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ABSTRACT Dental anthropology played a
seminal role in early studies of the peopling of the
New World, and was a foundation of the early
three wave model proposed by Greenberg, Turner
and Zegura. In recent years, however, develop-
ments in anthropological genetics, craniometry,
and archaeological discoveries have largely omit-
ted dental anthropology from debates regarding
Native American origins. Here we consider this
situation and reassert dental anthropology’s rele-
vance to the topic by presenting an inter-
individual analysis of Paleoindian and Paleoamer-
ican dentitions. A small set of dental morphologi-
cal variables was used to estimate Gower similari-
ty coefficients between individual specimens. The
resulting similarity matrix was ordinated using

Dental morphology played a key role in the
development of the tripartite model of New World
population origins (Greenberg et al., 1985, 1986;
Turner, 1971, 1983, 1984, 1985a, b, 1986). While this
model still provides a viable explanation for the
settlement of the Western Hemisphere (Estrada-
Mena et al., 2010; Reich et al., 2012), recent advanc-
es in anthropological genetic sampling protocols,
amplification techniques, and analytical approach-
es have provided more nuanced understandings
of New World population structure. These include
models that propose a single origin from an Asian
source population isolated in Beringia prior to col-
onization of the Americas (Estrada-Mena et al.,
2010; Fagundes et al., 2008; Kitchen et al., 2008;
Mulligan et al., 2008; Schroeder et al., 2007, 2009;
Tamm et al., 2007; Wang et al., 2007), dual origin
models (Gilbert et al.,, 2008; Rasmussen et al.,
2010), and more complex scenarios involving one
or more migrations from a heterogeneous source
population - possibly via different migration
routes - followed by bidirectional gene flow be-
tween Asia and the Americas that lasted several
thousand years (Gonzalez-José and Bortolini, 2011;

multidimensional scaling; all analyses were per-
formed in Clustan v. 7.05. While results should be
considered preliminary, patterns of variation sug-
gest morphological similarity along both coasts of
North and South America with a somewhat dis-
tinct grouping of North American Paleoindians
deriving from more inland portions of the conti-
nent. This pattern is consistent with recent genetic
scenarios, notably the bicoastal model presented
by O’Rourke and Raff (2010), which indicates that
Paleoindians may have taken multiple migration
routes from Beringia, moving along both coasts as
well as through the ice free corridor. Future stud-
ies may build on this work to reintegrate dental
data and analysis into research concerning the
peopling of the New World.

Kumar et al., 2011; Mazieres, 2011; O'Rourke and
Raff, 2010; Perego et al., 2009, 2010; Ray et al.,
2010; Rubicz et al., 2010; Tamm et al., 2007). In ad-
dition, recent archaeological discoveries have
largely supplanted the “Clovis First” model which
dominated Paleoindian research for several dec-
ades (e.g., Adovasio and Pedler, 2004; Dillehay,
1997; Goebel et al., 2008; Waters et al., 2011) and
which coincided strongly with the predictions of
the tripartite model. Discoveries of Early Holocene
skeletal material from South America, combined
with advances in phenotypic data analysis better
grounded in evolutionary processes, have also
generated new views on the peopling of the Amer-
icas (e.g., de Azevedo et al., 2011; Gonzalez et al,,
2010; Gonzalez-José and Bortolini, 2011; Gonzélez-
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José et al., 2001, 2008; Mena L. et al., 2003; Neves et
al., 2004, 2005; Perez et al., 2007, 2009; Pucciarelli
et al., 2003, 2006, 2008, 2010).

Despite the historical importance of dental an-
thropology in the First Americans debate, recent
synthetic surveys of the literature (e.g., Dillehay,
2009; Fiedel, 2004; Goebel et al., 2008, Gonzéalez-
José and Bortolini, 2011; Maziéres, 2011; O’Rourke,
2011; O’'Rourke and Raff, 2010; Pitblado, 2011) in-
dicate that dentition has lost its relevance in these
discussions. In fact, the most recent literature re-
view fails to include a single citation for papers
using dental morphology as a basis for inferring
New World population history (Pitblado, 2011).
There are many reasons why this may be. Howev-
er, one inescapable fact is that genetic, archaeolog-
ical, and craniometric specialists have adopted
new research approaches and methods over the
last decade, including more sophisticated types of
data capture and analysis, which increase the
specificity and nuance of their interpretations. This
is evidenced by the incorporation of inferential
analyses that access more complex evolutionary
models in the analysis of phenotypic size and
shape. Dental anthropology on the other hand has
largely maintained a focus on population-based
frequency analyses and, in particular, the sino-
dont/sundadont dichotomy (see Turner, 1990).

Our purpose here is not to engage existing de-
bates about the utility of the sinodont/sundadont
model or the relationship between specific
Paleoindian or Paleoamerican specimens and the
morphological complex associated with sinodonty
or sundadonty (e.g., Chatters, 2000; Haydenblit,
1996, Lahr and Haydenblit, 1995; Powell, 1993,
1995, 2005; Sutter, 1997, 2005; Turner, 2002). Here,
we adopt a more paleontological focus that recog-
nizes the relative dearth of existing Early Holo-
cene material from North and South America and
the singleton status of much of the North America
Paleoindian record. Our primary goal in this paper
is to move the field forward by demonstrating that
fragmentary specimens and small data sets can be
used to consider hypotheses about the temporal
and spatial structure of New World phenotypic
variation using a research approach distinct from
frequency-based assessments. We make no claims
that one approach is necessarily better than the
other. We only demonstrate the potential of differ-
ent approaches for complementing one another

and engaging new models of interpretation that
add nuance to the literature.

MATERIALS AND METHODS

Using existing morphological data, our purpose
in this paper is to determine whether Early Holo-
cene (Paleoindian and Paleoamerican) inter-
individual dental morphological variation is geo-
graphically structured. That is, we consider
whether inter-individual patterns of affinity repro-
duce geographic spatial structure, and if so,
whether dental variation corresponds with recent
hypothesized migration scenarios into the New
World, such as the bi-coastal model proposed by
O'Rourke and Raff (2010), which accommodates
multiple, possibly contemporaneous migration
routes from Beringia through the ice-free corridor
and along both coasts. We mined published raw
dental morphological data from confirmed
Paleoindian and Paleoamerican dentitions (see
Chatters, 2000; Jenks, 1937, Owsley et al., 2010;
Potter et al., 2011; Powell and Rose, 1999; Turner,
1992; Young, 1988) and verified the Early Holo-
cene age of these specimens (> 7500bp). These
data are summarized in Table 1. Raw trait scores
were used to generate inter-individual similarity
statistics using Clustan v. 7.05 (Wishart, 2004).
Gower coefficients were used because they allow
for missing data (obviating data imputation) and
mixed scale data types (ordinal and binary). Simi-
larities were ordinated and visualized using multi-
dimensional scaling in two dimensions set at 500
runs and iterations. Variables were removed from
the final analysis based on frequency of observa-
tion (variables that were too sparse were removed)
and if the variable demonstrated insufficient trait
score variability among individuals. Those varia-
bles that demonstrated no inter-individual varia-
tion or were autapomorphic were removed from
the raw dataset prior to the calculation of similari-
ties. In addition, traits that were clearly redundant
(for example, Carabelli’s scores for maxillary M1s
and M2s) were reduced, where the trait that was
kept was largely decided based upon data density
rather than notions of key tooth representation.
Individual Paleoindian or Paleoamerican denti-
tions were omitted if they preserved too few rec-
orded scores, although we note the rarity of North
American specimens required more consideration
of trait exclusion to maximize the coverage of the
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TABLE 1., cont’d

8030 +/-130

>8000
7805 +/-85 — 7580 +/-50

7800 +/-60 — 6800 +/-40

7740 +/-85

a References for early American skeletal remains are listed in Stojanowski et al. (2013).

7866 +/-75
b Associated with stratum thought to date to the Late Pleistocene (Young 1988).

¢ The small quantity of calcined bone fragments is suggestive of a single individual (Mason and Irwin 1960).

d Date is from the level underlying the skeletal remains.

Sumidouro Cave, Lagoa Santa, Brazil
Monte Hermoso 1-2, Argentina
Arroyo Seco, Argentina

Checua, Colombia
Santo Domingo Tomb 2, Peru

Tres Ventanas Tomb 1, Peru

Fig. 1. Map of North and South American show-
ing the location of Paleoindian and Paleoamerican
specimens used in this analysis: 1. Arch Lake; 2.
Gordon Creek; 3. Horn Shelter No. 2; 4.
Kennewick; 5. Pelican Rapids; 6. Tehuacan (Tc50-
2); 7. Warm Mineral Springs; 8. Cuchipuy; 9. La-
goa Santa.

2
||
1 — —
n
o~
c
e
s ° |
> n
£ ;
1L - _
-2 | | |
-1.0 -0.5 0.0 0.5 1.0

Dimension 1

Fig. 2. Multidimensional scaling of Gower similar-
ity coefficients calculated from eight dental mor-
phological traits for confirmed North American
Paleoindians. Icons represent geographic divi-
sions: circle = western North America
(Kennewick), square = central North America,
diamond = eastern North America (Warm Mineral
Springs).
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Fig. 3. Multidimensional scaling of Gower similarity
coefficients calculated from six maxillary dental
morphological traits for confirmed North and South
American Paleoindians and Paleoamericans. Icons
represent geographic divisions: circle = Mexico, dia-
mond = eastern North America, square = central
North America, upward triangle = eastern South
America, downward triangle = western South
America.

continent so that assessments of geographic structure
were possible.

RESULTS

Because the majority of South American dentitions
lacked paired maxillae and mandibles we first con-
sider patterns of inter-individual variation among
North American Paleoindian specimens. Despite the
number of possible Paleoindian specimens (see Table
1) we were only able to include data from six individ-
uals: Pelican Rapids, Gordon Creek, Warm Mineral
Springs, Arch Lake, Horn Shelter 2, and Kennewick.
These six dentitions range from Washington to Flori-
da with most samples deriving from the middle of
the continent (Figure 1). Based on data preservation,
we included eight dental morphological traits in the
calculation of Gower similarity coefficients (UIl
shoveling, UM1 hypocone, UM1 Carabelli, UM1
enamel extension, UP1 root number, UM2 root num-
ber, LM2 cusp number, and LM2 root number). Re-
sults of the multidimensional scaling are presented in
Figure 2. There is some evidence for geographic pat-

terning. For example, the four central North
American samples (non-coastal) form a weak
cluster in the upper right quadrant while both
coastal samples plot in the negative half of both
axes. This could be consistent with a single pop-
ulation bifurcating and migrating quickly down
the Atlantic and Pacific coasts of North America
with a distinct population colonizing the middle
of the continent.

Inclusion of South American Paleoamerican
dentitions required using only six maxillary
traits (UI1 shoveling, UM1 hypocone, UM1 Car-
abelli, UM1 enamel extension, UP1 root number,
and UM2 root number). The sample included
the same Paleoindian specimens as above (with
the exception of Kennewick which had to be
excluded), a single individual from Mexico
(Tehuacan Tc50-2), two individuals from west-
ern South America (Cuchipuy), and seven indi-
viduals from eastern South America (Lagoa San-
ta). Results are presented in Figure 3. Although
the clustering tendency was more abstract there
does appear to be some geographic patterning
evident in this figure. For example, the denti-
tions from western South America, eastern
South America, Mexico, and eastern North
America dominate the positive half of the di-
mension two axis, while dentitions from non-
coastal North American Paleoindians dominate
the negative half of the dimension two axis. An-
other way to consider this is that coastal samples
from both North and South America cluster in
the positive half of the dimension two axis while
interior samples (all from North America) plot
in the negative half of the dimension two axis.
Remarkably, the overall pattern of variation
does not change with the addition of South
American data. These analyses, therefore, may
reflect a possible bi-coastal migration of Early
Holocene populations along both the Pacific and
Atlantic coasts of North and South America with
a somewhat distinct population inhabiting the
interior of North America (perhaps involving
the ice-free corridor), consistent with O’Rourke
and Raff’s (2010) model.

CONCLUSION

Recent advances in archaeology, anthropologi-
cal genetics, and human craniometry have en-
hanced our understanding of New World popu-
lation origins and migration dynamics within
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the Western Hemisphere. For a variety of reasons,
dentition has figured less prominently in recent
First American debates to the point that the most
recent literature review of this expansive literature
ignores dentition entirely (Pitblado, 2011). This is
unfortunate. Here we have tried to demonstrate
that a specimen-specific approach to Paleoindian
and Paleoamerican dental morphology may have
some merit. In particular, using a small series of
dentitions and morphological traits our results
suggest a similar dental phenotype among coastal
populations of the Early Holocene New World
with a somewhat distinct morphology among cen-
tral, non-coastal North American dentitions. Here,
we have emphasized population structure and
evolution as the primary explanatory mechanism;
however, differential selection pressures related to
distinct coastal/inland diets should also be consid-
ered. In closing, we want to stress how prelimi-
nary these results are. As indicated in Table 1
there is now an abundance of Paleoindian and
Early Archaic period sites and specimens in the
Americas and our analyses utilize only a small
number of traits for a small number of individuals.
Nevertheless, we hope our results show enough
promise to justify a more comprehensive survey of
dental morphology in these specimens, including
the wuse of recent developments in three-
dimensional data capture and incorporation of
evolutionary developmental principles in the as-
sessment of evolutionary signatures of human
dentition.
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