Chapter 10

Patterns of Violence and Diet Among
Children During a Time of Imperial
Decline and Climate Change in the Ancient
Peruvian Andes
Tiffiny A. Tung, Melanie Miller, Larisa DeSantis, Emily A. Sharp
and Jasmine Kelly

The Late Intermediate Period (LIP, 1000–1400 C.E.) in the Peruvian Andes was
characterized by dramatically different cultural and climatological contexts compared to the preceding Middle Horizon (600–1000/1100 C.E.) when the Wari
empire exerted great influence over a vast region now known as Peru (Fig. 10.1).
Given the dramatic differences between the two cultural eras, we examine how
cultural and climatic conditions shaped human activities, particularly as they relate
to violence against children, childhood diet, and residential mobility. Did the
decline of Wari state infrastructure and the severe drought of the twelfth to fourteenth centuries contribute to poor morbidity among subadults, particularly as it
related to violence-related trauma and changes in food access?
The Wari empire was the first expansive empire in South America, and it
maintained a mosaic of control from the northern Andes of Peru, to the central
Peruvian coast, to the Moquegua Valley in the far south (Schreiber 1992). After
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Fig. 10.1  Map of Peru showing the Wari-era (Middle Horizon) and post-Wari era (Late
Intermediate Period) sites discussed in the text. Monqachayoq and Vegachayoq Moqo are sectors
at Huari that have LIP skeletal remains (Map by Carla Hernandez, Spatial Analysis Research
Laboratory, Department of Anthropology, Vanderbilt University)

four centuries of rule, the Wari empire “collapsed” for reasons that are still not
fully understood, though it could be related to internal competition at the end
of the Middle Horizon (Tung 2014) combined with a severe drought that may
have began as early as 900 C.E. (Bird et al. 2011) and continued until about 1350
C.E. (Thompson et al. 1985, 2013).
While the factors that contributed to Wari decline are beyond the scope of this
chapter, we can evaluate the impacts of Wari decline and the extended drought.
Other studies have documented some of those effects, noting for example that the
LIP was characterized by dramatic changes in material culture; polychrome ceramics and textiles greatly diminish in numbers, hinting at the loss, or at least the
decline, of production infrastructure (Bauer et al. 2010; Covey 2008; Kurin 2012).
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Social unrest and conflict were also on the rise, as evidenced by the increase in fortifications (Arkush 2008, 2010; Arkush and Tung 2013; Bauer et al. 2010; Conlee
2006; Covey 2008; Stanish 2003; Wernke 2011) and significant increases in cranial
trauma, an excellent proxy for violent interactions (Andrushko and Torres 2011;
Kurin 2012; Torres-Rouff and Costa Junqueira 2005; Tung 2008). While these studies have provided an important foundation for understanding LIP lifeways more generally, there is scant evidence documenting how this period of social unrest affected
childhood violence and altered food access among children and their breastfeeding
mothers. The stable isotope studies presented here provide direct evidence for certain aspects of food consumption, but they also provide indirect insights into food
production and distribution, allowing us to investigate whether all segments of society had equal access to dietary resources. Variation in diet within a population may
be a reflection of greater social inequities, gender-based differences in food access
or food choice, and/or food taboos, among other possible explanations. These and
related issues are examined through an analysis of skeletal samples that date primarily to the second half of the LIP (1200–1400 C.E.). In particular, the study of
violence is achieved through an analysis of cranial trauma among children from
post-Wari sites; dietary practices among children are examined through a study of
carbon isotopes from dental apatite carbonates and of carbon and nitrogen isotopes
from collagen in the dentin; residential mobility is explored through analysis of oxygen isotopes from the carbonates in the dental apatite.

10.1 Physical Violence, Structural Violence, and Warfare
Warfare entails violence, but evidence for violence does not mean that warfare
occurred. Thus, a study of juvenile cranial trauma must attempt to discern the
context in which children suffered physical trauma, whether it was intra-community violence (e.g., child abuse), ritual killings, or warfare. We define warfare as
armed, physical conflict that is carried out collectively between opposing groups
of people and in which the attack was planned by at least one of the parties; war
is not a random outbreak of violence as seen with riots or brawls (Kelly 2000).
The attacks usually entail lethal intent, though captives may also be taken alive
and incorporated into communities as slaves, servants, wives, adopted children, or
community members, or the captives may be ritually killed at a later time (Tung
2012). Although young children rarely, if ever, engage in warfare as trained, active
participants, they can be victims of war (for a discussion of child soldiers forced
into warfare, see Betancourt et al. 2011; Derluyn et al. 2004). In the pre-Hispanic
Andes, violence-related trauma against children is rare, though more recent studies
are showing that juveniles do suffer serious physical trauma and death, particularly
in ritual contexts that may follow after warfare (Klaus 2010; Toyne 2011; Tung
and Knudson 2010; Turner et al. 2013).
A study of violence against children—in conjunction with other data—permits
a more complete evaluation of whether warfare occurred, how lethal it was, and
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who the primary (or incidental) victims may have been. Further, because warfare is also a part of, and contributor to, structural violence, we can more deeply
examine how other aspects of morbidity—diet and malnutrition, for example—are
shaped by war. Structural violence is a systematic application of violence or harm,
in its various manifestations, that affects a particular subgroup, either structured
by class, age, gender, ethnicity, sexual orientation, or some other social identity
marker (Farmer 1996; Galtung 1969). In one regard, who goes to war is often
determined by one’s association with a particular social grouping and can thus be
seen as a form of structural violence leading to particular individuals experiencing a higher likelihood for trauma and death. Another less obvious example of
structural violence is how malnutrition among a marked subgroup (e.g., rural commoners, children, or women) may result from chronic intergroup violence. The
systematic, unequal access to foods could result from a pointed political decision
to redistribute foods in a particular way or from long-standing and unquestioned
social inequalities that indirectly lead to certain subgroups having less access to
nutritious calories. A volume on food and warfare explicitly acknowledges the
strong linkages between conflict and how it can contribute to, or be caused by,
insufficient or unequal access to dietary resources. The intellectual unification of
food and warfare also implicitly acknowledges that structural violence involves
direct physical violence as well as more subtle—though substantial—forms of
violence that can have devastating effects on one’s health and well-being, and
whether a person lives or dies.

10.2 Bioarchaeological Studies of Childhood
The focus on childhood morbidity not only addresses the more subtle effects of
warfare and structural violence (Korbin 2003), but it also provides a more textured understanding of past societies, particularly when we consider how important the juvenile years are for socializing members into society. It is a “training
ground… for when skills and belief systems are learned, personalities formed, and
attitudes and values inculcated” (Kamp 2001, p. 2). The invisibility of the child in
archaeological studies may have resulted from notions that they are unimportant,
or because they (and their activities) seem too intangible (Kamp 2001). However,
with advances in isotopic studies, many aspects of childhood can be reconstructed
even when there are no child skeletons to analyze; the dentition provides a retrospective view of childhood health, diet, water consumption, timing of weaning,
and childhood residence. Thus, the focus on children in this study can provide a
much needed view of how dramatic social and environmental changes in the
Andes particularly impacted the youngest members of society, which, in broader
comparison with adult men and women, allows detection of the differential
impact—or homogeneous effect—of a long-term drought. For example, Sultana
(2014) has argued that modern climate change in South Asia and the concomitant
increase in climate instability (e.g., floods, tsunamis, and water scarcity) have been
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much more harmful to women’s health and well-being. This finding implies that
children also particularly suffer during these periods of climate stress and unpredictability in food production (see below for further discussion). Whether or not
this was the case in the ancient Andes is an important question to explore, because
not only do the skeletal and isotopic analyses reveal the actual health status of
juveniles, but these data also provide insight into how children were integrated
into post-Wari society and whether they may have been buffered against the potentially negative effects of climate stress.

10.3 Climate Stress, Violence, and Diet
There have been a number of important archaeological studies on climate stress and
its impact on cultural practices (Benson et al. 2009; Binford et al. 1997; deMenocal 2001; Dillehay and Kolata 2004; Erickson 1999; Kolata et al. 2000; Shimada
et al. 1991; Zhang et al. 2007), and recent bioarchaeology studies have also been
exploring how climate stress can affect morphology, development, health, and violence (Billman et al. 2000; Harrod and Martin 2014; Lambert 2002; Schug 2011).
And while this study examines how a severe drought correlates with rates of violence and childhood diet, we also critically examine the oft-cited causal relationship
between environmental stress, resource competition, and war (Carneiro 1970). That
is, because we often view malnutrition, illness, and trauma as an inevitable component of a poor natural environment, we often overlook how these health outcomes
can also result from social relations (Goodman and Leatherman 2003) and human
decisions about how to manage and transform the natural environment (Fisher
2005). While climate stress can contribute to serious deleterious effects on human
health and livelihood, these effects are mediated through historical precedence,
political decision-making, social networks, and social norms that may dictate or
encourage certain behaviors. For example, the rise of Wari ca. 600 C.E. coincided
with a drought, and this environmental crisis provided a context for Wari leaders to
develop and enhance agricultural infrastructure, essentially cementing their authority
(Williams 2002). Clearly, some mechanisms may mitigate the deleterious effects of
climate stress, whether it be the construction of new irrigation canals (Schreiber and
Lancho Rojas 2003), the development of raised field agriculture to reclaim waterlogged land in the aftermath of an El Niño event (Moore 1991), or the construction of levees intended to protect habitation areas from floods. Conversely, climate
stress and ineffective responses may lead to crop failure and severe food shortages,
in which choices about food distribution become paramount; will dietary resources
be equitably distributed, or will some groups, whether structured by age, gender,
or social class, have less access to certain foods? These decisions then have downstream effects on growth and development, fertility, and ability to fight infection or
heal from injury, among others.
Studies of modern climate change have also shown the unequal ways that
distinct segments of a population respond to and are affected by it, revealing
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the gendered and class-based outcomes. For example, dependence on natural
resources and divisions of labor are often structured by gender, and an extended
drought can thus variably affect men and women. In South Asia, for example,
females are disproportionately negatively affected by drought (e.g., displacement and thus a loss of social networks, physical and sexual violence, extended
workload fetching water, and preferential saving of boys over girls), particularly
in agrarian societies where the most productive tasks are water-related (Sultana
2014). Thus, our study recognizes the profound ways that environmental stress
can negatively impact community health, while also acknowledging that social
relations shape a large part of those health outcomes. That is, not all aspects of
health and diet can be explained by rain shortfalls. The absence of Wari state infrastructure and the likely tensions that emerged when new social and political power
structures were being forged also could have shaped community lifeways and morbidity patterns in the LIP. Moreover, changes in sociopolitical structures also could
have affected how LIP populations reacted to the ongoing drought, showing that
political structures, decision-making processes, and other non-ecological factors
structured the community health profiles of LIP peoples.

10.4 The Late Intermediate Period Sites
The former capital city of the Wari empire—the site of Huari—was reoccupied,
or at least reused for burials, in the LIP. Two sectors in particular were used to
deposit those LIP bodies: Monqachayoq and Vegachayoq Moqo (Fig. 10.2). At
Monqachayoq during the Wari era, the highest elite stratum, perhaps even a royal
class, was buried deep within the stone-lined tombs of this sector (Solano Ramos
and Guerrero Anaya 1981), but only small bone fragments from that Wari-era burial group remain, owing in large part to the intense looting in colonial and modern times. In one of the side stone-lined galleries to the north of the royal tombs,
archaeologists working there in the 1970s uncovered thousands of complete
human bones (Solano Ramos and Guerrero Anaya 1981), representing approximately 130 individuals. Those remains were commingled, so complete skeletal
individuals could not be reconstructed, but bone preservation was excellent allowing clear observations for trauma. Radiocarbon dates from those Monqachayoq
remains show that they correspond to the LIP and that they suffered high rates
of cranial trauma: Antemortem trauma affected 71 % of adults and perimortem
trauma affected 42 % of adults (N = 31) and 30 % of children (N = 10) (Tung
2008). The cranial trauma rates from the new skeletal samples (discussed below)
are compared to this previously studied sample, and new isotope data from LIP
Monqachayoq dentition are presented.
At the Vegachayoq Moqo sector, 150 m north of Monqachayoq, elites from the
Wari era were buried in niches within a long stone wall that surrounded a ritual
D-shaped structure (see Fig. 10.2), and those too were looted in colonial and modern times. On the other side of that niched wall, however, archaeologists excavating
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Fig. 10.2  The Monqachayoq and Vegachayoq sectors at Huari. Top photograph Monqachayoq.
Middle and bottom photographs Different views of Vegachayoq Moqo
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in the 1980s uncovered thousands of commingled human remains from over 100
individuals (Bragayrac 1991). Cut marks on approximately 80 % of the long bones
suggest that the bodies had been dismembered; the body parts were then thrown in
a large, long trench that ran the length of the stone wall. Radiocarbon dates from
the bones indicate that they also date to the LIP (see below).
In the hills to the north/northwest of Huari, there are cave sites (machays) visible from the northern end of the site. These caves are approximately 3.3 linear km
from Vegachayoq Moqo, and two of the machays had LIP human burials. The two
sites—Ayamachay and Rosamachay—were excavated by Richard MacNeish and
colleagues in 1969, and they uncovered a total of ten partially complete burials
(three from Ayamachay and seven from Rosamachay); ceramic associations and
analyses of stratigraphic levels led these researchers to suggest that the interments
date to the LIP (Veierra and MacNeish 1981). A new AMS date confirms this temporal association (see below). In the archaeology laboratory at the local university
in Ayacucho, we relocated seven of the individuals from the caves that MacNeish
and colleagues excavated.
All of the human remains from these sites and sectors were stored in the
Archaeology Laboratory at the Universidad de San Cristobal de Huamanga
(UNSCH) and at the Ministry of Culture in Ayacucho. The human remains from
Huari were relocated in 2007 and the remains from the cave sites were found at
UNSCH in 2010. Analysis is ongoing, and here we present the trauma data on
child crania from the cave sites and carbon and oxygen isotope ratios from the
hydroxyapatite from deciduous (juvenile) and permanent (adult) teeth from the
caves and from the LIP-Huari sectors (Vegachayoq Moqo and Monqachayoq).
The stable isotope data from deciduous teeth provide a retrospective view of diet
in early infancy (when those teeth were forming), while permanent dentition provides a retrospective view of later infancy and early/late childhood diet (depending
on which tooth is sampled). These data on juvenile diet are complementary to the
data on child cranial trauma, providing a more textured view of children’s lifeways
during a time after imperial decline and an ongoing severe drought.

10.5 Background on Stable Isotope Analyses
Archaeologists use biogeochemical methods to shed light on ancient diets, food
distribution practices, and resource production. Stable isotopic studies devoted
to paleodietary reconstructions in the Andes have investigated a range of issues
including food acquisition activities (Webb et al. 2013a), seasonality in death and
food storage (Williams and Katzenberg 2012), economic and resource exchange
practices (Coutts et al. 2011; Slovak and Paytan 2011; Tomczak 2003), labor
networks (Turner et al. 2010), dietary profiles of sacrificial victims (Turner et al.
2013), and most predominately, maize consumption and cultivation (Burger and
van der Merwe 1990; Cadwallader et al. 2012; Finucane 2009; Finucane et al.
2006; Hastorf and Johannessen 1994; Kellner and Schoeninger 2008; Knudson
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et al. 2007; Lambert et al. 2012). In this study, we use stable isotope analyses to
understand changes in foodways during a time of sociopolitical decline and climate change.
Stable isotope analyses provide insights into ancient subsistence practices
because the isotopic signature in human bone and teeth reflects the signature of
consumed food (Price et al. 2002; Schwarcz 1991; Schwarcz and Schoeninger
1991). Carbon is present in teeth in the carbonate portion of enamel and the
organic component of dentin collagen (Price and Burton 2011). In the same individual, the ratios of stable carbon isotopes in the carbonate and the collagen can
vary (Price and Burton 2011). Carbon isotope values are influenced by the type of
plants consumed as well as marine and terrestrial fauna eaten. Importantly, δ13C
values allow distinctions between the proportions of plants consumed using primarily a C3 or C4 photosynthetic pathway (Tieszen and Chapman 1992). The only
C4 plants ancient Andeans consumed were amaranth (Amaranthus caudatus) and
maize (Zea mays), and most Andean research has focused on the consumption of
maize, a socially valued crop that was commonly used in feasts and rituals, and
that formed an important part of reciprocal exchange networks; C3 plant foods in
the Andes include a variety of tubers, quinoa (Chenopodium quinoa), and peppers
(Capsicum spp.), among others (Turner et al. 2010). Based on the controlled feeding studies of rodents, researchers determined that carbon isotope ratios from the
mineral portion of enamel apatite δ13C (δ13Cap), represent isotopic composition of
the entire diet (Ambrose and Norr 1993; Kellner and Schoeninger 2007). Carbon
isotope ratios from collagen (δ13Ccol) in dentin and bone denote the portion of carbon in dietary protein consumed (Ambrose 1993; Ambrose and Norr 1993).
Nitrogen isotope ratios (δ15N) from collagen in dentin and bone can detect
the sources of dietary protein (e.g., terrestrial meat vs. freshwater fish) and the
trophic-level effects of protein intake (Ambrose and Norr 1993; Schoeninger et al.
1983). Climate can also alter nitrogen isotope values, particularly in arid environments, when nitrogen isotope ratios can rise (Ambrose 1991; Ambrose and DeNiro
1987). When carbon isotope values are analyzed in conjunction with nitrogen isotope values, we can better distinguish between the consumption of marine and terrestrial foods. In humans, nitrogen isotope values are heavily influenced by the
trophic level of the consumed organism and the importance of leguminous plants
in the diet (Ambrose et al. 1997; Ambrose and Norr 1993; Lee-Thorp et al. 1989).
Through trophic webs, nitrogen enrichment occurs in a step-like manner of 3 ‰
between food source and consumer (Schoeninger and DeNiro 1984). As a result,
breastfeeding can also affect nitrogen enrichment, making the δ15N in breastfeeding infants higher than the mother (Fogel et al. 1989). Thus, dentin in teeth that
form during the breastfeeding years tends to be more enriched in nitrogen (higher
values) than the teeth that formed after weaning (Wright and Schwarcz 1999).
This is because the isotopic composition of dentin is not greatly altered throughout
life, though the secondary dentin near the pulp chamber undergoes change (Wright
and Schwarcz 1999, p. 1160).
In addition to dietary and weaning practices, stable isotope analyses can
help archaeologists assess prehistoric migration and climatic events. Recently,
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in the Andes, oxygen isotope analyses (δ18O) have been used to interpret weaning practices, document potential water sources, and reconstruct patterns of
population movement (Andrushko et al. 2011; Buzon et al. 2011; Hewitt 2013;
Knudson 2009; Knudson and Price 2007; Toyne et al. 2014; Turner et al. 2009;
Webb 2010; Webb et al. 2013b). Oxygen isotope analyses can also assist in paleoclimatic reconstructions and act as a proxy for local surface temperature (Fricke
et al. 1995). These types of analyses work because the oxygen isotope composition in enamel reflects the signatures of ingested meteoric water (Longinelli 1984;
Luz et al. 1984). Oxygen isotope signatures vary depending on a host of factors
including climate, altitude, latitude, precipitation, proximity to the coast, water
storage and preparation practices, and breastfeeding (Dansgaard 1964; Koch 1998;
Roberts et al. 1988; Wilson et al. 2007; Wright and Schwarcz 1998). We use oxygen isotope values from enamel carbonate to interpret geographic residence during
infancy and early childhood when enamel formation occurred, and we interpret
these results in light of large-scale climatic changes that occurred in the LIP. By
using a multi-isotopic approach, we address shifts in diet and migration at a time
of significant political, social, and environmental change.

10.6 Materials and Methods
10.6.1 Cranial Trauma
Skeletal trauma plays an important role in assessing claims of ancient warfare and
violence; cranial trauma, in particular, is an excellent proxy for violent conflict and
likely does not reflect accidental injuries (Lovell 1997; Walker 1997, 2001). In this
study, we report cranial trauma frequencies for eight juveniles: Huari-Vegachayoq
Moqo (six juveniles) and the cave sites of Ayamachay and Rosamachay (two juveniles). These data are then compared to and combined with cranial trauma data
from ten LIP children from the Monqachayoq sector at Huari (Tung 2008). All
LIP child crania were compared to trauma frequencies from children at Middle
Horizon Wari sites in the heartland to determine whether there was a significant
difference in violence toward juveniles through time.
For crania that were more than half complete, we recorded age-at-death, type
of trauma (antemortem and perimortem), and wound location according to established protocols (Buikstra and Ubelaker 1994). As with most juvenile skeletal
remains, sex could not be determined because sexually dimorphic skeletal traits
had not yet developed in these prepubescent individuals. Among the adults from
whom dental samples were selected for a retrospective view of childhood diet,
sex was estimated based on cranial characteristics. The main diagnostic criteria
for distinguishing antemortem from perimortem injuries require identifying new
bone formation and reactions stemming from wound healing and repair (Galloway
1999b; Ortner 2003). Perimortem fractures do not show any evidence of new
bone growth (Berryman and Jones Haun 1996; Merbs 1989), and they often have
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concentric and radiating lines emanating from the impact point (Sauer 1998).
Additional characteristics used to distinguish perimortem trauma from postmortem breakage included assessing color and shape of the fracture margin (beveled
vs. smooth edges, respectively) and the presence of adhering (or “hinging”) bone
along the fracture margin (Galloway 1999a). We examined wound shapes to distinguish blunt force trauma from sharp force trauma. Blows from blunt objects,
such as stones, can leave diagnostic depression fractures that are typically round
or oval (Walker 2001), while projectile or sharp force trauma tend to leave healed
linear fractures or embedded points (Lambert 1997).

10.6.2 Stable Isotope Analyses
Stable carbon and oxygen isotope analysis was conducted on 26 dental apatite
samples representing 25 individuals from Vegachayoq Moqo (n = 20) and the
machays (n = 6), and dentin from six individuals from the machays was examined
for stable carbon and nitrogen isotope ratios.
10.6.2.1 Carbon and Nitrogen Isotope Analyses from Dentin Collagen
The six Ayamachay/Rosamachay individuals were opportunistically sampled such
that loose teeth were preferentially chosen for isotopic analysis.1 Consequently,
three samples are first molars, two samples are second molars, and one sample is a
deciduous incisor. Dentin from teeth was sampled in two places: the

1Tooth dentin samples were cleaned and ground to a fine powder using a Foredom handheld
motor tool on low speed. All powdered samples had 0.5 N HCl applied and then refrigerated
at 9 °C for 24 h. The acid was removed, samples were rinsed five times in pure water, and a
solution of 0.1 N NaOH was applied to each sample for 20 h to remove humic contaminants
and lipids. After another five water rinses, samples were freeze-dried before isotopic analysis.
The result of this method produces a collagen pseudomorph containing mostly collagen but
potentially also retaining small amounts of other biological proteins, such as osteocalcin. Steps
were taken to ensure that collagen samples included in this study were not compromised due
to diagenesis or contamination. Percent collagen yield, percent carbon and nitrogen, and atomic
C/N ratios are all reported. Collagen yield for samples ranged from 7 to 50 % (with tooth samples typically having smaller collagen yields than bone samples, potentially related to sample
size and loss with chemical preparation steps). C:N ratios are commonly used to assess collagen preservation, with values between 2.9 and 3.6 accepted as “good” samples (DeNiro 1985).
All dentin samples have C:N values within this range. Collagen samples were analyzed at the
Center for Stable Isotope Biogeochemistry (CSIB) in the Department of Integrative Biology
at the University of California, Berkeley. Samples were analyzed using a CHNOS Elemental
Analyzer (varioIsotope cube, Elementar, Germany) coupled with an IsoPrime Isotope Ratio Mass
Spectrometer (IsoPrime, UK). Internal standards including NIST SRM 1547 peach leaves and
NIST SRM 1577c bovine liver, MJM1 dentin, and ABS 180 bone were also analyzed.
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cemento-enamel junction (CEJ) and the root tip. Sampling in these two areas of
the tooth captures dietary information recorded during different periods of tooth
development, and both values are reported below. However, because these postWari samples are compared to previously published Wari samples, which sampled
from only one part of the dentin (Finucane 2009; Finucane et al. 2006), we calculated the average from the crown and root from the Ayamachay/Rosmachay samples and compared that average value to the Wari-era dentin. Dentin collagen
samples were prepared following standardized protocols (Sealy et al. 1995;
Waters-Rist et al. 2011).
10.6.2.2 Carbon and Oxygen Isotope Analyses from Enamel Apatite
Apatite carbonate samples were extracted from the teeth from the burials in the
machays (cave sites) following a standardized protocol2 (Koch et al. 1997). The
Vegachayoq Moqo and Monqachayoq apatite carbonate samples were processed at
the Vanderbilt Isotope Laboratory in the Department of Earth and Environmental
Sciences, following protocol by Koch et al. (1997) and DeSantis et al. (2009).3
All stable isotope data were normalized to NBS-19 and are reported in conventional delta (δ) notation for carbon (δ13C) and oxygen (δ18O), where δ13C (parts
per mil, ‰) = ((Rsample/Rstandard) − 1) * 1000, and R = 13C/12C; and, δ18O
(parts per mil, ‰) = ((Rsample/Rstandard) − 1) * 1000, and R = 18O/16O; and
the standard is VPDB (Pee Dee Belemnite, Vienna Convention) (Coplen 1994).
All oxygen isotope values initially analyzed and reported in reference to VPDB
were converted to VSMOW by using the following equation, δSMOW = 1.03091
δPDB + 30.91 (Coplen 1994).
2Powdered

samples had a solution of 2–3 % NaOCl (bleach) added to each. Samples were periodically agitated and after 24 h, the bleach solution was removed and samples were rinsed five
times with pure water. A solution of 1 M acetic acid buffered with calcium-acetate was added
to each sample for 12 h. The acid solution was removed and samples were rinsed five times in
pure water. Carbonate samples were freeze-dried and then analyzed on a GV IsoPrime mass
spectrometer with Dual-Inlet and MultiCarb systems in the Laboratory for Environmental and
Sedimentary Isotope Geochemistry (LESIG) at the Department of Earth and Planetary Science,
University of California, Berkeley. Replicates of an international standard, NBS19, and internal
laboratory standards were measured in addition to samples for each run. Samples are compared
to the VPDB standard for both δ13C and δ18O. The external analytical precision is reported as
±0.04 ‰ for δ13C and ±0.07 ‰ for δ18O.
3Teeth were drilled perpendicular to the growth axis with a low-speed dental-style drill and carbide dental burrs. Following standardized protocols (DeSantis et al. 2009; Koch et al. 1997),
approximately 2–3 mg of enamel powder soaked in 30 % hydrogen peroxide for a minimum
of 24 h to ensure all organics were removed. Enamel powder was subsequently rinsed in pure
water three times. Acetic acid (0.1 N) was then added to the samples, and they soaked for exactly
18 h, after which samples were rinsed with pure water an additional three times before left to
dry in desiccators. Approximately 1 mg sample from the carbonate portion of tooth enamel
hydroxyapatite was run on a Finnigan Delta Plus XP mass spectrometer at the Stable Isotope
Facility at the University of Wyoming for carbon and oxygen.
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Normality tests were performed on all sets of isotopic data. When isotopic data
were normally distributed, Student’s t-tests were used to compare between sites
and periods. Non-normally distributed data were compared using Mann-Whitney
tests when making comparisons between two sites. All statistics were run using
XLStat and/or IBM-SPSS 22.

10.7 Results
10.7.1 Radiocarbon Dates
Four AMS dates from the Monqachayoq sector at Huari were previously published, and they show that those human remains date to the LIP: ca. 1300 C.E.
(Tung 2008) (Table 10.1). Additional radiocarbon dates from crania and a maize
Table 10.1  Radiocarbon dates from Monqachayoq and Vegachayoq Moqo sectors at Huari and
Ayamachay
14C age
Sigma Range (CE)
(years BP)
1048–1083
Beta-229247 MC-Cran44 940 ± 40 1
2
1038–1216
Beta-229247 MC-Cran44
1229–1251
Beta-229245 MC-Rad-AY 780 ± 40 1
2
1217–1313
Beta-229245 MC-Rad-AY
1324–1344
Beta-229246 MC-Cran43 600 ± 40 1
2
1312–1359
Beta-229246 MC-Cran43
560 ± 40 1
1402–1436
Beta-229244 MCRibII-2-5
2
1324–1343
Beta-229244 MCRibII-2-5
1313–1358
Beta-229249 VM-Cran17 650 ± 40 1
2
1296–1407
Beta-229249 VM-Cran17
1393–1434
Beta-229250 VM-Cran56 580 ± 40 1
2
1319–1351
Beta-229250 VM-Cran56
1229–1252
Beta-229252 VM-Maize 790 ± 40 1
2
1212–1308
Beta-229252 VM-Maize
Machay
925
±
15
1
1155–1190
120942
Thread
Machay
2
1069–1076
120942
Thread

Laboratory
code

Bone code

Relative
prob.
0.314
1
0.32
0.92
0.29
0.35
1

Range (CE) Relative
prob.
1140–1208 0.686

0.06

1389–1451 0.94

0.73
1
1
0.18
0.4
0.96
1

1380–1398 0.28

0.019

1148–1214 0.981

1260–1294
1358–1380
1389–1422
1379–1441

0.68
0.08
0.71
0.65

1385–1446 0.82
1259–1288 0.6
1361–1378 0.04

All samples calibrated Calib 7.0 and showing calibration at both 1 and 2 sigma with relative
probabilities. Southern hemisphere correction was applied (SHcal 13)
Beta= Beta Analytic. Ayamachay samples processed at Earth System Science Department at
UC-Irvine
Monqachayoq (MC) samples originally published in Tung (2008), but recalibrated here with
Calib 7.0
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fragment at Vegachayoq Moqo, as well as an AMS date from Ayamachay, confirm
that temporal association, though the textile thread from Ayamachay is slightly
earlier: ca. 1200 C.E. (see Table 10.1 for details).
10.7.1.1 Child Cranial Trauma
None of the eight juveniles (two at the machays and six at Vegachayoq Moqo)
exhibit antemortem cranial trauma. The total absence of antemortem trauma is
consistent with the preceding Wari era when none of the 39 children exhibited
healed head wounds (Tung 2012). This finding suggests that children in both eras
were not victims of child abuse, nor were they engaged in physically risky activities in which they could suffer sub-lethal head injuries.
In contrast, lethal (perimortem) trauma was very common during the LIP. Twothirds of the children (4/6 = 66 %) from Vegachayoq Moqo exhibit perimortem
cranial fractures (one of which is a possible perimortem fracture) (Figs. 10.3 and
10.4); none of the children from the machays have perimortem cranial trauma
(but see the description of trepanation below). This combined LIP frequency
(4/8 = 50 %) of perimortem trauma is significantly greater than the earlier Wari
era, when none of the Wari-era juveniles (N = 39) exhibit perimortem head
wounds (Fisher’s exact, p = 0.0004; N = 47). This significantly higher frequency
of perimortem cranial fractures among LIP children suggests a dramatic change in
how children were treated in post-Wari society. And although there is no significant difference in the perimortem trauma rate between Vegachayoq Moqo and the
machays (likely owing to small sample size), 66 versus 0 % is quite remarkable
and hints at starkly different childhoods between children who lived at the former
urban center versus those inhabiting more rural settlements.
Among the three (possibly four) children with perimortem cranial trauma, there
are a total of six (possibly seven) cranial fractures, and all of them appear to be
from blunt force trauma; there are no sharp force traumas or embedded points.
Cranium 20 has three head wounds, Cranium 3 has two head wounds, and Crania
6(?) and 68 have one cranial fracture each. The locations of the perimortem wounds
are remarkably similar: There are four fractures on the posterior of the head and
three fractures on the left lateral side (see Fig. 10.3). This posterior and left-side
patterning might suggest a standardized way of killing children during the LIP. For
example, a blow from a right-handed attacker facing the child would result in these
kinds of left-side injuries; a strike against a child who is ducking his head, fleeing
an attack, or in a prone position could result in posterior head wounds. More specifically, among the four posterior cranial fractures, it appears that two of them were
sustained while the child had a slightly bowed head. That is, two fractures are on
the inferior portion of the cranium’s posterior, thus bowing (or ducking) the head
would expose this part of the skull. These wounds are nearly identical to the basal
ring fractures observed among victims of the Khmer Rouge in Cambodia, in which
attackers systematically hit the back of the victim’s head while they were kneeling,
heads bowed, and hands tied behind their backs (Ta’ala et al. 2006).
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Fig. 10.3  Top row, Cranium 20: Perimortem trauma on the left side (left photograph) and two
perimortem fractures on the posterior (right photograph). Bottom row Cranium 68: perimortem
trauma on the left side (bottom left photograph is posterior view, bottom right photograph is posterior-lateral view). Both are from the LIP component at the Vegachayoq Moqo sector at Huari

10.7.2 Trepanation
In addition to cranial trauma, trepanation, a practice often related to head injuries
in the Andes (Andrushko and Verano 2008; Kurin 2013), was observed on one
child cranium from the cave site, Ayamachay. This individual, aged 7–8 years at
the time of death, exhibited an oval-shaped trepanation on the posterior portion of
the skull; there were cut marks surrounding the aperture. The cut marks are consistent with a circular cutting or grooving technique, and they indicate that there
was removal of soft tissue during trepanning. There was no evidence for bone
healing or remodeling at the margins—an observation that suggests the individual likely died during or shortly after the surgical procedure. Given that two-thirds
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Fig. 10.4  Left photograph Cranium 6: possible perimortem trauma on the inferior, basal portion
of the child’s cranium. Right photographs Cranium 3: perimortem trauma on the left posterior
of a child’s cranium. Both are from the LIP component at the Vegachayoq Moqo sector at Huari

of the children from Vegachayoq Moqo exhibit perimortem cranial trauma, it is
possible that this trepanned child suffered a head injury too, and the surgical procedure was an (unsuccessful) attempt to treat the injury. If there was a cranial
fracture, the trepanation completely removed it, obscuring our ability to evaluate
whether there was a fracture at that location. Nonetheless, given the lack of visible
trauma, we must also consider reasons aside from cranial injuries that may have
led to the trepanning, such the desire to ease symptoms of mastoiditis or epilepsy
(Andrushko and Verano 2008).
There may be evidence of cranioplasty on this trepanned child cranium. A piece
of bottle gourd (Lagenaria siceraria) rind (9.78 cm × 5.27 cm) was found inside
the cranium, and the gourd’s external surface had five holes near the edge, and
two of those holes had thread remnants in them. Those two thread-filled holes correspond to two small, darkened areas located on the posterior right parietal near
the trepanation hole. When the holes from the gourd are aligned with the spots on
the skull, the gourd covers the trepanation almost entirely (Fig. 10.5). The presence of the gourd rind suggests that this may be an attempt at cranioplasty—a procedure performed to repair a defect of the skull. Ethnographic (Bandelier 1904)
and archaeological evidence (Kurin 2013) for the practice is scarce; however, the
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Fig. 10.5  Trepanation and the gourd piece that may be evidence of cranioplasty on the juvenile
from one of the machays

few examples that do exist depict metal plaques, gourd rinds, or excised bones as
the preferred materials to place over the hole and protect the brain (Verano and
Andrushko 2010). It is also possible that the gourd piece was added after death
as part of the process of preparing the child for burial, so that the body would be
made whole.
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10.7.3 Stable Isotope Analysis to Reconstruct
Childhood Diets
10.7.3.1 Carbon Isotope Ratios
Stable carbon isotope analysis of dental apatite carbonate from a subsample of
individuals from Monqachayoq, Vegachayoq Moqo, and the cave sites was done to
evaluate whether certain aspects of diet—maize consumption in particular—were
significantly different in the Wari versus post-Wari eras. The dental enamel that
was sampled formed during different periods of childhood, so the first set of values presented are from all dental samples, while the subsequent reporting divides
them up by different juvenile periods. Among all 26 dental carbonate samples
from 25 post-Wari individuals (Huari and the cave sites), the δ13C ranges from
−12.57 to −2.29 and the mean δ13C = −6.1028 (s.d. = 2.664) (Table 10.2,
Fig. 10.6). Previous studies of 25 Wari-era dental samples show a range of −6 to
−1.2 and the mean δ13C = −3.716 (s.d = 0.996) (Finucane 2009; Finucane et al.
2006) (see Table 10.2, Fig. 10.6). The Wari-era carbon isotope ratios are significantly higher than the post-Wari values (t = 4.2; p < 0.0001, 2-tailed), indicating a
significant shift in childhood diet from the MH to the LIP.4
Breastfeeding babies can have quite distinct stable isotope values relative to
older children, owing to either the trophic-level effect of breastfeeding infants or
to a dramatic shift in diet as they start to consume solid foods. Thus, we report
the range and means for teeth that formed during infancy/early childhood (IEC),
when the individual was likely breastfeeding, and we report values for the middle
childhood/adolescent (MC/AD) forming teeth, which likely pertain to post-weaning years. Among the post-Wari IEC teeth, the δ13C range is −3.87 to −9.79 and
the mean δ13C = −6.12 (N = 11), and among the MC/AD teeth, the δ13C range is
−2.29 to −12.57 and the mean δ13C = −6.0936 (s.d. = 3.287; N = 14).
Comparisons between Wari and post-Wari samples show that each juvenile phase (IEC and MC/AD) has significantly different δ13C values. Wari-era
IEC teeth (mean δ13C = −3.81; N = 12) (Finucane 2009; Finucane et al. 2006)
show significantly higher values than post-Wari IEC teeth (mean δ13C = −6.12;
N = 11) (t = 3.76, p = 0.0012), suggesting that breastfeeding mothers (and young
children in the process of weaning) in the Wari era had greater access to carbonenriched foods.
The Wari-era MC/AD teeth (mean δ13C = −3.631; s.d. = 0.828; N = 13)
(Finucane 2009; Finucane et al. 2006) versus post-Wari MC/AD teeth (mean
δ13C = −6.0936; N = 14) show that the Wari-era children had significantly higher
δ13C values (t = 2.71; p = 0.0161). This suggests that after weaning, the Wari-era

4When

just the machays are compared to Wari samples, the difference is significant (t = 3.68,
p = 0.014), and when just Huari-LIP samples are compared to Wari samples, the difference is
also significant (t = 3.05, p = 0.006).

Element

URM2
URM2
ULM2
ULM2
ULM2
ULM2
ULdec. i1
ULdec. i1
ULM1
ULM1
URM1
URM1
LRI1
URM1
URM1
ULM1
URM2
ULM2
ULM2
URM1
ULM3
URM1

Sample

Cran 1
Cran 1
Cran 2
Cran 2
Cran 3
Cran 3
Cran 4
Cran 4
Cran 5
Cran 5
Cran 6
Cran 6
21.01
Cran 50
Cran 30
Cran 08
Cran 23
Cran 15
Cran 02
Cran 51
Cran 69
Cran 70

Site

Machay
Machay
Machay
Machay
Machay
Machay
Machay
Machay
Machay
Machay
Machay
Machay
Huari Monq.
Huari Monq.
Huari Monq.
Huari Monq.
Huari Monq.
Huari Monq.
Huari Monq.
Huari Monq.
Huari Monq.
Huari Monq.

MC
MC
MC
MC
MC
MC
I
I
IEC
IEC
IEC
IEC
IEC
IEC
IEC
IEC
MC
MC
MC
IEC
AD
IEC

Age Cat.
for tooth
Crown/CEJ
Root
Crown/CEJ
Root
Crown/CEJ
Root
Crown/CEJ
Root
Crown/CEJ
Root
Crown/CEJ
Root
Mid-crown
Mid-crown
Mid-crown
Mid-crown
Mid-crown
Mid-crown
Mid-crown
Mid-crown
Mid-crown
Mid-crown

Tooth location

10.1
9.1
11.6
11.3
9.4
9.8
11.5
10.1
12.4
11.7
12.2
11.9
−18.6
−17.7
−14.4
−12.7
−18.2
−16.8
−13.2
−15.3
−12.8
−11.2
−13.0
−12.2

d 15N (air) d 13C (vpdb)
dentine coll dentine coll

Table 10.2  The carbon, nitrogen, and oxygen isotope ratios from the samples discussed in the text

3.1
3.1
3.1
3.1
3.0
3.2
3.1
3.1
3.2
3.0
3.2
3.2

C/N
(atomic)

−8.3
−9.8
−8.2
−8.7
−8.5
−9.0
−9.0
−8.6
−9.4
−8.3
−8.6
−9.0
−9.1
−8.8

22.34
20.83
22.44
21.93
22.1
21.7
21.7
22.1
21.2
22.3
22.1
21.7
21.6
21.8

−10.4
−7.8
−5.8
−5.2
−4.4
−3.9
−5.8
−7.9
−5.2
−4.3
−4.6
−6.2
−2.7
−4.9

(continued)

−8.8

21.87

−6.7

−12.2

d18O (vpdb)
d18O
(SMOW) enam apat
enam apat
27.86
−3.0

d13C (vpdb)
enam apat
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MC
MC
IEC
MC
MC

LLP4
LRM2
URM1
ULM2
ULM2

Huari VM
Huari VM
Huari VM
Huari VM
Huari VM

MC
AD
MC
IEC

ULM2
ULM3
URM2
URP3

Cran P
Cran M
Cran S
HTM 48 Ind
1.26
HTM 50 #11
Cran 1001
Cran 4
Cran 58
Cran 66

Huari Monq.
Huari Monq.
Huari Monq.
Huari VM

Age Cat.
for tooth

Element

Sample

Site

Table 10.2  (continued)

Mid-crown
Mid-crown
Mid-crown
Mid-crown
Mid-crown

Mid-crown
Mid-crown
Mid-crown
Mid-crown

Tooth location

d 15N (air) d 13C (vpdb)
dentine coll dentine coll

C/N
(atomic)

−12.6
−5.5
−5.7
−4.6
−3.8

−2.3
−4.5
−6.1
−9.8

d13C (vpdb)
enam apat

21.2
20.9
21.5
21.4
22.7

d18O
(SMOW)
enam apat
21.9
21.3
22.1
21.9
−9.4
−9.7
−9.1
−9.2
−7.9

−8.8
−9.3
−8.5
−8.8

d18O (vpdb)
enam apat
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Fig. 10.6  Carbon isotope ratios from dental enamel apatite (carbonates) from the Middle Horizon (Wari era) burials and the Late Intermediate Period (post-Wari) burials. Some Middle Horizon values are from Finucane et al. (2006)

juveniles continued to have greater access to carbon-enriched food such as maize
relative to children and adolescents in post-Wari times.
There are no sex-based differences in carbon isotope ratios from dental apatite
among the LIP samples. For all of the LIP boys, the mean δ13C = −5.23 (N = 8)
and for all of the LIP girls, the mean δ13C = −6.27 (N = 5) (t = −0.63; p = 0.542).
(This also holds for internal site comparisons: boys vs. girls from the cave sites and
boys vs. girls from Huari.) In all, this suggests that boys and girls consumed a similar diet, at least as it related to the consumption of carbon-enriched foods.5
10.7.3.2 Comparing Carbon Isotope Ratios in the LIP: LIP Sectors
at Huari Versus the LIP Machays
Among the dental apatite samples from the LIP sectors at Huari (n = 19), the
mean δ13C = −5.505 (s.d. = 2.409), and at Ayamachay/Rosamachay (n = 6), the
mean δ13C = −8.00 (s.d. = 2.746). A Mann-Whitney test shows that the values
5Teeth from children could not be used in the sex comparisons because their sex cannot be estimated. But, for individuals who died in adulthood, their sex could be estimated based on adult
skeletal morphology, providing a retrospective view of diet of girls versus boys.
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from these sites are significantly different (p = 0.0252), suggesting that post-Wari
individuals who were buried at Huari had a childhood diet distinct from those
who were buried in the caves, at least as it related to the consumption of carbonenriched foods (e.g., maize). This childhood dietary difference hints at temporal
differences (the machays are earlier) or the emergence of social inequality in the
post-Wari era, a topic further discussed below.
10.7.3.3 Carbon Isotope Ratios from Dentin: Distinct Values Between
Wari and the Post-Wari Eras
Among the Ayamachay/Rosamachay samples, dentin collagen from teeth was
examined for carbon and nitrogen isotope ratios, and those were compared to the
values obtained from the dentin collagen of Wari-era dentition.6 Of those postWari individuals, the dentin collagen mean δ13C = −14.63 (N = 6). In the Wari
era, the dentin collagen mean δ13C = −10.688 (N = 17) (Finucane 2009;
Finucane et al. 2006). These values are again significantly different (t = 3.68;
p = 0.0104), suggesting that, at least in the protein component of the diet, carbonenriched foods were significantly less common in the post-Wari era.
10.7.3.4 Nitrogen Isotope Ratios from Dentin: Similar Values Between
the Wari and the Post-Wari Eras
Nitrogen isotope ratios from the Ayamachay/Rosamachay dentin collagen samples show an average δ15N = 10.933 (N = 6), and among the Wari dentin collagen samples, the average δ15N = 10.829 (N = 17) (Finucane 2009; Finucane et al.
2006). These values are statistically similar (t = 0.14; p = 0.887), suggesting that
some aspects of childhood diet were unchanged from one time period to the next.
In particular, there is no evidence that there was a significant shift in the consumption of foods from different trophic levels.
10.7.3.5 Oxygen Isotope Ratios
Oxygen isotope ratios from dental apatite carbonates from the LIP samples are as
follows: the Huari-LIP δ18OVSMOW ranges from 20.914 to 22.721 and the average
δ18OVSMOW = 21.7495 (s.d. = 0.443; N = 19); the machays δ18OVSMOW ranges
from 20.828 to 27.859 and average δ18OVSMOW = 23.0792 (s.d. = 2.74; N = 5)
(Table 10.2). There is no significant difference in oxygen isotope ratios between
the Huari-LIP samples and the machay samples (t = 2.14; p = 0.3413), suggesting that both populations acquired their water sources from the same or similar
sources.
6As

of yet, there are no isotope data from dentin from the LIP Huari samples.
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Among the entire LIP sample, the mean δ18OVSMOW = 22.027 (s.d. = 1.33;
N = 24), and one sample is more than four standard deviations above the mean:
a middle-aged female from Ayamachay (Cran. 1). (No other samples are even one
standard deviation from the mean.) This outlier value suggests that her childhood
was spent in a location with a highly distinct water source, likely outside of the
Ayacucho Basin.
Because there are currently no oxygen isotope data from the preceding Wari
era, it is unclear whether the water source(s) significantly changed in the post-Wari
era. Further, although previous studies have demonstrated that there was a longterm drought ca. 900–1350 C.E. (Bird et al. 2011; Thompson et al. 1985, 2013),
the current oxygen isotope data cannot address the issue of declines in precipitation relative to the Wari era until more Wari-era samples (and samples from animals) are available.

10.8 Discussion: More Lethal Violence and Less Maize
for Children of the Post-Wari Era
The samples from the machays and the former Wari imperial capital (Huari) all
date to the LIP, primarily from the second half of the LIP. This temporal association allows us to examine how the aftermath of Wari imperial decline and an ongoing drought structured the lifeways of these populations, particularly as it relates to
exposure to violence and dietary practices among children. By comparing cranial
trauma and stable isotope ratios between the Wari and post-Wari eras, we can evaluate whether post-Wari childhoods were distinct from that of their Wari-era ancestors. The claim that these LIP populations are indeed biological descendants of the
Wari heartland populations is supported by previous research on ancient mtDNA
that shows genetic homogeneity and shared maternal lines between the two temporal groups (Kemp et al. 2009). This relationship is important to establish because
it ensures that we are not comparing morbidity and diet between two biologically
distinct populations that may have had different disease susceptibilities or that
lived in distinct ecological zones.
The absence of antemortem trauma among the eight juveniles matches what
was previously observed among the ten juveniles from the LIP component at
Huari-Monqachayoq (Tung 2008). Thus, among 18 LIP juveniles from the former
Wari heartland studied thus far, the antemortem cranial trauma frequency is zero,
which is identical to the preceding Wari era when none of the 39 children exhibited healed head wounds (Tung 2012). This suggests that in both cultural eras,
children were not victims of sublethal trauma, such as might be seen in cases of
repeated child abuse.
Although antemortem cranial trauma is absent in both eras, lethal (perimortem) cranial fractures significantly increase in later post-Wari times. Previous
studies show that three out of ten Monqachayoq children have perimortem
head wounds (Tung 2008), rates that are statistically similar to the combined
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Vegachayoq Moqo and machay sample presented here (4/8 = 50 %) (Fisher’s
exact, p = 0.6305). Thus, among all child LIP crania from Vegachayoq Moqo,
Monqachayoq, and the machays, seven out of 18 (39 %) juveniles died from a
violent blow to the skull; this is significantly higher than in Wari times (Fisher’s
exact, p = 0.0001).
The location of head wounds on the children from Monqachayoq and
Vegachayoq Moqo is nearly identical. The three juveniles from Monqachayoq
exhibit cranial fractures on the left side, and two of them also have fractures on
the posterior of their crania (Tung 2008). In total, there are 12 perimortem head
fractures on the seven fatally injured children from LIP-Huari: Six are on the left
side and six are on the posterior. This is a striking pattern of perimortem trauma
on juveniles, suggesting that these injuries are not from accidents. The severity of
the fractures in which large portions of the cranium are dislodged further suggest
that these were not accidental injuries, but resulted from forceful, violent blows
to children’s heads that were delivered in a standardized manner. It is remarkable
that in the post-Wari era, deadly violence was directed at children, and the inflicted
injury patterns are remarkably similar, observations that indicate there were dramatic changes in post-Wari society.
What actions led to these massive fatal head traumas on children? Intrahousehold abuse (i.e., child abuse) seems unlikely. Studies of modern child abuse
have documented fatal head traumas perpetrated by parents, their romantic partners, or other caregivers, but it is less common that those head injuries result in
death [e.g., 20 % of 151 cases of abusive head trauma against children from
Colorado resulted in death (Starling et al. 1995)]. Further, although child maltreatment is unacceptably high in the USA—state agencies documented 678,810 cases
in 2012—a low percentage of them resulted in fatalities: 1,593 child deaths
(0.02 %) (Children’s Bureau 2012).7
Warfare battles can certainly result in fatal head traumas among young children, but children are rarely present in planned violent confrontations, such as war.
The patterned trauma does, however, highlight the possibility of systemic lethal
violence against a particular subgroup: children from the urban core. Targeted violence could have occurred within the context of a specific attack on the community, in which adults (Tung 2008) and children were killed in something akin to a
massacre that occurred during a raid. The posterior location of perimortem fractures on children’s crania is particularly relevant to this claim, because it suggests
that children either were fleeing or were in a defensive position when attacked.
Patterns of trauma can also provide clues to the attacker’s intent, a psychological state that is notoriously difficult to document, even among the living;
yet, repeated perimortem fractures on a cranium may reveal the deadly intent
of the aggressor (Tung 2014). Among the Huari-LIP child crania, the multiple
7The report warns that the number of child maltreatment cases documented by state agencies is
an underrepresentation. The number of reports of child abuse is approximately 3 million (affecting 6 million different children because one report can involve multiple children), of which only
a fraction are documented by the US government.
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perimortem traumas suggest that the aggressors intended to kill them, a goal that
they accomplished, likely during raids on the community. This interpretation is
further supported by the observation that 30 % of the females at Monqachayoq
also suffered perimortem cranial fractures (Tung 2008). Females in the Andes
rarely sustain deadly battlefield injuries (Andrushko and Torres 2011; Murphy
et al. 2010; Torres-Rouff 2011; Torres-Rouff and Costa Junqueira 2006; Tung
2007), so the high percentages of lethal trauma on both children and females
together support the interpretation that warfare—in particular, community
raids—was the likely source of the injuries. It is unknown who perpetrated the
attacks.
In broader comparison, the perimortem cranial fracture rate among the LIP
children is also significantly higher than antemortem and perimortem trauma
observed at many other Andean sites. In the prehispanic era in the San Pedro de
Atacama of Chile, only one out of 52 juveniles (2 %) (Early Intermediate Period
to the Late Horizon) exhibited healed head trauma, and that one affected child
dated to the LIP (Torres-Rouff and Costa Junqueira 2006). At the early post-contact site of Puruchuco-Huaquerones in Lima, eight out of 73 subadults had some
form of a head injury (11 %), five of which were perimortem (5/73 = 7 %)
(Gaither and Murphy 2012), rates that are significantly lower than the post-Wari
frequency presented here (Fisher’s exact, p < 0.001). The authors attribute the
deadly violence against children to the general “escalation of violence”that characterized the early years of the Spanish invasion, which may be reflecting “a complete upheaval of the social fabric” (Gaither and Murphy 2012, p. 474). These
post-contact children with perimortem cranial fractures, however, were consistently older than those at the LIP-Huari site: at Puruchuco, all five injured subadults were 15–20 years old,8 while at Huari, all seven children were less than
12 years of age. Thus, at Puruchuco, as the authors suggest, adolescents may have
been actively engaged in warfare and the defense of their community against the
Spanish invaders. At LIP-Huari, in contrast, it is unlikely that younger children
were actively involved in warfare battles, though they could have been fatally
injured while defending their homes or they could have been specific targets of
violence as nearly whole communities were eliminated by the attackers. It is also
possible that they were “collateral damage” during outbreaks of violence.
However, the severity and patterned locations of the child head traumas make
unintentional violence (i.e., “collateral damage”) seem unlikely. But whatever the
specific context, the violence that affected these post-Wari communities was significantly more severe than that documented in the violent era following the
Spanish invasion, hinting at similar ruptures in the social fabric of society as communities transitioned to new sociopolitical structures and simultaneously dealt
with a long-term drought.

8Tung

(2007, 2012) has suggested that in the ancient Andes, older adolescents (15–19 years)
should be grouped with the adults when calculating general trauma frequencies, while juvenile
trauma should include individuals younger than 15 years.
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10.8.1 Carbon Isotope Ratios: Dietary Differences Between
Wari and Post-Wari Era
The carbon isotope data from enamel apatite and dentin collagen show a significant
decline in the childhood consumption of carbon-enriched foods in the post-Wari era,
and that dietary shift likely relates to less consumption of C4 plants, such as maize.
This pattern of difference is apparent in both early-forming teeth and later-forming
teeth, suggesting that in Wari times, breastfeeding women and breastfed babies, children transitioning to solid foods, and post-weaned children all had greater access to
the socially valued food (maize) relative to the post-Wari groups. This dietary difference may well be related to the extended and severe drought in the Andes during the LIP, a condition that may have been quite detrimental to maize production.
Moreover, the decline of Wari state structures may have altered food production
and distribution systems, changing such things as irrigation networks, their ongoing maintenance, and trade alliances that would have previously brought more and
diverse resources to the populations in the Ayacucho Basin.
If maize production had decreased, decisions about distributing this valued
resource would then become paramount. Did post-Wari communities attempt to
equitably distribute maize, or did this apparent scarcity lead to inequities in terms
of who had access to it? As it relates to distribution among girls and boys, the carbon isotope ratios from dental apatite show no sex-based differences, suggesting
equal investment in boy versus girl offspring, at least as it related to providing them
with access to maize and/or other carbon-enriched foods. Whether this gender-based
equity in food consumption continued into adulthood has yet to be established.
Unequal consumption of maize, however, is apparent when comparing the two
LIP sites. At the urban site of Huari, children (and breastfeeding mothers) had significantly more access to dietary maize than those at the rural cave sites. This dietary difference between sites represents a change from the preceding Wari era, when
individuals at various Wari heartland sites exhibited nearly identical carbon isotope
ratios (Finucane 2009; Finucane et al. 2006). This suggests that in the post-Wari era,
social inequality emerged, at least as it relates to the consumption of maize. This
shift to dietary inequality reflects a profound change in post-Wari society, a change
that could be a bellwether of sorts for increasing social tensions, and thus accords
well with the cranial trauma data showing more violence in this era.

10.8.2 Nitrogen Isotope Ratios: No Dietary Differences
Between the Wari and the Post-Wari Era
The nitrogen isotope ratios from dentin collagen showed no significant differences between the two eras, suggesting that, for juveniles, there was no significant change in the trophic-level sources of foods. For example, it appears that no
marine foods were introduced to childhood diets in the post-Wari era, which could
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have significantly raised the δ15N, nor is there evidence of prolonged childhood
starvation, which could also potentially raise the δ15N value (Mekota et al. 2006).
There is also no evidence that there was a significant shift to a more plant-based
diet during childhood, which could have lowered the δ15N values. In all, we did
not detect a change in this aspect of childhood diet.

10.8.3 Oxygen Isotope Ratios: A Possible Non-Local
at the Machay (Caves)
Among the 24 LIP dental samples processed for oxygen isotope ratios, one individual—a middle-aged female from one of the caves—exhibited a significantly
different value, suggesting that she may have spent her childhood outside of the
Ayacucho Basin. However, her unique oxygen isotope ratio may be explained,
not by geographical differences, but by food/liquid preparation differences. That
is, it is remotely possible that the majority of the water she imbibed as a child
was prepared in a very different manner; perhaps she primarily consumed liquids
that were boiled, as in soups, or that sat in containers while fermenting, as in chicha (maize beer). Those processes lead to greater evaporation of 16O (and thus
enriched 18O) and may explain her higher δ18O value. But, when we consider her
other stable isotope ratios, she shows the lowest δ13Cdentin coll (−18.12), δ13Cdental
15
apat (−12.15), and δ Ndentin coll (9.57) values of all the machay samples. Together,
all of these highly distinct isotope values, particularly the high δ18O, suggest that
she is a non-local individual, an interpretation that still needs to be tested with
strontium isotope data.

10.9 Conclusion
The LIP was a tumultuous time in the former heartland of the Wari Empire, and
children suffered violent deaths as a result. Relative to earlier Wari times, the quality of life for juveniles—as measured by deadly violence—plummeted in the postWari era. This high level of lethal violence against children likely reflects a larger
milieu of social unrest that led to warfare, particularly community raids, in which
children less than 12 years of age were killed with blows to the head. Notably,
although raids tend to be frenetic, chaotic times, the wound location patterns—on
the posterior and left sides only—suggest that these fatally injured children were
dispatched somewhat systematically. Whether or not they were specifically targeted or killed execution style is unclear because posterior skull trauma can also
result from a defensive bodily position. Nonetheless, lethal trauma—or any kind
of cranial trauma—on children is exceedingly rare in the Andes (except in cases
of child sacrifice), so it is particularly revealing of the unstable sociopolitical conditions in the LIP in the Ayacucho Basin. Moreover, previous studies show that

220

T.A. Tung et al.

cranial trauma—both sublethal and lethal—affected more than two-thirds and onethird of adults, respectively (Tung 2008), further demonstrating the climate of violence that permeated LIP communities in the region.
There are likely multiple causes for this widespread violence, but the timing of Wari imperial decline and the ongoing drought seem particularly relevant.
Although these human remains date to approximately 150 years after the decline
of Wari, this major transition in political organization likely had lasting effects
on how communities planned for and responded to environmental crises, like
droughts. The shift in political organization can be seen in the abandonment, or
at least major depopulation, of heartland Wari sites (Finucane 2009; Leoni 2004)
along with the decline of public architecture projects and the decline in polychrome ceramic and textile production in Ayacucho and surrounding regions
(Arkush and Tung 2013; Conlee 2006; Covey 2008). This political decline meant
that the Wari state infrastructure that oversaw the construction and maintenance of
agricultural terraces, irrigation canals, and road networks for trade was no longer
present, or apparently took new forms, which could have been an impediment to
food production and distribution strategies. This is not to suggest that states are
essential to manage these kinds of programs; local communities often organize labor to plan and implement infrastructure for food production, public buildings, and communal ritual activities. However, in the Ayacucho region during the
LIP, local strategies apparently did not translate into forms of social and political
organization that fostered peace. These local groups, however, may have created
new forms of organization that facilitated both defensive and offensive planning,
showing that state infrastructure is not needed for communities to protect themselves from external threats or to plan and carry out attacks on other settlements.
Whether the conflict documented here and in previous studies (Tung 2008)
was related to competition over scarce resources should be considered (Carneiro
1970), particularly in light of the stable isotope data that show a decline in the consumption of maize among children. If this socially valued resource was declining,
then it is worth examining whether this dietary change is a reflection of dwindling
access to maize. However, although Carneiro (1970) makes an important point
about resource scarcity and its potential for fomenting conflict, particularly in circumscribed environments, the process by which conflict is—or is not—manifested
depends greatly on decisions about how to increase production (or not) or how to
fairly or inequitably distribute the resources that are available. For example, the
early decades of the Wari empire (ca. 550–600 C.E.) were similarly characterized
by a drought, though shorter than the one that plagued the LIP, yet Wari political
leaders apparently used this climate crisis to expand their authority by increasing
the construction of irrigation canals and thus agricultural potential in some parts
of their imperial domain (Williams 2002). There is currently no evidence that
communities in the LIP engaged in similar infrastructural strategies, but decisions
about the distribution of maize did change relative to the preceding Wari era. That
is, while individuals from various Wari heartland sites had nearly identical carbon
isotope ratios (Finucane 2009), indicating equitable distribution of maize, the postWari era sees this food equality decline. In the LIP, those who were buried at the
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former urban capital have significantly greater access to the crop than those from
rural cave sites, a pattern that may reflect unequal access to irrigation canals, agricultural lands, or the unequal distribution of resources at community and household levels. This inequality in the LIP may be part of a larger pattern of systemic
disadvantage, akin to structural violence, in which long-standing cultural practices
and historical patterns of infrastructural investments lead to a pattern in which a
subgroup (non-urban peoples in this case) had less access to a food resource (and
presumably suffered nutritional consequences as a result). Given the social and
political importance of maize in the Andes (Hastorf 1993), its low levels of consumption among the cave burials may be a proxy for other kinds of inequities, such
as diminished political authority for those outside what was once the urban core.
But this case is not so straightforward, for it is the individuals from the former
urban site of Huari that suffer the higher rates of deadly trauma. The reasons for
the deadly attack on those communities are unknown, but the isotope data suggest
that they may have been a privileged group of individuals with significantly greater
access to a socially and politically valued resource: maize.
Although the differential access to maize among the LIP individuals could be
related to temporal differences (the machay LIP population may predate the HuariLIP population by about 100 years), when compared to the previous Wari-era samples that span 300 years, the LIP dietary heterogeneity is even more remarkable.
That is, the Wari-era samples from four different heartland sites span three centuries, and they nevertheless exhibit nearly identical carbon isotope ratios; the LIP
samples from two sites span approximately 150 years, and they exhibit significant
differences between sites. Thus, in this particular regard, Wari heartland society
seems to have valued, and made efforts to ensure, the equitable distribution of a
valued food item, a social practice that shifted dramatically in the subsequent centuries of the LIP.
Acknowledgments We would like to express our gratitude to Jose Ochatoma at the
Universidad Nacional de San Cristóbal de Huamanga for granting access to the skeletal
collections discussed here, and we thank Taylor Macdonald for assistance in editing the
bibliography. We also thank the following funding agencies for providing support for this
study: The National Science Foundation-Archaeology and Biological Anthropology Divisions;
The Wenner-Gren Foundation for Anthropological Research (#8169); the Nashville School
of Science and Math at Vanderbilt; the College of A&S at Vanderbilt. Finally, we thank Amber
VanDerwarker and Greg Wilson for inviting us to participate in the conference at UCSB and to
contribute to this edited volume.

References
Ambrose, S. H. (1991). Effects of diet, climate and physiology on nitrogen isotope abundances in
terrestrial foodwebs. Journal of Archaeological Science, 18(3), 293–317.
Ambrose, S. H. (1993). Isotopic analysis of paleodiets: Methodological and interpretive considerations. In M. K. Sandford (Ed.), Investigations of ancient human tissue: Chemical
analyses in anthropology (pp. 59–130). Philadelphia, USA: Gordon and Breach Science
Publishers.

222

T.A. Tung et al.

Ambrose, S. H., & DeNiro, M. J. (1987). Bone nitrogen isotope composition and climate.
Nature, 325(6101), 201.
Ambrose, S. H., & Norr, L. (1993). Experimental evidence for the relationship of carbon isotope ratios of whole diet and dietary protein to those of bone collagen and carbonate. In J.
Lambert & G. Grupe (Eds.), Prehistoric human bone: Archaeology at the molecular level
(pp. 1–38). Berlin: Springer.
Ambrose, S. H., Bulter, B. M., Hanson, D. B., Hunter-Anderson, R. L., & Krueger, H. K. (1997).
Stable isotopic analysis of human diet in the Marianas Archipelago, Western Pacific.
American Journal of Physical Anthropology, 104(3), 343–361.
Andrushko, V. A., & Torres, E. C. (2011). Skeletal evidence for Inca warfare from the Cuzco
region of Peru. American Journal of Physical Anthropology, 146(3), 361–372.
Andrushko, V. A., & Verano, J. W. (2008). Prehistoric trepanation in the Cuzco region of Peru: A
view into an ancient Andean practice. American Journal of Physical Anthropology, 137(1),
4–13.
Andrushko, V. A., Buzon, M. R., Gibaja, A. M., McEwan, G. F., Simonetti, A., & Creaser,
R. A. (2011). Investigating a child sacrifice event from the Inca heartland. Journal of
Archaeological Science, 38(2), 323–333.
Arkush, E. N. (2008). War, chronology, and causality in the Titicaca Basin. Latin American
Antiquity, 19(4), 339–373.
Arkush, E. N. (2010). Hillforts of the ancient Andes: Colla warfare, society, and landscape.
Gainesville: University Press of Florida.
Arkush, E., & Tung, T. A. (2013). Patterns of war in the Andes from the Archaic to the Late
Horizon: Insights from settlement patterns and cranial trauma. Journal of Archaeological
Research, 63(4), 307–369.
Bandelier, A. F. (1904). Aboriginal trephining in Bolivia. American Anthropologist, 6(4),
440–446.
Bauer, B. S., Kellett, L. C., Aráoz Silva, M., Hyland, S., & Socualaya Dávila, C. (2010). The
Chanka: Archaeological research in Andahuaylas (Apurimac). Peru. Los Angeles: Cotsen
Institute of Archaeology Press, University of California.
Benson, L. V., Pauketat, T. R., & Cook, E. R. (2009). Cahokia’s boom and bust in the context of
climate change. American Antiquity, 74(3), 467–483.
Berryman, H. E., & Jones Haun, S. (1996). Applying forensic techniques to interpret cranial
fracture patterns in an archaeological specimen. International Journal of Osteoarchaeology,
6(1), 2–9.
Betancourt, T. S., Borisova, I. I., de la Soudière, M., & Williamson, J. (2011). Sierra Leone’s
child soldiers: War exposures and mental health problems by gender. Journal of Adolescent
Health, 49(1), 21–28.
Billman, B. R., Lambert, P. M., & Leonard, B. L. (2000). Cannibalism, warfare and drought in
the Mesa Verde region during the twelfth century A.D. American Antiquity, 65(1), 145–178.
Binford, M. W., Kolata, A. L., Brenner, M., Janusek, J. W., Seddon, M. T., Abbott, M., & Curtis,
J. H. (1997). Climate variation and the rise and fall of an Andean civilization. Quaternary
Research, 47(2), 235–248.
Bird, B. W., Abbott, M. B., Vuille, M., Rodbell, D. T., Stansell, N. D., Rosenmeier M. F. (2011).
A 2,300-year-long annually resolved record of the South American summer monsoon from
the Peruvian Andes. Proceedings of the National Academy of Sciences, 108(21), 8583–8588.
Bragayrac, D. E. (1991). Archaeological excavations in the Vegachayoq Moqo Sector of Huari.
In W. H. Isbell & G. F. McEwan (Eds.), Huari administrative structure: Prehistoric monumental architecture and state government (pp. 71–80). Washington, D.C.: Dumbarton Oaks.
Buikstra, J. E., & Ubelaker, D. H. (1994). Standards for data collection from human skeletal
remains. Fayettville: Arkansas Archaeological Survey.
Burger, R. L., & van der Merwe, N. J. (1990). Maize and the origins of highland Chavin civilization: An isotopic perspective. American Anthropologist, 92(1), 85–95.
Buzon, M. R., Conlee, C. A., & Bowen, G. J. (2011). Refining oxygen isotope analysis in the
Nasca region of Peru: An investigation of water sources and archaeological samples.
International Journal of Osteoarchaeology, 21(4), 446–455.

10

Patterns of Violence and Diet Among Children …

223

Cadwallader, L., Beresford-Jones, D. G., Whaley, O. Q., & O’Connell, T. C. (2012). The Signs
of maize? A reconsideration of what δ13C values say about palaeodiet in the Andean region.
Human Ecology, 40(4), 487–509.
Carneiro, R. L. (1970). A theory of the origin of the state. Science, 169(3947), 733–738.
Children’s Bureau (2012). Child maltreatment 2012—Data tables. In Services U.S. Department
of Health and Human Services. Administration for Children & Families, Washington D.C.
Conlee, C. A. (2006). Regeneration as transformation: Post-collapse society in Nasca, Peru. In
G. M. Schwartz & J. J. Nichols (Eds.), After collapse: The regeneration of complex societies
(pp. 99–113). Tucson: University of Arizona Press.
Coplen, T. B. (1994). Reporting of stable hydrogen, carbon, and oxygen isotopic abundances.
Pure and Applied Chemistry, 66(2), 273–276.
Coutts, K. H., Chu, A., & Krigbaum, J. (2011). Paleodiet in Late Preceramic Peru: Preliminary
isotopic data from Bandurria. The Journal of Island and Coastal Archaeology, 6(2),
196–210.
Covey, A. R. (2008). Multiregional perspectives on the archaeology of the Andes during the
late intermediate period (ca. A.D. 1000–1400). Journal of Archaeoligical Research, 16(3),
287–338.
Dansgaard, W. (1964). Stable isotopes in precipitation. Tellus, 16, 436–468.
deMenocal, P. B. (2001). Cultural responses to climate change during the Late Holocene.
Science, 292(5517), 667–673.
DeNiro, M. J. (1985). Postmortem preservation and alteration of in vivo bone collagen isotope
ratios in relation to palaeodietary reconstruction. Nature, 317(6040), 806–809.
Derluyn, I., Broekaert, E., Schuyten, G., & Temmerman, E. D. (2004). Post-traumatic stress in
former Ugandan child soldiers. The Lancet, 363(9412), 861–863.
DeSantis, L. R. G., Feranec, R. S., & MacFadden, B. J. (2009). Effects of global warming on
ancient mammalian communities and their environments. PLoS ONE, 4(6), e5750.
Dillehay, T. D., & Kolata, A. L. (2004). Long-term human response to uncertain environmental conditions in the Andes. Proceedings of the National Academy of Sciences, 101(12),
4325–4330.
Erickson, C. L. (1999). Neo-evironmental determinism and agragrian ‘collapse’ in Andean prehistory. Antiquity, 73(281), 634–642.
Farmer, P. (1996). On suffering and structural violence: A view from below. Daedalus, 125(1),
261–283.
Finucane, B. (2009). Maize and sociopolitical complexity in the Ayacucho Valley, Peru. Current
Anthropology, 50(4), 535–545.
Finucane, B., Maita, P., & Isbell, W. H. (2006). Human and animal diet at Conchopata, Peru:
Stable isotope evidence for maize agriculture and animal management practices during the
Middle Horizon. Journal of Archaeological Science, 33(12), 1766–1776.
Fisher, C. T. (2005). Demographic and landscape change in the Lake Pátzcuaro Basin, Mexico:
Abandoning the Garden. American Anthropologist, 107(1), 87–95.
Fogel, M. L., Tuross, N., & Owsley, D. W. (1989). Nitrogen isotope tracers of human lactation in
modern and archaeological populations. Carnegie Institution of Washington Yearbook, 88,
111–117.
Fricke, H. C., O’Neil, J. R., & Lynnerup, N. (1995). Oxygen isotope composition of human tooth
enamel from Medieval Greenland: Linking climate and society. Geology, 23(10), 869–872.
Gaither, C. M., & Murphy, M. S. (2012). Consequences of conquest? The analysis and interpretation of subadult trauma at Puruchuco-Huaquerones, Peru. Journal of Archaeological
Science, 39(2), 467–478.
Galloway, A. (1999a). The biomechanics of fracture production. In A. Galloway (Ed.), Broken
bones: Anthropological analysis of blunt force trauma (pp. 35–62). Springfield, IL: Charles
C. Thomas.
Galloway, A. (1999b). Fracture patterns and skeletal morphology: The axial skeleton. In
A. Galloway (Ed.), Broken bones: Anthropological analysis of blunt force trauma (pp.
81–112). Springfield, IL: Charles C. Thomas.

224

T.A. Tung et al.

Galtung, J. (1969). Violence, peace, and peace research. Journal of Peace Research, 6(3),
167–191.
Goodman, A. H., & Leatherman, T. L. (2003). Traversing the chasm between biology and culture: An introduction. In A. H. Goodman & T. L. Leatherman (Eds.), Building a new biocultural synthesis: Political-economic perspectives on human biology (pp. 3–41). Ann Arbor:
The University of Michigan Press.
Harrod, R. P., & Martin, D. L. (2014). Bioarchaeology of climate change and violence: Ethical
considerations. New York: Springer.
Hastorf, C. A. (1993). Pre-hispanic political change and the role of maize in the central Andes of
Peru. American Anthropologist, 95(1), 115–138.
Hastorf, C. A., & Johannessen, S. (1994). Becoming corn-eaters in prehistoric America. In S.
Johannessen & C. A. Hastorf (Eds.), Corn and culture in the prehistoric New World (pp.
427–443). Boulder: Westview Press.
Hewitt, B. R. (2013). Foreigners among the dead at Túcume, Peru: Assessing residential mobility using isotopic tracers. Unpublished Ph.D. dissertation, Department of Anthropology.
London, Canada: University of Western Ontario.
Kamp, K. (2001). Where have all the children gone? The archaeology of childhood. Journal of
Archaeological Method and Theory, 8(1), 1–34.
Kellner, C. M., & Schoeninger, M. J. (2007). A simple carbon isotope model for reconstructing
prehistoric human diet. American Journal of Physical Anthropology, 133(4), 1112–1127.
Kellner, C. M., & Schoeninger, M. J. (2008). Wari’s imperial influence on local Nasca diet: The
stable isotope evidence. Journal of Anthropological Archaeology, 27(2), 226–243.
Kelly, R. C. (2000). Warless societies and the origin of war. Ann Arbor: University of Michigan
Press.
Kemp, B. M., Tung, T. A., & Summar, M. L. (2009). Genetic continuity after the collapse of
the Wari empire: Mitochondrial DNA profiles from Wari and post-Wari populations in the
ancient Andes. American Journal of Physical Anthropology, 140(1), 80–91.
Klaus, H. (2010). Bioarchaeology of human sacrifice: violence, identity and the evolution of ritual killing at Cerro Cerrillos, Peru. Antiquity, 84(326), 1102–1123.
Knudson, K. J. (2009). Oxygen isotope analysis in a land of environmental extremes: The complexities of isotopic work in the Andes. International Journal of Osteoarchaeology, 19(2),
171–191.
Knudson, K. J., & Price, T. D. (2007). Utility of multiple chemical techniques in archaeological
residential mobility studies: Case studies from Tiwanaku- and Chiribaya-affiliated sites in
the Andes. American Journal of Physical Anthropology, 132(1), 25–39.
Knudson, K. J., Aufderheide, A. E., & Buikstra, J. E. (2007). Seasonality and paleodiet in the
Chiribaya polity of southern Peru. Journal of Archaeological Science, 34(3), 451–462.
Koch, P. L. (1998). Isotopic Reconstruction of Past Continental Environments. Annual Review of
Earth and Planetary Sciences, 26, 573–613.
Koch, P. L., Tuross, N., & Fogel, M. (1997). The effects of sample treatment and diagenesis on
the isotopic integrity of carbonate in biogenic hyydroxylapatite. Journal of Archaeological
Science, 24(5), 417–429.
Kolata, A. L., Binford, M. W., Brenner, M., Janusek, J. W., & Ortloff, C. (2000). Environmental
thresholds and the empirical reality of state collapse: A response to Erickson (1999).
Antiquity, 74(284), 424–426.
Korbin, J. E. (2003). Children, childhoods, and violence. Annual Review of Anthropology, 32,
431–446.
Kurin, D. S. (2012). The bioarchaeology of collapse: Ethnogenesis and ethnocide in post-imperial Andahuaylas, Peru (AD 900–1250). Unpublished Ph.D. dissertation, Department of
Anthropology. Nashville: Vanderbilt University.
Kurin, D. S. (2013). Trepanation in south-central Peru during the early late intermediate period
(ca. AD 1000–1250). American Journal of Physical Anthropology, 152(4), 484–494.

10

Patterns of Violence and Diet Among Children …

225

Lambert, P. M. (1997). Patterns of violence in prehistoric hunter-gatherer societies of coastal
California. In D. L. Martin & D. W. Frayer (Eds.), Troubled times: Violence and warfare in
the past (pp. 77–109). Australia: Gordon and Breach Publishers.
Lambert, P. M. (2002). The archaeology of war: A North American perspective. Journal of
Archaeological Research, 10(3), 207–241.
Lambert, P. M., Gagnon, C. M., Billman, B., Katzenberg, M. A., Carcelén, J., & Tykot, R. H.
(2012). Bone chemistry at Cerro Oreja: A stable isotope perspective on the development of
a regional economy in the Moche Valley, Peru during the Early Intermediate Period. Latin
American Antiquity, 23(2), 144–166.
Lee-Thorp, J. A., Sealy, J. C., & van der Merwe, N. J. (1989). Stable carbon isotope ratio differences between bone collagen and bone apatite, and their relationship to diet. Journal of
Archaeological Science, 16(6), 585–599.
Leoni, J. B. (2004). Ritual, place, and memory in the construction of community identity: A
diachronic view from Ñawinpukyo (Ayacucho, Peru). Unpublished Ph.D. dissertation,
Department of Anthropology. Binghamton: State University of New York.
Longinelli, A. (1984). Oxygen isotopes in mammal bone phosphate: A new tool for paleohydrological and paleoclimatological research? Geochimica et Cosmochimica Acta, 48(2),
385–390.
Lovell, N. C. (1997). Trauma analysis in paleopathology. Yearbook of Physical Anthropology, 40,
139–170.
Luz, B., Kolodny, Y., & Horowitz, M. (1984). Fractionation of oxygen isotopes between mammalian bone-phosphate and environmental drinking water. Geochimica et Cosmochimica Acta,
48(8), 1689–1693.
Mekota, A. M., Grupe, G., Ufer, S., & Cuntz, U. (2006). Serial analysis of stable nitrogen and
carbon isotopes in hair: Monitoring starvation and recovery phases of patients suffering
from anorexia nervosa. Rapid Communications in Mass Spectrometry, 20(10), 1604–1610.
Merbs, C. F. (1989). Trauma. In M. Y. Iscan (Ed.), Reconstruction of life from the skeleton. New
York: Liss.
Moore, J. D. (1991). Cultural responses to environmental catastrophes: Post-El Nino subsistence
on the prehistoric north coast of Peru. Latin American Antiquity, 2(1), 27–47.
Murphy, M. S., Gaither, C., Goycochea, E., Verano, J. W., & Cock, G. (2010). Violence and
weapon-related trauma at Puruchuco-Huaquerones, Peru. American Journal of Physical
Anthropology, 142(4), 636–649.
Ortner, D. J. (2003). Identification of pathological conditions in human skeletal remains (2nd
ed.). Amsterdam: Academic Press.
Price, T. D., & Burton, J. H. (2011). An introduction to archaeological chemistry. New York:
Springer.
Price, T. D., Burton, J. H., & Bentley, R. A. (2002). The characterization of biologically available strontium isotope ratios for the study of prehistoric migration. Archaeometry, 44(1),
117–135.
Roberts, S. B., Coward, W. A., Ewing, G., Savage, J., Cole, T. J., & Lucas, A. (1988). Effect
of weaning on accuracy of doubly labeled water method in infants. American Journal of
Physiology—Regulatory, Integrative and Comparative Physiology, 254(4), R622–R627.
Sauer, N. J. (1998). The timing of injuries and manner of death: Distinguishing among antermortem, perimortem and postmortem trauma. In J. K. Reichs (Ed.), Forensic osteology:
Advances in the identification of human remains (2nd ed., pp. 321–332). Springfield, IL:
Charles C. Thomas Publisher.
Schoeninger, M. J., & DeNiro, M. J. (1984). Nitrogen and carbon isotopic composition of bone
collagen from marine and terrestrial animals. Geochimica et Cosmochimica Acta, 48(4),
625–639.
Schoeninger, M. J., DeNiro, M. J., & Tauber, H. (1983). Stable nitrogen isotope ratios of bone
collagen reflect marine and terrestrial components of prehistoric human diet. Science,
220(4604), 1381–1383.

226

T.A. Tung et al.

Schreiber, K. J. (1992). Wari imperialism in Middle Horizon Peru. Ann Arbor: Museum of
Anthropology University of Michigan.
Schreiber, K. J., & Lancho Rojas, J. (2003). Irrigation and society in the Peruvian desert: The
puquios of Nasca. Lanham, MD: Lexington Books.
Schug, G. R. (2011). Bioarchaeology and climate change: A view from South Asian prehistory.
Gainesville: University Press of Florida.
Schwarcz, H. P. (1991). Some theoretical aspects of isotope paleodiet studies. Journal of
Archaeological Science, 18(3), 261–275.
Schwarcz, H. P., & Schoeninger, M. J. (1991). Stable isotope analyses in human nutritional ecology. American Journal of Physical Anthropology, 34(S13), 283–321.
Sealy, J., Armstrong, R., & Schrire, C. (1995). Beyond lifetime averages: Tracing life histories
through isotopic analysis of different calcified tissues from archaeological human skeletons.
Antiquity, 69(263), 290–300.
Shimada, I., Thompson, L. G., Mosley-Thompson, E., & Schaaf, C. B. (1991). Cultural impacts
of severe droughts in the prehistoric Andes: Application of a 1,500-year ice core precipitation record. World Archaeology, 22(3), 247–270.
Slovak, N. M., & Paytan, A. (2011). Fisherfolk and farmers: Carbon and nitrogen isotope evidence from Middle Horizon Ancón, Peru. International Journal of Osteoarchaeology, 21(3),
253–267.
Solano Ramos, F., & Guerrero Anaya, V. (1981). Estudio arqueológico en el sector de
Monqachayoq-Wari, Arqueologia. Unpublished B.A. thesis. Ayacucho: Universidad
Nacional de San Cristobal de Huamanga.
Stanish, C. (2003). Ancient Titicaca: The evolution of complex society in southern Peru and
northern Bolivia. Berkeley: University of California Press.
Starling, S. P., Holden, J. R., & Jenny, C. (1995). Abusive head trauma: The relationship of perpetrators to their victims. Pediatrics, 95(2), 259–262.
Sultana, F. (2014). Gendering climate change: Geographical insights. The Professional
Geographer, 66(3), 372–381.
Ta’ala, S. C., Berg, G. E., & Haden, K. (2006). Blunt force cranial trauma in the Cambodian killing fields. Journal of Forensic Science, 51(5), 996–1001.
Thompson, L. G., Mosley-Thompson, E., Bolzan, J. F., & Koci, B. R. (1985). A 1500-year
record of the tropical precipitation in ice cores from the Quelccaya ice cap, Peru. Science,
229(4717), 971–973.
Thompson, L. G., Moseley-Thompson, E., Davis, M. E., Zagorodnov, V. S., Howat, I. M.,
Mikhalenko, V. N., & Lin, P.-N. (2013). Annually resolved ice core records of tropical climate variability over the past ~1800 years. Science, 340(6161), 945–950.
Tieszen, L. L., & Chapman, M. (1992). Carbon and nitrogen isotopic status of the major marine
and terrestrial resources in the Atacama desert of northern Chile. Proceedings of the First
World Congress on Mummy Studies, 2, 409–425.
Tomczak, P. D. (2003). Prehistoric diet and socioeconomic relationships within the Osmore
Valley of southern Peru. Journal of Anthropological Archaeology, 22(3), 262–278.
Torres-Rouff, C. (2011). Hiding inequality beneath prosperity: patterns of cranial injury in
middle period San Pedro de Atacama, Northern Chile. American Journal of Physical
Anthropology, 146(1), 28–37.
Torres-Rouff, C., & Costa Junqueira, M. A. (2005). Violence in times of change: The Late
Intermediate Period in San Pedro de Atacama. Chungara, 37(1), 75–83.
Torres-Rouff, C., & Costa Junqueira, M. A. (2006). Interpersonal violence in prehistoric San
Pedro de Atacama, Chile: Behavioral implications of environmental stress. American
Journal of Physical Anthropology, 130(1), 60–70.
Toyne, J. M. (2011). Interpretations of pre-Hispanic ritual violence at Tucume, Peru, from cut
mark analysis. Latin American Antiquity, 22(4), 505–523.
Toyne, J. M., White, C. D., Verano, J. W., Uceda Castillo, S., Millaire, J. F., & Longstaffe, F. J.
(2014). Residential histories of elites and sacrificial victims at Huacas de Moche, Peru, as
reconstructed from oxygen isotopes. Journal of Archaeological Science, 42(1), 15–28.

10

Patterns of Violence and Diet Among Children …

227

Tung, T. A. (2007). Trauma and violence in the Wari empire of the Peruvian Andes: Warfare,
raids, and ritual fights. American Journal of Physical Anthropology, 133(3), 941–956.
Tung, T. A. (2008). Violence after imperial collapse: A study of cranial trauma among Late
Intermediate period burials from the former Wari capital, Ayacucho, Peru. Nawpa Pacha,
29, 101–118.
Tung, T. A. (2012). Violence, ritual, and the Wari Empire: A social bioarchaeology of imperialism in the ancient Andes. Gainesville: University Press of Florida.
Tung, T. A. (2014). Making warriors, making war: Violence and militarism in the Wari empire.
In A. K. Scherer & J. Verano (Eds.), Embattled bodies, embattled places: War in PreColumbian America (pp. 227–256). Washington, D.C.: Dumbarton Oaks.
Tung, T. A., & Knudson, K. J. (2010). Childhood lost: Abductions, sacrifice, and trophy heads of
children in the Wari empire of the ancient Andes. Latin American Antiquity, 21(1), 44–66.
Turner, B. L., Kamenov, G. D., Kingston, J. D., & Armelagos, G. J. (2009). Insights into immigration and social class at Machu Picchu, Peru based on oxygen, strontium, and lead isotopic analysis. Journal of Archaeological Science, 36(2), 317–332.
Turner, B. L., Kingston, J. D., & Armelagos, G. (2010). Variation in dietary histories among the
immigrants of Machu Picchu: Carbon and nitrogen isotope evidence. Chungara: Revista de
Antropología Chilena, 42(2), 515–534.
Turner, B. L., Klaus, H. D., Livengood, S. V., Brown, L. E., Saldaña, F., & Wester, C. (2013). The
variable roads to sacrifice: Isotopic investigations of human remains from Chotuna-Huaca
de los Sacrificios, Lambayeque, Peru. American Journal of Physical Anthropology, 151(1),
22–37.
Veierra, R. K., & MacNeish, R. S. (1981). The stratigraphy of the other cave excavations. In R.
S. MacNeish, A. Cook Garcia, L. G. Lumbreras, R. K. Vierra, & A. Nelken-Turner (Eds.),
Prehistory of Ayacucho Basin, Peru: Volume II, excavations and chronology (pp. 113–148).
Ann Arbor: The University of Michigan Press.
Verano, J. W., & Andrushko, V. A. (2010). Cranioplasty in ancient Peru: A critical review
of the evidence, and a unique case from the Cuzco area. International Journal of
Osteoarchaeology, 20(3), 269–279.
Walker, P. L. (1997). Wife beating, boxing, and broken noses: Skeletal evidence for the cultural
patterning of violence. In D. K. Martin & D. W. Frayer (Eds.), Troubled times: Violence and
warfare in the past (pp. 145–179). Australia: Gordon and Breach Publishers.
Walker, P. L. (2001). A bioarchaeological perspective on the history of violence. Annual Review
of Anthropology, 30, 573–596.
Waters-Rist, A. L., Bazaliiskii, V. I., Weber, A. W., & Katzenberg, M. A. (2011). Infant and child
diet in Neolithic hunter-fisher-gatherers from Cis-Baikal, Siberia: Intra-long bone stable
nitrogen and carbon isotope ratios. American Journal of Physical Anthropology, 146(2),
225–241.
Webb, E. C. (2010). Residential mobility, palaeodiet and stress in Nasca, Peru: Biogeochemical
and biomolecular analyses of archaeological tissues. Unpublished Ph.D. dissertation,
Department of Anthropology. London, Canada: University of Western Ontario.
Webb, E. C., White, C. D., & Longstaffe, F. J. (2013a). Dietary shifting in the Nasca Region
as inferred from the carbon- and nitrogen-isotope compositions of archaeological hair and
bone. Journal of Archaeological Science, 40(1), 129–139.
Webb, E. C., White, C. D., & Longstaffe, F. J. (2013b). Exploring geographic origins at Cahuachi
using stable isotopic analysis of archaeological human tissues and modern environmental
waters. International Journal of Osteoarchaeology, 23(6), 698–715.
Wernke, S. A. (2011). Convergences: Producing early colonial hybridity at a doctrina in highland
Peru. In M. Liebmann & M. S. Murphy (Eds.), Enduring conquests: Rethinking the archaeology of resistance to Spanish colonialism in the Americas (pp. 77–101). Santa Fe: School
of Advanced Research.
Williams, J. S., & Katzenberg, A. M. (2012). Seasonal fluctuations in diet and death during
the late horizon: A stable isotopic analysis of hair and nail from the central coast of Peru.
Journal of Archaeological Science, 39(1), 41–57.

228

T.A. Tung et al.

Williams, P. R. (2002). Rethinking disaster-induced collapse in the demise of the Andean highland states: Wari and Tiwanaku. World Archaeology, 33(3), 361–374.
Wilson, A. S., Taylor, T., Ceruti, M. C., Chavez, J. A., Reinhard, J., Grimes, V., et al. (2007).
Stable isotope and DNA evidence for ritual sequences in Inca child sacrifice. Proceedings of
the National Academy of Sciences, 104(42), 16456–16461.
Wright, L. E., & Schwarcz, H. P. (1998). Stable carbon and oxygen isotopes in human tooth
enamel: Identifying breastfeedings and weaning in prehistory. American Journal of Physical
Anthropology, 106(1), 1–18.
Wright, L. E., & Schwarcz, H. P. (1999). Correspondence between stable carbon, oxygen and
nitrogen isotopes in human tooth enamel and dentin: Infant diets at Kaminaljuyú. Journal of
Archaeological Science, 26(9), 1159–1170.
Zhang, D. D., Brecke, P., Lee, H. F., He, Y.-Q., & Zhang, J. (2007). Global climate change, war,
and population decline in recent human history. Proceedings of the National Academy of
Science, 104(49), 19214–19219.

