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Introduction

Bailliet et al.'s (1994) article "Founder Mitochondrial
Haplotypes in Amerindian Populations," in this issue of
thejournal, magnifies the importance of understanding the
genetic links between modern Native American popula-
tions, their ties to past populations, and their connections
to the aboriginal people of Asia. In particular, human ge-
neticists are now poised to break the circular use of lin-
guistic, dental, and archaeological evidence and accurately
dissect the last continental expansion of anatomically
modern people. Contrary to expectation that the slow ac-
cumulation of evidence from enough loci would eventu-
ally resolve contradictions, we see instead that the key to
unambiguous results is, once again, the careful attention to
how and where populations are sampled (Morton 1993).

Although a number of landmark papers in anthropolog-
ical genetics using new mtDNA markers have appeared in
the past 3 years (Ward et al. 1991; Ginther et al. 1993;
Horai et al. 1993; Shields et al. 1993; Torroni et al. 1993a,
1993b), the interpretations of these data sets have not been
straightforward. At face value, any date 40,000-15,000
years before the present (ybp) is consistent with the arrival
of the first Native Americans. Not only did authors pub-
lishing about aboriginal Americans disagree on the number
of migrations, they also parted company on when people
began moving, and from where.

Readers here may be relieved to know that their frustra-
tion in understanding the extensive dialogue on Native
American genetic diversity that has taken place between
research laboratories is widely shared among anthropolo-
gists and linguists as well (Flemming 1993; Meltzer 1993;
Szathmary 1993b): "one could argue, of course, that there
have always been foolish people and there always will be"
(Flemming 1993, p. 17). If the questions did not interest so
many at a variety of levels, we might simply ignore the lack
of consensus.
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What were the genotypes of the first Americans, their
time of arrival, or their genetic population structures?
Where exactly did they stem from, and how fast did they
expand? Most human geneticists have believed that there
were at least three different migratory waves from north-
central Asia, corresponding to Paleoindians of North and
South America (roughly equivalent to Amerind), Na Dene
peoples now largely restricted to North America, and the
Aleut-Eskimo populations of the far north who now oc-
cupy both sides of the Bering Straits (Cavalli-Sforza et al.
1988). Genetic, linguistic, and morphological data on Na-
tive Americans were summarized for a general audience
during the mid 1980s in a widely cited multidisciplinary
paper (Greenberg et al. 1986). Instead of development of
diversity in situ, these authors placed the major origins of
diversity in three different founding groups that took sep-
arate evolutionary trajectories in time and space. Accord-
ing to their model, three groups of migrants were signifi-
cantly divergent in language, morphology, and genetic
markers before they crossed Beringia and extended their
range into the Americas. The time scale associated with
first colonization was open but was assumed to be related
to Clovis-age artifacts <13,000 years old. Owing to the
relatively recent appearance of RFLP and DNA sequence
data, the authors relied on more readily available protein
polymorphism studies.

Although there has been a significant amount of dissen-
sion among linguists regarding Greenberg's (1987) startling
classification of American language groups into only three
major phyla, he is also supported by many specialists. The
close correlation between some linguistic groups and their
gene pools (Renfew 1991) has meant that geneticists, on
the whole, have been less critical of Greenberg's ideas. One
break with this tradition among geneticists has been the
recent paper of Ward et al. (1993), which questions the
equivalence of demes with linguistic units in the Pacific
Northwest. I also refer readers to Szathmary's (1993a) ex-
cellent summary of the history of anthropological issues
raised by previous American colonization models-and of
how new genetic information was supposed to support or
refute those models.

The Beginning of the Dialogue

Early work with maternally inherited mtDNA RFLP
patterns in Pima, Maya, and Ticuna Indians was inter-
preted to support the suggestion of a significant popula-
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tion bottleneck in the peopling of North America, with a
secondary barrier developing in Central America that par-
tially isolated the populations of South America. This sup-
posedly accounted for the different frequencies of known
lineage clusters found there (Wallace et al. 1985; Schurr et
al. 1990). If the bottleneck in Beringia or North America
was prolonged, genetic diversity might be purged and sur-
viving modern lineages could appear to trace to a single
geographic homeland. The task was to clearly identify the
homeland.

In the Amerind donors sampled, only four major RFLP
haplotype clusters (A-D) were recognized by these au-
thors; and the implications of a dramatic founder event for
epidemiological genetics were profound. In passing
through the Arctic filter, some Old World genotypes and
associated diseases might have been lost, but others could
have been accentuated. Diabetes, hypertension, alcohol-
ism, or any other current public health problem that had
genetic as well as socioeconomic components might be
shown to have simple genetic correlates in indigenous peo-
ples. Genetic screening for individuals potentially at risk
could conceivably be cheap as well as comprehensive. In
trying to solve the colonization puzzle, it looked as if re-
searchers might also score a major advance for genetic ep-
idemiology.

Torroni et al. (1993b) have recently suggested that the
homeland of Amerinds is in eastern Siberia, on the basis
of comparing 10 aboriginal populations in Siberia and the
Russian Far East with Native Americans. Three major
mtDNA groups are present in this region. The authors ac-
knowledged that modern Siberians lack a maternal genetic
lineage cluster (termed "B"), now present at highest fre-
quency in South Americans, Pacific Islanders, and Indone-
sians (Hertzberg et al. 1989; Shields et al. 1993; Lum et
al. 1994). They presume that this lineage came into the
Americas in a second, later wave of Amerind migrants
(Torroni et al. 1994).

In fact, the B lineage cluster is present along the Pacific
coast of North and South America. It was also reported to
be present in an ancient Colorado Paleoindian mummified
donor dated 8,000 ybp (A. Stone, personal communica-
tion). Now, Bailliet et al. document that this lineage clus-
ter, as well as four others, can be found in unadmixed Ar-
gentine Native Americans. Researchers are asking, just
how robust can the Siberian-model ancestor for all Amer-
inds be-and just how robust can the time scale associated
with timing Paleoindian entry into North America be-if
we cannot yet agree on the number of major lineage groups
present in the initial colonization wave?
On a theoretical front, disputes arose around the idea

that Native Americans had ever undergone a significant
genetic population bottleneck (Chakraborty and Weiss
1991). This challenge gained momentum when mtDNA
hypervariable sequences were reported for a single Amer-
ind tribe (Nuu-Chah-Nulth) from the Pacific Northwest.
The authors of this independent study failed to support

the limited-diversity/restricted-origin model (Ward et al.
1991). Instead of only four haplotypes, that study found
28 discrete maternal lineages in just 63 donors. The con-
fusion between haplotypes as one lineage and haplotype
clusters as seen in sequencing leads to a resolution prob-
lem. By focusing on a single segment of the mitochondrial
hypervariable control region in one tribe, those authors
discovered maternal genetic diversity that was equivalent
to - 62% of that found in modern Africans and to -81%
of that present in urban Japan. The Amerind maternal lin-
eages, moreover, traced back to a coalescent female who
was projected to have lived -60,000 ybp. Far from sup-
porting the hypothesis of a genetic population bottleneck
in the founding of Amerindians, this study argued that
comparatively large groups were involved in the coloniza-
tion of the New World, on the basis of both the large num-
ber of Nuu-Chah-Nulth lineages surviving today and the
implied effective population size.

Critics countered that this tribe was merely an amalga-
mated group of epidemic smallpox survivors (aren't we all!)
with questionable linguistic affinities, not a local popula-
tion equivalent to previously tested groups. According to
others, multilocus electrophoretic or RFLP patterns from
nuclear loci would resolve issues in human population ex-
pansion that mtDNA studies could not (Livshits and Nei
1990; Szathmary 1993a). Reasoning that mtDNA samples
represented only a single locus with large stochastic varia-
tion, they asserted that few definitive results would ever be
expected from using such a system. This criticism might
have intimidated some people, but it should be noted that
the most recent synthetic summary of human population
genetics from 29 polymorphic nuclear loci in 26 popula-
tions with 121 alleles (and no missing comparisons, making
it unlike the presentation of Cavalli-Sforza et al. 1988)
could not even state, with statistical significance, whether
modern Eskimo populations are more closely related to
North American or to South American aboriginal groups
(Nei and Roychoudhury 1993)!
New hypervariable mtDNA sequencing studies by

Ginther et al. (1993), Horai et al. (1993) and Torroni et
al. (1993a) fully support the view that Amerinds have an
ancient maternal coalescent point, with many genetically
distinct lineages. They can also be interpreted to show that
most of the identified lineages correspond to one of four
major clusters in phylogenetic analysis, vindicating previ-
ous RFLP surveys. Each cluster has a relatively deep coa-
lescent, predating the Clovis artifacts associated with Pa-
leoindian expansion. These studies, however, intensify the
mystery both of migratory waves and of the associated
time scales. The statistical power of the phylogenetic anal-
ysis in all cases is low, because of the large number of lin-
eages examined and the relatively few number of substitu-
tions. Bailliet et al.'s new study shows that the evolution-
ary pattern of Amerinds in the south had not yet been fully
resolved by sequencing of hypervariable domains. High
resolution is, unfortunately, the key to understanding a
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time scale, as well as to modeling the process of coloniza-
tion.

First, Bailliet et al. eliminate, once and for all, the idea
that a severe population genetic bottleneck took place in
the process of continental colonization in the New World.
They chose southern and geographically distinct represen-

tatives of the Amerind language phylum, according to the
Greenberg classification. In focusing on three Argentine
tribal populations (Mapuche, Huilliches, and Atacamenos)
having minuscule to no evidence of genetic admixture with
Europeans or African ethnic groups, they roughly doubled
the number of new maternal genetic lineage clusters.
These lineage groups are present in modern Asian popula-
tions and should have been present in the Americas, if
modern Asians represent the logical source for most of the
lineages that made up the gene pool of the first Americans.
In fact, some of these lineages had been uncovered by pre-

vious workers but had been dismissed as either probably
not authentic or enigmatic. Lineages that do not clearly fit
the simple pattern (ABCD) are present in these indigenous
peoples. Forced to confront the fact of differential lineage
survival, we should have predicted as much from the drop-
out of the B lineage cluster in some North Americans and
Siberians. However, why is the B cluster always lost?
A full 10% of the Mapuche would not be considered

"authentic" by the criteria that some assert should be used
to recognize founder lineages. These individuals do not fit
the predicted pattern (ABCD) and yet are present in a tribal
group that, by geography alone, could represent some of
the earliest arriving Amerind colonists. Owing to both the
nature of the mutations uncovered and the rate of muta-

tion for the hypervariable region sequenced, it is unlikely
that >30% of the lineages discovered in these three tribes
arose in parallel in both the Old World and South America.

Bailliet et al. ask us to consider the effects that epidemic
diseases, forced relocation and displacement that accom-
panied both indigenous and European expansion of domi-
nant cultures, and active warfare would have had on the
aboriginal American gene pool. Why shouldn't some

groups be characterized by social structures that lead to

high lineage extinction or explosive bursts of local expan-

sion? Wouldn't nomadic hunters be expected to experi-
ence higher rates of transient lineage extinction than
would settled agriculturists or local foragers? The notion
that founding lineages will always be widespread and
shared between tribes, will always be present in modern
Asiatics, and will occupy a basal position in phylogenetic
analysis may be considered unrealistic in light of present

knowledge. In addition to this, what would be the conse-

quences of a recent explosive burst of more closely related
lineages with extensive gene flow?

Limited Resolution: Now Possible

Anatomically modern people might have successfully
entered North America through Beringia anytime in the

past 100,000 years, during the Wisconsin glacial (Wright
1991). If they came by land, the Alberta corridor, an ice-
free route of dispersal between the Rocky Mountains and
Hudson Bay, is estimated by Wright to have been open
during the period of 55,000-18,000 ybp, to have closed
for -6,000 years during the late Wisconsin glacial, and to
slowly reopen as it is now. This corridor to the south also
roughly corresponds to a time when the Beringian land
bridge existed (65,000-13,500 ybp).
On the basis of estimates of productivity and available

resources, it has been suggested that the time when it was
best to actually cross Beringia was 40,000-30,000 ybp
(Aigner 1984). Winter ice before 65,000 ybp and after
13,500 ybp would also have allowed people to move
freely, according to seasonal constraints. Migrants would
still have to trek across Siberian and Alaskan Arctic deserts
and/or pass through bogs, but it is clear that the real time
period of potential dispersal is enormous, as was the home
range that founding tribal populations might have occu-
pied.

Archaeological evidence under such conditions should
be rare, as populations densities would be expected to be
very low. Once in North America, colonizing groups could
go farther inland or follow the coast south. The coastal
route is considered high risk, because dangerous glaciers
were thought to block clear passage to the south. How-
ever, with our knowledge of both the antiquity of the use
of water craft and the plentiful supply of marine resources,
as well as of the emotional familiarity of aboriginal peoples
from southern Asia with dangerous marine environments
and their mammals, coastal passages should probably be
reconsidered as a viable alternative. The coastal route is a
key factor in asking whether Amerind populations cut off
from this region by the ice corridor were effectively iso-
lated from tribes to the south, as well as from the coast, for
6,000-10,000 years. Pacific populations using this route of
entry into the Americas might well show a different suite
of genotypes, such as those in the B cluster, if they were in
migratory equilibrium with coastal foragers now displaced
by modern Siberians.

Undisputed archaeological evidence of human occupa-
tion in the Americas is confined to the late Wisconsin gla-
cial 23,000-10,000 ybp. Much of this evidence is <15,000
years old, and some of the oldest sites are found in South
America, such as Monte Verde in south-central Chile and
Pachamachay cave in highland Peru (Dillehay and Meltzer
1991). For every advocate of the north-Asian/late-Wis-
consin stage/three-migration-wave model, it is possible to
find a reputable researcher who supports, instead, a single
sustained population pulse from a heterogeneous and pre-
dominantly north Asian gene pool, now largely incorpo-
rated into modern cultural units. Can we dissect a one-
wave from the many possible wavelets and infer their ar-
rival? If the level of migration between groups, postexpan-
sion, is low (<10 females/generation), then simulations
suggest that we can (Harpending et al. 1993).
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Geneticists should now consider a provocative idea that
was recently proposed in order to focus debate on the
early/late colonization models (Beaton 1991) to help pre-
dict patterns associated with human use of an immense,
uncharted landscape. In Beaton's view, one should con-
trast the world of transient explorers with that of estate
settlers, who will have different demographic characteris-
tics. The very slow or nearly stationary growth rate of
high-mobility transient exploring groups should lead to
rapid extinction of genetic lineages. In contrast, the high
fecundity low-mobility settlers, still maintaining ties with
their home groups and periodically exchanging mates,
should show minimal lineage loss. These predictions will
be familiar to those following the Rogers and Harpending
(1992) pairwise-difference projections for population
comparisons, as recently applied to both empirical and
theoretical populations (Harpending et al. 1993).
The observation that many Amerinds, especially in the

north, have lost the B lineage cluster as well as other unre-
lated clusters can have a number of explanations. First, as
Torroni et al. (1994) imply, we could simply have a second
migratory wave of settlers carrying the B cluster, which
comes in after a major expansion of most Amerind groups.
The time of the Amerind expansion could be early or late.
The absence of B lineages in Beringia today says that, if
this expansion were late, then the second expansion group
was also recently displaced by a modem Siberian popula-
tion, more closely related by lineage frequencies to the
original founders. The fact that B clusters are present at
high frequency in the south in a presumed ancestral group
contradicts this simple model.

Second, North American Amerinds could be a second
wavelet of the huge Amerind wave that began >20,000
ybp. A blockage of the Alberta corridor isolated Amerinds
to the south, who continued to expand demographically,
with minimal lineage extinction. Many lineages were lost
in their northern cousins, who have secondarily expanded,
after lineage loss, with the reopening of the corridor. This
hypothesis accounts for some early sites in South America,
higher genetic complexity there, and relative isolation be-
tween some Amerind tribal groups as judged by traditional
population genetic parameters. A prediction of this model
is that Amerinds should be clustered into linguistic sub-
phyla by their retention of the mtDNA B and other lineage
clusters (Alberta south), versus cluster ACD (Alberta
north), and that these subphyla would now show tighter
linguistic/genetic affinities. Lower diversity in the B cluster
contradicts the prediction that B is an early colonizing
cluster.
A third possibility includes the idea that the lineage B

cluster is contributed either by a continual trickle of colo-
nists using the coastal route or by direct contact across
the Pacific ocean. Amerindian groups most likely to be in
migration equilibrium with such a source of lineages are
those closest to the tropical west coast. The B cluster of
lineages have a coalescent of almost 30,000 years, so they

might represent a separate source population isolated in
the south of Asia. A coastal route in equilibrium along the
entire Pacific Rim does not yet account for the geographic
gradient that is seen in B lineage frequencies, which are
highest always in the south. Pacific voyagers could have
contributed this lineage separately to the Americas, with-
out ever going through Beringia. A prediction of this
model is that the B lineage cluster should be seen as intru-
sive archaeologically, confined to a time scale when we
know that active voyaging was taking place in Remote
Oceania. This time period corresponds to the spread of
the Lapita cultural complex and has an antiquity of only
6,000 years (Kirch and Hunt 1988). Thus, the observation
of an 8,000-year-old Paleoindian with a B lineage might
seem to invalidate this model. However, B is a diverse lin-
eage cluster, and, if it is retained ancestry versus intrusive,
unique mutations found today in Remote Oceanic lineages
should be missing in this sample when it is subjected to
more extensive analysis.

Conclusion

The inadequacies of the archaeological record require
us to face the facts that "traditional" evidence (i.e., a re-
current pattern of stratigraphic sequences based on radio-
carbon dates in defined cultural settings) supporting the
idea that the Americas were colonized >14,000 ybp is not
strong. A simple, late expansion of three waves into the
New World is dead, however. Active exploration and doc-
umentation of archaeological sites in the Americas is con-
tinuing, and at any moment the time depth for first occu-
pation may change. Massive disease epidemics that fol-
lowed cultural displacement were thought to have plagued
aboriginal population genetic reconstructions, and they
may not have been severe for Amerinds (Stone and Stone-
king 1993). South American populations will have central
importance in quantifying loss of diversity versus groups in
the north, because of the opportunity to check for lineage
extinction against skeletal remains. We will never be able
to recover archaeological sites lost to coastal flooding,
shopping-mall development, modern agricultural prac-
tices, or repatriation of stolen human remains. As limited
as our opportunities may be, reconstructions of past hu-
man population diversity that are based on inferences of
DNA sequence variability are the only independent way to
scientifically approach the questions of Native American
genealogical relationships.
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