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ABSTRACT The existing biocultural links are ana-
lyzed among ancient inhabitants of the Cochabamba val-
leys (Bolivia) from the Formative and Tiwanaku periods,
coastal and inland Azapa region (Chile) from the Late
Archaic to the Late periods, and the Atacama Desert
oases (Chile) from the Formative period to the time of
European contact. Craniometric information obtained
from a sample of 565 individuals from different sites of
the studied regions was evaluated using methods
derived from quantitative genetics and multivariate sta-
tistical analysis techniques. It is shown that during the
Formative and Tiwanaku periods inhabitants of the
Cochabamba valleys maintained contact with the popu-
lation of northern Chile. This contact was more fluid
with the people from the interior valley of Azapa than it

To understand the settlement and the evolution of the
human groups who settled in the south central Andean
area, it is necessary to evaluate the dispersion, interac-
tion, and adaptation of the populations to the different
spaces they explored and conquered. In northern Chile,
distinct environments (coastal, valleys, foothills, and
highlands) can be differentiated from the Pacific shore
land inwards; areas that promoted the settlement and
survival of human groups from as early as 10,000 BP
(Nunez and Santoro, 2011) until the period of European
contact. The valleys during prehistoric times were used
as paths connecting the Pacific coast, the mountains,
and the altiplano. In addition, the northern tip of Chile
is related to other regions of the Andean region south
central and northwest Argentina, the southern coast of
Peru, the valleys of eastern Bolivia, and the Peruvian-
Bolivian altiplano, the latter connected on the east with
the Amazon basin.

The coast of Arica and the Azapa Valley in northern
Chile were inhabited by fishing-gathering groups from
10,000 BP in the Archaic period which gradually tran-
sitioned into agriculture, beginning around 1,000 BC
in the Formative period. For some authors, the
changes in the latter period were accompanied by the
entry of highland groups (Rivera, 1975, 1991). Others
have emphasized the decisive participation of local
archaic groups in the Archaic—Formative transition
(Nunez and Santoro, 2011). Nevertheless, one position
does not exclude the other, i.e., the formative popula-
tion may be the result of a local genetic contribution
and migration of individuals from another region (Var-
ela et al., 2006).
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was with the settlers of San Pedro Atacama (SPA). An
important biological affinity in the Late Period between
the inhabitants of the Azapa valley and the late SPA
groups is also examined. The Late-Inca Catarpe SPA
sample shows a broad genetic variability shared with
the majority of the groups studied. The results reaffirm
the differences between the coastal and interior Azapa
valley groups and strengthen the hypothesis of two
pathways to populating the south central Andean area.
The divergence observed among subpopulations can be
explained by the spatiotemporal dispersion between
them, genetic drift dispersion compensated by the action
of gene flow, and cultural norms that regulate within
group mating. Am J Phys Anthropol 155:591-599,
2014. © 2014 Wiley Periodicals, Inc.

The circumpuna region close to the San Pedro Ata-
cama oases would have been occupied by hunter-
gatherers as early as 10,000 BP, but it was the late
archaic groups, around 1,300 BC that established the
first Formative Period societies in San Pedro Atacama
(Agtiero, 2005; Nunez, 2005; Agtero and Uribe, 2011;
Nunez and Santoro, 2011). Evidence has been found of a
connection during this period between San Pedro Ata-
cama and the Bolivian Altiplano (Pimentel, 2008).

In the extreme north of Chile, the transition from the
late Formative Period to the early Middle Period (500—
1,290 AD) is characterized by local developments, and
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the arrival of groups from around the highland Lake
Titicaca region (Berenguer and Dauelsberg, 1989; Riv-
era, 1991) and peripheral regions such as Moquegua and
Cochabamba (Uribe and Agiiero, 2001). This transition
time is also marked by the influence in the region of the
Tiwanaku culture, an increase in population and an
increase of the interactions between different localities
of northern Chile, northwestern Argentina, and south-
ern Peru and Bolivia. However, when Tiwanaku’s
hegemony declines a period of the development of
regional cultures emerge: Late Intermediate period or
Regional Development (1,100-1,400 AD), that eventually
culminates with the arrival of the Inca empire (Schiap-
pacasse et al., 1989; Rivera, 1991).

Although the region of the eastern valleys of Cocha-
bamba, Bolivia, was populated by hunter-gatherers from
as early as 10,000 BC, it was during the Formative
(1,500 BC-500 AD) that the first sedentary groups who
started farming arise and began to produce ceramics. At
this time, local cultures developed and interaction net-
works were established with locations from other val-
leys, from the altiplano, the tropical lowlands, and the
Pacific coast (Pereira et al., 2000; O’Brien, 2003). During
the influence of Tiwanaku (500-1,100 AD), the develop-
ment of local cultures was also important; some pottery
styles continued from the Formative and others are rep-
resentative of the Late Tiwanaku period of Cochabamba.
The collapse of Tiwanaku represents a transition toward
the Regional Development period characterized by a
variety of regional styles at least until the Inca expan-
sion in 1,450 AD (Bennett, 1936; Oakland, 1986;
O’Brien, 2003).

Previous research shows that ancient inhabitants of
the Cochabamba valleys are more closely related biologi-
cally to groups in northwest Argentina and northern
Chile than these two groups are related to each other
(Varela et al., 2008; Cocilovo et al., 2009). It has also
been found that the inhabitants of the Early Intermedi-
ate Period from the interior of the Azapa Valley of the
extreme north of Chile increased their genetic variability
as a result of gene flow with other regions, particularly
with Cochabamba’s eastern valleys (Varela et al., 2013).

The study of biological interactions between different
locations in the south central Andes provides new infor-
mation about the knowledge of inter-regional exchange
networks; like those which permitted llama trade cara-
vans to support the exchange of goods, ideas, and people
between the different ecological environments (O’Brien,
2003). For this reason, in this article we propose to eval-
uate the biological relationships between groups from
the Formative and Tiwanaku periods from the eastern
Cochabamba valleys, the societies that inhabited the
Atacama Desert Oases between 400 BC and 1,450 AD
and Azapa (valley and coast) from the Late Archaic
(3,500 BC) until the end of the Late Period (1,500 AD) in
the far north of Chile. With this work, we hope to assess
the magnitude of the interaction between these three
regions in time and analyze the importance of evolution-
ary factors responsible for the observed morphological
divergence.

POPULATION INTERACTION ACROSS THE
STUDY AREA

As mentioned previously, the initial formative societies
of northern Chile had their origins in local fishermen/
gatherer groups between 3,500 and 2,400 BP (Nunez
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and Santoro, 2011). However, there are archaeological
and genetic lines of evidence that corroborate the sug-
gestion that changes which occurred in these popula-
tions may be partially explained by migrations that
originated from the eastern slope of the Andes or in the
tropical lowlands (Rivera, 1975; Rothhammer et al.,
2009). In addition, a genetic contribution from Archaic
fishermen groups of Chinchorro to the Formative groups
of Laucho on the Azapa coast has resulted in a gradual
phenotypic change in the latter group over time; yet this
does not rule out the possibility of gene flow coming
from other regions of the south central Andes (Varela
et al., 2004, 2006).

Archaeological data show a presence of the Archaic
fishing—gatherering tradition at the start of the Forma-
tive agricultural village tradition on the coast of Arica
(Munoz, 2011). Furthermore, morphological difference
has been demonstrated between the inhabitants of the
coast and the inland valley of Azapa. The first repre-
sents a more genetically isolated group, whereas those
from the valley show greater gene flow and an obvious
similarity with the eastern valleys groups of Cocha-
bamba, Bolivia (Varela and Cocilovo, 2002; Varela et al.,
2013).

Some archaeologists have interpreted the influence of
the Tiwanaku culture (500-1,100 AD) in Azapa as a true
productive colony, while San Pedro Atacama has been
considered to be a Tiwanaku trading center (Berenguer
and Dauelsberg, 1989; Berenguer, 2000). Other research-
ers say that the relation of these two regions of northern
Chile with the center of Tiwanaku was more indirect,
through peripheral centers such as Moquegua (southern
Peru) and Cochabamba (Bolivia) that present a closer
link with the highland center (Uribe and Agtiero, 2001).

During the Middle and Late Formative periods (Tiwa-
naku) in the Azapa Valley two types of ceramics and tex-
tiles have been identified, one of highland tradition and
the other linked to the western valleys of southern Peru
(Uribe, 1995, 1999, 2004; Agiiero, 2000). Two types of
textiles from the Middle period have also been found in
San Pedro Atacama. The first belongs to a Tiwanaku
style and the second to an atacamena tradition linked to
the Cochabamba-style textiles (Mojocoya and Omereque)
of Bolivia (Uribe and Agiiero, 2001).

Some studies show a close biological relationship
between the core of Tiwanaku and groups from mid-
valley Moquegua, Chen Chen (Blom et al.,, 1998).
Whereas others have suggested the relationship of the
highland center with the coastal inhabitants of this val-
ley (Lozada et al., 2004) and the eastern valleys of
Cochabamba to have been less important (O’Brien,
2003). As of the Late Archaic period, long-distance inter-
actions between different nodes of the south central
Andes occurred through a network of relationships in
which the llama trade caravan was one of the many
ways that ancient peoples had to interact and relate
with one another (Nunez and Dillehay, 1979; Nielsen
et al., 1999; Pimentel, 2008; Nunez and Nielsen, 2011;
among others).

According to biological and archaeological background
the following hypotheses are proposed: (1) Cochabamba
valley population is more related to the Azapa valley
than with San Pedro de Atacama, (2) an increase of
gene flow between San Pedro de Atacama and Azapa
Valley during the Late period, (3) phenotypic differentia-
tion between the inhabitants of the coast and the valley
Azapa.
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TABLE 1. Sample description
Region Group Sitie Date N
Cochabamba Formative/Tiwanaku (CO-FT) Vinto/Quillacollo, Guillen, Cliza, Mojocoya, 0-1,100 AD 56

Pojo Amano, Incallaca, Omereque

Late Intermediate/Late Coast (AZ-C-LA)
Formative Coast (AZ-C-FO)
Archaic Late Coast (AZ-C-AR)

Azapa Coast

AzapaValley Late Intermediate Valley (AZ-V-LA)
Formative/Tiwanaku Valley (AZ-V-FT)
Sub Total

San Pedro de  Late (SP-CA-LA)

Atacama Late Intermediate (SP-QU-LA)
Late Intermediate (SP-YA-LA)

Tiwanaku (SP-CO-TI)

Camarones 8, Chacalluta, Playa Miller 3, 4
Playa Miller 7

Morro 1, 1/6; Morro Uhle

AZ 115, 71, 79, 8-82; Llu 12, 13

AZ 103, 115, 13, 14, 21-22, 3, 70

Catarpe

Conde Duque; Quitor 1, 9
Yaye 1, 2, 3, 4; Yaye Occidental
Coyo Oriental

1,100-1,500 AD 46
530 BC 47
3,500-1,700 BC 44
990-1,145 AD 56
530 BC-1,270 AD 50

1,470-1,535 AD 10
950-1,200 AD 43
950-1,200 AD 50
700-1,000 AD 51

Tiwanaku (SP-QU- TI) Conde Duque bajo y norte; Quitor 2, 5, 6 300-700 AD 52
Tiwanaku (SP-SO-TI) Solcor 3 400-700 AD 20
Formative (SP-LA-FO) Larrache 100-400 AD 15
Formative (SP-QU-FO) Quitor 8 100-400 AD 12
Formative (SP-TO-FO) Toconao 300 BC-400 AD 13
Sub total 266
Total 565

SAN P’EﬁF’(ﬁqf 0
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Fig. 1. Map of the south central Andes showing the location
of the samples.

MATERIALS AND METHODS

The analysis includes a total of 565 adult skulls (297
males and 268 females), both undeformed (177) and artifi-
cially deformed (234 tabular and 154 circular), belonging
to several cemeteries from the Atacama oases, Azapa coast
and valley, and Cochabamba valleys (Table 1, Fig. 1). The
determination of sex and age was performed using the
methods suggested by Acsadi and Nemeskéri (1970), Bass
(1981), Buikstra and Ubelaker (1994), Molnar (1971), and
Lovejoy (1985). The identification of the type of artificial
deformation was done using the method proposed by
Dembo and Imbelloni (1938).

The material used consists of osteological samples
from San Pedro Atacama and the Azapa Valley (coast
and valley) in northern Chile and the eastern valleys of
Cochabamba (Table 1, Fig 1), respectively curated in two
Chilean museums: the RP Gustavo Le Paige Archaeolog-
ical Museum in San Pedro de Atacama and the Archaeo-
logical Museum in San Miguel de Azapa Arica, and one
in Cochabamba, Bolivia: the Archaeological Museum.
The samples belonging to San Pedro de Atacama origi-
nate from different ayllu sites of Quitor, Catarpe, Yaye,
Larrache, Coyo Oriente, Toconao, and Solcor, correspond
to the Formative or Early Intermediate, Tiwanaku or
Middle, and Intermediate Late-Late (Le Paige, 1964,
1972-1973—-1973; Berenguer et al., 1986; Bravo and Lla-
gostera, 1986; Llagostera et al., 1988; Berenguer and
Dauelsberg, 1989; Tarrago, 1989; Agiiero, 2000, 2005;
Costa et al., 2008).

The Azapa collection, obtained from sites located on
the coast and the interior of the Azapa Valley, is associ-
ated with the Late Archaic, Formative or Early Interme-
diate, Tiwanaku or Middle, and Intermediate Late—Late
periods (Focacci, 1974; Rivera, 1977, 1987, 1991; Allison
et al., 1984; Hidalgo and Focacci, 1986; Focacci and Cha-
con, 1989; Standen, 1991; Espoueys et al., 1995).

The samples from Cochabamba’s eastern valleys come
from several regional archaeological sites from the
Formative and Tiwanaku periods (Ibarra Grasso, 1965,
1967a,b; O’Brien, 2003).

For the present study, the following cranial metric
characteristics were used: maximum cranial length,
maximum cranial breadth, basion-bregma height, upper
facial breadth, upper facial height, bizygomatic breadth,
orbit height, basion-prosthion length, cranial base
length, and nasal breadth. In order to work exclusively
with the spatial and temporal variability among the
groups analyzed, variation produced by sexual dimor-
phism and artificial deformation was eliminated using a
linear regression model (Seber, 1984). That is, we work
with the residuals of the regression between the depend-
ent variable (phenotypic character) and independent var-
iables (sexual dimorphism and artificial deformation).
The difference between the observed value of the
dependent variable and the predicted value is called the
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TABLE 2. Mahalanobis distances (upper hemimatrix) and probabilities (lower hemi-matrix) between groups
CO-TF AZ-C-AR AZ-C-FO AZ-C-LA AZ-V-FT AZ-V-LA SP-CA-LA SP-QU-LA SP-QU-TI SP-QU-FO SP-YA-LA SP-LA-FO SP-CO-TI SP-SO-TI SP-TO-FO

2.037 3.866

1.422
2.408

1.933
1.686
4.127

1.930
2.211

2.950

1.443
1.949
3.908
1.817
1.860
2.115

1.630
3.257
4.076

1.333
2.295

1.039
2.238

0.635
1.358
1.944
1.840

1.334
0.770
1.853

2.178

1.285

1.420

CO-TF

3.833
5.683

2.525
4.330

1.479
3.400
2.205
2.091

0.000
0.000

-C-AR

AZ-C-FO

3.208
1.907
2.269
2.773
1.502
2.106
0.555

4.041

3.685

4.179
2.197
2.045

0.002

2.853

2.176
2.909

1.933
2.596
2.627
1.983
3.046
0.336
2.431

2.192
3.104
1.817
0.908
1.305
1.359
3.695

3.471

1.976
1.666
1.253

0.000
0.000

0.077

0.000

-C-LA

AZ-V-FT
AZ-V-LA

4.665

2.228
1.162
0.734

0.000
0.000
0.104
0.000
0.000
0.026
0.000
0.019

0.001

0.089

5.652

3.247
2.062

4.332

0.000
0.193
0.000
0.000
0.032
0.000
0.001

0.000 0.000

0.051

0.002

2.785
5.282
2.007

2.846
5.304
2.710

1.146
2.054

0.403

0.001

SP-CA-LA  0.350

3.371

0.826

0.002

0.000
0.000

0.000
0.000
0.190
0.000
0.049
0.000
0.000
0.000

SP-QU-LA  0.000
SP-QU-TI

0.345
3.017

0.000
0.000
0.001

0.490

0.000

0.000

2.779
2.329
1.816
1.953
1.440

3.717

0.004

0.000
0.953

0.126
0.683

0.000

0.001

SP-QU-FO  0.002
SP-YA-LA

1.835
0.371

1.208
0.885

1.340

0.000
0.105
0.000
0.015

0.000

0.000
0.000
0.000
0.000

0.000

0.128
0.001

0.000
0.000
0.000
0.000

0.308

0.001

SP-LA-FO  0.014
SP-CO-TI

0.558

0.435

0.174
0.897

0.265
0.199
0.119

0.000
0.000

0.000
0.000
0.000

0.000
0.001

0.000
0.001

0.640
0.032

0.978

0.005
0.010

SP-SO-TI
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0.348

0.076 0.260

0.027

0.000

0.002

0.000

SP-TO-FO  0.000

residual. The independent variables are qualitative or
attributes; artificial deformation has five categories
(1 =Tabular Erect, 2= Tabular Oblique, 3= Annular
Erect, 4 =Annular Oblique, 7= Not Deformed) and sex-
ual dimorphism two (1 = Male, 2 = Female).

Since the Tiwanaku samples from Coyo Oriental (SP-
CO-TI) and Quitor (SP-QU-TI) of San Pedro Atacama
were of a larger size compared to the other groups,
smaller subsamples were taken at random. This was
done because we wanted the sample sizes to be roughly
similar, to ensure more balanced results in the statistical
analysis.

To assess the phenotypic relationships between the
different groups that inhabited the Atacama oasis, the
coast and the valley of Azapa and the eastern valleys of
Cochabamba, Mahalanobis (D?) multivariate biological
distances were estimated, and from them a dendrogram
was produced using the Neighbor-Joining method (Sai-
tou and Nei, 1987).

The phenotypic distance matrix was correlated with
geographic and chronological distances matrices by par-
tial Mantel test (Smouse et al.,, 1986). This method
allows to evaluate how much of the morphological differ-
ences between groups can be explained by geographical
or temporal distances. Geographic distance was esti-
mated as the linear distance between sites, the temporal
distance was calculated as the difference in years
between the maximum values of chronologic intervals of
each sample (see Table 1).

The genetic divergence between the populations was
analyzed by applying the model developed by Relethford
and Blangero (1990) for quantitative characteristics that
strikes a balance between genetic drift and migration [E
(Vp;) = Vpw (1 —r;p)/(1 — Fgp)]. This model expresses that
the expected mean phenotypic variance of the population
i (E(Vp;)) is a function of the pooled average within-
group phenotypic variance (Vp,,), of the genetic distance
of population i to the centroid (r;;), and of the average
genetic distance to the centroid (Fgr), which is estimated
as the mean for the r;; for all populations. A heritability
(h?) of 0.55 was used since it is the value most often
used in the specific literature and thus allows compari-
sons with results reported in other studies.

According to this model if a group receives greater
gene flow than average, it will display a greater-than-
expected variance, and if it receives gene flow less than
average, it will display a less-than-expected variance.

RESULTS

The wupper hemimatrix of Table 2 displays the
between-group distances and the lower hemimatrix
shows the probability values. The majority of the distan-
ces are statistically significant. However, there was no
statistically significant differences between the following
groups pairs: Cochabamba (CO-FT) and the Azapa Val-
ley Formative/Tiwanaku group (AZ-V-FT); San Pedro
Catarpe Late group (SP-CA-LA) in regards to all of the
groups except the Archaic and Formative samples from
the Azapa coast (AZ-C-AR, AZ-C-FO); and the Late
Archaic from the Azapa coast (AZ-C-AR) and Formative
Quitor from San Pedro Atacama (SP-QU-FO).

Within San Pedro Atacama (Table 2), there is no dif-
ferences statistically significant between Catarpe (SP-
CA-LA) and the rest of the samples; between Quitor
Tiwanaku (SP-QU- TI) and Coyo Tiwanaku (SP-CO-TI),
Solcor Tiwanaku (SP-SO-TI) and Larrache Formative
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AZ-C-FO

SP-QU-FO

AZN-FT

0.1
= SP-TOFO
Fig. 2. Neighbor-joining tree obtained from a pair-wise
Mahalanobis distance.

(SP-LA-FO); between Quitor Formative (SP-QU-FO) and
Larrache and Toconao Formative (SP-LA-FO and SO-
TO-FO); between Larrache Formative (SP-LA-FO) and
Toconao Formative (SP-TO-FO), Solcor Tiwanaku (SP-
SO-TI) and Coyo Tiwanaku (SP-CO-TI); between these
last two groups, and between Solcor Tiwanaku and Toco-
nao Formative (SP-SO-TI and SP-TO-FO). Within the
Azapa samples it was not possible to demonstrate differ-
ences between the coastal Archaic (AZ-C-AR) and the
coastal Late (AZ-C-LA).

The dendrogram (Fig. 2) clearly shows a conglomerate
formed by San Pedro Atacama groups, which comprises
two subgroups, one consisting of samples from the Form-
ative and Tiwanaku (SP-CO-TI, SP-QU-TI, SP-LA-FO,
SP-SO-TI, SP-TO-FO) and the other subgroup consists of
groups from the Late Period (SP-YA-LA, SP-CA-LA, SP-
QU-LA). A clustering between samples from the Late
Archaic, Formative and Late groups from the Azapa
coast (AZ-C-AR, AZ-C-FO, AZ-C-LA) is also visible.

It is interesting to highlight the following three asso-
ciations (Fig. 2): (1) Formative Quitor San Pedro Ata-
cama (SP-QU-FO) with samples from the Azapa coast
(AZ-C-AR, AZ-C-FO, AZ-C-LA), (2) Formative-Tiwanaku
of Cochabamba (CO-FT) with the Azapa valley sample
from the same periods (AZ-V-FT), and (3) the late
groups from the Atacama Oases (SP-YA-LA, SP-CA-LA,
SP-QU-LA) with the Late sample from the Azapa valley
(AZ-V-LA).

The partial Mantel test results indicate that there is a
significant correlation of 0.24 (P =0.034) between mor-
phological and geographical distances while controlling
effect for chronological distances. In addition, this test
shows that the correlation between phenotypic and chro-
nological distances is not significantly different from
zero (r = 0.009; P = 0.354), independently from geograph-
ical distances.

Table 3 and Figure 3 show the results achieved from
the application of the equilibrium model between genetic
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TABLE 3. Variance (observed, expected, residual) and distance
to the centroid (r;;)

Variance
Population rii Observed Expected Residual®
CO-FT 0.041 1.001 0.942 0.058
AZ-C-AR 0.059 0.923 0.925 —0.002
AZ-C-FO 0.163 0.939 0.822 0.117
AZ-C-LA 0.056 0.828 0.927 —0.099
AZ-V-FT 0.075 1.109 0.909 0.200
AZ-V-LA 0.104 0.949 0.881 0.068
SP-CA-LA 0.003 1.075 0.980 0.096
SP-QU-LA 0.117 0.881 0.868 0.013
SP-QU-TI 0.032 0.815 0.951 —0.137
SP-QU-FO 0.114 0.789 0.870 —0.081
SP-YA-LA 0.062 0.814 0.922 —0.108
SP-LA-FO 0.024 0.907 0.959 —0.051
SP-CO-TI 0.050 0.878 0.933 —0.055
SP-SO-TI 0.053 1.083 0.931 0.152
SP-TO-FO 0.132 0.685 0.853 -0.169
FST= 0.07

2 Difference between observed and expected variance.

drift and gene flow for quantitative traits. It is noticea-
ble that there are groups that had an observed variance
substantially greater than the expected variance (AZ-C-
FO, AZ-V-FT, SP-CA-LA, SP-SO-TI), suggesting an
excess of gene flow from other regions. In addition, there
are groups with an observed variance significantly lower
than expected by the model (AZ-C-LA, SP-QU-TI, SP-
YA-LA, SP-TO-FO), suggesting a lower gene flow than
the expected due to a balance between migration and
genetic drift. The average divergence between groups
was 7% (Fsr = 0.07), the group farthest from the average
of the total population was the Formative Toconao group
(SP-TO-FO) with a r; =0.132 and group with the least
distance was the Late Catarpe sample (SP-CA-LA) with
a r;; value of 0.003.

DISCUSSION AND CONCLUSION

While a geographical structuring is seen of the Azapa
population on one side and San Pedro Atacama on the
other, it is also evident that some spatially distanced
groups reveal an important morphological affinity and
others that are very close geographically are differenti-
ated biologically. These assertions, under the assumption
of selective neutrality, would support the idea that bio-
logical differentiation between subpopulations due to iso-
lation through distance can be moderated by the effect
of gene flow and certain mating patterns. That is to say,
that the genetic differences between populations
decrease when the migration rate is high and they
increase through the action of genetic drift in small pop-
ulations and with the establishment of a reproductive
system that promotes more frequent mating within
groups.

The Mahalanobis distances (Table 2) shown in Figure
2 demonstrate a spatial and temporal organization of
the Azapa and San Pedro Atacama groups, establishing
the role played by geographical distance, approximately
550 km, and the chronological difference of the human
groups that inhabited this region. This is consistent
with the archaeological and bioanthropological works
that have studied and characterized both regions of
northern Chile (Rothhammer et al., 1982; Berenguer
and Dauelsberg, 1989; Llagostera, 1989; Munoz, 1989;
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Fig. 3. Plot of observed mean phenotypic variance (Vp,,) ver-
sus genetic distance from the centroid (r;;) for south central
Andes groups.

Nunez, 1989; Schiappacasse et al., 1989; Cocilovo and
Rothhammer, 1990; Uribe, 1999; Agtiero, 2000; Cocilovo
et al., 2001; Uribe and Agtliero, 2001; Varela and Coci-
lovo, 2002, 2011; Agtiero and Uribe, 2011, among
others).

The genetic proximity between the Cochabamba peo-
ples (CO-FT) and the farmers from Azapa Valley Forma-
tive and Tiwanaku periods (AZ-V-FT), previously
observed by Varela et al. (2013) indicates a genetic inter-
action between these two populations, despite the geo-
graphical barriers and nearly the 600 km that separates
them. These results are consistent with the existence of
two traditions of ceramics and textiles in the Late Form-
ative and Tiwanaku in Azapa, one linked to the western
valleys of southern Peru and the other related to the
eastern valleys of southern Bolivia, Cochabamba: Omer-
eque and Mojocoya (Espoueys et al., 1995; Uribe, 1995,
1999, 2004; Agiiero, 2000). Our results are related to the
first archaeological and genetic evidences that postu-
lated a link between the populations of the north coast
of Chile, and the Amazon basin (Rivera, 1975; Rivera
and Rothhammer, 1986). As well as with some evidence
of ancient mtDNA from the Azapa valley populations
that show genetic affinity with an amazonic sample,
belonging to eighth tribes of four different linguistic
groups, distributed over a vast area of the Amazon
Region, northern Brazil (Moraga et al., 2001; Rothham-
mer et al., 2009).

The relation of Cochabamba with San Pedro Atacama
was clearly less intense than with the Azapa valley.
With the exception of Catarpe which is discussed below,
the distance values of less magnitude, yet statistically
significant, occurred during the Formative and Tiwa-
naku periods, in particular with the peoples of Quitor
and Coyo Oriental ayllus of the Tiwanaku period (SP-
QU-TI, SP-CO-TI). Archaeological studies have also
observed two types of textiles in San Pedro Atacama;
one with a Tiwanaku tradition and the other with an
atacamena tradition associated with the Mojocoya and
Omereque textiles (Uribe and Agtiero, 2001).

Phenotypic proximity (Fig. 2) between the Late inhabi-
tants of the Azapa valley (AZ-V-LA) and the San Pedro
Atacama societies from the same period (SP-YA-LA, SP-
CA-LA, SP-QU -LA) suggests a greater biocultural
exchange between the two regions of northern Chile dur-
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ing the Late period. These results are supported by the
archaeological record allowing the deduction that during
this period the Desert Tradition groups interacted with
populations from the Pacific Coast and other regions
(Schiappacasse et al., 1989).

The biological closeness of the Early period group from
the Quitor ayllu of San Pedro (SP-QU-FO) in relation to
the fishermen/gatherers from the Azapa coast (Fig. 2), in
particular the archaic group (AZ-C-AR, see Table 2), is
probably expressing common ancestral genetic information
of the early groups that occupied the Valles and Oasis of
northern Chile. In a similar vein, Cocilovo and Rothham-
mer (1990) observed biological proximity between the
early sample from San Pedro (San Pedro 1-2) and the
late archaic samples from Morro de Arica and Punta
Teatinos.

It is also important to emphasize the morphological
difference between the costal groups with respect to
those from the interior of the Azapa Valley, separated by
a small distance (about 40 km), suggesting the action of
genetic drift and the existence of cultural patterns that
contributed to more frequent mating within the coast or
within the valley than between the two regions. These
results confirm the previously proposed conclusions (Var-
ela and Cocilovo, 2002; Varela et al., 2013) and are
linked to the hypothesis of economic and social differen-
ces between the costal and valley groups (Rostworowsky
1981, 1986; Schiappacasse and Niemeyer, 1989). More-
over, this evidence is consistent with the existence of
two ceramic and textile traditions, one associated with
the Pacific Coast and the other with highland and
Cochabamba valley groups (Espoueys et al., 1995; Uribe,
1995, 1999, 2004; Agtero, 2000).

A similar situation was noted in an analysis of
mtDNA in prehistoric populations of southern Peru, it
has been observed that the groups of the high valleys of
the Middle Horizon and Late Intermediate Period differ
significantly from the coastal towns of the Early Horizon
and the Early Intermediate Period, including when geo-
graphic distance is only 50 km (Fehren-Schmitz et al.,
2010, 2011). There are also some morphological tests
using discrete traits of the skull that show differences
between inhabitants of the coast and the middle valley
of Moquegua in southern Peru (Lozada et al., 2004).
According to the evidence presented above, the observed
differences between the populations of the Pacific coast
and valleys-highlands seem to represent two distinct
genetic components associated with the highland and
costal settlement currents proposed by Rothhammer and
Dillehay (2009).

The Late Catarpe sample in San Pedro Atacama (SP-
CA-LA) does not differ morphologically from the major-
ity of the groups analyzed (Table 2), with the exception
of the Late Archaic and Formative groups from the
Azapa coast (AZ-C-AR, AZ-C-FO). This indicates that it
contains an important genetic variability that it shares
with other groups, and therefore has a very low morpho-
logical distance from the average of the total population
(r;; = 0.003, see Table 4). This genetic similarity of the
sample from the Catarpe Inca period with the majority
of the groups may be a consequence of the significant
movement of people that occurred during this empire’s
influence in the region.

The Mantel test showed an association between phe-
notypic and geographic distances (r=0.24, r%=0.06),
indicating that 6% of the existing morphological variabil-
ity between groups is explained by geographic distance.
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This result suggests that there are other factors involved
in the explanation of biological variability observed in
the population.

The analysis of the results derived from the model of
equilibrium between drift and migration provides the
ability to understand the structuring of the biological
variability observed in the population. The application of
this method (Table 3; Fig. 3) allows the identification of
groups with a genetic variability that is reduced and iso-
lated from the rest (SP-TO-FO, SP-QU-FO), indicating
gene flow lower than expected and a greater effect from
genetic drift, and others with significant phenotypic var-
iability (SP-CA-LA, SP-SO-TI, AZ-V-FT), suggesting
gene flow greater than expected. The average genetic
divergence between populations (Fgr) is 7%, comparable
to those obtained for northern Chile (6%): San Pedro
Atacama 5%, and Azapa 3% and 4% for the Valley and
the Coast, respectively. In the case of the Argentine
Northwest, the divergence is significantly higher
(Fgr=0.14) (Varela et al., 2008; Varela and Cocilovo,
2009, 2011).

The caravan model explains the movement of goods,
animals and people, and provides a means of connection
and complementarity between varied regions of the
south central Andes (Pacific Coast, western valleys, mid-
basin, altiplano and eastern valleys). Few individuals
participated in these caravans and their frequency was
more significant during the Middle and Late periods
(Nunez and Dillehay, 1979; Nielsen et al., 1999; Pimen-
tel, 2008; Nunez and Nielsen, 2011). This movement of
people must have played an important role in gene flow
between different regions, which is evident in the
genetic proximity observed between the societies that
inhabited the valleys of Cochabamba and the Azapa val-
ley, between the Quitor Formative San Pedro Atacama
ayllu and the Azapa coast, and between the Azapa valley
Late period population and Late period groups from the
Atacama oases.

In summary, this study provides important results for
a better understanding of the evolutionary process of the
human groups who inhabited the south central Andean
region. It was shown that during the Formative and
Tiwanaku periods the inhabitants of the eastern valleys
of Cochabamba maintained contact with the populations
of northern Chile; although greater with the interior
Azapa valley than with the inhabitants of the San Pedro
Atacama oasis. An important genetic affinity in the Late
period between the inhabitants of the Azapa valley and
Late groups from Yaye, Quitor and Catarpe de San
Pedro Atacama was also found. In addition, the results
reinforce the differences between coastal and inland
groups of the Azapa Valley. The biological divergence
observed among the subpopulations, assuming selective
neutrality of the metric skull characters, can be
explained by their spatial dispersion, genetic drift,
migration, and social rules regulating within group mat-
ing. Finally, these statements are consistent with the
archaeological and genetic evidences previously dis-
cussed, and they strengthen the hypothesis of two paths
to the settlement of the south central Andean area.
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