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ARTICLE INFO ABSTRACT

The horticultural societies of the central zone of Chile in the first millennium AD and the first half of the second
have been the subject of archaeological study for many years, and their cultural contexts have been described
extensively. Their material culture, lifeways and settlement patterns present significant differences between the
Bato and Llolleo groups in the Early Ceramic period (200-1200 AD) and between these and the Aconcagua
groups of the Late Intermediate period (1000-1500 AD) (Falabella et al., 2016). Increasing complexity, social
differentiation and changes in polity structure have been proposed, but robust data are still missing for many of
these interpretations. The object of this work was to contribute to the identification of inter- and intra-group
social differences in mobility, sex and age patterns and maize consumption, based on stable isotope analysis of
human bones and a sub-sample of teeth. Analysis of the C, N and O stable isotopes in collagen and bioapatite
extracted from the samples showed differences between the three groups studied in spatial mobility patterns and
consumption of C4 plants, suggesting that local communities organized themselves according to distinct social
strategies at the regional level, and developed different horticultural practices and uses of maize. Among the
Aconcagua groups a larger contribution of C, plants was found in children and in adult males, making visible sex
and age categories. The results support archaeological data and contribute to a better understanding of gender
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issues and social organization in the groups studied.

1. Introduction

It is little more than a decade since stable isotope analysis was in-
troduced as a new line of evidence on the diet of the pre-Hispanic po-
pulations of central Chile. The results have been fundamental for as-
sessing the introduction and consolidation of horticulture, highlighting
the low incidence of marine resources in the diets of the coastal po-
pulations of this zone and opening up discussion of occupation of the
Andes Mountains (Falabella et al., 2007, 2008; Sanhueza and Falabella,
2010). Recent analyses by Swift (2017) in this zone and in the nearby
Aconcagua valley confirm these results. As the authors’ investigations
have advanced, new samples have been analysed and the information
has been used to address other archaeological questions and concerns.
The purpose of this work was to explore the information delivered by
stable isotopes on possible differences between the Bato and Llolleo
groups during the Early Ceramic period (ECP), and the social changes
associated with the transition to the Late Intermediate period (LIP) in
central Chile.

* Corresponding author.

In the prehistory of central Chile, Bato and Llolleo are two cultural
entities considered to be different social groups — each with its own
identity, practices and “way of doing things” (Falabella et al., 2016).
The Bato groups (ca. 200 to 1200 AD) maintained lifeways similar to
those of the hunter-gatherers of the previous period, with curated lithic
technology and dispersed settlement in both permanent and temporary
residential sites, indicating that they maintained some spatial mobility
practices. In addition to wild resources, crops are found at their sites,
especially quinoa (Chenopodium quinoa) and to a lesser degree — and in
some sites only — maize (Zea mays). They produced and used pottery for
their domestic activities, and some individuals, both male and female,
used the tembetd as an adornment or visible distinguishing mark (Soto,
2010). No differences based on sex or age have been recognised, nor
any evidence of hierarchies between individuals or settlements
(Sanhueza, 2016). The Llolleo groups (ca. 400 to 1200 AD) cultivated
maize, beans, squash and quinoa, with a dispersed settlement system
based on permanent residential sites each containing only a few
dwellings. Their pots and ceramic technology differ from those of the
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Bato and extend to funerary as well as domestic use. Social differ-
entiation between children and adults has been recognised in their fu-
nerary practices, and it has been suggested that gender distinctions
were also made between males and females in the objects included as
offerings (Falabella, 2000; Sanhueza, 2016). Nevertheless, stone bead
necklaces were commonly used by both sexes and different age cate-
gories as distinguishing marks (Diaz, 2017). The two groups were
contemporary, and their dwellings were interspersed in the same en-
vironments (Falabella et al., 2014; Sanhueza, 2016).

Towards 1000 AD, a substantial change occurred in the area,
manifested in cultural expressions which differed radically from those
described above. Pots and lithic instruments, personal adornments, the
use of objects for smoking/inhaling and funerary practices all changed
significantly. The settlement pattern remained dispersed, but occupa-
tion of spaces close to larger watercourses intensified while settlements
associated with lakes and subterranean water-tables diminished
(Sanhueza et al., 2019). Archaeobotanical, isotope and lithic material
data indicate an intensification in maize consumption at the same time.
Differences based on sex and age have been suggested in funerary
spatial organization (Sanchez, 1997).

The archaeological information points to differences as well as si-
milarities between groups and between periods (Falabella et al., 2016).
In this study both inter- and intra-group analyses have been conducted
to address the following questions: a) Were there differences in people's
mobility? b) Were there differences defined by sex and age? c) Did
patterns of maize consumption change, and how?

The study area is a sector of central Chile between the basins of the
Maipo-Mapocho and Cachapoal rivers, including the coast, the valleys
of the Coastal Range and the central valley (Fig. 1). The area has a
mediterranean climate characterised by cold winters when precipita-
tions are concentrated, and hot, dry summers. The landscape is domi-
nated by four longitudinal geoforms which succeed one another from
the Pacific Ocean in the west to the Andes Mountains in the east: the
coastline; the Coastal Range containing numerous fertile valleys asso-
ciated with streams and gullies; the flat central valley and the Andes
Range. This east-west dimension is no wider than 150 km at the latitude
of Santiago (33°26’ S) and the furthest distance between the sites
sampled is only 120 km. Although the area is small, the differences
between the environments and their resources produce variations in the
stable isotope ratios of C, N and O. Of these, the most important for this
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work are the contrast between marine and terrestrial protein resources,
the significant changes in the §'%0 values in drinking water from the
coast to the Andes, and the presence of maize as the only C4 resource
among the plants which contributed significantly to diet.

2. Materials and methods
2.1. Materials

The archaeological sites studied are located on the coast, in the
Coastal Range and in the central valley between latitudes 33°15’ and
34°20’ S (numbered dots in Fig. 1). One or more individuals were
sampled from each site (maximum ten) depending on availability in
collections, state of conservation and the search for a balance between
male and female individuals (Table 1). Samples from 105 individuals,
from both the ECP and LIP, have been submitted for stable isotope
analysis; only 89 of them presented adequate collagen preservation but
bioapatite could be analysed in all 105. Additionally, 45 included
samples of one tooth, in most cases the third molar which should not be
affected by breast-feeding. The bone samples, mostly cortical frag-
ments, were taken from 103 adult individuals =18 years of age and 2
children 4-9 years. Sex determination for both this and earlier studies
was carried out anew by the bio-anthropologist co-authors to avoid bias
due to the application of differing criteria. In the comparative analyses,
the probable males (pM) and probable females (pF) were treated as
male (n = 48) or female (n = 51) respectively. The results were inter-
preted using local isotope baselines (Falabella et al., 2007; Tykot et al.,
2009).

2.2. Stable isotope analysis

Stable isotope analysis has been used in archaeology for years to
identify diet and mobility patterns, since the isotope composition of
human tissues is derived from the isotope values of the resources that
people eat. The relation between the isotope value of the resources and
that of the human remains analysed is robust, as has been shown by
many experimental studies (Katzenberg, 1992; van der Merwe, 1992;
Ambrose and Norr, 1993; Passey et al., 2005).

Bone consists of an organic component or collagen, at least 75% of
which is produced by the protein portion of diet, and a mineral
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Fig. 1. Relief map of the study area and the ar-

chaeological sites from which samples were
taken. 1: C. Golf-1; 2: Trébol SE; 3: Los Puquios;
4: LEP-C; 5: Arévalo-2; 6: Tejas Verdes (TV-1;
TV-3; TV-4; TV-5); 7: Sto. Domingo-1; 8: Las
Brisas 10-14; 9: Maria Pinto; 10: Pomaire; 11: El
Bajo de Melipilla; 12: Chifiigue-2; 13: Estero
Alhué; 14: El Almendral; 15: Chicauma (RML-
004); 16: El Mercurio; 17: Carrascal-3; 18:
Parque La Quintrala; 19: Country Club; 20:
Santo Toribio-2; 21: Carozzi; 22: Don Ladislao;
23: Lonquén; 24: S. Filomena; 25: Mateluna Ruz-
1; 26: Las Mercedes; 27: Iglesia Maipo; 28: Santa
Rita; 29: Villa Virginia; 30: Linderos; 31:
Campusano; 32: Las Pataguas; 33: Hospital 8-9;
34: Las Coloradas; 35: Alto Jahuel; 36: La
Granja-3; 37: La Granja ByPass; 38: Cond. Los
Llanos; 39: Chamico.
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component or hydroxyapatite, produced by the whole diet, i.e. the
carbohydrates and lipids as well as the proteins (Norr, 1995; Fernandes
et al., 2012). Both the collagen and the apatite in bones are replaced
constantly during the individual's life and reflect the mean diet of re-
cent years of life according to the turnover rate of the bone analysed
and the individual's age (Ambrose, 1993; Richards and Hedges, 1999;
Hedges et al., 2007). Dental enamel on the other hand reflects the diet
during the period in which the tooth was forming (Wright and
Schwarcz, 1998), between the ages of approximately 9 and 12 years in
the case of third molars and between 3.8 and 6.8 years in the case of
second molars and premolars.

Four lines of isotope evidence were used in the present work:

1) The consumption of marine vs. terrestrial resources. Marine and
terrestrial ecosystems differ fundamentally in their nitrogen isotope
values (Keegan and DeNiro, 1988; Schoeninger et al., 1983; Walker and
DeNiro, 1986; Bocherens et al., 1995; Hedges and Reynard, 2007). On
the one hand, §'°N values distinguish between different trophic levels,
increasing due to fractionation by up to around 6%, in each successive
level of the trophic chain (O'Connell et al., 2012). As this chain is longer
in aquatic organisms, the §'°N value of diets based on marine products
is noticeably higher. On the other hand, nitrates at the base of the
marine food chain are enriched relative to nitrates consumed by ter-
restrial organisms; as a result, marine resources have more positive
8'°N values than terrestrial resources at similar trophic levels. Although
many variables may affect 8'°N values, such as aridity, stress or disease
(Ambrose, 1991; Szpak, 2014; Makarewicz and Sealy, 2015), in their
absence, N is a good indicator of marine/terrestrial resources. They are
also indicated by the carbon isotope value (83C) because seawater
bicarbonate is more positive than atmospheric CO, (Chisholm et al.,
1982; Schoeninger and DeNiro, 1984). An exception to this is maize,
the only C4 plant used as a food source in significant quantities by the
groups in this study.

We have isotope analyses for 51 local resources, both plants and
animals, which support this distinction in the §'3C and 8'°N values
between marine and terrestrial products in the study zone (Falabella
et al., 2007; Tykot et al., 2009). In the case of proteins, the mean §'°N
value by type of marine resource varies from 16.0%o (invertebrates) to
20.2%o (marine mammals), while the mean value for the guanaco, the
principal terrestrial meat source, is 8'°N 5.5%o. In non-coastal sites in
the study area, the archaeofaunal evidence presents no remains of
marine resources which might have been consumed, at least not in
quantities detectable by isotope analysis. Consequently, we can use the
isotope values indicating a marine or terrestrial diet as probable in-
dicators of residence of the individual in one of these environments.

2) The isotope composition of drinking water. The *°0/*#0 ratio in
the hydroxyapatite in bone and in dental enamel reflects the values of
the water in the body, derived from drinking water and to a lesser
degree from foodstuffs (Longinelli, 1984; Luz and Kolodny, 1985).
Human beings need to consume water every day for their organism to
function, thus the isotope value of the oxygen in the carbonates in
bones and tooth enamel can be used as a proxy for the water available
in the surroundings of the sites where individuals lived. The values of
oxygen isotopes in the geography of central Chile diminish gradually
from the Pacific Ocean to the Andes due to the accumulated effects of
evaporation, increased altitude and lower temperatures. This enables us
to distinguish between people who lived on the coast, in the valleys of
the Coastal Range, in the central valley and in the Andes (GNIP/IAEA/
WMO, 2019). A latitudinal transect, from Punta Angeles station at sea
level in Valparaiso to the Infiernillo station at 4200 masl in the Andes
opposite Santiago, published by Moser et al. (1972) shows a decline in
the annual mean values of deuterium in rainwater equivalent to
8'80ysmow 14%o, and of more than 5%o from Valparaiso on the coast to
Santiago at 680 masl in the central valley, where the reported value is
—8.8%o. A similar value (8'®0yspow — 8.7%o =+ 1.8) was obtained from
the data collected between 1991 and 2015 from the GNIP rainwater
station in Santiago (Sanchez-Murillo et al., 2018). The spring water at
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this location presents similar values to the rainwater (Iriarte et al.,
2004), however the water in the Mapocho and Maipo rivers presents
lower values (—12.7%o0 = 1.9) due to the contribution of snow-melt
water, increasing the difference between the coast and the central
valley by at least 8'®Oygmow 9%o0 (IAEA, 2009; Iriarte et al. 2009).
North-south mobility is also expressed in isotope values, but the dif-
ferences are of a very much smaller magnitude and unlikely to be no-
ticed at the spatial scale of this work. Finally, no differences should
exist due to climate changes as the temperature and precipitations re-
mained stable during the study period (Villa Martinez et al., 2004).

One of the problems with the use of 8'0 values in archaeology is
the conversion of the carbonate values in the bone, expressed according
to the VPDB standard, to isotope values expressed according to the
VSMOW standard of local waters. To avoid this problem, we will use as
a reference the set of 8'®0ppg values of the human bones analysed in
each zone in the study area, which is considered to be a robust method
(Lightfoot and O'Connell, 2016).

3) Maize consumption. The three groups studied have been de-
scribed as horticulturalists, however the type of crop and the intensity
of use differ, as has been shown by isotope and archaeobotanical ana-
lysis. The principal crop among the Bato was quinoa; among the Llolleo
maize, beans and squash in addition to quinoa; and among the
Aconcagua a remarkable increase is found in dependence on maize,
together with evidence of the manipulation of maize and quinoa
(Planella et al., 2014). In stable isotopes, maize consumption (photo-
synthetic pattern C,) is clearly manifested in the carbon values in
central Chile (8'3C —11.2%o) as elsewhere; this distinguishes it from
other plants of the region, both wild and cultivated (photosynthetic
pattern C3) which have more negative values (8'3C between — 30.4 and
—21.0%0) (Falabella et al., 2007). Results presented by the authors in
previous works were indicative of an increase in maize consumption
over time, however the present work contains new data from Bato in-
dividuals which open a new perspective on the similarities and differ-
ences between this group and the Llolleo and Aconcagua groups. This
line of evidence is also used to explore differences in maize consump-
tion by sex and age.

4) Changes over the life histories of individuals. Comparison of ni-
trogen and oxygen isotopes in tooth-bone pairs from individuals was
used to assess possible changes in subsistence and residence between
childhood and adulthood, and thus determine whether the individual
lived in isotopically different zones during his/her life (Wright and
Schwarcz, 1998; White et al., 2004; Eerkens et al., 2014). The en-
vironmental and resource distribution conditions in the study area, as
in the case of the other lines of evidence, allow us to distinguish prin-
cipally the coast from the interior.

2.3. Analytical methods

The analyses were carried out in the Laboratory for Archaeological
Science at the University of South Florida (USF) or in the Center for
Applied Isotope Studies at the University of Georgia (CAIS-UGAM),
each of which followed their own protocols for obtaining and analysing
collagen and apatite; they did not necessarily use the same metho-
dology.

At USF (Tykot, 2004) the whole bone sample is demineralized for
collagen in 2% hydrochloric acid, base-soluble contaminants are re-
moved using 0.1 M sodium hydroxide (24 h each before and after de-
mineralization), and residual lipids are dissolved in a 2:1:0.8 mixture of
methanol, chloroform, and water (24 h). One milligram samples of the
resulting collagen pseudomorphs are analysed in a continuous flow
mode using a CHN analyser coupled with a Finnigan MAT stable isotope
ratio mass spectrometer. Sample integrity is visually evaluated with the
pseudomorphs and confirmed through collagen yield above 1% and C:N
ratios. For bone apatite and enamel the sample is cleaned ultrasonically
and crushed, sifted and sorted centrifugally. Approximately 10 mg of
powder are immersed in 2% sodium hypochlorite to dissolve organic
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components (24h for enamel, 72h for bone apatite). Non-biogenic
carbon is treated with this method tested to be successful in removing
diagenetic contaminants (Koch et al., 1997). The integrity of apatite
and enamel samples is assessed through yields obtained in each stage of
the pre-treatment process. Samples are analysed on a Finnigan MAT
mass spectrometer equipped with a Kiel III individual acid bath car-
bonate system. Samples are measured against reference gases and
several standard samples are analysed at the beginning of each run and
then after every six or seven archaeological samples to ensure the re-
liability of the results. The analytical precision for stable isotope ratio
mass spectrometry is better than ca. 0.1%o for 8'C and 0.2%o for 8'°N.

At CAIS (Cherkinsky, 2009) bone samples are broken into small
particles and demineralized for collagen with cold (4 °C) 1 N HCL for
24 h, filtered and washed with deionized water. The samples are then
rinsed with 0.1 M NaOH, washed, rinsed with 1 N HCI and washed in
deionized water at pH 4 and heated at 80 °C for 8 h. The solutions are
filtered through fiberglass filters to isolate the total acid-insoluble
fractions (collagen) and freeze-dried. Isotope ratios are measured using
an elemental analyser isotope ratio mass spectrometer (EA_IRMS). Bone
apatite and enamel samples are pre-treated following the acetic acid
hydrolysis protocol. The samples are crushed and reacted with 1N
acetic acid which is evacuated and re-pressurized periodically, allowing
them to react overnight. Then the samples are rinsed repeatedly in
deionized water and dried. Stable isotope ratios are measured using a
GasBench-IRMS and report an error of less than 0.1%o. In both la-
boratories, results are reported as § values with respect to international
standards: Vienna Pee Dee Belemnite (VPDB) for carbon and atmo-
spheric nitrogen (AIR) for nitrogen.

Working with values derived from two laboratories does not re-
present a major problem in the case of collagen, to judge by the results
of an inter-laboratory study which showed that in the analysis of stable
isotopes of bone collagen the differences between laboratories are in-
significant. Apatite, on the other hand, showed variability under ana-
lysis which might be confused with biological differences, and it is re-
commended that data of this type should be viewed with great caution
(Pestle et al., 2014). Only the samples with adequate collagen pre-
servation are included in the results (C:N between 2.9 and 3.6 in the
case of the UGAM samples and/or integral pseudomorphs with collagen
yield =1% in the case of the USF samples). Two-sample and paired t-
tests were performed for testing intra- and inter-group differences using
Mystat 12.

3. Results and discussion
3.1. Mobility and socio-spatial organization

The isotope values obtained from the samples discussed in this work
are detailed in Table 1. The samples from coastal sites, both from the
Early Ceramic and from the Late Intermediate periods, systematically
show higher §'°N values than those from inland sites due to marine
proteins in their diet (Fig. 2). Additionally, most of the individuals
analysed, from both the Early Ceramic and the Late Intermediate per-
iods, exhibit 8'%0 and 8'°N values in their bones consistent with their
place of burial (Figs. 3 and 4). They suggest that most people either
remained in their places of residence or moved between isotopically
similar environments.

As may be seen in Fig. 3, Bato and Llolleo individuals from the ECP
buried inland (white symbols) have oxygen isotope profiles compatible
with the central valley, while the 8'°N values show that they did not
consume marine resources; those buried on the coast on the other hand
(black symbols) exhibit higher §!%0 and 8'°N values consistent with
water from environments close to the sea and diets which included
marine resources. As shown in Table 2, where we have compiled all the
data available to date on §'®0 values in human bones (n = 129), sig-
nificant differences exist between the environments under analysis
(pooled variance two sample t-test coast vs coastal range, t = 5.337,
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Fig. 2. Biplot showing 8'3Ccol and 8'°N values from all the analysed samples
according to cultural group and geographical zone. Ac= Aconcagua, B= Bato,
LL = Llolleo, C= Coast, CR= Coastal Range, V= Valley. Number of in-
dividuals: Bato = 21; Llolleo = 37; Aconcagua = 31.
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Fig. 3. Biplot showing Early Ceramic Period 8'®0 (proxy for drinking water)
and 8'°N (proxy for consumption of marine resources) values. Number of in-
dividuals: Bato n = 21; Llolleo n = 37.

df = 43.000, p-value = 0.000; coastal range vs valley, t = 4879,
df = 100.000, p-value = 0.000). These data are used as a reference for
the oxygen isotope values of the drinking water in the different loca-
tions.

An interesting difference from the other groups is observed among
the Aconcagua groups of the LIP (Fig. 4): the samples from the Puangue
valley in the Coastal Range show higher §'%0 values than would be
expected for this zone (Table 2), which we interpret as possibly re-
presenting water drunk from sources close to the coast. Moreover, half
of the individuals buried on the coast and with coastal water §'20 va-
lues exhibit 8'°N values which reflect scarce marine resources and
consumption of foodstuffs of terrestrial origin. These data suggest mo-
bility between the coast and the valleys of the Coastal Range, since
many of those buried both on the coast and in the interior show oxygen
isotope values for drinking water and oxygen and nitrogen values for
food consumed which do not fully match expected isotope values for
their burial place.

Following another line of evidence for mobility, the graph in Fig. 5
shows the 8'%0 value pairs for bone and tooth enamel in the same
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15 T T individual. Most of them differ by less than 1.6%o, which can be as-
# Aconcagua coast sumed to reflect the physiological variation expected in a human being
zﬁncag“a coastal range without implying a change of residence. As some studies have estab-
ncagua valley
lished a range of 2%o for this variation (White et al., 2004) in the
. present study an intra-individual isotope spacing =2%o was considered
10 . . _| as evidence of a change of residence from childhood to adulthood.
\g ° Other studies have proposed that the intra-population variation in
°n: @ & o e oxygen isotope values may be greater (Lightfoot and O'Connell, 2016).
< 00 04y 0: The Llolleo are the group with more individuals presenting intra-
mZ S individual isotope spacing =2%o in the §'®0 value. Six individuals
00 &0 o moved from their childhood place of residence, some towards the coast
5 hd . and some towards the central valley, representing 30% of the Llolleo
individuals for whom tooth-bone pairs exist. It should be noted that in
five cases the individuals are female (38.5% of females) and in only one
case a male (14.3% of males). Two of them (El Mercurio #25 and Las
Pataguas #1) must have lived in Coastal Range environments as chil-
l l dren and then moved to the central valley. Sample LEP-C #9, with
-15 -10 -5 0 coastal 8'80 value but a spacing greater than 2%o between bone and
8180VPDB %o tooth and a marine diet, must have moved between different coastal
environments; while the male who lived in the interior as a child (TV1
#12), later moved to the coast where he consumed a marine diet and
was buried. Two cases are more complex. For one of them, a female
buried in a coastal site (TV3 #9), the bone nitrogen isotope value in-
dicates that she consumed marine products, and the §'®0 value in her

Fig. 4. Biplot showing Late Intermediate period §'%0 (proxy for drinking water)
and 8'N (proxy for consumption of marine resources) values. Number of
Aconcagua individuals: Coast n = 8, Coastal Range n = 11, Valley n = 12.

Table 2 tooth reflects consumption of coastal waters. Nevertheless, her bone
Mean 8'®Oppp values of human bones analysed by geographic zone. exhibits an oxygen isotope value in accordance with the central valley.
Geografic Zone Zone n  mean §%0ppg 5, SD The reverse is the case of El Mercurio #13, a female buried in the
central valley, whose tooth §'80 indicates consumption of inland wa-
COAST Coast 25 -3.780 0.921 ters, i.e. she lived inland as a child, but whose bone oxygen isotope
River Maipo Coast 5 —4.786 0.677 s
COASTAL RANGE Maipo middle 7 _74s0 Laza value shows that she lived on Fhe‘ct.)ast as an adult. We have no tooth
VALLEYS valley sample for TV-5 #6-6, a male individual buried on the coast, however
Puangue valley 7  —5.407 0.870 his bone values show that marine fauna did not constitute his main
Alhué valley 4 —7.492 0.510 protein source.
CENTRAL VALLEY Northern Santiago 51 —8.496 1.601 Among the Bato, only two individuals (25% of the total Bato paired
Southern Santiago 22 -9.752 1.767 1 f le (Don Ladislao #3-1 d le (Don Ladisl
Rancagua 8 —B506 0.973 samples), one fema e (Don Ladislao #3-1) and one male (Don Ladislao
#1-1) buried at the same site in the central valley, originally came from
areas closer to the coast judging by their §'%0 tooth values; both
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present an enriched 8'3C value from their diet, suggesting increased
maize consumption as adults. In the LIP, there is only one case of an
Aconcagua male who lived in the central valley as a child and later
moved to live on the coast where he was buried (Las Brisas 10-14 #15).
The 8'3C and 8'°N values in his bone show that he adopted a marine
diet. He represents 5.9% of Aconcagua individuals with paired samples
and 11.8% of male individuals.

These results provide a new perspective on mobility in sedentary
and semi-sedentary communities in central Chile, despite the limita-
tions of the number of samples and the sometimes uneven distribution
between males and females or between sites and locations. The data
confirm that certain persons moved away from their places of residence
temporarily or permanently, and that how they did so differed between
the three groups studied. As movements between isotopically similar
locations remain obscured, this mobility may have involved more in-
dividuals than we can identify here.

Unfortunately, we have few samples for the Bato; however the data
suggest movement by at least 25% of the population, perhaps family
groups, and following a different pattern from that of the Llolleo and
Aconcagua groups. These results are consistent with and support the
archaeological data, based on pottery, subsistence and the structure of
residential sites, based on which it has been hypothesised that the Bato
were quite mobile, with the whole group changing residence occa-
sionally (Planella and Falabella, 1987; Rodriguez et al., 1991;
Sanhueza, 2016).

The case of the Llolleo is more robust. According to the archae-
ological evidence, the Llolleo lived in co-residential communities which
were permanent for at least several generations (Falabella et al., 2014;
Sanhueza, 2016). The isotope data reveal a pattern of mobility by sex
and age: some adult women moved to other communities from where
they grew up. This pattern is consistent with socio-spatially in-
stitutionalised forms of movement in patrilocal systems typical of some
small-scale societies, as a mechanism for consolidating networks and
alliances in which women play an active role in regional integration
and knowledge transfer (Service, 1962; Faron, 1969; Ember and Ember,
1983).

The Aconcagua group does not reflect these practices, showing
minimal residential mobility. Nevertheless, the isotope data show other
integrating mechanisms on a smaller spatial scale. This is a pattern in
which persons of both sexes circulated between the valleys of the
Coastal Range and the coastal plains. We believe that these may have
been temporary movements in a socially recognised, shared territorial
space. As in the previous cases, this interpretation is in line with the
archaeological evidence. Based on pottery studies it has been proposed
that some pots found in coastal sites were produced in the Puangue
area, denoting exchange or access to the coast by people from the
Coastal Range (Falabella and Andonie, 2011), a pattern of economic
and spatial integration that still existed in the 16th century (Contreras,
2009).

3.2. Age and sex differences

Between the ECP and the LIP an important change can be seen in the
diet of children vs adults (pooled two-sample t-test, t = —3.982,
df = 43.000, p-value = 0.000) (Table 3, Fig. 6). In both the Bato and
the Llolleo groups the mean §'3C values of adult individuals (> 18

Table 3
Mean §'3C values for §'3Cap bone samples (adulthood) and 8'3Cen tooth
samples (childhood) in paired samples.

CONTEXT n 8'3Cap %o SD 8'3Cen %o SD A

Bato 8 —10.664 0.897 —-10.215 0.874 0.449
Llolleo 20 -9.351 0.298 —-8.147 0.394 0.927
Aconcagua 17 —7.320 0.227 —4.355 0.409 2.965
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Fig. 6. Graph showing mean §'3Cap values in pairs of teeth and bones by
cultural context.

years) is very similar to that in their childhood (< 12 years) (mean
difference 0.449 and 0.927, respectively); in contrast, in the Aconcagua
population the children's diet presents a remarkably higher mean
8'3Cap value, indicating greater C4 foods consumption (mean differ-
ence = 2.965; paired t-test t = —5.898, df = 16, p-value = 0.000).

Although these differences exist in the quantity of C4 resources
consumed during childhood by individuals of the LIP compared with
those of the ECP, in both cases and in the three contexts analysed we
find no differential treatment between boys and girls for this type of
resources. The t-tests show that there is no significant difference by sex
during childhood in either the Bato, the Llolleo or the Aconcagua
groups (p-values 0.487, 0.471 and 0.547 respectively).

This situation changes for adults. During the ECP, in the Bato and
Llolleo samples, there are no major differences in behaviour between
men and women in the consumption of C4 resources, as reflected either
in the collagen or the apatite isotope values (Table 4). In the LIP on the
other hand, although there are no differences in apatite between men
and women above 18 years, there are differences in collagen with adult
males presenting higher carbon isotope values suggesting greater con-
sumption of C, protein resources (pooled variance t= —2.093,
df = 27, p = 0.046), in line with the ideas on sex differentiation pro-
posed by Sanchez (1997). We believe that it is an interesting result
which could suggest new gender-based functions in roles and hier-
archies during this period. The difference may well be due to the
greater consumption of maize-fed guanaco meat by men, rather than
more consumption of maize or maize chicha. This difference would not
appear to be due to marine resources since the 8'°N values are not
higher among males. The archaeofaunal records of domestic sites in
central Chile provide evidence of a change in human-animal relations in
the LIP. Unlike the ECP, when the edible parts of guanacos were gen-
erally brought to the residential site, in the LIP the whole animal is
found (Becker, 1994). This has led to the proposal that at this time
animal-raising practices were adopted, with animals kept close to re-
sidences and crop fields, perhaps being fed partly on maize (Soto,
2018). The isotope data available indicate consistently that guanacos in
the LIP exhibit higher collagen isotope values (§'°Ccol —17.9 = 2.1)
than those in the same region during the ECP (8'%Ccol —19.9 + 0.5)
(Tykot et al., 2009), suggesting that the carbon isotope enrichment of
the male population may be influenced by higher consumption of
guanaco meat. Some dimensions of social organization seem to have
changed in the Late Intermediate period, possibly related with the
commensalism and hospitality practices associated with the creation
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Table 4
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Mean §'3Ccol, §'*Cap and §'°N values for female and male bone samples (adult individuals) with results of pooled variance two sample T-test to test differences by

sex.

Context Female Male Female Male T-test
n n Mean §'°C (SD) Mean §'3C (SD)
t p-value

Bato 8'3Ccol %o 9 12 -17.306 (1.377) -17.625 (1.918) 0.423 0.677
Bato 8'>Cap %o 9 12 -10.557 (2.287) -9.725 (1.557) -0.993 0.333
Bato 8'°N %o 9 12 7.919 (2.875) 7.383 (2.272) 0.477 0.638
Llolleo 8'3Ccol %o 22 14 -14.787 (1.283) -14.472 (1.099) -0.758 0.454
Llolleo §'*Cap %o 27 17 -9.036 (1.382) -8.895 (1.336) -0.332 0.742
Llolleo 8'°N %o 22 14 6.929 (2.679) 6.949 (2.424) -0.023 0.982
Aconcagua 813Ccol%o 12 17 -12.698 (1.755) -11.651 (1.054) -2.093 0.046
Aconcagua 8'3Cap %o 16 20 -7.261 (1.646) -6.889 (1.052) -0.825 0.415
Aconcagua 8'°N %o 12 18 8.278 (2.202) 7.871 (1.775) 0.560 0.580

and maintenance of relations outside the domestic unit. Although the
sample is small, and in some cases the sex of the individuals is only
probable, the isotope data support a change in the Aconcagua groups,
pointing to explicit gender categories, that might have involved social
activities and specific roles. Age categories were also distinguished in
dietary practices, giving credit to the ideas of a radical overturning of
earlier traditions (Cornejo, 2010).

3.3. Consumption pattern of C, resources

Another area in which stable isotopes have contributed to our study
problem is the C4 resource consumption behaviour of individuals from
the ECP and the LIP. Earlier works have indicated that the Aconcagua
samples from the LIP presented more enriched carbon isotope values
than the previous period, reflecting an increase in maize consumption
(Falabella et al., 2007, 2008). Looking at the results from a broader
sample, this difference is statistically robust (t = —8955, df = 95.000,
p-value = 0.000 for &3Ccol; t= —7502, df=110.000, p-
value = 0.000 for §'3Cap) (Fig. 7).

For the ECP, the larger number of samples of Bato individuals allows
a more substantiated comparison between this group and the Llolleo
group. On the one hand, both groups continue to show a pattern of
greater C, contribution in the inland population than in the coastal. On
the other, the data show a greater enrichment of collagen than apatite
in the Llolleo samples when compared to the Bato. This may be due to
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Fig. 7. Early Ceramic and Late Intermediate periods 8'C values in apatite and
collagen as proxies for the consumption of C; vs C4 energy and protein re-
sources, according to cultural group and geographical zone. Line references as
proposed by Kellner and Schoeninger (2007) model. Ac= Aconcagua, B= Bato,
LL = Llolleo, C= Coast, CR= Coastal Range, V= Valley.
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the consumption of animals with a C4 diet in the Llolleo sites as de-
scribed above for the Aconcagua. Nevertheless, no available zooarch-
aeological or isotope data for the fauna support this interpretation.
Another possibility is that the Llolleo population consumed very little
animal protein, so that maize proteins supplied what would otherwise
be provided by the fauna. This interpretation is more in line with the
archaeological data, which indicate a decrease in the number of lithic
artefacts for hunting and the consolidation of a complex of crops which
position the Llolleo as an eminently horticultural population, in con-
trast to the Bato who maintained their hunting practices strongly
(Planella et al., 2014).

Finally, the intra-site variation of C4 resource consumption shows
differences between individuals who inhabited the same residential
grouping. In general, there is greater internal variation among the Bato,
i.e. some individuals eat maize, others do not. In the Llolleo group, sites
differ greatly: some are quite homogeneous, while in others individuals
differ considerably; moreover, not all the communities depended on
maize horticulture in the same way, irrespective of the chronology.
Something similar is found for the Aconcagua: it was expected that a
maize-based diet would be consolidated, however variations are found
between individuals and sites. In any case, uniform sampling and a
larger number of individuals per site would be necessary to validate
these results.

4. Conclusions

The results presented above, and the inferences proposed on that
basis, expand knowledge about the prehistory of central Chile during
the first millennium AD and the first half of the second, suggesting a
more complex and diversified view. Although these conclusions must
not be treated as definitive, since they will be validated or modified as
new data are incorporated, the inclusion of more lines of isotope evi-
dence has marked real progress in integrating social issues which are
hard to grasp from artefacts.

On the one hand, differences are found in the mobility patterns and
maize consumption of the three groups studied. In these societies, de-
scribed as sedentary or semi-sedentary, the movements of individuals
were previously scarcely examined. Stable isotope analysis has enabled
us to support the idea that Bato groups practised residential mobility,
probably involving the family group. In the Llolleo groups, the evidence
points mainly to changes of residence by women. In the Aconcagua
population, only one case of permanent transfer from one location to
another was found, however the evidence indicated a pattern of cir-
culation, probably temporary, between the valleys of the Coastal Range
and the coastline by both females and males. Turning to maize con-
sumption, during the Early Ceramic period the increase is uneven, and
the results show differences between individuals and residential com-
plexes. Greater regularity and intensity of consumption is found in the
Llolleo group than among the Bato, but with definite evidence that
some Bato individuals also included maize in their diet, in differing
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proportions. The Aconcagua groups differ from the other two, with
markedly higher consumption.

Details of social differentiation associated with age and sex were
also found, affecting only the Aconcagua population in the Late
Intermediate period. In terms of age, male and female children present
a higher level of maize in their diet than adults. In relation to sex, adult
males present greater '3C enrichment of their collagen, which is in-
terpreted as being related with consumption of C4 enriched meat.

This work is not free of problems and limitations. One of the
greatest problems is the number of samples, which is still too small for
some intra-group comparisons, together with the unequal representa-
tion of the samples in the sites and the different locations. Moreover,
the gender determination of individuals is subject to ambiguities, and
this generates biases in the recognition of possible differences between
males and females over time. This is an important issue for planned
future work focusing on social questions. It is hoped that further stable
isotope analysis in this region will produce increasingly reliable results.
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