
at the Instituto Nacional de Cultura (Chachapoyas,
Peru), all data were collected on skeletal remains
housed at the American Museum of Natural His-
tory (New York, USA). In some cases, small collec-
tions were pooled to increase the sample size of
specific regional populations. Further details of
sample composition are provided below.

Peru - Southern Highlands (PSH). This sample
includes individuals from Apurimac (n = 53) and
Puno (n = 8). Both sites are located in the southern
highlands of Peru. All specimens belong to the
von Luschan collection. The time period during

which these populations lived is not mentioned on
museum records. However, some specimens pre-
sent intentional cranial deformation and/or crani-
al trephination, suggesting that these populations
lived during pre-Hispanic times or had limited
Spanish influence.!

Peru - Northern Coast (PNC). A total of 37 pre-
Hispanic individuals recovered by Junius Bird
(1985) during his expedition to the Chicama, Vira
and Moche valleys in the northern coast of Peru
make up this sample. The majority of specimens (n
= 32) came from the Huaca Prieta archaeological
site and belong either to the pre-Ceramic Period
(ca. 3500-1300 B.C.) or the Initial Period-
Cupisnique times (ca. 1300-200 B.C.). No specific
cultural affiliation has been attributed to the re-
maining five individuals.

Peru - Amazonian Andes (PAA). This sample con-
sists of 62 individuals from the Chachapoya cul-
ture, which occupied the territory between the
northeastern flank of the Andean Cordillera and

the northwestern portion of the Amazonian forest.
All individuals were recovered from primary or
secondary burials at the archaeological complex of

1 Artificial cranial deformation and cranial trephination were regular practices in pre-Hispanic South America (Imbelloni, 1925;
Munizaga, 1987). Although these cultural practices have been forbidden since 1585, due to the Spanish influence over the Andean
region (Hoshower et al., 1995), a few cases have been reported in relatively isolated post-contact indigenous groups (Bandelier,

1904; Weiss, 1961; Tommaseo and Drusini, 1984).
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(Schjellerup, 1997).

Chile (CHI). This sample consists of 41 individuals

from north-central Chile. The majority of the spec-

imens analyzed (n = 24) was recovered by Bird
during his expedition to Chile (Bird, 2006). The
remaining 17 individuals belong to different mu-
seum collections. All specimens date between the
pre-Ceramic Period (ca. 3500-1300 B.C.) and early
Spanish post-contact times (ca. 1532 A.D.).

Venezuela (VEN). This sample consists of 32 indi-

viduals. Most (n = 26) are from La Mata, an artifi-

cial mound situated on the shores of Lake Valencia
in the Maracay region (Bennett, 1937). The La Ma-

ta site was excavated by archaeologist Wendell

Bennett during his 1932 expedition, where several
pre-Hispanic burials with no specific cultural affil-
iation were recovered. The remaining six individu-
als came from Maracaibo and belong to the von
Luschan collection.

Bolivia (BOL). The Bolivian Altiplano is repre-
sented by a sample of 107 individuals. They are
dated to the Late Intermediate Period, which ex-
tends from approximately 1000 to 1400 A.D.
(Bandelier, 1910). All specimens were recovered
by Adolph Bandelier during his expedition to
South America from1894 to 1898.

Scoring Procedures and Statistical Analysis

Dental morphological affinities among sam-
ples were assessed using the Arizona State Univer-
sity Dental Anthropology System - ASUDAS
(Turner et al., 1991). To avoid misleading results
attributed to European admixture, only presumed
pre- or proto- Hispanic individuals were included
and analyzed. Although data were collected on
the complete set of ASUDAS crown and root traits,
only 21 tooth-trait combinations were used in this
study. These combinations focus on the key tooth
sensu Dahlberg (1945), as well as traits whose sam-
ple sizes consist of at least three individuals in
each group. Furthermore, features that were con-
sistently absent across samples (e.g., UC Bushman
canine) were removed from analysis. According to
Irish (2010), dropping traits that are nondiscrimi-
natory across samples is the standard procedure,
as their inclusion does not effectively contribute to
group differentiation. Teeth with occlusal wear or
post mortem damage were analyzed to the extent

Fig. 1. Map of South America showing the geo-
graphical range of the six pre- or proto-Hispanic
Andean populations used in this study.

that the trait observed was not obscured. Previous
investigations demonstrated the lack of sexual di-
morphism of non-metric dental traits (Turner,
1984; Hanihara, 1992; Irish, 1993, 1997; Scott and
Turner, 1997), and thus males and females were
combined in this study.

Trait frequencies were estimated using the
individual count method of Turner and Scott
(1977). This method suggests that the antimere
exhibiting the strongest degree of trait expression
is used in the analysis, as it is a more accurate indi-
cator of the individual’s genotype (Turner and
Scott, 1977; Scott and Turner, 1997). Following
Sjevold (1977), trait expression was dichotomized
into categories of presence or absence to facilitate
multivariate statistical analysis. All traits were di-
chotomized at the standard breakpoints according
to the ASUDAS (see Table 2). Levels of differentia-
tion among samples were calculated using Smith’s
Mean Measure of Divergence (MMD) multivariate
statistic. This method provides a quantitative esti-
mate of biological divergence between two given
samples based on the degree of similarity across
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the entire suite of traits (Berry and Berry, 1967;
Sjgvold, 1977; Harris and Sjevold, 2004; Irish,
2010). Thus, a smaller value indicates greater affin-
ity between comparative groups. Divergence be-
tween two samples was considered significant at p
<0.025, when the MMD value is greater than twice
its standard deviation (Sjevold, 1977). Small sam-
ple sizes were corrected using the Freeman and
Tukey angular transformation. However, because
of the correction factor, this transformation may
yield negative MMD values (Berry and Berry,
1967; Sjevold, 1977; Harris and Sjevold, 2004).
These negative values are statistical artifacts and
indicate no meaningful divergence between two
samples. Thus, the standard procedure is to set
them at zero (Harris and Sjevold, 2004; Irish,
2010).

Finally, to place the six South American sam-
ples examined in a global context, trait frequencies
were compared to other populations exhibiting
either the Sinodont or Sundadont dental pattern
(sensu Turner, 1987, 1990). These included samples
from North and Southeast Asia (Turner, 1984,
1987, 1990), North America (Turner, 1984, 1986),
and Mesoamerica-Mexico (Haydenblit, 1996). All
comparative data were scored using the ASUDAS.
Special attention was initially given to the eight
diagnostic traits of the Sinodont-Sundadont divi-
sion proposed by Turner (1987, 1990): UI1 shovel-
ing, UI1 double shoveling, UP3 root number, UM1
enamel extension, UM3 peg/reduced/congenital
absence, LM1 deflecting wrinkle, LM1 root num-
ber and LM2 cusp number. However, the lack of
radiographic analysis precluded accurate observa-
tions of “present, but unerupted UM3s”, so this
feature was not included. Trait selection for the
inter-regional MMD analysis was based on the
availability of published data with similar dichoto-
mized breakpoints.

Intra-observer Error

Intra-observer concordance for the 21 den-
tal traits was assessed by rescoring 30 (five per
sample) of the 340 individuals originally exam-
ined. Scoring sessions were separated by five
months. This analysis was performed by AO ac-
cording to Nichol and Turner’s (1986) recommen-
dations. The percentage of disagreements (of any
magnitude) between the two scoring sessions was
4.6%. The percentage of disagreements of two or
more grades between the first and second sessions

was 0.3%. Finally, the percentage of cases where
traits after dichotomization would have been
scored as “present” in one session and “absent” in
the other was 1.9%. All these values are similar to
those reported by Nichol and Tuner (1986).

RESULTS

Trait frequencies of early South Americans: Do
they all follow the Sinodont pattern?

Frequency comparisons of 21 discrete dental
traits in six South American populations are sum-
marized in Table 2. Examples of these traits in
South American upper dentitions are provided in
Figure 2. All samples are characterized by relative-
ly high frequencies of UM1 enamel extension,
LM1 deflecting wrinkle and LM1 cusp 6 (except
for PSH), as well as low frequencies of UP3-UP4
odontome, UM1 cusp 5 and LM2 Y-groove pat-
tern. They also show low to intermediate frequen-
cies of LM1 cusp 7. Frequencies of occurrence of
these traits fall within the range of variation of
Sinodont populations (Turner, 1987, 1990; Scott
and Turner, 1997). Furthermore, in accordance
with the Sinodont dental pattern, South Ameri-
cans exhibit high frequencies of UIl shoveling,
with the exception of PSH and BOL, whose inter-
mediate frequencies of UI1 shoveling more closely
approximate those of Jomonese and Ainu popula-
tions (Turner, 1987, 1990). While the incidence of
UIl double-shoveling is also high in the PNC,
PAA and CHI samples, PSH, BOL and VEN have
more Sundadont-like frequencies of occurrence of
this trait. Moreover, except for BOL, all samples
show high frequencies of four-cusped LM2 (or
hypoconulid absence). The absence of the hy-
poconulid on LM2 is more common in Sundadont
than in Sinodont populations (Turner, 1990). In
general, there is a broad range of overlap between
Sinodonts and Sundadonts regarding the inci-
dence of multi-rooted UP3. The PSH, PNC and
BOL samples exhibit intermediate frequencies of
this feature, falling within this range of overlap. In
contrast, multi-rooted UP3 does not frequently
occur in CHI and VEN, and thus they more closely
align with Sinodonts.

Except for BOL, all samples show intermediate
to high frequencies of UM1 Carabelli’s trait. This is
surprising not only because trait presence was lim-
ited to grades 3-7 (as opposed to Turner’s [1987]
dichotomizing breakpoint of grades 2-7), but also
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because similar levels of occurrence have been
associated with European and African populations
(Scott and Turner, 1997). Moreover, frequencies of
LM1 protostylid are remarkably low in all South
American groups examined. However, this can be
attributed to the fact that, to avoid misleading as-
sessments due to the presence of pit-like caries on
the buccal groove, I did not include the ASUDAS
grade 1 as part of the protostylid complex. Alt-
hough Turner (1971) found the high incidence of
three-rooted LM1 to be a distinctive Sinodont fea-
ture, this trait was invariably absent in all samples
studied. These latter results, however, could be
biased given that only loose molars or root sockets
lacking teeth were recorded (i.e., no radiographic
analysis was conducted).

Mean measure of divergence intra-regional
analysis

Pair-wise comparisons for the six South Amer-
ican samples using the MMD statistical program
are presented in Table 3. MMD values range from

E

0 to 0.229, with a mean of 0.054. In general, there
are significant dental affinities among most of the
samples examined, especially in PNC, CHI and
VEN. The intra-regional analysis also suggests
that, within the South American region, the most
divergent group is PSH (and BOL in a lesser de-
gree). The highest dental phenetic divergence was
found between PNC vs. BOL (MMD = 0.229). In-
terestingly, PNC vs. PSH and PNC vs. PAA pair-
wise comparisons also show significantly high
MMD values (MMD = 0.18 and 0.089, respective-
ly). This was not expected since these three popu-
lations (i.e., PSH, PNC and PAA) came from the
same country. They were geographically closest to
each other relative to the VEN, BOL and CHI sam-
ples.

Mean measure of divergence inter-regional
analysis

The present study also used the MMD to de-
termine the degree of biological relatedness of ear-
ly South Americans with several world popula-

Fig. 2. Examples of morphological traits present in South American upper dentitions. (a) UI2 interrup-
tion groove (indicated by a white arrow); (b) UI1-UI2 shoveling, UI1-UC tuberculum dentale and UM1
Carabelli’s trait (indicated by a white arrow); (c) two-rooted UP3; (d) tooth socket indicating the pres-
ence of a two-rooted UP3 (tooth itself is not seen); (e) UIl winging; (f) UI1 shoveling; (g) UM1 Carabel-

li’s trait. Left side depicted for figures (a-d) and (g).
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TABLE 3. Mean Measure of Divergence (MMD) for six South American samples based on 20 dental traits’

PSH PNC PAA CHI VEN BOL
PSH -

PNC 0.177° -

PAA 0.021 0.089 -

CHI 0.080 0.000 0.012 -

VEN 0.000 0.035 0.000 0.000 -

BOL 0.100 0.229 0.055 0.000 0.013 -

* Underlined MMD values are significant at p<0.025

t Root number UP3 not included in MMD analysis as data were not available for PAA (see Table 2)

tions exhibiting either the Sinodont or Sundadont
dental pattern. The dental traits and breakpoints
are summarized in Table 4. The distance matrix
based on MMD values is presented in Table 5. Ex-
amination of Table 5, and its comparison with data
from Table 3, indicates that trait choice does, in
some cases, influence suggested affinities between
groups derived from the MMD analysis. Based on
the 12 dental traits listed in Table 4, the highest
divergence within South American populations is
between PSH vs. CHI (MMD = 0.190; the former
MMD value based on 20 dental features was
0.080). Likewise, phenetic affinities between PNC
vs. PAA, PNC vs. BOL and PAA vs. CHI have be-
come either significantly higher or lower relative
to those based on the 20-trait MMD analysis. On
the other hand, PNC, CHI and VEN remain den-

TABLE 4. Dental traits used in the inter-regional analysis

tally closest regardless of the number of traits used
for testing relationships among groups.
Comparisons among other world populations
reveal that PNC, CHI and VEN exhibit the closest
affinities with Northern China. Paradoxically, the
PAA sample shows significantly low MMD values
with both Northern China and Southeast Asia
(MMD = 0.084 and 0.089, respectively). Likewise,
although the MMD inter-regional analysis indi-
cates that BOL is dentally closest to Northeast Si-
beria (MMD = 0.037), it also appears to be dentally
similar to Southeast Asia (MMD = 0.063) and, to as
lesser extent, to Northern China (MMD = 0.075).
All these values are, however, statistically non-
significant. Interestingly, PSH is the only of the six
South American groups examined in this study
that clearly shows the closest relationship with
Southeast Asians (MMD = 0.094). Ta-
ble 5 shows that, except for PSH, the

highest divergence between South

Trait

Expression dichotomy

Shoveling UI1

Double Shoveling UI1
Odontome UP3-UP4
Hypocone UM2

Cusp 5 UM1
Carabelli's trait UM1
Enamel extension UM1
Groove pattern LM2
Cusp number LM1
Cusp number LM2
Deflecting wrinkle LM1
Cusp 7 LM1

ASU 0-6 / (+) = ASU 2-6
ASU 0-6 / (+) = ASU 2-6
ASU0-1/(+)=ASU 1
ASU 0-5 / (+) = ASU 2-5
ASU 0-5/ (+) = ASU 1-5
ASU 0-7 / (+) = ASU 2-7
ASU 0-3 / (+) = ASU 2-3
ASUY, X, +/(#)=ASUY
ASU 0-6/ (+) = ASU 6
ASU 0-6 / (+) = ASU 4
ASU 0-3 / (+) = ASU 1-3
ASU 0-4 / (+) = ASU 1-4

Americans and the other six world
populations included in the MMD
analysis is with pre-Hispanic Mexico.
The degree of discordance of pre-
Hispanic Mexico and South America
is particularly high in the case of CHI,
VEN and BOL.

This high degree of divergence is
greater than would be expected if
they share a recent common ancestor.
However, it should be noted that rela-
tively similar MMD values were ob-
served for pairwise comparisons be-
tween Mexico and the other world
populations. Thus, the unusual de-
gree of divergence found between the
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South American and Mesoamerican samples may
be an artifact of inter-observer error.

DISCUSSION AND CONCLUSIONS

This study characterized early South Ameri-
can dental morphology through the analysis of six
pre- or proto-Hispanic Andean groups. Interest-
ingly, although the importance of discrete dental
traits for reconstructing human population history
is widely acknowledged, a comprehensive study
of dental variation in a broad geographical distri-
bution of South American populations has not yet
been undertaken. Most investigations have fo-
cused on North America, while research on South
America has been scarce and narrow in scope
(Goaz and Miller, 1966; Kieser and Preston, 1981;
Turner and Bird, 1981; Sutter, 2005; Sutter and
Verano, 2007). An accurate reconstruction of early
human dispersal to the New World relies on the
analysis of archaeological samples without pre-
sumed European admixture. This, however, is not
an easy task, as the study of archaeological materi-
al usually precludes the incorporation of big sam-
ple sizes. Bad preservation, post mortem damage
and excessive dental wear are additional problems
faced by dental anthropologists interested in pop-
ulation history reconstructions. Although with
these caveats in mind, this study represents an
initial step towards the better understanding of
the origins and biological affinities of early South
Americans.

Examination of the pair-wise comparisons of
the South American samples used in this study
indicated a mean MMD of 0.054. This value is re-
markably similar to that found by Turner (1984)
for Native North American populations (mean
MMD = 0.051). Turner (1986) argued that dental
morphological variation should be greater where
human groups have lived the longest period of
time. Although bigger sample sizes are needed in
order to draw stronger conclusions, the similar
levels of variation found within both North and
South America would suggest a rapid occupation
of the continent by the first American inhabitants.
The PNC, CHI and VEN samples appear to be
dentally similar, with trait frequencies closely re-
sembling those of major Sinodont populations.
The inter-regional analysis indicates that these
three samples show greatest affinities with North-
ern China. On the other hand, PSH is the most di-

vergent of the South American groups examined.
Interestingly, trait frequencies of this group more
closely approximate those of Sundadont popula-
tions from Southeast Asia. Frequencies of occur-
rence of the majority of BOL and PAA dental traits
occupy an intermediate position within the range
of overlap of the Sinodonty-Sundadonty dichoto-
my. In this context, although some dental homoge-
neity was found among PNC, CHI and VEN, the
ambiguous position of BOL and PAA does not
provide enough evidence to support or reject hy-
pothesis 1. However, the results of this investiga-
tion would falsify hypothesis 2, as South Ameri-
can populations do not necessarily follow the
Sinodont dental pattern suggested by Turner
(1986) and Greenberg et al. (1986) for all Native
Americans and modern Northeast Asians. Alt-
hough reported data were not big enough to di-
rectly contribute to the one-wave vs. multi-wave
model conundrum, the results of this study are
consistent with those derived from analyses of
craniofacial variation among different world hu-
man populations (Lahr, 1995; Gonzalez-José et al.,
2008; Hubbe et al., 2011). These studies suggested
that the appearance of the derived features present
in modern Northeast Asians was a relatively re-
cent event (ca. 7000 B.P.) and that the first mi-
grants would have brought with them to the New
World a more generalized and heterogeneous set
of craniofacial and dental features (contra Turner,
1986, 1990; Greenberg et al., 1986). The fact that
Native Americans do not necessarily follow a
strict Sinodont dental pattern was also found by
Haydenblit’s (1996) analysis of four pre-Hispanic
Mexican populations.

Finally, the greatest similarity of PNC, CHI
and VEN dentitions compared to the other South
American groups was somewhat unexpected giv-
en the relatively ample geographic distances exist-
ing among these populations. Interestingly, all
three (i.e., PNC, CHI and VEN) are derived from
lowland and/or coastal regions. Furthermore, it
was surprising to find that some of the highest
degrees of dental divergence are between Peruvi-
an-derived populations (PNC vs. PSH and PNCvs.
PAA; see Table 3). As noted, the most variable
populations (those whose trait frequencies cannot
always be accommodated under the Sinodont pat-
tern) are PSH, PAA and BOL. In contrast to PNC,
CHI and VEN, the PSH, PAA and BOL samples
are from very high altitude regions between ca.
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3,000 and 3,800 meters above the sea level). This
suggests that, regardless of geographic distance,
the observed pattern of dental variation may be
the result of different rates of gene flow and genet-
ic drift operating in the lowlands and highlands.
Thus, while lowland and coastal regions would
have favored high rates of gene flow among popu-
lations living in those areas, genetic drift would
have played an important role in shaping the pat-
tern of diversity present in highland populations.
The debate of the initial peopling of the New
World is far from being resolved, and many ques-
tions remain to be answered. Nevertheless, this
study demonstrated that neither the Clovis-first
nor the three-wave models for the settlement of
the Americas by a highly specialized Sinodont-
Mongoloid human group is sufficient to encom-
pass the pattern of dental morphological diversity
present across the continent. To move forward
past hypotheses need to be reevaluated through
systematic and interdisciplinary studies. This
study showed that dental morphology is a key
area of research towards the accomplishment of
these goals.
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