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ABSTRACT Despite a long history of complex soci-
eties and despite extensive present-day linguistic and
ethnic diversity, relatively few populations in Peru have
been sampled for population genetic investigations. In
order to address questions about the relationships be-
tween South American populations and about the ex-
tent of correlation between genetic distance, language,
and geography in the region, mitochondrial DNA
(mtDNA) hypervariable region I sequences and mtDNA
haplogroup markers were examined in 33 individuals
from the Department of Ancash, Peru. These sequences

were compared to those from 19 American Indian pop-
ulations using diversity estimates, AMOVA tests, mis-
match distributions, a multidimensional scaling plot,
and regressions. The results show correlations between
genetics, linguistics, and geographical affinities, with
stronger correlations between genetics and language.
Additionally, the results suggest a pattern of differen-
tial gene flow and drift in western vs. eastern South
America, supporting previous mtDNA and Y chromo-
some investigations. Am J Phys Anthropol 127:351–360,
2004. © 2004 Wiley-Liss, Inc.

Mitochondrial DNA (mtDNA) data has been used
extensively to understand the population history of
humans (e.g., Vigilant et al., 1991; Kittles et al.,
1999; Oota et al., 2002), and, in the Americas, was
the first line of molecular genetic evidence to sup-
port the hypothesis that the original migration into
the New World was both Asiatic and from a rela-
tively small group of hunter-gatherers (Wallace et
al., 1985). Recent studies determined that modern
Native American populations are represented by at
least four major mtDNA haplogroups (Schurr et al.,
1990; Torroni et al., 1992, 1993a, 1994; Horai et al.,
1993). There is also evidence for a fifth haplogroup,
X, which is less prevalent (Baillet et al., 1994; Brown
et al., 1998; Mahli and Smith, 2002).

The four major haplogroups were thought by some
to represent separate founding populations (Torroni
et al., 1992, 1993b; Horai et al., 1993; Shields et al.,
1993), but others argued that they represent the
variation within a single founding population (Mer-
riwether et al., 1995; Kolman et al., 1996; Bonatto
and Salzano, 1997; Stone and Stoneking, 1998).
Moreover, the number of migrations and the pat-
terning of settlement in South America have also
been important issues, but have yet to be resolved.
Moraga et al. (2000) used mtDNA to argue that
South America was populated by a single migration,
while others proposed two migrations (Lalueza et
al., 1997). Genetic studies of both classical and Y-
chromosome markers found complicated patterns of
genetic variation in South America. These patterns
may be the result of small population sizes and thus
high genetic drift in parts of South America (partic-

ularly among groups in Amazonia) as well as other
complex demographic processes (O’Rourke and Su-
arez, 1985; Salzano and Callegari-Jacques, 1988;
Black, 1991; Cavalli-Sforza et al., 1994; Luiselli et
al., 2000; Tarazona-Santos et al., 2001; Fagundes et
al., 2002). Tarazona-Santos et al. (2001) proposed a
model of occupation involving differential gene flow
and drift in eastern and western South America
based on Y-chromosome data, although this model
may be complicated by the difficulties of sampling
(Rothhammer and Moraga, 2001). The major evi-
dence for the model of Tarazona-Santos et al. (2001)
is the high level of genetic diversity yet low level of
genetic divergence in Andean populations relative to
eastern South American populations. This model is
also supported by mtDNA data (Fuselli et al., 2003).

In other molecular genetic studies, anthropologi-
cal researchers attempted to correlate DNA signa-
tures to mating practices (Dipierri et al., 1998), en-
vironmental and cultural diversity (Tarazona-
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Santos et al., 2001), mortuary and spatial patterns
(Stone, 1996), and linguistics (Greenberg et al.,
1986; Cavalli-Sforza et al., 1988; Sokal, 1988; Poloni
et al., 1997). At a regional level, genetic differences
between populations arise through processes of ge-
netic drift and gene flow which are influenced by
population size, by linguistic and cultural differ-
ences, and by geographic distances and barriers. In
particular, debate has centered on the relative im-
portance of geography and language for influencing
genetic differentiation between populations in dif-
ferent regions of the world (e.g., Barbujani et al.,
1997; Poloni et al., 1997; Zerjal et al., 2001).

To date, the investigation of the genetic history
and diversity of Peru has been limited primarily to
classical genetic markers and to loci that affect high-
altitude adaptation (Modiano et al., 1972; Garruto
and Hoff, 1976; Salzano and Callegari-Jacques,
1988; Salzano et al., 1997; Rupert et al., 1999; Tara-
zona-Santos et al., 2001). The topographical and
ecological diversity, and the linguistic diversity, of
native groups in Peru provide an excellent arena to
examine the relative importance of these factors in
the patterning of genetic diversity. Today, approxi-
mately 50 native languages falling into at least 18
distinct language families are spoken in Peru
(Tamayo, 1994; Pozzi-Escot, 1998). Of these, Que-
chua is spoken by the largest number of people.
Several dialects of Quechua (many of which are not
mutually intelligible) exist throughout the country,
with a total of approximately 3.5 million speakers.
Campbell (1997) divided the Quechuan family into
two main groups: Central Quechua (including the
Departments of Ancash, Huánuco, Junı́n, Pasco, and
parts HVI of the Department of Lima), and Periph-
eral Quechua (all others).

This paper focuses on mtDNA hypervariable re-
gion 1 (HV I) sequences and mtDNA haplogroup
marker data from individuals from the Department
of Ancash, Peru to begin to examine the influence of
language and geography on genetic diversity in the
Andes, as well as to investigate the general patterns
of diversity in South America.

MATERIALS AND METHODS

Sampling

Blood samples were collected with informed con-
sent from 33 unrelated individuals currently living
in Lima who originated from 19 villages (most were
from the three villages of Cabana, Chacas, and In-
dependencia) in the highlands in the department of
Ancash (Fig. 1). Sequences from 19 other popula-
tions examined in this study were obtained from
published sources (Ward et al., 1991, 1993; Ward,
1996; Ginther et al., 1993; Shields et al., 1993; Tor-
roni et al., 1993a; Santos et al., 1994; Batista et al.,
1995; Kolman et al., 1995; Rickards et al., 1999;
Kittles et al., 1999; Fuselli et al., 2003). Populations
included in these analyses were those in which the
total number of sequences available equaled 20 or

more and were free of major sequencing errors. The
geographical locations of these populations are
shown in Figure 2. The San Martin de Pangoa pop-
ulation from Fuselli et al. (2003) was not used, since
that sample is comprised of a mix of Quechua and
Nomatsiguenga speakers.

DNA extraction and mtDNA analysis

DNA was obtained from blood samples using a
standard phenol/chloroform extraction in the Labo-
ratorio de Biologia Molecular at the Universidad
Nacional Mayor de San Marcos. A portion of the
purified DNA was sent to the Laboratory of Molec-
ular Anthropology at the University of New Mexico.
Markers characteristic of the four major Native
American mtDNA haplotypes (A–D) were amplified
using PCR and typed using the appropriate restric-
tion enzyme (HaeIII, HincII, or AluI) or by size (9
base-pair deletion), as described previously (Stone
and Stoneking, 1998). The mtDNA HV I region was
amplified using PCR primers L15996 and H16401
and sequenced in both directions using the BigDye
protocol from Applied Biosystems™ on an ABI 377.

ANALYTICAL METHODS

The 9-bp deletion and three restriction sites were
recorded as present or absent. These data were then

Fig. 1. Map showing location of Department of Ancash
in Peru.
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used to categorize each individual into one of the
four major Native American haplogroups. Haplo-
group diversity within populations was estimated
using the formula

h � � n
n�1� �1��

i

pi
2�

where pi is the sample frequency of the ith haplo-
type, and n is the number of individuals in the
sample (Nei, 1987).

Ancash sequence data were edited using DNAstar
software (DNAstar, Inc.). Nucleotide diversity (�)

for the Ancash and other populations was estimated
by the formula

� �

�
i�j

k �
j�i

pi pj d̂ij

L

(Nei, 1987), while haplotype diversity was estimated
in the same manner as haplogroup diversity.

The distance matrix used for the ordination meth-
ods was generated from a population pairwise �st
analysis, using the Tamura-Nei (Tamura and Nei,
1993) distance method in Arlequin 2.0 (Schneider,
2000) with 1,000,000 permutations. In the final
analysis, an � parameter of 0.26 was used, as sug-
gested by Meyer et al. (1999), but � values ranging
from 0.20–0.47 were also explored, all of which gave
the same results. The multidimensional scaling
(MDS) analysis was conducted in Statistica 6.0
(StatSoft, 2001).

The population pairwise �st values calculated us-
ing Arlequin 2.0 (Schneider, 2000) for the MDS plot
were also used in a regression comparing genetic
distance to geographical and linguistic distance.
Geographic distances were calculated using Arc-
View GIS 3.1 (Environmental Systems Research In-
stitute, Inc., 1998). Linguistic distance was calcu-
lated based on an ordinal scale using the language
tree in Figure 3. If the differences were at the scale
of Amerind to Eskimo-Aleut or Na Dene, a distance
of 10 was given. If the differences were at the scale
of Chibchan-Paezan to Ge-Pano-Carib, North Amer-
ind, Central Amerind, Equatorial-Tucanoan, or An-
dean, a distance of 5 was given. If the difference was
within one of these language groupings, a distance
of 1, 2, or 3 was given, based on their proximity in
the tree. The American Eskimo and Yupic pair was
given a linguistic difference of 1. Because linguistic
families do not easily translate into numerical rep-
resentations of distance, we attempted to be conser-
vative in these estimates.

Using distance data for regressions violates the
assumption of independence (Koenig, 1999). To eval-
uate the degree to which the distance data might
bias the regression toward significance, both the
geographic and linguistic distances were randomly
paired to the genetic distances 100 times without
replacement to get the distribution of P-values. This
is consistent with the Mantel test randomization
procedure.

Analyses of molecular variance approaches (AMO-
VAs) were conducted in Arlequin 2.0 (Schneider et
al., 2000). An AMOVA estimate was performed by
comparing variation within populations, among pop-
ulations within language groups, and among lan-
guage groups. Language groups were largely based
on classifications by Greenberg (1987) (Fig. 3).
Greenberg categorized Ancash (from the Huaylas
area) as a dialect of Quechua. This classification is in
agreement with other research (Campbell, 1997).

Fig. 2. Map of Americas, showing location of Native American
populations included in study. Circles delineate geographical
groupings. Line between Cheyenne and Pima distinguishes one of
nine-group analyses (9a), which joined these populations, and
10-group analysis that kept them separated. Another nine-group
analysis was conducted based on grouping Haida with Bella
Coola, Yakima, and Wakashan, and also grouping together Pima
and Cheyenne (9b).

Fig. 3. Language tree based on Greenberg (1987).
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Three other AMOVA estimates were calculated from
geographical groupings. Since there were nine lan-
guage groups, initially nine different geographic
groups were delineated so as to make them compa-
rable. The nine-group analysis was done in two dif-
ferent ways (see 9a and 9b in Fig. 2). Other AMOVA
estimates were calculated for 10 geographic groups,
to evaluate the persistence of the patterns observed.

Mismatch distributions were calculated using Ar-
lequin 2.0 (Schneider et al., 2000) for all populations
as well as for groups based on language affiliation.
The prehistoric Norris Farms Oneota were not in-
cluded when grouping the Almosan populations,
since their affiliation with this group is arguable.
Mismatch distributions present the frequency or
count of nucleotide difference between each pair of
individuals in a group, and display the frequency in
a histogram or scatterplot. It is argued that histo-
grams with multimodal distributions are character-
istic of populations in equilibrium, and that unimo-
dal distributions are characteristic of populations
that have undergone population growth or allele
fixation (Rogers and Harpending, 1992; Rogers,
1995; Rogers et al., 1996). This assumes that the
sample of the population was representative. Small
samples sizes can give a false pattern that a popu-
lation is multimodal. This can be a significant prob-
lem for calculating mismatch distributions for Na-
tive American mtDNA haplogroups. Since Native
American mtDNA is defined by four major haplo-
groups, peaks at high values on the X-axis would
signify the difference between these haplogroups,
i.e., the intermatch between A, B, C, and D. Thus,
examining haplogroups separately may be more ap-
propriate. However, this can significantly reduce the
sample size used to make the mismatch distribution.
There are two solutions to these problems. First,
mismatch distributions can be calculated that in-
clude all haplogroups, but it must be remembered to
note that the expected peaks at high nucleotide dif-
ferences are the intermatch distributions of the hap-
logroups. Second, those haplogroups that are abun-
dant in each population can be examined separately
in the hopes that they are representative. Both ap-
proaches were use in this investigation.

RESULTS

All 33 individuals sampled had mtDNA belonging
to one of the four major Native American haplo-
groups, as indicated both by the pattern of the four
characteristic markers and by characteristic poly-
morphisms in the HVI region. Haplogroups B (52%)
and D (21%) were most common in the Ancash,
although haplogroups A (9.1%) and C (18%) were
also present (Table 1). The Ancash haplogroup di-
versity estimate (h) was 0.67.

Forty-three polymorphic sites were identified in
the Ancash mtDNA HV I sequences when compared
to the reference sequence (Anderson et al., 1981;
Andrews et al., 1999) (Table 2). Ancash haplotype
diversity (h � 0.966) was one of the highest of the

populations included in this analysis (Table 3). The
Mapuche, Arequipa, Tayacaja, Pima, Norris Farms
Oneota, Cheyenne, Nuu Chah Nulth, Bella Coola,
and American Eskimo also had high levels of haplo-
type diversity (�0.9). The estimate of Ancash nucle-
otide diversity (� � 0.018) was also high, although
three populations, the Cheyenne, Pima, and
Cayapa, had higher values. Of the 27 haplotypes
found in the Ancash population, 19 were not re-
ported previously (70%). This frequency, although
high, is not uncommon in Native American popula-
tions. Similar or higher percentages were observed
in all studied Andean populations, such as the Areq-
uipa (67%), Tayacaja (71%), and Mapuche (79%), as
well as North American populations of the Chey-
enne (79%), Eskimo (70%), and Pima (86%). Addi-
tionally, none of the population data have statisti-
cally significant Tajima D-values.

The MDS plot in this analysis displays the genetic
distances between populations in three-dimensional
space. The plot had a very low stress value of 0.0580
(Fig. 4), indicating that these data fit well in three
dimensions. Although the graphical representations
do cluster populations of similar linguistic heritage,
the distributions can also be interpreted as geo-
graphical, with northern populations tending to-
ward the left side of Figure 4 and southern popula-
tions tending toward the right. The Ancash,
Arequipa, Tayacaja, and Mapuche are in close prox-
imity to one another in the MDS plot. However, the
Pima and Yakima are also close to these Andean
populations.

The regression comparing population pairwise �st
estimates to geographic and linguistic distance was
significant (P � 0.001) in both cases (Fig. 5). When
the population pairwise �st was compared to geo-
graphic and linguistic distance, the r2 values
equaled 0.1128 and 0.3051, respectively. After 100
randomizations, no significant P-values were found
at an alpha of 0.05, suggesting that the original
P-value was valid.

All AMOVA estimates found the largest percent-
age of variation present within populations (�74%)
rather than among populations and among groups
in all analyses. The percentage of variation among
language groups was 19.37%, and the variation
among populations within language groups was
5.89% (Table 4). The variation observed among geo-
graphic regions was 11.40% and 11.52% when
grouped into nine areas (9a and 9b, respectively),
and 14.68% when grouped into 10 areas; the varia-
tion among populations within geographic regions
was 13.29% and 13.32% when grouped into nine
areas (9a and 9b, respectively), and 10.05% when
grouped into 10 areas.

In the mismatch analyses using all haplogroups,
the American Eskimo distribution was slightly bi-
modal. A pronounced bimodal distribution was ob-
served in the populations of Cheyenne, Nuu Chah
Nulth, Ngoebe, Kuna, Gaviao, Huentar, Norris
Farms Oneota, Ancash, Tayacaja, Arequipa, Zoro,
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Cayapa, Yakima, and in the language groupings of
the Almosan, Chibchan Paezan, Tupi Monde, and
Andean. Multimodal patterns were observed for the
Pima, Yupic, Mapuche, Bella Coola, Xavante, Haida,
and the language group of Eskimo-Aleut. Within all
these multimodal groups except the Haida, the pres-
ence of a peak at zero nucleotide differences is found.
It is possible that this peak is a product of sampling
closely related individuals or is a product of drift. If
this peak is disregarded, then all of these popula-
tions except the Haida have a bimodal distribution

when including all haplogroups. All the mismatch
distributions constructed from one abundant haplo-
group and excluding the peak at zero nucleotide
differences had a peak between 1–3 differences. Fig-
ure 6 shows both mismatch distributions from the
Ancash population.

DISCUSSION

The Ancash haplogroup frequencies and haplo-
group diversity estimates are similar to those of
other South American groups in the region, suggest-

TABLE 1. Native American haplogroup frequencies and diversity estimates

Population

mtDNA lineage cluster (%)

n A B C D N h

Columbia
Embera 22 73.0 23.0 0.0 0.0 5.0 0.43
Ingano 27 15.0 44.0 37.0 0.0 4.0 0.67
Piaroa 10 50.0 0.0 10.0 40.0 0.0 0.64
Ticuna 54 13.0 15.0 39.0 33.0 0.0 0.71
Wayuu 40 25.0 35.0 38.0 0.0 3.0 0.69
Zenu 37 19.0 41.0 30.0 5.0 5.0 0.72

Ecuador
Cayapa 30 33.3 20.0 16.7 30.0 0.0 0.76

Venezuela
Makiritare 10 20.0 0.0 70.0 10.0 0.0 0.51

Brazil
Kraho 14 28.6 57.1 14.3 0.0 0.0 0.62
Macushi 10 10.0 20.0 30.0 40.0 0.0 0.78
Marubo 10 10.0 0.0 60.0 30.0 0.0 0.60
Ticuna 28 17.9 0.0 32.1 50.0 0.0 0.64
Wapishana 12 0.0 25 8.3 66.7 0.0 0.53
Yanomama 24 0.0 16.7 54.2 29.2 0.0 0.62

Peru
Ancash 33 9.1 51.5 18.2 21.2 0.0 0.67
Arequipa 22 9.0 68.0 14.0 9.0 0.0 0.53
Tayacaja 61 21.0 33.0 13.0 30.0 3.0 0.75
Other Quechua 19 26.3 36.8 5.3 31.6 0.0 0.73

Bolivia
Aymara 33 0.0 93.9 3.0 3.0 0.0 0.12
Quechua 32 15.6 75.0 9.4 0.0 0.0 0.42
Chimane 41 39.0 53.7 4.9 0.0 2.4 0.57
Mosetén 20 40.0 55.0 0.0 0.0 5.0 0.56
Ignaciano 22 18.2 36.4 40.9 0.0 4.5 0.70
Trinitario 35 14.3 40.0 37.1 2.9 5.7 0.70
Movima 22 9.1 9.1 63.6 18.2 0.0 0.57
Yuacaré 28 39.3 32.1 21.4 3.6 3.6 0.72

Chile
Atacamenos 63 14.3 71.4 9.5 4.8 0.0 0.47
Atacamenos 50 12.0 72.0 10.0 6.0 0.0 0.46
Aymara 172 6.4 67.4 12.2 14.0 0.0 0.51
Huilliches 38 5.3 28.9 18.4 47.4 0.0 0.67
Huilliches 80 3.75 28.75 18.75 48.75 0.0 0.65
Mapuche 111 0.0 7.2 44.1 48.7 0.0 0.57
Peneunche 105 2.8 10.5 41.0 45.7 0.0 0.62
Peneunche 100 2.0 9.0 37.0 52.0 0.0 0.59
Yaghan 21 0.0 0.0 43.0 47.7 0.0 0.62

Argentina
Choroti 20 15.0 40.0 30.0 15.0 0.0 0.74
Fueguian 45 0.0 0.0 42.0 56.0 2.0 0.52
Mapuche 58 5.3 31.0 20.6 29.3 10.3 0.78
Mapuche 97 8.4 33.7 22.1 28.4 7.4 0.75
Mataco (Chaco) 28 10.7 35.7 0.0 53.6 0.0 0.60
Mataco 72 5.6 62.4 2.8 26.4 2.8 0.54
Mataco (Formosa) 44 9.1 54.5 20.5 15.9 0.0 0.64
Pilagá (Formosa) 41 4.9 36.6 26.8 29.3 2.4 0.72
Quebrada de Humahuaca 46 10.9 67.4 17.4 4.3 0 0.51
San Salvador de Jujuy 19 15.8 57.9 15.8 10.5 0 0.64
Tehuelche 29 0.0 20.7 24.1 55.2 0 0.62
Toba 8 0.0 33.3 11.1 55.6 0 0.65
Toba (Chaco) 30 13.3 46.7 6.7 26.7 6.7 0.71
Toba (Formosa) 26 26.9 34.6 3.8 34.6 0 0.71
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ing no major discontinuities. The sequence data for
the Ancash have some of the highest amounts of
variation and a high number of unique haplotypes,
signifying no major episodes of drift or sweeps to
fixation in recent history. The high mtDNA diversity
of the Ancash matches expectations from Tarazona-
Santos et al. (2001) and Fuselli et al. (2003) for

Andean populations. All the Andean populations
had high levels of diversity and a close genetic rela-
tionship to each other.

All the analyses support some congruence be-
tween genetic distance and linguistic and/or geo-
graphic distance. The MDS plot fits largely with
what is known about the linguistic and geographical

TABLE 2. Ancash mtDNA HV I sequence variation1
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distance between these populations. Two notable
exceptions are the placement of the Pima and
Yakima near the Andean populations in the MDS
plot. Although these exceptions could be a product of
population events or a stress outlier in the MDS
calculations, it also should be noted that the Pima
and Yakima were the only representatives of their
language group, suggesting that more samples from
these two language families may be needed to refine
the resolution of the MDS plot. The regression com-
paring the population pairwise �st to both geo-
graphic and linguistic evidence supports a strong
correlation in both instances. In the AMOVA anal-
yses, the higher percentage of variation represented
within populations than among populations and
groups is typical for human populations. The esti-

mates suggest that language differentiation often
corresponds with population divergence. Variation
observed in populations within geographic regions
and among geographic regions is relatively equal,
even when the populations are placed into 10 differ-

TABLE 3. Native American mtDNA HV I haplotype diversity estimates and estimates of Tajima’s D1

Population n
No. of

haplotypes
Frequency of unique

haplotypes
Gene diversity

(h)
Nucleotide

diversity (�) Tajima’s D

American Eskimo 49 27 0.704 0.914 0.010 �1.458
Yupic Eskimo 77 12 0.417 0.719 0.010 �0.596
Haida 41 10 0.200 0.709 0.008 �1.205
Bella Coola 40 11 0.364 0.904 0.015 0.064
Cheyenne 31 24 0.792 0.965 0.023 �0.744
Oneota 51 24 0.583 0.910 0.016 �0.783
Wakashan 63 27 0.667 0.952 0.017 �0.011
Yakima 42 20 0.700 0.893 0.015 �1.116
Pima 41 21 0.857 0.922 0.021 �1.090
Huetar 27 7 0.571 0.709 0.011 0.413
Kuna 63 7 0.286 0.592 0.011 1.519
Ngoebe 46 8 0.625 0.773 0.014 1.684
Cayapa 30 8 0.625 0.837 0.020 1.155
Xavante 25 4 0.250 0.677 0.009 0.439
Gaviao 27 7 0.429 0.866 0.014 0.107
Zoro 28 8 0.375 0.773 0.013 �0.140
Ancash 33 27 0.704 0.966 0.018 �1.267
Arequipa 22 18 0.667 0.978 0.017 �1.101
Tayacaja 61 42 0.714 0.968 0.025 �1.440
Mapuche 39 14 0.786 0.924 0.017 0.254

1 Frequency of unique haplotypes was estimated by dividing number of unique haplotypes by total number of haplotypes.

Fig. 4. MDS plot (stress � 0.0580) showing relationships of
Native American mtDNA HV I data, using a Tamura-Nei dis-
tance method with gamma correction model of evolution (� �
0.26).

Fig. 5. Regressions comparing population pairwise �st to geo-
graphic distance and �st to linguistic distance. Regression of
geographic distance to �st is represented by solid circles and solid
line in units of 1,000 km, with r2 � 0.1128, P � 0.001, and y �
3.967 	 8.791*x. Regression of linguistic distance to �st is repre-
sented by squares with dashed line in units based on ordinal scale
from 1–10, with r2 � 0.3051, P � 0.001 and y � 3.561 	 10.922*x.

TABLE 4. AMOVA percentages of variation

Percentage of
variation

among groups

Percentage of
variation

within groups

Nine language groups 19.37 5.89
Nine geographic areas (9a) 11.40 13.29
Nine geographic areas (9b) 11.52 13.32
Ten geographic areas 14.68 10.05
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ent groups. These estimates are dependant on how
the geographical and language groups are sepa-
rated, but attempts were made to do so conserva-
tively. These AMOVA analyses support language,
more than geography, as an indicator of genetic af-
finities.

The mismatch distributions in this analysis sup-
port patterns observed in previous studies (Bonatto
and Salzano, 1997; Stone and Stoneking, 1998). All
populations have a bimodal pattern, with one peak
at approximately two differences and the other at
approximately seven differences when comparing all
haplogroups, and a peak at around two differences
when examining only one abundant haplogroup. In
mismatch distributions, a multimodal pattern is ar-
gued to be evidence of a population in equilibrium,
while a unimodal pattern is argued to be evidence of
a population that underwent expansion (Rogers and
Harpending, 1992; Rogers, 1995; Rogers et al.,
1996). In Native American populations, the first
peak likely represents the population expansion in
the Americas (Bonatto and Salzano, 1997; Stone and
Stoneking, 1998), and the latter is a product of the
intermatch between haplogroups A, B, C, and D,
which reflects the divergence of these haplogroups
prior to the time of entry into the Americas.

The mtDNA sequence data from the Ancash and
other South American populations have a distribu-
tion that is similar to Y-chromosome results by
Tarazona-Santos et al. (2001) and mtDNA results by
(Fuselli et al., 2003). That is, the four Andean pop-
ulations examined in this analysis have a great deal
of genetic diversity and a very close genetic distance
compared to other South American populations.
These Ancash sequence data represent several vil-
lages in the Department of Ancash, which may ex-
plain the high levels of diversity in this instance.
Also, in comparison to the Amazonian populations,
Andean populations have maintained relatively
large population sizes, allowing the retention of
more diversity compared to smaller populations that
are more subject to drift. However, the origin of the
Ancash sample and the history of large population
sizes in the Andes do not explain the degree of ge-
netic similarity these Andean populations appear to

have to one another, given that they are separated
by several thousand kilometers. Although the An-
dean mtDNA sample includes only four populations,
these results tentatively corroborate the hypothesis
of differential genetic drift as well as gene flow in
eastern and western South America, specifically
with regard to the Andes.

The genetic data support a correlation between
genetic distance and language more than geography.
The current pattern of genetic relatedness in the
Andes could be a product of colonial Europe and Inca
influences, or a more general pattern of Andean life
throughout its prehistory. Numerous cultural tradi-
tions such as the Chimu, Chavin, Moche, Wari, Ti-
wanaku, and Nasca have had significant effects on
Andean society. The genetic data may suggest that
these cultural traditions did not spread primarily
from the enculturation of indigenous/endogamous
populations, but rather were significantly influenced
by population migration. The degree to which An-
dean cultural systems influenced the observed ge-
netic pattern in Peru remains to be seen. Additional
data are required from other modern and ancient
Andean populations in order to evaluate the consis-
tency of the observed pattern and to develop a time
frame for population events.

Several language groups were represented by a
single population, and some of the groups them-
selves are controversial. For instance, the placement
of the Haida in the Na Dene language group is hotly
debated (Krauss, 1973; Cook and Rice, 1989; Pin-
now, 1990). Linguists have also warned that a lan-
guage phylogeny can be obscured within a matter of
8–10 or fewer millennia, which suggests that only
closely related language groups should be examined
phyletically (Kaufman and Golla, 2000). This admo-
nition from linguists emphasizes the need for more
sampling of Native American populations within
language groups on both continents.

There is no single catalyst for genetic population
divergence. Geographical, linguistic, environmental,
cultural, biological, and historical phenomena all
influence a population’s genetic pattern. Yet it is
possible to evaluate the degrees of influence of these
mechanisms. When looking at the mtDNA HV I
region, the data support a level of congruence of
genetic distance to both geographical and linguistic
distance, with evidence pointing to linguistic dis-
tance as a more important indicator. In addition, the
comparison of the mtDNA HV I data from South
American populations shows similar patterns of dif-
ferential gene flow and drift in eastern vs. western
South America, as observed in previous Y-chromo-
some and mtDNA studies.
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Greenberg JH. 1987. Language in the Americas. Stanford: Stan-
ford University Press.

Greenberg JH, Turner CG, Zegura SL. 1986. The settlement of
the Americas: a comparison of the linguistic, dental, and ge-
netic evidence. Curr Anthropol 27:477–497.

Horai S, Kondo R, Nakagawa-Hattori Y, Hayashi S, Sonoda S,
Tajima K. 1993. Peopling of the Americas, founded by four
major lineages of mitochondrial DNA. Mol Biol Evol 10:23–47.

Kaufman T, Golla V. 2000. Language groupings in the New
World: their reliability and usability in cross-disciplinary stud-
ies. In: Renfrew C, editor. America past, America present:
genes and language in the Americas and beyond. Cambridge:
MacDonald Institute for Archaeological Research.

Kittles RA, Bergen AW, Urbanek M, Virkkunen M, Linnoila M,
Goldman D, Long JC. 1999. Autosomal, mitochondrial, and Y
chromosome DNA variation in Finland: evidence for a male-
specific bottleneck. Am J Phys Anthropol 108:381–399.

Koenig WD. 1999. Spatial autocorrelation of ecological phenom-
ena.Trends Ecol Evol 14:22–25.

Kolman CJ, Bermingham E, Cooke R, Ward RH, Arias TD, Gui-
onneau-Sinclair F. 1995. Reduced mtDNA diversity in the
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