ELSEVIER

Journal of Archaeological Science 34 (2007) 451—462

Journal of

Archaeological
SCIENCE

http://www.elsevier.com/locate/jas

Seasonality and paleodiet in the Chiribaya polity of southern Peru

Kelly J. Knudson **, Arthur E. Aufderheide ®, Jane E. Buikstra

& Center for Bioarchaeological Research, School of Human Evolution and Social Change, PO Box 872402,
Arizona State University, Tempe, AZ 85287-2402, USA
b Department of Pathology, University of Minnesota Medical School Duluth, Duluth, MN, USA
¢ Center for Bioarchaeological Research, Arizona State University, Tempe, AZ, USA

Received 12 May 2006; received in revised form 29 June 2006; accepted 2 July 2006

Abstract

In the Andes, the complex Chiribaya polity, or sefiorio, was composed of economically specialized groups. Previous carbon and nitrogen
isotope analyses of archaeological human bone from Chiribaya-affiliated sites have effectively demonstrated socioeconomic specialization
and variability in paleodiet among different Chiribaya-affiliated sites. The present study complements earlier paleodietary analyses of Chiribaya
populations by supplementing them with carbon and nitrogen isotope analyses of archaeological human hair from the two Chiribaya-affiliated
sites of Chiribaya Alta and El Yaral. These new data demonstrate that seasonal variability in the consumption of marine products and C, plants
such as maize was quite high for some individuals buried at Chiribaya-affiliated sites. In addition to elucidating the complex patterns of
Chiribaya seasonality, this study contributes to the growing body of knowledge of archaeological analyses of human hair for paleodiet.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Previous paleodietary research on the Chiribaya polity of
southern Peru has very effectively demonstrated socioeco-
nomic specialization and variability in paleodiet among differ-
ent Chiribaya-affiliated sites (Tomczak, 2003). However, these
data from archaeological human bone samples have focused
on paleodiet averaged over the last years of an individual’s
life. The present study complements Tomczak’s (2003) earlier
paleodietary analyses of the Chiribaya by supplementing it
with carbon and nitrogen isotope analyses of archaeological
human hair from the two Chiribaya-affiliated sites of Chiri-
baya Alta and El Yaral. This provides valuable information
on seasonality in Chiribaya paleodiet, and demonstrates that
seasonal variability in the consumption of marine products
and C4 plants such as maize was quite high for some individ-
uals buried at Chiribaya-affiliated sites. This study also
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contributes to the growing body of knowledge of archaeolog-
ical analyses of human hair.

2. The Chiribaya polity of the south central Andes

Previous research on the Chiribaya of southern Peru has elu-
cidated the sociopolitical complexity of this Late Intermediate
Period polity (Buikstra, 1995; Jessup, 1990; Lozada Cerna
and Buikstra, 2002, 2005; Martinson et al., 2002; Owen, 1998;
Reycraft, 2000, 2005; Rice, 1993; Sutter, 2000; Umire Alvarez
and Miranda, 2001; Williams et al., 1990; Zaro and Umire
Alvarez, 2005). Excavations in residential and mortuary sectors
at the Chiribaya-affiliated sites of Chiribaya Alta, Chiribaya
Baja, San Gerénimo, and El Yaral, as well as previous cranial
modification and light stable isotope studies of archaeological
human bone, all support the hypothesis that the Chiribaya
were organized into smaller economically specialized groups
that were part of a larger seiiorio (Fig. 1) (Buikstra et al.,
2005; Lozada Cerna and Buikstra, 2002, 2005; Tomczak, 2003).


mailto:kelly.knudson@asu.edu
http://www.elsevier.com/locate/jas

452 K.J. Knudson et al. | Journal of Archaeological Science 34 (2007) 451—462

N 100 km BOLIVIA

PERU Lake Titicaca

@ Tiwanaku

El Chen

Yaral Chen
e ®

Chiribaya Alta,
Chirbaya Baja

Pacific Ocean

Fig. 1. Map of the south central Andes with the Chiribaya-affiliated sites of El
Yaral, San Ger6nimo, Chiribaya Alta, and Chiribaya Baja and the Tiwanaku-
affiliated site of Chen Chen.

Two Chiribaya-affiliated sites were included in this study,
Chiribaya Alta and El Yaral. The site of Chiribaya Alta is
clearly the largest Chiribaya-affiliated site, and may be the re-
gional political center (Fig. 2) (Rice, 1993). Chiribaya Alta is
located 7 km from the Pacific Ocean where it overlooks the Ilo
Valley (Buikstra, 1995). In addition to nine cemeteries that
vary spatially and temporally, Chiribaya Alta also contains
a number of domestic units, plazas, terraces, and a defensive
wall (Buikstra, 1995). It is possible that Chiribaya elites
from other communities were buried at Chiribaya Alta, as is
seen at the Andean ceremonial center of Pachacamac (Lozada
Cerna, 1998; Lozada Cerna and Buikstra, 2002).

More than 305 burials with 372 individuals from intact and
disturbed tombs were recovered from the nine Chiribaya Alta
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Fig. 2. Site map of Chiribaya Alta (from Buikstra, 1995: 256).

cemeteries. Of these 372 individuals, 147 were complete
enough for inclusion in previous biodistance and cranial mod-
ification studies (Lozada Cerna and Buikstra, 2002). Of this
subset, 85 individuals were included in previous bone carbon
and nitrogen isotope analyses (Tomczak, 2003), and 12 indi-
viduals were included in Knudson’s enamel and bone stron-
tium isotope analyses.

In contrast to Chiribaya Alta, the site of El Yaral is located
approximately 50 km from the Pacific Ocean (Buikstra, 1995).
There, it is surrounded by Tiwanaku-affiliated sites like Chen
Chen, and it is one of the few Chiribaya-affiliated sites in the
Moquegua Valley. It is also smaller than Chiribaya Alta, and
consists of residential terraces and a large mortuary compo-
nent (Fig. 3) (Lozada Cerna and Torres Pino, 1991; Rice,
1993; Wheeler et al., 1995). Excavations in the mortuary com-
ponent of El Yaral uncovered 99 individuals buried in cist
tombs in a flexed position (Buikstra, 1995). The number and
types of mortuary artifacts are limited when compared to Chir-
ibaya Alta, although gender-based specialization is apparent
(Buikstra, 1995). Of the 99 individuals buried at El Yaral,
74 were buried with Chiribaya-style artifacts and have been in-
cluded in previous skeletal analyses and paleodiet studies
(Tomczak, 2003), 47 were included in previous biodistance
and cranial modification studies (Lozada Cerna, 1998; Lozada
Cerna and Buikstra, 2002), and four were included in Knud-
son’s residential mobility studies.

3. Archaeological analyses of human hair

Although limited to archaeological sites with exceptional
preservation, analyses of archaeological human hair to identify
seasonal trends in paleodiet have become increasingly com-
mon (Fernandez et al., 2003; Macko et al., 1999a,b; O’ Connell
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Fig. 3. Site map of El Yaral (from Buikstra, 1995: 257).
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and Hedges, 1999a,b; O’Connell et al., 2001; Panarello et al.,
2003; Roy et al.,, 2005; Sandford and Kissling, 1993;
Schwarcz and White, 2004; White, 1993; Wilson et al.,
1999). These studies build on earlier research on archaeolog-
ical human hair that utilized trace element concentrations to
identify pathologies and paleodiet (Benfer et al., 1978; Grupe
and Dorner, 1989; Kowal et al., 1991; Sandford et al., 1983).
In addition, some researchers have used non-human hair to ex-
amine short-term climatic changes and seasonal changes in
diet (e.g. lacumin et al., 2005; Schoeninger et al., 1998, 1999).

Most paleodiet research using light stable isotopes utilizes
archaeological bone samples and, to a lesser extent, tooth
enamel samples, to identify broad paleodietary trends (e.g.
Balasse, 2002; Cox et al., 2001; Lee-Thorp et al., 2003;
Richards et al., 2003, 2006; Spielmann et al., 1990; Tykot
and Staller, 2002). However, analyses of archaeological
human hair can provide a much more fine-grained resolution
of seasonality. Individual human hair follicles experience in-
dependent growth cycles and, during active growth, approxi-
mately 0.2—0.5 mm of hair are produced by an individual
hair follicle each day (Robbins, 2002; Sandford and Kissling,
1993; Valkovic, 1988a). Although growth rates vary according
to hair texture and seasonal variations, on average hair grows
approximately 1 cm per month (Randall and Ebling, 1991;
Valkovic, 1988a). In addition, human hair contains 44—46%
carbon (in weight) and 13—14% nitrogen (in weight) (Roy
et al., 2005; Valkovic, 1988b). Therefore, carbon and nitrogen
isotopic analyses of 1—2 cm hair samples can provide dietary
information for approximately 1—2 months of food consump-
tion. This hypothesis has been tested and supported with
modern control populations with known diets (Macko et al.,
1999a; McCullagh et al., 2005; Petzke et al., 2005; Sharp
et al., 2003; Sponheimer et al., 2003).

In addition to its utility in identifying diet on a much smaller
temporal scale than studies that utilize bone collagen, hair is
much more resistant to diagenetic contamination than bone col-
lagen. Bone collagen can be altered by hydrolysis, deamination,
and decarboxylation (Macko and Engel, 1991). Hair, on the
other hand, is composed of a-keratins, hydrophobic proteins
that are resistant to degradation (Lubec et al., 1987; Robbins,
2002). The structure of a-keratins also assists in their resistance
to diagenetic contamination as the a-helix is tightly packed and
very stable (Lubec et al., 1987; Macko et al., 1999a; Robbins,
2002). Numerous studies have demonstrated the retention of
the original amino acid composition, and of carbon and nitro-
gen isotope signatures, in archaeological hair samples (Lubec
et al., 1987; Macko and Engel, 1991; Macko et al., 1999a;
Roy et al., 2005). Although the nitrogen and carbon isotopes
in hair faithfully reflect the diet of an individual, a decrease
in 3"°N values during gestation has been documented in the
hair of pregnant women (Fuller et al., 2004, 2005).

4. Paleodietary analyses through carbon and nitrogen
isotopes: a brief introduction

Isotopic data from archaeological human remains have
been successfully employed for almost 30 years, and have

provided much valuable information about paleodiet (e.g.
Ambrose, 1993; Ambrose and Krigbaum, 2003; Katzenberg,
2000; Pate, 1994; Schoeninger, 1989; Sillen et al., 1989;
Staller et al., 2006). Briefly, analyses of stable isotopes of car-
bon can determine relative amounts of C4 and C; plants in an
individual’s diet from their bone collagen and hydroxyapatite,
while nitrogen isotopes can elucidate the role of marine and
freshwater food consumption (DeNiro and Epstein, 1978,
1981; Schoeninger and DeNiro, 1984). The carbon isotopic
composition of plants reflects the photosynthetic pathways
used in CO, conversion. Plants that use the C,, or Hatch—
Slack, pathway generally have 3'°C compositions between
—9 and —149/, while plants that use the Cs, or Calvin, pathway
have 8'°C values between —30 and —35%, (Katzenberg, 2000).
In contrast, marine plants typically convert bicarbonate, which
has a 8'C value of approximately 0%, instead of atmospheric
CO, (Ambrose et al., 1997). Although carbon isotope values in
marine resources are approximately 3'°C = —20.0%,, there is
considerable variability according to species and locale
(Katzenberg, 2000; Keegan and DeNiro, 1988; Schoeninger
and DeNiro, 1984). Nitrogen isotopes in an organism reflect
the nitrogen sources in the diet, and vary by trophic level.
Marine sources are generally d'°N = 46.0%, and terrestrial
sources are lower and are typically 3'°N = 0.0%,; each trophic
level is generally enriched by 39,, moving up the food chain
(DeNiro and Epstein, 1981; Minagawa and Wada, 1984).

The Ilo and Moquegua Valleys of southern Peru provide
a wide variety of resources that can be identified using carbon
and nitrogen isotope analyses. While nitrogen isotopes can
distinguish products from the rich marine ecosystem, carbon
isotopes can distinguish the utilization of the C,4 crop, maize.
However, since nitrogen isotopes can vary according to cli-
mate, and 3N in particular is enriched in arid environments,
it is important to examine the isotopic composition of the local
foodweb (Ambrose, 1991). Tieszen and Chapman (1992) ana-
lyzed a variety of terrestrial and marine plants and animals
from northern Chile, an area environmentally similar to the
Ilo and Moquegua Valleys of southern Peru. Mean
3'3C = —25.19, for C5 plants, mean 3'°C =—12.9%, for C,
plants, and marine products had intermediate 3'°C between
the C; and C, plants (Tieszen and Chapman, 1992). Terrestrial
animals, including camelids, had more negative values, and
averaged 8'’C = —22.5%, (Tieszen and Chapman, 1992).
The 3'°N values of the marine resources were much higher
than those of the terrestrial resources. For example, mean
3N = 19.29, for fish, mean 3'°N = 18.0%, for vertebrates,
and mean d'°N =17.9%, for invertebrates (Tieszen and
Chapman, 1992).

5. Laboratory methodology for light stable
isotope analyses

5.1. Sampling strategy for Chiribaya Alta and El Yaral
At both Chiribaya Alta and El Yaral, large samples of

human remains had been included in previous bioarchaeolog-
ical analyses (Lozada Cerna and Buikstra, 2002; Tomczak,
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2003). However, the sample size for our isotopic analysis of
archaeological hair was constrained by the preservation of
hair samples that were many centimeters long. Five individ-
uals from Chiribaya Alta and five individuals from El Yaral
were chosen based on preservation, and consist of subadult
and adult females and males from a variety of mortuary sec-
tors (Table 1).

5.2. Laboratory methodology for light stable
isotope analyses

Hair samples were initially prepared by Aufderheide in the
Department of Pathology at the University of Minnesota Med-
ical School Duluth. For each individual sampled, a scalp frag-
ment approximately 5 by 3 cm with at least one long braid was
removed. The braid was unwound and the hair was combed so
that each individual hair shaft was parallel to the others. Then,
the braid was wrapped in gauze, stapled at 2-cm intervals, and
then suspended in a 1000-mL cylinder filled with absolute eth-
anol. After the gauze-wrapped hair was dry, the hair samples
were obtained by transecting the gauze and its contained
hair at the pre-measured 2-cm intervals. Each 2-cm hair sam-
ple, which consisted of multiple, parallel hairs from the same
braid, was finely diced with a single-edged razor blade, stored
in a separate glass vial, and numbered consecutively with
Sample Number 1 representing the first 2-cm interval adjacent
to the scalp. We assume that this sampling procedure will in
fact underestimate the temporal variability in 3" Cheratin and
3'°N values since the growth phases in adjacent hairs may
not be identical. However, other scholars have detected tempo-
ral shifts using light stable isotopes through the analysis of ad-
jacent hairs rather than using single hair strands (O’Connell
and Hedges, 1999a,b; Schwarcz and White, 2004).

Bone samples from the same individuals were also sampled
for carbon and nitrogen isotope analysis. Cortical bone sam-
ples from the same individuals were taken from a cross-section
of the mid-diaphysis of the femur or tibia. Before analysis, ap-
proximately 1 mm of the surface periosteum was removed
with a Dremel electric drill equipped with an aluminum oxide
abrasive wheel.

Carbon and nitrogen isotopes were then analyzed by M.
Chapman and L. Tieszen in the Mass Spectrometry Laboratory
in the Department of Biology at Augustana College. Samples

Table 1
Contextual information on individuals sampled from Chiribaya-affiliated sites

Site Sector  Specimen Feature  Burial Age Sex
number number number
Chiribaya Alta 3 CHA-1000 1000 301 25-35 F
Chiribaya Alta 3 CHA-3854 3854 331 45+ M
Chiribaya Alta 6 CHA-2291 2291 610 45+ F
Chiribaya Alta 9 CHA-2059 2059 901 55—60 F
Chiribaya Alta 7 CHA-2728 2728 728 25-28 M
El Yaral 1 M8-10024 10024 101F 18—21 F
El Yaral 1 MS8-10200 10200 137 20-22 F
El Yaral 2 MS8-10593 10593 246 30-35 M
El Yaral 2 MS8-10427 10427 229 32-40 M
El Yaral 2 MS8-10360 10360 216 6.5 U

were prepared according to Tieszen and Chapman’s previously
published methodology (Tieszen and Chapman, 1992; Tieszen
et al., 1992). Briefly, samples were washed in distilled water,
extracted in chloroform and methanol, dried, and weighed.
Collagen pseudomorphs were obtained by incubating the sam-
ple in 0.5 M EDTA. In order to test for the presence of bioa-
patite carbonate, 0.5 M HCl was added to the pseudomorph
and observed under a 10~ torr vacuum. Pseudomorphs were
then extracted in 0.125 M NaOH and dried.

Collagen and keratin samples were combusted in a Carlo
Erba CHN analyzer and CO, and N, gases were separated
in a chromatographic column monitored by a thermal conduc-
tivity detector. Carbon dioxide for isotopic analyses was
passed from the Carlo Erba CHN analyzer to a triple trapping
system of the SIRA 10 isotope ratio mass spectrometer
(IRMS). The carbon sample was standardized against PeeDee
belemnite (PDB) carbonate standard as follows: dC =
((((PCI*Crampre) (P C1?Catanaara))/(PCl 2 Cutandara)) — 1) %
1000.

Nitrogen isotopes were measured similarly although CO,
and H,O were removed through an ascarite column preceding
the trap and nitrogen was adsorbed on silica gel at liquid nitro-
gen temperature as the helium carrier gas transported it through
the trapping system. The nitrogen sample was standardized
against atmospheric nitrogen (air) as follows: 3'°N =
(N Nampte)/ (N *Nanaara) /(N Noandara)) = 1) %
1000.

Samples were tested for diagenetic alteration using C:N ra-
tios and percent of carbon and nitrogen. As shown in Table 2,
the range of molar C:N for the bone samples analyzed from
these individuals was C:N = 3.18—3.30; this suggests that
the bones were not contaminated by carbon from lipids. The
range of C:N for the hair samples analyzed from these individ-
uals was C:N = 3.47—4.03, which also implies that little dia-
genetic contamination occurred. The percent yields of carbon
and nitrogen were also close to the expected values, which are
44—46% carbon (in weight) and 13—14% nitrogen (in weight)
for hair (Roy et al., 2005; Valkovic, 1988b).

Given the rare and valuable nature of the hair samples, rep-
licate samples were only performed on bone samples. How-
ever, replicate analyses of bone samples demonstrate the
reproducibility of the analysis (Table 1). Long-term precision
is better than 8'°C =0.1%, and 8'°N = 0.5%, at Augustana
College. Finally, bone and hair samples from the same
individuals were compared using the following formulas:
A13Chair—bone = 613Ckermin (hair) — 6]3Ccollagen (bone) and
AISN hair-bone — 615N keratin (hair) — 61 Ncollagen (bone)-

6. Carbon and nitrogen isotope data from
Chiribaya-affiliated sites

6.1. The llo Valley site of Chiribaya Alta

As shown in Fig. 4, 613Ckemﬁn data from human hair seg-
ments from Chiribaya Alta show variability in seasonal con-
sumption of C; and C4 plants as well as variability between
consumption levels of different individuals (Fig. 4, Table 3).
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Table 2
Carbon and nitrogen data from human bone samples from Chiribaya-affiliated sites
Site Specimen number % yield BBCCU]]ugen 3N % C % N C:N BI3Cupalile Collagen/apatite
(%%0) (J60) (mole %) (J60) spacing
Chiribaya Alta CHA-1000 20.62 —13.8 15.9 459 16.9 3.18 -9.5 433
Chiribaya Alta CHA-1000 (repeat) 20.04 —13.8 NA NA NA NA -9.3 NA
Chiribaya Alta CHA-3854 NA NA NA NA NA NA NA NA
Chiribaya Alta CHA-2291 20.04 —14.1 15.8 44.3 16.2 3.20 -8.0 6.08
Chiribaya Alta CHA-2059 22.54 —18.7 12.4 46.0 16.3 3.29 —14.9 3.83
Chiribaya Alta CHA-2059 (repeat) 35.10 —18.7 12.5 439 15.6 3.29 NA NA
Chiribaya Alta CHA-2728 18.80 —12.1 19.0 46.2 16.3 3.30 -7.3 4.76
El Yaral M8-10024 20.75 —17.8 12.2 44.2 16.3 3.17 —14.9 2.94
El Yaral M8-10200 19.75 —12.7 15.8 45.5 16.2 3.28 -94 3.32
El Yaral M8-10200 (repeat) 19.75 —12.7 NA NA NA NA NA NA
El Yaral M8-10593 21.17 —15.6 13.7 44.7 16.2 3.22 —11.1 4.51
El Yaral M8-10427 20.97 —14.0 10.3 47.2 17.1 3.23 -9.5 4.51
El Yaral M8-10360 21.61 —14.1 10.7 46.0 16.6 3.24 -9.2 491

Three individuals have relatively small seasonal differences in
3" Creratin values (CHA-1000, CHA-2728, and CHA-2291).
These three individuals also have 8'>Cyerain values that range
between approximately 613Ckemﬁn = —13.09, and 813Ckmﬁ,, =
—15.09,,. Based on Tieszen and Chapman’s (1992) reconstruc-
tion of the isotope ranges in northern Chilean foodwebs, these
values are within the range of measured C,4 plants values and
terrestrial animals. This implies that the protein sources in these
individuals’ diets were C,4 plants and/or terrestrial animals. The
values also correspond to marine plant and/or marine animal
consumption, which will be discussed below.

In contrast, there are two individuals who exhibit large
changes in 3"3Creratin values as one moves along the hair shaft
(CHA-3854 and CHA-2059) (Fig. 4, Table 3). The most dra-
matic changes are seen in 26 cm of hair from CHA-2059, an
adult female (Fig. 4, Table 3). The highest values are seen
in the hair segments within 6 cm of her scalp and the hair seg-
ments within 22—24 cm from her scalp; these values are
3" Cheratin = —12.19,, to —13.19%,. This implies that the pro-
tein sources in this woman’s diet in approximately the last
six months before death were dominated by C4 plants, presum-
ably maize. Similarly, high maize consumption is seen in the
period of approximately 22—26 months before death,

813C in Archaeological Human Hair Segments from

Chiribaya Alta
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Fig. 4. Carbon isotope data from Chiribaya Alta hair samples.

according to the 513Ckemin values in this woman’s hair. How-
ever, the intervening months show a gradual decrease and then
increase in 8> Cierain values. The lowest 8'>Cyerann values are
613Ckemﬁn = —18.9%,, which occur in the hair segments 12—
16 cm from her scalp. These values imply that C, plants
were less important sources of protein during these periods
of hair growth, and that protein sources at this time were in-
stead C; plants and terrestrial animals. A similar pattern is
seen in the 3'Cyeraqn values measured in hair segments
from CHA-3854. In this individual, there is a range of
613Ckmtin = —15.19%, to —19.5%,, with the lowest value mea-
sured in the hair segment 16—18 cm from the scalp.

The nitrogen isotope trends seen in human hair from Chiri-
baya Alta are similar to the carbon isotope trends (Figs. 4 and 5,
Table 3). The same three individuals have relatively small
seasonal differences in 3'°N values (CHA-1000, CHA-2728,
and CHA-2291). As shown in Fig. 5, these three individuals
have relatively high 3'°N values that range from approxi-
mately 3N = 15.0—18.5%,. These high 3N values corre-
spond to the 3'°N values that Tieszen and Chapman (1992)
measured in marine animals in northern Chile. The high
3'°N values in the 20 cm of hair that was measured imply
that these three individuals buried at Chiribaya Alta consumed
large amounts of marine animals during the periods of approx-
imately the last 18—20 months of their lives.

One other individual buried at Chiribaya Alta exhibited
lower 3'°N values, although the 3'°N did not change dramat-
ically along the hair shaft (CHA-3854) (Fig. 5, Table 3). For
CHA-3865, 3'°N along the hair shaft ranged from
3'°N = 12.6—14.1%,. These lower 3'°N values imply that
this adult male consumed larger amounts of marine plants
and/or smaller amounts of marine animals during the last
months of his life when compared to other individuals buried
at Chiribaya Alta.

Finally, there is one individual buried at Chiribaya Alta
who exhibits a wider range of 3'°N values in different hair
segments (CHA-2059) (Fig. 6, Table 3). This adult female
also exhibited the most dramatic changes in 3" Cheratin values
in her hair, and 3'°N values are similarly variable. In the first
2 cm of hair from her scalp, 3'°N = 18.29%,. Nitrogen isotope
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Table 3

Carbon and nitrogen data from human hair samples from Chiribaya-affiliated sites

Site Laboratory Specimen Distance from 3" Ceratin 3N % C % N C:N

number number scalp (cm) %o) (%o) (mole %)

Chiribaya Alta CHA-1000-1 CHA-1000 0—-2 —143 16.9 40.9 13.7 3.48
Chiribaya Alta CHA-1000-2 CHA-1000 2—4 —143 17.3 40.3 13.5 3.47
Chiribaya Alta CHA-1000-3 CHA-1000 4—6 —15.2 16.7 42.1 14.1 3.48
Chiribaya Alta CHA-1000-4 CHA-1000 6—8 —153 16.3 41.8 139 351
Chiribaya Alta CHA-1000-5 CHA-1000 8—10 —15.2 16.4 425 14.1 3.53
Chiribaya Alta CHA-1000-6 CHA-1000 10—12 —14.5 16.0 41.6 139 3.50
Chiribaya Alta CHA-1000-7 CHA-1000 12—-14 —14.2 16.8 424 14.0 3.53
Chiribaya Alta CHA-1000-8 CHA-1000 14—16 —14.1 16.9 42.6 14.0 3.56
Chiribaya Alta CHA-1000-9 CHA-1000 16—18 —14.4 17.7 43.0 14.1 3.56
Chiribaya Alta CHA-3854-1 CHA-3854 0—-2 —16.2 14.1 44.8 13.6 3.85
Chiribaya Alta CHA-3854-2 CHA-3854 2—4 —15.8 12.7 452 14.0 3.5
Chiribaya Alta CHA-3854-3 CHA-3854 4—6 —16.6 132 45.0 14.0 3.76
Chiribaya Alta CHA-3854-4 CHA-3854 6—8 —15.1 13.3 41.9 13.1 3.74
Chiribaya Alta CHA-3854-5 CHA-3854 8—10 —15.8 13.0 449 139 3.77
Chiribaya Alta CHA-3854-6 CHA-3854 10—12 —17.9 13.1 449 13.6 3.86
Chiribaya Alta CHA-3854-7 CHA-3854 12—14 —18.8 12.7 45.0 13.5 3.89
Chiribaya Alta CHA-3854-8 CHA-3854 14—16 —19.5 13.1 45.0 134 391
Chiribaya Alta CHA-3854-9 CHA-3854 16—18 —19.2 134 44.6 13.7 3.81
Chiribaya Alta CHA-3854-10 CHA-3854 18—20 —19.3 13.1 433 134 3.76
Chiribaya Alta CHA-2291-1 CHA-2291 0-2 —15.0 18.0 404 12.9 3.65
Chiribaya Alta CHA-2291-2 CHA-2291 2—4 —155 18.1 39.5 12.6 3.67
Chiribaya Alta CHA-2291-3 CHA-2291 4—6 —154 18.1 414 13.6 3.56
Chiribaya Alta CHA-2291-4 CHA-2291 6—8 —152 18.2 40.7 133 3.56
Chiribaya Alta CHA-2291-5 CHA-2291 8—10 —153 18.2 42.1 13.8 3.55
Chiribaya Alta CHA-2291-6 CHA-2291 10—12 —153 18.1 42.7 14.1 3.54
Chiribaya Alta CHA-2291-7 CHA-2291 12—-14 —15.7 18.3 42.5 13.8 3.58
Chiribaya Alta CHA-2291-8 CHA-2291 14—16 -16.0 17.8 412 139 3.47
Chiribaya Alta CHA-2291-9 CHA-2291 16—18 —15.8 17.6 41.0 13.6 3.51
Chiribaya Alta CHA-2291-10 CHA-2291 18—20 —-154 18.2 425 14.0 3.55
Chiribaya Alta CHA-2059-1 CHA-2059 0—2 —12.8 18.2 46.4 15.0 3.61
Chiribaya Alta CHA-2059-2 CHA-2059 2—4 —13.1 17.7 46.1 15.1 3.57
Chiribaya Alta CHA-2059-3 CHA-2059 4—6 —14.6 16.4 46.2 15.3 3.52
Chiribaya Alta CHA-2059-4 CHA-2059 6—8 —16.8 15.1 443 14.8 3.48
Chiribaya Alta CHA-2059-5 CHA-2059 8—10 —183 13.0 45.8 15.3 3.48
Chiribaya Alta CHA-2059-6 CHA-2059 10—12 —18.9 123 45.6 15.2 3.49
Chiribaya Alta CHA-2059-7 CHA-2059 12—14 —18.9 12.6 437 14.5 3.51
Chiribaya Alta CHA-2059-8 CHA-2059 14—16 —18.5 12.4 453 15.2 3.47
Chiribaya Alta CHA-2059-9 CHA-2059 16—18 -17.9 12.3 46.9 15.6 3.51
Chiribaya Alta CHA-2059-10 CHA-2059 18—20 —18.6 12.4 453 15.0 3.51
Chiribaya Alta CHA-2059-11 CHA-2059 20—22 —18.2 13.8 45.6 15.0 3.53
Chiribaya Alta CHA-2059-12 CHA-2059 2224 —12.1 154 45.6 15.0 3.55
Chiribaya Alta CHA-2059-13 CHA-2059 24-26 —14.8 16.6 455 14.6 3.63
Chiribaya Alta CHA-2728-1 CHA-2728 0—-2 —14.5 18.0 432 14.0 3.59
Chiribaya Alta CHA-2728-2 CHA-2728 2—4 —13.6 18.2 42.7 14.1 3.53
Chiribaya Alta CHA-2728-3 CHA-2728 4—6 —13.7 18.4 425 14.0 3.54
Chiribaya Alta CHA-2728-4 CHA-2728 6—8 —14.2 18.2 443 14.5 3.57
Chiribaya Alta CHA-2728-5 CHA-2728 8—10 —14.6 18.5 44.6 14.6 3.56
Chiribaya Alta CHA-2728-6 CHA-2728 10—12 —14.8 18.4 443 14.4 3.58
Chiribaya Alta CHA-2728-7 CHA-2728 12—14 —13.9 18.6 444 144 3.58
Chiribaya Alta CHA-2728-8 CHA-2728 14—16 —13.9 18.2 444 14.5 3.58
Chiribaya Alta CHA-2728-9 CHA-2728 16—18 —14.0 18.6 445 144 3.61
Chiribaya Alta CHA-2728-10 CHA-2728 18—20 —14.4 18.5 447 14.3 3.64
El Yaral M8-10024-1 MS-10024 0-2 —18.4 14.4 43.1 144 3.49
El Yaral MS8-10024-2 M38-10024 2—4 —18.2 13.6 42.7 13.6 3.66
El Yaral MS-10024-3 MS-10024 4—6 —18.0 134 41.7 134 3.63
El Yaral MS8-10024-4 M38-10024 6—8 —17.1 13.7 435 13.7 371
El Yaral MS-10024-5 MS-10024 8—10 —17.1 13.5 425 13.5 3.67
El Yaral M38-10024-6 MS-10024 10—12 —17.6 13.6 432 13.6 371
El Yaral MS-10024-7 MS-10024 12—14 —17.1 14.3 42.6 14.3 3.47
El Yaral M8-10024-8 MS-10024 14—16 —-172 139 425 139 3.56
El Yaral M8-10024-9 MS-10024 16—18 -17.9 13.8 425 13.8 3.59
El Yaral MS8-10024-10 M38-10024 18—20 —17.0 13.8 424 13.8 3.58

(continued)
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Table 3 (continued)

Site Laboratory Specimen Distance from 513Ckmﬁn 3N % C % N C:N
number number scalp (cm) (%o) (%o) (mole %)
El Yaral M8-10200-1 M8-10200 0—2 —16.8 11.6 40.0 12.3 3.80
El Yaral M8-10200-2 MS8-10200 2—4 —16.0 11.7 40.8 12.6 3.79
El Yaral M8-10200-3 M8-10200 4—6 —14.9 12.3 40.7 12.5 3.81
El Yaral M8-10200-4 M8-10200 6—8 —13.9 13.1 43.4 13.5 3.76
El Yaral M8-10200-5 M8-10200 8—10 —13.2 15.5 44.0 13.8 3.71
El Yaral M8-10200-6 M8-10200 10—12 —13.9 16.7 42.5 13.4 3.70
El Yaral M8-10200-7 M8-10200 12—14 —15.0 174 43.9 13.8 3.72
El Yaral M8-10200-8 M8-10200 14—16 —15.0 17.8 42.7 13.2 3.78
El Yaral M8-10200-9 M8-10200 16—18 —15.3 17.0 40.1 12.2 3.82
El Yaral M8-10200-10 M8-10200 18—20 —14.4 16.0 41.1 12.5 3.83
El Yaral M8-10200-1 M8-10593 0—-2 —15.2 13.3 44.2 14.1 3.66
El Yaral M8-10200-2 M8-10593 2—4 —15.7 13.9 45.7 14.3 3.73
El Yaral M8-10200-3 M8-10593 4—6 —15.7 14.1 44.1 14.3 3.60
El Yaral M8-10200-4 M8-10593 6—8 —15.8 13.6 43.4 14.1 3.59
El Yaral M8-10200-5 M8-10593 8—10 —15.6 12.9 43.3 14.1 3.59
El Yaral M8-10200-6 M8-10593 10—12 —14.8 12.8 44.1 14.4 3.56
El Yaral M8-10200-7 M8-10593 12—14 —14.4 12.3 44.6 14.5 3.58
El Yaral M8-10200-8 M8-10593 14—16 —14.0 13.0 444 14.3 3.62
El Yaral M8-10200-9 M8-10593 16—18 —13.7 13.5 429 14.1 3.55
El Yaral M8-10200-10 M8-10593 18—20 —13.9 13.4 42.8 14.0 3.56
El Yaral M8-10427-1 M8-10427 0—2 —16.5 11.9 40.9 13.2 3.61
El Yaral M8-10427-2 M8-10427 2—4 —16.5 11.9 40.8 13.3 3.58
El Yaral M8-10427-3 M8-10427 4—6 —16.1 11.6 40.3 13.4 3.50
El Yaral M8-10427-4 M8-10427 6—8 —15.1 11.4 38.2 13.1 3.40
El Yaral M8-10427-5 M8-10427 8—10 —14.6 11.7 39.2 13.5 3.40
El Yaral M8-10427-6 M8-10427 10—12 —14.5 11.9 38.5 13.0 3.46
El Yaral M8-10427-7 M8-10427 12—14 —14.6 12.3 40.7 13.6 349
El Yaral M8-10427-8 M8-10427 14—16 —14.8 13.1 40.6 13.5 3.51
El Yaral M8-10427-9 MB8-10427 16—18 —15.1 14.0 41.5 13.7 3.54
El Yaral M8-10427-10 M8-10427 18—20 —14.8 13.2 41.8 13.6 3.58
El Yaral M8-10360-1 M8-10360 0—-2 —13.9 14.2 43.0 13.5 3.73
El Yaral M8-10360-2 M8-10360 2—4 —154 12.1 44.8 13.0 4.03
El Yaral M8-10360-3 M8-10360 4—6 —16.2 10.6 44.8 13.9 3.76
El Yaral M8-10360-4 M8-10360 6—8 —16.8 10.2 45.1 14.2 3.70
El Yaral M8-10360-5 M8-10360 8—10 —15.2 11.5 44.0 14.0 3.65
El Yaral M8-10360-6 M8-10360 10—12 —15.5 12.2 434 14.3 3.53
El Yaral M8-10360-7 M8-10360 12—14 —16.3 13.2 42.2 14.1 3.50
El Yaral M8-10360-8 M8-10360 14—16 —15.5 12.8 42.7 14.0 3.57
El Yaral M8-10360-9 MS8-10360 16—18 —16.2 12.7 43.4 14.0 3.61

values then steadily drop to 3'°N = 12.3%, in the hair segment
10—12 cm from her scalp, and then increase to 3'°N = 16.6%,
in the hair 24—26 cm from her scalp. Therefore, this woman
consumed the highest amounts of marine animals in approxi-
mately the last 2 months of her life, and again in the period of
approximately 20—26 months before death.

6.2. The Moquegua Valley site of El Yaral

At El Yaral, 8" Cyerain values are generally more negative
than those measured from hair from individuals buried at
Chiribaya Alta (Fig. 7, Table 3). In addition, while there is
variability in the 813Ckeraﬁn values in different hair segments
analyzed from the same individual, particularly M8-10200,
the range of values measured in one individual are smaller
than those measured in a single individual at Chiribaya
Alta. This implies that the 3'°C values of protein sources
are more homogenous over time at El Yaral. The 613Ckeraﬁn
values measured in hair segments at El Yaral correspond to

the use of C; plants or terrestrial animals. These values could
also correspond to the consumption of marine plants or
freshwater fish; this hypothesis will be tested and discussed
below.

Compared to the 3'°N values measured in hair samples
from Chiribaya Alta, the hair samples from EI Yaral have gen-
erally lower 3'°N values. The majority of 8'°N values in hair
from individuals buried at El Yaral range from 3'°N = 10.2—
14.39,, (Fig. 8, Table 3). These values correspond to a diet that
is lower in marine animals and may include the consumption of
marine plants, terrestrial animals and freshwater fish (Tieszen
and Chapman, 1992). However, one individual (M8-10200)
exhibits greater variability in 8'°N values, and particularly
shows an increase in d'°N values in the last 8—20 cm of
the hair shaft. The 3'°N values range from &'°N = 15.5—
17.89, and imply this individual consumed greater amounts
of marine animals during the period of approximately the 8—
20 months before death than in approximately the last
8 months before death.
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815N in Archaeological Human Hair Segments from
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Fig. 5. Nitrogen isotope data from Chiribaya Alta hair samples.

7. The behavior of carbon and nitrogen in
Chiribaya samples

Other scholars have argued that there is a 1—29,, enrich-
ment in 3"Cyerain values and a 2—3%, enrichment in 8'°N
values when compared to bone collagen (McCullagh et al.,
2005). Comparison of bone and hair values from the individ-
uals included in this study suggests that there is a 1.09,, enrich-
ment in 8">Cyeraiin values and 3'°N values in hair compared to
bone values. While mean A>C 14 bone = 1.7 £ 1.6%, (n =10,
1o) for the first segment of hair 0—2 cm from the scalp, by the
sixth segment of hair 10—12cm from the scalp, mean
ABC airbone = 1.0 £ 0.8%, (n=10, lo). Similarly, mean
AN Lair-bone = 2.4 & 1.8%, (n = 10, 10) for the first segment
of hair 0—2 cm from the scalp and mean AN Laicbone =
1.0£0.79, (n=10, 1o) for the sixth segment of hair
10—12 cm from the scalp.

8. Discussion: Chiribaya seasonality

Analysis of carbon isotopes in hair samples from individ-
uals buried at Chiribaya Alta shows values similar to those
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Fig. 6. Carbon and nitrogen isotope data from CHA-2059.

813C in Archaeological Human Hair Segments from El Yaral
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Fig. 7. Carbon isotope data from El Yaral hair samples.

published in previous paleodietary studies. Based on previous
3"3Ceottage OF archaeological human bone from Chiribaya Alta,
mean d 3Ccollagen =—13.14+1.99%, (n=285, 1o6) and mean
3" Copatite = —=9.0 £ 1.7%, (=49, 10) (Tomczak, 2003).
Carbon isotope values from Chiribaya Alta bone samples cor-
respond to both C,4 plants and marine products, although there
is much variability in the carbon isotope values from Chiri-
baya Alta bone (Tomczak, 2003). However, our work has dem-
onstrated that some individuals at Chiribaya Alta had quite
variable 8'3Cyerasn values in hair segments that formed over
approximately the last 2 years of life. Bone samples from
these individuals shows that 613C0011agen and 513Capame values
reflect the hair values. For example, 613Cm]1agen = —18.79, in
bone from CHA-2059, and the lowest hair value measured for
CHA-20590 was 8" Cyerain = —18.9%, in hair located 12—
16 cm from the scalp (Table 2). However, mean
3" Creratin = —16.4 & 2.6%, (n =13, 15) (Table 4). In other
words, the bone value masked the changes in 813Ckmﬁn values
throughout the last years of this individual’s life.

Nitrogen isotope values from Chiribaya Alta hair samples
are also similar to previously published values. Previous
paleodietary studies on nitrogen isotopes on archaeological
human bone from Chiribaya Alta showed that mean
3N =17.8+34%, (n=285, 1o) (Tomczak, 2003). The
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Fig. 8. Nitrogen isotope data from El Yaral hair samples.
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Table 4
A comparison of mean carbon and nitrogen data from human hair and carbon and nitrogen values in bone samples from Chiribaya-affiliated sites
Site Specimen number Mean BBCkemin 5]3Cw11.dgen Mean 8" Nieratin 31 Neoltagen
(J6o) (o) (oo) (o)
Chiribaya Alta CHA-1000 —14.6 —13.8 16.8 15.9
Chiribaya Alta CHA-2291 —15.5 —14.1 18.1 15.8
Chiribaya Alta CHA-2059 —-174 —18.7 14.5 12.4
Chiribaya Alta CHA-2728 —14.2 —12.1 18.4 19.0
El Yaral M8-10024 —-17.6 —17.8 13.8 12.2
El Yaral M8-10200 —14.8 —12.7 14.9 15.8
El Yaral M8-10593 —14.9 —15.6 13.3 13.7
El Yaral M8-10427 —15.3 —14.0 12.3 10.3
El Yaral M8-10360 —15.6 —14.1 12.2 10.7

hair keratin and bone collagen values imply that individuals
buried at Chiribaya Alta had access to marine products, but
that some individuals had less access and that at least one in-
dividual exhibited seasonal variability in marine food con-
sumption. Interestingly, the highest variability in both
3" Ceratin and 8N values was found in the same individual,
CHA-2059 (Fig. 6). The lowest 3'°N values are found in hair
segments 8—20 cm from the scalp, which implies that this in-
dividual consumed fewer marine products in approximately
the last 8—20 months before death. Similarly, in this individual
the lowest 513Ckemin values occur in the hair segments 12—
16 cm from her scalp. These values imply that there was a
period of approximately 8—20 months before death when
this individual consumed larger amounts of C4 plants such
as maize at the same time that she consumed smaller amounts
of marine products. This is the clearest case of seasonal differ-
ences in Chiribaya diet.

The observed intra- and inter-individual variability in
3" Cerain and 8N values in hair from Chiribaya Alta could
be explained by a number of different environmental, social,
and political factors. There are no clear sex differences in
these variable patterns of seasonal differences in 613Ckeraﬁn
and 3N values, and adult females and males exhibit both
low and high variability in their 3"3Creratin and 3'°N values
in hair. However, there may be temporal trends in seasonal
variability at Chiribaya Alta. The most variability in hair
3" Creratin and d'°N values is seen in an adult female who
was buried in cemetery 9 (CHA-2059), which dates to AD
850—1150, along with cemeteries 1, 2, 4, and 5 (Lozada Cerna
and Buikstra, 2002). The earliest calibrated radiocarbon dates
at Chiribaya Alta are found in cemeteries 3 and 7, which date
to approximately AD 750—850 (Lozada Cerna and Buikstra,
2002), and one individual from cemetery 3 exhibits variability
in 8"3Cyerain values (CHA-2728). Finally, the youngest ceme-
teries at Chiribaya Alta, cemeteries 6 and 8, date to AD 105—
1150 (Lozada Cerna and Buikstra, 2002). Seasonal variability
does not seem to be large during this time period. If the vari-
ability seen in seasonal paleodietary trends is due to temporal
factors, it could be the result of poor harvests caused by El
Nifo events, or less trade due to changes in economic and so-
cial relationships.

It may also be the case that variability in Chiribaya Alta
hair samples reflects residential mobility and movement

between different environmental and/or geologic zones. Future
strontium and oxygen isotope analysis of enamel, hair and
bone from these individuals could test this hypothesis. Finally,
it is possible that the observed intra- and inter-individual var-
iability reflects social practices. For example, it is possible that
certain individuals did not have the social networks necessary
to provide a steady supply of marine and agricultural products
throughout the year.

This variability in 8'>Cyerain values in hair was not observed
at El Yaral, where 613Ckmﬁn values were more homogeneous
over 20 cm of hair growth, or approximately the last 20 months
before death. Previous paleodietary studies on carbon isotopes
on archaeological human bone collagen from El Yaral showed
that mean 5‘3ccouagen = —14.0 + 1.69, (n = 27, 16) and mean
3" Copatite = —83 £ 1.1%, (n=4, 10) (Tomczak, 2003).
Tomczak (2003) interpreted these data as a greater reliance
on terrestrial foods at El Yaral than at other Chiribaya-affiliated
sites, and pointed out that the data could be explained by a diet
made up of C4 carbohydrates and C; protein sources. As shown
in Tables 2 and 4, the 613Cw1]agen and E‘>13Capaﬁte values from
bone generated in this study are similar to Tomczak’s values.

At El Yaral, previous paleodietary studies on nitrogen iso-
topes on archaeological human bone from El Yaral showed
that mean 8N =11.8+2.0%, (n=27, lo) (Tomczak,
2003). Based on bone 3'°N values, Tomczak (2003) argued
that inhabitants of El Yaral consumed more terrestrial and
less marine products than inhabitants of Chiribaya-affiliated
sites on the coast. Hair 3'°N values were generally similar
to the bone values (Table 4), and implied that most individuals
included in this study from El Yaral (M8-10427, M8-10360,
and M8-10024) did not consume large amounts of marine
products. However, one adult male buried at El Yaral (M8-
10200) consumed higher amounts of marine products during
the period of approximately the last 8—20 months of his life,
based on 3'°N in hair; this individual also consumed variable
amounts of C4 plants, and had the highest 613Ckmﬁn values in
hair that was 10—12 cm from his scalp. Tomczak measured
3'°N = 14.0%, in this individual’s bone, while this analysis
generated 3'°N = 15.8%, (Table 2). Although bone collagen
values provided a very useful paleodiet average, analysis of
this individual’s hair shows a surprising amount of variability
in marine food consumption. It is possible that this individual
received marine products traded from the coast, unlike most of
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the inhabitants at El Yaral. It is also possible that this individ-
ual moved between the coast, where he consumed marine
products, and the mid-valley region near El Yaral, where he
consumed more terrestrial foods. If this is the case, then this
individual appears to have returned to El Yaral in approxi-
mately the last 8 months of his life and was then buried there.
Comparing the strontium and oxygen isotopes of dental and
skeletal elements that formed at earlier times in this individu-
al’s life as well as in his last months will allow us to explore
patterns of movement at different stages of his life and to thus
more fully understand his life history.

9. Conclusion

In conclusion, carbon and nitrogen isotope analyses of
archaeological human hair from Chiribaya Alta and El Yaral
have demonstrated seasonal variation in the consumption of
marine products and C,4 plants such as maize. Interestingly,
seasonal variations are not uniform between the 10 individuals
included in this study. The most seasonal variation is observed
in individuals who had been buried at Chiribaya Alta. When
compared to other Chiribaya-affiliated sites, Chiribaya Alta
also exhibits the most variability in mortuary artifact assem-
blages, cranial modification styles, carbon and nitrogen bone
collagen values, and enamel and bone strontium isotope ratios
(Lozada Cerna and Buikstra, 2002; Tomczak, 2003). The sea-
sonal variability in 3"3Creratin and 3'°N values in human hair
at Chiribaya Alta may result from increased access to resources
from a variety of ecological zones, or it may support the
hypothesis that Chiribaya Alta was a burial ground for individ-
uals from a variety of Chiribaya sites. Although most individuals
sampled from El Yaral exhibited homogeneity in the ! 3Ckmtin
and "N values during the last months of their lives, at least one
individual buried at El Yaral consumed large amounts of marine
products before death, despite his burial in an inland site where
most individuals consumed a largely terrestrial diet.
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