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Chapter 10
Patterns of Violence and Diet Among 
Children During a Time of Imperial 
Decline and Climate Change in the Ancient 
Peruvian Andes
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The Late Intermediate Period (LIP, 1000–1400 C.E.) in the Peruvian Andes was 
characterized by dramatically different cultural and climatological contexts com-
pared 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 four-
teenth 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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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 ceram-
ics 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). 

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)
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Social unrest and conflict were also on the rise, as evidenced by the increase in for-
tifications (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 stud-
ies have provided an important foundation for understanding LIP lifeways more gen-
erally, 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 cer-
tain aspects of food consumption, but they also provide indirect insights into food 
production and distribution, allowing us to investigate whether all segments of soci-
ety 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 pri-
marily 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 oxy-
gen 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-commu-
nity 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 war-
fare 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 experienc-
ing a higher likelihood for trauma and death. Another less obvious example of 
structural violence is how malnutrition among a marked subgroup (e.g., rural com-
moners, 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 tex-
tured understanding of past societies, particularly when we consider how impor-
tant 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 ret-
rospective 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 



19710 Patterns of Violence and Diet Among Children …

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 unpre-
dictability 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 poten-
tially 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; deMeno-
cal 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 vio-
lence (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 vio-
lence 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 compo-
nent 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 water-
logged land in the aftermath of an El Niño event (Moore 1991), or the construc-
tion 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 down-
stream 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., displace-
ment 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 infra-
structure and the likely tensions that emerged when new social and political power 
structures were being forged also could have shaped community lifeways and mor-
bidity 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 bur-
ial group remain, owing in large part to the intense looting in colonial and mod-
ern 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 approxi-
mately 130 individuals. Those remains were commingled, so complete skeletal 
individuals could not be reconstructed, but bone preservation was excellent allow-
ing 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 mod-
ern 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) vis-
ible 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 tem-
poral 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 pro-
vides 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 cli-
mate 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 indi-
vidual, 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 pri-
marily 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 feed-
ing 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 car-
bon 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 environ-
ments, when nitrogen isotope ratios can rise (Ambrose 1991; Ambrose and DeNiro 
1987). When carbon isotope values are analyzed in conjunction with nitrogen iso-
tope values, we can better distinguish between the consumption of marine and ter-
restrial 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 breastfeed-
ing 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 wean-
ing 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 pale-
oclimatic reconstructions and act as a proxy for local surface temperature (Fricke 
et al. 1995). These types of analyses work because the oxygen isotope composi-
tion 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 oxy-
gen 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 juve-
niles). 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 estab-
lished 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 postmor-
tem 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 dis-
tinguish 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 sam-
ples 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 colla-
gen 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 post-
Wari samples are compared to previously published Wari samples, which sampled 
from only one part of the dentin (Finucane 2009; Finucane et al. 2006), we calcu-
lated the average from the crown and root from the Ayamachay/Rosmachay sam-
ples 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 conven-
tional 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 peri-
odically 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 car-
bide 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 pub-
lished, 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

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

Laboratory 
code

Bone code 14C age 
(years BP)

Sigma Range (CE) Relative 
prob.

Range (CE) Relative 
prob.

Beta-229247 MC-Cran44 940 ± 40 1 1048–1083 0.314 1140–1208 0.686

Beta-229247 MC-Cran44 2 1038–1216 1

Beta-229245 MC-Rad-AY 780 ± 40 1 1229–1251 0.32 1260–1294 0.68

Beta-229245 MC-Rad-AY 2 1217–1313 0.92 1358–1380 0.08

Beta-229246 MC-Cran43 600 ± 40 1 1324–1344 0.29 1389–1422 0.71

Beta-229246 MC-Cran43 2 1312–1359 0.35 1379–1441 0.65

Beta-229244 MC-
RibII-2-5

560 ± 40 1 1402–1436 1

Beta-229244 MC-
RibII-2-5

2 1324–1343 0.06 1389–1451 0.94

Beta-229249 VM-Cran17 650 ± 40 1 1313–1358 0.73 1380–1398 0.28

Beta-229249 VM-Cran17 2 1296–1407 1

Beta-229250 VM-Cran56 580 ± 40 1 1393–1434 1

Beta-229250 VM-Cran56 2 1319–1351 0.18 1385–1446 0.82

Beta-229252 VM-Maize 790 ± 40 1 1229–1252 0.4 1259–1288 0.6

Beta-229252 VM-Maize 2 1212–1308 0.96 1361–1378 0.04

120942 Machay 
Thread

925 ± 15 1 1155–1190 1

120942 Machay 
Thread

2 1069–1076 0.019 1148–1214 0.981
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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 activi-
ties in which they could suffer sub-lethal head injuries.

In contrast, lethal (perimortem) trauma was very common during the LIP. Two-
thirds 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 signifi-
cant 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 specif-
ically, 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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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 con-
sistent 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 individ-
ual likely died during or shortly after the surgical procedure. Given that two-thirds 

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 pos-
terior-lateral view). Both are from the LIP component at the Vegachayoq Moqo sector at Huari
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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 pro-
cedure 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 cor-
respond 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 pres-
ence of the gourd rind suggests that this may be an attempt at cranioplasty—a pro-
cedure performed to repair a defect of the skull. Ethnographic (Bandelier 1904) 
and archaeological evidence (Kurin 2013) for the practice is scarce; however, the 

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



20910 Patterns of Violence and Diet Among Children …

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.

Fig. 10.5  Trepanation and the gourd piece that may be evidence of cranioplasty on the juvenile 
from one of the machays
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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 val-
ues 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 signifi-
cantly 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-wean-
ing 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 juve-
nile 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 carbon-
enriched 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).
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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 simi-
lar 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 esti-
mated. 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.

Fig. 10.6  Carbon isotope ratios from dental enamel apatite (carbonates) from the Middle Hori-
zon (Wari era) burials and the Late Intermediate Period (post-Wari) burials. Some Middle Hori-
zon values are from Finucane et al. (2006) 
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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 carbon-
enriched 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 post-
Wari 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, carbon-
enriched 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 sam-
ples show an average δ15N = 10.933 (N = 6), and among the Wari dentin colla-
gen 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 consump-
tion 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), suggest-
ing 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 long-
term 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 precipita-
tion relative to the Wari era until more Wari-era samples (and samples from ani-
mals) 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 associa-
tion allows us to examine how the aftermath of Wari imperial decline and an ongo-
ing 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 eval-
uate whether post-Wari childhoods were distinct from that of their Wari-era ances-
tors. 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 tempo-
ral 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 exhib-
ited 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 (perimor-
tem) 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 



216 T.A. Tung et al.

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 dra-
matic changes in post-Wari society.

What actions led to these massive fatal head traumas on children? Intra-
household abuse (i.e., child abuse) seems unlikely. Studies of modern child abuse 
have documented fatal head traumas perpetrated by parents, their romantic part-
ners, 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 maltreat-
ment 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 chil-
dren, 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 vio-
lence could have occurred within the context of a specific attack on the commu-
nity, 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 frac-
tures 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 psycho-
logical 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 (affect-
ing 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-con-
tact 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 charac-
terized the early years of the Spanish invasion, which may be reflecting “a com-
plete upheaval of the social fabric” (Gaither and Murphy 2012, p. 474). These 
post-contact children with perimortem cranial fractures, however, were consist-
ently older than those at the LIP-Huari site: at Puruchuco, all five injured sub-
adults 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 sig-
nificantly more severe than that documented in the violent era following the 
Spanish invasion, hinting at similar ruptures in the social fabric of society as com-
munities 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, chil-
dren 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 dif-
ference may well be related to the extended and severe drought in the Andes dur-
ing 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 ongo-
ing 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 car-
bon 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 sig-
nificantly more access to dietary maize than those at the rural cave sites. This die-
tary 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 differ-
ences between the two eras, suggesting that, for juveniles, there was no signifi-
cant 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 indi-
vidual—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 chi-
cha (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 
apat (−12.15), and δ15Ndentin 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 qual-
ity of life for juveniles—as measured by deadly violence—plummeted in the post-
Wari 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 tar-
geted 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 con-
ditions in the LIP in the Ayacucho Basin. Moreover, previous studies show that 
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cranial trauma—both sublethal and lethal—affected more than two-thirds and one-
third of adults, respectively (Tung 2008), further demonstrating the climate of vio-
lence that permeated LIP communities in the region.

There are likely multiple causes for this widespread violence, but the tim-
ing 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 poly-
chrome 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 organ-
ize labor to plan and implement infrastructure for food production, public build-
ings, 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 them-
selves 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 con-
sumption 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 cir-
cumscribed 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 post-
Wari 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, agri-
cultural lands, or the unequal distribution of resources at community and house-
hold 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 con-
sumption 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 Huari-
LIP population by about 100 years), when compared to the previous Wari-era sam-
ples 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 centu-
ries, 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 cen-
turies of the LIP.
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