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a b s t r a c t

The southern cone of South America has been an important source of information regarding the early
peopling of the Americas. The discovery of the Monte Verde site was revolutionary; it led to wide
acceptance of the pre-Clovis hypothesis and its corollary, the coastal migration route. Although
numerous additional pre-Clovis sites have been reported in South America, debate continues about the
timing of the earliest human migration. Perhaps because of the paucity of very early sites in North
America, researchers there are increasingly focused on the genomic evidence.

The mitochondrial subhaplogroup D1g described in 2012 and found in Amerindian populations of
southern Chile and Argentina, represents today as Monte Verde did before, an interesting paradox that
has not yet received much attention. The age calculated for D1g, between 25,000 and 19,000 cal yr BP is
extremely old for a South American mitochondrial subhaplogroup. The anomalous age of this haplogroup
does not fit the currently accepted framework for the other mtDNA haplogroups in the Americas. In this
article I compare D1g old age with those from other published D phylogenies, using the rho calculation
methodology in order to test the reliability of this older age estimate. Might this lineage be evidence for
an early pre-Clovis migration?

© 2017 Published by Elsevier Ltd.
1. Introduction

In the complex history of human migrations, it is widely
accepted that America was the last continent colonized by humans,
most likely from Asia through Beringia (Goebel et al., 2008; Tamm
et al., 2007; Powell, 2005). Althoughmany colonization hypotheses
for the early peopling have been proposed, two remain the most
supported by the scientific community today; the Clovis hypothesis
(Tankersley, 2004) and its counterpart, the coastal route, or pre-
Clovis migration (Gruhn, 1988). The Clovis hypothesis, predomi-
nant in the latter half of the 20th century, was supported by the
discovery of Clovis and Folsom sites in central North America
(Haynes, 1964). This hypothesis proposes that America was first
settled by migrants coming from Beringia who crossed through an
ice free corridor between the Laurentide and Cordilleran ice sheets
about13,500 cal yr BP. These migrants quickly populated the
contiguous United States, and their descendants then rapidly
populated Central America and reached southernmost South
America by 12,800 cal yr BP (Haynes, 1964). In the years since the
discovery of the Clovis and Folsom sites, many additional Clovis-
related sites have been found, making the Clovis complex, with
its distinctive lithic, bone, and ivory tools, one of the best-
represented cultural groups in North America, (Tankersley, 2004;
Waters and Stafford, 2007).

In 1989 Dillehay reported archaeological materials from Monte
Verde, in southern Chile, that dated older than any Clovis site. This
discovery shocked the archeological world; for the first time the
status of the Clovis people as the first American migrants was
seriously questioned Monte Verde offered support for the previ-
ously proposed alternative hypothesis (Fladmark, 1979; Gruhn,
1988) that envisioned an early entry of migrants by a coastal
route along the Pacific Ocean. Besides its older age, the lithic
assemblage discovered at Monte Verde also reinforced the idea of a
pre-Clovis migration because they show no affinities with the
characteristic Clovis lithic industry. Additional 14C dates for t, for
Monte Verde II indicate a calibrated age of ca. 14,100 yr B.P.
(Dillehay et al., 2008).

After Monte Verde, other sites with distinct non-Clovis lithic
industries have been reported. However only the sites with ages
younger than ~15,500 cal yr BP have wide support from the sci-
entific community (e.g., Waters and Stafford, 2013). All sites older
than ca. 16,000 cal yr BP, such as Cactus Hill, La Sena, Lovewell,
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Topper, Tlapacoya, or Pedra Furada, have been questioned for
different reasons: the possibility of post-depositional mixing; sec-
ondary association of dated charcoal and artifacts; or of the dubious
anthropogenic character of the putative artifacts (Haynes, 2002,
2005; Waters et al., 2009). So, all the pre-Clovis sites with sup-
ported 14C dates are roughly contemporaneous with Monte Verde.
In North America, these include Debra L. Friedkin, 15,500 cal yr BP
(Waters et al., 2011); Meadowcroft Rockshelter, perhaps 15,200 yr
BP (Adovasio and Carlisle, 1988); Schaefer and Hebior, ca 14,800 yr
BP (Joyce, 2006); Bluefish Caves, 15,000 yr BP (Cinq-Mars, 1979),
Page-Ladson, 14,500 yr B.P. (Halligan et al., 2016). and Paisley Caves,
ca. 14,300 yr BP (Jenkins, 2007; Jenkins et al., 2013). In South
America, besides Monte Verde, sites dated earlier than 14,000 yr BP
include Huaca Prieta in coastal Peru, ca. 14,200 yr BP (Dillehay et al.,
2012) and Arroyo Seco 2 in Argentina, with an ostensibly human-
modified bone dated recently to ca. 14,100 yr BP (Politis et al.,
2016). Very recently Bourgeon et al. (2017) dated human pres-
ence in Bluefish Cave at ca. 24,000 yr BP. If this date is later
confirmed, the problem of the contemporaneous dates between
North and South America archeological sites could be dismissed.

Apart from the similar ages of both North and South American
archeological sites, the genetic evidence provided bymitochondrial
DNA (mtDNA) has become critical for those authors who support
pre-Clovis ages for settlement of the Americas (Fagundes et al.,
2008; Schurr, 2004). Mitochondrial DNA is a maternally inherited,
small, circular molecule frequently used in studies of human pop-
ulation history. Unlike nuclear DNA, the non-recombinant mtDNA
allows the reconstruction of molecular phylogenies once the 16,569
base pairs of the genome are sequenced. The improved techniques
of the last decade have enabled the complete sequencing of thou-
sands of mtDNA genomes (mitogenomes), resulting in a very
complete worldwide phylogeny, with a complete description of
haplogroups (named with letters from A to V), sub-haplogroups
and haplotypes of populations from all continents (www.
phylotree.org). In the Americas, four major continental hap-
logroups (named A-D) have been defined, as well as a minor North
American haplogroup named X (Bailliet et al., 1994; Forster et al.,
1996; Horai et al., 1993; Torroni et al., 1993). All A-D mtDNA line-
ages have Asian counterparts, confirming previous findings of the
ancestral origin of the Native American population in Asia. For X
haplogroup, instead, a close molecular counterpart for specific
American X2a has not been found in Asians, suggesting that its X2
ancestor became lost in Asians after entry in Beringia, most prob-
ably because of genetic drift (Perego et al., 2009).

In recent years, in parallel with the refinement of the worldwide
mtDNA phylogeny, the resolution of Native American-specific hap-
logroups has improved. Today, the overall number of recognized
founding maternal lineages has gone from just the five mentioned
before to a current count of 15 (Perego et al., 2010). Among these,
seven haplogroupseA2, B2, C1b, C1c, C1d, D1 andD4h3ae are pan-
American, as they are distributed across the double continent
(Bandelt et al., 2003; Behar et al., 2012; Fagundes et al., 2008; Schurr
and Sherry, 2004; Tamm et al., 2007), while the remainder are less
frequent and generally are restricted to North America (A2a, A2b,
C4c, D2a, D3, D4e1, X2a and X2g) (Fagundes et al., 2008; Kashani
et al., 2012; Kumar et al., 2011; Malhi et al., 2010; Mizuno et al.,
2014; Perego et al., 2009; Schurr and Sherry, 2004). Other molecu-
lar phylogenies have been completed for the geographically specific
haplogroups in SouthAmerica, C1b13 andB2i2 (de Saint Pierre et al.,
2012b), D1g and D1j (Bodner et al., 2012).

As for the pan-American haplogroups, they all reveal, with the
exception of C1d, entry times estimated as 15e18 thousand years
ago (kya); these ages are too old to accommodate the Clovis-first
hypothesis but instead offer support for the proposed coastal
route and migration just after the LGM (Rothhammer and Dillehay,
2009). The geographically specific clades have a time range of
11.3e19.7 kya. The wider time range is expectable, because specific
demographic histories can have implications for the lineages' ages.
However, one geographically specific sub-haplogroup, D1g, has an
older age than all of the pan-American haplogroups. Haplogroup D
is one of the better-characterized lineages in the literature, repre-
sented in present-day populations throughout northern, eastern,
and central Asia and America. It evidently originated around 50e30
kya in eastern Asia, from whence D-bearing group subsequently
expanded northwards to southern Siberia, and then farther into
northern Asia and finally into the Americas (Kong et al., 2003;
Metspalu et al., 2006). In current populations, the oldest D line-
ages are present in the eastern Asia. This haplogroup has two
principal branches, which reflect major migrational movements;
D4, which is spread all over East Asia, Southeast Asia, Siberia,
Central Asia and America (in the form of derivate lineages D1, D2a,
D3, and D4h3) and D506 which is found mainly in East Asia and
Southeast Asia, with minor frequencies in Siberia, Central Asia and
India (Derenko et al., 2010; Tanaka et al., 2004; Zheng et al., 2011).

Bodner et al. (2012) analyzed and described the D1g sub-
haplogroup together with D1j, both geographically restricted to the
southern cone of South America. In view of their apparently similar
distribution, the authors minimized a number of issues such as the
difference of their ages (D1g is ~4.6 kyr older than D1j) and their
differing geographic locations in the native populations (D1g in
southern Chile-Argentina, D1j only in central Argentina). Interest-
ingly, Bodner et al. proposed a singlemigrationmodel for both clades;
however, indoing so they ignored the olderageofD1gand the further
implications that this could have for the peopling of the Americas.

My aim in this article is to reanalyze the D1g phylogeny with an
updated version (de Saint Pierre et al., 2012a), and to apply the
evidence to the early peopling scenario. For this purpose, I will
compare the age of D1g with those of other published D phylog-
enies. I intend to address the reliability of this older age estimate for
a geographically restricted lineage and the implications it could
have for the dating of the earliest peopling of South America.

1.1. Methodology

The D1g phylogeny was first published by Bodner et al. (2012),
but later de Saint Pierre et al. (2012a) published an updated version,
adding three new mitogenomes from Chilean Amerindian pop-
ulations. The construction of the phylogeny was performed by hand
using the polymorphisms shared by individuals to construct clades,
following the maximum parsimony criterion. The mutational site
16519 was not taken into account because it was considered highly
homoplasic (Soares et al., 2009). The ages of D1g and other D clades
were estimated by means of calculating the rho (r) index. The
statistic rho, as an approach to molecular dating, was first proposed
by Forster et al. (1996) and it is defined as the average number of
polymorphisms l observed along m unique lineages (weighted by
sample size) stemming from a given ancestral node in a resolved
genealogical tree. The confidence intervals on the obtained date can
be derived from the expected variance of r (Saillard et al., 2000).
After rho methodology was criticized by Cox (2008), Soares et al.
(2009) proposed a corrected rho-based molecular clock which
has been used extensively for the calculation of divergence ages of
mitochondrial phylogenies. For the other D haplogroups used in the
comparison (see Table 1 for references), the ages originally esti-
mated by authors were not used; instead, they were recalculated
using the same methodology described before, in order to avoid
problems associated with particular modes of estimation. In Table 1
are listed the re-estimated divergence ages. Rather than resuming
the debate about the methodology itself, with this exercise I intend
to explore the ages of other D mitochondrial haplogroups and to
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Table 1
Divergence times of haplogroup D mitochondrial phylogenies.

Haplogroup Dateb (kyr) reference

D4ba,c 30.8 ± 13 Volodko et al., 2008
D4ea,c 24.7 ± 8.6 Volodko et al., 2008
D2 10.4 ± 5.9 Kumar et al., 2011
D2 9.8 ± 5.9 Derenko et al., 2010
D2a 8.9 ± 6.9 Derenko et al., 2010
D4h3a 17.6 ± 3.7 Perego et al., 2009
D1g 22 ± 7.7 de Saint Pierre et al., 2012a
D1j 16.7 ± 9.4 Bodner et al., 2012

a With a Japanese cluster.
b Age estimates using the corrected molecular clock proposed by Soares et al.

(2009).
c The names don't match with those from the article because they were change

for those names in the phylotree phylogeny.
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examine the D1g clade in a broader context, to determine if this
methodology regularly produces over-estimated ages.

2. Results and discussion

Haplogroup D1g was described in 2012 in two articles; first,
Bodner et al. (2012) published the complete phylogenies of D1g and
D1j using Chilean and Argentinian urban samples obtained from
the Sorenson (SMGF) Database (today maintained by AncestryDNA
since its acquisition of SMGF). Shortly afterwards de Saint Pierre
et al. (2012a) published a populational analysis of the D1g hap-
logroup within native populations, using the hypervariable region
of mtDNA. However, a complete phylogeny of D1g, using Bodner's
D1g sequences plus the three additional samples, was included in
Fig. 1. Phylogenetic tree of southern South American haplogroup D1g. This tree includes 23
Saint Pierre et al. (2012a), and illustrates subhaplogroup affiliations. The position of the revis
off sequence motifs. All SNPs and indels are shown on the branches except for cytosine inser
base is indicated according to the IUPAC nucleotide code. The prefix@ indicates the reversi
synonymous and nonsynonymous substitutions, respectively, while “t” and “r” indicate af
phylogeny are underlined. White squares are Bodner et al. (2012) sequences, black square a
have been obtained by including all sequence changes (except 16519, 16182C, 16183C and 1
the supplementary information. Each article reached a different
conclusion with respect to D1g; Bodner et al. propose a common
migration route for D1g and D1j, while de Saint Pierre et al. propose
a shared migration route for D1g and B2i2, but not for D1j since this
haplogroup is absent in Chile. This disagreement might be
explained by the different sources of the analyzed samples; urban
dwellers from Chile and Argentina in Bodner's study, and rural
natives from Chile and Argentina in de Saint Pierre's. While the use
of urban samples to analyzemitochondrial haplogroups can be very
useful where it is difficult to obtain native samples, one must be
extremely cautious in analyzing the results. Because of the massive
migrations from rural world to cities in the Americas over several
centuries, it is very difficult determine the original places of origin
of urban haplotypes, which could generate inaccurate population
models. In Bodner's article, this lack of geographic precision led
them to confuse the locations of D1g and D1j. A more cautious
observation of native population frequencies reveals that D1g is
restricted to populations in the south of Chile and Argentina; it
occurs in high proportions inMapuche, Pehuenche, Huilliche and in
minor frequencies in Patagonian populations, the Yamana, Aoni-
kenk and Kaweskar (Moraga et al., 2000; Garcia-Bour et al., 2004;
de Saint Pierre et al., 2012a). In contrast, D1j is found in north-
central of Argentina but is virtually absent from Chile (García
et al., 2012).

The early divergence age estimated for D1g has been largely
ignored and inadequately discussed. Bodner's paper reports ages of
about 18.3e19.7 kyr, according to two different methods used for
age calculations, maximum likelihood and rho, respectively. Inter-
esting, when one adds to the D1g phylogeny the three new se-
quences reported by de Saint Pierre Fig. 1, the rho estimated age
sequences reported by Bodner et al. (2012) and 3 complete mtDNA sequences from de
ed Cambridge Reference Sequence (rCRS) (Andrews et al. 1999) is indicated for reading
tions at np 309. In the case of transversions, insertions, or heteroplasmic mutations, the
on of a mutation occurring earlier in the phylogeny. The suffixes “s” and “ns” indicate
fected positions in tRNA and rRNA loci, respectively. Recurrent mutations within the
re from de Saint Pierre et al. (2012a). Coalescence times shown are rho estimates, and
6194C) from the respective root according to Soares et al. (2009).
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increases from 19.7 to 22 kyr. The explanation for this is that one of
new the samples, a Yamana, lacked one of the two basal poly-
morphisms reported in Bodner's phylogeny; site 8116. Due to its
absence, in the new phylogeny the polymorphism 16187 is the only
basal one for D1g. Remarkably, no other D1g individual without the
8116 mutation has ever been found, except the aforementioned
Yamana (see de Saint Pierre et al., 2012a, pp 2). This can be
explained by the biological and cultural factors of the population in
which this haplotype was found. The majority of the Amerindian
D1g-8116 population (Mapuche, Pehuenche and Huilliche) is
located near from Monte Verde area, between 38� S and 40� S. The
Yamana, although part of the same population substrate, are in fact
very isolated geographically from the rest of the D1g population (by
~1000 km). They were marine hunter-gatherers who inhabited one
of the most isolated and climatically challenging places on earth,
the fjords of Tierra del Fuego. The vast extent of the territory
covered by D1g populations and the antiquity of the migration
process might explain the conservation of an old and rare D1g
haplotype in one population and its complete absence from the
rest. Archeological data show that Patagonia was populated very
early, beginning with Monte Verde (14,200 cal yr BP) and Arroyo
Seco 2 (14,100 yr BP).The rest of Patagonia was occupied after
12,900 yr BP (Miotti and Salemme, 2004; Steele and Politis, 2009)
and Tierra del Fuego was completely settled by 9000 cal yr BP as
represented by the site of Tres Arroyos (Massone, 1987). This
chronology allows enough time for genetic drift to act and is
concordant with a model of the phylogeny of Patagonian D1g as the
result of a very of old migration and peopling process.

Although there is widely accepted evidence of the early settle-
ment of Patagonia by ca. 14,000 cal BP, these archeological dates are
still ~5000 years later than the estimated molecular age of the D1g
clade, and they are still too young to fit the calculated age of arrival
of D1g in the Patagonia. This inconsistency might be attributed to
flaws in to the molecular estimates, which are less reliable than
direct dating of artifacts or skeletal material. The inaccuracy of
molecular dates based on assumed constant mutation rates has
been discussed by many researchers (Fu et al., 2013; Green and
Shapiro, 2013; Ho and Larson, 2006; Loogvali et al., 2009; to
name just a few). Molecular age estimates must be derived from a
nucleotide substitution rate; various studies have employed quite
different rates, resulting in very discordant ages. As an example,
with respect to early peopling of the Americas, a single data set has
produced ages differing by around 5000 years only because
different mutation rates were used (Fagundes et al., 2008; Ho and
Endicott, 2008). However, despite criticism of molecular dating
relative to archeological dating, the molecular clock has proved to
be extremely valuable in imposing credible chronological frame-
works on peopling events that would otherwise be difficult to date.
In America, given the ostensibly similar dates obtained for
archeological sites both South and North America, molecular dates
appear roughly accurate and therefore have assumed pivotal
importance in discussions role respect of the earliest peopling.

Of the phylogenies analyzed (Table 1), the oldest age, of 30.8 kyr,
correspond to the D4b haplogroup which is found mainly in Sibe-
rian populations but also in a Japanese cluster (it was also described
in one Canadian Inuit). This divergence age is consistent with a
hypothesized date for the peopling of eastern and northern Asia.
The D4e haplogroup, which is also Asiatic-American, has an age of
24.7 kyr. This lineage has mainly Siberian and Japanese clusters, but
also has a greater presence in North American populations
belonging to the sub-clade, D2a. This age, slightly lower than that of
D4b, is also consistent with the origin of a hypothetical ancestral
population that ultimately would be the source of different pop-
ulations found today. The last Asiatic-Amerindian lineage analyzed,
D2, has a notably lower divergence age than those of D4b and D4e.
This clade is more restricted; it is found in Siberians in Asia and
Aleuts and Eskimos in America. Its age, ~10 kyr, is probably asso-
ciated with a latermigratory event in the Arctic. There is agreement
that Aleut, Eskimo and Na-Dene populations descend from later,
different migrations, after the one that gave rise to the Native
Americans south of Canada (Reich et al., 2012; Flegontov et al.,
2016).

Of the exclusively Amerindian haplogroups, D4h3a has an age of
17.6 kyr. This is a good candidate to date the early peopling, since
considerable evidence has shown it to be an ancestral haplogroup.
D4h3a has been recovered from the late Pleistocene
(12,707e12,556 cal yr BP) Anzick child (Rasmussen et al., 2014) and
from a skeleton of an early Holocene individual from Alaska (Kemp
et al., 2007), which is empirical evidence of the presence of this
lineage in Paleoamericans. Also, D4h3a has a wide geographic
distribution, being found low frequencies in populations across the
continent, including the most southern native populations, the
Patagonians (de Saint Pierre et al., 2012a; Moraga et al., 2010).

Finally, there are the Southern Cone-restricted haplogroups D1j
and D1g. The age of D1j is 16.7 kyr. Today this haplogroup has a very
restricted location in the north of Argentina (García et al., 2012),
although it was reported in an ancient Taino from Venezuela
(Lalueza-Fox et al., 2001). So, although today D1j is restricted only
to Argentina, it could be part of an ancient continental migration
wave that peopled the eastern side of the Andes Cordillera
(Rothhammer and Dillehay, 2009). There is some archeological
evidence of early occupation of this part of South America,
e.g.,Taima-Taima in Venezuela, perhaps at ca. 16,000 cal yr BP
(Bryan, 1973), Pedra Furada and other sites in northeastern Brazil,
perhaps pre-dating 40,000 cal BP (Santos et al., 2003) Arroyo Seco 2
in Argentina, arguably as old as 14,100 yr B.P. (Politis et al., 2016).

In comparison to the previously discussed haplogroups, the
divergence age for D1g (22 kyr) appears too old, even considering
that the rho methodology may have produced somewhat over-
estimated divergence ages. In this regard, it must be noted that
the ages calculated by Behar et al. (2012) for these haplogroups are
much more recent: 23,530 (þ-2137) for D4b, 18,606 (þ-3586) for
D4e, and 12,954 (þ-2580) years for D4h3a. As Fiedel notes (this
volume), selection of a different, faster mutation rate could radi-
cally reduce the ages of D1g and D1j, even to fit within the Clovis/
Fishtail-first chronological framework he advocates. Nevertheless, I
still think the rho-based chronology is reliable, and I wish to further
explore its possible ramifications.

The archeological evidence shows that the Southern Cone was
effectively settled at least by 14,100 cal yr BP (Dillehay et al., 2008),
but that date is still separated by ~7000 yr from the rho-estimated
origin date for the D1g clade. However, even though D1g is
restricted today to Patagonian populations, this may not always
have been the case. D1g perhaps could have originated farther
north of its present-day location and simply by genetic drift, it may
have disappeared from the rest of the continent. Something similar
seems to have happened to the D4h3 clade, which was apparently
much more widespread in the early Holocene (Lindo et al., 2016;
Díaz-Matallana et al., 2016). Interestingly, Patagonian populations
have some particularities relative to other Amerindian populations
that suggest that they may be direct descendants from a coastal
Paleoamerican migration and thus good candidates to examine for
genetic evidence of the first migration. Morphologically, cranial
studies suggest a greater affinity between Patagonian populations
and Paleoamericans than is seen in other recent Amerindians; this
has been interpreted as the result of long isolationwith consequent
retention of ancestral traits (Lahr, 1995; Gonzalez Jose et al., 2001).
Patagonian languages are also enigmatic. Various authors have
classified the Selk'nam, Yamana and Kaweskar languages as isolates
divergent from all other Native American languages, (Civallero,
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2008; Sanchez, 1993; Viegas, 2005). Traditionally, the Mapuche
language, Mapudungun, has been considered a branch of the An-
dean stock; however, an analysis by Viegas (2005) overturns this
hypothesis and shows that it is also an isolate. With respect to their
genetics, Patagonian populations also have high frequencies of
D4h3a (de Saint Pierre et al., 2012a; Moraga et al., 2010), which
linked them to the North American Paleoamericans (Rasmussen
et al., 2014; Lindo et al., 2016). Patagonian populations may have
retained ancestral traits from the first migrants that were lost in
other contemporary populations; D1g could be part of this legacy
and thus an ancestral haplogroup, notwithstanding its limited
geographic distribution.

This analysis does not prove that the estimated age of 22 kyr for
D1g is accurate; nevertheless, to fit the D1g evidence within a
peopling model, one may propose a scenario in which the first
migration to America occurred much earlier than most researchers
currently consider (e.g., Potter et al., this volume). However, how
much earliermight this first migration have been? A recent analysis
of ancient South American mitochondrial haplogroups by Llamas
et al. (2016) dated the first migration south of the ice sheets to
~16 kyr cal BP. This scenario rules out Clovis as the first migrants,
but it is not early enough to explain the antiquity of D1g. Recently, a
study by Perez et al. (2016) placed the start of Patagonian settle-
ment between 18 and 16 kyr B.P., which is more congruent with the
ancient origin of D1g proposed here, but contradicts the age
calculated by Llamas et al. (2016). Genetic anthropologists have
generally accepted archaeologists’ relatively conservative inter-
pretation of the evidence, which puts first peopling south of the ice
sheets around 16 to15,000 cal BP (e.g., Waters and Stafford, 2013).
To accommodate both the Anzick genome and the archaeological
record, they postulate a migration to South America just barely
early enough to account for the occupation of Monte Verde ca.
14,200 cal BP. Researchers have not yet acknowledged the profound
implications of new archaeological evidence reported from the vi-
cinity of Monte Verde (Dillehay et al., 2015): stones interpreted as
artifacts, associated with charcoal assumed to represent anthro-
pogenic fire, date from at least 18,500 cal yr BP, and possibly as early
as 25,000 cal BP. These putative remains of human activity appear
no less convincing than most of the widely accepted materials from
MV II. A date of ca. 18,500e25,000 cal BP for human occupation of
southern Chile would, of course, fit perfectly with my proposed
chronology for appearance of the D1g clade.

A topic not often considered explicitly in discussions of early
peopling is the likely rate of advance of migrants. A feasible rate
must underlie any realistic scenario. So, how much time would be
necessary for migrants to cross the ~14,000 km that separates
Monte Verde from a potential entry point in Beringia? Henn et al.
(2012) propose a rate of 0.5 km/yr, taking into account the
archaeological dating of the Out of Africa expansion from its origin
to its conclusion: a route of 25,000 km over a period of 50,000 yr.
Rasmussen et al. (2011), in an article about Asian dispersal, allow
12,000e15,000 years to for the journey of ~11,000 km between
south Middle East to Australia. Although they never actually
calculate a possible rate of advance for this migration, a simple
estimation would give us 0.9e0.7 km traveled in a year. Using an
estimated rate of advance of migration based on these two exam-
ples, the time required for migrants to arrive at Monte Verde ca.
14,100 cal BP is at least 14,000 yr, which should give a potential
time of 28,000 cal yr BP for the beginning of American migration.
Most researchers would doubtless regard this potential age as too
early. Both the known archaeological record and the molecular
dating recently proposed by Llamas et al. (2016) allow only about
~2000 yr to reach Patagonia. However, tomake this journey in 2000
years, the Americanmigrants must have advanced at a rate of 7 km/
yr, which is between 8/10 times and 14 times faster than the rates of
advance for Eurasian migrations inferred from the data of Ras-
mussen et al. and to Henn et al., respectively. Homo sapiens were
moving into already occupied territories in Eurasia, which would
surely have affected the speed of their expansion. While American
migrants could havemovedmuchmore rapidly into an uninhabited
continent, I consider 7 km/yr as too fast to be realistic. Doubling the
duration of the Beringia-Patagonia journey to ca, 4000e5000 years,
gives a rate ~4/5 time faster than the Middle East-Australia
migration, so, it is still high but more realistic. Fix (2005) in a
computational simulation model gave 3000 years for the spread of
the founding lineages through North America, a rapid dispersion
but consistent with the early peopling model I propose.

In the scenario supported here, the first migrants would have
traversed the Pacific coast of the Americas prior to 21,000e20,000
years ago. Recent reports provide archaeological evidence of ma-
rine adaptations in Hokkaido, Japan, 24,000 yr ago (Otsuka, 2016),
and in Okinawa at 35,000 yr ago (Fujita et al., 2016).Therefore, an
effective coastal adaptation by the first migrants can be realistically
projected (see Faught, this volume). A continental interior route or
any variant of the Clovis-first hypothesis is dismissed here in view
of the absence of an ice ¼ free corridor between the ice sheets at
LGM (Mandryk et al., 2001; but see Dawe & Kornfeld, this volume).
In my preferred scenario, the Clovis people would have been one of
the first cultural groups that developed in situ in America, but they
were derived from some early coastal group that eventually
ventured into the interior, while others continued on to southern
territories.
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Flegontova, O., Gelfand, M.S., Gerasimov, E.S., Khrameeva, E.E., Konovalova, O.P.,
Neretina, T., Nikolsky, Y.V., Starostin, G., Stepanova, V.V., Travinsky, I.V.,
T�ríska, M., T�ríska, P., Tatarinova, T.V., 2016. Genomic study of the Ket: a Paleo-
Eskimo-related ethnic group with significant ancient North Eurasian ancestry.
Sci. Rep. 6, 20768.

Fladmark, K.R., 1979. Routes: alternative migration corridors for early man in North
America. Am. Antiq. 44, 55e69.

Forster, P., Harding, R., Torroni, A., Bandelt, H., 1996. Origin and evolution of Native
American mtDNA variation: a reappraisal. Am. J. Hum. Genet. 59, 935e945.

Fu, Q., Mittnik, A., Johnson, P.L.F., Bos, K., Lari, M., Bollongino, R., Sun, C., Giemsch, L.,
Schmitz, R., Burger, J., Ronchitelli, A.M., Martini, F., Cremonesi, R.G., Svoboda, J.,
Bauer, P., Caramelli, D., Castellano, S., Reich, D., P€a€abo, S., Krause, J., 2013.
A revised timescale for human evolution based on ancient mitochondrial ge-
nomes. Curr. Biol. 23, 553e559.

Fujita, M., Yamasaki, S., Katagiri, C., Oshiro, I., Sano, K., Kurozumi, T., Sugawara, H.,
Kunikita, D., Matsuzaki, H., Kano, A., Okumura, T., Sone, T., Fujita, H.,
Kobayashi, S., Naruse, T., Kondo, M., Matsu'ura, S., Suwa, G., Kaifu, Y., 2016.
Advanced maritime adaptation in the western Pacific coastal region extends
back to 35,000e30,000 years before present. Proc. Natl. Acad. Sci. U. S. A. 113,
11184e11189.

García, A., Pauro, M., Nores, R., Bravi, C.M., Demarchi, D.A., 2012. Phylogeography of
mitochondrial haplogroup D1: an early spread of subhaplogroup D1j from
Central Argentina. Am. J. Phys. Anthropol. 149, 583e590.

Garcia-Bour, J., Perez-Perez, A., Alvarez, S., Fernandez, E., Lopez-Parra, A.M., Arroyo-
Pardo, E., Turbon, D., 2004. Early population differentiation in extinct aborigines
from Tierra del Fuego-Patagonia: ancient mtDNA sequences and Y-chromosome
STR characterization. Am. J. Phys. Anthropol. 123, 361e370.

Goebel, T., Waters, M.R., O'Rourke, D.H., 2008. The late Pleistocene dispersal of
modern humans in the Americas. Science 319, 1497e1502.

Gonz�alez-Jos�e, R., Dahinten, S.L., Hern�andez, M., Pucciarelli, H.M., 2001. Cranio-
metric variation and the settlement of the Americas: testing hypotheses by
means of r-matrix and matrix correlation analyses. Am. J. Phys. Anthropol. 116,
154e165.

Green, R.E., Shapiro, B., 2013. Human evolution: turning back the clock. Curr. Biol.
23, R286eR288.

Gruhn, R., 1988. Linguistic evidence in support of the coastal route of earliest entry
into the new world. Man (N.S.) 23, 77e100.

Haynes Jr., C.V., 1964. Fluted projectile points: their age and dispersion: strati-
graphically controlled radiocarbon dating provides new evidence on peopling
of the new world. Science 145, 1408e1413.

Haynes, C.V., 2005. Clovis, pre-Clovis, climate change, and extinction. In:
Bonnichsen, R., Lepper, B.T., Stanford, D., Waters, M.R. (Eds.), Paleoamerican
Origins: beyond Clovis. Texas A&M University Press, College Station,
pp. 113e132.

Haynes, G., 2002. The Early Settlement of North America: the Clovis Era. Cambridge
University Press, Cambridge.

Halligan, J.J., Waters, M.R., Perrotti, A., Owens, I.J., Feinberg, J.M., Bourne, M.D.,
Fenerty, B., Winsborough, B., Carlson, D., Fisher, D.C., Stafford Jr., T.W.,
Dunbar, J.S., 2016. Pre-Clovis occupation 14,550 years ago at the Page-Ladson
site, Florida, and the peopling of the Americas. Sci. Adv. 2, 1e9.
Henn, B.M., Cavalli-Sforza, L.L., Feldman, M.W., 2012. The great human expansion.

Proc. Natl. Acad. Sci. U. S. A. 109, 17758e17764.
Ho, S.Y.W., Endicott, P., 2008. The crucial role of calibration in molecular date es-

timates for the peopling of the Americas. Am. J. Hum. Genet. 83, 142e146.
Ho, S.Y.W., Larson, G., 2006. Molecular clocks: when times are a-changin'. Trends

Genet. 22, 79e83.
Horai, S., Kondo, R., Nakagawa-hattori, Y., Hayashi, S., Sonoda, S., 1993. Peopling of

the Americas, founded by four major lineages of mitochondrial DNA'. Mol. Biol.
Evol. 10, 23e47.

Jenkins, D.L., 2007. Distribution and dating of cultural and paleontological remains
at the Paisley five mile point caves in the northern great basin. In: Graf, K.E.,
Schmitt, D.N. (Eds.), Paleoindian or Paleoarchaic? Great Basin Human Ecology at
the Pleistocene-holocene Transition. University of Utah Press, Salt Lake City,
pp. 57e81.

Jenkins, D.L., Davis, L.G., Stafford, T.W., Campos, P.F., Cannolly, T.J., Cummings, L.S.,
Hofreiter, M., McDonouth, K., Luthe, I., �OGrady, P.W., Reinhard, J.K.,
Swisher, M.E., White, F., Yates, B., Yohe II, R.M., Yost, C., Willerslev, E., 2013.
Geochronology, archeological context, and DNA at Paisley Caves. In: Graff, K.E.,
Ketron, C.V., Waters, M.R. (Eds.), Paleoamerican Odyssey. Center for the Study of
the First Americans, College Station, Texas.

Joyce, D.J., 2006. Chronology and new research on the Schaefer Mammoth (?
Mammuthus primigenius) site, Kenosha county, Wisconsin, USA. Quat. Int.
142e143, 44e57.

Kashani, B.H., Perego, U.A., Olivieri, A., Angerhofer, N., Gandini, F., Carossa, V.,
Lancioni, H., Semino, O., Woodward, S.R., Achilli, A., Torroni, A., 2012. Mito-
chondrial haplogroup C4c: a rare lineage entering America through the ice-free
corridor? Am. J. Phys. Anthropol. 147, 35e39.

Kemp, B.M., Mahli, R.S., McDonough, J., Bolnick, D.A., Eshleman, J.A., Rickards, O.,
Martinez-Labarga, C., Johnson, J.R., Lorenz, J.G., Dixon, E.J., 2007. Genetic anal-
ysis of early Holocene skeletal remains from Alaska and its implications for the
settlement of the Americas. Am. J. Phys. Anthropol. 132, 605e621.

Kong, Q., Yao, Y., Sun, C., Bandelt, H., Zhu, C., Zhang, Y., 2003. Report phylogeny of
east Asian mitochondrial DNA lineages inferred from complete sequences. Am.
J. Hum. Genet. 73, 671e676.

Kumar, S., Bellis, C., Zlojutro, M., Melton, P.E., Blangero, J., Curran, J.E., 2011. Large
scale mitochondrial sequencing in Mexican Americans suggests a reappraisal of
Native American origins. BMC Evol. Biol. 11, 293.

Lindo, J., Achilli, A., Perego, U., Archer, D., Valdiosera, C., Petzelt, B., Mitchell, J.,
Worl, R., Dixon, E.J., Fifield, T., Rasmussen, M., Willerslev, E., Cybulski, J.,
Kemp, B., DeGiorgio, M., Malhi, R.S., 2016. Ancient individuals from the North
American northwest coast reveal 10,000 years of regional genetic continuity.
Proc. Natl. Acad. Sci. 114, 4093e4098.

Lalueza-Fox, C., Calder�on, F.L., Calafell, F., Morera, B., Bertranpetit, J., 2001. MtDNA
from extinct tainos and the peopling of the caribbean. Ann. Hum. Genet. 65,
137e151.

Lahr, M.M., 1995. Patterns of modern human diversification: implications for
Amerindian origins. Yearb. Phys. Anthropol. 38, 163e198.

Llamas, B., Fehren-Schmitz, L., Valverde, G., Soubrier, J., Mallick, S., Rohland, N.,
Nordenfelt, S., Valdiosera, C., Richards, S.M., Rohrlach, A., Romero, M.I.B.,
Espinoza, I.F., Cagigao, E.T., Jimenez, L.W., Makowski, K., Reyna, I.S.L., Lory, J.M.,
Torrez, J.A.B., Rivera, M.A., Burger, R.L., Ceruti, M.C., Reinhard, J., Wells, R.S.,
Politis, G., Santoro, C.M., Standen, V.G., Smith, C., Reich, D., Ho, S.Y.W., Cooper, A.,
Haak, W., 2016. Ancient mitochondrial DNA provides high-resolution time scale
of the peopling of the Americas. Sci. Adv. 2 e1501385ee1501385.

Loogvali, E., Kivisild, T., Margus, T., Villems, R., 2009. Explaining the imperfection of
the molecular clock of hominid mitochondria. PLoS One 4, e8260.

Malhi, R.S., Cybulski, J.S., Tito, R.Y., Johnson, J., Harry, H., Dan, C., 2010. Brief
communication: mitochondrial haplotype C4c confirmed as a founding genome
in the Americas. Am. J. Phys. Anthropol. 141, 494e497.

Mandryk, C.A.S., Josenhans, H., Fedje, D.W., Mathewes, R.W., 2001. Late Quaternary
paleoenvironments of Northwestern North America: implications for inland
versus coastal migration routes. Quat. Sci. Rev. 20, 301e314.

Massone, M.M., 1987. Los cazadores paleoindios de Tres Arroyos (Tierra del Fuego),
17. Anales del Instituto de la Patagonia, pp. 47e60.

Metspalu, M., Kivisild, T., Bandelt, H.J., Richards, M., Villems, R., 2006. The pioneer
settlement of modern humans in Asia. In: Bandelt, H.J., Macaulay, V.,
Richards, M. (Eds.), Human Mitochondrial DNA and the Evolution of Homo
sapiens. Springer-Verlag, Berlin, pp. 181e199.

Miotti, L.L., Salemme, M.C., 2004. Poblamiento, movilidad y territorios entre las
sociedades cazadoras-recolectoras de Patagonia. Complutum 15, 177e206.

Mizuno, F., Gojobori, J., Wang, L., Onishi, K., Sugiyama, S., Granados, J., Gomez-
Trejo, C., Acu~na-Alonzo, V., Ueda, S., 2014. Complete mitogenome analysis of
indigenous populations in Mexico: its relevance for the origin of Mesoamer-
icans. J. Hum. Genet. 59, 359e367.

Moraga, M., Rocco, P., Miquel, J., Nervi, F., Llop, E., Chakraborty, R., Rothhammer, F.,
Carvallo, P., 2000. Mitochondrial DNA polymorphisms in chilean aboriginal
populations: implications for the peopling of the southern cone of the conti-
nent. Am. J. Phys. Anthropol. 113, 19e29.

Moraga, M., de Saint Pierre, M., Torres, F., Rios, J., 2010. Vínculos de parentesco por
vía materna entre los últimos descendientes de la etnia Kaw�esqar y algunos
entierros en los canales patag�onicos: evidencia desde el estudio de linajes
mitocondriales. Magallania (Punta. Arenas) 38, 103e114.

Otsuka, Y., 2016. The background of transitions in microblade industries in Hok-
kaido, northern Japan. Quat. Int. 1e10.

http://refhub.elsevier.com/S1040-6182(16)31094-1/sref11
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref11
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref11
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref12
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref12
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref12
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref12
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref13
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref13
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref13
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref13
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref13
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref13
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref14
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref14
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref14
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref14
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref15
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref15
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref15
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref15
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref15
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref15
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref15
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref15
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref16
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref16
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref16
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref16
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref16
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref18
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref18
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref18
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref18
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref19
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref19
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref19
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref19
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref20
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref20
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref20
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref20
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref20
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref20
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref21
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref21
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref21
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref22
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref23
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref23
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref23
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref24
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref24
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref24
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref25
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref25
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref25
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref25
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref25
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref25
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref25
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref26
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref26
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref26
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref26
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref26
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref26
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref26
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref26
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref27
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref27
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref27
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref27
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref28
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref28
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref28
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref28
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref28
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref29
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref29
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref29
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref30
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref30
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref30
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref30
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref30
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref30
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref30
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref30
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref31
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref31
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref31
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref32
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref32
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref32
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref33
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref33
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref33
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref33
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref34
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref34
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref34
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref34
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref34
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref34
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref35
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref35
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref36
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref36
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref36
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref36
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref36
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref37
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref37
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref37
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref38
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref38
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref38
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref39
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref39
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref39
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref40
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref40
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref40
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref40
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref41
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref41
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref41
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref41
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref41
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref41
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref88
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref88
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref88
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref88
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref88
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref88
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref88
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref42
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref42
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref42
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref42
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref42
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref43
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref43
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref43
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref43
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref43
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref44
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref44
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref44
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref44
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref44
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref45
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref45
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref45
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref45
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref46
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref46
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref46
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref47
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref47
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref47
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref47
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref47
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref47
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref48
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref48
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref48
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref48
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref48
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref49
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref49
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref49
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref50
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref50
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref50
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref50
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref50
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref50
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref50
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref50
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref51
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref51
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref52
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref52
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref52
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref52
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref53
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref53
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref53
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref53
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref54
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref54
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref54
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref55
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref55
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref55
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref55
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref55
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref56
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref56
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref56
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref57
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref57
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref57
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref57
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref57
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref57
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref58
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref58
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref58
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref58
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref58
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref59
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref59
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref59
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref59
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref59
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref59
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref59
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref60
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref60
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref60


M. de Saint Pierre / Quaternary International 444 (2017) 19e25 25
Perego, U.A., Achilli, A., Angerhofer, N., Accetturo, M., Pala, M., Olivieri, A.,
Kashani, B.H., Ritchie, K.H., Scozzari, R., Kong, Q., Myres, N.M., Salas, A.,
Semino, O., Bandelt, H., Woodward, S.R., Torroni, A., 2009. Distinctive paleo-
indian migration routes from Beringia marked by two rare mtDNA hap-
logroups. Curr. Biol. 19, 1e8.

Perego, U.A., Angerhofer, N., Pala, M., Olivieri, A., Lancioni, H., Kashani, B.H.,
Carossa, V., Ekins, J.E., Go, A., Huber, G., Zimmermann, B., Corach, D., Babudri, N.,
Panara, F., Myres, N.M., Parson, W., Semino, O., Salas, A., Woodward, S.R.,
Achilli, A., Torroni, A., 2010. The initial peopling of the Americas: a growing
number of founding mitochondrial genomes from Beringia. Genome Res. 1e6.

Perez, S.I., Postillone, M.B., Rindel, D., Gobbo, D., Gonzalez, P.N., Bernal, V., 2016.
Peopling time, spatial occupation and demography of Late Pleistoce-
neeHolocene human population from Patagonia. Quat. Int. 1e10.

Politis, G.G., Guti�errez, M.A., Rafuse, D.J., Blasi, A., 2016. The arrival of Homo sapiens
into the southern cone at 14,000 years ago. PLoS One 11, e0162870.

Powell, J.F., 2005. The First Americans, Race, Evolution, and the Origin of Native
Americans. Cambridge University Press, New York, U S A.

Rasmussen, M., Anzick, S.L., Waters, M.R., Skoglund, P., DeGiorgio, M., Stafford, T.W.,
Rasmussen, S., Moltke, I., Albrechtsen, A., Doyle, S.M., Poznik, G.D.,
Gudmundsdottir, V., Yadav, R., Malaspinas, A.-S., White, S.S., Allentoft, M.E.,
Cornejo, O.E., Tambets, K., Eriksson, A., Heintzman, P.D., Karmin, M.,
Korneliussen, T.S., Meltzer, D.J., Pierre, T.L., Stenderup, J., Saag, L.,
Warmuth, V.M., Lopes, M.C., Malhi, R.S., Brunak, S., Sicheritz-Ponten, T.,
Barnes, I., Collins, M., Orlando, L., Balloux, F., Manica, A., Gupta, R., Metspalu, M.,
Bustamante, C.D., Jakobsson, M., Nielsen, R., Willerslev, E.,V.,S.S.W.,
Allentoft, M.E., Cornejo, O.E., Tambets, K., Eriksson, A., Heintzman, P.D.,
Karmin, M., Korneliussen, T.S., Meltzer, D.J., Pierre, T.L., Stenderup, J., Saag, L.,
Warmuth, V.M., Lopes, M.C., Malhi, R.S., Brunak, S., Sicheritz-Ponten, T.,
Barnes, I., Collins, M., Orlando, L., Balloux, F., Manica, A., Gupta, R., Metspalu, M.,
Bustamante, C.D., Jakobsson, M., Nielsen, R., Willerslev, E., 2014. The genome of
a Late Pleistocene human from a Clovis burial site in western Montana. Nature
506, 225e229.

Rasmussen, M., Guo, X., Wang, Y., Lohmueller, K.E., Rasmussen, S., Albrechtsen, A.,
Skotte, L., Lindgreen, S., Metspalu, M., Jombart, T., Kivisild, T., Zhai, W.,
Eriksson, A., Manica, A., Orlando, L., De La Vega, F.M., Tridico, S., Metspalu, E.,
Nielsen, K., �Avila-Arcos, M.C., Moreno-Mayar, J.V., Muller, C., Dortch, J.,
Gilbert, M.T.P., Lund, O., Wesolowska, A., Karmin, M., Weinert, L.A., Wang, B.,
Li, J., Tai, S., Xiao, F., Hanihara, T., van Driem, G., Jha, A.R., Ricaut, F.-X., de
Knijff, P., Migliano, A.B., Gallego Romero, I., Kristiansen, K., Lambert, D.M.,
Brunak, S., Forster, P., Brinkmann, B., Nehlich, O., Bunce, M., Richards, M.,
Gupta, R., Bustamante, C.D., Krogh, A., Foley, R.A., Lahr, M.M., Balloux, F.,
Sicheritz-Pont�en, T., Villems, R., Nielsen, R., Wang, J., Willerslev, E., 2011. An
Aboriginal Australian genome reveals separate human dispersals into Asia.
Science 334, 94e98.

Reich, D., Patterson, N., Campbell, D., Tandon, A., Mazieres, S., Ray, N., Parra, M.V.,
Rojas, W., Duque, C., Mesa, N., Garcia, L.F., Triana, O., Blair, S., Maestre, A.,
Dib, J.C., Bravi, C.M., Bailliet, G., Corach, D., Hunemeier, T., Bortolini, M.C.,
Salzano, F.M., Petzl-Erler, M.L., Acuna-Alonzo, V., Aguilar-Salinas, C., Canizales-
Quinteros, S., Tusie-Luna, T., Riba, L., Rodriguez-Cruz, M., Lopez-Alarcon, M.,
Coral-Vazquez, R., Canto-Cetina, T., Silva-Zolezzi, I., Fernandez-Lopez, J.C.,
Contreras, A.V., Jimenez-Sanchez, G., Gomez-Vazquez, M.J., Molina, J.,
Carracedo, A., Salas, A., Gallo, C., Poletti, G., Witonsky, D.B., Alkorta-
Aranburu, G., Sukernik, R.I., Osipova, L., Fedorova, S.A., Vasquez, R., Villena, M.,
Moreau, C., Barrantes, R., Pauls, D., Excoffier, L., Bedoya, G., Rothhammer, F.,
Dugoujon, J.M., Larrouy, G., Klitz, W., Labuda, D., Kidd, J., Kidd, K., Di Rienzo, A.,
Freimer, N.B., Price, A.L., Ruiz-Linares, A., 2012. Reconstructing Native American
population history. Nature 488, 370e374.

Rothhammer, F., Dillehay, T.D., 2009. The Late Pleistocene colonization of South
America: an interdisciplinary perspective. Ann. Hum. Genet. 73, 540e549.
Saillard, J., Forster, P., Lynnerup, N., Bandelt, H.J., Nørby, S., 2000. mtDNA variation
among Greenland Eskimos: the edge of the Beringian expansion. Am. J. Hum.
Genet. 67, 718e726.

Sanchez, G., 1993. Estado actual de las lenguas aborígenes de Chile. Boletín de la
Academia Chilena de la Lengua, 71.

Santos, G.M., Bird, M.I., Parenti, F., Fifield, L.K., Guidon, N., Hausladen, P.A., 2003.
A revised chronology of the lowest occupation layer of Pedra Furada rock
shelter, Piauí, Brazil: the Pleistocene Peopling of the Americas. Quat. Sci. Rev. 22,
2303e2310.

Schurr, T.G., 2004. The peopling of the newworld: perspectives from molecular
anthropology. Annu. Rev. Anthropol. 33, 551e583.

Schurr, T.G., Sherry, S.T., 2004. Mitochondrial DNA and Y chromosome diversity and
the peopling of the Americas: evolutionary and demographic evidence. Am. J.
Hum. Biol. 16, 420e439.

Soares, P., Ermini, L., Thomson, N., Mormina, M., Rito, T., Rohl, A., Salas, A.,
Oppenheimer, S., Macaulay, V., Richards, M.B., 2009. Correcting for purifying
selection: an improved human mitochondrial molecular clock. Am. J. Hum.
Genet. 84, 740e759.

Steele, J., Politis, G., 2009. AMS 14C dating of early human occupation of southern
South America. J. Archaeol. Sci. 36, 419e429.

Tamm, E., Kivisild, T., Reidla, M., Metspalu, M., Smith, D.G., Mulligan, C.J., Bravi, C.M.,
Rickards, O., Martinez-labarga, C., Khusnutdinova, E.K., Fedorova, S.A.,
Golubenko, M.V., Stepanov, V.A., Gubina, M.A., Zhadanov, S.I., Ossipova, L.P.,
Damba, L., Voevoda, M.I., Dipierri, J.E., Villems, R., Malhi, R.S., Biocentre, E.,
Kingdom, U., Plata, L., Sciences, M., 2007. Beringian standstill and spread of
native American founders. PLoS One 9, e829.

Tanaka, M., Cabrera, V.M., Gonzalez, A., Larruga, J., Takeyasu, T.E. Al, 2004. Mito-
chondrial Genome variation in Eastern Asia and the peopling of Japan. Genome
Res. 14, 1832e1850.

Tankersley, K.B., 2004. The concept of Clovis and the peopling of North America. In:
Barton, C.M., Clark, G.A., Yesner, D.R., Pearson, G.A. (Eds.), Settlement of the
American Continents: a Multidisciplinary Approach to Human Biogeography.
The University of Arizona Press, Tucson, pp. 49e63.

Torroni, A., Schurr, T.G., Cabell, M.F., Brown, M.D., Neel, J.V., Larsen, M., Smith, D.G.,
Vullo, C.M., Wallace, D.C., 1993. Asian affinities and continental radiation of the
four founding Native American mtDNAs. Am. J. Hum. Genet. 53, 563e590.

Viegas, J.P., 2005. Voces en el viento: raíces lingüísticas de la Patagonia. Mondragon
Ediciones, Buenos Aires, Argentina.

Volodko, N.V., Starikovskaya, E.B., Mazunin, I.O., Eltsov, N.P., Naidenko, P.V.,
Wallace, D.C., Sukernik, R.I., 2008. Mitochondrial genome diversity in Arctic
Siberians, with particular reference to the evolutionary history of Beringia and
Pleistocenic peopling of the Americas. Am. J. Hum. Genet. 82, 1084e1100.

Waters, M.R., Stafford, T.W., 2007. Redefining the age of Clovis: implications for the
peopling of the Americas. Science 315, 1122e1126.

Waters, M.R., Forman, S.L., Stafford, T.W., Foss, J., 2009. Geoarchaeological in-
vestigations at the Topper and Big Pine sites, Allendale County, Central
Savannah River, South Carolina. J. Archaeol. Sci. 36, 1300e1311.

Waters, M.R., Forman, S.L., Jennings, T.A., Nordt, L.C., Driese, S.G., Feinberg, J.M.,
Keene, J.L., Halligan, J., Lindquist, A., Pierson, J., Hallmark, C.T., Collins, M.B.,
Wiederhold, J.E., 2011. The Buttermilk Creek complex and the origins of Clovis
at the Debra L. Friedkin site, Texas. Science 331, 1599e1603.

Waters, M.R., Stafford, T.W., 2013. The first Americans: a review of the evidence for
the late-Pleistocene peopling of the Americas. In: Graf, K.E., Ketron, C.V.,
Waters, M.R. (Eds.), Paleoamerican Odyssey. Texas A&M University Press, Col-
lege Station.

Zheng, H.X., Yan, S., Qin, Z.D., Wang, Y., Tan, J.Z., Li, H., Jin, L., 2011. Major population
expansion of East Asians began before Neolithic time: evidence of mtDNA ge-
nomes. PLoS One 6, e25835.

http://refhub.elsevier.com/S1040-6182(16)31094-1/sref61
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref61
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref61
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref61
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref61
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref61
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref62
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref62
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref62
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref62
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref62
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref62
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref63
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref63
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref63
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref63
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref63
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref64
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref64
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref64
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref65
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref65
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref66
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref67
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref68
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref69
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref69
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref69
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref70
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref70
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref70
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref70
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref70
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref71
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref71
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref72
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref72
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref72
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref72
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref72
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref73
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref73
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref73
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref74
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref74
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref74
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref74
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref75
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref75
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref75
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref75
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref75
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref76
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref76
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref76
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref77
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref77
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref77
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref77
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref77
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref77
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref78
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref78
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref78
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref78
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref79
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref79
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref79
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref79
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref79
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref80
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref80
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref80
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref80
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref81
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref81
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref82
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref82
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref82
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref82
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref82
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref83
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref83
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref83
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref84
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref84
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref84
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref84
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref85
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref85
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref85
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref85
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref85
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref86
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref86
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref86
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref86
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref86
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref87
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref87
http://refhub.elsevier.com/S1040-6182(16)31094-1/sref87

	Antiquity of mtDNA lineage D1g from the southern cone of South America supports pre-Clovis migration
	1. Introduction
	1.1. Methodology

	2. Results and discussion
	Acknowledgments
	References


