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Abstract

The mitochondrial DNA (mtDNA) is perhaps the most widely studied genetic marker in human populations.
Due to its fast mutation rate and lack of recombination, it provides a straightforward way of identifying
different genetic lineages and their associated geographic distributions. In the case of Native Americans,
the five founding lineages originally identified based on the sequence of mtDNA ‘control region’ — a short
and hyper variable segment of less than 1,000 base pairs — have been recently expanded into more than
ten lineages thanks to the increased resolution provided by complete mtDNA genome sequencing. ‘Pan-
American’ lineages, that is, those occurring all over the Americas, seem to have undergone a strong and fast
expansion, possibly around 15 thousand years ago (kya), which is usually associated with a fast migration
southwards following the Pacific coast. Nonetheless, there is a general lack of strong genetic structure
between North and South America, which is illustrated by the fact that most founding lineages entering the
Americas through Beringia eventually reached South America. In this sense, mtDNA studies tend to make
inferences on migration routes based on haplotype frequency in different geographic regions. However,
inferring such a process from mtDNA alone is problematic. Sampling issues aside, because all mtDNA genome
is non-recombining, it gives us a single genealogy, which in turn tells us a single history. Because a single
genealogy can be highly influenced by stochastic processes, the major problem is that this specific history may
not be representative of the true population history we are trying to reconstruct. To overcome these issues,
it is important to use multilocus (or genomic) approaches to study the peopling of the Americas and, more
specifically, the peopling of South America. Large genetic datasets, such as those composed by microsatellites
(STRs) or single nucleotide polymorphisms (SNPs) genotypes in many individuals across a wide geographic
area are good alternatives to mtDNA in understanding the evolutionary history of human populations. On
a broad geographic scale, these approaches are helping us to understand the strength of genetic exchange
between Native Siberian and Native American populations suggesting that a ‘single wave’ model is too
simplistic to explain the Peopling of the Americas properly. This general conclusion seems to be robust across
different analytical frameworks, including model-free analyses or approaches based on explicit evolutionary
scenarios. In conclusion, those of us interested in the peopling of the Americas have learned important lessons
from mtDNA in the last decades. However, a necessary next step is using multilocus analyses to refine our
understanding about migration routes and population structure, more specifically in South America.

Mitochondrial DNA (mtDNA) is probably the most studied molecular genetic marker in animals, including humans. Since the
initial descriptions of how and when all living human populations shared a common ancestor in the past (Cann et al., 1987,
Vigilant et al., 1991), mtDNA in general, and its control region (mtDNA-CR) in particular became the genetic markers of choice
for other studies. Of course, there are many reasons for this. MtDNA is relatively easy to characterise as it is present in several
copies in every cell type having mitochondria, and it is thus much easier to extract and amplify mtDNA than nuclear markers. It
lacks recombination, which is difficult to model and complicates several evolutionary/population genetic analyses. In addition,
as only women can transmit it to the offspring, it has a smaller effective population size compared to autosomes (one quarter,
to be precise), which makes it easier to detect genetic structure among populations. Finally, it has a fast evolutionary rate,
which results in the accumulation of new substitutions in a short amount of time. This feature, coupled with methods based on
the molecular clock (for instance, the assumption that the DNA molecule accumulates difference linearly in time), is extremely
useful for dating recent events (in evolutionary time) such as those associated with human evolution (see Witas and Zawicki,
2004; Pakendorf and Stoneking, 2005).

This history of success also translates into another advantage. MtDNA datasets are usually large and, therefore, it is relatively
easy to compare many individuals (and sometimes many populations) in a single analysis. For example, in September 2014,
using the taxonomy browser in the Genbank (www.ncbi.nlm.nih.gov/taxonomy/) and ‘mitochondrion’ as the keyword resulted
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in about 35,000 matches. Moreover, there is a growing systematic effort to name related mtDNA sequences into haplogroups
(Hg) or sub-Hg (www.phvlotree.org; van Oven and Kayser, 2009), which allows the discovery of shared/private patterns among
populations and the comparison of mtDNA haplogroup frequencies in space.

MtDNA and the peopling of the Americas

Schurr (2004) provides an excellent review of the initial studies of mtDNA variation in Native Americans. In summary, five
major Hgs, termed A-D and X, were identified and strongly suggested a close affinity with Central Asian/Siberian populations.
Each of these Hgs would have contributed to a single ‘founding type’ for the Native American gene pool. The earlier studies
witnessed a hot debate concerning the timing and number of different ‘'migration waves’ from Asia to the Americas. The
timing of these migration waves were usually inferred based on the coalescence time of each Hg (for instance, the time when
all different haplotypes find a common ancestor). For example, Bonatto and Salzano (1997) suggested that HgA-D all show
an excess of low-frequency haplotypes, which is typical of populations which underwent demographic expansion. Under
these circumstances, the coalescence time is connected to the expansion time. The close similarity of the coalescence times
for these four Hgs made these authors suggest a single wave for the peopling of the Americas after a period of population
growth in Beringia. This explanation would fit well with the dates obtained (>25 thousand years ago [kya]), which were much
older than those reported for archaeological sites in the Americas (Goebel et al., 2008). On the other hand, the origin of HgX
was harder to pinpoint, as this was a rare Hg, later shown to be absent from extant South American indigenous populations
(Dornelles et al., 2005). Some authors took the more recent coalescence time estimates as evidence of a second migration,
perhaps even from a different route (Brown et al.,1998), even though these estimates could be due to the small sample size
for this haplogroup. Another lesson from the older studies was that the different Hgs were unevenly distributed across the
continent. HgX was not restricted to North America, but Hg frequency could also change among regions (see Figure 2 in
Schurr, 2004), possibly indicating the importance of regional movements or different demographic histories among regions.

The development of faster and cheaper DNA sequencing devices in the early 2000s allowed researchers to move from the
mtDNA-CR perspective to the full mtDNA genome perspective (for example, Ingman et al., 2000). The full mtDNA genome
has ~16,000 base pairs (bp), compared to the ~1,000 Bp of the mtDNA-CR. However, as important as the availability of more
DNA sequences to refine the picture of mtDNA Hg classification was the estimation of a more accurate calibration of the
evolutionary rate for the mtDNA, which is essential in molecular clock analyses. Because the mtDNA-CR evolves faster, it is
more difficult to control for multiple-hits when comparing the human sequence with the chimpanzee. In other words, it is
very hard to know precisely how many mutations have occurred since these two species diverged ~6,500 kya and, of course,
this affects how well the molecular clock would work. The remaining of the mtDNA genome, which codes for proteins or
contain genes for rRNA and tRNA (therefore usually called the ‘'mtDNA coding region’), evolves a little slower and therefore
allows for better resolution and better dating.

New studies based on complete mtDNA sequences initially confirmed some of the findings of the earlier studies, such as
the importance of Beringia in the development of specific Native American mutation motifs, but also reserved several new
results (Tamm et al., 2007; Achilli et al., 2008; Fagundes et al., 2008; Mulligan et al., 2008). For instance, they suggested that
coalescence times were actually more recent than previously thought, between 15-20 kya and, therefore, that the population
expansion previously associated to the standstill in Beringia was actually better reconciled with an expansion into the New
World following the Last Glacial Maximum (LGM) around 16-18 kya. Also, new founding types were proposed and the rapid
expansion suggested that the initial settlers followed a Pacific route, as by that time there would be glaciers into the continent
blocking any passage to the south. Finally, it was also clear that while HgX could have taken part of the same 'wave’ together
with the other four major Hgs, some other sub-Hgs with more restricted distribution, especially in northern North America,
such as HgD2a, would have arrived later, reflecting new migrations affecting these regions only.

Continued research on complete mtDNA genomes has revealed a growing number of founding types, which now sums
almost 20 of them (Saint Pierre et al., 2012; Achilli et al., 2013). Arguably, several of these (see Achilli et al., 2013) may have
distributions restricted to North America (but see below) and especially those restricted to Arctic populations may represent
secondary waves from north-east Asia into the Americas after the major expansion occurring after the LGM. In addition, as
long as more populations are being studied, the geographic distribution of mtDNA Hgs allows different interpretations of
the mtDNA data. For example, Perego and colleagues (2009) and Hooshiar Kashani and colleagues (2012) claim that the
geographic distribution of haplotypes C4c and X2a suggest a secondary entry route onto the continent possibly through an
inland ice-free corridor. In this case, two, rather than a single major ‘wave’ from Beringia, would have affected mtDNA variation
at the continental level.



A Genetic and Biological Perspective of the First Settlements of the Americas

MtDNA and the peopling of South America

When we turn our focus to South America, much of the job is to understand what happened in North America, as all genetic
data available so far suggests that Beringia was the only entry door for the earliest Native Americans. Brown and colleagues
(1998) suggested a putative ‘western Eurasian’ link with the Americas based on the presence of mtDNA HgX, but the sub-Hgs
present in Native Americans, west Asians and Europeans are actually quite different. In agreement, the recent ancient genome
from a 24 kya skeleton from central Siberia showing mixed affinities with both western Eurasians and Native Americans suggest
some population replacement (with gene flow) in central Siberia, not alternative entry routes for the Americas (Raghavan et
al., 2014).

An excellent review of models for the peopling of South America was recently presented by Rothhammer and Dillehay (2009).
In short, they proposed some sort of genetic continuity from the north (for instance, coming from the Panama Strait), with
a major entry route following the Pacific coast, with secondary migration waves flowing east of the Andes to the Amazon,
Chaco, Patagonia and the Brazilian Plateau. Indeed, we should not forget that the oldest archaeological site in the Americas,
Monte Verde, lies in southern Chile (Dillehay, 1997) and the evidence from mtDNA does suggest an extremely strong and
fast demographic expansion, which can be reconciled with the Pacific route (for example, Fagundes et al., 2008). Another
interesting feature is that the number of rare founder sub-Hgs is much lower in South America than in North America (Achilli
et al., 2013). This is expected as a migrating population loses genetic variation as it moves on geographically, creating the
known pattern for humans of loss of diversity as one moves out of Africa (for example, Ramachandran et al., 2005).

Though mtDNA studies based on several complete genomes from Native South Americans are lacking, two studies focused on
mtDNA haplotypes found in southern South America (Bodner et al., 2012; Saint Pierre et al., 2012) suggest some interesting
features. Firstly, they suggest that some sub-Hgs found (so far) only in South America are old enough to play the role of
a founding type. According to this idea, sub-Hgs D1g, D1j and B2l could be present in low frequencies in the expansion
wave and then expanded (in frequency) locally in South America, but were subsequently lost by genetic drift in Central
and North America. This in an exciting finding,
as it suggests that new founder types could be
found locally in South America given that enough
sampling effort is taken in characterizing these
sub-Hgs. Secondly, they suggest that at least in
southern South America, the Andes do not act
as a barrier to gene flow. At first sight, this is in
contrast to the scenario proposed by Rothhammer
and Dillehay (2009). However, it is well known
that some Patagonian populations such as the
Mapuches crossed the Andes frequently (see
Bodner et al., 2012 and references therein) and it
is hard to know if the pattern for the southermost
part of the continent would be representative of
the overall picture.

Interestingly, another well-known continental
pattern in South America is also related to the
Andes. Tarazona-Santos and colleagues (2001),
based on Y-chromosome data, suggested that
populations in the Andes (or in western South
America) would have higher connectivity and
larger population sizes, while populations from
lowland (or eastern) South America would have
smaller population sizes and would be more

Figure 1. Major patterns of mtDNA variation in South America. The dark blue square represents the standing genetic variation in
North America, and the thick blue arrow represents the major ancient (~15 kya) migration through the Pacific coast associated
with some loss of genetic variation, as indicated by the color gradient in light blue. Two additional blue arrows in Northern
South America (identified with a question mark) represent two putative alternative ancient migration routes. The major east/
west difference in genetic variation is represented as follows: Populations from Western South America (Andes) are generally
characterized by larger population sizes, higher connectivity due to gene flow and low values of genetic structure. This is
represented by the large circles in shades of red, and the thick bidirectional arrows. Populations from Eastern South America
(Amazon, Chaco and so on) generally have smaller population sizes, low connectivity and consequently higher genetic structure.
This is represented by the small circles in different tones, and bidirectional arrows with broken lines. Putative connections
between East and West ‘components’ are represented by bidirectional arrows. A black unidirectional arrow in Northern South
America represents possible migration movements towards Central America, as may be the case for the Chibchan language group.
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isolated. This pattern would result in more genetic diversity and less genetic structure in the Andes, and in less genetic
diversity and more genetic structure in the lowlands. Fuselli and collaborators (2003) corroborated this general pattern using
low resolution mtDNA data.

In a different study including protein genetic markers, Fagundes and collaborators (2002) focused on a sample containing
many populations from the Amazon region and suggested that genetic drift was stronger than migration to create patterns of
genetic structure, in agreement with the scenario suggested above (Tarazona Santos et al., 2001; Fuselli et al., 2003). They also
suggested that language, rather than geography, was the best proxy of the genetic relatedness among populations (Fagundes
et al., 2002). Other mtDNA patterns usually reported involve high/low frequency of specific Hgs, such as high frequency of
HgC in Brazil or high frequency of HgB in the Andes (see Figure 2 in Schurr, 2004) but these data are usually based on low
resolution mtDNA. Clearly, more complete mtDNA genomes from all around South America would be important to critically
evaluate the relevance of the scenarios proposed by Tarazona-Santos and colleagues (2001) and by Rothhamer and Dillehay
(2009). The major patterns of mtDNA variation in South America are summarised in Figure 1.

Limitations of the mtDNA as a molecular marker

Despite all we have learned from mtDNA studies, there are at least two major drawbacks of maintaining it as some sort of
‘gold standard’ for molecular anthropological studies worldwide. The use of the coding region of mtDNA in studies of complete
genomes should have allowed a more reliable clock estimate compared to mtDNA-CR studies and a common choice was based
on the estimate for the coding region of 1.26 x 108 substitutions/site/year from Mishmar and collaborators (2003). However,
there are several technical issues related to mtDNA evolutionary rate calibration. Thus, the first and more technical concern is
related to the tricky exercise of calibrating this.

Bromham and Penny (2003) and Kumar (2005) present two useful reviews for those unfamiliar with the molecular clock history
and basics. In short, the idea of using a molecular clock is that if one has some ‘calibration’ for the clock rate, then it is possible
to estimate any event affecting clades or populations. This ‘calibration’ can be provided by fossils or biogeographic data, as is
common practice in phylogenetic studies. However, for recent human evolution, one usually has to rely on a direct estimate
of the molecular clock obtained from previous studies (probably based on fossil data). This leads to an overestimation of
coalescence time due to the "time-dependency’ effect, which occurs when estimation and calibration operate in very different
time periods (Ho and Larson, 2006; Ho et al., 2011). In addition, rate variation among lineages and among mtDNA sites is
also challenging for having a perfect molecular clock (Endicott and Ho, 2008).

More recently, Soares and colleagues (2009) suggested a method for correcting the effects of the ongoing purifying selection
on standing variation which is one of the major causes in the overestimation of coalescence times (Kivisild et al., 2006),
suggesting different rates for different mtDNA partitions. Using their method, these authors estimated the expansion of a
Native American major founder Hgs ~15 kya, which is slightly later than the original estimates (see above). Although most
recent studies do use this corrected evolutionary rate, it is important to keep in mind that even this ‘best rate’ cannot account
for some of the complexities of mtDNA evolution and, therefore, associating specific mtDNA Hgs to a specific points in time
is far from a trivial task.

The second limitation of the mtDNA as a marker, however, is more theoretical/philosophical and less technical. This also means
that this limitation might be harder to overcome. To try to illustrate it in a didactical way, | will take an example from the arts.
Rashomon is a classic film by the Japanese director Akira Kurosawa. In the movie, we are shown different versions of the
same story told by different characters. Naturally, in the end the spectators are left with the feeling that no single story could
be trusted as a single ‘truth’. How does the Rashomon film connect with the concerns of population genetics and molecular
anthropology? In some sense, mtDNA has been the sole ‘story teller’ molecular anthropologists are relying upon. It has several
advantages, as previously mentioned, but it is still a single story teller. What about other stories? What about other genes?

Coalescent theory has revolutionised the field of population genetics since the 1980s (Kingman, 1982; Hudson, 1983; Tajima,
1983) by providing a way of describing the genealogy of a sample of genes taken from a population of size N (for a recent
review, see Wakeley, 2008). Importantly for us, coalescent theory showed explicitly that the genealogy of any gene is highly
stochastic and thus, that the genealogies of two independent genes taken from the same population can be different. More or
less like Rashomon in molecular genetic terms, it means that the story of a single gene may not be representative of the history
of the populations where it was drawn. In other words, relying on a well resolved and accurately dated mtDNA genealogy
might be misleading as it may be very different from other genealogies which are also conditioned in the same demographic
history. Rather than interpreting ‘'THE’ mtDNA genealogy, we should interpret a set of genealogies derived from our samples.
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Rather than asking if 'THE’ mtDNA genealogy corroborates or refutes a given hypothesis, we should ask if a set of genealogies
corroborates or refute our hypothesis. For molecular anthropologists, this is a major change in thinking.

MtDNA and multiple loci studies in testing hypothesis about the peopling of the
Americas

Among the classical hypotheses proposed to explain the Peopling of the Americas, it is important to understand how much
support they receive from genetic data (mtDNA and multiple loci studies), as well as some of the limitations of these studies.
In the following paragraphs, | will present the tripartite hypothesis of Greenberg and colleagues (1986), the dual component
hypothesis based on morphology (for example, Neves and Pucciarelli, 1991; Neves and Hubbe, 2005) and the recurrent gene
flow model of Gonzales-José and colleagues (2008).

The first major multidisciplinary hypothesis for the origin of Native Americans is the tripartite hypothesis of Greenberg et al.
(1986), who proposed three distinct migration waves corresponding to the three linguistic phyla identified by J. Greenberg,
namely, Amerind, Na-Dene and Eskimo-Aleut, with Amerind being the first wave and Eskimo-Aleut the last. In this model,
we would expect a strong genetic structure associated with the linguistic phyla and, ideally, expansion or divergence dates
associated with the corresponding phylum would be congruent with the order predicted in the original hypothesis. A second
major (continental-level) hypothesis that could be tested with genetic data was proposed, among others, by Neves and
Hubbe (2005), based on craniofacial morphology. According to these authors, there is a major shift in craniofacial shape in
the Americas, where the early skeletons are much more robust and without many derived traits (so-called Palaeo-American),
while extant populations and more recent skeletons (later than ~7 kya) have many derived features associated with a so-called
‘Mongoloid’ phenotype. In this hypothesis, the first Palaeo-American populations would have been replaced by more recent
settlers or at least admixed with them causing the change in morphology. In this hypothesis, we would expect evidence of two
distinct waves or, at least, a temporal structure between recent and old samples if the old settlers were completely replaced.
More recently, Gonzalez-José et al. (2008) proposed a different interpretation of the morphological data suggesting, upon
review of mtDNA and Y-chromosome studies, that the morphological transition could have occurred due to recurrent gene
flow between Asia and Americas in the Arctic following a major initial Pleistocene colonization. In this case, we would predict
evidence of gene flow between the two continents and only a subtle temporal structure comparing recent and old samples.
Importantly, the hypothesis of Greenberg et al. (1986) is impossible to test with only South American samples, as the second
and third migration waves only affected North America. However, the dual component hypothesis could be tested with only
South American samples, as the morphological change would have occurred at the whole continent level. Indeed, a more
recent analysis of craniofacial morphology lends support to the gene flow hypothesis (De Azevedo et al., 2011).

Current interpretation of mtDNA data suggests that, except for northern North America, one or two major migrations would
explain well the observed level of variation (see above). On the other hand, the pattern for northern North America could be
interpreted as evidence of recurrent gene flow from Asia. Another possible interpretation could be that these data support, at
least in part, the three wave scenario of Greenberg et al. (1986) - even though a strong genetic distinction between Na-Dene
and ‘Amerind’ (sensu Greenberg) populations in not very clear (for instance, Bonatto and Salzano, 1997; Achilli et al., 2013).
On the other hand, there is not much evidence for a marked temporal structure in the continent (for example, Raff et al., 2011),
lending little support to scenarios involving population replacement, such as those suggesting that more earlier ‘Palaecindian’
populations were replaced by more recent ‘Mongoloid’ settlers on a continent-wide scale. Indeed, a recent study found mtDNA
HgD1, typical of modern Native Americans, in an ancient Palaeoamerican skeleton from Mexico dating between 13-12 kya
(Chatters et al., 2014) suggesting genetic continuity between ‘Palaeoamerican’ and ‘Mongoloid’ populations.

It should be no surprise that based on mtDNA alone it is difficult to distinguish rigorously among the different hypotheses that
have been proposed to explain the big questions about the peopling of the Americas. MtDNA is just a single story teller. What
about studies based on multiple markers? Hey (2005) and Kitchen and colleagues (2008) presented some results suggesting
that gene flow with Asia could be important for explaining the patterns of genetic diversity in Native American populations,
but neither study tested if gene flow provided a better fit to the data compared to a model of no gene-flow. On the other
hand, Wang and colleagues (2007) suggested a single major colonization from Siberia but, again, did not test explicitly for
the hypothesis of gene flow between the two continents. In an attempt to address this issue in a more formal way, Ray
and colleagues (2010) used part of the Wang et al. dataset (401 out of 678 STR markers) to test hypotheses using an ABC
framework (see Bertorelle et al., 2010; Csillery et al., 2010 for detailed reviews of this method).

Roughly speaking, the ABC framework is based on running many (millions) simulations based on coalescent theory for any
arbitrary demographic model, which should be defined in advance. For example, one can choose to simulate a ‘single wave’
scenario for the peopling of the Americas by defining two populations (for example, pop1, representing Asia and pop2,
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representing the Americas) and forcing a major migration from pop1 to an empty pop2 by 15 kya. Following each demographic
simulation, genetic data mimicking the observed data is generated and summary statistics for this data are recorded. Thus, if
the real dataset contains 401 STR loci, exactly 401 STR loci are generated after each simulation and the same set of observed
summary statistics calculated for the real data are recorded for the simulated dataset, such as the average number of alleles,
average heterozigosity and so forth. The important point here is that the level of genetic diversity in the simulated data would
be conditioned on the demographic story (thanks to coalescent theory). The last step is comparing the summary statistics
generated from the simulations with the same summary statistics calculated on the real dataset. Simulated scenarios close
to the true demographic history should generate summary statistics very close to that obtained from the real dataset. When
different scenarios are simulated, the scenario better supported by the data will be the one resulting in simulated summary
statistics closer to the observed than the real data. The ABC framework is an interesting alternative for comparing different
scenarios explicitly when likelihood methods cannot be used.

Ray and colleagues (2010) tested three hypotheses: a single wave hypothesis, a two-wave hypothesis and the recurrent
gene flow hypothesis. However, because the dataset contained only one Na-Dene speaking population and no Eskimo-Aleut
population, no formal test of the Greenberg hypothesis could be done. The authors also decided to test hypotheses considering
North and South America together or considering each subcontinent separately. This was important because if the two-wave
scenario were better for North America only, for example, it could be better interpreted as reflecting the distinctiveness of the
Na-Dene population, rather than something related to a morphological transition that occurred in both continents. The results
clearly supported (with a relative posterior probability of ~1.00) the recurrent gene flow hypothesis for both North and South
America. This result corroborates the importance of recent migration between Asia and the Americas, and suggests that gene
flow with Asia was an important evolutionary factor even for South American populations, in general good agreement with
the model proposed by Gonzales-José et al. (2008).

Another important study is that of Reich and colleagues (2012), who typed ~365,000 genetic markers in 17 Siberian and 52
Native American individuals from the three major linguistic phyla. These authors used a different approach compared to the
one described before (Ray et al., 2010), in that no alternative scenarios were formally contrasted. Instead, they generated a
population tree allowing for genetic admixture among populations. Their results also suggest that a single migration wave
scenario would be too simplistic to account for Native American genetic diversity. They suggested three independent streams
of Asian gene flow. While native South Americans would derive their ancestry from a single stream, Na-Dene and Eskimo-Aleut
populations would be admixed between the first stream and subsequent ones. This sounds much like the original Greenberg
et al. (1986) hypothesis, except that the subsequent migration waves would have admixed with the ‘First Americans’ as they
reached the New World. It would be quite ironical if the Greenberg hypothesis, which has been strongly criticised by linguists
(for example, Matisoff, 1990), shows to be accurate in terms of genetic ancestry (Amorim et al., 2013).

It is not easy to compare the results from the studies by Ray et al. (2010) and Reich et al. (2012). Except for the obvious
convergence that a single wave does not adequately explain genetic diversity of Native Americans, the differences in methods
and datasets makes other comparisons problematic. For example, based on the Reich et al. (2012) dataset, would a recurrent
gene flow model perform better than a single wave model for South America? Would the scenario proposed by Reich and
colleagues for the whole continent be better supported than the recurrent gene flow model of Ray and colleagues? If having
multiple genetic story tellers alleviates the issues of relying on too much on mtDNA results, it clearly adds a new layer of
complexity for our analysis and data interpretation.

Concerning South America, the study by Ray et al. (2010) suggests we would need to recognize the impact of recurrent gene
flow with Asia as a possible player in the microevolutionary change of South American populations. Other major patterns can
be also distinguished based on multiple loci studies. For example, Wang et al. (2007) corroborate the West vs. East pattern
also found for the Y-chromosome (Tarazona-Santos et al., 2001) and mtDNA (Fuselli et al., 2003). However, genomic data
also suggest that even this major pattern is not absolute, as the case of the Inga, in Colombia, whose genome seems to be
admixed between Amazonian and Andean groups (Reich et al., 2012). Also, the connection of Chibchan-speaking groups
in South and Central America (Wang et al., 2007; Reich et al., 2012) is important to show that even though South America
is usually considered the endpoint of a migration process moving southwards, there were important back migrations from
South to Central America.

Moving forward

MtDNA will probably maintain its role as a major molecular tool for generating and testing anthropological hypothesis. The fact
that it is much easier to find good quality mtDNA in old samples is also a major technical advantage of this marker. However,
rigorous hypothesis testing based on mtDNA alone is difficult because it represents a realisation of the genealogical process
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and a single genealogy may be compatible with several different historical scenarios. On the other hand, the recent trend of
genomic studies will also bring new challenges for how we analyse, interpret and frame our anthropological hypotheses in
ways that can be suited for testing using genetic markers.

Nevertheless, anthropologists interested in using genetic markers must keep in mind that population genetics models are
simplifications of the real demographic processes and, as such, might be unable to fulfil the level of detail and precision that
would be important for anthropologists. An instructive example is the very concept of ‘effective population size’, which is
the size of an ideal population that behaves as an observed real population. Anthropologists might be interested in census
population size (for instance, how many individuals are/were there?), but, in this case, population genetics models might be
unable to answer this question satisfactorily. On the other hand, population genetics models are useful when they can predict
results or when they can integrate results in a coherent and synthetic manner. Given all we have learned from population
genetics models applied to the peopling of the Americas, | think that the new era of genomics will show major advances in
refining our understanding of the peopling of the New World, in general, and of South America, in particular.
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Introduction

Scholarly interest in the Arctic has a long and diverse history. From research into the ecological diversity of the extreme
environment of the Arctic to human biological and cultural adaptations to those same ecological conditions, the reasons
for academic interest in the Arctic are manifold. With respect to the UNESCO World Heritage thematic programme of
Human Evolution: Adaptations Dispersals and Social Developments, our interest in the North American Arctic has four
major elements: 1) via Beringia, the former land bridge linking North America and Asia, it represents the entry point for
dispersal of human populations to the Western hemisphere, 2) the region of the North American Arctic has seen three
major dispersals of colonizing populations within the last 15,000 - 20,000 years, and, therefore, 3) serves as a geographic
model for the population dynamics of human colonization and dispersal that may be relevant to similar human dispersals
in other parts of the world, and at other temporal depths. Finally, 4) the recency of human dispersal and adaptation in
the North American Arctic provides an opportunity to more clearly assess the merger of the archaeological and genetic
records as ways of unveiling past human activity. By assaying both the archaeological record of human occupation of
high latitudes and the signature of human demographic history recorded in the genetic variation carried by both modern
and ancient populations of the region, we can more directly identify the strengths and weaknesses of both records,
and begin to merge them into a powerful, coherent approach to the study of the past.

The archaeological record of the North American Arctic has been accumulating for several decades and its broad outlines
are well known to archaeologists and prehistorians (for example, Morrison and Pilon, 1994, and papers therein). The genetic
record is of much more recent vintage, with information on modern molecular variation in Arctic populations having been
accumulating for only a decade or so. As a result, it is more fragmentary and less well known than the archaeological record.
Accordingly, a few words on the basic tenants of human evolutionary genetics are warranted. It has long been recognized
that the demographic history of human populations is archived in the patterns of genetic variation exhibited by individual
populations. With the advent of molecular genetic techniques, based on our ability to detect individual base differences
in DNA sequences, the resolution of the genetic record, the observed pattern of sequence variation between individuals,
has increased dramatically, as has our ability to read the history of a population in its genome. This has made it possible
to estimate population sizes of earlier populations, date the divergence of populations from an ancestral population and
begin to evaluate alternative histories based on both the archaeological and genetic records. Most recently, this has been
facilitated by our ability to also assess molecular variation in prehistoric populations through the analysis of ancient DNA
(aDNA) (see Tackney et al., 2014 for a review of aDNA studies in the Arctic).

Each individual possesses two genomes. The nuclear genome is very large, containing ~3 billion bases organized into 23 pairs of
chromosomes. This genome, as the name implies, is found in the nucleus of a cell and each member of a pair of chromosomes is
contributed by either the father or mother. Thus, the nuclear genome is biparentally inherited. The second genome each individual
possesses is the mitochondrial genome. This genome is located not in the nucleus of the cell, but in multiple organelles in each
cell's cytoplasm. The mitochondrial genome is a single, circular molecule of DNA approximately 16,500 bases in length and each
of the many mitochondria in each cell may contain from tens to hundreds of these molecules. Thus, while the nuclear genome is
very much larger than the mitochondrial genome and, hence, harbours much more variation overall, there are many more copies
of the mitochondrial genome, a fact which has led to its intense study in ancient samples, where the likelihood of recovery of
mitochondrial DNA (mtDNA) is much higher than nuclear DNA (nDNA) due to the initial higher copy number.

Unlike the biparentally inherited nuclear genome, mtDNA is inherited solely from the mother. Thus, tracking changes in
mtDNA lineages is the equivalent of tracking maternal lineages through time. Many such maternal lineages have now
been identified in populations around the world, although only a few are known from the indigenous populations of the
Americas. The ancestral mtDNA lineage is termed L3 and is known primarily from Africa. It gave rise to two daughter forms,
M and N lineages, which were carried out of Africa during the initial human dispersal and each subsequently gave rise to the
large number of lineages known worldwide today. Although at least 15 founding mtDNA lineages have been identified in
Native American populations (Perego et al., 2010), all belong to five larger groupings known as haplogroups. The individual
lineages known in the Americas belong to haplogroups A, B, C, D and X. Arctic populations have an even more reduced
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Figure 1. Geographic location of three regional arctic population studies reviewed in text.

number of MtDNA lineages, exhibiting lineages in only haplogroups A and D. Lineages of the other three Native American
haplogroups are unknown in the Arctic, except as they can be accounted for by recent migration to the region.

Regional Studies

With this brief primer of molecular genetics, it is now possible to begin to evaluate our state of knowledge of the genetic
record of Arctic populations against the backdrop of the archaeological record to attempt to provide a greater resolution
to our understanding of the prehistory of Arctic colonization and dispersal. Three regional studies will serve as examples
of how molecular and archaeological data can be jointly employed to provide a clearer picture of prehistoric population
dynamics and testing of hypotheses regarding population history. The three regional studies, where the archaeological
record is augmented with both modern and ancient genetic studies are the Aleutian Islands, the Eastern Canadian Arctic
and the Alaskan North Slope (Figure 1). In each area, the questions of interest, originally derived from the archaeological
or osteological records, relate to colonization and population replacement in prehistory. For example, in the Aleutian case,
Hrdlicka (1945) hypothesised on the basis of perceived changes in cranial morphology that a population replacement
occurred in the region approximately 1,000 years ago, despite archaeological continuity. In the Eastern Canadian Arctic, the
archaeological record indicated a population replacement of Palaeo-Eskimo groups by Thule whalers, also approximately
800-1,000 years ago (McCartney, 1977; McCullough, 1989; Maxwell, 1985), while the morphological characteristic of the
two groups did not appear to differ. In both cases, modern and ancient DNA studies are employed to test these contrasting
hypotheses of human population dispersal and replacement. The Alaskan North Slope provides an opportunity to track the
story of one of these replacement hypotheses back in time to attempt to examine the source of the migrants and therefore
provides additional detail and resolution to our understanding to this period of Arctic history in North America.

The Aleutian Islands

Archaeological evidence indicates that the eastern Aleutians were first inhabited 9,000 - 8,000 years ago, that the
archipelago was settled from east to west and that the region is characterised by near archaeological continuity since
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colonization. Nevertheless, based on an observed shift in cranial morphology from dolicocranic to mesocranic', Hrdlicka
(1945) postulated a migration of the immediate ancestors of modern Aleuts (Neo-Aleuts) into the archipelago approximately
1,000 years ago, replacing an earlier resident population (Palaeo-Aleuts). We reasoned that if such a migration occurred, the
earlier and later populations would likely differ genetically.

Accordingly, we undertook an ancient DNA study of the original human skeletal material recovered by Hrdlicka (1945) and
used in formulating his replacement hypothesis. The samples used in the aDNA analysis (Hayes, 2002; Hayes et al., 2003,
2005; Smith et al., 2009) came from the burial caves on Kagamil and Shiprock Island and Chuluka midden in Nikolski on
the island of Umnak. AMS '4C dating of each sample indicated an age range of >3500 — 750 sp (Coltrain et al., 2006),
spanning the time period of the replacement event proposed by Hrdlicka (1945). A total of 80 individuals from the three
sites were studied, with two-thirds of those that yielded analysable DNA (n=61) characterised by mtDNAhaplogroup D and
one-third by mtDNAhaplogroup A (Table 1A). These lineage frequencies were indistinguishable from the mtDNA lineage
variation found in modern Aleut populations (Rubicz et al., 2003; Zlojutro et al., 2009), nor was there any significant
difference between the lineage frequencies between Palaeo- and Neo-Aleuts, leading to an initial inference of no evidence
for a migration or replacement event (Hayes, 2002; Hayes et al., 2003, 2005). Rather the results seemed to confirm the
archaeological record of population continuity.

Table 1. mtDNA lineage frequencies in prehistoric Aleutians and Eastern Canadian Arctic

The Aleutians - According to Smith et al., 2009

Sites N %A %D
Kagamil 32 25 75
Ship Rock 12 17 83
Chaluka 36 48 52
Total 80 34 66

Hrdlicka’s Morphological Groups

Paleo-Aleut 42 53 47
Neo-Aleut 38 19 81
Total 80 36 64

Temporal Groups

Pre-1000 AD "1 73 27
Post-1000 AD 52 23 77
Total 63 32 68

The Eastern Canadian Arctic - After Hayes 2002

Dorset 3 0 100
Thule 20 100 0
Sadlermiut 19 56 44

Closer examination of both the archaeological, radiometric and genetic data however, revealed additional information. The
oldest samples came from the Chaluka midden site and all had been classified by Hrdlicka as Palaeo-Aleuts. The majority of
individuals recovered from Shiprock and Kagamil caves dated later in time (<1000 years old) and were classified by Hrdlicka
as Neo-Aleuts. Samples dating to after 1,000 gp at Chaluka were a mixture of Palaeo- and Neo-Aleuts as described by
Hrdlicka. This would seem to contradict Hrdlicka's (1945) postulate of Neo-Aleuts as a replacement population, since both
morphologically defined groups existed together at Chaluka for several hundred years. There is heterogeneity in lineage
frequencies among the three sites and between Hrdlicka's morphological groupings, but they proved to be statistically
non-significant. However, when we examined the mtDNA lineage distribution in the pre- and post-1,000 year old material,

1 Dolicocranic: a skull with a breadth c. 75% of the length; brachycranic, a skull with a breadth c. 80-85% of the length; mesocranic, a skull with a
breadth/length ratio intermediate between dolicranic and brachycranic.
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significant differences emerged. The samples predating 1,000 years 8p (all from Chaluka) were predominantly mtDNA lineage
A, with only a quarter lineage D. In the post-1,000 year old cohort, the frequencies were reversed, with only a quarter
lineage A. These lineage frequency differences were much more substantial and statistically significant than any observed in
any other grouping of the samples. Using the computer simulation program of population dynamics, Nsitu (Cabana et al.,
2008), we could eliminate continuity and change via stochastic drift as an explanation of the observed temporal pattern in
lineage frequencies (Smith et al., 2009). The data did support the arrival of some new individuals at ~1,000 years ago that
differed from the earlier population of the Aleutians, although it did not appear to be an actual replacement event. In this
regard, Hrdlicka (1945) was at least partly correct.

In an effort to determine the source of the new genetic information and new migrants to the eastern portion of the chain, we
undertook additional aDNA studies on human skeletal material from various sites on the Alaska Peninsula (Raff et al., 2010).
The results indicated that more mitochondrial diversity existed on the peninsula than in the archipelago in prehistory, at least
so far as our samples were adequate to judge. Two individuals from the Brooks River region (Dumond, 1981), both predating
European contact by several hundred years, were found to be mtDNA lineage B. While common further south in both North
and South America, this lineage had not been reported before in prehistoric Arctic or subarctic populations (Raff et al., 2010),
confirming a genetically complex prehistory of the region than earlier studies on modern populations had indicated.

The Eastern Canadian Arctic

The Thule expansion across Arctic North America is one of the most well-known and dramatic migration/replacement events
in prehistory. The archaeological record indicates that Thule whalers dispersed across the North American high Arctic from
somewhere in north-west Alaska or coastal Chukotka around 800 — 1000 gp, reaching and colonizing western Greenland
in a span of 200 years or less (Friesen and Arnold, 2008). The Thule, immediate ancestors of modern Inuit/lfiupiat peoples,
supplanted an earlier population in the eastern Arctic, the Palaeo-Eskimo groups known by various archaeological traditions
depending on time and place. Despite what seems a clear archaeological record of migration and replacement, some
argued that the Thule might have been a local innovation from a Palaeo-Eskimo source population in the east, while others
suggested that the Palaeo-Eskimo population, always small and dispersed, had disappeared centuries before the Thule
arrival (for example, Park, 2000). Still another archaeologically derived hypotheses was that some of the Palaeo-Eskimo
populations did not originate in the west and disperse east in an earlier migration, but rather originated from American
Indian populations living south of the Arctic in the middle Holocene (for example, Birket-Smith, 1929). Again, we attempted
to test these various hypotheses with molecular genetic data.

With the support of local native communities and the Canadian Museum of Civilization, we obtained skeletal samples
from the only three Dorset (Palaeo-Eskimo) remains then available. All came from the region of northern Hudson Bay and
Southampton Island. We also secured access to prehistoric (that is, pre-contact) Thule samples from two archaeological
sites on the north-west coast of Hudson Bay, Silimiut and Kamarvik (McCartney, 1977). The aDNA results provided strong
support for the archaeologically inferred Thule migration and replacement (Table 1B). All of the Thule were found to be
mtDNA lineage A, while two of the three Dorset samples were mtDNA lineage D (Hayes, 2002; Hayes et al., 2003, 2005).
The third Dorset sample could clearly be shown to not be any of the other known Native American lineages, but the key
sequence to confirm lineage D proved impossible to characterise (Hayes, 2002). Nevertheless, the differences in mtDNA
lineage frequency strongly suggested separate origins for the Palaeo- and Neo-Eskimo groups and a plausible replacement
interpretation.

This inference was given added weight with the analysis of another group of samples from Sadlermiut on Southampton
Island. This population was known historically and became extinct in the early twentieth century due to contagious disease
introduced by European sailors. The Sadlermiut were known to differ in many cultural traditions from modern Inuit, spoke
a language unintelligible to modern Inuit, and lacked many of the components of the modern Inuit tool kit. Indeed, some
early ethnographers suggested this population was a remnant Palaeo-Eskimo (Dorset) population that escaped replacement
upon arrival of the Thule. The genetic analyses of this population seemed to confirm this suggestion, since the population
was composed of nearly equal frequencies of mtDNA lineages A and D, as might be expected in an admixed population
(Table 1B). However, recent genomic analyses of a series of Palaeo- and Neo-Eskimo individuals, in addition to ten Sadlermiut
samples, clearly demonstrated that the lineage of haplogroup D present in the Sadlermiut (D4b1a2a; formerly a lineage of
haplogroup D3) was not shared with any of the Palaeo-Eskimo samples (Raghavan et al., 2014). Indeed, the new genomic
data indicated the Sadlermiut were more closely aligned genetically with Neo-Eskimo (Thule) populations rather than Palaeo-
Eskimo (Dorset) populations. Thus, the earlier inference of the Sadlermiut being the result of admixture between Dorset and
Thule populations is no longer supported (Raghavan et al., 2014).
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The results of these analyses confirmed the archaeological inference that the modern Inuit are directly descended from the
Thule migrants and that the Palaeo-Eskimo are genetically distinct from the Thule, and could not have given rise to them.
Moreover, while it initially appeared that the Sadlermiut were an admixed population of both Dorset and Thule ancestry
(Hayes et al., 2003, 2005), higher resolution genomic data from the same populations demonstrates this is most unlikely
(Raghavan et al., 2014). At least some of these conclusions were confirmed by Gilbert et al. (2008) who obtained the full
mtDNA genome sequence of a Palaeo-Eskimo from western Greenland (dated to >3500 sp). This individual of the Palaeo-
Eskimo Saqgaq archaeological tradition was mtDNA lineage D2, the haplogroup D lineage found at high frequency in
modern Aleut populations, and at moderate frequency in early Aleutian populations, but not present in the intervening
geographic area of the Arctic. This would seem to confirm the west to east migration and dispersal of Palaeo-Eskimo groups
rather than an origin in eastern subarctic Indian populations. But the absence of molecular data to inform the archaeology
of the central Arctic and northern Alaska was problematic.

A geographic gap - The Alaskan North Slope

These and other genetic studies of North American Arctic populations (for example, Helgason et al.,, 2006; Raff et al.,
2010) clearly demonstrate that while prehistoric populations were occasionally genetically more variable than contemporary
populations, modern Arctic populations are nearly monomorphic for mitochondrial lineage A2, reflecting substantial
reduction in genetic variation among Arctic populations. Lineage A2 has two sublineages, A2a and A2b, which have distinct
geographic distributions. A2a has higher frequencies in the western North American Arctic, where it is nearly fixed among
Aleut populations, while A2b is typically higher in frequency in the eastern Arctic. Inuit/Eskimo populations also occasionally
have a minor frequency of mMtDNA lineage D4b1a2a (generally <3%), while this lineage is absent in Aleuts, where lineage
D2 predominates, as it does among the Palaeo-Eskimo samples analysed to date. The origin of these regional patterns is not
clear. All appear to be related to the early dispersal of Aleut and Palaeo-Eskimo groups, and later Thule populations, from
the north or north-west coast of Alaska — an area for which molecular genetic data is lacking.

Consequently, with M. G. Hayes of Northwestern University and Anne Jensen of the Ukpiagvik IfAupiat Corporation, we
initiated ancient and modern DNA studies of the Ifiupiat populations of the North Slope of Alaska. Hayes is assaying
molecular genetic variation in all of the IAupiat communities on the Arctic slope of Alaska, while our group at Utah has
collected samples from Anne Jensen’s archaeological excavations at the Nuvuk village site at the tip of Pt. Barrow, AK. Nuvuk
was an IAupiat village that appears to have been continuously inhabited for well over a thousand years; through the Classic
Thule period until nearly the middle of the twentieth century. With the support and encouragement of the local Ifupiat
community, the ancient burials that are now eroding into the Arctic Ocean due to increased erosion from storms caused by
global climate change, are being identified, carefully excavated and studied prior to re-interment safely inland. This large
collection provides an invaluable comparative base for other ancient and modern genetic studies of the region, and not only
broadens the geographic coverage of such genetic samples, but covers a critical time period, as well. Most of the burials
recovered for molecular sampling date between the tenth and fourteenth centuries.

This large project is not yet complete, but a few early inferences can be made. Based on analyses completed to date,
the ancient mtDNA lineages match those found among the modern population of the region. The constellation of
mtDNA lineages is consistent with the region being the source for both the Palaeo-Eskimo and the Thule migrations and
colonizations of the North American high Arctic, with both A2 lineages being present in frequencies consistent with the
known geographic clines in these lineages, and the presence of both mtDNA D lineages, not typical in other Arctic regions,
where one or the other is present, but not both. As additional population analyses are completed on this project, we expect
to provide additional clarification to the origin of dispersing populations in the American Arctic, and more clearly understand
the population dynamics of colonizing populations in this challenging environment that will be useful in reformulating our
views on continental colonizations at earlier points in time.

Lessons learned

Several important insights have been obtained by using molecular genetic methods to test archaeological hypotheses. Reduced
genetic variability is often the result of a restriction in population size, a bottleneck, at some time in the past. The fairly dramatic
reduction in the number of mtDNA lineages in the North American Arctic might suggest a population bottleneck at founding,
that is, at colonization, that could indicate a general pattern of bottleneck and genetic variation loss in other colonization
contexts. However, Marchani et al. (2007), examining the reduction of mtDNA variability in the American Arctic relative to
the greater diversity found in potential source populations in north-east Siberia found that a dramatic founder effect was not
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a requirement for lineage loss. The effects of a bottleneck on genetic variation are measured by the Severity Index (SI), which
is the ratio of the duration of the bottleneck to the effective population size during the bottleneck. Marchani et al. (2007)
found that the SI for early Thule populations ranged between 0.10 — 0.44 under realistic demographic parameters that were
consistent with ethnographic and archaeological evidence. This is only a mild to moderate bottleneck, indicating that extreme
population reduction is not necessary for lineage loss in migrating colonizing populations. Indeed, the loss of mMtDNA lineage
variation was consistent with effective population sizes of ~250, perhaps more. Census size would be substantially larger,
indicating that fairly large populations may have been involved in both the migration and colonization of the Arctic, but
nevertheless associated with a reduction in genetic variation. While this is counter-intuitive from a genetic perspective, it is
consistent with the archaeological evidence of much larger effective sizes among the prehistoric Thule whalers than among the
less economically specialized Palaeo-Eskimo populations that preceded them.

This lesson is echoed in a recent study of aDNA analyses conducted in the Americas. O’Rourke et al. (2000) reviewed the
then limited set of aDNA studies in the Americas and found that 1) there was little evidence of reduced genetic variation in
the ancient samples, measured by nucleotide diversity, compared to modern population genetic samples and 2) the strong
geographic structure to mtDNA lineage variation was present even in the earliest aDNA samples studied. This implied that
the geographic structure of modern indigenous populations of the Americas is of considerable antiquity. But this early
review was based on only six aDNA studies published to that time and the oldest samples were barely 1,500 — 2,000 years in
age. Raff et al. (2011) updated this analysis by examining over 60 aDNA studies conducted in the Americas over the previous
decade and concluded that the geographic structure in mtDNA lineages is even stronger than suspected (Figure 2) and that
there is little evidence to indicate that the ancient samples are any less variable at the DNA sequence level than modern
samples. Indeed, it may be that earlier populations were slightly more genetically variable than modern populations and
that apparent loss of variability may have less to do with founding populations at colonization than with loss of variation
as a result of demographic collapse at contact. Moreover, an Analysis of Variance of the lineage frequencies in these aDNA
studies indicated that while there was no discernable temporal effect on genetic variation at the continental level (nor any
temporal x regional interaction), the geographic effects on lineage distribution was highly significant (F-10.286; p<0.001;
Raff etal., 2011). These general trends will not hold for every population (for example, some regions exhibit lineage diversity
increases over time, others diversity loss and still others show no change over time), but the general patterns of regional
structure are well established and of long standing. In the present context, it is worth noting the placement of the Arctic
populations at some distance from other regional populations of the Americas in Figure 2, and the similarity in the lineage
distributions between the ancient and modern Arctic populations examined. These observations highlight the separate and
later entry of colonizing populations into the North American Arctic compared to the Native American populations living at
lower latitudes. Finally, it is worth emphasizing that the temporal frame covered by Raff et al.’s (2011) review is over 4,000
years, substantially extending the origin of the geographic structure of mtDNA lineage variation in the Americas.

These lessons are not unique or specific to the Arctic. Much debate has occurred as to the importance of small founding
populations at the initial colonization of the Western Hemisphere by populations migrating through or along the Beringian
land bridge (Goebel et al., 2008; Perego et al., 2010; O'Rourke and Raff, 2010; O'Rourke, 2011; Hoffecker et al., 2014). In
the traditional view of American colonization, very small founding populations moved south between receding ice sheets
to rapidly colonize the two continents. Almost by definition this model of colonization would require founding bottlenecks
that would result in a substantial reduction of genetic variation. At first blush, the data reviewed above would seem to be
consistent with this interpretation. But all of the data presented here is based on mtDNA, a single, uniparentally inherited
genome that is particularly susceptible to intergenerational sampling error, genetic drift and hence, loss of lineages over
time, even in moderately sized populations. A better measure of changes in effective population size and genetic variation
comes from the nuclear genome. Unfortunately, we have only a very limited amount of nuclear genomic data on indigenous
American populations at present. But this, too, is changing. Genomic screens by Wang et al. (2007) and Reich et al. (2012)
indicate that there is only minimal reduction in genetic variation among Native American populations (for example, <7% in
Wang, et al., 2007), drawing into question the assumption of small populations at founding. Perhaps this should come as
no surprise, since Ward et al. (1991) suggested early on that there was little evidence of a bottleneck in even mitochondrial
DNA sequence data even if some lineages had been lost. Thus, the lessons learned by studying the latest long-range
migration and colonization event in the North American Arctic may well provide a foundation for how we view the original
colonization of the Americas and the population dynamics associated with that momentous event.

Conclusions

The use of newer, higher resolution genetic data, in conjunction with the constantly growing archaeological record, is a
powerful inferential approach to the past. It facilitates both the refining of hypotheses of prehistoric population dynamics,
and their more effective and efficient test, as well. Indeed, there is little reason to stop at the use of human molecular data.
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Understanding the population dynamics of
human prey species and resource items via
similar molecular genetic analyses can tell
us much about their human consumers (for
example, Broughton et al., 2012). Not only
can archaeo-faunal and archaeo-botanical
materials tell us much about their human
consumers, obligate human pathogens are
also accessible via aDNA analyses and serve
as effective proxies for human movement
in the past. For example, genomic variation
in a number of obligate human pathogens,
including JC virus (Sugimoto, et al., 1997)
and H. pylori (Ghose et al., 2002; Moodley
et al, 2009), would seem to only be
consistent with two or more independent
colonization events, rather than the single
one often favoured by modern geneticists
(but see Reich et al., 2014 for an alternative
genetic view). In the case of H. pylori, the
existing genomic variation is consistent
with a founding greater than 12,000
years ago and with no bottleneck (Ghose
et al., 2002). How this translates to the
population dynamics of the human host at
introduction remains to be fully elucidated,

~N -
%rtic

Great Basin/California

\S‘outh America

Northwest

/

o —
~ Mesoamerica
e \ Southwest
Caribbean
f\ll -
Northeast
® Ancient
A Modern
T T T T T
-2 -1 0 1 2
PC1

Figure 2. Plot of first two principal components of modern and ancient mtDNA
lineage frequencies in the Americas. Filled circles represent plot of modern
population mtDNA diversity while filled triangles reflect the position of the
same diversity observed in ancient samples. Source: Raff, et al., 2011.

but raises questions with respect to the
standard view of American colonization.

It has not been possible here to review another important area of research that also impacts the reconstruction of prehistory
using molecular and chemical approaches. Isotopic analyses of human remains, as well as archaeo-faunal and archaeo-
botanical material, is an important adjunct especially for aDNA analyses (Coltrain et al., 2004). Inferences are stronger and
more robust with a combined aDNAVisotopic analysis that either provides alone. Incorporating faunal and botanical analyses
can also clarify questions of dietary composition, local adaptive strategies and in specific contexts, aid in refining AMS 14C
dating (for example, calibrating the marine reservoir effect, Coltrain et al., 2006).

As useful as | think such combined molecular and archaeological approaches are for both regional history and continental
level colonization models, all such inferences are based on an oversimplification of the relevant environments in which early
populations lived. Palaeo-environments and palaeoclimates were not uniform, but temporally and spatially heterogeneous
(Hoffecker et al., 2014). As newer methods of palaeoecological reconstruction provide increasing resolution to our view of
early landscapes and human environments, the integration of these environmental reconstructions with the archaeological
and genomic records of humans and their resource bases, and their pathogens, will lead to a true science of the past.
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Introduction

In addition to his pioneering observations on altitude sickness, geology and history in Peru and Mexico, the Jesuit
priest, José de Acosta (1539-1600), was the first to formally assert that Native Americans must have derived from Asian
populations (Burgaleta, 1999). In his book, Historia natural y moral de las Indias (Natural and Moral History of the Indies),
published in Seville in 1590, de Acosta marshalled biological and cultural observations made on Native Americans during
his fifteen years in the New World to support his assertion and even suggested a land crossing across what would
now be considered the Bering Strait land bridge (de Acosta, 2002). The Asian ancestry of Native Americans was firmly
established in the literature by the beginning of the twentieth century and is evident in influential works on human
biology, based largely on anatomical features of living and skeletal populations, throughout the century (for example,
Deniker, 1909; Hrdlicka, 1925; Hooton, 1932; Eickstedt, 1934; Coon, 1965; Stewart, 1960, 1973; Laughlin and Harper, 1979).
Analysis of dental morphology, particularly the presence of shovel-shaping of the incisors (Hrdlicka, 1920), has been
emphasised in this context (Scott and Turner, 1997). The Asian-Native American connection has been further solidified
by increasingly greater genetic knowledge based on autosomal, mitochondrial and Y-chromosome DNA (Crawford, 1998;
Goebel et al., 2008; O'Rourke and Raff, 2010; Reich et al., 2012; Raghavan et al., 2014), including human DNA extracted
from Palaeoindian-aged coprolites (Jenkins et al., 2012).

The exact age of the appearance of Native American ancestors in the New World has long been a matter of some debate
(see discussion in Meltzer, 2009 and Klein, 2009). While today it is generally accepted that humans did not arrive in
the New World until toward the end or after the Late Glacial Maximum or LGM (recently dated to between 26,500 and
19,000 years ago - Clark et al., 2009), that was not always the case. In the nineteenth and early twentieth centuries,
arguments for the existence of ‘Pleistocene Man’ or even earlier forms, in the New World were not uncommon; and
some examples are considered later in this review. With this in mind, | assess the record of the earliest North America
human skeletal remains from the perspective of palaeoanthropology, rather than bioarchaeology. A baseline for this
consideration will be my 1976 review of the earliest skeletal evidence for humans in North America (Smith 1976). | will
illustrate how and why the list of early remains is far different today than forty years ago. Additionally, | provide some
historical perspective on certain debates concerning the nature of Native American origins, including the role of Ales
Hrdlicka's often misunderstood or misrepresented views on the age of humans in the New World.

European Challenges

A relatively recent challenge to the Asian derivation, or at least total Asian derivation, of Native Americans has arisen
from data suggesting that the earliest people in the New World were not specifically Asian in cranial morphology. This
interpretation was particularly highlighted by the original interpretations of the Kennewick skeleton, found along the
Columbia River in Washington in 1996. This virtually complete skeleton was initially analysed by Chatters (2000) who noted
that the skull did not exhibit typically Asian features. In some early discussions of the material, the skull was described
as 'Caucasoid’ by Chatters, but he later noted that this was not the most appropriate terminology (Chatters, 2001). The
European character of the skull actually was emphasised more by early media accounts than by scientists, but Chatters
also notes that he and others who initially examined the specimen were doing so from more of a forensic anthropology
paradigm than an evolutionary one (Chatters, 2001). This certainly led to an emphasis of the apparent non-Asian features
of the specimen.

From a historical perspective, and in the context of more typological constructs, it should be noted that even living Native
Americans were generally considered to be a somewhat distinctive ‘type’ of Asian. For example, in describing Native
Americans a half-century ago, Coon (1965, p.152) wrote that they are Asians ‘... of a peculiar kind, just as they would be
Caucasians of a particular kind had the New World been peopled by a small band of Upper Palaeolithic Europeans...’. Coon
also noted that Native Americans differed from other Asians in aspects of the central face, some of the same features that
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Chatters relied on. Even before Kennewick’s discovery, analyses by Steele and Powell (1992, p.140) demonstrated that pre-
Holocene North American Palaeoindian crania - with their long, narrow cranial vault and short, narrow faces — fell ‘...at the
periphery of modern north Asian and North American Indian populations and near the Australian and southern Pacific rim
populations.” Several other analyses have confirmed the morphological distinctions between Palaeoindian crania and those
of later Native Americans (for example, Neves and Pucciarelli, 1991; Lahr, 1995; Jantz and Owsley, 2001, 2005; Powell,
2005). Most recently, Jantz and Spradley (2014) specifically demonstrated Kennewick’s affinities to Pacific Rim, particularly
Polynesian, populations on the basis of cranial morphometrics and Gill (2014) came to the same conclusions on the basis of
discrete traits. Brace and colleagues (2014) found close morphometric relationships between Kennewick and the Ainu and
Jomon peoples of Japan. Hubbe and colleagues (201 1) found that several early New World crania (not including Kennewick)
showed close morphological affinities with a sample of late Palaeolithic specimens from Europe, west Asia and China. They
concluded that early Native Americans were part of a regionally mostly undifferentiated sample of early modern humans
that existed prior to the emergence of regionally specific morphological features. These studies show that pre-Holocene
Palaeoindians are part of a more ‘generalised’ cranial morphological pattern that characterizes some recent eastern Pacific
Rim populations but lack many of the more recently-evolved features characteristic of recent modern Native Americans
and north Asians. The similarity to Polynesians is taken as support for a coastal route as a major factor in populating the
Americas (Jantz & Owsley 2001, 2005; Jantz and Spradley 2014), which might help explain the very early dates for human
presence in South America (see Gibbons, 2014).

Extraction of a high-coverage genome from the Clovis-associated Anzick 1 male infant, dated to between 12,556 and
12,707 years p (calibrated '4C), adds additional strong support for the Asian derivation of Native Americans, as does the
genome of a ~24,000 year old individual from Siberia (Rasmussen et al., 2014) and the recent genomic analysis of the
Kennewick skeleton itself (Rasmussen et al., 2015). Results of a genome-wide analysis comparing Anzick 1 to 143 non-
African modern populations demonstrated that Anzick 1 showed statistically significant closer relationships to all 52 Native
American groups than to any of the Eurasian samples examined (Rasmussen et al., 2014). Furthermore, the Anzick infant
reflects distinct evidence of gene flow from the ~24,000 year old individual (MA-1) from the Siberian Upper Palaeolithic site
of Mal'ta (Raghavan et al., 2014). The Mal'ta genome is described as ‘basal’ to western Eurasians, closely related to Native
Americans, but lacking strong connections to recent east Asians (Raghavan et al., 2014, p.505). The Kennewick “Ancient
One” demonstrates closer genetic similarity to Native Americans than to any other group, but interestingly is more related
to Native American lineages to the south than in the northern regions of North America (Rasmussen et al., 2015).

The connection of Siberia to western Eurasians is not really surprising. Fifty years ago, the palaeoanthropologist, Andor
Thoma (1964, 1973), pointed to distinct similarities between west Eurasian Neanderthals and Palaeosiberians, leading him
to suggest what could be termed a ‘European’ connection between these regions in deep time. The Palaeosiberians, in
Thoma’s model, reached southern Siberia and there ’...under strong selection pressure of the new environment, they were
transformed into the proto-mongoloids’ (Thoma, 1973: 531). Although the terminology is archaic, the ‘Palaeosiberians’ and
‘proto-mongoloids’ reflect the generalised structure and midfacial features that characterize the pre-Holocene Palaeoindians
and other groups discussed above. In addition to the Mal'ta gemonic evidence, Thoma’'s model has been strengthened by
recent morphological and genetic studies that demonstrate a Neanderthal presence in south-western Siberia (Krause et al.,
2007, Prifer et al., 2014). Thus, if pre-Holocene Palaeoindians and even recent Native Americans can trace as much as a
third of their ancestry to ‘western Eurasia’ (Balter, 2013), the explanation for this is a pattern of population movement from
western Eurasia to the east that occurred, or at least began, long before human migrations across Beringia. This means the
‘European’ features that have confused understanding of the ancestry of Palaeoindians result from deep-time population
history of north-western Asia, not from a more direct European source.

Such a more direct possible source for European impact on Palaeoindians has taken the form of a model positing a trans-
Atlantic origin for Palaeoindians (Bradley and Stafford, 2004). Termed the Solutrean hypothesis, this model sees strong
similarities between Palaeoindian lithic technology and that of the Solutrean. The Solutrean is a European Upper Palaeolithic
complex that is found in south-western Europe from about 21,000 to 16,500 years ago and is characterized by precisely
flaked leaf points and other points of various sizes and shapes (Klein, 2009). Fossil human remains clearly associated with the
Solutrean are rare, fragmentary, and/or of uncertain context (for example, see Smith et al., 1999), thus precluding systematic
skeletal comparisons with Palaeoindians. Thus, the Solutrean hypothesis is based primarily on the lithics and some other
indirect evidence (Stafford and Bradley, 2012). An analysis of the lithic and other arguments is beyond the scope of this
review, but it is noteworthy that these Solutrean/Palaeoindian connections have been suggested before (see Fiedel, 2004)
and rejected on both archaeological and other grounds (for example, Straus et al., 2005; Fiedel, 2004). Certainly there are
no biological data to specifically support the Solutrean hypothesis and any ‘European’ biological aspects of Palaeoindians
are easily explained by the deep-time connections presented above.
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Age of the initial appearance of humans in the New World

The primary evidence germane to human appearance in the Americas has traditionally been the archaeological record
and the earliest widespread evidence is the Clovis culture, dated to between 13,600 and 12, 800 years ago and found in
the continental United States (Walters and Stafford, 2007). Dates for well-established non-Clovis complexes in Alaska go
back to about 14,000 Bp and begin to exhibit considerable variation soon thereafter (Goebel et al., 2008). Sites with tools
or evidence of human cultural activity purported to be earlier are not compelling - including Calico Hills, Tule Springs, Old
Crow and Bluefish Cave (see review in Goebel et al., 2008). However, evidence for pre-Clovis occupations south of Alaska
and Beringia is steadily increasing in both quantity and quality (see Gibbons, 2014) as is the evidence for non-Clovis groups
generally contemporaneous with Clovis (Jenkins et al., 2012). Still, the oldest of these approaches an age of about 15,000
years ago. Genetic estimates also support a split between Native American and north Asian populations during or just after
the LGM, with estimated coalescence dates for three subclades of the C1 mitochondrial haplotype falling between 16,600
and 11,200 years ago (Goebel et al., 2008).

However, this relatively late date for human emergence in the New World has not always been so clear. Specimens such as
the Trenton crania, Calaveras skull, Natchez os coxae, Nebraska ‘loess’ skulls and numerous others were suggested as likely
candidates for a much earlier presence of humans in North America (see review in Hrdlicka, 1907). Florentino Ameghino
(1879) claimed great antiquity for human skeletal remains in South America, especially in Argentina, and ultimately
developed a phylogeny of human evolution that derived humans from fossil monkeys he discovered, also in Argentina
(Ameghino, 1910, 1911). Finally, the so-called Nebraska man, actually based on a single molar and named ‘Hesperopithecus
haroldcookii’ in 1922, was touted as a North American anthropoid, indicating that ape (and possible human) evolution
could have played out in North America as well as the Old World (Osborn, 1922). Five years later, it was demonstrated that
the tooth was from a peccary (Gregory, 1927). Still these arguments regarding human evolution in the New World created a
bit of a theoretical and methodological crisis for American anthropology at the time. It is in this framework that the work of
Ales Hrdlicka, one of the founders of systematic and scientific biological anthropology in the United States (Spencer, 1979),
is best understood and the misconceptions concerning his ideas best addressed.

Ales Hrdli¢a’s model for ‘peopling of the world’

Hrdlicka's view on the origin of Native Americans is not an isolated idea but rather one aspect of his perception of the
origin and spread of modern humans throughout the world. These views are presented in a number of publications (for
example, Hrdlicka, 1920, 1921, 1930, 1939) but sometimes are a bit difficult to isolate from other aspects of his detailed
publications (see Spencer and Smith, 1981). Hrdlicka basically viewed the origin and spread of modern people in four
stages (Hrdlicka, 1921). The first was a dispersal of Neanderthals throughout Europe and North Africa, terminating in the
emergence of the earliest modern humans, which he termed ‘western Palaeolithic man.” Unlike most of his contemporaries,
Hrdlicka saw the Neanderthals as the logical ancestor of modern humans and believed that early modern specimens, like
those from Pfedmosti (now in the Czech Republic) represented transitional forms between Neanderthals and later modern
people (Hrdlicka, 1927, 1930). In the second phase, ‘western Palaeolithic man’ diversified into specific racial types and for
the first time established a foothold in Asia. The third phase witnessed populations entering Asia and moving north and
east, eventually populating Siberia and then the Americas. The fourth phase in Hrdlicka's scheme was the populating of the
Pacific islands and the differentiation of peoples in the Old and New World into the current pattern of human biocultural
variation.

Hrdlicka's insistence that humans did not have a deep ancestry in the New World is fully understandable in light of this
model and his insistence on rigorous scientific evidence to support ideas about humans in the past. Between 1898 and 1912
he made a detailed study of all the available evidence attributed to early humans in the New World. He argued strongly that
careful analysis of the stratigraphy and context of human skeletal remains, as well as of the skeletal remains themselves,
was critical to claims for antiquity and he found that such analyses were unfortunately often inadequate in the case of the
purported early American remains (Hrdlicka, 1907, 1912). Because of his experience with Neanderthals and earlier fossil
humans, Hrdlicka felt that evidence of archaic morphology, as well as geological antiquity, was necessary to establish deep
antiquity for human skeletal remains. For example, in 1918 (p. 36) he wrote that “...anthropology has a right to expect that
human remains of whatever nature assigned to great antiquity should show some adjustment in structural type to such
antiquity.” His examination of specimens in the Americas purported to derive from the Pleistocene yielded no such evidence
of ‘primitive’ features - no evidence of anything like Neanderthals in Europe (Hrdli¢ka, 1907, 1912, 1937). At the conclusion
of his 1907 monograph, Hrdlicka wrote that ...in every instance where enough of the bones is preserved for comparison
the stomatological evidence bears witness against their geological antiquity and for their close affinity to or identity with
those of the modern Indian’ (Hrdli¢ka, 1907, p.98). He goes on to note that this does not preclude the possibility that earlier
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humans were in the Americas but only that definitive morphological and geological proof thereof was not available in 1907.
Such proof never materialised during his career (Hrdlicka, 1937).

Hrdlicka was perhaps too zealous in his insistence that the earliest American skeletons did not differ significantly from more
recent Native Americans. However, it is important to remember the framework in which these pronouncements were made.
Although he never specifically declares this to be the case, Hrdlicka is clearly approaching the study of these early American
remains from an evolutionary perspective. Yes, he was a taxonomic ‘pigeon-holer’ when it came to recent human crania
and in assessments of these purportedly early skeletons he does make reference to specific racial groups recognized at
that time. However, it is also the

case that his primary perspective

on these particular specimens SITE (STATE) DATE (METHOD) PORTIONS PRESERVED (SEX/AGE)
was to assess their antiquity and Arlington Springs 10,000 + 310 (A) femoral and other postcranial
their evolutionary relationships. In (California) 10,000 + 200 (B) fragments (?/adult)
other words, were they modern Brown'’s Valley 8,000 — 10,000 (C) cranium and mandible (3/adult)
humans or some archaic human (Minnesota)
form? Hrdlicka’s analyses clearly Gordon Creek 9,700 + 250 (A) cranium, mandible, partial
pointed to the former, and | (Colorado) postcranium (Q/adult)
contend that his equating of these Laguna Beach 17,150 + 1,470 (A) fragmentary cranial and
early specimens with ‘the modern (California) postcranial bones (?/adult)
Indian,” as he often wrote, was Los Angeles 23,600 + 1,100 (A) fragmentary calvaria and
primarily a means of underscoring (California) postcranial bones (Q/adult)
their basic modernity and less Marmes 10,687 + 215 (B) cranial, mandibular and postcranial
about their specific affinities (Washington) fragments (?/adult)
within modern humans. It is that Melbourne Late Pleistocene (C) cranial, mandibular, and
same evolutionary viewpoint that (Florida) postcranial fragments (Q/adult)
characterizes Stewart's perspective Midland 7,100 + 100 (B) fragmentary cranium, some
on these earliest American (Texas) postcranial elements (Q/adult)
skeletons (Stewart, 1973) and Minnesota Late Pleistocene (C) cranium, mandible, mostly
my own similar statements three (Minnesota) complete postcranial skeleton
years later (Smith 1976). As (@/adolescent)
Chatters comments concerning Natchez Late Pleistocene (C) 0s coxa (@/adult)
his use of ‘Caucasoid’ to describe (Mississippi)
Kennewick, | should have been Rancho La Brea 9,000 + 80 (A) cranium, mandible, some
more precise by clearly attributing (California) postcranial elements (@/adult)
the morphology of remains known San Diego 48,000; 44,000; three partial skeletons (adults)
in 1976 to modern humans and (California) 28,000 (D)
not comparing them specifically Taber 30,000 (C) cranial, mandibular, and
to more recent Native Americans. (Alberta) postcranial fragments (?/infant)
In the conclusion, | did state that Tepexpan 11,000 + 500 (A) cranium, mandible, some
' from a morpho|ogica| point (Mexico) postcranial remains (Q/adult)
of view, the earliest suggested Vero Beach Late Pleistocene (C) calvaria, mandible and postcranial
American Indian remains do not (Florida) fragments (2/adult)
align them with any hominid form (A) Direct standard and uncalibrated radiocarbon date on bone collagen from the specimen
other than Homo sapiens sapiens’ (B) Direct standard and uncalibrated radiocarbon dating of associated remains
(Smith, 1976, p.140). As | believe © Dat?ng byl geologic_al, _faunal,_or other relative technique

(D) Amino acid racemization dating

was largely the case for Hrdlicka,

my perspective on the material Table 1. Possible Remains of the Earliest Native Americans. This list is a slightly modified
was palaeoanthropological version of Table 1 in Smith (1976). The modifications are in how the information on each

. . specimen is presented. The specimens list and dates are unaltered from the 1976 list.
(evolutionary), not a forensic or

bioarchaeological one.

The skeletal remains of the earliest Americans: the 1976 survey

In 1976, | prepared a review of human skeletal remains from North America that were posited to date from the Pleistocene
or very early Holocene at that time. Reviews of this evidence were provided on several occasions during the early twentieth
century by Hrdlicka (1907, 1918, 1937) and by his successor at the Smithsonian Institution, T. Dale Stewart (1960, 1973).
By 1976, new chronometric dates were presented for several specimens, some of which suggested older ages than were
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available to Stewart (Bada and Helfman, 1975; Bada et al., 1974a,b; Berger, 1975; Berger et al., 1971; Bischoff et al., 1976).
These results added new skeletal candidates and older dates to the debate which | felt warranted consideration. Table 1 lists
the sites and specimens | considered in 1976. | excluded specimens that were dated or thought to younger than 8,000 years
Bp, as well as specimens for which a Pleistocene age had already been convincingly countered. | did include the Natchez
0s coxa because of its early discovery date, between 1837 and 1844, but only for historical reasons. | somewhat arbitrarily
limited my focus to North America and although | was able to study the material from Minnesota listed here at a later date,
the data and observations | made use of in 1976 were extracted totally from the literature.

My overall conclusion, based on the human skeletal material and chronological information available in 1976, was that
there was not compelling skeletal evidence of humans in the New World older than between 20,000 and 27,000 years 8p
and, as noted above, that none of these specimens exhibited anything but modern human anatomy (Smith, 1976, pp.139-
140). The date of 20,000- 27,000 years Bp was an extrapolation based on a radiocarbon date published for the Yuha site
(Bischoff et al., 1976), as well as dates on the Los Angeles and Laguna Beach specimens. | expressed doubts about older
ages attributed to skeletal remains in two cases: the Taber infant skeleton — suggested to be ~30,000 years old (or more)
and the so-called San Diego skeletons, dated to as much as 48,000 years Bp. Table 1 is quite different from subsequent
listings of early American skeletal remains (for example, Steele and Powell, 1992; Fiedel, 2004; Lepper, 2014) and an
assessment of why the picture has changed so extensively will provide some insights into the problems often faced in
accurately determining the age and context of specimens, particularly those actually or potentially of considerable antiquity.
Three examples highlight these problems very well.

Taber

The Taber infant skeleton was found in 1961 in south-western Alberta. This fragmentary skeleton was recovered in calcium
carbonate-cemented sands that appeared to lie between two glacial tills, the upper one representing the Wisconsin
glacial maximum (Stalker, 1969). There were no direct dates on the specimen, but its geologic context suggested an age
in excess of 18,000 and perhaps as old as 60,000 years (Stalker, 1969). | chose 30,000 years as a conservative estimate of
the specimen’s geological age based on the information available in 1976. There were no cultural associations with the
skeleton and the young age-at-death of the individual and its fragmentary condition precluded extensive morphological
analysis. However, published photographs (Langston and Oschinsky, 1963) show exclusively modern infant cranial
features. | noted concerns about the geological context but did not rule out the possibility that a late Pleistocene age
might be accurate and thus would represent early biological evidence of a modern human presence in North America
(Smith, 1976, pp.129-130).

However, the case for Taber’s antiquity began to unravel soon after 1976. In the late 1970s, another team returned to the
site to attempt to establish the skeleton’s context (Wilson et al., 1983). No further skeletal remains were found, but a series
of bone-bearing Holocene sand patches were noted. Analysis of the sand matrix still adhering to the Taber infant were a
much closer match in chemical makeup and colour to these Holocene sands than to the Pleistocene alluvial deposits (Wilson
et al., 1983). The last blow to a Pleistocene age for Taber came when a small segment of the infant skeleton was dated
using the AMS radiocarbon method. The resulting age of 3,550 + 500 radiocarbon years sp (Brown et al., 1983), places the
skeleton in the middle Holocene, far younger than the ages claimed for it previously.

San Diego skeletons

A second example concerns the specimens | listed as the San Diego skeletons in 1976. The San Diego skeletons were
remains of several individuals found in and around La Jolla and Del Mar, California. These specimens were studied in
detail by Rogers (1963, 1974), whose descriptions clearly establish all of the specimens as anatomically modern. Table 2
gives the dates given estimated for the various specimens. These dates, ranging between 48,000 and 27,000 years ago,
were all determined by amino acid racemization dating, a technique that measures the rate of protein diagenesis in bone
or shell (Bada and Helfman, 1975). Amino acid racemization was the new rage in the mid-1970s and appeared to hold
great promise for dating of skeletal remains. One reason there was so much excitement about the techniques was that it
provided the possibility of determining chronometric ages for human remains, both biological and cultural, that were older
than the range of radiocarbon at that time. The period from 40,000 8p back to 100,000 years ago or so was a bit of a black
hole in terms of accurate chronometric dating at that time, and this was a critical period for understanding the pattern of
modern human origins and the role of various archaic human forms, like the Neanderthals, in that process. The San Diego
dates emerged in the context of this enthusiasm about amino acid racemization’s potential impact on the study of human
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evolution. These dates are still the earliest chronometric dates ever associated with early Native American skeletal remains
and they created quite a stir in the 1970s.

Although in today's world of better chronology for the Table 2. Amino Acid Racemization Dates for the San Diego

appearance of modern humansl 48’000 years BP m|ght Skeletons in 1976 (adapted from Bada et al. (1974a: p.791)
. X . and Bada and Helfman (1975, Table 7).

not seem so problematic, but in mid-1970s there was

no compelling evidence that modern humans existed Specimen No. — Location Date

anywhere earlier than perhaps 40,000 to 45,000 years
ago (see Smith, 1985). So a claim of an age of as much as W-34A - Del Mar 48,000 sp
48,000 years for modern humans anywhere in the world
back then was a really big deal, but it was especially so in W-34A - Del Mar 47,000 sp
North America. Because amino acid racemization was a
relatively new technique, there was concern that various W-34A- Del Mar 41,000 sp
factors (most prominently temperature during burial or
in areas where remains were stored after excavation) W-2 — South of Scripps 44,000 sp
could affect the ages determined and such concerns
were expressed regarding the age estimates for these W-2 — South of Scripps 27,000 sp
burials (Protsch, 1975; see also discussion in Smith,
1976). Also for some specimens, there were already W-12A — North of Scripps 39,000 sp
standard radiocarbon dates on associated material of
the La Jollan culture ranging from 5,460 + 100 to 7,370 W-12A — North of Scripp 27,000 gp
+ 100 radiocarbon years Bp (Rogers, 1963) that cast a
shadow of doubt on the older dates. Subsequently, a W-99 - Batiquitos Lagoon 45,000 sp

series of AMS radiocarbon dates on the same skeletal

specimens produced ages that range from 4,820 to 6,330

radiocarbon years p (Bada et al., 1984a; Taylor et al., 1985). The AMS dates are comparable in age to the standard '4C dates
on the La Jollan cultural material; and while this antiquity is certainly respectable for North America, the San Diego skeletons
are certainly far younger than they were claimed to be in the 1970s.

Laguna Beach, Los Angeles and Yuha

Single specimens from these three sites represented the other remains purportedly dated around 20,000 years ago back in
1976. Both Laguna Beach and Los Angeles are partial crania that are fully anatomically modern and were dated to 17,150
+ 1470 and >23,600 radiocarbon years ago, respectively (see Plhak, 1978, 1980). The Los Angeles specimen also yielded
an amino acid racemization date of 26,000 sp (Bada and Helfman, 1975). Both specimens lack archaeological associations.
As with the San Diego skeletons, subsequent direct AMS radiocarbon dating has determined ages of 5,100 radiocarbon
years for Laguna Beach (Bada et al., 1984) and 3,560 for Los Angeles (Taylor et al., 1985). These dates indicate that the Los
Angeles and Laguna Beach specimens are mid-Holocene, not Pleistocene, in age.

In the case of the Yuha burial, caliche covering one of the bones of burial was dated to 21,500 + 1,000 years sp by standard
radiocarbon analysis (Bischoff et al., 1976) and an age of 23,600 + 2,600 spr was later determined based on amino acid
racemization (Bischoff and Childers, 1979). However, doubts about the dating were quickly raised, based primarily on
the cultural similarity of the Yuha burial to Holocene cairn burials in California deserts (Wilkie, 1978). Subsequent AMS
radiocarbon dating directly on the skeleton yielded dates of <4 Ka B, supporting the mid-Holocene age for the Yuha burial
(Stafford et al., 2004).

What's left and what’s new — a concluding perspective

All of the human skeletal specimens suggested in 1976 to demonstrate an age of more than 12,000 years for humans
in North America have been shown to be much younger than they were then claimed to be. Even the Tepexpan skeleton
(Mexico) is no longer considered 11,000 years old (or older), but rather about half that age based on a uranium series
date of 4,700 + 200 years 8P (Lamb et al., 2009). Comparison with the most recent compilation of dates for early material
in North America (Lepper, 2014) shows that only seven specimens from my 1976 list are still considered to exceed 8,000
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years of age. These specimens and the ages available for them in 1976 and now are given in Table 3. The oldest of these,
Arlington Springs, is now dated almost 1,000 years earlier than in 1976. Gordon Creek and Rancho La Brea still use the
same dates that were available in 1976. The Browns Valley and Minnesota (Pelican Rapids) skeletons from Minnesota had
estimated ages in 1976, but these estimates have been generally confirmed by direct 4C dates (O’Connell et al., 2013).
Midland is considered about 10,000 years old, but this is not based on chronometric dating; and the Marmes specimens
now have '#C dates that are about 1,000 years less than in 1976. Of course, there are now several other specimens not
known or recognized in 1976, so that the sample size for specimens dated earlier than 8,000 years Bp is now much larger
and more informative (Fiedel, 2004; Powell, 2005; Lepper, 2014). Still, it is important to note that no specimen dates earlier
than 13,500 radiocarbon years 8P and most are less than 11,000 radiocarbon years Bp. Thus, my two major points from
1976 remain basically supported by these new and improved data: skeletal remains in North America belong to modern
Homo sapiens (H. s. sapiens) and there is no skeletal evidence for humans older than 27,000 years on this continent. In fact,
current evidence demonstrates that | was too generous in my estimate, as there is no such evidence older that about 16,000
calendar years Bep.

Several of the specimens added to the list of earliest Native Americans were recovered in Mexico, including most recently
the Hoyo Negro specimen, dating to 10,960+20 radiocarbon years Bp (Chatters et al., 2014). Although gracile, this female
skeleton exhibits the generalised Palaeoindian morphological pattern discussed previously and does not demonstrate specific
affinities to more recent Native Americans; and its D1 mitochondrial DNA haplotype, while derived from Asians, is unique
to Americans (Chatters et al., 2014). The Hoya Negro specimen, along with other Mexican remains of comparable age (see
Lepper, 2014: Table 1.1) shows
that the distinctively generalised
morphology indicated for
Kennewick a