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ABSTRACT

Archeological evidence suggest that the cultural developments occurred in the highlands around lake Titicaca in the
Central Andes, exerted influence on the cultural elaborations of the human groups that peopled the valley of Azapa,
close to the city of Arica, and the Pacific coast of northern Chile. In this communication we show by means of a distance
analysis, that a craniofacial differentiation accompanied the process of cultural evolution in the valley. The biological
influence of Tiwanaku is partially reflected in craniofacial morphology, providing preliminary evidence that cultural
changes were associated to intermittent gene flow from the highlands, specially during the Alto Ramirez and San Miguel
phases.
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RESUMEN

Los desarrollos culturales ocurridos en el altiplano en el area circumtiticaca en los Andes centrales, ejercieron influencia
sobre las elaboraciones culturales de los grupos humanos que poblaban el Valle de Azapa cercano a la ciudad de Arica
y la costa del norte de Chile. En esta comunicacion presentamos un analisis de distancias que demostré que una
diferenciacion craniofacial acompafio en el valle el proceso de evolucion cultural. La influencia biolégica de Tiwanaku

se refleja parcialmente en la morfologia craniofacial, proporcionando evidencia preliminar de que los cambios
culturales en el valle se realizaron acompafados de flujo génico intermitente desde el altiplano, especialmente durante
las fases Alto Ramirez y San Miguel.

Palabras clave:analisis de distancia craneométrica, poblaciones andinas prehistéricas.

INTRODUCTION Between 7,000 and 6,000 years BP there was a
dry interval in the highlands of Arica (Baied

The first highland hunters that settled in northeri991), which may have affected the living condi-
Chile lived in rock shelters and open camps aboudions of hunters and gatherers (see Aldenderfer
11,000 years ago (Santoro 1989, Rothhammer 199D0989). In this context it is interesting to note that
Grosjean & NUfiez 1994). Archaeological evidenca more intensive use of coastal camps started
indicates that post Pleistocene climatic conditionafter 7,000 years BP, thus new technology was
prevailed when these Archaic populations arrivedjeveloped to cope with the exploitation of marine
since no indication of the existence of megafauneesources.
in lower latitude camps was found. The first hunt- Although the question is not finally settled,
ers supported their economy combining the caghere is evidence that these initial cultural
ture of big (Camelidae), and small mammalslaborations may have been related to migrational
(Ctenomidae, Chinchillidae), with the collectionevents originating in the tropical forest (Rivera &
of some tubers and plants (Dauelsberg 198Rothhammer 1986, Rothhammer & Silva 1988,
Santoro & NUfiez 1987). Their stone tools, made af992, Moraga et al. 2001, Rothhammer et al.
basalt, quartz, obsidian, and chert, were manufa001).
tured according to characteristic patterns recog- Around lake Titicaca, on the highlands, a cul-
nized along the Andes. tural development occurred after 4,000 yearsBP
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that in the long run gave rise to the impressivstandart procedures (Bass 1971) by archeologists
Tiwanaku culture (ca. 1,600 years BP). from the Department of Archeology and
According to archeological information Museology of the Universidad de Tarapaca, Arica.
(Focacci & Erices 1973Mufioz & Focacci 1983) Samples from the following cemeteries located in
the cultural development around lake Titicacdhe valley of Azapa and on the coast close to the
exerted influence on the human groups that pea@ity of Arica were studied. (Fig. 1): Morrol, AZ-
pled the lower valley of Azapa and the Pacifi®, AZ-8, AZ-14, AZ-70, AZ-71, AZ-75, AZ-115,
coast. This process started after 1,600 years B&Z-140, PLM-7 and PLM-4 (Focacci & Erices
and continued probably until the arrival of thel973, Focacci 1974, Santoro 1980, Mufioz &
Spanish conquerors. Focacci 1983, Allison et al. 1984). We have also
Recently, we presented an analysis of craniofancluded an adult cranial highland sample from
cial measurements from skeletal remains exhumdedke Titicaca (Tiwanaku) (Posnansky 1914) for
in archeological cemeteries of the Azapa vallegomparison.
and the Arica littoral, with the object of recon- Previous studies (Rothhammer & Silva 1990)
structing the biological history of the prehistorichave shown that the following craniofacial meas-
inhabitants of the coast and the valley, in theirements are particularly suitable for population
context of their interaction with demographicallycomparisons involving prehistoric Amerindians:
and culturally more developed centers aroundhinimal frontal breadth, bizygomatic breadth,
lake Titicaca (Rothhammer & Santoro 2001). Omasal height, orbital height, orbital breadth and
the basis of our results we suggested that durinzplatal breadth. Sexes were pooled after remov-
the Formative Period, gene flow occured from théng sex differences by linear regression according
highlands to the valleys, judging by a decrease ito standard procedures.
biological distance between samples represent-In order to evaluate the influence of artificial
ing both geographic areas. This suggestion waganial deformation, which was extensively
in disagreement with the conclusions of an earliepracticed in pre-Columbian South America, on
study of discrete dental traits (Sutter 1997). Outhe craniofacial measurements used, univariate
analysis included the computation of Mahalanobi¢t-tests) and multivariate MDS tests were applied
D2 distance statistics (MDS) (Mahalanobis &after subdividing the crania into three groups: (1)
Majumdar 1949) among samples representingnteroposterior deformed (AP), (2) circumferen-
cemeteries. The relatively small size of some ofial deformed (C) and (3) normal (N) according to
the samples, unfortunately precluded the unbithe criteria described by Anton (1989). MDS were
ased estimation of a correlation matrix betweeestimated among crania agglomerated by cultural
craniofacial distances and the cronological sepaghases (Table 1). The statistical significance of
ration of the cemeteries. MDS were tested, with reference to the F distribu-
In order to avoid this shortcoming we agglom-ion with p and k degrees of freedom, being p the
erated in this study the samples of cemeteries
belonging to similar cultural phases and com-
puted MDS values among cultural phases. Fur-
thermore, chronological separation of cultur/
phases (taking median times) occurring in tl
valley and the coast, characterized by mater
cultural artifacts such as pottery, basketry a
tinctured tapestry among others, were subs
quently correlated with the morphologica ff g
microdifferentiation of the prehistoric population -5
studied, using craniofacial MDS as indicators. *,

MATERIAL AND METHODS e r-'

Adult osteological collections analyzed in thi| %
study where exhumed and measured according T

'
L. r -
] |

I .

'FOCACCI G & S ERICES (1973) Excavaciones en F;g. 1: Map 9f the :Iﬂxz(japda_valr:ey with the IO(éatlon
timulos de San Miguel de Azapa. Actas del IV Congreso of cementeries included in the present study.

de Arqueologia Chilena, Niumero especial, Universidad deMapa del Valle de Azapa con la ubicacién de los cemente-
Chile. rios incluidos en el presente estudio.
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TABLE 1

Cultural phases, with chronology and

valleys of Arica, Chile

presentes en los valles costeros de Arica, Chile

261

between cronologically adjacent phases (Table
3). For example small distances were estimated
between Azapa and Alto Ramirez, Alto Ramirez
geographic location, present in the coastal @hd Maitas, and Maitas and San Miguel. The
distances between Chinchorro and the remaining
phases are higher, as expected, since the chrono-
Fases culturales con cronologia y ubicacion geografical()g'caI SeParat'O“ between these phases is also
larger. It is noteworthy that the distances of
Tiwanaku to the prehistoric populations of the

Cultural phases Chronology Location Azapa valley decrease with time and are lowest

(years BP) during the Alto Ramirez and the San Miguel
Chinchorro 8.0004.000 Coast phases, providing preliminary evidence that in-

| , -4, . .
Azapa 3500-2.500 valley termittent gene flow from the highlands occurred
Alto Ramirez 2,500-1,700  Coast and valley
Maitas 1,250-1,000 Valley B0
San Miguel 1,000-700 Valley
Tiwanaku 1,600-800 Highlands
S000 - P
number of variables and k = N N, — p — 1 where
N, and N, are the samples sizes _of populations —~ doook
and 2 respectively (Mahalanobis & Majumdi & u
1949). The chronologic separation of cultur 5
phases was measured taking median times. & 3000 u
H
= L]
2000 L
RESULTS
o o 1 0k .-5

The results of the univariate statistical treatme
of differences among AP, C and N crania for ¢ o Ly ;

craniometric measurement indicate an absenc: 0 | 1 3
significant differences. MDS values between A
C and N types for six measurements were a
found to be insignificant. Craniometric meansFig. 2:Functional relationship between
with standard deviations by cultural phase areraniometrical Mahalanobis distance statistic
shown in Table 2. (MDS) and time in the Azapa valley.

Turning now to the craniometric distance analyrelacion funcional entre distancias craniométricas de
sis, we note that the smallest distances were foumthhalanobis (MDS) y tiempo en el valle de Azapa.

4
Craniometrical Mahalanobis disiance

TABLE 2

Means with standard deviations for six craniometric variables measured in prehistoric
populations belonging to various cultural phases present in the coastal valleys
of Arica, Chile and one highland sample

Promedios con desviaciones estandar para seis variables craneométricas medidas en poblaciones prehistéricas
pertenecientes a varias fases culturales presentes en los valles de Arica, Chile y una muestra altiplanica

Cultural phase n 1 2 3 4 5 6
Chinchorro 102 92. %2 4.4 128.5+ 7.4  48.8+ 2.8 38.4+ 1.7 34.9+ 2.0 35.3+ 3.5
Azapa 30 89.54.4 133.3+8.7 50.3t3.1 37.6+2.5 34.6+ 2.8 39.4+ 2.4
Alto

Ramirez 50 89.@ 4.3 130.7+ 8.1  49.1+ 3.5 37.1+ 1.9 35.5+1.9 40.2+ 2.1
Maitas 57 88.5: 6.4 130.3t6.5 46.1+ 4.6 36.2+ 2.2 34.7+ 2.6 39.6+ 1.9
San Miguel 20 87.%x 4.2 128.5+5.6 47.9+ 3.5 38.4+ 3.0 35.4+ 2.0 39.3+ 1.8
Tiwanaku 25 84.5% 6.0 128.2+ 6.3  49.5+ 2.6 37.0+ 1.8 36.2+ 1.9 40.4+ 2.8

Key to columns: 1 = minimun frontal breadth; 2 = bizygomatic breadth; 3 = nasal heigth; 4 = orbital breadth; 5 = orbital
heigth; 6 = palatal breadth
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TABLE 3

Mahalanobis distances statistics among prehistoric populations belonging to various cultural

phases present in the coastal valleys of Arica, Chile and one highland cranial sample.
Asterisks indicate statistically significant differences (P < 0.05)

Distancias de Mahalanobis entre poblaciones pertenecientes a varias fases culturales presentes en los valles costeros

de Arica, Chile y una muestra altiplanica. Los asteriscos indican diferencias estadisticamente significativas (P <

0,05)
Chinchorro Azapa Alto Ramirez Maitas San Miguel Tiwanaku
Chinchorro -
Azapa 2.05* -
Alto Ramirez  2.37* 0.88 -
Maitas 2.55* 1.44* 1.01* -
San Miguel 2.21* 1.35* 1.11 1.55 -
Tiwanaku 3.12* 1.67* 1.23 1.80* 1.25* -

after 2,500 years BP. The statistical significanceesults caused by this practice. As described
of the association between MDS distances angreviously, intentional cranial deformation was
time was tested using the Mantel test (Mantehot significantly associated with changes in six
1967). We obtained r = 0.82; P = 0.0451 (999@raniometric variables used in this study. As indi-
permutations) (Fig. 2). Neighbor-Joining (NJ)cated by Anton (1989) both deformation types
(Saitou & Nei 1987) dendrogram was generate@AP and C) grade into the normal type (N). Con-

on the basis of the craniometric distance matrisequently, MDS between AP and N (0.13) and C
(Fig. 3). The type of data used (craniometriand N (0.23), although statistically insignificant,

variables) precluded the computation of bootstrapere found to be smaller than the distance be-

values to test the robustness of the dendrograntiween AP and C (0.31).

From the archeological point of view the An-

dean highlands cultural influence begins in the

DISCUSSION coastal valleys of Arica around 2,500 years BP

and is still strong during the Maitas phase (ca. AD

It was not the purpose of this study to investigat&50-1,000). The San Miguel and Gentilar phases
changes of the face resulting from intentionathat followed (ca. AD 1,000-1,300) are
deformation, but to asses the impact of deformasharacterized by some regional cultural elabo-

tion on the measurements employed in our dis-ations. It should be remembered that these

tance analysis, and to avoid a possible bias in odlifferent phases are primarily defined on the basis

0.825

0.225 Tiwanaku
0213 b San Mipuel
i 1o Maitas
0.067 Yeiae Alto Ramirez
0,399 Anspa

T Chimchorro
032

Fig. 3:Neighbor-Joining (NJ) dendrogram representing graphically the craniometrical variability
observed among cultural phases.

Dendrograma confeccionado con el método Neighbor—Joining (NJ) que representa graficamente la variabilidad observada

entre fases culturales.
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of pottery, basketry and tapestry types, andistances were found between Tiwanaku and Alto

represent probably the influence of different stageBamirez and Tiwanaku and San Miguel as men-

of cultural development in the Andean highlandstioned earlier. Furthermore preliminary results of

including after 1,600 years BP the Tiwanakustudies of ancient mtDNA thatare underway in our

culture and, subsequently, the adaptation of thedaboratory corroborate craniometrical findings.

to local conditions. The dendrogram shown in Fig. 3 represents
Turning now to the craniometric data, we notegraphically the craniometrical variability encoun-

that the Chinchorro phase exhibits relatively largetered and is fully consistent with our conclusions.

distances to all other phases particularly té&hinchorro, the chronologically most distant sam-

Tiwanaku because of its chronological positionple located at the coast constitutes a separate

MDS tend to be smaller between chronologicallyluster, whereas the samples from the Azapa valley

adjacent phases, suggesting that the Chinchorfge ordered hierarchically according to the

archaic coastal populations gave rise to bands éhronology of the cultural phases to which they

incipient agriculturalist who started to cultivatebelong. It is noteworthy that Tiwanaku clusters

some crops in the lower Azapa valley. On thdogether with San Miguel.

other hand, distances to the highland Tiwanaku

sample, become statistically unsignificant during

the Alto Ramirez phase, a time point when ac- LITERATURE CITED
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