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ABSTRACT 

Daverman, Blair M. M.S., Purdue University, May 2011. A Bioarchaeological 
Perspective on Diet and Health Consequences of Akkadian Imperial Consolidation at 
Kish, Iraq.  Major Professor:  Michele Buzon. 

 

This study utilizes a bioarchaeological approach to examine diet before, during, and after 

imperial consolidation at the Mesopotamian site of Kish. Kish, located on the Euphrates 

floodplain, was a dominant regional polity until the Akkadian Empire absorbed it during 

EDIII/AKK period (2400-2300 BC), altering the local socioeconomic organization of 

Kish, and ultimately the daily life experience. This study examines how the Akkadian 

presence at Kish (N=132), and subsequent sociopolitical reorganization, may have 

differentially impacted access to nutritional resources. Dietary indicators, such as alveolar 

abscesses, antemortem tooth loss, carious lesions, linear enamel hypoplasia, and 

macroscopic dental wear are examined to assess how diet changes diachronically and 

differs by sex and socioeconomic status. This study has two primary objectives: 1) 

investigate the biological consequences of imperial consolidation; 2) elucidate 

differences in access to nutritional resources between members of differing social 

identities, including sex and social status. Markers of nutritional deficiency peak during 

the Early Dynastic III/Akkadian period when the Akkadian Empire seized control of 

Kish. These data suggest that imperial consolidation had effects on the diet and overall 

health of Kish inhabitants.
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CHAPTER 1. INTRODUCTION 

1.1. Introduction 

Kish, located on the Euphrates River floodplain in modern-day Iraq, emerged as 

the most influential polity in southern Mesopotamia during the Early Dynastic I and 

Early Dynastic I/III periods (2900-2600 BC), eventually commanding political 

dominance over the whole of Sumer and Akkad in the Early Dynastic III period (2600-

2400 BC). The geographic position of Kish made it both politically and economically 

strong, as well as a highly desired site by competing neighbor polities (Maisels 1993; 

Yoffee 1995). During the Early Dynastic III/Akkadian period (2400-2300 BC), Kish fell 

when the Akkadians consolidated Kish into their empire. 

Kish was the Akkadian Empire’s first political conquest and can act as a lens into 

nascent imperial strategies of control and the subsequent outcomes of such measures. 

This study, which combines Mesopotamian archaeology with human skeletal analysis, 

will serve as a necessary context with which theoretical approaches to empires, 

socioeconomic status, and differential access to resources can be employed and 

ultimately serve as a means to explore the dynamics between an imposing imperial entity 

and the resulting local response. 

This time of transitioning power between two dominant polities, Kish and Akkad, 

indubitably impacted the daily life experience of Kish inhabitants. This study aims to 
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examine the biological consequences of this conquest, and specifically, how the 

Akkadian imperial consolidation of Kish may have affected sex and status differentially. 

The impact of the Akkadian conquest of Kish is explored using a bioarchaeological 

approach to examine diet through markers on human dentition. This methodology is used 

to test whether Akkadian consolidation of Kish had biological ramifications for the local 

population. This study uses alveolar abscesses, antemortem tooth loss, carious lesions, 

linear enamel hypoplasia, and macroscopic dental wear to assess diet and general health 

(e.g., Larsen 1997).  

This study has two primary objectives: 1) investigate the biological consequences 

of imperial consolidation, and 2) elucidate differences in access to nutritional resources 

between members of differing social identities, including sex and social status. Utilizing a 

bioarchaeological approach to investigate dietary changes during imperial consolidation 

can allow for better understandings of the relationship between imperial strategies and 

local responses. 

1.2. The Bioarchaeological Approach 

Bioarchaeology relies on osteology as its dominant research tool while 

investigating past populations (Buikstra and Beck 2006). The human skeleton is plastic 

and malleable (Roberts 1995:1), providing bones with the ability to change and adapt to 

its environment, and is dependent on its biological structure. Skeletal material is a living 

organism, composed of collagen and hydroxyapatite, giving it the unique characteristics 

of being both rigid and malleable (Buzon et al. 2005). This adaptability allows both 

cultural and biological encounters between skeletal material and the environment to be 
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visible in skeletal remains, making them uniquely suited for examining social aspects of 

past populations (Sofaer 2006b). These biological data are of significant use to 

bioarchaeologists as skeletal and dental material preserve a great amount of information 

about the past and are therefore vital for addressing such research questions as 

physiological stress, nutritional ecology, and activity patterns (Larsen 1997:2). 

 In archaeology, the body is a material and historical artifact, allowing researchers 

to recover information on not just the biology of an individual, but also the history and 

social lives of past peoples (Sofaer 2006a, 2006b). The ability of skeletal material to 

express health and life history data is illustrated by the presence or absence of skeletal 

and dental pathological markers of deprivation (Larsen 1997:43-44). Skeletal and dental 

indicators can provide evidence of human behavior that result from specific cultural 

actions, and therefore should be considered as a form of material culture (Shanks and 

Tilley 1987:85; Sofaer 2006b:105). When regarding the human skeleton as a cultural 

artifact, it is imperative to utilize both archaeological and biological theories so as to 

place skeletal data within a theoretical perspective. 

Bioarchaeological studies benefit from uniting multiple methodologies, current 

theoretical perspectives, as well as multiple skeletal indicators, to best assess overall 

patterns of community health. Any reconstruction of past health and activities must 

consider a number of potential biases and limitations inherent in skeletal and mortuary 

data (Wood et al. 1992). However, recent research has made significant strides toward 

addressing and overcoming biases through the utilization of multiple methodologies 

(Katzenberg and Saunders 2008), considerations of all possible contextual information 

(Steckel and Rose 2002:586), and employing social theoretical perspectives of the body 
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as a material artifact of the lived experience (Sofaer 2006b). The use of data from an 

array of health indicators, in concert with information on mortuary and archaeological 

context, will strengthen investigations of individual and population level lived 

experiences. 

1.3. The Present Study 

This project examines the potential biological consequences for the local 

population during the Akkadian imperial consolidation of Kish in the Early Dynastic 

III/Akkadian (2400-2300 BC) Period. Specifically, I will be investigating whether the 

Akkadian presence in Kish, which marks the first known instance of imperial conquest in 

the world (Hamblin 2006:73; Matthews 2003; Roaf 2004:96), altered access to nutritional 

resources, resulting in changes to the local diet and health at Kish. Imperial consolidation 

often necessitates a renegotiation of the socioeconomic structure of the subjugated 

population (Postgate 1979; Schortman and Urban 1998), which may differentially impact 

access to resources. Taking a social archaeological perspective, this study unites 

Mesopotamian archaeology with bioarchaeology to investigate the dietary and health 

consequences of imperialism on the lives of Kish’s inhabitants. 
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Table 1.1  Hypotheses and Expectations 1 

 
Presence of Dietary and Health Indicators 

 
Effects of Imperialism on Kish 

 
1a) No Change in Presence 

 
No change in access to resources 

 
1b) Changes in Presence 

 
There were changes in local access to resources 

Hypothesis 1a: 

The Kish population on the whole was not disrupted by the imperial consolidation 

of their city-state. Few alterations or adjustments to the local socioeconomic structure 

were experienced, allowing the Kish population to consume the same diet they had prior 

to contact with the Akkadians. This continuity would be demonstrated by limited changes 

in the presence of indicators of nutritional deficiency and dental pathological conditions 

in the Kish population during the Early Dynastic III/Akkadian period. Dietary and overall 

health indicators, including abscesses, antemortem tooth loss, carious lesions, linear 

enamel hypoplasia, and macrowear are expected to be consistent with levels present at 

Kish prior to Akkadian consolidation. 

 

Hypothesis 1b: 

The Akkadian imperial conquest of Kish in the Early Dynastic III/Akkadian 

period was a time of political upheaval, resulting in changes to resource access for the 

local population. An increased frequency of indicators of malnutrition would suggest that 

Akkadian imperial consolidation, subsequent socioeconomic upheaval, and alterations to 
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access to resources had detrimental impacts on the diet and overall health of Kish’s 

inhabitants. Alternatively, a marked decrease in the presence of indicators during the 

EDIII/AKK period would suggest that the Akkadian consolidation of Kish improved 

living conditions for the local population, resulting in increased access to nutritional 

resources. 

Table 1.2  Hypotheses and Expectations 2 

 

Presence of Dietary and Health Indicators 

 

Effects of Imperialism on Social Identities 

 

2a) No Change in Presence 

 

Social identities not affected differentially 

 

2b) Changes in Presence 

 

Social identities affected differentially 

Hypothesis 2a: 

 Kish individuals of varying social identities were not disrupted by Akkadian 

imperial consolidation. In particular, bioarchaeologically visible indicators of sex and 

status were not differentially impacted by culture contact and subsequent consolidation. 

The local socioeconomic structure experienced few alterations, allowing individuals of 

various social identities to consume the same diet they had prior to contact with the 

Akkadians. The lack of disruption would be demonstrated by limited changes in the 

presence of indicators of nutritional deficiency and oral pathological conditions by 

segment of the Kish population during the Early Dynastic III/Akkadian period. 
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Hypothesis 2b: 

The Akkadian imperial consolidation of Kish differentially impacted individuals 

of differing social identities, specifically sex and social status. Marked changes in the 

quantity of indicators of nutritional deficiency among individuals of distinct sex or 

varying social status indicate that Akkadian imperial tactics resulted in differential 

alterations to access to nutritional resources. The examination of dietary and health 

indicators reveals that particular segments of the population were affected in dissimilar 

ways.        

1.4. Summary 

To address the question of whether the Akkadian imperial presence in Kish 

modified the local socioeconomic organization and ultimately differentially impacted 

individual access to nutritional resources, I analyzed dietary and dental health indicators 

from Kish human remains. Macroscopic examination of dentition is used to analyze 

dietary and dental health indicators. Methodological consistency is attained through the 

use of standardized scoring systems for all dietary indicators used in this study (Buikstra 

and Ubelaker 1994; Appendix A). The Kish sample, which was excavated by the Joint 

Oxford-Field Museum Expedition of the 1920s-1930s, is currently housed at the Field 

Museum of Natural History in Chicago. The entire collection, which is the largest 

Mesopotamian human remains collection in existence, is comprised of nearly 700 

individuals; however, this study only considers those who have teeth and are dated to the 

periods before, during, and after the collapse of Kish, limiting the sample size to 132 

individuals. 
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This project contributes to broader anthropological and bioarchaeological 

analyses of diet and dental health because it is one of very few examinations of 

Mesopotamian human remains, and thus can elucidate the dietary and daily life impacts 

of imperialism in ancient Mesopotamia. This type of analysis is also of importance for its 

comparative value in the study of prehistoric empires worldwide as the bioarchaeological 

perspective can provide a greater understanding of the nature and strategies of conquest 

as well as of the human impact of imperialism. More specifically, this dietary analysis 

provides insight into the biological consequences of one of the earliest known imperial 

conquests in the world. 
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CHAPTER 2. ARCHAEOLOGICAL FOUNDATIONS AND THEORETICAL 
PERSPECTIVES 

2.1.  Introduction 

This study aims to explore the effect of the Akkadian conquest of Kish on the 

daily lifeways of the local population, and specifically, how this culture contact affected 

access to nutritional resources. In order to conduct a comprehensive study, it is 

imperative to have thorough knowledge of the regional history of southern Mesopotamia. 

For several millennia, southern Mesopotamia saw the rise and fall of various polities, 

each with larger populations and more elaborate administrative systems than its 

predecessor. After a catastrophic flood swept through the alluvial plain, Kish rose as the 

most dominant political entity in the entire region, ultimately commanding hegemonic 

power over other growing polities throughout Sumer and Akkad (Gibson 1972; Moorey 

1978; Pollock 1999). The regional history provided in this chapter highlights the growth 

and political dominance of Kish, and why competing city-states vied for control of the 

polity. A brief introduction to Mesopotamian prehistory, the history of Kish as a polity, 

and a concise explanation of past archaeological expeditions at Kish will provide a 

framework for understanding the region.
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2.2.  Regional Background 

 Kish held an extraordinary position during the formative periods of 

Mesopotamian history (Pollock 1999). The geographic situation of Kish, namely that it 

lies on the banks of the Euphrates river and near the convergence of major ancient 

interregional road systems, allowed Kish to gain control over the whole of Sumer and 

Akkad. The location of Kish gave its early inhabitants numerous advantages, as it 

allowed them to control access to fertile agricultural land and trade routes (Gibson 1972; 

Moorey 1978). At the time of Kish’s primacy, the Tigris and Euphrates rivers were 

separated at Kish by only 30-40 miles, making the site of Kish both economically and 

politically valuable. Over time, other polities in the region vied for regional power and 

attempted to conquer Kish. The title “King of Kish”, which was synonymous with 

“Hegemon of Sumer”, was a highly coveted title for ambitious Mesopotamian rulers 

(Hamblin 2006:73; Postgate 1992:29). The aim of this regional and site background is to 

provide the reader with a basic understanding of the history of Kish and why it was a 

desirable conquest for the Akkadian Empire.  

The first increases in population and construction of larger settlements in 

Mesopotamia occurred during the Ubaid Period (5000-3500 BC), when the first sedentary 

villages were erected in the southern most part of the alluvial lowlands (Pollock 

1999:65). The Tigris and Euphrates rivers flowed through Mesopotamia and deposited 

waterborne silt into the valley, which created vast marshlands. Many of the first large-

scale polities were built on the edge of these marshes and used the extremely fertile soil 

for agriculture. Populations in these prime agricultural areas grew rapidly as immigration 

increased from the hinterlands to the new political center (Algaze 2005:3). It has been 
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argued that the use of irrigation agriculture led to the growth of these villages as it 

allowed populations to manipulate their environment to create an advantageous living 

situation, specifically, allowing for the accumulation of agricultural surplus (e.g., Pollock 

1989; Stein 1994). These villages became the principal locations for religious 

ceremonies, homes for farmers, and places where people came together (Adams 1981:59, 

80-81).  

Subsistence practices in Mesopotamia involved a heavy reliance on carbohydrate-

rich agricultural surpluses as well as dairy products from animal husbandry. Plant 

domestication included the cultivation of several kinds of cereal crops, such as wheat and 

barley, as well as legumes like lentil and flax. Vegetables were also grown, typically in 

plantations of date palms, and were interwoven with fruit trees including apple and 

pomegranate (Neef 1991). In addition to these plants, Mesopotamian inhabitants 

domesticated a variety of animals (Postgate 1992:158).  While sheep, goats, cattle, and 

pigs were all domesticated, they were not a source of subsistence. Sheep and goats were 

important for providing milk products and wool, cattle were used mainly for ploughing, 

and pigs were a source of fat (Postgate 1992:158). The majority of the population likely 

subsisted on an unbalanced diet primarily consisting of agricultural surpluses (Algaze 

2001; Matthews 2003), while few individuals, and possibly elites, consumed meat. 

Subsequent periods (4000-3200 BC) saw the explosive growth of larger 

settlements and ultimately city-states throughout Mesopotamia. It was during this time 

that the development of some of the first monumental architecture, various kinds of 

public art, and specialization in industrial production was developed (Rothman 2001:30). 

Archaeological evidence from excavations throughout southern Mesopotamia has 
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revealed fully formed politically independent polities by the later part of the Uruk Period 

(3500-3200 BC). 

Table 2.1  Chronology1 

Years B.C. Period 

3500-3200 Uruk Period 

3200-2900 Jemdet Nasr Period 

2900-2750 Early Dynastic I Period 

2750-2600 Early Dynastic I/III Period 

2600-2400 Early Dynastic III Period 

2400-2300 Early Dynastic III/Akkadian Period 

2300-2150 Akkadian Period 

(Evans 2007; Moorey 1970; Pestle et al. nd; Postgate 1992) 

Kish developed into a large city-state during the Jemdet Nasr period (3200-2900 

BC) and ultimately gained significant political standing during the Early Dynastic I (EDI) 

and Early Dynastic I/Early Dynastic III (EDI/EDIII) periods (2900-2600 BC) (Postgate 

1992:24-28). It was during the subsequent Early Dynastic III (EDIII) Period that kings of 

neighboring Mesopotamian city-states began heavily competing to control access to 
                                                            

1 A brief note on Mesopotamian chronology: The archaeological subdivision of the Early Dynastic period 
of Mesopotamia into EDI, -II, and -III was established during a 1930s University of Chicago excavation in 
Iraq. This team used a temple sequence uncovered at the site of Tell Asmar to define the EDII period. 
Recent research has proven the EDII period to be elusive in the archaeological record of greater 
Mesopotamia. The concept of EDII is largely untenable, and new interpretations are proposed for the 
original contexts upon which the Early Dynastic subdivisions of Mesopotamia were formulated (e.g., Evans 
2007). The chronology used here reflects these new interpretations. Additionally, the EDIII/AKK period is 
a transition period when the Akkadian Empire conquered Kish and ultimately the entire region –the Kish 
Project uses this chronological designation. 
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fertile agricultural land and trade routes, especially along the Tigris and Euphrates rivers 

(Van de Mieroop 1999, 2004). In addition to vying for access to resources, kings built 

their power as representatives of their city-state in war and defense (Hamblin 2006; 

Yoffee 1995). Gradually, Kish achieved hegemony over neighboring polities, eventually 

gaining control over the entire region (Postgate 1992:22). However, Kish and its political 

dominance came to an end when Sargon of Akkad conquered Kish during the Early 

Dynastic III/Akkadian Period (EDIII/AKK) (2400-2300 BC), and ultimately the entire 

region (Cooper 1993; Sinopoli 1994; Yoffee 1995). Beginning in the Akkadian Period 

(2300-2150 BC), the site of Kish occupied a favored position as the center of the 

Akkadian Empire (Weiss 1975). 

2.3.  Site Background 

The archaeological site of Kish (32°30’ N, 44°35’ E) is located on the Euphrates 

River floodplain in modern Iraq, approximately 80 kilometers south of modern day 

Baghdad, Iraq (Figure 2.1). The site is comprised of over 40 mounds scattered over a 24 

square kilometer area divided by the ancient course of the Euphrates into eastern and 

western portions.



14 

 

 

 

Figure 2.1  Map of Prehistoric Mesopotamia 

Kish emerged and reigned as the most influential city-state in southern 

Mesopotamia from the Early Dynastic I through the Early Dynastic III periods (2900-

2400 BC), but lost regional hegemonic control to the Akkadian Empire during the Early 

Dynastic III/Akkadian period (2400-2300 BC) (Moorey 1978; Pestle et al. nd). The 

nascent Kish polity gradually became a large, agricultural urban society based on an 

organized hierarchy and governed by a king (Nissen 1988). Kish’s geographical position 

on the ancient course of the Tigris and Euphrates rivers, which were separated at Kish by 

only 30-40 miles during this time, made the site both economically and politically 

valuable (e.g., Jacobson 1957; Larsen 1987). Being situated between the only truly 

substantial waterways in arid Mesopotamia allowed Kish to exploit this vital natural 
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resource to their advantage; Kish could control access to irrigation canals, fertile 

agricultural land, and trade routes (Gibson 1972; Yoffee 1995). Kish used this economic 

base to build their political power and become the dominant regional polity during the 

Early Dynastic periods (e.g., Makkay 1983), but it was likely that this same source of 

power, the rivers, was also what attracted the Akkadian Empire to the site of Kish. The 

Akkadians ultimately conquered Kish and used the polity as the center of their 

burgeoning empire (Hamblin 2006:73; Liverani 1993). 

The epic of Gilgamesh and the Sumerian King List provide archaeologists with 

textual references of Sargon’s takeover of the city of Kish, but neither of these sources 

thoroughly explains how this event took place (Postgate 1992). Fortunately, there is 

evidence of later Akkadian imperial conquests in Mesopotamia, providing a glimpse into 

the various methods employed by Akkad to seize control of neighboring polities. While 

there is evidence of some violent encounters at the sites of much later Akkadian 

conquests (Bernbeck and Pollock 2005), the majority of their imperial endeavors resulted 

in relatively non-violent encounters. Akkadians would destroy city walls or palaces 

within conquered polities to inhibit rebellions, but there is little evidence of interpersonal 

violence associated with the Akkadian conquest (Hamblin 2006).  

Archaeological and textual evidence from Akkad’s later conquests of Uruk, Ur, 

Lagash, and Umma (Hamblin 2006:74-75) demonstrate that Akkadian rulers installed 

governors in their conquered polities rather than keeping indigenous kings as vassals, 

who presumably were supported by Akkadian garrisons (Hamblin 2006:73). Thus, rather 

than trying to establish himself as hegemon over defeated vassal kings, Sargon deposed 

those kings and took direct rule over an empire administered by appointed governors. 
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Additional evidence suggests that Akkadian governors appointed the daughters of the 

subjugated Mesopotamian kings to high priestess positions within these polities 

(Bernbeck and Pollock 2005:19). This political tactic of appointing Akkadian governors 

with the accompaniment of local high status females may have been employed to appease 

the subjugated kings and ease tensions in newly conquered city-states (Bernbeck and 

Pollock 2005:19; Hamblin 2006:70-71). Previous bioarchaeological research on the Kish 

sample supports these findings as biodistance studies demonstrate the presence of foreign 

males with local Kish females, all of which are considered high status due to their burial 

inclusions (Pestle et al. nd). The specific biological ramifications of the Akkadian 

imperial consolidation of Kish are dependent on whether this culture contact resulted in 

trivial or significant alterations to the local socioeconomic structure (e.g., Kolata 1991; 

Torres-Rouff 2008; Tung 2003). This study aims to examine the dietary and health 

implications of the Akkadian imperial consolidation at Kish. 

2.4.  The Joint Oxford-Field Museum Excavation of Kish 

From 1923-1933, under the absentee direction of Stephen Langdon (University of 

Oxford) and the field leadership of Ernest Mackay, the Oxford-Field Museum Expedition 

(OFME) conducted extensive and intensive excavations on 17 different mounds 

surrounding the boundaries of Kish (Gibson 1972; Moorey 1978). This work revealed 

evidence of nearly 5000 years of continuous occupation at the site (4000 BC-1000 AD). 

These enormous excavations employed hundreds of men who worked rapidly and 

diligently to remove soil to depths of 15 or more meters. Ultimately, this project 
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unearthed massive ziggurats and palaces, as well as many clusters of burials from as early 

as the Early Dynastic I Period (e.g., Langdon 1924, 1930, 1934).   

These excavations unearthed 684 individuals, dating to nearly every era of the 

site’s occupation, and are now held in the Field Museum of Natural History and the 

British Museum of Natural History. Poor excavation records and a lack of chronological 

control plagued the excavations and subsequent research on the materials. However, over 

the past four years substantial progress has been made in reconciling the scattered records 

and collections of this important expedition.  

Beginning in 2004, the staff of the Field Museum of Natural History in Chicago, 

in collaboration with an international team of scholars, have been working to produce a 

long-overdue site report that will draw together all the various data from the ten field 

seasons of excavation at Kish into a unified, comprehensive statement on the culture and 

history of Kish (fieldmuseum.org/kish). The osteological component of the Kish Project, 

which consists of William Pestle, Christina Torres-Rouff, and myself, has analyzed the 

Kish human remains collection with the purpose of incorporating these data into the final 

site report. To date, the Kish Project has submitted the final site report of Kish as a 

manuscript for publication.  
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2.5.  Theoretical Perspective 

2.5.1.  Introduction 

The theoretical framework of this study, examining the biological ramifications of 

imperialism at Kish, is based on archaeological and biological anthropological concepts. 

The analysis of imperial tactics, including consolidation and socioeconomic 

reorganization, can reveal how imperial conquests impact the sociopolitical organization 

of the local population. Theories of social identity can elucidate how individuals of 

varying social positions may be differentially impacted by political upheaval. 

Additionally, osteoarchaeological theory emphasizes human remains as the material 

artifact of an individual’s lived experience, making it a unique line of evidence for 

examining the biological repercussions of imperialism. The integration of these 

theoretical perspectives allows for a better understanding of the interaction between 

social and biological spheres in the lives of past peoples, and in this particular case, 

around the time of the Akkadian conquest of Kish.   

2.5.2.  Imperialism 

Empires, in their most basic definition, are geographically, politically, and 

territorially expansive polities who exert control over subjugated sociopolitical entities 

(Morrison 2001; Sinopoli 1994:159). Empires vary in the nature and intensity of the 

center/periphery relationship and the degree to which the imperial center exerts control 

over conquered polities. This may have a transformative effect on inhabitants within the 
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empire as well as those within occupied regions (Cusick 1998). Empires negotiate the 

relationship between the core and periphery decisively, often resulting in alterations to 

the socioeconomic organization and daily life of inhabitants residing within the 

subjugated polity. Some alterations, such as violent conquest, can leave 

bioarchaeologically visible traces. Anthropological studies of empires examine the 

processes of imperialism through material artifacts, architecture, human skeletal remains, 

and textual documents to better understand the local social and biological ramifications of 

imperial subjugation. 

Empires are generally characterized by three stages: expansion, consolidation, and 

collapse (Sinopoli 1994). Expansion and consolidation are the primary means through 

which empires gain and retain territorial control, while collapse depicts the circumstances 

under which an empire decays. Considerations of these three imperial stages allows for 

an understanding of the specific strategies that could have a lasting impact on the 

subjugated polity, whether it involved tactics of controlling production and labor, 

socioeconomic restructuring, or alterations to the local culture and identity. An 

examination of these stages will provide the framework for understanding how Akkadian 

imperial consolidation and expansion may have impacted the local Kish population. 

Expansion is considered a precursor and necessary tactic for the formation of an 

empire (Brumfiel 1989). Empires are territorially expansive by nature, and 

opportunistically subsume nearby polities and regions through a variety of political, 

economic, ideological, and military strategies (D’Altroy 1992, 2001; Schreiber 1992; 

Sinopoli 1994). Methods of expansion can range from diplomatic to violent, and 

regardless of the outcome, the control and legitimization of power used to suppress 
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political turmoil and gain cooperation is primarily obtained through some form of 

physical or ideological power (Algaze 1993; Forest 2005; Mann 1986). While there are a 

variety of motives for imperial expansion, it often begins opportunistically during a 

period of regional fragmentation or when earlier centralized political systems collapse. 

These periods of regional weakness provide a vacancy for expansion (Murra 1986; 

Rapaport 1993). The Inca are an example of a nascent empire capitalizing on a period of 

regional fragmentation in order to expand (Murra 1986). Expansion is vital, but in order 

for an empire to endure, it must be accompanied by political consolidation (Eisenstadt 

1963; Schreiber 1987; Sinopoli 1994).  

Consolidation is the means through which empires incorporate conquered polities 

into the imperial power structure. Consolidation, which is arguably the most important 

component of imperialism and the most difficult to achieve, is necessary for maintaining 

control in empires as it allows for the creation of structural connections and dependencies 

among various regions and cultural traditions (Eisenstadt 1963; Schrieber 1987). It is 

argued that the process of consolidation involves four primary mechanisms: political and 

administrative power, economic influence, military might, and ideological authority 

(Sinopoli 1994). Each of these imperial tactics are interconnected and can vary in 

importance for each empire, resulting in a range of constructive and destructive 

strategies, primarily including the creation of imperial institutions, administrative 

structures, and ideological systems, along with the disruption of local institutions 

(Sinopoli 1994:163). These kinds of alterations can affect the local social organization, 

impacting social hierarchies and access to resources (e.g., Klaus and Tam 2010).  
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Whether local political structures and relations are incorporated or disrupted by 

the impending imperial entity is an outcome of several factors, including the pre-existing 

political structures and whether the local population resists imperial consolidation 

(Sinopoli 1994). For example, when the Aztec conquered territories, polities that 

surrendered to Aztec rule prior to military intervention experienced lighter tribute 

demands and elites were less likely to be deposed than in regions where warfare occurred 

(Calnek 1972, 1982; Hicks 1992). Imperial strategies for conquering and consolidation, 

and particularly political and administrative tactics of consolidation, are necessary 

concepts to consider in the archaeological analysis of the Akkadian imperial 

consolidation of Kish. 

An empire’s final stage, collapse, involves the fragmentation and ultimately the 

demise of the imperial core (Sinopoli 1994; Yoffee 1988). Imperial collapse can result 

from a multitude of internal and external factors, including foreign intruders or other 

states (Postgate 1992), and the collapse of long-distance trade networks (Yoffee 1988). 

Ultimately though, collapse involves the dissolution of communication and control 

networks between the imperial core and polities in their periphery (Eisenstadt 1988). 

Even as an empire collapses, it is important to note that the disintegration of the empire 

may not result in the complete collapse of the culture or civilization (Yoffee and Cowgill 

1988).   
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2.5.3.  Methods of Imperial Consolidation: The Akkadian Case 

The Akkadian Empire was an expansive polity that conquered and consolidated 

other societies throughout Sumer and Akkad, ultimately uniting Mesopotamia under a 

single ruler (Hamblin 2006; Liverani 2005; Pollock 1999). While little is known of the 

origins of the Akkadian Empire (Matthews 2003:153), archaeological evidence from their 

later conquests demonstrates that they employed various methods of consolidation, 

including political and administrative strategies, which may have resulted in alterations to 

the local sociopolitical organization. The following summary concentrates on the 

consolidation tactics likely used by the Akkadian Empire, including political, 

administrative, and economic strategies. 

Empires execute a variety of political and administrative strategies to control their 

subjugated population, whether through regulating tributaries or implementing new 

socioeconomic policies (Sinopoli 1994; Stein 2005). It is argued that indirect rule, which 

occurred during later Akkadian conquests during the Akkadian Period at Ur and Uruk 

(Hamblin 2006), is advantageous for incorporating subjugated groups into the imperial 

structure as it is a less disruptive, and often more successful (Sinopoli 1994:163), strategy 

than military force. Indirect rule frequently involves retaining local elites in positions of 

power within the conquest (Schreiber 1992), as well as disrupting the general 

population’s access to nutritional resources through a shift in the local socioeconomic 

structure (e.g., Hastorf 1990).  
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An effective political strategy in consolidation, which allows an empire to 

maintain control of their polities while not requiring the constant presence of imperial 

officers, is to appoint local leaders to positions of power. These leaders enforce imperial 

policy within hinterland nodes while acquiring elevated social standing for themselves 

(e.g., Calnek 1982). The appointment of local leaders is a beneficial consolidation tactic 

for a variety of reasons. If the empire allows the current political structure to remain 

intact, the empire does not have to build and maintain a new political organization as 

imperial rule can be implemented from within established administrative structures 

(Schreiber 1992). Additionally, the empire can use existing administrative structures for 

revenue collection. However, if changes to these structures in a subjugated community 

are deemed necessary by the empire, the local population will be more accepting of 

change if it is implemented by a local, known leader rather than an outside force 

(Sinopoli 1994).  

The Akkadian Empire employed a combination of direct and indirect rule in their 

consolidation strategies. Archaeological and textual evidence from Akkad’s later 

conquests shows that while Akkadian governors were installed in conquered polities, the 

empire also allowed indigenous kings and high priestesses to remain in seats of power 

(Hamblin 2006). Previous bioarchaeological studies at Kish have revealed that the elite 

social stratum (EDIII/AKK transition period) consisted of individuals of what appear to 

be local origins, as well as biodistantly distinct individuals, indicating the possible 

presence of Akkadian garrisons among Kish elite (Pestle et al. nd). Allowing local 

leaders to remain in power, alongside a few Akkadian garrisons, may have eased the 

political transition from autonomous city-state to imperial core.  
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Furthermore, Akkadian emperors adopted the title “King of Kish”, seen in the 

Sumerian King List (e.g., Hamblin 2006; Van de Mieroop 2004), as a sign of prestige and 

power. Assuming the royal title of their first imperial conquest may have been an 

important tactic to pay homage to local elites while simultaneously reestablishing its 

imperial core. The adoption of the royal Kish moniker, along with a general lack of 

evidence for architectural destruction or interpersonal violence (Hamblin 2006), may 

indicate that political and administrative consolidation strategies at Kish included 

diplomatic tactics. 

Empires vary in their intensity and degree of involvement in the production and 

acquisition of resources in their imperial nodes; what dictates the nature of their 

involvement is the distance between the imperial core, the nodes, and the desired 

resources (Sinopoli 1994). Archaeologists have argued that there are distinct differences 

in the administrative structure between polities that focus predominantly on the 

production and control of staple finances and those that emphasize production and control 

of high status goods (e.g., D’Altroy and Earle 1985; Earle 1987), dubbed staple finance 

and prestige finance, respectively. If there are distinct organizational and administrative 

features in each of these contexts, then the imperial consolidation of a polity relying on 

prestige finance infrastructures by a staple finance reliant polity could result in shifts to 

the subjugated polity’s economic structure. This type of imperial and economic 

interaction likely occurred at Kish when the Akkadians entered the city-state and likely 

used agricultural surpluses to leverage wealth (e.g., Hamblin 2006; Yoffee 1995). 

The Akkadian Empire, like subsequent Mesopotamian empires, employed 

economic strategies for expansion and consolidation. These economic strategies typically 
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involved controlling trade routes as well as securing regional resources (e.g., Matthews 

2003:150-153; Nissen 1993; Sinopoli 1994). The Akkadians may have chosen Kish as 

their newly formed imperial core due to its strategic placement between the Euphrates 

and Tigris rivers, making it an economically advantageous site for the production and 

control of agricultural surplus, as well as the procurement of foreign goods. Mortuary 

goods data suggest that the Akkadian Empire leveraged their imperial power to engage in 

commodity exchanges with distant neighbors, such as Afghanistan, Anatolia, and the 

Indus Valley (e.g., Stein 2005; Yoffee 1995). The Akkadians harvested local crops for 

labor rations (Yoffee 1995) while simultaneously obtaining prestigious and valuable raw 

materials from peripheral regions for core consumption, including lapis lazuli, silver, 

gold, and other high status materials (Larsen 1979:79; Matthews 2003:145); these goods 

are found in elite burials dating to the EDIII/AKK Period at Kish (Moorey 1970). 

Kish, prior to their interaction with the Akkadians, was a rigidly stratified 

territorial society that had an oligarchy of noblemen holding power within the social 

system. In contrast to the south, where city-states were formed around temples, Kish and 

surrounding polities placed economic importance on royal estates and private landowners 

(e.g., Gelb et al. 1991; Yoffee 1995). However, after the Akkadians took control of Kish, 

they reorganized the administrative and economic structures of their conquests. The 

Akkadians erected palaces within their new capital and later installed Akkadian 

priestesses within the temples of their conquests, which shifted economic importance 

from personal wealth accumulation to the palace and royal administrative structures (e.g., 

Foster 1993; Yoffee 1995). 
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Another form of political control over subjugated populations involves regulating 

access to nutritional and basic resources. If imperial consolidation results in a 

renegotiation of the local socioeconomic organization, this could affect access to 

fundamental, life-sustaining resources (Nguyen and Peschard 2003; Sapolsky 2004). 

Osteological studies of human remains can provide evidence for diet, age, stress, and 

overall health of an individual (e.g., Buikstra and Beck 2006; Danforth 1999; Larsen 

1997; Stojanowski et al. 2007), which can be used to assess differential access to basic 

resources. In order to gain a more complete portrait of an individual’s health, and thus 

access to nutritional and basic resources, it is imperative to measure multiple indicators 

from each individual within a population. This information is then extrapolated to assess 

how shifts in political organization may impact access to resources and thus health.   

2.5.4.  Biological Consequences of Imperialism 

Bioarchaeological research on imperial interactions has elucidated many of the 

physical and biological effects of consolidation on subjugated populations (e.g., 

Andrushko 2007; Larsen and Milner 1994; Tung 2003). While empires can have a variety 

of impacts on their conquests, ranging from benign to disruptive (Schortman and Urban 

1998), several bioarchaeological studies of imperial impacts on local populations indicate 

that there is a general decrease in the health of these post-contact populations (e.g., Tung 

2003). Studies suggest health declines are due to a number of factors, including a lack of 

dietary diversity, urbanization, and increased interpersonal violence (e.g., Neves and 

Costa 1998:287-281; Stodder and Martin 1992:63). While not all imperially subjugated 
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polities experience a decline in health (e.g., Kolata 1991), if consolidation of the social 

infrastructure occurred, these alterations may have detrimentally impacted access to 

nutritional resources, resulting in nutritional deprivation and other health and dietary 

issues.  

Analyses of dental pathological conditions from archaeological contexts are 

particularly useful in examinations of how socioeconomic instability can influence many 

aspects of individual health (Pechenkina and Delgado 2006; Sapolsky 2004). Dentition, 

unlike bone, does not remodel and therefore reflects the total dietary life experience of an 

individual (e.g., accumulation of dental carious lesions), as well as revealing instances of 

acute physiological stress during a specific period of childhood (e.g., linear enamel 

hypoplastic grooves) and overall dental decay (Larsen 1997). Examining the dental health 

of populations living before, during, and after imperial collapse can elucidate diachronic 

patterns in diet and overall health. Imperial consolidation and subsequent socioeconomic 

reorganization can create unequal distributions of nutritional resources in the subjugated 

population, resulting in alterations in the daily life experiences of the inhabitants 

(Goodman et al. 1987; Robb et al. 2001). Socioeconomic reorganization may also 

differentially impact sex and social status, resulting in dietary and dental health 

differences between individuals of varying social positions (e.g., Cucina and Tiesler 

2003). This study uses an array of dental health indicators to investigate the nutritional 

consequences of Akkadian imperial consolidation at Kish.   
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2.5.5.  Osteoarchaeological Theory 

Within bioarchaeology, skeletal remains have been historically examined through 

science-based osteological approaches that examine the skeleton as a universal, fixed, 

biological entity (Gowland and Knüsel 2006; Sofaer 2006b). These bioarchaeological 

approaches, while recognizing the inherent biological variation between individuals, may 

neglect the value of skeletons as material artifacts of an individual’s life and identity 

(Jones 2002; Sofaer 2006b). More recently, bioarchaeological approaches have come to 

examine the body as a socially constructed, malleable, and constantly evolving reflection 

of an individual’s life (e.g., Boric and Robb 2008; Insoll 2007; Rowlands 1994; Sofaer 

2006b). The skeleton is more than just a series of biological traits; human remains reflect 

an individual’s identity and accumulated interactions between their social and physical 

environments (Gowland and Knüsel 2006). There is a continuous dialogue between the 

physical and social body, therefore necessitating the consideration of human remains as 

culturally constructed material artifacts of an individual’s identity (Shilling 1997:65; 

Sims 2003:4; Sofaer 2006a). 

Osteological material, when approached from a social theoretical perspective, 

reflects the continuity of materiality from life to death (Butler 1990, 1993; Joyce 2003; 

Sofaer 2006b). The body is continuously involved in the formation and structuring of 

social practices and identities, thus making it a culturally constructed material artifact 

(Gowland and Knüsel 2006; Shanks and Tilley 1987; Sofaer 2006b). This idea, that the 

skeleton can possess a social presence in death, suggests that social enactments of 

cultural practices should be considered the materiality of the body, given that these 

interactions are reflected in skeletal remains (Hamilakis et al. 2002; Meskell and Joyce 
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2003; Thomas 2002). Contemporary bioarchaeological studies examine human skeletal 

remains in studies of human health and behavior because skeletal and dental remains 

from archaeological settings reveal life histories of individuals as well as whole 

populations (Larsen 1997:3).  

Osteological studies of human remains can provide evidence for diet, age, stress, 

and overall health of an individual (e.g., Buikstra and Beck 2006; Danforth 1999; Larsen 

1997; Stojanowski et al. 2007), which can be used as indicators of differential access to 

basic resources and allow us to speak about a population’s response to culture contact. 

My thesis examines how imperial consolidation and subsequent socioeconomic 

reorganization at Kish may have impacted access to nutritional resources through the lens 

of osteoarchaeological theory. 

This thesis is also concerned with how social identities may have been 

differentially affected by imperial consolidation. While gender is a culturally constructed 

social identity, and one that has great significance for social roles and behaviors (e.g., 

Arnold and Wicker 2001; Hollimon 2011), this study uses sex as a social identity because 

of methodological limitations. Bioarchaeological remains do not easily allow for 

examinations of gender, especially when there is a lack of archaeological or textual 

evidence for gender roles and identifiers (e.g., Weglian 2001), as is the case at Kish. This 

study uses sex as a social identity because biological factors can impact cultural roles and 

social identities (Guatelli-Steinberg and Lukacs 1999), which can in turn have 

ramifications on diet and dental health. 
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2.6.  Summary 

This research is focused on the periods around the Akkadian imperial conquest of 

Kish. A bioarchaeological approach is employed to explore this time of culture contact in 

order to illustrate how contact, and the subsequent ramifications of political and 

administrative upheaval, can affect individuals and the population as a whole. This thesis 

explores the changing political landscape of ancient Mesopotamia using a 

bioarchaeological approach, and ultimately examines how the Akkadian imperial 

conquest of Kish may have altered the diet and health of Kish inhabitants. 
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CHAPTER 3. MATERIALS AND METHODS 

3.1.  Introduction 

In order to address the question of how Akkadian imperial consolidation at Kish 

may have impacted the diet and overall health of the local population, this study focuses 

on five time periods of particular interest: the EDI, EDI/EDIII, EDIII, EDIII/AKK, and 

AKK periods. As previously mentioned, Kish rose to power during the EDI Period and 

was ultimately conquered by the Akkadians during the EDIII/AKK Period (Postgate 

1992:22-28; Table 2.1). Comparing the health of individuals across these time periods 

elucidates how the Akkadian conquest affected the diet and overall health of the 

population of Kish. Consideration of these periods allows for a temporal perspective on 

diet and stress from the time of Kish’s primacy as a dominant power in the region 

through its political fall and absorption into the Akkadian Empire. 

3.2.  Materials 

The sample evaluated for this analysis spans five time periods, allowing for 

examinations of diet and health during the time of Kish’s ascent to sociopolitical 

dominance in Mesopotamia (2900-2400 BC) and through their subsequent fall to Akkad 

(2400-2100 BC). While the complete collection includes 684 individuals, only 

individuals who have dentition and are dated to the Early Dynastic I through Akkadian 
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Period (n=132) were considered for this particular study. All data was collected 

following the Standards for Data Collection from Human Remains (Buikstra and 

Ubelaker 1994). Demographic information for the Kish sample, including sex and age, 

were previously collected during the summer of 2006 by the collaborative efforts of the 

Kish Osteological Project, which consists of William Pestle, Christina Torres-Rouff, and 

myself (Pestle et al. nd). During the data collection for this thesis, I reexamined sex and 

age features for each individual to ensure accurate demographic attributions.  

Sex was determined by observing the sexually dimorphic features of the skeleton. 

The individuals in this study consist of 30 females and 37 males. Sex was indeterminate 

for 65 adults and children, as these specimens lacked sexually dimorphic features (Table 

3.1). The sex data for this sample are limited due to the fact that many of these 

individuals are only represented by dentition and lack any associated skeletal material. 

Table 3.1  Sex Distributions by Period 

 Female Male Indeterminate Total 

EDI 11 10 31 52 

EDI/EDIII 5 4 16 25 

EDIII 4 6 7 17 

EDIII/AKK 9 15 5 29 

AKK 1 2 6 9 

Total 30 37 65 132 
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Age was estimated by observing dental eruption, pubic symphysis degeneration, 

and/or suture closure, when available. Age status was separated into six large categories 

for analysis: child (C=0-12 years old), juvenile (JU= 12-18), young adult (YA= 20-35 

years old), middle adult (MA= 35-50 years old), old adult (OA= 50+), and unspecified 

adult (A) (Table 3.2). Due to poor preservation, many sex and age estimates could not be 

obtained. 

Table 3.2  Age of Individuals by Period 

 C JU YA MA OA GA Total 

EDI 10 4 6 11 4 17 52 

EDI/EDIII 6 0 5 2 4 8 25 

EDIII 4 1 1 2 0 9 17 

EDIII/AKK 2 1 3 11 6 6 29 

AKK 4 1 0 0 2 2 9 

Total 26 7 15 26 16 42 132 

Of the 132 total individuals examined for this study, 23 were ascribed to social 

status categories (Table 3.3; Table 3.4). All 23 individuals with ascribed social status 

were interred in the ‘A’ cemetery, which is the only cemetery with assigned 

socioeconomic status, and dates to the EDIII/AKK Period (Table 3.5). Karen Wilson, the 

Kish Project principal investigator, determined social status for these individuals by 

examining original excavation notes for data on funerary goods, placement of objects, 

quantity and type of grave goods, and costly expenditure of the funerary rite (Pestle et al. 
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nd). Final status scores included ‘high status’ (associated with 20 or more items of 

various types, including stone and ostrich egg vessels as well as various weapons and 

articles of personal adornment), ‘middle status’ (associated with 11-19 items, including 

one stone vessel and frequent ostrich egg cups), ‘low status’ (associated with 6-10 items, 

including one stone vessel but no ostrich egg cups), and ‘lowest status’ (5 or fewer grave 

goods or status markers).   

Table 3.3  Sex of Individuals by Social Status 

 

 

 

Female 

 

Male 

 

Indeterminate 

 

Total 

High 0 3 1 4 

Middle 5 4 0 9 

Low 2 4 1 7 

Lowest 2 1 0 3 

Total 9 12 2 23 
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Table 3.4  Age of Individuals by Social Status 

 C JU YA MA OA GA Total 

High 0 0 1 1 0 2 4 

Middle 0 0 2 4 2 1 9 

Low 1 0 0 3 2 1 7 

Lowest 0 0 0 1 1 1 3 

Total 1 0 3 9 5 5 23 

 

Table 3.5  Individuals by Cemetery 

 Cemetery A 

(EDIII/AKK) 

Cemetery Ingharra  

(EDI, EDI/EDIII, EDIII, AKK) 

Number of Individuals 27 105 

3.3.  Methods 

A bioarchaeological approach allows for examinations of diet, access to 

resources, and physiological stress (Larsen 1997). This section focuses on description and 

diagnosis of dietary indicators as well as dental pathological conditions. Dental health 

indicators are directly related to diet and nutrition and can aid in general health 

assessments. Nutritional indicators have complex etiologies, which makes the presence of 

one not as diagnostic as the presence of many. In order to gain a more complete portrait 

of diet, this study examines the presence of multiple dietary and dental health indicators.   
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The following dietary and pathological indicators were used as each provides 

unique and valuable data for assessing dental health and diet: alveolar abscesses, 

antemortem tooth loss, carious lesions, macroscopic dental wear, and linear enamel 

hypoplasia. All health indicators were collected according to the bioarchaeological 

methods established by Buikstra and Ubelaker (1994). Each trait was assessed for 

frequency and location (Appendix A.1). While other health indicators, such as cribra 

orbitalia and osteoperiostitis, are useful indicators of an individual’s overall health, they 

were excluded from this study because of poor skeletal preservation within the sample. 

Dietary and dental health indicators were also compared to burial records for 

contextual information on social status. Burial information came from the notes of the 

original excavators, as well as subsequent Kish scholars Henry Field, Ted Rathbun, 

Guillermo Algaze, Ernest Mackay, Peter Moorey, and Karen Wilson. These include data 

on time periods, mound locations, and burial goods. 

3.4.  Dietary Indicators 

Imperial conquest and culture contact usually result in alterations to the 

subjugated population’s socioeconomic structure (Sinopoli 1994), which in turn can 

impact daily life routines, including access to nutritional resources (Ames 2007). 

Socioeconomic reorganization can result in differential control of access to agricultural 

surplus and food resources, which may detrimentally affect nutritional health (Sapolsky 

2004). Imperial policies can lead to poor nutritional and health status among the 

conquered population by intensifying agricultural production of a particular crop and 
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reducing the variety of the local subsistence base (Worth 2001:17; Tung 2003:65-66), 

resulting in nutritional deficiencies. A homogenized diet, particularly one relying on 

carbohydrates, may negatively affect health status by failing to provide adequate nutrition 

for growth and development (Larsen 1997; Tung 2003:66), resulting in dental indicators 

of nutritional deficiencies. This study utilizes human dentition to examine the dietary and 

health repercussions of imperial consolidation at Kish, using sex and social status as a 

lens to investigate the daily life impact of culture contact and socioeconomic 

reorganization. 

3.5.  Alveolar Abscesses 

Alveolar abscesses are localized infections within alveolar bone that result in a 

perforation within the bone. As the infection intensifies, pus gathers inside small cavities 

within the alveolus and will run through these channels of bone and soft tissue until the 

abscess bursts and discharges (Hillson 2001). Abscesses manifest from a variety of 

factors, including carious lesions and attrition, as high rates of oral pathological 

conditions and attrition can weaken teeth and predispose an individual to abscesses. 

When carious lesions are located near tooth roots, the infection can become so severe as 

to infect the alveolar bone, resulting in bone disintegration (White 2000:403). In 

populations with subsistence practices that do not lead to high rates of carious lesions, 

individuals can still be subject to abscesses through severe wear, the deterioration of the 

occlusal surface of a tooth, and subsequent dentine and pulp exposure (Scott and Turner 
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II 1988). Abscess data was collected and recorded according to the Standards (Buikstra 

and Ubelaker 1994; Appendix A.2), noting location in associated alveolar bone. 

3.6.  Antemortem Tooth Loss 

Antemortem tooth loss (ATML) is the loss of a tooth and subsequent resorption of 

the alveoli bone. Heavy accumulations of plaque stimulate antibodies, which can destroy 

somatic cells. This cellular destruction can lead to the loss of collagen fibers within the 

alveolus, resulting in tooth loss (Hillson 1979). A variety of factors contribute to the 

development of AMTL, including carious lesions, pulp exposure, high degrees of wear 

(Larsen 1997:78), poor oral hygiene, simple carbohydrate diets, and old age (Roberts and 

Manchester 2005). Rapidly developing infections, including periapical abscesses, can 

cause severe pain, possibly influencing therapeutic removal of the infected teeth (Hillson 

2001). The multitude of factors contributing to AMTL can cause an unclear 

representation of the frequency of pathological conditions in an individual, as teeth can 

be removed or fall out due to poor oral health. Generally though, the presence of AMTL 

indicates an individual that was subjected to oral pathogens, poor oral health, and 

malnutrition (Larsen 1995). AMTL was collected and recorded according to the 

Standards (Buikstra and Ubelaker 1994; Appendix A.3), noting location and degree in 

associated alveolar bone. 
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3.7.  Dental Carious Lesions 

Dental carious lesions are indicative of a disease process characterized by a focal 

demineralization of hard dental tissues by organic acids, which are produced by bacterial 

fermentation of dietary carbohydrates (Larsen 1997:65). Carious lesions can manifest as 

slight enamel opacities to extensive cavitation or complete loss of tooth crowns or roots. 

Several factors are involved in the formation of caries, including exposure of teeth to oral 

environment, oral bacteria, and diet (Larsen 1997:65). Traditional agriculturalists subsist 

on a diet rich in carbohydrates and have shown higher rates of carious lesions than 

populations consuming dissimilar foods (Cucina and Tiesler 2003; Larsen 1995; Wells 

1975). It should be noted that while this is not true for populations that cultivate rice, 

agriculturalists that consume wheat or other glutens, like barley, do exhibit higher rates of 

carious lesions (Oxenham et al. 2006). All carious lesions were scored by location and 

degree of affliction according to the Standards (Buikstra and Ubelaker 1994; Appendix 

A.4). 

3.8.  Dental Decay 

Dental decay is used here as a general measurement of whether or not an 

individual exhibited some form of dietary-related dental disease (e.g., Buzon and 

Bombak 2010). This index was recorded when an individual had at least one marker of 

dental decay, including abscesses, antemortem tooth loss, or carious lesions. Linear 

enamel hypoplasia was not included because it is not directly indicative of dental decay – 
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LEH can be caused by dietary factors but can also be caused by infection, psychosocial 

stress, and acute instances of physiological stress (Larsen 1997; Hillson 1996). 

3.9.  Macrowear Analyses 

There is a direct and significant relationship between dental wear and diet (Smith 

1984). Dental wear analyses can reveal information on a population’s reliance on 

abrasive foodstuffs (Larsen 1997:249), as well as the food preparation techniques utilized 

by that population (Chattah and Smith 2006). Diets consisting primarily on processed 

carbohydrates can result in higher levels of dental wear due to the accumulation of 

bacterial deposits in the curvatures of the occlusal surface (Larsen 1995). It is argued that 

dental wear can actually serve a beneficial purpose by wearing down cusps and 

ultimately removing infected cementum (Hillson 2001). Severe dental wear can also lead 

to higher rates of other oral pathological conditions, including carious lesions, as it can 

lead to fractures and dental pulp exposure (Molnar 2008). 

While the etiology of dental wear is complex and has a direct association with diet 

and abrasive foodstuffs, recent studies have suggested that severe dental wear can also be 

caused by stress. The mechanical stress of grinding and clenching teeth, also known as 

bruxism, can result in greater pressure than those applied during mastication (Lurie et al. 

2007). Clinical studies have also demonstrated a link between bruxism and chronic stress 

(e.g., Johansson et al. 1991; Lurie et al. 2007). 

Studies of dental macrowear must acknowledge that age distributions may 

account for differences in average wear scores across groups, as wear scores typically 
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increase with age (e.g., Larsen 1997; Scott 1979). The Kish sample used in this study has 

a comparable age distribution across periods and sex, allowing molar wear scores to carry 

more validity than if age distributions were skewed toward children or old individuals. 

The broad age range across periods allows for an unbiased interpretation of molar wear 

scores.  

This study employs the Scott (1979) dental wear scoring technique as it has 

proven, through its application in numerous studies (e.g., Buikstra and Ubelaker 1994; 

Chattah and Smith 2006), to be both a consistent and accurate measure of dental wear. 

Molar macrowear is assessed by first visually dividing each molar occlusal surface into 

quadrants. The amount of observable enamel is scored on a scale of 0-10, with 10 being 

complete enamel loss (Appendix A.6). The final molar wear score recorded for each 

tooth is the sum of each of the scores of the quadrants, yielding a possible score range 

from 0-40 (Scott 1979). This study averaged the wear scores for each individual adult 

molar, e.g., all first molars were averaged together to create a single wear score for each 

tooth type for each individual. While anterior teeth do accumulate wear, they were not 

considered in this study due to a small sample size. 

3.10.  Stress and Overall Health Indicator 

Linear enamel hypoplasia (LEH) is a sign of bodily stress that is commonly used 

to determine the general health status of an individual. Linear enamel hypoplastic lesions 

are pits or grooves in the structure of dental enamel and mark a discrete time of stress for 

an individual. During times of metabolic disturbances, the body stops producing enamel; 
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LEH grooves form once the individual recovers and resumes growth and enamel 

production (Larsen 1997:44-46). Hypoplastic lesions can result from systemic diseases, 

neonatal disturbances, and nutritional deprivation (Larsen 1997:44-46). Hypoplastic 

features were recorded by type. The location was determined by measuring the distance 

from the labial/buccal cemento-enamel-junction (CEJ) to the most occlusal portion of the 

hypoplastic lines (Buikstra and Ubelaker 1994:56-57). All data was collected and 

recorded according to the Standards (Buikstra and Ubelaker 1994; Appendix A.5). 

3.11.  Statistical Analyses 

This study employed three statistical analyses to test the significance of dietary 

and dental health indicators throughout the five time periods of interest. These statistical 

tests are chi-square (x2), fisher’s exact test, and t –tests.  

Chi-square and fisher’s exact tests of statistical significance are used to determine 

if the frequency of a condition from two samples is statistically significantly different. In 

conjunction with the chi-square statistic, probability values (p-values) are determined to 

allow for interpretation as to whether the statistic is a random occurrence or reflects a true 

relationship between the two variables. Probability values for this study were set at 

p≤0.05; if the statistical measure of association is equal to or less than the p-value, then 

the null hypothesis can be rejected. Chi-square analyses were used to test statistical 

significance in the presence of abscesses, AMTL, carious lesions, and linear enamel 

hypoplasia. Fisher’s exact tests, which are designed for analyses of small samples, were 

run in conjunction with chi-square tests when the sample size was smaller than five 
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(Drennan 1996). Analyses of molar wear scores were run with t-tests with a confidence 

level set at 95%, to assess whether the mean wear scores of two distinct groups are 

statistically different. This study used Stata 11 software for all statistical analyses. 

3.12.  Summary 

This bioarchaeological study analyzes alveolar abscesses, antemortem tooth loss, 

carious lesions, linear enamel hypoplasia, and macrowear through chi-square analyses, 

fisher’s exact tests, and t-tests to assess the diet and dental health of the Kish inhabitants 

during imperial collapse. Raw data for all indicators are available in the attached 

appendices B, C, D, E, and F. 
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CHAPTER 4. RESULTS AND DISCUSSION 

4.1.  Introduction 

This chapter presents the results of this study as well as discusses the 

interpretations of these data. The results of this study show that the local Kish population 

had a diet rich in carbohydrates during the Akkadian conquest of the city-state, with 

higher levels of alveolar abscesses and antemortem tooth loss during the EDIII/AKK 

Period. Raw data collected from these analyses can be found in the attached appendices. 

4.2.  Results 

The sample used in this study included 132 individuals: 30 females, 37 males, 39 

sexually indeterminate adults, and 26 juveniles. The individuals in this sample span in 

age from child (0-12 years) to old adult (50+ years) and are from five different time 

periods. It is important to note that the collection is poorly preserved, which likely 

produced a sample bias resulting in more individuals of indeterminate sex than 

individuals of known sex. Over the past 5000 years the burial environment deteriorated 

many of the remains, affecting preservation of sexually dimorphic features. This study 

includes sexually indeterminate individuals, both adults and juveniles, in the total 

frequencies of each dietary and health markers. Analyses of markers by known sex do not 

include indeterminate adults or juveniles.
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This study scored each dietary condition by individual and tooth. While individual 

dietary and dental health data were analyzed, e.g., noting the frequency of each condition 

in every individual, this study does not discuss these data, except for dental decay. A 

significant reason for this decision was the poor preservation of the sample (e.g., Cucina 

and Tiesler 2003). Additionally, the tooth count method is prioritized because this 

technique acknowledges every instance of a pathological condition (Erdal and Duyar 

1999) as opposed to the broader frequencies provided by individual counts of dietary and 

dental health indicators. These data on individuals are available in the appendices B-F.  

In order to observe how diet and dental health may have changed over time, and 

more specifically, how the Akkadian consolidation of Kish may have impacted the daily 

routine and lifeways of local inhabitants, dietary indicators were examined from samples 

dating to the EDI, EDI/EDIII, EDIII, EDIII/AKK, and AKK periods. Each period is 

discussed separately during the results section, with the EDIII/AKK discussion 

containing results on the dietary and dental health indicators found among peoples of 

varying social strata. The subsequent discussion first considers how diet and dental health 

among the total Kish population fluctuated over time, followed by discussions of diet and 

dental health among sex and social status. 
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Table 4.1  Total Frequencies by Period and Sex 

Period Sex Abscesses AMTL Carious Lesions LEH 

EDI 

 Total 3% (10/330) 5% (16/330) 2% (12/615) 10% (59/615) 

Female 1% (1/105) 3% (3/105) 0.7% (1/138) 7% (10/138) 

Male 8% (8/101) 12% (12/101) 1.4%(2/145) 4%(6/145) 

EDI/EDIII 

 Total 4% (5/117) 8% (9/117) 3% (5/162) 12% (19/162) 

Female 0% (0/43) 0% (0/43) 6% (2/36) 11% (4/36) 

Male 0% (0/24) 0% (0/24) 0% (0/35) 9% (3/35) 

EDIII 

 Total 3% (4/154) 2% (3/154) 0.8% (1/118) 16% (19/118) 

Female 5% (2/42) 2% (1/42) 2% (1/45) 2% (1/45) 

Male 0% (0/68) 0% (0/68) 0% (0/51) 27% (14/51) 

EDIII/AKK 

 Total 3% (12/432) 14% (59/432) 3% (10/355) 7% (25/355) 

Female 5% (8/157) 17% (26/157) 6% (9/144) 4% (6/144) 

Male 2% (4/259) 13% (33/259) 0.6% (1/179) 4% (8/179) 

AKK 

 Total 0% (0/50) 0% (0/50) 0% (0/39) 13% (5/39) 

Female 0% (0/16) 0% (0/16) 0% (0/15) 13% (2/15) 

Male 0% (0/17) 0% (0/17) 0% (0/7) 0% (0/7) 



47 

 

 

4.3.  Early Dynastic I Period 

During the EDI Period, when Kish was growing into its position as the dominant 

polity in the region, the overall population has generally low rates of dental indicators of 

diet and stress but has marked differences between the sexes. Males during the EDI 

Period exhibit higher rates of abscesses (8/101; p=0.014) and AMTL (12/101; p=0.013), 

among observable alveolar bone, than their female counterparts (abscesses, 1/105; 

AMTL, 3/105). When comparing the oral health of EDI males to males from other 

periods, analyses reveal that EDI males have statistically significantly higher frequencies 

of abscesses, as viewed through observable alveolar bone, than EDIII (0/68; p=0.022) 

and EDIII/AKK (4/259; p=0.005) males. Additionally, EDI males have statistically 

significantly higher frequencies of AMTL than EDIII males (0/68; p=0.002). Other 

dietary and dental health indicators were not statistically significantly different from 

other periods.  

In general, dental decay for all observable teeth and alveolar bone reached 27% 

(14/52) during the EDI Period, with 27% (3/11) of females and 50% (5/10) of males 

exhibiting evidence of dental decay. The rates of EDI dental decay were not significantly 

different from other periods. 

Molar wear averages were also examined to assess dietary and stress trends. The 

M2 molar wear averages from the EDI Period, assessed through all available second 

molars, revealed statistically significant differences between the sexes; EDI males 

(=18.9, n=34, sd=7.2) have higher rates of wear than EDI females (=14.1, n=28, 

sd=2.8, t=0.002). When EDI females were compared to females from other periods, the 
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data reveal that EDI females have statistically significantly lower rates of wear than 

EDIII (=20.1 n=13, sd=2.1, t=0.000) and EDIII/AKK (=24.7, n=36, sd=8.4, t=0.000) 

females. Additionally, average M3 wear scores, taken from observable third molars, 

show that the EDI Period M3 wear average (=15.0, n=145, sd=5.1) is statistically 

significantly lower than the M3 wear score averages from the EDIII (=18.4, n=31, 

sd=8.4, t=0.007) and EDIII/AKK (=21.4, n=79, sd=7.1, t=0.0001) periods.  

Table 4.2  Dietary and Health Frequencies in the EDI Period 

 Total Female Male 

Abscesses 3% (10/330) 1% (1/105) 8% (8/101) 

AMTL 5% (16/330) 3% (3/105) 12% (12/101) 

Carious Lesions 2% (12/615) 0.7% (1/138) 1.4%(2/145) 

LEH 10% (59/615) 7% (10/138) 4% (6/145) 

Dental Decay 27% (14/52) 27% (3/11) 50% (5/10) 

 

Table 4.3  Molar Wear Averages in the EDI Period 

 Total Female Male 

M1 Wear =18.5 (n=93; sd=6.5) =22.3 (n=12; sd=5.0) =21.9 (n=14; sd=5.0) 

M2 Wear =15.0 (n=145; sd=5.1) =14.1 (n=28; sd=2.8) =18.9 (n=34; sd=7.2) 

M3 Wear =11.7 (n=50; sd=4.9) =11.7 (n=13; sd=3.5) =13.1 (n=15; sd=5.9) 
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4.4.  Early Dynastic I/III Period 

During the EDI/EDIII Period, Kish was exercising political control over the 

entirety of Sumer and Akkad (Postgate 1992). The total frequency of AMTL, taken from 

all observable alveolar bone during the EDI/EDIII Period (9/117), is statistically 

significantly greater than AMTL frequencies found during the later EDIII (3/154; 

p=0.034) and AKK (0/50; p=0.059) periods. All other dietary health indicators were not 

significantly different from the other periods. Dental decay rates for the EDI/EDIII 

Period, assessed through all observable teeth and alveolar bone, reached 32% (8/25), with 

40% (2/5) of females and 0% (0/4) males affected. No rates of dental decay were 

statistically significantly different from other periods or between the sexes. 

Analyses of M2 molar wear averages taken from all observable second molars 

revealed sex-based dietary or stress differences between periods, with EDI/EDIII females 

(=14.9, n=8, sd=6.1) having lower rates of wear than later EDIII (=20.1, n=13, 2.1; 

t=0.01) and EDIII/AKK (=24.7, n=36, sd=8.4; t=0.003) females.  

Table 4.4  Dietary and Health Frequencies in the EDI/EDIII Period 

 Total Female Male 

Abscesses 4% (5/117) 0% (0/43) 0% (0/24) 

AMTL 8% (9/117) 0% (0/43) 0% (0/24) 

Carious Lesions 3% (5/162) 6% (2/36) 0% (0/35) 

LEH 12% (19/162) 11% (4/36) 9% (3/35) 

Dental Decay 32% (8/25) 40% (2/5) 0% (0/4) 
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Table 4.5  Molar Wear Averages in the EDI/EDIII Period 

 Total Female Male 

M1 Wear =18.5 (n=42; sd=7.4) =21.0 (n=10; sd=6.9) =19.5 (n=5; sd=5.8) 

M2 Wear =14.9 (n=36; sd=4.9) =14.9 (n=8; sd=6.1) =14.0 (n=9; sd=6.2) 

M3 Wear =12.0 (n=9; sd=3.9) =11.0 (n=2; sd=5.7) =15.3 (n=3; sd=2.5) 

 

4.5.  Early Dynastic III Period 

The EDIII Period at Kish may have been a turbulent time as neighboring polities 

began to flex their political and military prowess in the region (Hamblin 2006). In 

general, frequencies of LEH, among all observable teeth, are statistically significantly 

higher in the EDIII Period (19/118) than frequencies of LEH during the previous EDI 

(59/615; p=0.036) and later EDIII/AKK (25/355; p=0.003) periods. When examining 

rates of LEH by sex, EDIII males (14/51) show statistically significantly higher 

frequencies of LEH than their EDIII female counterparts (1/45; p=0.001). EDI males also 

have statistically significantly higher frequencies of LEH than males from the EDI 

(6/145; p=0.00), EDI/EDIII (3/35; p=0.05), and EDIII/AKK (8/179; p=0.00) periods. All 

other indicators were not statistically significantly different from other periods. Dental 

decay, assessed through all observable teeth and alveolar bone, reached 12% (2/17) 

during the EDIII Period, with 25% (1/4) of females and 0% (0/6) of males affected; 

dental decay rates were not significantly different from other periods or between the 

sexes.  
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Mean M1 wear scores from EDIII females (=27.4, n=8, sd=5.6) are statistically 

significantly higher than females from the EDI (=22.3, n=12, sd=5.0, t=0.047) and 

EDI/EDIII (=21.0, n=10, sd=6.9, t=0.048) periods. Average M2 wear scores from the 

EDIII Period (=18.4, n=31, sd=8.4), taken from all observable second molars, are 

statistically significantly higher than M2 wear scores from the EDI (=15.0, n=145, 

sd=5.1, t=0.004) and EDI/EDIII (=14.9, n=36, sd=4.9, t=0.019) periods. Additionally, 

average M3 molar wear scores for EDIII females (=14.9, n=5, sd=1.2) were statistically 

significantly higher than M3 wear scores for EDI females (=11.7, n=13, sd=3.5, t=0.03).  

Table 4.6  Dietary and Health Frequencies in the EDIII Period 

 Total Female Male 

Abscesses 3% (4/154) 5% (2/42) 0% (0/68) 

AMTL 2% (3/154) 2% (1/42) 0% (0/68) 

Carious Lesions 0.8% (1/118) 2% (1/45) 0% (0/51) 

LEH 16% (19/118) 2% (1/45) 27% (14/51) 

Dental Decay 12% (2/17) 25% (1/4) 0% (0/6) 
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Table 4.7  Molar Wear Averages in the EDIII Period 

 Total Female Male 

M1 Wear =20.8 (n=28; sd=9.4) =27.4 (n=8; sd=5.6) =25.6 (n=9; sd=6.6) 

M2 Wear =18.4 (n=31; sd=8.4) =20.1 (n=13; sd=2.1) =21.1 (n=13; sd=10.1) 

M3 Wear =17.1 (n=10; sd=8.4) =14.9 (n=5; sd=1.2) =18.3 (n=5; sd=10.6) 

 

4.6.  Early Dynastic III/AKK Period 

4.6.1.  General Period Diet and Health Data 

The EDIII/AKK Period at Kish, which coincides with the Akkadian imperial 

consolidation of Kish, is marked by significantly different rates of dental health 

indicators. Total frequencies of AMTL during this period (n=59/432), taken from all 

observable alveolar bone, are statistically significantly greater than AMTL frequencies 

from the EDI (n=16/330, p=0.00), EDIII (n=3/154, p=0.00) and AKK (n=0/50, p=0.002) 

periods. Other indicators were not significantly different from other periods; however, 

there are significant differences between the sexes. 

Within the EDIII/AKK Period itself, there are marked differences between the 

sexes. EDIII/AKK females have statistically significantly higher rates of abscesses 

(8/157; p=0.036) and carious lesions (9/144; p=0.003) than their male counterparts 

(abscesses, 4/259; carious lesions, 1/179). When EDIII/AKK males and females were 

compared to males and females from other periods, additional significant differences 

were found. Frequencies of AMTL are statistically significantly higher in EDIII/AKK 
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males (33/259) than EDIII males (0/68; p=0.00). Females from the EDIII/AKK Period 

have statistically significantly higher frequencies of AMTL (26/157) than females in all 

previous periods: EDI (3/105; p=0.00), EDI/EDIII (0/43; p=0.002), and EDIII (1/42; 

p=0.02). Females from the EDIII/AKK Period also have statistically significantly greater 

rates of carious lesions (9/144) than EDI females (1/138; p=0.02).  

Within the EDIII/AKK Period, the general population reached dental decay rates 

of 45% (13/29), as viewed through all observable teeth and alveolar bone, with 56% (5/9) 

of females and 53% (8/15) of males affected. No rates of dental decay were statistically 

significantly different from other periods or between the sexes. 

Total average M1 molar wear scores from the EDIII/AKK Period (=26.2, n=54, 

sd=8.1), as assessed through all observable first molars, are statistically significantly 

higher than all other periods (EDI: =18.5, n=93, sd=6.5, t=0.000; EDI/EDIII: =18.5, 

n=42, sd=7.4, t=0.000; EDIII: =20.8, n=28, sd=9.4, t=0.0009; AKK: =16.5, n=12, 

sd=9.9, t=0.0006). Additionally, EDIII/AKK females have statistically significantly 

higher average M1 wear scores (=30.5, n=19, sd=5.6) than their male counterparts 

(=26.8, n=23, sd=5.9, t=0.044). Females from the EDIII/AKK period also have 

statistically significantly higher average M1 wear scores than females from the EDI 

(=22.2, n=12, sd=5.0, t=0.003) and EDI/EDIII (=21.0, n=10, sd=6.9, t=0.0004) 

periods. Males from the EDIII/AKK Period have statistically significantly higher average 

M1 wear scores (=26.8, n=23, sd=5.9) than males from the EDI (=21.9, n=14, sd=5.0, 

t=0.014), EDI/EDIII (=19.5, n=5, sd=5.8, t=0.019), and AKK (=16.5, n=2, sd=0.0, 
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t=0.024) periods. Overall, individuals from the EDIII/AKK Period have statistically 

significantly higher average M1 wear scores than other periods. 

Total average M2 wear scores are statistically significantly greater in the 

EDIII/AKK Period (=21.4, n=79, sd=7.1), assessed through all observable second 

molars, than M2 wear scores from the EDI/EDIII Period (=14.9, n=36, sd=4.9, 

t=0.000). Additionally, there are statistically significant differences between the sexes 

during the EDIII/AKK Period in regards to M2 average wear scores, with females 

(=24.7, n=36, sd=8.4) having greater wear averages than males (=19.9, n=35, sd=4.9, 

t=0.005). Furthermore, EDIII/AKK males have statistically significantly higher average 

M2 wear scores than EDI/EDIII males (=14.0, n=9, sd=6.2, t=0.004). The total average 

wear scores for M3 in the EDIII/AKK Period (=16.8, n=23, sd=4.8), assessed through 

all observable third molars, was statistically significantly higher than the M3 average 

wear scores for EDI/EDIII Period (=12.0, n=9, sd=3.9, t=0.012). Lastly, EDIII/AKK 

female M3 wear scores (=17.6, n=14, sd=5.9) were statistically significantly higher than 

average M3 wear scores for EDI females (=11.7, n=13, sd=3.5, t=0.002). 
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Table 4.8  Dietary and Health Frequencies in the EDIII/AKK Period 

 Total Female Male 

Abscesses 3% (12/432) 5% (8/157) 2% (4/259) 

AMTL 14% (59/432) 17% (26/157) 13% (33/259) 

Carious Lesions 3% (10/355) 6% (9/144) 0.6% (1/179) 

LEH 7% (25/355) 4% (6/144) 4% (8/179) 

Dental Decay 45% (13/29) 56% (5/9) 53% (8/15) 

 

Table 4.9  Molar Wear Averages in the EDIII/AKK Period 

 Total Female Male 

M1 Wear =26.2 (n=54; sd=8.1) =30.5 (n=19; sd=5.6) =26.8 (n=23; sd=5.9) 

M2 Wear =21.4 (n=79; sd=7.1) =24.7 (n=36; sd=8.4) =19.9 (n=35; sd=4.9) 

M3 Wear =16.8 (n=23; sd=4.8) =17.6 (n=14; sd=5.9) =15.2 (n=8; sd=3.2) 

 

4.6.2.  Social Status Diet and Health Data 

The EDIII/AKK Period contains the only burials for which status can be 

discerned archaeologically. These burials are ranked on four levels: high, middle, low, 

and lowest status. While there may be sample biases with the social status data due to 

their small sample size, statistical analyses were performed on these data and are 

presented in this section. 
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 Frequencies of indicators for dietary and overall health were examined by social 

strata, as well as by sex within each stratum. Overall, individuals of middle and low 

social standing had the highest rates of oral pathological conditions than other groups. In 

particular, individuals in the low social stratum have statistically significantly higher rates 

of AMTL (17/94), assessed through all observable alveolar bone, than individuals of high 

social standing (4/62; p=0.05). Other indicators were not statistically different between 

status strata.  

Analyses also examined whether sex was affected differentially. The results 

reveal that middle status females have statistically significantly higher rates of AMTL 

(21/97) than their male counterparts (1/58; p=0.00), as well as having statistically higher 

frequencies of AMTL than low status females (0/20; p=0.022). Middle status females 

also have statistically significantly higher rates of carious lesions (6/79), assessed through 

all observable teeth, than middle status males (0/59; p=0.038). Additional analyses 

showed that low status males have statistically significantly higher frequencies of AMTL 

(17/74) than their female counterparts (0/20; p=0.019), as well as having higher AMTL 

frequencies than high status males (4/56; p=0.017), middle status males (1/58; p=0.00), 

and lowest status males (0/19; p=0.019).  

Dental decay rates were not statistically significantly different between status 

strata. In the high status group, 25% (1/4) of all observable individuals, and 33% (1/3) of 

males, have evidence of dental decay. In the middle status, 56% (5/9) of total individuals, 

as well as 80% (4/5) of females and 50% (2/4) of males have evidence of dental decay, as 

assessed through all observable teeth and alveolar bone. In the low stratum, 43% (3/7) of 

all observable teeth and alveolar bone have evidence of dental decay, while 0% (0/2) of 
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females and 75% (3/4) of males have evidence of dental decay. In the lowest stratum, 

33% (1/3) of all observable teeth and alveolar bone have decay, while 50% (1/2) of 

females and 0% (01/) of males exhibit signs of dental decay. 

Molar wear scores were also examined by social standing. These data reveal that 

the low status average M1 wear scores (=28.0, n=9, sd=9.9), as assessed through all 

observable first molars, are statistically significantly higher than middle status M1 wear 

averages (=27.7, n=17, sd=6.1, t=0.032). Molar wear scores for M2s were also 

compared across social strata, revealing individuals of low social position (=25.6, n=12, 

sd=6.7) as having statistically significantly higher wear averages than individuals in the 

lowest status stratum (=19.6, n=15, sd=4.4, t=0.009). Low status females (=32.3, n=4, 

sd=3.9) have significantly higher rates of M2 wear than their male counterparts (=21.2, 

n=8, sd=3.1, t=0.0003), and low status females also have higher rates of M2 wear than 

lowest status females (=22.0, n=11, sd=1.9, t=0.00). The average M3 wear scores, 

assessed from all observable third molars, reveal that the high status stratum (=19.5, 

n=3, sd=2.1, t=0.001) and low status group (=21.5, n=2, sd=3.5, t=0.002) have 

statistically significantly higher wear scores than individuals in the lowest status stratum 

(=14.8, n=6, sd=0.7). 
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Table 4.10  Dietary and Health Frequencies by Social Status 

 Abscesses AMTL Carious Lesions LEH Dental 
Decay 

High 

 Total 0% (0/62) 6% (4/62) 0% (0/45) 2% (1/45) 25% (1/4) 

Female N/A N/A N/A N/A N/A 

Male 0% (0/56) 7% (4/56) 0% (0/39) 3% (1/39) 33% (1/3) 

Middle 

 Total 6% (10/155) 14% (22/155) 4% (6/138) 7% (9/138) 56% (5/9) 

Female 8% (8/97) 22% (21/97) 8% (6/79) 8% (6/79) 80% (4/5) 

Male 3% (2/58) 2% (1/58) 0% (0/59) 5% (3/59) 50% (2/4) 

Low 

 Total 2% (2/94) 18% (17/94) 0% (0/56) 5% (3/56) 43% (3/7) 

Female 0% (0/20) 0% (0/20) 0% (0/23) 0% (0/23) 0% (0/2) 

Male 3% (2/74) 23% (17/74) 9% (2/23) 9% (2/23) 75% (3/4) 

Lowest 

 Total 0% (0/59) 8% (5/59) 4% (3/69) 1% (1/69) 33% (1/3) 

Female 0% (0/40) 13% (5/40) 7% (3/42) 0% (0/42) 50% (1/2) 

Male 0% (0/19) 0% (0/19) 0% (0/27) 4% (1/27) 0% (0/1) 

 

 

 

 

 

 



59 

 

 

Table 4.11  Molar Wear Averages by Social Status 

 M1 Wear Average M2 Wear Average M3 Wear Average 

High 

 Total 27.5 (n=8; sd=3.9) 21.9 (n=12; sd=3.2) 19.5 (n=3; sd=2.1) 

Female N/A N/A N/A 

Male 27.9 (n=7; sd=4.7) 21.6 (n=10; sd=3.9) 18.0 (n=2) 

Middle 

 Total 27.7 (n=17; sd=6.1) 21.2 (n=31; sd=8.5) 16.1 (n=11; sd=6.0) 

Female 29.6 (n=10; sd=6.5) 22.7 (n=21; sd=9.9) 17.5 (n=8; sd=7.0) 

Male 24.3 (n=7; sd=4.3) 18.67 (n=10; sd=6.2) 13.5 (n=3; sd=3.5) 

Low 

 Total 28.0 (n=9; sd=9.9) 25.6 (n=12; sd=6.7) 21.5 (n=2; sd=3.5) 

Female 34.0 (n=4; sd=4.9) 32.3 (n=4; sd=3.9) 24.0 (n=1) 

Male 30.3 (n=4; sd=2.5) 21.2 (n=8; sd=3.0) 19.0 (n=1) 

Lowest 

 Total 27.9 (n=8; sd=4.2) 19.6 (n=15; sd=4.4) 14.8 (n=6; sd=0.7) 

Female 29.3 (n=5; sd=4.7) 22.0 (n=11; sd=1.9) 14.7 (n=5; sd=0.9) 

Male2 25.0 (n=3) 14.7 (n=4) 15.0 (n=1) 

 

 

 

                                                            

2 The sample sizes for M3s for high status males, the M3s for low status females, the M3s for low status 
males, and all molars for lowest status males are too small to conduct t-test analyses and therefore do not 
have standard deviations. 
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4.7.  Akkadian Period 

During the Akkadian Period, Kish lost hegemonic control as regional political 

power shifted toward the Akkadian Empire, resulting in the imperial collapse of Kish. 

Individuals from this period do not have any frequencies of abscesses, AMTL, or carious 

lesions, as assessed through analyses of all observable teeth and alveolar bone. There is 

no evidence of dental decay for the Akkadian Period. However, individuals from the 

Akkadian Period do have evidence of LEH, with 13% (5/59) of all observable individuals 

and 13% of females (2/15) displaying evidence of hypoplastic lesions, though none of 

these rates are significantly different from the other periods. 

Table 4.12  Dietary and Health Frequencies in the AKK Period 

 Total Female Male 

Abscesses 0% (0/50) 0% (0/16) 0% (0/17) 

AMTL 0% (0/50) 0% (0/16) 0% (0/17) 

Carious Lesions 0% (0/39) 0% (0/15) 0% (0/7) 

LEH 13% (5/39) 13% (2/15) 0% (0/7) 

Dental Decay 0% (0/9) 0% (0/1) 0% (0/2) 
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Table 4.13  Molar Wear Averages in the AKK Period 

 Total Female3 Male4 

M1 Wear =16.5 (n=12; sd=9.9) =20.5 (n=2) =16.5 (n=2; sd=0.0) 

M2 Wear =17.9 (n=14; sd=9.6) =14.0 (n=4) =17.5 (n=3; sd=2.5) 

M3 Wear =13.8 (n=3; sd=4.6) =10.5 (n=2) =17.0 (n=1) 

 

4.8.  Summary 

In summary, the EDIII/AKK Period presents the highest rates of oral pathological 

conditions and decay. High levels of alveolar abscesses and antemortem tooth loss in this 

sample suggest that dental disease was more prevalent at this time, and while rates of 

carious lesions are not particularly high during the EDIII/AKK Period, there may have 

been considerable dental decay that led to alveolus infection and tooth loss, resulting in 

the dearth of evidence for carious lesions. Additionally, females in all periods and social 

strata present the highest degree of dental disease and general decay. The politically 

turbulent nature of the EDIII/AKK Period and the social position of females during this 

time may explain the trends seen in these data. 

 

                                                            

3 Akkadian females have low sample sizes for all molars, which prevented the use of t-test analyses and 
standard deviations for molar wear averages. 
4 Akkadian males have low sample sizes for M3, which prevented the use of t-test analyses and standard 
deviations for molar wear averages. 
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4.9.  Discussion 

In this section I discuss the biological consequences of the Akkadian imperial 

consolidation of Kish in terms of alterations to the diet and overall health of the local 

population. Diachronic analyses of diet and health from the time periods surrounding the 

Akkadian consolidation of Kish, examined alongside theoretical perspectives on empires 

and osteology, have elucidated the biological impact of imperial conquest and 

consolidation at Kish. 

During the Early Dynastic I and Early Dynastic I/III periods, Kish was a thriving 

and dominant city-state, wielding hegemonic power throughout southern Mesopotamia. 

Political tensions rose during the Early Dynastic III Period when neighboring polities 

began vying for control of Kish (Gibson 1972; Pollock 1999; Postgate 1992). After 

successfully retaining control of their polity through the tumultuous EDIII Period, Kish 

ultimately fell to Sargon of Akkad and his nascent empire (Hamblin 2006:73; Yoffee 

1995).  
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In Chapter I, two hypotheses and expectations were proposed:  

Table 4.14  Hypotheses and Expectations 1 

 
Presence of Dietary and Health Indicators 

 
Effects of Imperialism on Kish 

 
1a) No Change in Presence 

 
No change in access to resources 

 
1b) Changes in Presence 

 
There were changes in local access to resources 

 

Table 4.15  Hypotheses and Expectations 2 

 
Presence of Dietary and Health Indicators 

 
Effects of Imperialism on Social Identities 

 
2a) No Change in Presence 

 
Social identities not affected differentially 

 
2b) Changes in Presence 

 
Social identities affected differentially 

 

The following discussion synthesizes the dietary and dental health results to 

examine how the Akkadian imperial consolidation affected the overall diet and health of 

the Kish inhabitants (Figure 4.1), and whether particular sex and status groups were 

differentially affected. 
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4.9.1. Diachronic Changes in Diet and Health  

The EDI Period was a critical time for Kish as the polity was growing in both size 

and political dominance. The general population during this period experienced relatively 

low rates of dental disease and stress, as evidenced by the low frequencies of indicators 

of oral pathological conditions on all observable teeth and alveolar bone. Only 3% of all 

observable alveolar bone from the EDI Period have abscesses, 5% have evidence of 

AMTL, 2% of observable teeth have carious lesions, and 10% of observable teeth have 

evidence of LEH. The development of agriculture during this time, and the subsequent 

increased reliance on carbohydrates (Matthews 2003), did not seem to have an impact on 

the diet of the general population. However, the subsequent EDI/EDIII Period does have 

higher rates of indicators of a diet rich in carbohydrates, which may suggest that 

carbohydrates only became a large part of the diet following the establishment of an 

agricultural way of life. As populations grew, agricultural surpluses became a vital and 

easily distributed subsistence source for feeding the general population (Stein 1994). 

During the EDI/EDIII Period, Kish was the dominant city-state in southern 

Mesopotamia, wielding hegemonic control over neighboring regions and polities 

(Postgate 1992). While EDI/EDIII was a time of political and economic stability for 

Kish, the growing city-state likely used their agricultural surpluses to feed their 

increasing population. In general, the EDI/EDIII population, as assessed through all 

observable teeth and alveolar bone, has low rates of the dietary and dental health 

indicators considered here. Nevertheless, 8% of all observable alveolar bone from the 

EDI/EDIII Period exhibits evidence of AMTL, which is statistically significantly higher 

than frequencies of AMTL in the subsequent EDIII (2%) and AKK periods (0%). The 
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etiology of AMTL is difficult to discern due to its multi-factorial nature, but it is 

attributed to diet, nutritional deficiency, oral hygiene, and other cultural factors (Lukacs 

2007). Only 3% of all teeth in the EDI/EDIII Period have carious lesions, a low 

frequency that may explain the higher rates of AMTL. 

Low levels of carious lesions have been correlated with high rates of AMTL and 

dental wear (Hillson 1979, 1996). When teeth are lost before death it is usually due to 

dental disease that may have originated as a carious lesion. As such, a high rate of 

antemortem tooth loss may hide the archaeological evidence of carious lesions (e.g., 

Erdal and Duyer 1999). Additionally, severe dental wear may hinder the development of 

carious lesions. Dental wear, which flattens cusps on the occlusal surface and erodes 

cavernous areas that could trap sugar-laden food and lead to bacterial fermentation, may 

prevent the formation of carious lesions (Buzon and Bombak 2010; Greene 1972). As 

Kish grew in size, the general population likely relied more heavily on agricultural 

surpluses (e.g., Stein 1994), which would produce higher frequencies of oral pathological 

conditions. The ensuing EDIII Period exhibits marked dietary differences from previous 

periods at Kish. 

The EDIII Period in southern Mesopotamia was a turbulent time as regional 

polities began to exercise their strength by competing with other city-states for political 

prowess and resources (Algaze 2001; Matthews 2003). The geographical position of Kish 

on the Tigris and Euphrates rivers made it a desirable conquest for burgeoning polities 

like Ur, Uruk, and Akkad (Hamblin 2006). Small battles began to occur in and around 

Kish during this time and the local population’s diet and dental health reflects this 

tumultuous period.  



66 

 

 

Most notable about health during the EDIII Period, in contrast to the surrounding 

periods, are the statistically significantly high rates of LEH, with 16% of all observable 

teeth exhibiting evidence of lesions. LEH frequencies during the EDIII Period are 

significantly higher than LEH rates from the previous EDI (10%) and subsequent 

EDIII/AKK periods (7%). These data suggest that the general population in the EDIII 

Period was experiencing greater physiological stress during this politically tumultuous 

time than during the rise of the city-state’s political power or during Kish’s collapse as an 

autonomous entity.  

Dental wear scores further suggest that the political atmosphere of EDIII caused 

increased stress for the Kish population. Average M2 wear scores from the EDIII Period, 

assessed from all observable M2s, are statistically significantly higher than M2 wear 

totals from the earlier EDI and EDI/EDIII periods. The physiological effects of fighting 

off competing city-states may have resulted in higher levels of stress for the general 

population. The high rates of LEH during the EDIII Period, accompanied by the high 

average dental wear scores for this time, indicate that the EDIII Period may have been a 

time of great physiological and psychosocial stress for Kish inhabitants. 

During the EDIII/AKK Period, the Akkadians consolidated Kish into their empire 

and established the site as their new imperial core. This time of culture contact and 

consolidation is marked by changes in diet and dental health for the local population. 

Specifically, frequencies of AMTL spike during this period, with 14% of all observable 

alveolar bone being afflicted. The EDIII/AKK frequencies of AMTL are significantly 

higher than all other periods at Kish, indicating that, as hypothesized, this particular 

period was marked by social or cultural changes. The Akkadian imperial consolidation of 
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Kish likely resulted in political, administrative, and economic alterations to the local 

polity, which in turn likely resulted in differential access to resources and subsequent 

dietary modifications (e.g., Ames 2007). As previously stated, the etiology of AMTL is 

multi-factorial and therefore difficult to pinpoint, however these high frequencies suggest 

that Kish inhabitants during the EDIII/AKK Period likely subsisted on agricultural 

surpluses, which can cause a variety of oral pathological conditions.  

Molar wear data supports the findings that the EDIII/AKK population 

experienced great stress and relied on a coarse diet. Molar wear averages are highest 

during the EDIII/AKK Period, with EDIII/AKK M1 averages being statistically 

significantly greater than all other periods, and M2 and M3 averages being statistically 

significantly greater than EDI/EDIII total averages (Table 4.9). These findings are not 

unexpected as Kish was both politically and economically stable during the EDI/EDIII 

Period and under political duress during the EDIII/AKK Period. The dietary and dental 

health data from the EDIII/AKK Period demonstrate that the imperial consolidation of 

Kish altered the diet of the local population, as seen through observable teeth and 

alveolar bone. Kish subsequently underwent additional dietary changes as political 

control at Kish shifted to the Akkadian Empire. 

The Akkadian Period marks the discrete time when, after Kish was consolidated, 

the whole of Sumer and Akkad were united under the Akkadian Empire (Maisels 

1999:171). The consolidation tactics of economic and administrative reorganization 

during the previous period were now complete, ultimately ending any remaining political 

turmoil at Kish. The bioarchaeological data from this period reflect the new political 

unification of southern Mesopotamia under the nascent Akkadian regime as very few 
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individuals exhibit signs of poor access to nutritional resources. None of the individuals 

from this period have evidence of abscesses, AMTL, or carious lesions. These data may 

indicate that after Kish was consolidated by the Akkadian Empire, the political and 

administrative environment stabilized, resulting in more consistent access to nutritional 

resources for the local population.  

It is important to note that the Akkadian Period sample size is very small (n=9), 

which likely impacted the data and perhaps skewed the results. Further analyses of larger 

Akkadian sample sizes would be beneficial for a better understanding of how the Kish 

population adjusted to Akkadian imperial rule. 

Overall, dental decay analyses, along with the data on dietary and dental health 

indicators, demonstrate that the oral health of Kish inhabitants fluctuated over time. 

During the EDIII Period, before the Akkadian consolidation of Kish, only 12% of 

observable teeth have evidence of dental decay. During the conquest of the city-state, 

Kish inhabitants experienced a steep increase in dental decay, indicating a change in local 

diet or subsistence practices. Molar wear data further supports these findings with a 

general increase in wear averages for M1, M2, and M3s during the EDIII/AKK period. 

These data likely reflect imperially enforced dietary changes, resulting in higher rates of 

oral pathological conditions and dental decay. As indicated in Hypothesis 1b (Table 4.9), 

changes in the presence of bioarchaeological indicators of diet and dental health suggest 

that the Akkadian consolidation of Kish resulted in alterations to local access to 

nutritional resources. 
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Figure 4.1  Percent of Dietary and Stress Indicators by Period5 

 

Figure 4.2  Molar Wear Averages by Period 

 

                                                            

5 Dental decay is by individual; all other indicators are by tooth. 
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4.9.2. Diet and Health by Sex  

In order to examine how imperial consolidation affected sex differentially, diet 

and overall health for each sex was investigated diachronically through each of the 

periods surrounding the collapse of Kish.  

During the EDI Period, when Kish’s hegemonic control was growing, data reveal 

that EDI males experienced statistically significantly higher rates of dental decay than 

females. These analyses revealed that 50% of EDI males have evidence of dental decay 

while only 27% of their female counterparts exhibit signs of dental decay. Within the 

EDI Period, males also have higher average molar wear scores than their female 

counterparts. These data indicate that males from this period relied more heavily on 

carbohydrates or agricultural surpluses than females and may have experienced greater 

psychosocial stress than females.  

Additionally, EDI males have higher rates of general dental decay than males 

from other periods. Specifically, EDI males have higher frequencies of abscesses than 

males from the subsequent EDIII and EDIII/AKK periods, and higher rates of AMTL 

than EDIII males. The high percent of dental decay found in EDI males indicates that 

while Kish was rising as a regionally dominant polity, males were subject to a 

carbohydrate-rich, and generally nutritionally unbalanced, diet (e.g., Cucina and Tiesler 

2003; Larsen 1997; Lukacs 2007). The high percent of dental disease in EDI males may 

have been caused by their reliance on agricultural surpluses. 

Throughout Mesopotamian history, elites distributed agricultural surplus to 

workers as dietary rations for their labor (e.g., Algaze 1993, 2001; Berman 1994). This 

reliance on a carbohydrate-rich diet in the EDI Period would result in high rates of dental 
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decay, subsequently leading to antemortem tooth loss. Overall, the dietary and dental 

health data from the EDI Period suggest that Kish inhabitants consumed a diet rich in 

carbohydrates as the polity grew into a city-state and began utilizing agricultural surplus 

to feed the general population. The subsequent EDI/EDIII Period saw a general decline in 

sex-based based dietary differences. Females and males during this period have relatively 

similar frequencies of dietary indicators.  

 The subsequent EDIII Period shows evidence of sex-based dietary and stress 

differences. Generally, EDIII females exhibit higher rates of dental decay than their male 

counterparts, with 25% of females having dental decay and no males showing any 

evidence of dental decay. In contrast to these dietary data, EDIII males exhibit the highest 

frequency of LEH seen across the periods, including both females and males. Within the 

EDIII Period, 27% of males exhibit evidence of LEH lesions, as opposed to only 2% of 

females, suggesting that at this time males experienced greater physiological stress than 

females during childhood. Since LEH can result from protracted exposure to unhealthy 

living conditions during childhood (e.g., Larsen 1997), these data suggest that while Kish 

was beginning to engage in small battles to retain power of their city-state during the 

EDIII Period, boys were more susceptible to the stress of these aggressive encounters 

than girls. In particular, research has suggested that females have stronger immune 

systems and are therefore less susceptible than males to health disruptions (e.g., Ortner 

2003). Recent research has shown that when LEH is statistically significant between the 

sexes, it is generally greater in males. This has been attributed to male vulnerability and 

female buffering (Guatelli-Steinberg and Lukacs 1999). A variety of pioneering sex-

based studies of stress, including such work by Gobel and Konopka (1973) and Stini 
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(1985), suggest that females are better buffered against environmental stress than males. 

This argument is based in the idea that female buffering is evolutionarily adaptive given 

the nature of reproductive functions that the female body must endure. These sex-based 

differences may help explain the distinct, sex-based LEH frequencies found in the Kish 

sample during the EDIII Period. 

 Molar wear data suggests the possibility that the EDIII Period was stressful for 

both sexes. Females from EDIII have higher average M1 and M3 wear scores than 

females from the previous EDI and EDI/EDIII periods. These data suggest that even 

though the high presence of LEH among males suggests great stress, females were also 

experiencing physiological or psychosocial stress during the tumultuous EDIII Period. 

The subsequent Akkadian imperial consolidation resulted in additional sex-based dietary 

and dental health differences for the Kish inhabitants. 

Within the EDIII/AKK Period itself, there are stark dietary and dental health 

differences between the sexes. EDIII/AKK females have higher frequencies of abscesses 

and carious lesions than their male counterparts, with 5% of females having abscesses 

and 6% of females exhibiting evidence of carious lesions, as opposed to 2% of males that 

have abscesses and 0.6% of males that have carious lesions. These data may suggest that 

local female access to nutritional resources was more affected by imperial consolidation, 

and subsequent administrative and social reorganization, than male access. Dietary 

studies from Bronze Age Harappa indicate a sexual division of labor that is associated 

with an increased reliance on agricultural subsistence systems. These data showed a 

significant difference in dental carious lesions between the sexes, suggesting that distinct 

sex-based activities affected diet (Lukacs 1992). Specifically, adult females display 
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higher frequencies of carious lesions than males, which may be due to their easier access 

to food supplies and frequent snacking on these agricultural surpluses during food 

production (Lukacs 1992; Lukacs and Largaespada 2006). The significantly higher 

frequencies of carious lesions and abscesses among Kish females may be explained by 

similar cultural practices. 

In addition to cultural reasons for these sex-based trends in dental decay, there are 

also physiological sex-based differences that can impact oral health. Research has 

indicated that females are more sensitive to dental decay and have higher carious lesion 

frequencies than males. A growing body of clinical research on dental health has revealed 

that both pregnancy hormones and physiological sex differences in regards to saliva play 

an important role in oral ecology and dental health (Lukacs and Largaespada 2006). 

Throughout the lifecourse of an individual, hormone levels fluctuate on a daily 

basis as well as ebb and flow with specific life events (Jagiello and Vogel 1981). 

Estrogen levels peak in women during puberty, monthly menstrual cycles, and 

pregnancy. While males have small amounts of estrogen, research confirms that females 

have higher levels of estrogen throughout the life cycle (Worthman 1995). Studies have 

linked the higher levels of estrogen in women to higher frequencies of carious lesions. 

Research has shown that carious lesion frequencies increase proportionally with 

increasing estrogen levels, whereas increasing androgen levels have no effect on carious 

lesion rates (Muhler and Shafer 1955).  

Additionally, studies have shown that saliva flow rates vary by sex and cause 

distinct differences in dental carious lesion frequencies (Lukacs and Largaespada 2006). 

Lower mean saliva flow rates in females negatively impacts their oral health (Bardow et 
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al. 2001). Saliva flow brings protective, antimicrobial constituents into the oral cavity, so 

when females have lower saliva flow rates, their susceptibility to carious lesions 

increases (Lukacs and Largaespada 2006). The detrimental effects of estrogen 

fluctuation, along with compromised flow rate of saliva, can have a negative impact on 

female oral health and lead to increased carious lesions. Both cultural and physiological 

sex-based differences likely impacted the frequencies of indicators of oral health and 

stress found among the Kish population.  

Both females and males from the EDIII/AKK Period have significantly higher 

frequencies of dental decay than either sex from other periods. EDIII/AKK females have 

higher frequencies of AMTL than females from all previous periods. Females from the 

EDIII/AKK Period also have significantly higher rates of carious lesions than EDI 

females. Furthermore, EDIII/AKK males have higher frequencies of dental decay than 

males from other periods, with 13% of EDIII/AKK males having evidence of AMTL as 

opposed to 0% of EDIII males having abscesses. These data confirm that the EDIII/AKK 

Period was a turbulent and difficult time for all Kish inhabitants, but that sex was 

differentially impacted. It appears that during the political transformation from 

autonomous polity to subjugated imperial node resulted in females experiencing greater 

alterations to their diet and overall oral health than males.  

Furthermore, the high frequencies of AMTL, carious lesions, and molar wear 

averages, found among EDIII/AKK females, suggest that the diet of Kish females was 

more affected by imperial consolidation than Kish males. All three of these dietary 

indicators are interrelated; high rates of dental wear among females may help explain the 

differences in AMTL frequency between the sexes. While carious lesions can be hindered 
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by heavy dental wear, they are also one of the causes of AMTL as bacterial fermentation 

can fester, lead to dental disease, and ultimately tooth loss (Larsen 1997). The high 

prevalence of these three indicators among EDIII/AKK females is evidence of dietary 

changes at Kish during imperial consolidation.  

Evidence for sex-based dietary differences is present in earlier periods at Kish but 

appears to be magnified during the EDIII/AKK Period. The higher frequencies of AMTL, 

carious lesions, and molar wear among women are statistically significant and suggest 

that there may have been a sexual division of everyday practices, which could cause 

distinct dietary differences between the sexes (e.g., Cucina and Tiesler 2003; Larsen 

1997; Lukacs 1997). It is possible that females consumed a more carbohydrate-rich diet, 

which could cause higher rates of carious lesions and general dental disease. The 

particular social position of females, along with poor oral hygiene, a nutritionally 

unbalanced diet, and the psychosocial stress of political turmoil, could have caused the 

high rates of carious lesions, AMTL, and molar wear averages for the EDIII/AKK 

females. It is evident from these analyses that the significant socioeconomic changes of 

the EDIII/AKK Period had significant impacts on the diet and dental health of Kish 

inhabitants. 

Overall, both females and males experienced greater frequencies of dental decay 

during the Akkadian imperial consolidation of Kish than earlier periods. However, 

females ultimately had higher frequencies of dental decay, AMTL, abscesses, and carious 

lesions than males, suggesting that behaviors associated with social identity affected their 

access to nutritional resources. 
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Figure 4.3  Percent of Dietary and Stress Indicators by Females6 

 

Figure 4.4  Percent of Dietary and Stress Indicators by Males7 

                                                            

6 Dental decay is by individual; all other indicators are by tooth. 
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4.9.3. Diet and Health by Social Status  

In socially stratified societies like the one at Kish, an imperial presence can alter 

local socioeconomic organization. These modifications can cause changes to the social 

hierarchy, which can in turn differentially impact access to resources (Ames 2007; 

Roseberry 1989:44). Political and economic change, such as imperial conquest, can 

reorder social hierarchies and change the groups that have access to basic resources (e.g., 

Buzon 2006; Robb et al. 2001; Van Gerven et al. 1995). Sociopolitical upheaval can 

differentially impact peoples of varying social identities, and when these cultural 

modifications impact access to resources, they can affect stress and nutritional 

deprivation (Ames 2007; Buzon and Bombak 2010; Larsen 1997; Pechenkina and 

Delgado 2006; Sapolsky 2004). 

Recent bioarchaeological studies that examine social identities test the hypothesis 

that individuals of varying social status will exhibit marked dietary and health differences 

(Larsen 1997). Mortuary artifacts can enable bioarchaeological assessments of social 

status, while skeletal markers of nutritional deprivation and stress can highlight 

differential access to resources based on social standing (Robb et al. 2001). 

Bioarchaeological studies of status and health suggest that individuals of lower status 

positions do not have the same level of access to nutritional resources than higher status 

individuals, thus negatively impacting their overall health (e.g., Cucina and Tiesler 2003; 

Pechenkina and Delgado 2006). Particularly, lower-status individuals may suffer from a 

                                                                                                                                                                                 

7 ibid. 
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broad range of biological stresses, including poor nutrition, unsanitary living conditions, 

and increased stress, as well as exposure to disease (Robb et al. 2001). 

It is important to consider methodological concerns with status attribution and 

sample size in this sample. Archaeologists associated with the Kish Project analyzed 

grave goods and subsequently assigned social status for individuals in the A cemetery. 

However, burial goods can be problematic in archaeological studies of rank as they are 

affected by numerous factors that may or may not relate to the social standing of the 

deceased (Cannon 1989; Pechenkina and Delgado 2006; Robb et al. 2001; Rothschild 

1979; Storey 1992). In many ways, funerary contexts may reflect ideals of the living 

rather than the dead (Shanks and Tilley 1987). Competition among the living for territory 

or status can also affect the content and style of burial. Furthermore, circumstances 

surrounding death can impact the wealth interred with an individual or the location of a 

specific burial (Binford 1971; O’Shea 1984:36; Pechenkina and Delgado 2006). 

Archaeologists must acknowledge that burials can be disturbed or altered at any point 

after initial interment. It is essential to recognize signs of disturbance and not assume a 

lack of goods automatically determines low status.  

The small sample size of this collection is another methodological concern. The 

Kish Project has been conservative with attributing social status from burial goods 

resulting in a greatly reduced sample size for individuals of known social standing 

(n=52). This sample was further reduced by the methodological limitations of this 

particular study, as it is only concerned with individuals retaining alveolar bone and/or 

teeth (n=23). The very small sample size of all social strata was taken into consideration 

when the data was analyzed and interpreted for this study. While sample size is a 
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considerable concern, this study continues to make use of status data from these samples 

with the intention of better understanding how social status can differentially impact 

access to basic resources. 

Evidence from later Akkadian conquests suggests that the Kish social hierarchy, 

including those elites who held positions of authority, was renegotiated with the entry of 

Akkadian garrisons to positions of power (Hamblin 2006). These data indicate that local 

high status elites may have been displaced to middle status social ranking when the 

Akkadians took hold of the city-state. Differential access to resources is inherently tied to 

social status and rank in stratified societies, and at Kish, alterations to the social hierarchy 

would likely have affected who was granted access to resources (Ames 2007; Robb et al. 

2001). The imperial tactics of administrative reorganization would likely have had 

numerous effects on displaced Kish elites, resulting in an altered diet. 

 Dental analyses suggest that the Akkadian imperial consolidation of Kish, which 

resulted in alterations to the local socioeconomic structure, differentially impacted social 

strata. In general, individuals in the middle and low social strata had the highest 

frequencies of abscesses and AMTL for all social strata. In contrast, high status and 

lowest status individuals had no frequencies of abscesses and very low rates of AMTL 

(Table 4.10). The rates of AMTL in the low status stratum are statistically significantly 

higher than frequencies of AMTL in the high status stratum, indicating that individuals in 

high social positions benefitted from a more balanced diet than their low status 

counterparts.  

These data indicate the individuals in both the middle and low social status 

positions experienced significant dietary alterations. These data are supported by analyses 
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that analyzed dietary differences between the sexes. These statistical tests revealed that 

the middle status stratum had sex-based dietary differences. Middle status females have 

statistically significantly higher rates of AMTL and carious lesions than their male 

counterparts. For middle status females, 22% of all observable alveolar bone have AMTL 

and 8% of all observable teeth have carious lesions, which is in contrast to the 2% of 

observable alveolar bone and 0% of teeth from middle status males that have AMTL and 

carious lesions. Middle status females also have statistically significantly higher rates of 

AMTL than low status females.  

These data may indicate that, if Akkadian garrisons altered the local 

socioeconomic structure, they may have deposed local leaders from high status to middle 

status positions. If this occurred, then these data suggest that displaced elite females in 

the middle social stratum had more significant alterations to their access to nutritional 

resources than individuals not moving positions within the social hierarchy. Diet may 

have been affected by the overlap of two traditionally low-ranking social identities – 

individuals of middle status and females (e.g., Cucina and Tiesler 2003). However, 

analyses of diet among low status males revealed that this particular group had the 

highest frequencies of AMTL. Specifically, 23% of low status males have AMTL, which 

is significantly higher than the 0% of AMTL in low status females. Furthermore, low 

status males have the highest frequency of AMTL among any other social group. These 

data may indicate that low status males were subject to an unbalanced diet, perhaps a 

result of greater reliance on agricultural surpluses as a staple in their diet (e.g., Larsen 

1995). Furthermore, these data indicate that being female had significant impacts on 
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one’s access to nutritional resources, but being low status, regardless of sex, resulted in 

the greatest dietary and stress modifications among social strata. 

Molar wear data was also analyzed to assess the diet and stress of varying social 

strata. Generally, low status individuals had higher molar wear averages than individuals 

in the middle and lowest social strata. Additionally, low status females have significantly 

higher rates of M2 wear than their male counterparts and higher wear averages than 

lowest status females. These data indicate that low status females had diets rich in 

abrasive foodstuffs and may have experienced psychosocial stress. This particular group 

may have been more affected by sociopolitical restructuring than other strata and, as 

alluded to earlier, may include displaced high status elites. 

Overall, these data indicate that low status individuals, especially females, 

consumed a diet rich in tough, fibrous foods. The fact that middle and low status 

individuals had higher frequencies of dental decay than individuals in the lowest social 

stratum suggest that lowest status individuals consumed a more nutritionally balanced 

and less gritty diet than peoples of higher social standing. These data may also indicate 

that displaced local elites experienced more stress than individuals of the lowest status 

group, indicating that Akkadian imperial consolidation tactics of socioeconomic 

reorganization greatly affected local status strata. As indicated in Hypothesis 2b (Table 

4.10), changes in the presence of bioarchaeological indicators of diet and dental health 

suggest that the Akkadian consolidation of Kish differentially affected social identities. 
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suggesting that imperial political and administrative tactics resulted in substantial 

alterations to local diet.  

Kish individuals of varying social identities, including sex and social status, 

which are the focus here, were differentially impacted by Akkadian imperial 

consolidation (Hypothesis 2b). Females experienced a spike in dental decay rates during 

the Akkadian conquest of Kish in the EDIII/AKK Period, suggesting that their access to 

nutritional resources and diet was compromised by the local political upheaval. The 

change in their diet may be due in part to their low social position as females. 

Additionally, status groups were differentially impacted by consolidation, with middle 

and low status individuals exhibiting greater frequencies of dental decay than individuals 

in both the high and lowest social positions. These data suggest that Kish individuals of 

high social standing may have been displaced to middle social positions during 

consolidation, altering their diet and access to nutritional resources more so than 

individuals of lowest social standing. The data indicate that varying social identities were 

differentially impacted by imperial consolidation. 

The results of this study reveal that the Akkadian tactics of consolidation, 

including altering local socioeconomic structures and strategies, impacted the Kish 

population. Specifically, the local inhabitants experienced a considerable dietary shifts 

during Akkadian rule of the city-state that is likely the result of a heavy reliance on staple 

agricultural surpluses. Additionally, the Akkadian consolidation strategy that combined 

direct and indirect rule impacted local access to resources. Socioeconomic reorganization 

and the demotion of local elites to middle status positions may have changed diet and 

dental health for those once high status individuals. By controlling the local 
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socioeconomic structure, as well as trade routes and agricultural surpluses, the Akkadian 

Empire changed the diet and dental health of Kish, as well as differentially impacting sex 

and social status. 
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CHAPTER 5. CONCLUSION 

5.1.  Introduction 

 From these analyses it can be concluded that Akkadian tactics of imperial 

consolidation had considerable affects on the diet and health of Kish inhabitants. The 

political, administrative, and economic consolidation tactics utilized at Kish likely altered 

access to nutritional resources, thus impacting diet and health. Furthermore, cuneiform 

texts and burial inclusions from the EDIII/AKK Period of culture contact indicate that the 

Akkadian imperial tactics, while not being outright violent, did involve reorganizing the 

local social hierarchy (Hamblin 2006; Maisels 1999; Pestle et al. nd). These various lines 

of evidence support this bioarchaeological investigation of how Akkadian imperial 

consolidation modified diet and health of the Kish population, differentially affecting sex 

and status. 

Being the first Akkadian conquest, Kish serves as a lens into the Akkadian 

Empire, and how consolidation into the imperial framework altered local access to 

resources. Cuneiform texts and burial inclusions attest to the Akkadian presence at Kish, 

while bioarchaeological investigations of the health of the local population allows for 

examinations into the imperial strategies of consolidation and their biological 

ramifications. The Akkadian Empire employed political, administrative, and economic 

consolidation strategies at Kish, as seen through reorganization of the local social 
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structure and economic strategies. These imperial tactics were an important means for the 

empire to assert political dominance over their new conquest (Sinopoli 1994). When the 

Akkadians renegotiated local socioeconomic structures, it resulted in unequal access to 

resources, which in turn manifested in higher frequencies of oral pathological conditions 

and stress for the local population (e.g., Cucina and Tiesler 2003; Larsen 1997). These 

indicators are visible through human dentition (Buikstra and Ubelaker 1994; Harris et al. 

2001; King et al. 2005).  

Theories on imperial consolidation and osteoarchaeology have both informed this 

project. This bioarchaeological analysis of diet and health at Kish, through diachronic 

examinations of dental disease, has elucidated how consolidation into the Akkadian 

Empire significantly affected the diet and health of Kish inhabitants. Osteological 

evidence of dietary alterations contributes to anthropological understandings of how 

imperial tactics of structural renegotiation can have biological effects. Additionally, this 

study investigates how social identity, particularly sex and status, may have been 

differentially affected by imperial culture contact and consolidation. 

5.2.  Anthropological Contribution 

This study contributes to anthropological knowledge of imperial strategies and 

local responses. The present research is significant for studies of empires and imperial 

consolidation as it examines the world’s first empire, Akkad, and how their consolidation 

tactics impacted daily life routines in their subjugated polities (Hamblin 2006; Matthews 

2003:127).  Additionally, this thesis provides a unique lens into how nascent empires 



88 

 

 

gain power, how they use methods of control in consolidation, and what the biological 

ramifications of these methods are. Furthermore, this research is significant for 

Mesopotamian archaeology as it provides new data on the poorly understood Akkadian 

Empire (Postgate 1992). The original site of Akkad is still unknown (Hamblin 2006) thus 

making studies of the Akkadian Empire difficult to achieve. Evidence of the Akkadian 

impact at Kish contributes to broader understandings of the world’s first empire.  

In addition to contributing to archaeological studies of empires, this study 

provides valuable data on Mesopotamian bioarchaeology. Due to poor preservation, 

bioarchaeological studies are not usually conducted on Mesopotamian collections due to 

environmental factors and poor methodological procedures employed during the original 

excavations (Matthews 2003; Pestle et al. nd; Pollock 1999). The Kish skeletal collection 

is unique because it is the largest known Mesopotamian human remains collection in 

existence, thus being solely able to contribute to the field of Mesopotamian 

bioarchaeology, as well as Old World bioarchaeology. This study contributes to the 

broader field of anthropology as it provides new data on imperial consolidation, 

biological ramifications of consolidation tactics, and bioarchaeological data on ancient 

Mesopotamian diet and overall health. 

5.3.  Future Research 

This study is part of a larger interdisciplinary and international project that aims 

to reconstruct a bio-cultural understanding of Kish. While knowledge of how culture 

contact and imperial consolidation affected the Kish population is beneficial for having a 
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comprehensive view of the city-state through time, additional information would greatly 

aid the overall project. For example, a more in depth analysis of detailed grave goods 

information, along with a larger sample of individuals with chronological control, would 

allow for a better understanding of hierarchy and the role of the elites at Kish. Future 

research will continue with these collaborative efforts to better understand not only how 

Kish inhabitants experienced imperial consolidation, but also how interactions between 

some of the world’s first cities resulted in a variety of health and dietary implications for 

the local populations. 
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Appendix A. Standardized Scoring Methodologies 

 

Table A.1 Dental Inventory Standardized Scoring 

Dental Presence and Location 

Score Description 

1 Present, but not in occlusion 

2 Present, development completed, in occlusion 

3 Present, but loose 

4 Missing, with alveolus resorbing or fully resorbed: premortem loss 

5 Missing, with no alveolar resportion: postmortem loss 

6 Missing, congenital absence 

7 Present, damaged 

8 Present, but unobservable 

9 Missing (no tooth or bone) 

Table A.2 Abscesses Standardized Scoring (Buikstra and Ubelaker 1994) 

Presence and Location of Abscesses 

Score Description 

0 Absent 

1 Indicates a buccal or labial alveolar channel 

2 Indicates a lingual perforation 

9 No alveolar bone/unobservable 
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Table A.3 Antemortem Tooth Loss Standardized Scoring (Buikstra and Ubelaker 1994) 

Presence or Absence of Antemortem Tooth Loss 

Score Description 

0 Absent 

1 Present 

9 No alveolar bone/unobservable 

Table A.4 Carious Lesions Standardized Scoring (Buikstra and Ubelaker 1994) 

Type and Location of Carious Lesion by Tooth 

Score Description 

0 No carious lesion 

1 Occlusal surface 

2 Interproximal surfaces 

3 Smooth surfaces 

4 Cervical carious lesions 

5 Root carious lesions 

6 Large carious lesions 

7 Noncarious pulp exposure 

8 Multiple carious lesions 

9 No tooth/unobservable 
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Table A.5 Linear Enamel Hypoplasia Standardized Scoring (Buikstra and Ubelaker 1994) 

Presence and Quantity of Linear Enamel Hypoplasia 

Score Description 

0 No linear enamel hypoplasia  

1 One hypoplastic line present 

2 Two or more hypoplastic lines present 

9 No Tooth/unobservable 
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Table A.6 Standardized Wear Scoring: Molars (Buikstra and Ubelaker 1994; Scott 1979) 

Molars 

Score Description 

0 No information available (tooth not occluding, unerupted, antemortem or postmortem loss, etc.)
 

1 

 

Wear facets invisible or very small 

2 Wear facets large, but large cusps still present and surface features (crenulations, noncarious pits) 
very evident. It is possible to have pinprick size dentine exposures or dots, which should be 

ignored. This is a quadrant with much enamel 
 

3 Any cusp in the quadrant area is rounded rather than being clearly defined as in 2. The cusp is 
becoming obliterated but is not yet worn flat 

 
4 Quadrant area is worn flat (horizontal) but there is no dentine exposure other than a possible 

pinprick sized dot 
 

5 Quadrant is flat, with dentine exposure one-fourth of quadrant or less 
 

6 Dentine exposure greater: more than one-fourth of a quadrant area is involved, but there is still 
much enamel present. The dentine patch is still surrounded on all three sides by a ring of enamel

 
7 Enamel is found on only two sides of the quadrant 

 
8 Enamel on only one side (usually outer rim) but the enamel is thick to medium on this edge 

 
9 Enamel on only one side, but the enamel is very thin – just a strip. Part of the edge may be worn 

through at one or more places 
 

10 No enamel on any part of quadrant – dentine exposure complete. Wear is extended below the 
cervicoenamel junction into the root 

 
 



108 

 

Appendix B. Abscess Raw Data 

 

Table B.1 Abscess Frequency by Individual for Each Period 

Period Total Female Male 

EDI 10% (5/52) 9% (1/11) 40%(4/10) 

EDI/EDIII 12% (3/25) 0% (0/5) 0% (0/4) 

EDIII 12% (2/17) 25% (1/4) 0% (0/6) 

EDIII/AKK 10% (3/29) 11% (1/9) 13% (2/15) 

AKK 0% (0/9) 0% (0/1) 0% (0/2) 

Table B.2 Abscess Frequency by Tooth for Each Period 

Period Total Female Male 

EDI 3% (10/330) 1% (1/105) 8% (8/101) 

EDI/EDIII 4% (5/117) 0% (0/43) 0% (0/24) 

EDIII 3% (4/154) 5% (2/42) 0% (0/68) 

EDIII/AKK 3% (12/432) 5% (8/157) 2% (4/259) 

AKK 0% (0/50) 0% (0/16) 0% (0/17) 
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Table B.3 Abscess Frequency by Individual for Each Status Strata 

Strata Total Female Male 

High 0% (0/4) N/A 0% (0/3) 

Middle 22% (2/9) 20% (1/5) 25% (1/4) 

Low 14% (1/7) 0% (0/2) 25% (1/4) 

Lowest 0% (0/3) 0% (0/2) 0% (0/1) 

Table B.4 Abscess Frequency by Tooth for Each Status Strata 

Strata Total Female Male 

High 0% (0/62) N/A 0% (0/56) 

Middle 6% (10/155) 8% (8/97) 3% (2/58) 

Low 2% (2/94) 0% (0/20) 3% (2/74) 

Lowest 0% (0/59) 0% (0/40) 0% (0/19) 
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Appendix C. Antemortem Tooth Loss (AMTL) Raw Data 

 

Table C.1 AMTL Frequency by Individual for Each Period 

Table C.2 AMTL Frequency by Tooth for Each Period 

Period Total Female Male 

EDI 5% (16/330) 3% (3/105) 12% (12/101) 

EDI/EDIII 8% (9/117) 0% (0/43) 0% (0/24) 

EDIII 2% (3/154) 2% (1/42) 0% (0/68) 

EDIII/AKK 14% (59/432) 17% (26/157) 13% (33/259) 

AKK 0% (0/50) 0% (0/16) 0% (0/17) 

 

 

Period Total Female Male 

EDI 12% (6/52) 18% (2/11) 30%(3/10) 

EDI/EDIII 12% (3/25) 0% (0/5) 0% (0/4) 

EDIII 12% (2/17) 25% (1/4) 0% (0/6) 

EDIII/AKK 38% (11/29) 44% (4/9) 47% (7/15) 

AKK 0% (0/9) 0% (0/1) 0% (0/2) 
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Table C.3 AMTL Frequency by Individual for Each Status Strata 

Strata Total Female Male 

High 25% (1/4) N/A 33% (1/3) 

Middle 44% (4/9) 60% (3/5) 25% (1/4) 

Low 43% (3/7) 0% (0/2) 75% (3/4) 

Lowest 33% (1/3) 50% (1/2) 0% (0/1) 

 

Table C.4 AMTL Frequency by Tooth for Each Status Strata 

Strata Total Female Male 

High 6% (4/62) N/A 7% (4/56) 

Middle 14% (22/155) 22% (21/97) 2% (1/58) 

Low 18% (17/94) 0% (0/20) 23% (17/74) 

Lowest 8% (5/59) 13% (5/40) 0% (0/19) 
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Appendix D. Carious Lesion Raw Data 

 

Table D.1 Carious Lesion Frequency by Individual for Each Period 

Period Total Female Male 

EDI 12% (6/52) 9% (1/11) 20%(2/10) 

EDI/EDIII 28% (7/25) 40% (2/5) 0% (0/4) 

EDIII 6% (1/17) 25% (1/4) 0% (0/6) 

EDIII/AKK 14% (4/29) 33% (3/9) 7% (1/15) 

AKK 0% (0/9) 0% (0/1) 0% (0/2) 

Table D.2 Carious Lesion Frequency by Tooth for Each Period 

Period Total Female Male 

EDI 2% (12/615) 0.7% (1/138) 1.4%(2/145) 

EDI/EDIII 3% (5/162) 6% (2/36) 0% (0/35) 

EDIII 0.8% (1/118) 2% (1/45) 0% (0/51) 

EDIII/AKK 3% (10/355) 6% (9/144) 0.6% (1/179) 

AKK 0% (0/39) 0% (0/15) 0% (0/7) 
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Table D.3 Carious Lesion Frequency by Individual for Each Status Strata 

Strata Total Female Male 

High 0% (0/4) N/A 0%(0/3) 

Middle 22% (2/9) 40% (2/5) 0% (0/4) 

Low 0% (0/7) 0% (0/4) 0% (0/4) 

Lowest 33% (1/3) 50% (1/2) 100% (1/1) 

Table D.4 Carious Lesion Frequency by Tooth for Each Status Strata 

Strata Total Female Male 

High 0% (0/45) N/A 0%(0/39) 

Middle 4% (6/138) 8% (6/79) 0% (0/59) 

Low 0% (0/56) 0% (0/23) 9% (2/23) 

Lowest 4% (3/69) 7% (3/42) 0% (0/27) 

 



114 

 

Appendix E. Linear Enamel Hypoplasia Raw Data 

 

Table E.1 Linear Enamel Hypoplasia Frequency by Individual for Each Period 

Period Total Female Male 

EDI 37% (19/52) 6% (3/11) 20%(2/10) 

EDI/EDIII 28% (7/25) 20% (1/5) 25% (1/4) 

EDIII 29% (5/17) 25% (1/4) 33% (2/6) 

EDIII/AKK 34% (10/29) 44% (4/9) 27% (4/15) 

AKK 22% (2/9) 100% (1/1) 0% (0/2) 

Table E.2 Linear Enamel Hypoplasia Frequency by Tooth for Each Period 

Period Total Female Male 

EDI 10% (59/615) 7% (10/138) 4% (6/145) 

EDI/EDIII 12% (19/162) 11% (4/36) 9% (3/35) 

EDIII 16% (19/118) 2% (1/45) 27% (14/51) 

EDIII/AKK 7% (25/355) 4% (6/144) 4% (8/179) 

AKK 13% (5/39) 13% (2/15) 0% (0/7) 
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Table E.3 Linear Enamel Hypoplasia Frequency by Individual for Each Social Strata 

Strata Total Female Male 

High 25% (1/4) N/A 0%(0/3) 

Middle 56% (5/9) 80% (4/5) 25% (1/4) 

Low 29% (2/7) 0% (0/4) 25% (1/4) 

Lowest 33% (1/3) 0% (0/2) 100% (1/1) 

Table E.4 Linear Enamel Hypoplasia Frequency by Tooth for Each Status Strata 

Strata Total Female Male 

High 2% (1/45) N/A 3%(1/39) 

Middle 7% (9/138) 8% (6/79) 5% (3/59) 

Low 5% (3/56) 0% (0/23) 9% (2/23) 

Lowest 1% (1/69) 0% (0/42) 4% (1/27) 
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Appendix F. Dental Decay Raw Data 

 

Table F.1 Dental Decay Frequencies by Individual for Each Period 

Period Total Female Male 

EDI 27% (14/52) 27% (3/11) 50%(5/10) 

EDI/EDIII 32% (8/25) 40% (2/5) 0% (0/4) 

EDIII 12% (2/17) 25% (1/4) 0% (0/6) 

EDIII/AKK 45% (13/29) 56% (5/9) 53% (8/15) 

AKK 0% (0/9) 0% (0/1) 0% (0/2) 

Table F.2 Dental Decay Frequencies by Individual for Each Status Strata 

Strata Total Female Male 

High 25% (1/4) N/A 33% (1/3) 

Middle 56% (5/9) 80% (4/5) 50% (2/4) 

Low 43% (3/7) 0% (0/2) 75% (3/4) 

Lowest 33% (1/3) 50% (1/2) 0% (0/1) 

 

 

 

 

 

 

 




