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ABSTRACT Native Americans are characterized by
specific and unique patterns of genetic and cultural/lin-
guistic diversities, and this information has been used to
understand patterns of geographic dispersion, and the
relationship between these peoples. Particularly interest-
ing are the Tupi and Je speaker dispersions. At present, a
large number of individuals speak languages of these two
stocks; for instance, Tupi-Guarani is one of the official lan-
guages in Paraguay, Bolivia, and the Mercosul economic
block. Although the Tupi expansion can be compared in
importance to the Bantu migration in Africa, little is
known about this event relative to others. Equal and even
deeper gaps exist concerning the Je-speakers’ expansion.
This study aims to elucidate some aspects of these success-
ful expansions. To meet this purpose, we analyzed Native
American mtDNA complete control region from nine dif-

ferent populations and included HVS-I sequences avail-
able in the literature, resulting in a total of 1,176 samples
investigated. Evolutionary relationships were explored
through median-joining networks and genetic/geographic/
linguistic correlations with Mantel tests and spatial auto-
correlation analyses. Both Tupi and Je showed general
traces of ancient or more recent fission–fusion processes,
but a very different pattern of demographic expansion.
Tupi populations displayed a classical isolation-by-dis-
tance pattern, while Je groups presented an intricate and
nonlinear mode of dispersion. We suggest that the collec-
tive memory and other cultural processes could be impor-
tant factors influencing the fission–fusion events, which
likely contributed to the genetic structure, evolution, and
dispersion of Native American populations. Am J Phys
Anthropol 150:453–463, 2013. VVC 2013 Wiley Periodicals, Inc.

Native American populations have been widely studied
for relationships between genetic, linguistic, and geo-
graphic data. Some of these studies showed a poor corre-
lation between genetic and geographic distances, sug-
gesting strong local differentiation (O’Rourke and
Suarez, 1986; Santos et al., 2009). However, other inves-
tigators have noted specific genetic patterns when
groups of different language stocks were compared (Sal-
zano et al., 1988; Callegari-Jacques and Salzano, 1989;
Kemp et al., 2010; Callegari-Jacques et al., 2011).

The Native Brazilian linguistic landscape includes
between 154 and 170 languages divided in �20 major
stocks (Rodrigues, 2002; Moore, 2005). This enormous di-
versity has led to controversies regarding their relation-
ship and hierarchical classification (Campbell, 1997; Bol-
nick et al., 2004), but two major linguistic stocks are nor-
mally recognized by all authors: Tupi and Je/Ge
(Loukotka, 1968; Rodrigues, 1986; Greenberg, 1987;
Campbell, 1997; Lewis, 2009).

The Macro-Tupi family (henceforth named Tupi) is
characterized by a large number of speakers who inhabit
a wide geographic area in South America with languages
associated to its major branch, Tupi-Guarani (or just
Guarani). The Guarani language currently presents a
large geographical spread, with speakers in Brazil, Ar-
gentina, Paraguay, Bolivia, Peru, Venezuela, and French
Guiana (Rodrigues, 2002). It is noteworthy that the Gua-
rani speakers reached the southernmost limits of the

Tupi dispersion. The origin and expansion of the Tupi
linguistic family are still controversial, but there is a
consensus on two major points: (1) a common Amazonian
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Excelência).

Received 9 October 2012; accepted 5 December 2012

DOI 10.1002/ajpa.22219
Published online 22 January 2013 in Wiley Online Library

(wileyonlinelibrary.com).

VVC 2013 WILEY PERIODICALS, INC.

AMERICAN JOURNAL OF PHYSICAL ANTHROPOLOGY 150:453–463 (2013)



center of origin and (2) the Tupi differentiation occurred
through distinct historic and cultural processes; however,
they still retained several common features (Noelli,
1998, 2008; Rodrigues, 2000). Glottochronology informa-
tion suggested that the Tupi origin occurred at the
southern margin of the Amazon River mostly close to the
Madeira-Guaporé basin, while archaeological data (based
on site location, radiocarbon and thermoluminescence
dating) point to a region farther north, at the confluence
of the Madeira and Amazon rivers (Rodrigues, 1964;
Migliazza, 1982; Urban, 1996, 1998; Heckenberger et al.,
1998; Noelli, 2008). The morphological results also indi-
cate an Amazonian origin for the Tupi group (Neves
et al., 2011).

Regardless of the uncertainties, the expansion of the
Tupi speakers, which occurred about 6,000–2,000 years
before present (YBP), has been considered as one of the
largest and most successful migration identified at the
continental level (Rodrigues, 1964; Migliazza, 1982;
Urban, 1996, 1998; Heckenberger et al., 1998; Noelli,
2008). These people were known for manufacturing ce-
ramic utensils and have been described as skilled agri-
culturalists. Tupi speakers efficiently transformed the
forest into productive areas, transporting their flora and
also adopting new vegetables (Noelli, 2008). Territories
under the domain of some Tupi peoples were conquered
and managed for a long time. Due to these characteris-
tics, the better term for these population shifts is expan-
sion, meaning distention and spreading, conquering of
new regions without abandoning the previous region
(Noelli, 2008). Why the Tupi people left the border of the
Amazon, however, may have been for multiple (and not
mutually exclusive) reasons: demographic and/or social–
cultural pressures, search for new cultivable lands, and/
or prolonged droughts (Schmitz, 1997).

Linguistic and archaeological data have indicated that
the Tupi dispersion was rapid and radial. This particular
migration pattern would trigger an interesting phenom-
enon: languages spoken by geographically distant peo-
ples could be closely related (Migliazza, 1982; Urban,
1996; Rodrigues, 2002). Figure 1 shows the putative
routes of the Tupi expansion.

The postulated Je linguistic family origin, conversely,
is believed to have occurred in an area between the São
Francisco and Tocantins rivers and may have originated
at about the same time as the Tupi. The relationship
between these two major linguistic families, however, is
subject to debate. Some researchers have suggested a
minimum chronological depth of 7,000–5,000 YBP. The
majority of the Je-speaking communities are located in
the central and eastern regions of the Brazilian plateau,
and an important movement to the south occurred
approximately 3,000 YBP (Urban, 1998). However, the
Je dispersion seems to be distinct from the pattern fol-
lowed by the Tupi.

Only recently, genetic data have been used to delin-
eate a more comprehensive view of the spread dynamics
of the Tupi and Je people in South America. The conclu-
sions of these studies are somewhat limited, given the
number of populations investigated and the relatively
few geographic areas covered (Marrero et al., 2007;
Mazières et al., 2008).

The present investigation was performed to test if the
expansion model proposed by linguists, archeologists,
and morphologists agrees with the variation found in the
complete control region of the mitochondrial DNA found
in Tupi and Je speakers from nine different populations

located in their probable route of dispersion within the
current Brazilian territory. Some of these populations
have never been studied with respect to mitochondrial
DNA (mtDNA) variation. These new mtDNA sequences
were analyzed together with those from eight previously
investigated populations affiliated with Tupi, Je, and
other major South American linguistic families. For a
more comprehensive understanding of this complex pro-
cess, our work also takes into account specific aspects of
the dynamics of each society. For example, colletive
memory understood as the common experience of shar-
ing particular memories and registers of certain past
events (Halbwachs, 1992), can be a determining factor in
the behavior of members of a community. The collective
memory creates a particular background of social iden-
tity. As a result, every group has its own collective mem-
ory and differs from the collective memory of other
groups (Russell, 2006). Certain social practices (mar-
riages) or demographic events (e.g., population fusion
and fissions) can be strongly influenced by these differ-
ent constructions of a group’s past.

Our results give indications that the Tupi and Je
speakers underwent radically different patterns of dis-
persal, therefore, unraveling part of the complex history
of the South American prehistoric colonization.

MATERIALS AND METHODS

DNA samples

Ethical approval for this study was provided by the
Brazilian National Ethics Commission (CONEP Resolu-
tion no. 123/98). Individual and tribal informed oral con-
sent was obtained from all participants because in many
cases these populations have little to no tradition of writ-
ing. Samples were obtained according to the Helsinki
Declaration. The ethics committee approved the oral con-
sent procedures, as well as the use of these samples in
population and evolutionary studies.

DNA from 130 individuals (men and women) from
nine Native American groups (Tupi: Cinta-Larga, Mun-
durukú, Parakanã; Je: Gorotire, Kuben-Kran-Kegn,
Mekranoti, Xikrin [subgroups of the Kayapó complex;
see item below ‘‘Evolutionary relationships’’]; Carib:
Arara; Isolated: Jamamadi) were amplified for the com-
plete control region of mtDNA (rCRS positions 16,024–
16,569 plus 001–576) according to the methods presented
by Irwin et al. (2007). In addition, a portion of the
mtDNA sequence located immediately at 50 of the control
region (rCRS positions 15,878–16,023), which covers the
position 15,930, was also sequenced to differentiate C1
Native American/Asian subhaplogroups (C1b, C1c, and
C1d). Amplification products were purified and
sequenced using the Applied Biosystems 3130 or 3730
Genetic Analyzer sequencers. Accession numbers for
data presented here and reported to GenBank, http://
www.ncbi.nlm.nih.gov/Genbank/index.html, are
JQ995985-JQ996143.

Sequences were aligned and their quality, as well as
accuracy, was evaluated using the Phred, Phrap, Consed
(http://www.phrap.org/phredphrapconsed.html) software,
and the Clustal W algorithm included in the BioEdit
7.0.9 software (Hall, 1999; http://www.mbio.ncsu.edu/bio-
edit/bioedit.html). Haplogroup frequencies were obtained
through direct counting. Figure 2 gives the geographical
location of the tested populations and of those studied by
other authors and included for comparison.
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Data analysis

Analyses were performed using the new mtDNA sequences
obtained in the present study, as well as all those available in
the literature. A total of 1,177 Native Americans (Tupi, Je,
Carib, Arawakan, Yanoman, Arauan, and Ticuna speakers,
see Fig. 2) from 37 different populations were considered. For
this global analysis, only HVS-I sequences (rCRS positions
16,024–16,569) were used because of the lack of HVS-II
(16,024–16,569) data in several of the published Amerindian
populations. It should be noted that some of the analyses con-
sidered only the Tupi and Je linguistic stocks, because these
were the main focus of the present investigation.

Genetic diversity

Sequences were aligned and processed using the MEGA
5 (Tamura et al., 2011) and DnaSP 4.50.1 (Librado and

Rozas, 2009) software. Native American mitochondrial
haplogroups were defined considering the HVS-I polymor-
phic sites (plus HVS-II and position 15,930 when avail-
able) according to Achilli et al. (2008). The summary sta-
tistics (number of sequences, haplotype number, and hap-
lotype diversity; Nei, 1987) were calculated using DnaSP
4.50.1 (Librado and Rozas, 2009). Population structure
was estimated by an analysis of molecular variance
(AMOVA; Weir and Cockerham, 1984; Excoffier et al.,
1992; Weir, 1996) using Arlequin 3.5.1.2 (Excoffier and
Lischer, 2010).

Evolutionary relationships

Median-joining haplotype networks (Bandelt et al.,
1999) were constructed using the Network software (ver-
sion 4.6.1.0; http://www.fluxus-engineering.com) sepa-
rately for haplogroups A2, B2, C1, and D1 for the Tupi

Fig. 1. Probable routes of dispersion of the Tupi and Je speakers (adapted from Schmitz et al., 1997) examined in this study.
Arrows show possible routes together with estimated dates when migrations may have occurred in years before present.
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and Je stocks. Possible reticulations were resolved by
MP calculation (Polzin and Daneschmand, 2003). To
facilitate the graphs’ interpretation, Tupi and Je popula-
tions were organized according to their relative geo-
graphic location: Northern Tupi (Mundurukú, Poturu-
jara, Waiampi, Emerillon, Parakanã), Northeastern Tupi
(Awa-Guajá, Urubu Kaapor), Central Tupi (Zoró, Cinta
Larga, Surui, Gavião), and Southern Tupi (Ache, Gua-
rani M’bya, Guarani Kaiowá, Guarani Ñandeva); as well
as Northern Je (Krahó and seven subgroups of the
Kayapó complex, see below), Central Je (Xavante), and
Southern Je (Kaingang).

To examine the evolutionary and demographic histories
of the Kayapó complex (Northern Je branch), additional
networks were constructed using control region sequen-
ces, extended to include the 15,930 sites. Data from seven
subgroups (Gorotire, Kokraimoro, Kubenkokre, Kuben-
Kran-Kegn, Mekranoti, Txukahamãe, and Xikrin) were

considered in the analyses. The Kayapó split from other
members of the Je family probably occurred in the past
500 years (Urban, 1998). Successive events led to the for-
mation of the aforementioned subgroups. This specific
and relatively well-documented trajectory indicates that
the Kayapó could be regarded as ideal for testing recent
fission–fusion events, as well as complex nonrandom pop-
ulation processes highly dependent on cultural factors,
which likely contributed to the genetic structure, evolu-
tion, and dispersion of Native American populations and
of other prestate human groups (Neel and Salzano, 1967;
Hunley et al., 2007; and references therein).

Genetic versus geographic/
historical-linguistic data

For both Tupi and Je samples, Mantel tests (Mantel,
1967) were performed using Arlequin 3.5.1.2 (Excoffier

Fig. 2. Map of South America, showing the populations included in this study.
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and Lischer, 2010) with 100,000 permutations to test for
correlations between genetic, geographic, and historical
distances at the 0.05 level of probability. Genetic distan-
ces were estimated as Kimura 2P FST values (Kimura,
1980). Geographic distances were calculated using lati-
tude and longitude coordinates (http://www.movable-
type.co.uk/scripts/latlong.html). Historical distances were
estimated based on time estimates of language or village
splits taken from Ethnologue (Lewis, 2009), Carneiro da
Cunha (1998, and references therein), Nichols (2008),
and Salzano (1971) (see Fig. 3). Note, however, that
these dates are only estimates, so they should be consid-
ered with caution.

Spatial autocorrelation

Spatial autocorrelation analyses provide a measure of
the genetic similarity of individuals as a function of the
geographic distance separating them. Generally, patterns
revealed by spatial autocorrelation are also reflected in
the Mantel statistics. In fact, Mantel tests can be used
to test spatial correlations in distance classes (Epperson,
2003). To quantitatively examine this geographic differ-
entiation, we used the Genalex 6.4 software (Peakall and
Smouse, 2006). The r statistic (which measures the
genetic similarity between pairs of individuals within a
given distance) was calculated for 10 classes and the
results summarized in a correlogram. For large samples,
r values range from 21 (negative autocorrelation, indi-
cating genetic dissimilarity in a distance class) to 11
(positive autocorrelation or genetic similarity). Under
the null hypothesis, the mtDNA haplotypes are ran-
domly distributed in space. The distance class size at
which the statistic r is no longer significant provides an
approximation of the extent of detectable spatial genetic
structure (Peakall et al., 2003). Statistical significance
was based on 95% confidence intervals. P-values were
obtained via randomization methods. For all analyses,
we used 10,000 permutations.

RESULTS

Genetic diversity

A total of 177 different haplotypes were identified
among the 1,177 HVS-I mtDNA sequences analyzed,
which were approximately equally distributed among the
four Native American haplogroups A2, B2, C1, and D1
(Table 1 and Supporting Information Table 1). Approxi-
mately 41% of the haplotypes are unique to individuals,
while 40% were shared among individuals within a pop-
ulation and 7% were found between populations of the
same linguistic group, while 12% were observed among
linguistic stocks.

Overall, 81% of the haplotypes were population-spe-
cific and 19% were shared between populations (Sup-
porting Information Table 1). Jamamadi, Ticuna, and
Yanomami only shared the nodal haplotype for B2, C1,
and D1 haplogroups with other populations and were
absent for haplogroup A2.

Molecular variance (AMOVA) analysis revealed that
the percentage of variation among all samples was
�35% (FST 5 0.354, P 5 0.000). FST values for each lan-
guage group were also calculated (Table 2), Tupi sequen-
ces showed the highest values: �39% of the observed
variation was due to differences between populations of
the same linguistic stock. Je and Carib sequences
showed lower values (22% and 19%, respectively).

The total number of HVS-I mtDNA sequences for each
language group (N), the number of haplotypes (H), and
the haplotype diversity (Hd) are presented in Table 2. Je
sequences showed 37 different haplotypes and the lower
Hd value (0.892).

Evolutionary relationships

The Tupi A2, B2, and C1 networks show a star-like form
(Supporting Information Fig. 1) with the exception of hap-
logroup D1, which has a major division caused by a change
at position 16,179. Interestingly, this mutation is present

Fig. 3. Expansion and subdivision of the different groups based on time estimates of language or village splits. Based on Ethno-
logue (www.ethnologue.com), Carneiro-da-Cunha (1998 and references therein), Nichols (2008) and Salzano (1971) (YBP: years
before present).

457DEMOGRAPHIC EXPANSIONS IN SOUTH AMERICA

American Journal of Physical Anthropology



only in north Tupi populations. In general, all haplotypes
were present in the four regions, 32% being unique to indi-
viduals, 48% shared within populations, and 20% shared
among populations, with 80% of population-specific haplo-
types. The unique transversion observed in Tupi individu-

als (16,239A), associated to the 16,266T transition, defines
a derived A2aa lineage (van Oven and Kayser, 2009).
Three different A2aa haplotypes are represented by six
individuals belonging to Poturujara (North Tupi) and four-
teen Guarani-Ñandeva (South Tupi) individuals (Marrero

TABLE 1. Haplogroup population frequencies and references from which the primary data were obtained

Population State/Country N A2 B2 C1 D1 Partial samples sizes and references

Tupi language family
Ache Paraguay 74 6 67 1 – 63 (Schmitt et al., 2004) 1

11 (Yang et al., 2010)
Awa Guajá Maranhão, Tocantins,

Pará, BR
2 – 2 – – 2 (Santos et al. 1996)*

Cinta-Larga Mato Grosso, BR 11 9 – 1 1 8 (present study) 1
3 (Dornelles et al., 2005)

Emerillon French Guiana 30 9 21 – – 29 (Mazières et al., 2008)
Gavião Rondônia, BR 27 4 4 – 19 27 (Ward et al., 1996)
Guarani Kaiowá Mato Grosso do Sul, BR 120 110 – 10 – 120 (Marrero et al., 2007)
Guarani M’byá Paraná, BR 24 12 – – 12 24 (Marrero et al., 2007)
Guarani Ñandeva Mato Grosso do Sul, BR 56 46 – 10 – 56 (Marrero et al., 2007)
Munduruku Pará, Amazonas, BR 16 2 4 2 8 14 (present study) 1

2 (Lobato-da-Silva et al., 2001)
Parakanã Pará, BR 22 1 9 8 4 19 (present study) 1

3 (Dornelles et al., 2005)
Poturujara Pará, BR 13 6 – 4 3 4 (Lobato-da-Silva et al., 2001) 1

9 (Santos et al., 1996)*
Suruı́ Rondônia, BR 24 4 – – 20 24 (Bonatto and Salzano, 1997)
Zoró Rondônia, BR 30 6 2 4 18 30 (Ward et al., 1996)
Urubu Kaapor Maranhão, BR 3 1 – – 2 3 (Dornelles et al., 2005)
Wayampi Amapá, Pará, BR 71 41 10 – 20 3 (Lobato-da-Silva et al., 2001) 1

21 (Santos et al., 1996)* 1 47
(Mazières et al., 2008)

Je language family
Gorotire Mato Grosso, Pará, BR 11 3 2 2 4 11 (present study)
Kaingang PR Paraná, BR 21 13 – 8 – 21 (Marrero et al., 2007)
Kaingang RS Rio Grande do Sul, BR 53 22 3 28 – 53 (Marrero et al., 2007)
Kokraimoro Mato Grosso, Pará, BR 2 1 1 – – 2 (Lobato-da-Silva et al., 2001)
Krahó Maranhão, Pará,

Tocantins, BR
9 4 4 1 – 9 (Lobato-da-Silva et al., 2001)

Kubenkokre Mato Grosso, Pará, BR 4 – 4 – – 4 (Lobato-da-Silva et al., 2001)
Kuben-Kran-Kegn Mato Grosso, Pará, BR 19 11 5 1 2 19 (present study)
Mekranoti Mato Grosso, Pará, BR 25 9 14 2 – 24 (present study) 1

1 (Lobato-da-Silva et al., 2001)
Txukahamãe Mato Grosso, Pará, BR 2 2 – – – 2 (Dornelles et al., 2005)
Xavante Mato Grosso, BR 25 4 21 – – 25 (Ward et al., 1996)
Xikrin Mato Grosso, Pará, BR 4 1 1 1 1 3 (present study) 11

(Dornelles et al., 2005)
Carib language family
Apalaı́ Pará, BR 102 40 1 30 31 102 (Mazières et al., 2008)
Arara Pará, BR 29 1 14 14 – 20 (present study) 1 9

(Santos et al., 1996)*
Kali’na Venezuela, French Guiana,

Guyana, Suriname, BR
27 2 12 11 2 27 (Mazières et al., 2008)

Tyrió Pará, BR 3 – – 1 2 3 (Santos et al., 1996)*
Katuena Amazonas, Pará, Roraima,

BR; Guyana
9 3 1 3 2 9 (Santos et al., 1996)*

Arawakan language family
Matsinguenga Peru 44 2 41 – 1 37 (Mazières et al., 2008)
Palikur Amapá, Guiana

Francesa, BR
46 – 25 – 21 46 (Mazières et al., 2008)

Wayuu Colombia 18 4 4 10 – 18 (Yang et al., 2010)
Arauan language family
Jamamadi Amazonas, BR 13 – – 9 4 13 (present study)
Yanomam language family
Yanomami Roraima, Amazonas, BR 175 2 11 97 65 47 (Santos et al., 1996)* 1

128 (Merriwether et al., 2000)
Ticuna language family
Ticuna Amazonas, Colombia,

Peru, BR
12 5 1 – 6 12 (Yang et al., 2010)

BR: Brazil
* The information on the population corresponding for each sequence was obtained directly from the author.
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et al., 2007). Lineage A2ab (defined by transition 16,291T;
Behar et al., 2012) is also found in Tupi individuals (Cen-
tral: Cinta-Larga, Gavião, and Zoró; South: Guarani-Ñan-
deva, Guarani-Kaiowá, and Guarani-M’byá). Among the
40 individuals used to define the C1 haplogroup network,
none coincided with the nodal haplotype.

Overall, Je populations presented 42% unique haplo-
types, 30% shared within populations, and 28% shared
among populations, indicating 72% of population-specific
haplotypes. Network haplogroups/haplotypes (Supporting
Information Fig. 2) presented a main division in hap-
logroup C1 generated by a mutation at position 16,051,
which is shared by 24 individuals of the Kaingang popu-
lation and two individuals from the Mekranoti, a sub-
group of the Kayapó complex. Haplogroup D1 is the least
represented, with only three haplotypes present in
northern Je populations.

Fifty-seven complete control region sequences were
investigated in four Kayapó subgroups: Gorotire (n 5
11), Kuben-Kran-Kegn (n 5 18), Mekranoti (n 5 25),
and Xikrin (n 5 3; Supporting Information Table 2).
Additionally, HVS-I sequences obtained from the litera-
ture were used including other three Kayapó subgroups:
Kokraimoro (n 5 2), Kubenkokre (n 5 4), and Txukaha-
mãe (n 5 2). Initially, networks were constructed using
only the mtDNA complete control region sequences. Sup-
porting Information Figure 3 shows few haplotypes
shared between derived tribes and ancestral groups.
This pattern was also observed when the HVS-I sequen-
ces of the literature were included in the analyses (Sup-
porting Information Fig. 4). Interestingly, �60% of the
haplotypes were tribe-specific (three haplotypes in A2;
five in B2; four in C1; and one in D1 haplogroups), which
is lower than the value observed among the Tupi (80%),
suggesting that the fission model of village propagation
is prominent and that the proportion of exclusive haplo-
types increases with the depth of the branches. However,
the high proportion of exclusive haplotypes in the
Kayapó villages is rather unexpected when we consider
that the fission between some of these villages occurred
just 100 years ago.

The overall frequency of C1 is low among all popula-
tions, while D1 is common among the Tupi but rare
among the Je speakers. Geographically, the major A2
distributions in both linguistic stocks were concentrated
in only a few populations, while B2 was highly repre-
sented in the Je, but not in the Tupi samples, with an
exception: the Ache (two distinct haplotypes present in
90% of the individuals). Interestingly, the origin of these
hunter–gatherer Tupi speakers of Paraguay is controver-
sial, but our results support the idea that they could be
a Tupi-Guarani group who took refuge in the Paraguay
forest and lost their agricultural lifestyle. Additionally,
during their expansion from Amazonia or after their
establishment in the region, the Ache may have made

use of a typical Tupi warfare cultural custom: capturing,
not killing their non-Tupi enemies, and incorporating
women and children (Callegari-Jacques et al., 2008). Our
results suggest that captured females may have had a
leading role in this gene background introgression.
Regardless of the source of origin for the two Ache B2
haplotypes, their high frequencies stress the important
role of drift in the evolutionary trajectory of this group,
a process already observed with Y-chromosome markers
(Bortolini et al., 2003).

Genetic versus geographic and historical-
linguistic data

The linguistic variable used in this study was years of
separation. Pairwise genetic difference matrices (Kimura
2P distance) for Tupi and Je populations and respective
P-values are summarized in Supporting Information Ta-
ble 3. Mantel tests were conducted separately for each
language stock. The results for the Tupi speakers
showed that the mtDNA distances are positively and sig-
nificantly correlated at the 0.05 level of probability with
geographic but not with historical/linguistic, distances.
Je groups did not show any significant association
between genetics and these variables (Table 3), even
when only the seven Kayapó subgroups were considered.
These results are in agreement with those observed by
Hunley et al. (2007) who investigated mtDNA HVS-I
sequences in 1,381 individuals from 17 Native American
populations. These researchers concluded that the gen-
eral pattern of relationship among languages is not the
same as that among gene pools, although some concord-
ance between these variables was observed in shallow
branches.

To explore in more detail the correlation (or absence of
it) between genetic, geographic, and historical/linguistic
diversities, a spatial autocorrelation analysis was per-
formed.

Spatial autocorrelation

Tupi and Je groups showed different plots of r values
(Fig. 4). Because their populations present distinct geo-
graphic locations, occupying areas of different surfaces,
the average distance interval for the 10 classes in the
Tupi populations was 318 km, and was 245 km for the
Je. All correlation coefficients fluctuate in a range of 0.5/
0.6 and 20.3/20.4. The two correlograms showed non-
random space haplotype distributions and a positive and
significant autocorrelation in the first distance class,
which is expected when sequences are sampled in the
same population or between populations in close proxim-
ity, possibly due to high levels of the gene flow or a
common origin. The overall significance of the two
correlograms was tested following Smouse et al.’s (2008)

TABLE 2. Intrapopulation diversity parameters in the language
groups analyzed

N H Hd FST

Arawakan 108 28 0.947 0.306
Carib 170 36 0.931 0.189
Isolated 200 46 0.935 0.248
Je 175 37 0.892 0.236
Tupi 524 60 0.932 0.389

N, sample size ; H, different haplotypes; Hd, haplotype diver-
sity; FST values

TABLE 3. Mantel test considering the linguistic and geographic
distributions

C.C. P-value
Partial

C.C.
P-

value

Tupi groups mtDNA/Language 20.184 0.82 20.130 0.72
mtDNA/Geography 0.286 0.02 0.256 0.03*

Je groups mtDNA/Language 20.321 0.92 20.298 0.88
mtDNA/Geography 0.126 0.27 20.008 0.44

C.C., correlation coefficient; mtDNA, mitochondrial DNA.
* Significant P-value [ 0.05.
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procedures and showed a different spatial genetic struc-
ture for both Tupi and Je populations (P 5 0.010). For
the Tupi, the autocorrelations decreased more or less
monotonically as the distances increased, indicating iso-
lation by distance (Wright, 1943) and corroborating the
Mantel test results (Table 3). For the Je, however, there
is an increase in the autocorrelations from the distance
classes 1,225 to 1,715 km, followed by a sharp decrease
in the three most distant classes, indicating that some
Je populations (Xavante and Kayapó groups) located far
from each other have higher or similar levels of genetic
identity than others located geographically closer. No
correlation between geography and genetic distances
was found in the Mantel test (Table 3) either, suggesting
that other factors besides geography have influenced the
mtDNA sequence distributions in Je populations.

DISCUSSION

Since his departure from Africa during an interglacial
period that occurred at about 135,000–74,000 YBP
(Armitage et al., 2011), anatomically modern Homo sapi-
ens has experienced a most extraordinary migration, as
compared to all the other primate species. Modern man
has colonized all of the continents except Antarctica.
Human arrival in the Americas occurred more recently,
through one or more streams of migration from Asia,

between 18,000 and 2,000 YBP (González-José et al.,
2008; Reich et al., 2012). Consequently, this migration
brought a significant degree of genetic and cultural dif-
ferentiation among groups. However, the transmission
mode operating in these two systems is different: while
genetic inheritance is vertical (from parents to off-
spring), cultural norms (language, for instance) are ver-
tically and horizontally (between unrelated individuals)
transmitted, and this may obscure the relationships
between them (Hunley et al., 2007).

Here, we have conducted a genetic investigation
involving the two main linguistic stocks found in Brazil.
Taken together, our results reflect remarkable differen-
ces between the Tupi and Je expansions. Tupi speakers
seem to have undertaken a radial expansion into new
territories with an increase in genetic diversity as popu-
lations moved from their origin with subsequent isola-
tion (as observed by FST values higher than that seen for
isolated languages; Table 2). The shared presence of
A2aa, as well as the A2ab lineage, found in Tupi individ-
uals from populations located geographically distant
from each other (A2aa: six samples from Poturujara/
North and fourteen from Guarani-Ñandeva/South; A2ab:
four Cinta-Larga, three Gavião, and six Zoró/Centra;
seven Guarani-Ñandeva, three Guarani-Kaiowá, and
six Guarani-M’byá/South), can be considered a trace of
their common origin. Subsequent processes of population

Fig. 4. Spatial structure analysis for the Tupi and Je populations. Upper and lower confidence limits (dotted lines) bound
the 95% confidence interval on the null hypothesis of no spatial structure for the combined dataset as determined by 10,000
permutations.

460 V. RAMALLO ET AL.

American Journal of Physical Anthropology



fissions could also lead to lineage differentiation: for
example, the major division of the D1 network, which
contained sequences only sampled among the Wayampi.
The Mantel test and spatial autocorrelation analyses
revealed a positive and significant correlation between
their genetic and geographic distances, with a classical
isolation-by-distance pattern.

We also observed that Tupi villages that fractionated
long ago may have higher genetic similarity than other
groups that separated recently. Note that these fissions
generally occur along kinship lines and that they are
generally associated with social tensions, such as war-
fare, beliefs in sorcery, revenge, disease, and other au-
tochthonous conditions (Neel and Salzano, 1967; Sal-
zano, 2009). This absence of significant correlation
between genetic distances with historical/linguistic infor-
mation may be due to several not mutually exclusive fac-
tors: (a) related females, carrying a particular mtDNA
lineage that will be present in the new village but no
longer in the original village; (b) gene flow, meaning that
the villages could have fused again, through alliances or
marriage exchanges, especially when the above-cited
reasons for the fissions have been forgotten; (c) more
recent Post-Columbian women movements; and (d) as
mentioned in the ‘‘Materials and Methods’’ section, inac-
curacies that may exist in the historical/linguistic dates
of split. Additionally, it is possible to see that the Tupi
expansion was also characterized by some level of
absorption of non-Tupi women, including Je-speakers
(e.g., the Ache case commented on in the Results section)
who arrived in the South at least 1,000 years before the
Tupi (Urban, 1998).

Network analysis considering the Je indicated several
populations sharing lineages derived from a baseline
haplotype. The major haplogroup C1 division includes
samples from distant places, such as Kaingang and one
of the Kayapó subgroups, Mekranoti. In the correlogram
of the Je populations, the r values become positive at
three distance classes and then dramatically decline to a
much lower and negative value. The absence of signifi-
cant correlation between genetic distances with geogra-
phy and historical/linguistic data are an indication (at
some level) of kinship influences, independent of the geo-
graphic distances and/or historical splits. Cases where
isolation by distance patterns was absent or weak often
indicate that a more complex suite of cultural, ecological,
or physical factors may be responsible for structuring
the populations.

For example, the combined Kayapó HVS-I plus HVS-II
sequences showed lineages that may be present only in
the derived group and not in the parental group any-
more. The amount of exclusive lineages in the different
Kayapó subgroups (60%) was somewhat unexpected,
because the fragmentation of several Kayapó villages
occurred just 100 years ago (Fig. 3). This may be due to
simple stochastic processes, such as genetic drift. How-
ever, the ethnographic and historical information about
the social dynamics of these populations should also be
considered. The motives for the recent Kayapó fissions—
warfare, beliefs in sorcery, revenge—seem to be still
present in the collective memory of these groups (Neel
and Salzano, 1967; Salzano, 2009), preventing subse-
quent fusions. This phenomenon appears to be, at least
partly, responsible for other results, such as the propor-
tion of shared lineages being higher among linguistic
stocks (12%) than between populations of the same lin-
guistic group (7%).

Finally, the Xavante population presents a particular
set of social–cultural characteristics, like bilocal marital
residence, community organization based on high endog-
amy, and a sororal polygyny marriage type. Hünemeier
et al (2012) demonstrated that culture-specific traits are
important to understand certain biological parameters,
like fitness. The reproductive success of important men
in the Xavante hierarchy is well documented in ethno-
graphic studies (Coimbra et al., 2002). However, caution
is needed regarding sociocultural practices because they
are not stable over time. The traditional native culture
could be very different from the present practices after
European contact. Be that as it may, the perpetuation
over a certain number of generations of a social practice
like sororate unions could partly explain the genetic dif-
ferences found in our results. If powerful men could
marry more than one woman, and preferably sisters, all
their children would share the same mitochondrial line-
age, whose frequency could significantly increase. Addi-
tionally, cultural practices like those mentioned above
have prevented fusion between the Xavante and the
other Je populations located in the Brazilian Central
Plateau, such as the Kayapó (Hünemeier et al., 2012).

On the basis of these results, we suggest that the
intra- and inter-Tupi and Je group diversity could also
have been mediated by females due to some specific soci-
ocultural factors.

CONCLUSION

Our results suggest that the two main Brazilian-
native linguistic stocks expanded in different ways.
While the Tupi expanded through space following a well-
defined radial pattern from a common origin, the Je pre-
sented an intricate and nonlinear mode of dispersion.
Both the groups showed general traces of ancient fis-
sion–fusion processes mediated by women. Among the
Je, these events did not produce congruent genetic, geo-
graphic, and historical scenarios, and this observation
can be attributed, in part, to sociocultural factors. For
instance, the reasons behind fissions that occurred only
a few generations ago may continue to persist in the col-
lective memory of the group, preventing fusions.
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