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This study presents carbon and nitrogen isotopic compositions for bone collagen and serially sampled
hair from a large collection of South American camelids from two Early Intermediate Period (c. 200 BC
to AD 800) sites (Huaca Gallinazo and Huaca Santa Clara) in the Virú Valley (north coast of Peru). The iso-
topic compositions of these camelids are consistent with plant isotopic compositions from coastal and
low altitude settings, but not from high altitude environments, suggesting that at least some of these ani-
mals were raised locally. We present several methodological approaches with respect to the treatment of
isotopic data from archaeological contexts, outlining quantitative approaches that can provide consider-
able insight into isotopic variation (within groups, within individuals, between groups, between individ-
uals), as well as temporal variation in isotopic compositions in incrementally growing tissues. We
contend that focusing explicitly on variation in animal life histories has the greatest potential with
respect to better understanding human–animal interactions in the past. The results demonstrate a large
amount of isotopic variability among individuals and an inconsistent amount of within-individual vari-
ation, with no consistent shift in the diet leading up to the time of death for a group of animals from a
single ritual event. This result suggests that camelid husbandry in the Virú Valley was a small-scale activ-
ity, with groups of camelids being managed by families or other small social units. Animals were likely
kept primarily in close association to human habitation sites and provided with a diverse array of fodder.
These prolonged interactions, occurring at a limited spatial scale, would have allowed a high degree of
mutual familiarity to develop between humans and animals. Isotopic compositions for late Middle Hori-
zon (c. AD 1100) sacrificed llamas from Huaca Santa Clara are consistent with Early Intermediate Period
camelids, suggesting temporal stability in this small-scale camelid management strategy on the coast,
which was fundamentally different from camelid herding in the pastures of the Andean highlands. Isoto-
pic analysis of prehistoric livestock has great potential with respect to better understanding animal hus-
bandry practices and human–animal interactions in the broadest sense because the data provide insight
into the ways in which animals lived, rather than the manner in which they died. The variation-centered
methodologies outlined in this paper provide a framework with which to approach some of these issues,
highlighting the significance of understanding variability in livestock life histories.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

The interaction between humans and non-human animals is a
topic of immense importance in anthropology. Shipman (2010)
has proposed that the manner in which humans interact with other
animals (the ‘animal connection’) can be placed alongside tool
making, symbolism, and language as behaviors that define humans
as a species. Until very recently, anthropologists and archaeologists
have viewed animals primarily through two lenses: subsistence
and symbolism (Mullin, 1999; Shanklin, 1985). In recent years,
there has been increased interest in the study of human–animal
interactions that attempt to move beyond the symbolic importance
of animals wherein they are passive reflections of human society
(that animals are good to think with, following Lévi-Strauss,
1962), and instead sees animals as active agents that are part of
human society (Knight, 2005) — in other words, that animals are
good to live with (following Haraway, 2008). As part of this turn
in human–animal studies, there has been a call to move away from
strictly anthropocentric studies of animals, and towards what
Kohn (2007, p. 4) has called an ‘‘anthropology of life’’, one that is
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explicitly concerned with human entanglements with other living
beings, how they interact with, shape, and are shaped by one
another, within larger cultural, economic, and political contexts
(Kirksey and Helmreich, 2010).

An important aspect of human–animal studies relates to scale.
Most focus on various aggregations of animals (herds, entire spe-
cies, or other folk/taxonomic classifications), although several
authors have highlighted the importance of accounting for the lived
experiences of individual animals (Alger and Alger, 2003; Argent,
2010; Bear, 2011). The recognition of the very individualized nature
of human–animal relationships has primarily been discussed
within the context of companion (Haraway, 2003, 2006, 2008;
Power, 2008) and working animals (Hart, 2005; Lawrence, 1985).
These approaches have not been extensively applied to livestock
(but see Abbink, 2003; Dwyer and Minnegal, 2005). Regarding live-
stock, however, Knight (2005, p. 5) points out that ‘‘a preoccupation
with the outcome of the relationship (slaughter for meat) is apt to
conceal the protracted relationship of nurturance and care that pre-
cedes it.’’ Traditional zooarchaeological research tends to empha-
size this aspect of human–animal relationships: slaughter,
butchery, and the incorporation of the carcass into the archaeolog-
ical record. These activities represent a very limited number of
interactions that occur within the context of a much larger and
more complex relationship between humans and livestock. This is
not to suggest that the economic role of animals be discounted,
but it must be recognized that there may be a significant ontological
distinction between a living animal and an animal carcass, whereby
the treatment of the latter does not necessarily reflect the human–
animal inter-subjectivity prior to the animal’s death (Herva and
Salmi, 2010). If the ultimate goal of zooarchaeological research is
to better understand the interactions between humans and other
animal species (Reitz and Wing, 2008), and we accept the premise
that the best manner in which to do so for agropastoral societies
is to focus on lived interactions between humans and animals
(Knight, 2012), a focus on slaughter, butchery, and carcass disposal
falls short. It is, however, not sufficient to simply layer theoretical
perspectives concerning human–animal interactions atop data that
do not speak directly to these issues. Instead, methodologies that
provide insight into the interactions between living animals and
humans are necessary to complement traditional lines of evidence
and begin to move beyond the study of the roles of animals in pre-
historic subsistence economies (economic reductionism) and their
discursive representations (symbolic reductionism) to one that
focuses on the nature of lived interspecies entanglements.

Difficulties arise in archaeological contexts, however, where
human–animal interactions cannot be observed directly, and the
basis for interpretation necessarily starts with the remains of the
animal carcass and the context associated with its disposal. To cir-
cumvent this problem, we must look to indirect evidence or ‘traces’
to better understand animal lives (for a modern, non-isotopic
example see Hinchliffe et al., 2005). Stable isotope analysis of ani-
mal tissues is one of several techniques that provide insight into
various aspects of animal life histories. Because certain tissues
(teeth, hair, nail, whisker) grow at discrete intervals or continu-
ously, diachronic isotopic analyses of these tissues can provide
high-resolution life histories of individuals, reflecting temporal
shifts in diet, residence, and potentially health (Balasse et al.,
2001; Knudson et al., 2007; White et al., 2009). Within the context
of bioarchaeology, most analyses have been concerned with issues
at the population or regional level, but a more detailed under-
standing of larger social processes may be reached through a con-
certed focus on individuals as well as populations (Knudson and
Stojanowski, 2008). The same logic applies in zooarchaeological
studies that seek to better understand the interactions between
humans and domestic animals, and it is important to recognize
that relationships formed between humans and animals may take
on a very individualized nature (Alger and Alger, 2003; Argent,
2010; Haraway, 2003, 2006, 2008; Power, 2008). Somewhat analo-
gously, there has been a recent trend in ecological research to rec-
ognize the importance of variation at the individual level (e.g.
foraging specializations), which has been addressed via isotopic
analysis in a number of studies (Cherel et al., 2007; Matich et al.,
2011; Newsome et al., 2009; Szpak et al., 2012c). This has led to
the development of several interpretive techniques, which have
not been employed in archaeological contexts but can be used to
assess and compare variation both between and within groups
and/or individuals (e.g. Jackson et al., 2011; Layman et al., 2007;
Martínez del Rio et al., 2009). In the context of social zooarchaeol-
ogy (Marciniak, 2005; Oma and Hedeager, 2010; Russell, 2012)
these techniques have tremendous potential because, provided
that samples sizes are robust, they offer a tangible means with
which to reconstruct the nature of and variation in how individual
animals lived and how their lives were shaped by the humans with
whom their lives were entangled. There has been some recognition
of individual variation in companion animals in archaeological
contexts, with a number of studies examining the differential
treatment of dogs in mortuary contexts (e.g. Byrd et al., 2013;
Losey et al., 2011; Prummel, 2006). A number of studies have
examined the importance of livestock, particularly in ritual and
mortuary settings (Goepfert, 2012; Russell and During, 2006;
Salmi et al., 2011), although this research tends to be largely qual-
itative and focused on symbolic aspects of animals (but see
Whittle, 2003). Relatively little attention has been paid to the
importance and meaning of individual variation in livestock life-
ways in archaeological contexts and what this might mean in
terms of human–animal interactions (but see deFrance (2010) for
a paleopathological example).
2. South American camelids

The South American camelids (hereafter simply camelids)
include two domestic (llama and alpaca) and two wild species (vic-
uña and guanaco). The differentiation of camelid species on the
basis of postcranial skeletal morphology is very difficult; accord-
ingly, throughout this paper, discussion focuses generally on
‘camelids’, except in cases where dental and/or soft tissue preser-
vation allow for the assignation of individual animals to a particu-
lar species (Wheeler et al., 1995).

It is widely recognized that camelids were of tremendous eco-
nomic, social, political, and ritual significance to various groups
throughout the prehispanic Andes (Bonavia, 2008). Views of came-
lids and camelid herding in the region have been largely shaped by
ethnographic and ethnohistoric accounts of camelid pastoralism,
which have been limited to high altitude pasturelands (e.g.
Flores-Ochoa, 1979; Murra, 1965; Tomka, 1992). The introduction
of European domesticates (e.g. cattle, sheep, pig, donkey) begin-
ning in the sixteenth century drastically reduced the geographic
range and number of camelids in the Andes (Bonavia, 2008) and
several authors have suggested that camelids were herded in a
much wider variety of environments prior to the arrival of the
Spanish (Dufour et al., 2014; Goepfert, 2012; Goepfert et al.,
2013; Thornton et al., 2011), including the arid coastal region of
northern Peru (Shimada and Shimada, 1985). Many questions
remain, however, regarding the nature of camelid herding outside
of the high altitude zones of the Andes.

Traditional accounts of camelid husbandry in the Andean region
have discussed fairly large herds that graze on high altitude pas-
turelands in the puna (3800–4800 masl) or high sierra (2500–
3800 masl) (Flannery et al., 1989; Flores-Ochoa, 1979). Today,
herds are of mixed composition, typically consisting of alpacas,
sheep, goats, and in some cases cattle (at lower altitudes). Herding
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strategies in recent times are thus heavily influenced by the pres-
ence of European domesticates. Accordingly, we have no readily
applicable Andean analogs of camelid husbandry in (1) coastal or
low altitude environments, or (2) in more urbanized settings.

3. Research questions and expectations

This study examines camelid husbandry in the Virú Valley
(north coast of Peru) through the isotopic analysis of faunal mate-
rial derived from two sites: Huaca Gallinazo and Huaca Santa Clara.
We address the long-standing question of whether or not camelids
were raised on the north coast of Peru (Shimada and Shimada,
1985), with a focus on the Virú Valley during the Early Intermedi-
ate Period and late Middle Horizon. Isotopic data from archaeolog-
ical camelids are interpreted in light of isotopic surveys of wild and
cultivated plants sampled along an altitudinal transect in northern
Peru (Szpak et al., 2013b) as well as isotopic data derived from
modern camelids raised in the highlands, which serve as isotopic
baselines for animals raised in these environments. On the basis
of previous isotopic studies of camelids (DeNiro, 1988; Dufour
et al., 2014; Thornton et al., 2011; Verano and DeNiro, 1993), we
except animals raised in the highlands to have diets composed pre-
dominantly of C3 plants, while animals from the coast should have
diets with substantially higher amounts of C4 plants.

In a more general sense, we explore how humans and camelids
lived together on the north coast of Peru during the Early Interme-
diate Period and Middle Horizon in a way that is theoretically driven
by contemporary discussions of human–animal entanglements
Fig. 1. (A) Map of the Virú Valley showing selected EIP sites. Note that Huaca Gallinazo is
sectors discussed in the text and the location of the sacrificial event involving the llama
(Kohn, 2007). To do so, we shift the focus away from dietary
composition and instead highlight dietary variation, describing
how the individualized nature of human–animal interactions can
be assessed using isotopic data. We address the importance of
within-group and within-individual isotopic variation, how this
variation can be characterized, quantified, and compared, and how
it provides a real indicator of the variability in past livestock life-
ways. For animals that lived together in the same environment
and consumed similar foods, we expect various indicators of
inter-individual dietary variation to be low. For indicators of intra-
individual dietary variation, we would expect similar diachronic
patterns among individuals, with either large variation (indicative
of seasonal changes or movements) or small variation (indicative
of consistent diet throughout the year) occurring amongst all indi-
viduals. For animals that were not raised together (either due to
large geographic separation or small-scale spatial segregation), we
expect indicators of inter-individual variation to be high. For indica-
tors of intra individual dietary variation, we would expect inconsis-
tent patterns for animals herded in different locations or in the same
locations but under different conditions. We utilize these variation
metrics to assess the scale of camelid husbandry in the Virú Valley
specifically, while linking these issues with larger theoretical
discussions in human–animal studies in general.

4. Archaeological context

Materials analyzed in this study are derived from two Early
Intermediate Period (EIP, c. 100 BC to AD 700) sites in the Virú
part of the Gallinazo Group. (B) Aerial photograph of Huaca Santa Clara showing the
s. (C) Map of Peru showing the location of the Virú Valley.
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Valley (Fig. 1A). The culture history of the Peruvian north coast was
extremely dynamic, particularly during the EIP, and is only begin-
ning to be understood in light of recent excavations, re-evaluations
of ceramic chronologies, and radiocarbon dating programs
(Millaire and Morlion, 2009; Millaire, 2010b). During the EIP in
Virú, there were significant increases in population size and agri-
cultural productivity, a four-tiered settlement hierarchy, expansion
of large-scale irrigation networks, the emergence of urban settle-
ments, and a unified political command over the entire Virú Valley
(Fogel, 1993; Millaire, 2010b; Willey, 1953) with its capital at the
Gallinazo Group (Millaire and Eastaugh, 2011). On these bases, the
Virú polity appears to have developed the political structure asso-
ciated with archaic states (Fogel, 1993; Millaire, 2010b).

The Virú polity is associated with a distinctive resist-painted
ceramic style (previously known as Gallinazo Negative), which is
largely restricted to the Virú Valley (Fig. 2). Previously, this style
was treated as one part of a larger ceramic tradition (including Gal-
linazo domestic wares that were very widely distributed on the
Peruvian north coast) and was considered to be characteristic of
the ‘Gallinazo culture’, approximately contemporary with Moche
material culture (Bennett, 1950; Fogel, 1993; Strong and Evans,
1952). In light of recent reappraisals of the nature of this material
Fig. 2. Representations of ceramics typical of the styles discussed in the text. Photograph
ML016251, ML018016), middle row (ML000566, ML000002, ML002335), bottom row (M
culture (Millaire and Morlion, 2009), we use the term Virú to refer
to the political entity associated with the Virú Negative material
culture (sensu Larco Hoyle, 1945). In this schema, Virú is one of
several EIP political entities on the north coast roughly contempo-
raneous with Moche, and the Gallinazo incised and appliqued
domestic wares do not correspond with any single political entity
or cultural group, but are simply a regional domestic ceramic
tradition.

The first site from which material was collected, Huaca Galli-
nazo (V–59), is the largest of the central group of mounds that
comprise the Gallinazo Group, covering over 40 ha and located c.
5 km from the coast (Fig. 1A). It is estimated that the population
of the Gallinazo Group during the EIP may have been between
10,000 and 14,400 (Millaire and Eastaugh, 2011). Several authors
have proposed that the Gallinazo Group functioned as the capital
or central administrative center for a political entity of varying
sizes � depending largely upon the interpretation of ceramic styles
(Bennett, 1950; Fogel, 1993; Millaire, 2010b). Intensive excava-
tions were carried out at the Gallinazo Group in the middle part
of the twentieth century (Bennett, 1950; Strong and Evans,
1952), revealing a long history of occupation. More recent excava-
tions and associated radiometric dating have demonstrated that
s courtesy of Museo Larco, Catalog Numbers from left to right: top row (ML016110,
L018888, ML010467, ML016321).



Table 1
Estimated ages for sacrificed camelids from Huaca Santa Clara (Millaire, in press).

Specimen ID Estimated age Tissue(s) sampleda Notes

Llama 2 <3 months Bone
Llama 3 <3 months Bone
Llama 4 <3 months Bone, Hair (6)
Llama 5 <3 months Bone, Hair (4)
Llama 6 3–6 months Bone, Hair (5)
Llama 7 <3 months Bone
Llama 8 <3 months Bone, Hair (4)
Llama 9 <3 months Bone
Llama 10 <3 months Bone
Llama 12 <3 months Bone
Llama 13 Juvenile Bone Cranium missing
Llama 14 Juvenile Bone Cranium missing
Llama 15 <3 months Bone
Llama 16 <3 months Bone
Llama 17 Juvenile Bone, Hair (7) Cranium missing
Llama 18 <3 months Bone
Llama 19 <3 months Bone, Hair (9)
Llama 20 3 to 6 months Bone
Llama 21 <3 months Bone
Llama 22 <3 months Bone, Hair (8)
Llama 23 <3 months Bone
Llama 24 <3 months Bone
Llama 25 3 to 6 months Bone, Hair (7)
Llama 26 <3 months Bone, Hair (10)
Llama 27 <3 months Bone

a Numbers in parentheses indicate the number of 1 cm hair segments that were
sampled from a given llama.
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the occupation of the main residential sector at the site dates back
to at least 50 BC and may have continued for seven centuries
(Millaire, 2010b). The most salient structure at Huaca Gallinazo
is a very large civic building, which was likely constructed around
AD 50 (Millaire, 2010b). Camelid material sampled from this site is
derived from fills associated with two periods, the first (n = 13)
corresponding to c. 50 BC to AD 250 and the second (n = 43) corre-
sponding to the ultimate and penultimate occupation levels, dated
to between c. AD 250 and 450.

The second site (Huaca Santa Clara, V–67), located about 15 km
inland from Huaca Gallinazo, has been interpreted as a regional
administrative center (Millaire, 2010a). A mid-sized site, Huaca
Santa Clara consists of a number of adobe buildings constructed on
a natural hill. On the basis of a series of radiocarbon dates, the occu-
pation of the site dates from 160 BC to AD 780 (Millaire, 2010a) and it
is contemporaneous with the main period of occupation at Huaca
Gallinazo. The administrative nature of the site was suggested on
the basis of substantial agricultural storage facilities (Sectors II, IV,
VI), as well as by the elite character of the material culture associated
with the storage facilities and the large adobe platform atop the hill
(Sector I). The storage facilities were built on the lower terraces
along the edges of the mound; small residential structures were con-
structed at the base of the mound (Sectors III, V, VII; Fig. 1B). Camelid
material sampled from EIP contexts at this site (n = 43) is derived
from fills associated with the ultimate and penultimate occupation
levels, which date to between c. AD 400 and 600.

Following the abandonment of Huaca Santa Clara towards the
end of the EIP, the site was later reused for the purpose of a ritual
event (c. AD 1100), a practice that appears to have been a some-
what widespread phenomenon on the north coast of Peru in the
late Middle Horizon to early Late Intermediate Period (c. AD
800–1200) (Millaire and Surette, 2011; Millaire, in press). This rit-
ual event involved the burial of a young female wrapped in an
elaborate textile bundle, accompanied by five other young individ-
uals, as well as 28 immature llamas. In this case, because the
remains of the animals were (in most cases) complete or nearly
complete (Fig. 3), it is possible to identify them as llamas. Of these
28 llamas, 25 were sampled for isotopic analysis of bone collagen
and hair samples were taken from 9 individuals (Table 1). Similar
ritual events have been described at other sites in the Virú and
Fig. 3. Examples of sacrificed llam
Moche Valleys where immature llamas were sacrificed at previ-
ously abandoned settlements (Millaire, in press).
5. Isotopic ecology of the northern Peruvian Andes

The carbon (d13C) and nitrogen (d15N) isotopic compositions of an
animal’s tissues reflect a weighted average of the foods consumed
during the period when the tissues formed (DeNiro and Epstein,
1978, 1981). In terrestrial ecosystems, d13C and d15N values at the
base of the food web (in plants and soils) vary with respect to a num-
ber of environmental parameters (reviewed by Craine et al., 2009;
Hobbie and Ouimette, 2009; Hobbie and Högberg, 2012; Högberg,
as from Huaca Santa Clara.
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1997; Kohn, 2010; Peterson and Fry, 1987; Szpak, 2014; Tieszen and
Boutton, 1989), several of which are particularly relevant to the wes-
tern slope of the Andes (Szpak et al., 2013b). Moving from the Pacific
coast into the Andean highlands, large changes in mean annual tem-
perature and rainfall occur with annual precipitation increasing and
temperature decreasing with altitude. These environmental
changes have important isotopic consequences.

The d13C values of the two main types of terrestrial plants (C3

and C4) are distinct, with mean d13C values of c. �12‰ for C4 plants
(mainly grasses adapted to hot, arid conditions) and c. �26‰ for C3

plants (the majority of terrestrial plants) (Smith and Epstein,
1971). In the Andean region of South America, C4 plants are rela-
tively rare at high altitude locations (Boom et al., 2001; Szpak
et al., 2013b), which tend to be cooler and wetter than the low alti-
tude and coastal regions. C3 plant carbon isotopic compositions
tend to become less depleted of 13C in arid environments
(Vitousek et al., 1990), although the effects of altitude on plant leaf
morphology and associated changes in photosynthetic capacity
counter this effect in the Andes (Szpak et al., 2013b).

The trend of increasing temperature and precipitation with alti-
tude in the region influences the nitrogen isotopic composition of
soils and plants (Szpak et al., 2013b). Hot and arid ecosystems
are characterized by relatively high d15N values due to various bio-
geochemical processes that favor the loss of the lighter isotope
(14N), driven by the ‘openness’ of these ecosystems (Amundson
et al., 2003; Craine et al., 2009; Handley et al., 1999; Szpak,
2014). Several authors have suggested that arid conditions directly
cause relatively high d15N values in animal tissues due to various
metabolic processes associated with N excretion and water conser-
vation (following Ambrose and DeNiro, 1987). More recently, how-
ever, a much clearer link between plant (and presumably soil)
nitrogen isotopic compositions and rainfall has been found
(Hartman, 2011; Murphy and Bowman, 2006), suggesting that
the 15N-enriched herbivore tissues that have been observed are lar-
gely, or wholly, driven by isotopic variation in the diet. Overall
then, there is a general pattern of higher carbon and nitrogen iso-
topic compositions in plant tissues (on average) at coastal and low
altitude sites relative to high altitude sites (Szpak et al., 2013b).

Agricultural plants are less sensitive to these environmental
effects on tissue isotopic compositions. Specifically, because agri-
cultural plants may be supplied with supplemental water through
irrigation (especially on the coast of Peru), the effects of water-
availability on plant d13C and d15N values may be minimized. For
example, wild plants (leaves) sampled from coastal sites in the
Moche River Valley had d15N values as high as +17‰ (Szpak
et al., 2013b), while the highest d15N value observed for unfertil-
ized maize leaves grown under irrigation agriculture in the nearby
Virú Valley was +6.4‰ (Szpak et al., 2012b). Additionally, agricul-
tural plants may be treated with a number of organic fertilizers,
which can have moderate (+2‰ to +4‰ for camelid dung) to
extreme (>+20‰ for seabird guano) impacts on plant nitrogen iso-
topic compositions (Szpak et al., 2012a, 2012b, 2014). The nitrogen
isotopic compositions of agricultural plants grown on the coast are,
therefore, difficult to predict with a high degree of precision in the
absence of isotopic measurements of contextually associated
archaeobotanical material. Nevertheless, the range of possible iso-
topic compositions for these plants, at the very least, added to the
isotopic complexity of the local food web.
6. Materials and methods

6.1. Materials

For comparative purposes, modern camelid specimens (hair and
bone) were collected from five high altitude locations in northern
Peru (3182–3595 masl, Supplementary .kml file). These data allow
us to test the assumption that camelids raised at high altitudes in
northern Peru would be characterized by diets dominated by C3

plants. Archaeological camelids were sampled from EIP contexts
at Huaca Santa Clara (AD 400–600, n = 43) and Huaca Gallinazo
(c. 50 BC�AD 250, n = 13; c. AD 250–450, n = 43), and the late Mid-
dle Horizon sacrificial event at Huaca Santa Clara (c. AD 1100,
n = 25). For these sacrificed animals (n = 9), as well as a smaller
number of butchered animals (n = 5), high levels of organic preser-
vation facilitated the collection of hair samples with adhering skin,
allowing for the diachronic analysis of isotopic compositions.

6.2. Isotopic methodology

Bone collagen was extracted using a modified Longin (1971)
method, as described in detail elsewhere (Szpak, 2013). Hair sam-
ples were cleaned of adhering particulate matter and loose hairs
with fine forceps and a dental pick. Hair was sampled at 1 cm
increments wherever possible – hair that was either too short
(<2 cm), or could not be definitively associated with skin was not
sampled incrementally, but was sampled in bulk. Hair samples
(incremental and bulk) were placed into glass tubes and sonicated
in deionized water for 20 min to remove any additional adhering
particulate matter. Samples were isolated by centrifugation and
air-dried at 60 �C, and treated with 2:1 chloroform:methanol. Sam-
ples were air-dried at 60 �C and then minced as finely as possible.

Isotopic and elemental compositions were determined using
either a Thermo Finnigan DeltaPLUS XL or Thermo Scientific Delta
V Plus continuous flow, isotope-ratio mass spectrometer coupled
to a Costech Elemental Analyzer at the Laboratory for Stable Iso-
tope Science (The University of Western Ontario). Details for sam-
ple calibrations, analytical accuracy and precision are summarized
in Table S1.

6.3. Data treatment

Isotopic data that are used primarily in ecological and archaeo-
logical studies (d13C, d15N) are most commonly plotted as points
(x,y) in bivariate space because the relationships between isotopic
data (relative to one another, or relative to food sources) are qual-
itatively meaningful when illustrated this way. Several metrics uti-
lized in this paper take advantage of this visually or qualitatively
meaningful way of plotting bivariate isotopic data (also see
Grove and Pearson (2013) for a quantitative example). We further
employ a number of quantitative measures that follow the same
logic.

1. Ranges for carbon (CR) and nitrogen (NR) isotopic
compositions.

2. Convex hull area (CHA), which is the minimum area convex
polygon that encloses all of the data in bivariate space
(Layman et al., 2007). CHA reflects total bivariate isotopic
variability, but is particularly sensitive to small sample size
and can be drastically changed by extreme values or
outliers.

3. Mean neighbor distance (MND), which is the mean Euclid-
ian distance between each individual and every other indi-
vidual within the group. MND reflects how evenly
distributed isotopic data are within bivariate space.

4. Standard ellipse area (SEA), which is the area of the bivar-
iate ellipse with its centroid at the mean x (d13C) and y
(d15N) values (Jackson et al., 2011). The standard ellipse is
defined in the most basic sense on the basis of the mean
and standard deviation of the two sets of data (in this case
d13C and d15N) as well as their correlation coefficient
(Batschelet, 1981, pp. 129–158). Related to the basic SEA
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are SEAc and SEAb (Jackson et al., 2011). The standard
ellipse area corrected for small sample size (SEAc) has the
same proportions as SEA, but the size of the ellipse is
adjusted for sample size as described by Jackson et al.
(2011). The standard ellipse area Bayesian (SEAb) is defined
as the areas of the bivariate ellipses generated using a
Bayesian framework, where a defined number of iterative
draws (typically between 104 and 106) from a Markov chain
Monte Carlo simulation are used to generate a robust num-
ber of areas. The series of SEAb values generated for a given
dataset can be easily compared to other similar datasets,
and Jackson et al. (2011) suggest that for comparative pur-
poses, SEAb is the most robust metric and in fact better
accounts for small sample sizes than does SEAc.

For camelids analyzed in this study, within-group variation was
compared between groups using the SEAb metric (106 iterations).
Similarity between groups was assessed using the extent of over-
lap between the CHA and SEAc, respectively. All analyses described
in this section were performed using the open source statistical
computing package R (R Development Core Team, 2007) for Mac
OS X, utilizing the SIBER (stable isotope Bayesian ellipses in R)
scripts (Jackson et al., 2011) within the SIAR (stable isotope analy-
sis in R) package (Parnell et al., 2010).
Fig. 4. SEAc for modern camelids. Shaded circles represent data for bone collagen:
(1) northern Peruvian highlands (this study), (2) unknown Peruvian highlands
(Schoeninger and DeNiro, 1984) and (3) Upper Mantoro Valley (Thornton et al.,
2011). Open ellipses (SEAc) with solid lines each represent serially sampled hair for
individual camelids from the northern Peruvian highlands. The open ellipse with
the broken line represents bulk hair sampled from three camelid species (llama,
alpaca, vicuña) from the northern Peruvian highlands. Hair (keratin) d13C values
have been adjusted upwards by +1.3‰ as described in the text. Carbon isotopic
compositions for modern animals have been adjusted upwards by +1.5‰ to account
for the Suess Effect (Yakir, 2011).

Table 2
Variability metrics for modern camelids (serially sampled hair for individual camelids).

Sample ID Species Elevation (masl) Segments

AIS 210 Alpaca 3388 11
AIS 212 Alpaca 3388 5
AIS 227 Alpaca 3388 7
AIS 228 Alpaca 3388 6
AIS 203 Alpaca 3469 7
AIS 204 Alpaca 3469 16
AIS 205 Alpaca 3469 11
AIS 520 Llama 3595 4
AIS 521 Alpaca 3595 11
To compare within-individual isotopic variation (differences
between long-term [bone collagen] and short-term [hair]) dietary
signals, circular statistics were employed to quantify the magni-
tude and direction of dietary change (Schmidt et al., 2007). This
approach generates metrics both for the direction of change (the
mean angle of the change, �a) and the dispersion of that change
(the mean vector length for all paired data, r, and the angular devi-
ation, s). The latter two metrics (r and s) provide information with
respect to the consistency of change, with larger values of r and
smaller values of s being associated with consistent change.

For direct comparisons of isotopic compositions derived from
different tissues, it is important to account for potential changes
in tissue�diet fractionation (denoted with a capital delta, D). For
mammalian bone collagen, the following tissue–diet fractionations
were used: +3.7‰ for D13C and +3.6‰ for D15N (Szpak et al.,
2012c). For mammalian hair keratin, a review of published litera-
ture yielded the following tissue–diet fractionation factors:
+2.4‰ for D13C (n = 14) and +3.5‰ for D15N (n = 9) (Szpak,
2013). On this basis D15Nkeratin–diet and D15Ncollagen–diet were
assumed to be the same, but the higher value for D13Ccollagen–diet,
meant that an adjustment was necessary to directly compare car-
bon isotopic compositions of bone collagen and hair. To this end,
when hair and bone collagen isotopic compositions were plotted
together, d13Ckeratin values were increased by 1.3‰.
7. Results

7.1. Modern highland camelids

In order to determine whether or not the isotopic compositions
of archaeological coastal camelids are distinct from those of mod-
ern camelids herded in the high-altitude regions of the Andes, it is
first necessary to establish what is expected isotopically of came-
lids herded at high altitudes. Carbon and nitrogen isotopic compo-
sitions of modern highland animals are presented in Fig. 4 as
standard ellipse areas corrected for sample size (SEAc). Isotopic
and elemental data for all modern camelids are presented in
Table S2. These data are derived from bone collagen, bulk hair,
and serially sampled hair. The modern camelids are characterized
by low d13C and d15N values, consistent with a diet comprised prin-
cipally of C3 vegetation. There is also relatively little isotopic vari-
ability both between and within individuals. Variability metrics
(Jackson et al., 2011; Layman et al., 2007) for the camelids with
serially sampled hair are presented in Table 2. On this basis, ani-
mals raised in the Andean highlands should be characterized by
low carbon and nitrogen isotopic compositions, and a relatively
low amount of inter- and intra-individual isotopic variability. The
low isotopic variation in these camelids is driven by two factors.
First, there are few C4 plants in high altitude pasturelands and
there is, therefore, a relatively low amount of baseline variation
in plant d13C (Szpak et al., 2013b). Second, based on ethnographic
and ethnohistoric accounts, animals tend to graze together in
CR NR MND CHA SEAc

2.9 0.8 0.2 1.2 1.2
0.7 0.8 0.3 0.6 0.3
0.7 0.2 0.1 0.4 0.1
0.8 0.6 0.3 0.5 0.3
1.1 0.9 0.2 0.6 0.3
1.5 1.4 0.2 0.6 1.0
1.4 0.6 0.2 0.7 0.4
0.8 0.5 0.4 0.5 0.2
1.7 1.5 0.3 0.8 1.3



Table 3
Isotopic and elemental compositions for bone collagen, collagen yields, and associated contextual information for all camelids analyzed in this study.

Sample ID Sector ACa Room Unit d13C (‰, VPDB) d15N (‰, AIR) %C %N C:N Collagen yield

Huaca Gallinazo (Early Intermediate Period, 50 BC to AD 250)
AIS 622 A 25 �14.45 +7.1 36.2 13.0 3.25 16.6
AIS 623 A 26 �12.76 +7.6 39.6 14.7 3.13 19.1
AIS 2599 H 2 11 110 �12.77 +8.2 43.4 15.8 3.20 3.3
AIS 2600 H 2 11 110 �16.29 +7.3 44.9 16.3 3.22 15.1
AIS 2602 H 2 11 110 �19.07 +5.1 43.2 15.8 3.18 11.2
AIS 2603 H 2 11 110 �17.55 +6.5 45.2 16.4 3.21 10.2
AIS 2605 H 2 11 110 �9.37 +9.2 42.7 15.5 3.21 7.8
AIS 2635 A 123 �19.79 +6.9 45.7 16.7 3.19 17.7
AIS 2637 A 124 �17.45 +7.5 44.8 16.3 3.20 20.7
AIS 2638 A 124 �17.40 +7.4 39.6 14.4 3.21 16.9
AIS 2639 A 124 �17.52 +7.7 46.0 16.6 3.23 22.5
AIS 2640 A 124 �17.24 +7.3 44.3 16.2 3.19 19.8
AIS 2334 A 4 58 �14.13 +5.5 43.4 15.7 3.23 17.2

Huaca Gallinazo (Early Intermediate Period, AD 250–400)
AIS 624 A 3 31 �12.81 +7.3 48.3 17.6 3.21 14.4
AIS 620 B 1 1 10 �17.57 +6.5 48.5 17.5 3.24 12.0
AIS 621 B 1 1 10 �12.49 +9.4 45.2 16.5 3.19 17.3
AIS 625 B 1 1 16 �10.95 +6.5 37.5 13.5 3.25 4.4
AIS 618 B PC-5 �19.92 +5.8 41.7 15.3 3.18 17.5
AIS 2595 H 2 11 108 �16.16 +6.2 43.0 15.6 3.21 8.4
AIS 2596 H 2 11 108 �15.71 +6.1 44.6 16.3 3.20 15.8
AIS 2609 H 2 14 115 �13.91 +8.9 41.3 15.0 3.20 7.7
AIS 2594 H 33 �20.00 +6.2 46.4 16.9 3.20 14.4
AIS 2606 H 2 13 113 �13.00 +8.9 43.7 15.8 3.22 11.2
AIS 2616 A 122 �12.58 +6.2 44.7 16.3 3.20 21.1
AIS 2617 A 122 �12.35 +6.7 45.6 16.6 3.21 18.0
AIS 2618 A 122 �19.33 +5.8 44.8 16.4 3.19 22.5
AIS 2620 A 122 �13.00 +6.9 44.7 16.2 3.21 19.8
AIS 2621 A 122 �18.96 +5.2 42.3 15.4 3.21 12.4
AIS 2622 A 122 �19.59 +7.0 46.5 17.0 3.19 17.3
AIS 2624 A 122 �16.16 +5.3 44.4 16.1 3.21 16.5
AIS 2625 A 122 �16.46 +5.9 45.0 16.4 3.19 15.0
AIS 2627 A 122 �19.10 +5.1 45.8 16.7 3.20 16.4
AIS 2628 A 122 �18.17 +5.4 44.5 16.1 3.21 19.5
AIS 2629 A 122 �17.40 +6.9 44.6 16.3 3.19 20.3
AIS 2630 A 122 �19.52 +7.0 38.3 13.3 3.36 1.6
AIS 2631 A 122 �18.64 +5.2 44.8 16.2 3.22 16.3
AIS 2632 A 122 �13.82 +5.5 44.9 16.4 3.19 19.4
AIS 2634 A 122 �18.57 +6.5 44.8 16.4 3.19 18.1
AIS 2641 A 125 �19.99 +5.9 45.5 16.5 3.22 16.2
AIS 2643 A 126 �9.89 +8.1 41.8 15.1 3.22 15.4
AIS 2644 A 126 �13.77 +6.0 40.8 14.8 3.21 17.9
AIS 2646 A 126 �13.77 +7.2 43.0 15.4 3.26 14.4
AIS 2647 A 126 �14.52 +4.9 42.8 15.7 3.19 18.4
AIS 2648 A 126 �13.59 +8.3 41.6 15.2 3.19 18.4
AIS 2328 B 1 1 16 �10.77 +6.4 35.9 12.7 3.30 3.1
AIS 2329 B 1 1 16 �12.15 +7.1 36.2 12.8 3.30 2.6
AIS 2330 B 1 2 5 �14.61 +6.8 39.5 14.2 3.23 8.2
AIS 2332 B 1 1 10 �15.17 +7.6 37.6 13.5 3.26 5.9
AIS 2336 A 64 �16.67 +6.7 41.8 15.0 3.25 12.4
AIS 2337 A 64 �18.73 +6.0 43.9 15.9 3.23 14.3
AIS 2338 H 2 4 69 �16.70 +6.9 41.8 15.2 3.21 11.5
AIS 2339 A 80 �19.19 +9.7 33.9 12.3 3.21 5.0
AIS 2340 A 7 84 �12.62 +7.5 42.1 15.4 3.20 17.3
AIS 2341 H 2 2 76 �11.34 +4.7 39.6 14.3 3.24 8.4
AIS 2342 A 71 �16.16 +5.8 41.5 14.8 3.28 9.2
AIS 2344 A 71 �17.09 +6.1 36.9 12.7 3.38 3.5

Huaca Santa Clara (Early Intermediate Period, AD 400–600)
AIS 377 II 1 �15.55 +6.5 43.2 15.9 3.17 19.1
AIS 381 II 19 �14.90 +6.7 41.4 15.2 3.19 13.4
AIS 378 II 2 �17.12 +5.4 38.8 14.3 3.17 13.2
AIS 382 II 22 �14.41 +6.6 44.2 16.2 3.19 20.7
AIS 383 II 24 �10.89 +5.7 43.1 16.1 3.13 18.4
AIS 379 II 3 �11.77 +5.0 42.3 15.4 3.20 20.5
AIS 380 II 7 �13.32 +8.4 41.0 15.2 3.14 10.1
AIS 386 II S Ext. �13.29 +5.8 44.4 15.9 3.26 16.3
AIS 399 VI 102 �15.25 +6.1 41.3 15.1 3.20 22.8
AIS 400 VI 102 �16.95 +5.9 43.2 16.0 3.14 13.0
AIS 401 VI 104 �14.65 +6.6 43.3 15.8 3.20 22.5
AIS 402 VI 105 �15.24 +6.9 34.7 12.7 3.20 14.1
AIS 403 VI 106 �16.24 +7.3 32.3 10.2 3.36 1.1
AIS 404 VI 108 �19.10 +5.7 39.3 14.1 3.25 15.9

(continued on next page)
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Table 3 (continued)

Sample ID Sector ACa Room Unit d13C (‰, VPDB) d15N (‰, AIR) %C %N C:N Collagen yield

AIS 405 VI 110 �17.05 +6.8 46.8 17.2 3.17 17.7
AIS 407 VI 117 �15.39 +5.8 41.3 14.8 3.24 18.1
AIS 393 VI 97 �15.16 +6.1 44.9 16.2 3.23 24.8
AIS 396 VI 97 �17.59 +7.5 45.4 15.8 3.35 18.3
AIS 397 VI 97 �15.43 +5.7 40.7 15.0 3.16 20.7
AIS 375 I 93 �16.72 +8.4 44.7 16.0 3.25 14.9
AIS 376 I �13.01 +8.0 43.3 16.1 3.14 15.3
AIS 394 VI 97 �17.75 +11.8 37.8 14.0 3.15 18.7
AIS 387 III �18.78 +5.1 41.3 14.8 3.25 12.4
AIS 388 III �17.01 +5.9 42.5 15.6 3.18 12.9
AIS 389 III �14.13 +7.5 41.6 15.1 3.22 18.8
AIS 390 V �16.32 +6.8 42.4 15.5 3.20 15.4
AIS 391 V �13.54 +7.0 43.4 15.7 3.23 18.2
AIS 392 V �14.17 +8.1 39.3 14.5 3.16 17.1
AIS 412 VII 103 �19.06 +4.1 35.3 12.4 3.32 1.9
AIS 411 VII 98 �14.63 +8.0 42.0 15.5 3.17 14.3
AIS 409 VII PC�1 �13.69 +6.6 41.8 15.0 3.25 4.3
AIS 410 VII PC�1 �13.60 +6.9 47.5 17.5 3.16 11.0
AIS 408 VII �21.88 +5.5 44.4 16.1 3.22 19.5
AIS 2025 VI �12.70 +7.0 41.2 14.5 3.32 9.3
AIS 2036 VI �14.57 +4.1 38.6 13.7 3.29 5.9
AIS 2039 VI �16.83 +6.1 42.8 15.5 3.23 12.8
AIS 2070 VI �18.37 +6.7 45.0 16.3 3.22 17.0
AIS 2071 VI �18.78 +6.8 40.0 14.6 3.19 12.1
AIS 2073 II 73 �13.33 +8.1 37.3 13.4 3.25 12.0
AIS 2075 II 3 �17.88 +8.8 44.2 15.8 3.27 16.5
AIS 2077 II �15.60 +6.2 41.7 15.0 3.24 14.9
AIS 2079 II 24 �15.63 +6.2 41.5 14.8 3.26 14.7
AIS 2084 III �14.66 +6.4 40.5 14.6 3.25 16.0

Huaca Santa Clara (Late Middle Horizon Sacrifices, AD 1100)
AIS 320 VI Llama 2 �15.19 +5.0 45.1 16.7 3.15 16.3
AIS 323 VI Llama 3 �17.04 +5.0 45.3 16.4 3.23 13.3
AIS 325 VI Llama 4 �13.44 +6.2 44.7 16.2 3.22 20.2
AIS 2031 VI Llama 5 �13.57 +10.1 37.2 13.2 3.28 6.3
AIS 331 VI Llama 6 �15.54 +6.6 36.2 13.1 3.23 14.1
AIS 335 VI Llama 7 �14.49 +8.0 42.8 15.7 3.19 21.3
AIS 336 VI Llama 8 �16.41 +6.5 40.9 15.2 3.13 10.6
AIS 340 VI Llama 9 �12.20 +7.0 44.3 16.4 3.16 19.8
AIS 341 VI Llama 10 �15.05 +7.6 27.8 9.6 3.38 5.2
AIS 343 VI Llama 12 �11.96 +8.7 40.2 14.4 3.25 21.8
AIS 345 VI Llama 13 �17.08 +6.9 44.0 15.1 3.40 18.7
AIS 346 VI Llama 14 �15.69 +7.3 42.5 14.2 3.48 11.7
AIS 347 VI Llama 15 �10.30 +7.6 44.3 16.1 3.21 19.1
AIS 349 VI Llama 16 �10.82 +7.6 38.9 14.3 3.19 18.3
AIS 351 VI Llama 17 �15.97 +7.3 42.3 14.1 3.50 19.2
AIS 353 VI Llama 18 �15.83 +7.2 46.7 16.7 3.27 20.8
AIS 356 VI Llama 19 �13.39 +7.0 46.2 17.0 3.16 13.5
AIS 359 VI Llama 20 �13.05 +7.9 46.9 17.0 3.21 23.6
AIS 360 VI Llama 21 �11.22 +7.2 40.7 15.1 3.15 16.4
AIS 362 VI Llama 22 �15.95 +5.7 38.2 13.4 3.32 9.2
AIS 2047 VI Llama 23 �13.24 +6.9 42.6 15.2 3.27 2.9
AIS 365 VI Llama 24 �18.30 +7.1 36.1 13.1 3.23 6.3
AIS 367 VI Llama 25 �16.99 +5.0 43.3 15.8 3.20 19.5
AIS 370 VI Llama 26 �10.72 +9.1 42.3 15.1 3.26 17.8
AIS 372 VI Llama 27 �16.39 +8.4 41.2 13.6 3.53 19.4

a Architectural complex.
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relatively large groups, even though these groups may consist of
camelids owned by numerous families (Murra, 1965; Tomka,
1992). Camelid diets therefore tend to be fairly consistent between
individuals.

7.2. Archaeological camelid bone collagen

Carbon and nitrogen isotopic compositions, as well as associ-
ated elemental data and preservation criteria (%C, %N, C:N ratio,
collagen yield) for all archaeological camelids sampled are pre-
sented in Table 3. Only collagen samples that met all of the follow-
ing criteria were included in summary plots and statistical
analyses (Ambrose, 1990; DeNiro, 1985): collagen yield >1%,
%C P 13%, %N P 4.8%, 2.9 < C:N ratio <3.6. In addition to carbon
and nitrogen isotopic compositions, convex hull areas (CHA) are
presented in Fig. 5A and standard ellipse areas corrected for sam-
ple size (SEAc) are presented in Fig. 5B. For the sake of clarity,
the SEAc (without individual isotopic data) for these archaeological
camelids from Virú are plotted alongside the SEAc for the modern
highland camelids in Fig. 6A. To generate the modern camelid
ellipse in Fig. 6A, mean d13C and d15N values were used for individ-
uals with serially sampled hair.

Variability metrics (Jackson et al., 2011; Layman et al., 2007) for
the four Virú camelid groups, as well as camelids from other
archaeological sites, are presented in Table 4. The Virú camelids
are characterized by a large range of carbon and nitrogen isotopic
compositions, with a more-or-less continuous distribution of
points in bivariate space between �20‰ and �10‰ for d13C; the
EIP camelids from Huaca Gallinazo and Huaca Santa Clara have lar-
ger d13C ranges (CR) than any other camelid group analyzed to date



Fig. 5. Carbon and nitrogen isotopic compositions for archaeological Virú camelid bone collagen according to site and time period: (A) Huaca Gallinazo (EIP, 50 BC to AD 250),
(B) Huaca Gallinazo (EIP, AD 250 to 450), (B) Huaca Santa Clara (EIP, AD 400 to 600), Huaca Santa Clara (Late Middle Horizon sacrifices, AD 1100). In each panel the irregular
polygons enclosing all data points represent the convex hull area (CHA) for each group and the shaded ellipses are standard ellipses corrected for sample size (SEAc).

Fig. 6. (A) SEAc for archaeological camelids from Virú compared to modern highland camelids (d13C corrected by +1.5‰ to account for the Suess Effect). (B) Density plot
showing the credible intervals of the standard ellipse areas for Virú and modern camelids. Thickest boxes (50% CI), medium-thickness boxes (75% CI), thinnest boxes (95% CI),
horizontal line (mean standard ellipse area), circle within boxes (standard ellipse area corrected for small sample size SEAc).
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(Table 4). Because of this, the Virú camelids do not lend themselves
to being characterized as consuming predominantly C3 or C4

plants. While it is true that there are more individuals with diets
consisting of a high proportion of C4 plants relative to modern
highland animals (Fig. 6A), this does not adequately reflect the
complexity and extreme variability in these data. Generally,
camelid groups from coastal sites are characterized by greater iso-
topic variability (CR, NR, CHA, SEAc) relative to camelids from high
altitude sites. Because of the sensitivity of the metrics presented in
Table 4 to sample size, however, it is very difficult to compare the
camelids from this study to other archaeological camelid groups
analyzed to date in any statistically meaningful way. Syväranta



Table 4
Variability metrics (Jackson et al., 2011; Layman et al., 2007) for archaeological camelids (carbon and nitrogen isotopic compositions for bone collagen).

Site �Age (Years BP) Region Elevation (masl) n CR NR MND CHA SEAc Reference

Huaca Gallinazo 2000–1700 Virú Valley Coastal 13 10.4 4.1 3.7 20.0 8.8 This study
Huaca Gallinazo 1700–1500 Virú Valley Coastal 43 10.1 3.9 3.9 40.9 10.8 This study
Huaca Santa Clara 1550–1350 Virú Valley Coastal 43 11.0 7.7 3.1 48.0 9.5 This study
Huaca Santa Clara 1000–800 Virú Valley Coastal 25 8.0 5.2 3.2 24.1 8.1 This study
Huancaco 2000–1300 Virú Valley Coastal 14 7.8 6.1 3.7 30.8 12.3 Szpak (2013)
Huancaco 1150–1000 Virú Valley Coastal 10 4.6 5.3 2.6 14.3 6.9 Szpak (2013)
Caylan 2800–2000 Nepeña Valley Coastal 20 8.3 6.5 3.3 24.8 8.8 Szpak (2013)
Pacatnamú 1350–1050 Jequetepeque Valley Coastal 4 5.9 5.4 4.6 8.8 16.9 Verano and DeNiro (1993)
Pacatnamú 850–550 Jequetepeque Valley Coastal 5 6.5 4.6 4.3 9.8 12.0 Verano and DeNiro (1993)
Paloma 5800–1200 Chilca Valley Coastal 3 8.1 7.7 7.4 3.2 11.3 DeNiro (1988)
Chilca 2100–260 Chilca Valley Coastal 5 5.1 7.9 5.3 9.8 23.6 DeNiro (1988)
Yaral 950–750 Lower Moquegua Valley 1000 6 3.2 3.3 2.3 6.8 6.0 Thornton et al. (2011)
Cerro Baul 1350–950 Upper Moquegua Valley 2500 11 9.3 10.0 5.2 24.4 15.4 Thornton et al. (2011)
Torata Alta 450–250 Upper Moquegua Valley 2500 9 3.2 2.8 1.7 4.5 2.8 Thornton et al. (2011)
Conchopataa (Alpaca) 1450–1000 Ayacucho Valley 2700 6 2.7 3.9 2.6 5.0 5.1 Finucane et al. (2006)
Conchopataa (Llama) 1450–1000 Ayacucho Valley 2700 11 3.9 5.0 2.5 11.4 6.6 Finucane et al. (2006)
Pucara 2800–1800 Titicaca Basin >3000 18 3.2 4.0 1.9 8.8 3.6 DeNiro (1988)
Tiwanaku 550–418 Titicaca Basin 3800 9 2.8 2.5 1.7 3.4 2.4 Szpak (2013)
Chinchawas 1350–1000 Callejón de Huaylas 3850 13 2.3 4.9 2.1 6.3 3.0 Szpak (2013)

a The carbon isotopic compositions for Conchopata camelids are distributed bimodally, which Finucane et al. (2006) interpret as being caused by different foddering
strategies for llamas (fed primarily maize) and alpacas (grazing on highland pastures dominated by C3 grasses). Following this, and the requirement of the SIBER metrics for
data to be normally distributed, camelids from this site are divided into ‘llama’ and ‘alpaca’.
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et al. (2013) suggested a minimum number of samples for reason-
able comparison of these metrics to be around n = 30. With respect
to the comparisons generated on the basis of SEAb, Jackson et al.
(2011) recommend a minimum of n = 10 for each group being com-
pared. Two of the four camelid groups analyzed in this study
exceed these minimum numbers (n = 43 for Huaca Gallinazo AD
250–400 and n = 43 for Huaca Santa Clara AD 400–600), while
the Huaca Santa Clara sacrifice group approaches this number
(n = 25). Most other previously studied archaeological camelid
groups are smaller than n = 10 (Table 4). At these low sample sizes,
high values for many of the metrics (e.g. SEA) are as much (if not
more) a reflection of the uncertainty in generating these metrics
as they are a reflection of the real variation expected in a given
group (cf. Jackson et al., 2011). This feature makes large-scale com-
parisons with the camelid groups reported in the present study
problematic. Also, it is not meaningful to group individuals from
the same site together when the contexts from which they were
derived span several thousand years. While archaeological con-
texts will always be associated with comparatively poor temporal
resolution, at the very least, an attempt can be made to restrict
comparative groups to some kind of meaningful spatial and tempo-
ral context. In other words, large groups at the site level that span
several chronological periods should be avoided even if this means
that a sufficiently large sample cannot otherwise be produced.

The ellipses (SEAc) for the Virú camelids are of comparable sizes
to one another, but much larger than the modern camelid ellipse
(even though this modern dataset is derived from llamas, alpacas,
and vicuñas drawn from both northern and southern Peru). The
Huaca Santa Clara sacrificed camelids have slightly higher carbon
and nitrogen isotopic compositions than the EIP camelids, although
there is considerable overlap among the groups. This is likely
caused by the very young age of these camelids, which were still
largely or wholly dependent on their mother’s milk (Brown,
2000), creating a slight nursing-induced offset (Balasse et al.,
2001). The posterior probability distributions of SEAb for the Virú
camelids are plotted in Fig. 6B. The ellipse areas of the four Virú
camelids groups are generally very similar, although the Huaca
Santa Clara sacrifice group is smaller than the three EIP groups,
which is likely driven by: (1) the smaller sample size in the sacri-
fice group, and (2) the extremely restricted age range of these ani-
mals. While the ellipse for the earlier camelids at Huaca Gallinazo
is approximately the same size as the other two EIP groups
(Fig. 6A), the effect of small sample size on the level of uncertainty
in the estimates is clear from the large range in the posterior prob-
ability distributions in Fig. 6B. This underscores the importance of
robust sample sizes for comparative purposes.

The extent of dietary similarity between these groups can be
best assessed by comparing the SEA and CHA metrics, which are
broadly analogous to the dietary niche of a particular group (Fink
et al., 2012). The extent of overlap, expressed as a percentage of
overlapping area between the two polygons or ellipses, for the four
groups of archaeological camelids from Virú is summarized in
Table 5. Additionally, direct comparisons can made between each
of the areas generated using the bootstrapping procedure in the
calculation of SEAb (106), which generates a proportion of the areas
of Group 1 that are larger than the areas of Group 2, for which 0.5
indicates complete similarity, and values closer to 0 (no areas of
Group 1 > any areas of Group 2) or 1 (any area of Group 1 > all
areas of Group 2) indicate increasing dissimilarity in elliptical
areas. These metrics are presented in Table 5 as SEA1>2. There is
considerable overlap between each of these camelid groups, sug-
gesting very similar diets. There tends to be less overlap between
CHAs relative to SEAs, which is due to the fact that CHA is more
sensitive to extreme values. Based on the various assessments of
similarity discussed above, both with respect to the extent of iso-
topic variation, and the extent of overlap between polygons or
ellipses in bivariate space, these four groups do not significantly
differ from one another.

7.3. Archaeological camelid hair

Carbon and nitrogen isotopic compositions and associated ele-
mental data (%C, %N, C:N ratio) for archaeological camelid hair
are presented in Table S3 and summarized in Table 6. Incremen-
tally sampled hair carbon and nitrogen isotopic compositions are
plotted in Fig. 7A; SEAc for each of these individual camelids are
presented in Fig. 7B. Variability metrics (Jackson et al., 2011;
Layman et al., 2007) for individual camelids with incrementally
sampled hair are presented in Table 6.

Some camelids had hair d13C values that varied by as much as
5‰, suggesting substantial diachronic dietary variation. By way
of comparison, in a C3/C4 diet switching experiment (14‰



Table 5
Similarity in isotopic niche between groups of archaeological camelids from Viru.

Site 1 Site 2 SEAc Overlapa CHA Overlapa SEA1>2
b

Huaca Gallinazo (EIPc) Huaca Santa Clara (EIP) 0.79 0.81 0.73
Huaca Gallinazo (EIPc) Huaca Santa Clara (MH) 0.54 0.55 0.89
Huaca Santa Clara (EIP) Huaca Gallinazo (EIPc) 0.90 0.69 0.27
Huaca Santa Clara (EIP) Huaca Santa Clara (MH) 0.55 0.35 0.76
Huaca Santa Clara (MH) Huaca Gallinazo (EIPc) 0.72 0.93 0.11
Huaca Santa Clara (MH) Huaca Santa Clara (EIP) 0.65 0.70 0.24

a Defined as (overlapping area/total area for Site 1).
b Defined as proportion of ellipse areas for Site 1 (generated through Markov Chain Monte Carlo with 106 iterations) that are larger than ellipse areas for Site 2.
c Comparative metrics generated only for the larger group of EIP camelids from Huaca Gallinazo dating to the ultimate and penultimate occupation levels (c. AD 250–450)

due to the much smaller sample size of the earlier material.

Table 6
Variability metrics and circular statistics for archaeological camelids (carbon and nitrogen isotopic compositions of serially sampled hair). Individual hair segment data for these
camelids are presented in Table S3.

Sample ID Segments d13C Mean ± SD (‰, VPDB) d15N Mean ± SD (‰, AIR) CR NR MND CHA SEAc �aa rb sc

Huaca Santa Clara (EIP, AD 400–600)
AIS 374 1 �20.14 +8.6 – – – – – – – –
AIS 389 1 �15.19 +9.1 – – – – – – – –
AIS 395 5 �19.15 ± 0.15 +7.8 ± 0.1 0.4 0.1 0.2 <0.1 <0.1 – – –
AIS 579 11 �13.53 ± 0.64 +10.7 ± 0.7 2.2 2.1 1.0 0.8 0.5 – – –
AIS 578 9 �19.73 ± 1.25 +7.8 ± 1.0 3.8 2.7 2.0 5.8 4.6 – – –

Huaca Santa Clara (Late MH Sacrifices, AD 1100)
Llama 4 6 �15.71 ± 1.21 +7.3 ± 0.9 3.1 2.2 2.0 4.5 4.1 331� 0.89 27�
Llama 5 4 �14.90 ± 0.20 +10.0 ± 0.2 0.4 0.4 0.3 0.1 0.2 213� 0.42 62�
Llama 6 5 �16.93 ± 0.76 +7.1 ± 0.2 2.0 0.6 1.0 0.6 0.8 359� 0.85 31�
Llama 8 4 �17.20 ± 2.19 +6.8 ± 0.4 4.7 1.0 2.7 1.9 4.0 354� 0.22 72�
Llama 17 7 �15.51 ± 1.78 +8.2 ± 1.7 4.5 4.7 2.8 5.2 4.6 63� 0.68 46�
Llama 19 9 �17.95 ± 1.22 +9.2 ± 0.8 3.8 2.2 1.7 1.6 1.0 305� 0.97 13�
Llama 22 8 �18.19 ± 0.28 +7.2 ± 0.5 0.9 1.3 0.7 0.6 0.4 330� 0.98 10�
Llama 25 7 �18.32 ± 0.59 +7.2 ± 0.4 1.6 1.3 0.9 0.7 0.6 358� 0.97 15�
Llama 26 10 �14.26 ± 0.66 +9.6 ± 1.5 3.0 1.4 1.3 2.8 1.9 259� 0.99 9�

a Mean angle of change between hair segments and bone collagen (�a).
b Mean vector length for all hair segments relative to bone collagen (r). Larger values of r reflect more consistent change.
c Angular dispersion for all hair segments relative to bone collagen (s) roughly analogous to standard deviation. Maximum value for angular dispersion is 81�.
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difference in d13C between two diets) that measured d13C in cattle
tail hairs, there was a gradual equilibration over a period of 60–
75 days before a pure C3 or C4 signal was recorded in the hair
(Jones et al., 1981). Given that many of the sacrificed Huaca Santa
Clara camelids lived less than three months, this implies significant
temporal variation in the diet of some of these individual animals
during their short lives. The sacrificed animals with the greatest
changes in diet tend to have lower d13C values leading up to the
time of death, discounting the possibility that these animals were
ceremonially fed maize or maize beer in preparation for sacrifice
for any appreciable amount of time. Conversely, other animals
are characterized by little or no change over the length of hair sam-
pled. Overall, there is no clear trend among these individuals in
carbon or nitrogen isotopic compositions leading up to the time
of death.

The carbon and nitrogen isotopic compositions of bone and hair
(with adhering skin) from individual camelids for which both tis-
sues were available, were compared directly using the angular/cir-
cular approaches discussed previously (Fig. 7C and Table 6). Some
individuals have consistent differences between hair and bone col-
lagen isotopic compositions (reflected in high values for r and low
values for s) while others do not (reflected in low values for r and
high values for s). Additionally, there is no consistent trend in the
direction (measured as mean angle of change, �a) of isotopic differ-
ence between the hair and the collagen (Table 6). At the individual
level, Virú camelids are characterized by an extremely wide range
of isotopic variation (measured as SEAc) and evenness (measured
as MND) (Fig. 8); comparatively, modern highland animals are
characterized by consistently low isotopic variation and high even-
ness (Fig. 8).

8. Discussion

8.1. Local/Coastal camelid herding

Previously, relatively high d13C and d15N values have been inter-
preted as evidence of camelid herding in the low sierra or coastal
regions, possibly due to a high reliance on marine algae (DeNiro,
1988) or lomas plants (Thornton et al., 2011). In this study, rela-
tively high d13C and to a lesser extent d15N values were observed
for camelids recovered from coastal sites in relation to animals
herded in high altitude areas of the Andes (Fig. 6). When the cam-
elid isotopic data are considered in relation to plants sampled
along an altitudinal transect in northern Peru, the variation
observed in camelid isotopic compositions can be satisfactorily
explained by the consumption of local terrestrial vegetation.
Fig. 9 depicts the convex hulls formed by the carbon and nitrogen
isotopic compositions for modern plants sampled in five major
ecological zones along an altitudinal transect in northern Peru.
Transposed onto these polygons are the convex hulls for the three
groups of camelids analyzed in this study. Following the basic prin-
ciples of isotopic mixing, the isotopic composition of a consumer in
bivariate space must fall within the polygon formed by the sources
(foods); if this condition is not met, these sources cannot explain



Fig. 7. (A) Carbon and nitrogen isotopic compositions of serially sampled camelid hair. Hair segments formed closest to the time of the animal’s death are towards the left of
the x-axis. (B) Standard ellipse areas corrected for small sample size. (C) Circular diagrams depicting changes in carbon and nitrogen isotopic compositions between hair and
bulk bone collagen for individual camelids. The center of each diagram represents the bone collagen isotopic composition. Lines emanating from the center represent the
mean angle of change between the collagen and keratin (hair segment) (r) and shaded areas around this broken line represent the angular deviation (s). 0� = increasing d15N,
180� = decreasing d15N; 90� = increasing d13C, 270� = decreasing d13C. Numbers (e.g. 395, 578, 579 in the top panels) correspond to sample IDs as outlined in Table 3.
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the consumer isotopic composition. The area of overlap between
the camelid (consumer) and plant (source) polygons represents
the relative percentage of consumer isotopic data that can be pro-
duced by the consumption of the plants making up the source
polygon (upper left of each panel in Fig. 9). In this case, the coastal
polygon explains 100% of the isotopic variation observed for each
of the consumer (camelid) polygons, while the source (plant) poly-
gons in each of the other ecological zones never explains more than
73% of this variation. This is true for all four groups of Virú came-
lids. On this basis, it is reasonable to suggest that many of these
animals were raised on local vegetation, and were not imported
from high altitude contexts. This does not preclude the possibility
that some of these camelids may have been imported from
locations in the highlands or in the nearby yungas (c. 1000–
2500 masl). Nevertheless, some of these camelids have tissue
isotopic compositions that are not consistent with the isotopic
variation observed in non-coastal vegetation.

The extremely restricted age range of the sacrificed camelids
from the late Middle Horizon context at Huaca Santa Clara is wor-
thy of additional discussion within the context of coastal herding.
The variation in carbon and nitrogen isotopic compositions in these
sacrificed animals is very similar to that observed in the EIP came-
lids from Huaca Santa Clara and Huaca Gallinazo (Fig. 5), with a
high degree of overlap between these groups (Table 5). There is



Fig. 8. Comparison of variation (SEAc) and evenness (MND) metrics within
individual modern (high sierra) and archaeological (coastal) camelids generated
from serially sampled hair. Shape sizes are scaled to sample size (number of hair
segments sampled).
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less variation in these sacrificed animals, but this is likely a product
of the extremely restricted age range and smaller sample size for
this group. Moreover, there is a high degree of within-individual
variation in some of the sacrificed camelids, as well as the EIP
camelids, although for both groups the general pattern is an incon-
sistent amount of variation within individuals (Fig. 7). On this basis,
it is reasonable to suggest that the pattern of animal husbandry
associated with these sacrificed camelids was very similar to that
associated with the earlier EIP camelids.

Alternatively, it is possible that the type of isotopic ‘signature’
observed for these camelids is the product of a group of camelids
derived from disparate geographic areas, some being imported
from long-distance, possibly from high altitude locations. Aside
from the incompatibility of this explanation with the isotopic var-
iation in plants previously discussed, there are several biological
aspects of camelid reproductive biology that make this suggestion
unlikely. Taking into account the ages of these sacrificed camelids
(Table 1), if they were ‘imported’ from elsewhere but killed at
<6 months of age (and in most cases <3 months of age), they would
need to traverse the distance to the site as very young animals.
There is no record of caravans including pregnant female camelids,
or juveniles that have not been fully weaned, which usually occurs
between seven and nine months (Brown, 2000). Caravan llamas
begin training after two years of age (Browman, 1990), with cara-
vans consisting of castrated males between two and eight years old
(Nielsen, 2001). For the first few months of life, camelids consume
10% of their body weight in milk every day, suckling for several
minutes between every two hours and several times per hour
throughout the day (Fowler, 1998). Moreover, neonatal and pre-
weaned camelids are associated with high morbidity and mortality
rates (as high as 70% mortality in the Andes), with the highest mor-
tality rates associated with animals <6 months of age (Davis et al.,
1998). Combined, these factors make it unlikely that these juvenile
animals would have traversed any significant distances prior to
being killed as part of this ritual event. The improbability that such
young animals were imported from long distances, and the similar-
ity in isotopic compositions and variation between the sacrificed
and EIP camelids, supports the assertion that these animals were
locally raised. It could be argued that the large isotopic variation
observed in the four archaeological Virú camelid groups reflects
some unknown temporal variation caused by the coarseness of
the archaeological record, but the sacrificed camelids from Huaca
Santa Clara are characterized by similar amounts of isotopic varia-
tion relative to the EIP camelids. Because the sacrificed group
represents an extremely restricted temporal window this suggests
that the variation observed in the EIP camelids is not simply an
artificial product reflecting the combination of a temporally dispa-
rate sample.

The high between-individual and inconsistent within-individ-
ual isotopic variation for the sacrificed llamas from Huaca Santa
Clara are inconsistent with these animals being kept together for
a significant period of time. Although the notion that these animals
were imported from distant, ecologically distinct locations is not
supported by the isotopic data, this does not imply that these ani-
mals were herded in the immediate vicinities of the sites from
which they were eventually recovered. These animals may have
been herded in the vicinity of any of the numerous settlements
in the Virú Valley (Willey, 1953), but the dearth of vegetation at
a regional scale, combined with the isotopic variability observed
within these camelid groups points to a scale and mode of hus-
bandry that differs from what has traditionally been associated
with highland environments in modern and historic accounts –
herds moving between large highland pastures.

8.2. The scale of camelid husbandry and human–camelid interactions

Aside from the isotopic compositions of camelid groups and
their relation to source (plant) isotopic compositions discussed
previously, it is important to consider the isotopic variation both
within groups and within individuals. The quantification of dietary
(isotopic) variation rather than an attempt at a precise reconstruc-
tion of diet composition has excellent potential to provide insight
into the nature of animal husbandry practices and human–animal
interactions in prehistoric contexts.

Camelids are generally very adaptable in terms of their diet.
Since llamas and alpacas have become more common on farms
outside of the Andes in the last fifty years, they have been raised
in a great diversity of environments, and on nearly every type of
pasture in North America, Europe, Australia, and New Zealand
(Fowler, 1998). Moreover, isotopic evidence from archaeological
camelids suggests that foddering with agricultural products or
byproducts (maize specifically) occurred outside of the puna
(Dufour et al., 2014; Finucane et al., 2006; Verano and DeNiro,
1993). This practice has also been recorded ethnographically
(Godoy, 1984; McCorkle, 1987; Nielsen, 2001) and ethnohistorical-
ly (Nielsen, 2009), with maize being the only cultigen specifically
mentioned. Accordingly, that camelids would have varied diets is
not surprising, but in most cases, the large dietary variation that
has been observed occurs at the group level over time, rather than
between individuals within groups. For instance, the grazing of
field stubble after harvest is a seasonal activity that is often part
of transhumant movement of pastoral groups, but all camelids
within these groups feed on the same kinds of food throughout
the year. Although the proportions of these different foods may
vary somewhat between individuals, this scale of variation is unli-
kely to manifest itself to a significant degree in the isotopic compo-
sition of a tissue like bone collagen. These smaller variations will
most likely be dampened by the slow turnover rate of collagen,
which reflects dietary intake over at least the last several years
of an animal’s life (Hedges et al., 2007) and inter-individual varia-
tion would therefore be low.

The pattern of very high between-individual variation and var-
iable within-individual variation for the Virú camelids is inconsis-
tent with the type of camelid husbandry that has been described
for puna and high sierra environments in the Andes (Flannery
et al., 1989; Flores-Ochoa, 1979; Kuznar, 1990). Instead of the rel-
atively large herds associated with this classic model of Andean
pastoralism, the patterns observed for these archaeological came-
lids suggest a smaller-scale variety of camelid husbandry in the



Fig. 9. Mixing polygons for plants sampled from five major ecological zones along an altitudinal gradient in northern Peru (Szpak et al., 2013b) arranged by columns
compared to convex hull areas for the three groups of Virú camelids (bone collagen) discussed in the text (adjusted for trophic level fractionation for bone collagen) arranged
by rows. Numbers in the top left of each panel are the percentage overlap between the camelid and plant polygons. Sampling locations for the plants used to generate these
polygons are presented in the Supplementary .kml file.
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low altitude and coastal areas of northern Peru – small groups of
camelids may have been kept by families or other small social
units. In this case, the large amount of isotopic variation for these
Virú camelids may have been driven by differences in management
strategies by individual herders for any number of reasons: (1)
access to particular kinds of forage (either agricultural (by)prod-
ucts or wild pasture) may have varied between kin groups or set-
tlements, (2) notions of the ‘proper way’ to raise one’s camelid,
and what it should be fed were highly variable, and/or (3) certain
individual camelids or groups of camelids exhibited strong prefer-
ences for particular types of forage. In support of the first, there is
large isotopic variation in both wild and domestic local plants, and
considerably more variation with respect to other ecological zones
along the western slope of the Andes (Fig. 9). With respect to the
second, there is a great diversity in the attitudes of modern owners
in terms of the appropriate foddering method (Fowler, 1998). The
tending of small herds provided with distinct types of forage
may have been further necessitated by the unique nature of the
environment in the coastal valleys, with sparse vegetation outside
of the lush cultivated zones in close proximity to rivers and irriga-
tion networks.

The practice of grazing camelids on field stubble in the context
of low altitude husbandry merits further discussion. In general,
plant organs that serve as nitrogen sources (leaves and stalks) tend
to be enriched in 15N relative to plant organs that are nitrogen
sinks (grains) (Szpak, 2014). These effects have been observed in
maize specifically, and in some cases, may be very large (>10‰;
Szpak et al., 2012a; Szpak et al., 2012b). If particular groups of
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animals grazed consistently on harvested fields and others did not
(perhaps because camelids herded by certain families had more
limited access to agricultural fields and/or were situated on the
valley margin with limited access to water), this may have served
as a further source of variation in source isotopic compositions,
contributing to the high inter-individual variation observed for
the Virú camelids. Related to this point is the potential importance
of the fertilization of agricultural fields with camelid dung, either
purposefully and/or coincidentally during the grazing of field stub-
ble, which has been shown to increase plant tissue d15N values by
2–4‰ with a single season of application at a relatively low rate
(Szpak et al., 2012b); such effects may be more pronounced with
consistent manuring over the long term (Fraser et al., 2011). While
there may be no predictable and consistent means with which to
model the relative importance of these effects, the significant point
here is that they may serve to increase the source isotopic variation
(increase the area of the mixing polygon) and contribute to high
levels of isotopic variation among consumers where cultigens con-
stitute significant portions of the diet.

Differences in ownership (or at least management responsibili-
ties) of camelids combined with the lack of large local pastures at
coastal and low altitude locations may have necessitated the spa-
tial segregation of small groups of animals. In the highlands, indi-
vidual families typically own two to several hundred animals,
although all of the animals owned by a community will graze
together in a much larger aggregation with ownership being phys-
ically ascribed to the animals (often on their ears) (Murra, 1965;
Tomka, 1992). For the Virú camelids, the isotopic data are consis-
tent with some degree of physical separation of the animals
throughout their lives. The extreme variation, but fairly even spac-
ing of isotopic compositions in bivariate space for the Virú came-
lids (Fig. 5) is indicative of a diverse range of animal
management strategies and human–animal interactions. Given
the relative dearth of wild vegetation, the maintenance of local
camelid herds would almost certainly have required camelid diets
be supplemented by agricultural products and/or byproducts. In
this case, rather than animals being brought to a particular pasture,
fodder would have been brought to the animals, and their diet
would have been further constrained by the choices of the herders.
Given the fact that both wild and domestic vegetation was concen-
trated in the vicinity of rivers and associated irrigation networks, it
stands to reason that these animals would have been kept for a sig-
nificant portion of time in the vicinity of settlements, which were
similarly concentrated in these areas. Some evidence for small cor-
rals exists along the coast (Bawden, 1982; Shimada, 1994; Wilson,
1988). In Virú, many sites contain significant deposits of camelid
dung in association with small stone enclosures, which could have
housed small numbers of animals (Supplementary .kml file).
Recent excavations at Huaca Gallinazo (Millaire and La Torre,
2014) demonstrate that at least some animals were kept inside
habitations. In Architectural Compound 3, the floor of a small room
(3 � 4 m) located in a food production area was covered with cam-
elid dung (15 cm thick), a deposit that was eventually sealed with a
beaten clay floor. In this scenario, where animals are kept close to
human habitation sites and food is gathered and brought to ani-
mals in corrals, there is a greater chance for close, face-to-face
interactions between people and camelids, much more than would
occur if animals spent significant periods of time away from
human settlements, grazing on distant pastures. These conditions
(limited spatial and extended temporal contexts) are precisely
the type that allow for complex relationships to develop between
individuals of each species (Knight, 2012).

Thinking back to Kohn’s (2007) notion of an ‘anthropology of
life’ in which the entanglements between humans and other spe-
cies are examined, a much different mode of interaction existed
between coastal and highland camelid herders and their animals,
at least on the basis of their diets. There was not, however, a
characteristic ‘coastal’ pattern of camelid diet, suggesting that
the practice of camelid husbandry was not highly standardized
on the coast. Focusing solely on the circumstances surrounding
the deaths of these animals obscures this variation. For instance,
the large group of juvenile camelids that were part of the ritual
sacrifice at Huaca Santa Clara died under generally similar circum-
stances – they were part of the same ritual sacrifice – but the iso-
topic data demonstrate that these animals lived very separate lives
prior to this event.

It is entirely possible that additional differences exist between
the traditional high altitude mode of Andean pastoralism and that
which occurred along the prehispanic north coast of Peru although
it is not possible to speculate on what these might be based on the
isotopic data presented here. Additional lines of evidence that are
able to provide insight into how animals lived will shed further
light on these issues, but zooarchaeologists and their collaborators
must prioritize their research accordingly. Such lines of evidence
include, but are not limited to: paleopathology, ancient DNA, den-
tal wear, molecular and microscopic coproscopy, and additional
isotopic or elemental markers. Primary zooarchaeological data
remain of immense importance, and none of the above-mentioned
techniques would be meaningful and/or feasible without these
data.

8.3. Regional significance

The management of livestock and, accordingly, the interactions
that occur between humans and animals are strongly influenced by
a range of social and political factors (Comaroff and Comaroff,
1990; Holloway, 2001; Kirksey and Helmreich, 2010). The organi-
zation and scale of north coast polities during the EIP and Middle
Horizon are widely debated, and a clear picture of political organi-
zation in the region is only beginning to emerge. The importance of
the local ruling polity in Virú in directing large-scale public works
projects (most notably the expansion of irrigation networks) and
the presence of large storage facilities at Huaca Santa Clara suggest
the collection of some form of tribute from the local populace
(Millaire, 2010a). However, it is not clear to what extent this polity
may have exerted control over the management of domestic ani-
mals. The most extensive comparative data available come from
Murra (1965, 1968, 1980), who summarizes a number of ethnohis-
toric accounts to develop a detailed picture of how camelid hus-
bandry operated (primarily in southern Peru) under Inka control
and immediately following the Spanish conquest. In these
accounts, herding took place primarily in the puna. Generally,
herds that were controlled either by the state or by the church
were very large, while community herds were of extremely vari-
able size. There are numerous instances in these accounts in which
camelids were segregated into distinct groups, not only with
respect to ownership and management, but also by physical segre-
gation of particular herds. For instance, there were herds con-
trolled by the state or ‘crown’ and the ‘church’, both of which
were large, and physically separated from one another. Addition-
ally, state herds in different districts were assigned to particular
pastures, with animals from one area being restricted from grazing
in the pastures assigned to another (Polo de Ondegardo, 1571).
Conflicting accounts exist as to whether or not community animals
were provided as tribute to the state, and whether or not state or
community animals were destined for sacrificial events. Murra
(1965) notes that in the southeastern portion of the Inka Empire,
despite frequent wars and the appearance of a series of ruling pol-
ities with different sociopolitical structures, the activity of camelid
herding itself remained largely organized at the kin group level.
The similarities in isotopic compositions between the EIP and late
Middle Horizon Virú camelids may also reflect continuity in
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camelid herding practices. Specifically, it is possible that the tradi-
tional north coast mode of camelid management involved highly
differentiated herding of small groups of animals by kin groups,
and in Virú at least, continued unchanged with the rise and fall
of the EIP polities, and with the introduction of new ritual practices
during the Middle Horizon. The occurrence of llama sacrifices on
previously abandoned settlements may represent one such ritual
practice ‘imported’ at this time (Millaire, in press). The isotopic
compositions of these sacrificed camelids, however, suggest that
these rituals involved camelids that were raised locally in a man-
ner that dates back to at least the early part of the EIP. The high lev-
els of between-individual isotopic variation demonstrate the
inclusion of animals from several different herds, possibly signify-
ing that these ritual events involved the ‘donation’ of camelids
from many different groups of people. This may be because these
events were coordinated by local elites who required donations
of camelids as ‘substitutes’ for particular kin groups (Küchler,
2002) or because these events had a unifying function for the local
community in absence of any top-down control (see also Szpak
et al., in press).

That herding appears to have continued at this small scale fol-
lowing the collapse of the ruling EIP polity in Virú does not imply
that local elites did not impact camelid husbandry in a broad sense.
They may have required new levels of tribute in the form of whole
camelids for ritual or of camelid products (e.g. wool). They may
also have altered the nature of the ownership of camelid herds.
There is, however, no evidence of the expansion of the scale of
camelid herding to anything equivalent to what is observed in
the highlands, or of the large-scale importation of animals raised
in high altitude contexts to meet demand that could not be sup-
ported by the smaller coastal herds. It is possible that local envi-
ronmental conditions did not allow for the maintenance of the
very large herds that were associated with later Andean polities,
such as the Inka (Murra, 1965). Even when comparing herds in
the puna and sierra today, herd sizes are often on the order of
100–300 animals in the former, but typically much smaller (15–
100) in the latter (Dransart, 2002; Kuznar, 1990). Accordingly,
the small herds of coastal settlements may represent a further
extension of this pattern. Additional isotopic studies of camelids
from other periods and regions on the coast of Peru will aid in clar-
ifying these issues.
9. Conclusions

The camelids from Huaca Gallinazo and Huaca Santa Clara are
characterized by high levels of inter-individual isotopic variation,
as well as inconsistent levels of within-individual isotopic varia-
tion. Taking into account the isotopic compositions of sources from
different ecological zones in the Andes, only plants growing in the
low altitude and coastal regions adequately explain the isotopic
variation observed among these individuals, suggesting that at least
some of these animals were raised locally. Virú camelids were char-
acterized by a large amount of variation in carbon and nitrogen iso-
topic compositions, suggesting variable management practices,
fitting with a small-scale type of husbandry where small groups
of animals were kept relatively close to human habitation sites
and fed a highly variable diet. Such practices may be due to a com-
bination of environmental (availability of adequate forage or differ-
ential access to different types of forage) and social (different
perceptions about ‘proper’ camelid husbandry practices) factors.
The ranges of carbon and nitrogen isotopic compositions were sim-
ilar for the EIP and late Middle Horizon camelids, suggesting tempo-
ral continuity in these small-scale management practices.

The methodologies for quantifying isotopic variation outlined
in this paper have great potential in the broadest sense for
archaeological data. They offer quantitative and robust means with
which to compare groups across space and time, although, the
problem of small sample size must be considered. In a more gen-
eral sense, it is important for isotopic anthropologists and archae-
ologists to explore such quantitatively grounded methodologies in
their interpretations. The basic principles of most of these methods
(Euclidean distance in bivariate space) make use of the same logi-
cal spatial principles that anthropologists and archaeologists pres-
ently use in a strictly descriptive or qualitative sense to interpret
their data. Finally, considering the extreme uncertainty associated
with source isotopic compositions in archaeological contexts, more
attention must be paid to interpretive methods that do not only or
primarily seek to reconstruct diet composition, but also consider
the importance of diet variation. All of this is not to suggest that
the methods outlined take the place of any other that may be
applied to isotopic data. Instead, they represent one tool in an
ever-expanding interpretive toolkit that may serve to provide
new insight into isotopic data.

Isotopic analysis of faunal material has been used in a diverse
range of contexts to address the nature of human–animal interac-
tions, in both wild (Barrett et al., 2011; Szpak et al., 2012c, 2013a)
and domestic species (Balasse et al., 2002; Cannon et al., 1999;
Finucane et al., 2006; Pearson et al., 2007). Further research along
these lines will undoubtedly continue to shed light on a number of
significant archaeological and anthropological issues and we sug-
gest that these and other types of data that reflect animal life his-
tories hold the greatest potential for gaining insight into past
human–animal interactions. This is especially true for domestic
species, and the consideration of variation (isotopic and otherwise)
among individuals and what this might imply about the nature and
scale of these interactions should be explored in other contexts.
The methods outlined in this paper offer one means with which
to address isotopic data in this way and investigators should con-
tinue to explore alternative interpretive strategies to assess animal
life histories.
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