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ABSTRACT 

 This dissertation examines the evolution of pig husbandry during the period in which 

complex societies developed in northern Mesopotamia. Pigs were unique in the ancient Middle 

East because they were particularly well suited for smallholder production as opposed to elite 

control. In tracking the evolution of pig husbandry practices over this long period of time, this 

dissertation asks two questions. The first question is: when did pig husbandry practices intensify? 

In other words, when did northern Mesopotamian communities begin penning and stall-feeding 

their pigs? The second question is: why? Was there a correlation between intensification and the 

development class conflict, a critical part of the emergence of complex societies? Did 

smallholders intensify pig production to resist elite control over the agricultural sector? 

 After developing a theoretical framework informed by previous zooarchaeological 

research and Marxist scholarship, this dissertation focuses on reconstructing pig husbandry at 10 

archaeological sites dating to the 7th-3rd millennia BC. This research uses the assemblage of 

hunted wild boar at Epipaleolithic (11th millennium) Hallan Çemi as a control. The 3rd-

millennium site of Tell Leilan, which included recognizable elite and non-elite areas, provides a 

means of testing the hypothesis that smallholders intensified pig husbandry in order to resist 

economic domination. This study employs a battery of standard and specialized 

zooarchaeological techniques to provide multiple lines of evidence for determining three aspects 



 
 
 

iv 

of pig husbandry: control over diet, mobility, and reproduction. These methods include: 

geometric morphometrics, survivorship analysis, biometrics, analysis of pathologies (including 

linear enamel hypoplasia and dental calculus), dental microwear, and analysis of starch granules 

and phytoliths embedded in calculus. Special attention is paid to developing appropriate 

statistical models to make sense of the numerous datasets.   

 The results indicate that pig husbandry underwent region-wide intensification before or 

during the Halaf (6th millennium BC), and thus intensification predated the development of 

complex societies by about 2000 years. The Halaf is a relatively unknown period in the long-

term history of the region, and it remains unclear why pig husbandry may have changed at this 

time. There was no detectable correlation between the emergence of complex societies and pig 

husbandry change despite the fact that the development of social inequality radically changed the 

nature of food production and consumption in the region. Moreover, there were few differences 

between pig husbandry practices in the elite and non-elite areas of Tell Leilan. These results, 

although plagued by a high degree of statistical uncertainty, suggest that the connections between 

pigs and power are not reducible to the single axis of husbandry as a form of class-based 

resistance. The concluding chapter offers alternative methods and theoretical frameworks for 

archaeologists to investigate both class conflict and pig husbandry. 



 
 
 

v 

TABLE OF CONTENTS 

CHAPTER 1 – INTRODUCTION TO PIGS AND POWER ........................................................ 1!
1.1 The Chapters in This Dissertation ......................................................................................... 5 

 
CHAPTER 2 –THEORETICAL FRAMEWORK AND TERMINOLOGY .................................. 7!

2.1 Pigs and Socioeconomic Class .............................................................................................. 7!
2.2 Theoretical Framework and Terminology .......................................................................... 12!

2.2.1 Social Complexity ........................................................................................................ 12!
2.2.2 Socioeconomic Class ................................................................................................... 16!
2.2.3 Smallholders ................................................................................................................ 18!
2.2.4 “Everyday Resistance” ................................................................................................. 21!
2.2.5 Intensification .............................................................................................................. 23!

2.3 Chapter Summary ............................................................................................................... 25 
 
CHAPTER 3 – THE EMERGENCE OF COMPLEX SOCIETY IN NORTHERN 
MESOPOTAMIA IN ITS ENVIRONMENTAL AND CULTURAL CONTEXTS ................... 26!

3.1 Introduction ......................................................................................................................... 26!
3.2 The Modern Environmental Context .................................................................................. 26!
3.3 Environmental Change in the Holocene until 2000 BC ...................................................... 27!
3.4 Environment and Pigs ......................................................................................................... 29!
3.5 The Development of Sociopolitical Complexity in Northern Mesopotamia ...................... 35!

3.5.1 Late (Pottery) Neolithic Society in Northern Mesopotamia (ca. 6500-5200 BC) ....... 35!
3.5.2 The Ubaid (ca. 5200-4200 BC) .................................................................................... 38!
3.5.3 Late Chalcolithic (LC) 1-5 (ca. 4500-3300 BC) .......................................................... 40!
3.5.4 The Second Cycle of Sociopolitical Complexity (ca. 3100-2100 BC) ........................ 43!
3.5.5 The Social Structure ..................................................................................................... 46!
3.5.6 Smallholders as a Socioeconomic Class ...................................................................... 49!
3.5.7 Agricultural Practices and Change in the 3rd Millennium ........................................... 52!

3.6 Chapter Summary ............................................................................................................... 54 
 
CHAPTER 4 – PORCINE BIOLOGY AND BEHAVIOR IN DOMESTIC AND WILD 
ANIMALS .................................................................................................................................... 56!

4.1 Introduction ......................................................................................................................... 56!
4.2. General Description Classification .................................................................................... 56!
4.3 Dentition ............................................................................................................................. 57!
4.4 Skeleton ............................................................................................................................... 57!

4.4.1 Skeletal and Dental Differences Between Wild and Domestic Pigs ............................ 58!
4.5 Diet ...................................................................................................................................... 58!
4.6 Rooting ................................................................................................................................ 60!
4.7 Social and Breeding Behavior ............................................................................................ 60!

4.7.1 Behavioral Changes Under Domestication .................................................................. 61!
4.7.2 Managing Innate Behavioral Tendencies in Domestic Pigs ........................................ 62!

4.8 Reproduction ....................................................................................................................... 64!
4.9 Growth and Development ................................................................................................... 66!

4.9.1 Body Weight ................................................................................................................ 66!



 
 
 

vi 

4.9.2 Dental Development .................................................................................................... 67!
4.9.3 Dental Wear ................................................................................................................. 70!

4.10 Climatic Tolerances .......................................................................................................... 71!
4.11 Chapter Summary ............................................................................................................. 72 

 
CHAPTER 5 – PIG HUSBANDRY MODELS ........................................................................... 73!

5.1 Introduction ......................................................................................................................... 73!
5.2 Pig Domestication ............................................................................................................... 74 

    5.3 Intensive Husbandry ........................................................................................................... 75 
5.3.1 Sty-Raising ................................................................................................................... 77!
5.3.2 Industrial-Scale Stall-Raising ...................................................................................... 79!

5.4 Extensive Husbandry .......................................................................................................... 81!
5.4.1 Swine Herding ............................................................................................................. 81!
5.4.2 Free-Range Husbandry ................................................................................................ 86!
5.4.3 Urban Scavenging ........................................................................................................ 89!

5.5 Changing Husbandry Practices ........................................................................................... 91!
5.5.1 Shifting from Pannage to Penning in England, Medieval Period – 20th Century ........ 92!

5.6 Problems for Archaeological Reconstruction ..................................................................... 95!
5.7 Chapter Summary ............................................................................................................... 98 

 
CHAPTER 6 : METHODS ......................................................................................................... 100!

6.1 Introduction ....................................................................................................................... 100!
6.2 Size and Shape .................................................................................................................. 101!

6.2.1 Traditional Biometrics ............................................................................................... 102!
6.2.2 Geometric Morphometrics (GM) ............................................................................... 107!

6.3 Age-at-Death and Survivorship ........................................................................................ 115!
6.4 Pathologies ........................................................................................................................ 120!

6.4.1 Linear Enamel Hypoplasia (LEH) and Other Hypoplasias ........................................ 121!
6.4.2 Other Pathologies ....................................................................................................... 125!

6.5 Reconstructing Diet .......................................................................................................... 126!
6.5.1 Dental Calculus .......................................................................................................... 126!
6.5.2 Starch Grain/Phytolith Analysis ................................................................................ 129!
6.5.3 Dental Microwear Analysis ....................................................................................... 129!

6.6 Conclusion ........................................................................................................................ 133 
 
CHAPTER 7 : SITES SAMPLED .............................................................................................. 135!

7.1 Introduction ....................................................................................................................... 135!
7.2 Hallan Çemi ...................................................................................................................... 136!

7.2.1 Significance and Expectations ................................................................................... 137!
7.3 Jarmo ................................................................................................................................. 137!

7.3.1 Significance and Expectations ................................................................................... 139!
7.4 Banahilk ............................................................................................................................ 140!

7.4.1 Significance and Expectations ................................................................................... 141!
7.5 Domuztepe ........................................................................................................................ 141!

7.5.1 Significance and Expectations ................................................................................... 145!
7.6 Umm Qseir ........................................................................................................................ 146!



 
 
 

vii 

7.6.1 Significance and Expectations ................................................................................... 147!
7.7 Tell Ziyadeh ...................................................................................................................... 148!

7.7.1 Significance and Expectations ................................................................................... 149!
7.8 Tell Mashnaqa ................................................................................................................... 150!

7.8.1 Significance and Expectations ................................................................................... 151!
7.9 Hacinebi Tepe ................................................................................................................... 152!

7.9.1 Significance and Expectations ................................................................................... 155!
7.10 Tell Atij ........................................................................................................................... 155!

7.10.1 Significance and Expectations ................................................................................. 158!
7.11 Tell Raqa’i ...................................................................................................................... 159!

7.11.1 Significance and Expectations ................................................................................. 162!
7.12 Tell Leilan ....................................................................................................................... 162!

7.12.1 Significance and Expectations ................................................................................. 166!
7.13 Conclusion ...................................................................................................................... 167 

 
CHAPTER 8 : RESULTS BY SITE ........................................................................................... 168!

8.1 Introduction ....................................................................................................................... 168!
8.2 Hallan Çemi ...................................................................................................................... 168!

8.2.1 Dental Metrics ............................................................................................................ 168!
8.2.2 Postcranial Metrics ..................................................................................................... 172!
8.2.3 Geometric Morphometrics ......................................................................................... 173!
8.2.4 Age-at-Death and Survivorship ................................................................................. 174!
8.2.5 Pathologies ................................................................................................................. 175!
8.2.6 Dental Calculus .......................................................................................................... 177!
8.2.7 Starch Grain/Phytolith Analysis ................................................................................ 178!
8.2.8 Dental Microwear Analysis ....................................................................................... 178!

8.3 Jarmo ................................................................................................................................. 179!
8.3.1 Dental Metrics ............................................................................................................ 180!
8.3.2 Postcranial Metrics ..................................................................................................... 183!
8.3.3 Geometric Morphometrics ......................................................................................... 184!
8.3.4 Age-at-Death and Survivorship ................................................................................. 185!
8.3.5 Pathologies ................................................................................................................. 186!
8.3.6 Dental Calculus .......................................................................................................... 188!

8.4 Banahilk ............................................................................................................................ 188!
8.4.1 Dental Metrics ............................................................................................................ 189!
8.4.2 Postcranial Metrics ..................................................................................................... 190!
8.4.3 Geometric Morphometrics ......................................................................................... 191!
8.4.4 Age-at-Death and Survivorship ................................................................................. 192!
8.4.5 Pathologies ................................................................................................................. 192!
8.4.6 Dental Calculus .......................................................................................................... 193!
8.4.7 Dental Microwear Analysis ....................................................................................... 194!

8.5 Domuztepe ........................................................................................................................ 194!
8.5.1 Dental Metrics ............................................................................................................ 194!
8.5.2 Postcranial Metrics ..................................................................................................... 197!
8.5.3 Geometric Morphometrics ......................................................................................... 198!
8.5.4 Age-at-Death and Survivorship ................................................................................. 199!



 
 
 

viii 

8.5.5 Pathologies ................................................................................................................. 200!
8.5.6 Dental Calculus .......................................................................................................... 201!
8.5.7 Starch Grain/Phytolith Analysis ................................................................................ 201!
8.5.8 Dental Microwear Analysis ....................................................................................... 202!

8.6 Umm Qseir ........................................................................................................................ 203!
8.6.1 Dental Metrics ............................................................................................................ 203!
8.6.2 Geometric Morphometrics ......................................................................................... 205!
8.6.3 Age-at-Death and Survivorship ................................................................................. 206!
8.6.4 Pathologies ................................................................................................................. 206!
8.6.5 Dental Calculus .......................................................................................................... 207!

8.7 Ziyadeh ............................................................................................................................. 207!
8.7.1 Dental and Postcranial Metrics .................................................................................. 208!
8.7.2 Geometric Morphometrics ......................................................................................... 209!
8.7.3 Pathologies and Dental Calculus ............................................................................... 210!
8.7.4 Starch Grain/Phytolith Analysis ................................................................................ 210!
8.7.5 Dental Microwear Analysis ....................................................................................... 211!

8.8 Mashnaqa .......................................................................................................................... 211!
8.8.1 Dental and Postcranial Metrics .................................................................................. 211!
8.8.2 Pathologies and Dental Calculus ............................................................................... 213!
8.8.3 Dental Microwear Analysis ....................................................................................... 214!

8.9 Hacinebi ............................................................................................................................ 214!
8.9.1 Dental Metrics ............................................................................................................ 215!
8.9.2 Age-at-Death and Survivorship ................................................................................. 217!
8.9.3 Pathologies ................................................................................................................. 218!
8.9.4 Dental Calculus .......................................................................................................... 219!
8.9.5 Starch Grain/Phytolith Analysis ................................................................................ 220!
8.9.6 Dental Microwear Analysis ....................................................................................... 220!

8.10 Atij .................................................................................................................................. 220!
8.10.1 Dental Metrics .......................................................................................................... 221!
8.10.2 Postcranial Metrics ................................................................................................... 223!
8.10.3 Age-at-Death and Survivorship ............................................................................... 223!
8.10.4 Pathologies ............................................................................................................... 224!
8.10.5 Dental Calculus ........................................................................................................ 225!
8.10.6 Starch Grain/Phytolith Analysis and Dental Microwear Analysis .......................... 225!

8.11 Raqa’i .............................................................................................................................. 226!
8.11.1 Dental Metrics .......................................................................................................... 226!
8.11.2 Postcranial Metrics ................................................................................................... 228!
8.11.3 Age-at-Death and Survivorship ............................................................................... 229!
8.11.4 Pathologies ............................................................................................................... 229!
8.11.5 Dental Calculus ........................................................................................................ 230!
8.11.6 Starch Grain/Phytolith Analysis .............................................................................. 230!
8.11.7 Dental Microwear Analysis ..................................................................................... 231!

8.12 Leilan .............................................................................................................................. 231!
8.12.1 Dental Metrics .......................................................................................................... 232!
8.12.2 Postcranial Metrics ................................................................................................... 235!
8.12.3 Age-at-Death and Survivorship ............................................................................... 237!



 
 
 

ix 

8.12.4 Pathologies ............................................................................................................... 240!
8.12.5 Dental Calculus ........................................................................................................ 242!
8.12.6 Starch Grain/Phytolith Analysis .............................................................................. 243!
8.12.7 Dental Microwear Analysis ..................................................................................... 243!

8.13 Conclusion ...................................................................................................................... 244 
 
CHAPTER 9 : INTER-SITE COMPARISONS AND DISCUSSION ....................................... 246!

9.1 Introduction ....................................................................................................................... 246!
9.2 Shape and Size Change ..................................................................................................... 246!

9.2.1 Geometric Morphometrics ......................................................................................... 247!
9.2.2 Biometrics .................................................................................................................. 258!

9.3 Changes in Diet ................................................................................................................. 260!
9.3.1 Rates of Dental Calculus ............................................................................................ 261!
9.3.2 Microwear .................................................................................................................. 262!
9.3.3 Plant Microfossils ...................................................................................................... 262!

9.4 Pathologies – Linear Enamel Hypoplasia ......................................................................... 263!
9.5 Changes in Survivorship ................................................................................................... 266!
9.6 Discussion: Pig Husbandry Change and the Societies of Northern Mesopotamia ........... 270!

9.6.1 Early Pottery Neolithic (7th Millennium BC) – Jarmo ............................................... 270!
9.6.2 Halaf Period (6000-5200 BC) – Banahilk, Domuztepe, and Umm Qseir ................. 271!
9.6.3 Ubaid-LC 1 Periods (5200-4100 BC) – Ziyadeh, Mashnaqa .................................... 272!
9.6.4 LC 2-LC 5 Periods (4100-3100 BC) – Hacinebi ....................................................... 273!
9.6.5 Early 3rd Millennium (2900-2500 BC) – Atij, Raqa’i, Leilan III .............................. 275!
9.6.6 EJ 3-4 Periods (2500-2100 BC) – Leilan IIa-IIb ....................................................... 276!

9.7 Chapter Summary ............................................................................................................. 279 
 
CHAPTER 10 : CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH ............ 281!

10.1 Pig Husbandry Change in Northern Mesopotamia ......................................................... 281!
10.2 Pig Husbandry and Smallholders in Northern Mesopotamia ......................................... 283!
10.3 The 3rd-Millennium Pig Increase and Alternative Theoretical Lenses ........................... 287!
10.4 Glass Halaf Full: The Future of Pig Husbandry Studies in Northern Mesopotamia ...... 288!
10.5 Epilogue .......................................................................................................................... 290 

 
APPENDIX ................................................................................................................................. 292!
 



 
 
 

x 

LIST OF FIGURES 
 

Figure 3.1 Relative frequency of pigs at Pottery Neolithic sites .................................................. 31!
Figure 3.2 Relative frequency of pigs at Halaf sites ..................................................................... 32!
Figure 3.3 Relative frequency of pigs at Ubaid-LC 1 sites  .......................................................... 32!
Figure 3.4 Relative frequency of pigs at LC 2-3 sites .................................................................. 33!
Figure 3.5 Relative frequency of pigs at LC 4-5 sites .................................................................. 33!
Figure 3.6 Relative frequency of pigs at early Early Bronze Age sites ........................................ 34!
Figure 3.7 Relative frequency of pigs at late Early Bronze Age sites .......................................... 34!
Figure 5.1 Pig husbandry types along the extensive-intensive spectrum. .................................... 74!
Figure 6.1 Landmarks and sliding landmarks for GM analysis of M2 and M3 teeth. ................ 110!
Figure 6.2 Degrees of severity of dental calculus. ...................................................................... 128!
Figure 6.3 Cusp names for Sus scrofa lower M1s and M2s; facet 9 highlighted. ...................... 133!
Figure 6.4 Expectations for the four ideal types of pig husbandry ............................................. 134!
Figure 7.1 Map of sites studied. .................................................................................................. 136!
Figure 8.1 Boxplot of tooth LSI values for Hallan Çemi ........................................................... 172!
Figure 8.2 Boxplot of LSI values for postcranial measurements from Hallan Çemi  ................ 173!
Figure 8.3 Hallan Çemi survivorship curve ................................................................................ 175!
Figure 8.4 Specimen #86 (M2) from Hallan Çemi displaying “pinprick type” hypoplasia ........ 177!
Figure 8.5 Results of microwear analysis from all sites ............................................................. 179!
Figure 8.6 Boxplot of tooth LSI values for Jarmo ...................................................................... 182!
Figure 8.7 Mixture analysis for M1 and M2 WA and WP measurements from Jarmo  .............. 183!
Figure 8.8 Boxplot of LSI values for postcranial measurements from Jarmo (PN phases). ....... 184!
Figure 8.9 Jarmo survivorship curve and data based on 41 independent tooth specimens. ....... 186!
Figure 8.10 Boxplot of tooth LSI values for Banahilk  .............................................................. 190!
Figure 8.11 Boxplot of LSI values for postcranial measurements from Banahilk. .................... 191!
Figure 8.12 Banahilk survivorship curve .................................................................................... 192!
Figure 8.13 Boxplot of tooth LSI values for Domuztepe  .......................................................... 196!
Figure 8.14 Mixture analysis for M1 and M2 WA and WP measurements from Domuztepe ..... 197!
Figure 8.15 Boxplot of LSI values for postcranial measurements from Domuztepe. ................ 198!
Figure 8.16 Domuztepe survivorship curve ................................................................................ 200!
Figure 8.17 Boxplot of tooth LSI values for Umm Qseir ........................................................... 204!
Figure 8.18 Umm Qseir Halaf survivorship curve  ..................................................................... 206!
Figure 8.19 Boxplot of tooth LSI values for Ziyadeh derived .................................................... 209!
Figure 8.20 Boxplot of LSI values for Mashnaqa derived from WA and WP measurements. .. 213!
Figure 8.21 Boxplot of tooth LSI values for Hacinebi (all phases) ............................................ 217!
Figure 8.22 Hacinebi survivorship curve and data based on 30 independent teeth. ................... 218!
Figure 8.23 Boxplot of tooth LSI values for Atij........................................................................ 222!
Figure 8.24 Boxplot of LSI values for postcranial measurements from Atij. ............................. 223!
Figure 8.25 Atij Survivorship ..................................................................................................... 224!
Figure 8.26 Boxplot of tooth LSI values for Raqa’i ................................................................... 227!
Figure 8.27 Boxplot of LSI values for postcranial measurements from Raqa’i. ........................ 228!
Figure 8.28 Raqa’i survivorship based on 10 independent specimens. ...................................... 229!
Figure 8.29 Boxplot of tooth LSI values for Leilan (all phases)  ............................................... 235!
Figure 8.30 Boxplot of LSI values for postcranial measurements from Leilan .......................... 236!
Figure 8.31 Leilan IIIc survivorship curve  ................................................................................ 238!



 
 
 

xi 

Figure 8.32 Leilan IIId survivorship curve ................................................................................. 238!
Figure 8.33 Leilan IIa-b upper town survivorship curve ............................................................ 239!
Figure 8.34 Leilan IIa-b lower town survivorship, based on 22 independent tooth specimens. 239!
Figure 8.35 Maxilla from Leilan IIIc showing marked malocclusion on the P3 and P4 teeth. .. 242!
Figure 8.36 Distal tibia (spec. #76) from Leilan IIId displaying exostotic growth. ................... 242!
Figure 9.1 Boxplots of natural log (ln) of centroid sizes for upper and lower M2s and M3s. ... 250!
Figure 9.2 Boxplots of natural log (ln) of centroid sizes for molar teeth. .................................. 251!
Figure 9.3 Neighbor joining tree for lower M2 tooth shapes with mean M2 shapes. ................ 255!
Figure 9.4 Neighbor joining tree for upper M2 tooth shapes with mean upper M2 shapes. ...... 256!
Figure 9.5 Neighbor joining tree for lower M3 tooth shapes with mean M3 shapes. ................ 257!
Figure 9.6 Dental LSI values for sites arranged in chronological order. .................................... 259!
Figure 9.7 Astragalus GLl and Tibia Bd LSI for sites arranged in chronological order. ........... 260!
Figure 9.8 Prevalence of dental calculus at sites arranged chronologically. .............................. 261!
Figure 9.9 Prevalence of LEH at sites arranged chronologically. .............................................. 265!
Figure 9.10 Survivorship curves for all sites, arranged chronologically. ................................... 269!
Figure 9.11 Approximate locations of the assemblages studied along the husbandry spectrum.280!
 



 
 
 

xii 

LIST OF TABLES 
 

Table 3.1 Chronology of Northern Mesopotamia. ........................................................................ 35!
Table 4.1 Porcine deciduous and permanent dentitions per jaw quadrant. ................................... 57!
Table 4.2 Weights and withers heights for wild boar hunted in southern Switzerland. ............... 67!
Table 4.3 Dental development and eruption ages for pigs and wild boar. .................................... 69!
Table 4.4 Age classes for pig tooth wear for main cheek teeth. ................................................... 70!
Table 5.1 Pig life cycle statistics for improved breeds managed under intensive conditions. ..... 80!
Table 5.2 Female breeding statistics for two improved breeds. ................................................... 81!
Table 5.3 Herd statistics for Sardinian pigs kept in free-range/swine herding conditions. .......... 83!
Table 5.4 Herd statistics for pigs kept by swineherds/free-rangers in southwestern Iberia. ........ 84!
Table 6.1 Acronyms used in this chapter and their meanings. ................................................... 101!
Table 6.2 Standard measurements for dental and postcranial elements. .................................... 107!
Table 6.3 Example of 2x2 contingency tables for CMH test. ..................................................... 119!
Table 7.1 Relative chronology of sites in this dissertation. ........................................................ 135!
Table 7.2 Hallan Çemi Mammal NISPs. .................................................................................... 137!
Table 7.3 Jarmo Mammal NISPs. ............................................................................................... 139!
Table 7.4 Banahilk Mammal NISPs. .......................................................................................... 141!
Table 7.5 Domuztepe Mammal NISPs. ...................................................................................... 145!
Table 7.6 Umm Qseir Mammal %NISPs. ................................................................................... 147!
Table 7.7 Ziyadeh Mammal %NISPs and NISPs. ...................................................................... 149!
Table 7.8 Mashnaqa Mammal %NISPs ...................................................................................... 151!
Table 7.9 Hacinebi LC B1 and LC B2 Mammal NISPs. ............................................................ 154!
Table 7.10 Hacinebi LC A, B1, and B2 Mammal NISPs ........................................................... 155!
Table 7.11 Atij Mammal NISPs. ................................................................................................. 158!
Table 7.12 Raqa’i Mammal NISPs. ............................................................................................ 161!
Table 7.13 Tell Leilan 3rd millennium chronology. .................................................................... 163!
Table 7.14 Leilan %NISPs. ......................................................................................................... 166!
Table 8.1 Descriptive statistics for dental metrics from Hallan Çemi (in mm). ......................... 171!
Table 8.2 Conservative Hallan Çemi dental metric descriptive statistics (in mm). .................... 171!
Table 8.3 Descriptive statistics for postcranial measurements from Hallan Çemi. .................... 173!
Table 8.4 Summary statistics for LEH from Hallan Çemi and the Ervynck-Dobney Index. ..... 176!
Table 8.5 LEH categorized by tooth type for Hallan Çemi. ....................................................... 176!
Table 8.6 Incidence, rates, and severity of dental calculus. ........................................................ 178!
Table 8.7 Descriptive statistics for dental metrics from Jarmo (in mm). ................................... 181!
Table 8.8 Conservative dental metric descriptive statistics from Jarmo (in mm). ..................... 182!
Table 8.9 Descriptive statistics for postcranial measurements (in mm) from Jarmo. ................. 184!
Table 8.10 Determination of wild/domestic status based on tooth shape for Jarmo. ................. 185!
Table 8.11 Summary statistics for LEH and the Ervynck-Dobney Index values for Jarmo. ...... 187!
Table 8.12 Summary statistics for LEH categorized by tooth type from Jarmo. ........................ 188!
Table 8.13 Descriptive statistics for dental metrics from Banahilk (in mm). ............................. 189!
Table 8.14 Conservative Banahilk dental metric descriptive statistics (in mm). ........................ 190!
Table 8.15 Descriptive statistics for postcranial measurements from Banahilk (in mm). .......... 191!
Table 8.16 Determination of wild/domestic status based on tooth shape Banahilk. .................. 191!
Table 8.17 Summary statistics for LEH and the Ervynck-Dobney Index from Banahilk. ......... 193!
Table 8.18 Summary statistics for LEH categorized by tooth type from Banahilk. ................... 193!



 
 
 

xiii 

Table 8.19 Descriptive statistics for dental metrics from Domuztepe (in mm). ......................... 196!
Table 8.20 Conservative Domuztepe dental metric descriptive statistics (in mm). .................... 196!
Table 8.21 Descriptive statistics for postcranial measurements from Domuztepe (in mm). ...... 198!
Table 8.22 Determination of wild/domestic status based on tooth shape Domuztepe. .............. 199!
Table 8.23 Summary statistics for LEH values for Domuztepe ................................................. 201!
Table 8.24 Summary statistics for LEH categorized by tooth type from Domuztepe. ............... 201!
Table 8.25 Descriptive statistics for dental metrics from Umm Qseir (in mm). ........................ 204!
Table 8.26 Conservative Umm Qseir dental metric descriptive statistics (in mm). ................... 204!
Table 8.27 Determination of wild/domestic status based on tooth shape Umm Qseir. .............. 205!
Table 8.28 Summary statistics for LEH from Umm Qseir. ........................................................ 207!
Table 8.29 Summary statistics for LEH categorized by tooth type from Umm Qseir. ............... 207!
Table 8.30 Descriptive statistics for dental metrics from Ziyadeh (in mm). .............................. 208!
Table 8.31 Conservative Ziyadeh dental metric descriptive statistics (in mm). ......................... 209!
Table 8.32 Descriptive statistics for postcranial measurements from Ziyadeh. ......................... 209!
Table 8.33 Ziyadeh wild/domestic status based on tooth shape. ................................................ 209!
Table 8.34 Summary statistics for LEH for Ziyadeh. ................................................................. 210!
Table 8.35 Summary statistics for LEH categorized by tooth type from Ziyadeh. .................... 210!
Table 8.36 Descriptive statistics for dental metrics from Mashnaqa (in mm). ........................... 212!
Table 8.37 Conservative Mashnaqa dental metric descriptive statistics (in mm). ...................... 212!
Table 8.38 Descriptive statistics for postcranial measurements from Mashnaqa. ...................... 212!
Table 8.39 Summary statistics for LEH for Mashnaqa. .............................................................. 213!
Table 8.40 Summary statistics for LEH categorized by tooth type from Mashnaqa. ................. 214!
Table 8.41 Descriptive statistics for dental metrics from Hacinebi (in mm). ............................. 216!
Table 8.42 Conservative Hacinebi dental metric statistics (in mm). .......................................... 216!
Table 8.43 Summary statistics for LEH for Hacinebi. ................................................................ 219!
Table 8.44 Summary statistics for LEH categorized by tooth type from Hacinebi. ................... 219!
Table 8.45 Descriptive statistics for dental metrics from Atij (in mm). ..................................... 221!
Table 8.46 Conservative Atij dental metric descriptive statistics (in mm). ................................ 222!
Table 8.47 Descriptive statistics for postcranial measurements from Atij (in mm). .................. 223!
Table 8.48 Summary statistics for LEH for Atij. ........................................................................ 225!
Table 8.49 Summary statistics for LEH categorized by tooth type from Atij. ........................... 225!
Table 8.50 Descriptive statistics for dental metrics from Raqa’i. ............................................... 227!
Table 8.51 Conservative dental metric descriptive statistics from Raqa’i. ................................. 227!
Table 8.52 Descriptive statistics for postcranial measurements from Raqa’i (in mm). .............. 228!
Table 8.53 Summary statistics for LEH for Raqa’i. ................................................................... 230!
Table 8.54 Summary statistics for LEH categorized by tooth type from Raqa’i. ....................... 230!
Table 8.55 Descriptive statistics for dental metrics from Leilan Periods IIIc and IIId (in mm). 233!
Table 8.56 Conservative Leilan IIIc and IIId dental metric descriptive statistics (in mm). ....... 234!
Table 8.57 Descriptive statistics for dental metrics from Leilan Period IIa-IIb (in mm). .......... 234!
Table 8.58 Conservative Leilan IIa-IIb dental metric descriptive statistics (in mm). ................ 234!
Table 8.59 Descriptive statistics for postcranial metrics from Leilan period IIIc and IIId ........ 236!
Table 8.60 Descriptive statistics for postcranial metrics from Leilan period IIa-b (in mm). ..... 237!
Table 8.61 Summary statistics for LEH for Leilan IIIc and IIId. ............................................... 241!
Table 8.62 Summary statistics for LEH categorized by tooth type from Leilan IIIc and IIId. ... 241!
Table 8.63 Summary statistics for LEH for Leilan IIa-b. ........................................................... 241!
Table 8.64 Summary statistics for LEH categorized by tooth type from Leilan IIa-b. .............. 241!



 
 
 

xiv 

 
ACKNOWLEDGEMENTS 

 Any production is the outcome of a variegated network of social relations. Agency is too 

often a conceit of the fortunate. What is mistaken for the achievement of an individual turns out, 

upon closer examination, to be merely the endpoint of a series of conversations, friendships, 

arguments, pieces of advice, and suggestions for reading. It is impossible to enumerate all these 

relationships – yet a few stand out above the rest.  

 I first want to extend my deepest gratitude to my committee members: Richard Meadow, 

Rowan Flad, Jason Ur, and Gil Stein. All of them shaped this dissertation in more ways than they 

know. I should mention that Gil taught me zooarchaeology while I was an undergraduate at the 

University of Chicago and encouraged me to look at EB I bones from Hacinebi for my senior 

honors thesis. If one wanted to assign blame, he’d be a good place to start. Richard, my advisor, 

spent countless hours discussing with me everything from the nature of the individual in 

Tolstoy’s War and Peace to baseball prospects to the difficulties of practicing zooarchaeology. 

His emphasis on thinking about anthropological social facts (e.g., “domestication” or “the state”) 

as “concept-metaphors” has been a major influence on my thinking and has found its way into 

this dissertation under the nom de guerre “abstraction.” Many other faculty members in the 

Department of Anthropology at Harvard University have entertained my desire to talk about 

pigs, social classes, and anthropological theory. I especially want to thank Karl Lamberg-

Karlovsky, Matt Liebmann, Christian Tryon, and Gary Urton for their sage advice over the years. 

I should also thank the generous sources of funding I received in support of this project: the 

National Geographic Society, the Smithsonian Institution, the National Science Foundation, and 

the American Schools of Prehistoric Research. In particular, I want to thank Chris Thornton at 

NGS, John Yellen at NSF, and Mindy Zeder at SI for guiding me through the granting process.  



 
 
 

xv 

 My inspiration for this project developed from a series of conversations I had on what 

turned out to be a very heady trip to England and Scotland in the summer of 2011. On that trip, I 

was fortunate enough to pick the brains of the top pig scholars in the UK: Keith Dobney, 

Umberto Albarella, Greger Larson, and Peter Rowly-Conwy. I especially want to thank Keith for 

stopping by Cambridge on his way to the SAAs to talk with me about pigs and for encouraging 

me to think about pig-human relations after domestication. Many of the UK crowd have since 

moved on to dogs, but I know they have their priorities straight when it comes to their favorite 

multiparous domesticate. Later, I was lucky enough to talk with pig scholars from continental 

Europe: Jean-Denis Vigne, Anton Ervynck, Thomas Cucchi, and Allowen Evin.   

 This research included trips to a number of collections in the United States and beyond. 

Although daunting at first, it gave me the opportunity to meet a variety of wonderful people. 

Melinda Zeder and Teresa Hsu facilitated my research at the Smithsonian Institution. Mindy was 

more than happy to share with me her expert advice on pigs, an animal she has long thought 

about, as well as other zooarchaeological topics. Hannah Lau, Sarah Kansa (remotely), Elizabeth 

Carter, and the staff of the Kahramanmaraş Archaeology Museum provided access to the 

Domuztepe material during an exciting week of site tours, last-minute airport runs, and a lot of 

tavuk şiş. Helen McDonald and Gil Stein made my trip to the Oriental Institute in Chicago a 

success. Working in the same lab in which I first learned the artistic science of zooarchaeology 

was both nostalgic and a bit jarring. Bill Simpson and Ken Angielczyk at the Field Museum let 

me work on the Jarmo material not once, but twice. At Harvard, Ajita Patel and Richard Meadow 

kindly set me up with the Leilan material. I am extremely grateful to all of them for making the 

data collection phase of my research productive and enjoyable. 



 
 
 

xvi 

 I also had the pleasure to learn methods from several top scholars – who all turned out to 

be patient teachers and kind human beings. Chris Schmidt at Indianapolis University showed me 

the ropes on dental microwear analysis. Thomas Cucchi and Allowen Evin gave me instructions 

in geometric morphometrics during two trips to France. Grâce à vous deux, je suis au moins un 

peu competént en GMM et R. Merci. Robert Ackert at the Harvard University Multi-user lab 

provided a home base at Harvard University, and generously purchased sodium polytungstate so 

that Sadie Weber and I could look for old food in pig teeth. Finally, I would not have been able 

to navigate the intricacies of travel, applications, and figuring out how to format my dissertation 

without the Harvard Anthropology support staff – Marianne Fritz, Monica Munson, Gilmore 

Tamny, Karen Santospago, Andrew Cepeda, Monique Rivera, Judith Butler-Vincent, Susan 

Farley, Karen Crabtree, and Cris Paul. Special thanks to Karen Crabtree for guiding me through 

the Harvard grant bureaucracy and to Judith for all the chocolate she’s given me over the years.  

 Several friends and colleagues have helped me better approach my dissertation. Sarah 

and Eric Kansa helped me publish my dissertation data on Open Context, burning the midnight 

oil to put the data online the night before my defense. Dan Cervone attended middle school, high 

school, college, and graduate school with me. I want to thank him for all his advice on statistics 

and for teaching me how to throw a curveball. Peter Burns has talked to me at length about pig 

husbandry in New England. Chris Valenti, a former student, took me deer hunting in September 

of 2015 and gave me a new appreciation of human-animal relations. Louie Grant kindly offered 

his artistic skills to draw images of different pig husbandry practices. I should also thank the 

2012-2014 Detroit Tigers. They taught me, on the one hand, about the futility of effort and, on 

the other, about the fleeting nature of life’s disappointments.  



 
 
 

xvii 

 Numerous colleagues, friends, and mentors have been sources of strength and 

camaraderie in the trenches. Their friendships have made the whole process of graduate school 

and dissertation writing worth repeating: Ari Caramanica, Yitzchak “Fritz” Jaffe, Noa 

“[censored]” Corcoran-Tadd, Jeff  “Is that Max?” Dobereiner, Bridget “Alex” Alex, Nat “Nerb” 

Erb-Satullo, Jesse Wolfhagen, Ben Arbuckle, Hitomi Hongo, Abbas “Cyber-Marx” Jaffer, Kate 

Grossman, Ajita Patel (who invented the nickname “Porky Bastard”), Sam “Is that Max?” Harris, 

Lauren “Cukes” Santini, Josh Walton, Cheryl Makarewicz, Janling Fu (who calls me 

“Maxilicious” for reasons I don’t quite understand), Tate Paulette, Morag “Mo” Kersel, Bastien 

Varoutsikos, Erik Otárola-Castillo, Yorke “Yo” Rowan, Chad Hill, Levent Atici, and Sadie 

Weber. There are too many stories, too many incriminating facts, to go into more detail. But I 

need to give special thanks to Sadie Weber for analyzing the pig starch grains and to Sam Harris 

for letting me stay with him, his wife, and his goofy greyhound in Chicago when I messed up my 

AirBNB reservations. Sam also played the role of the older-brother-I-never-had during a 

stressful two weeks in Erbil in 2014. Toby talked to me at length about pig teeth even though he 

was studying for dental school. Kate Grossman deserves special thanks because she spent untold 

hours teaching me to identify bones in the Zooarchaeology Laboratory at the University of 

Chicago in 2008-2009. Kate also taught me the ins and outs of mudbrick excavation at 

Hamoukar in 2010. Although she has now completed the transition from mentor to friend, it is 

impossible for me to forget that I could not be here without her guidance. I would also be remiss 

if I did not thank: Yitzchak for cycle-kvetching; Jeff for being Jeff – adding a dose of comedy to 

every moment of graduate school life; Ari for yelling at my basketball team after we got crushed 

in the playoffs; Erik and Jesse for the war-room sessions; Bridget for introducing me to TBC; 



 
 
 

xviii 

and Noa for adventures in esoterica and being the only person I can talk to about Thomas 

Pynchon.  

 Lastly and (sorry everyone else) most importantly, I want to thank my family, especially 

my wife, Jessica Price, and my parents, Ann and Lawrence Price. Without their unwavering 

support over the years, I can’t imagine where I would be. Emotional support aside, my parents 

deserve most of the credit for my intellectual development, giving me years of encouragement 

and advice. My sister, Laura, also played a major role in that development. She convinced my 

mother to take us to see the 1995 film Babe, an event that forever changed my perspective on 

pigs, secondary products, and smallholder production. I also must mention my grandfather, 

Philip Price, who can be credited with launching my interest in contrarian history by telling me 

on the eve of my Bar Mitzvah that “religion starts all wars.” Jess, meanwhile, did not let me 

forget that “toute oppression crée un état de guerre.” Conversations with her made me rethink 

the pig data in terms of feminist social theory (after all, ethnographic sources suggest that pig 

husbandry is often the domain of women). Although most of those passages did not find their 

way into the final version of this dissertation, they nevertheless filled countless back pages with 

musings. Jess has remained a constant source of inspiration, love, and a series of texted pictures 

of our darling hamster, Coin. She also had the dubious honor of helping me copy-edit this 

dissertation. I hope she is the caught all the typos. 

 All of these people deserve credit for what you are about to read. I don’t have space to 

thank them enough, nor all the countless others who have helped me along the way. Without 

offending those who bristle at such jokes, I would like to pun this into perspective: I didn’t want 

to boar my readers with the details, but I would have felt Sustained gilt if I mast the opportunity 

to th-oink my mentors and friends, many of whose ideas I have barrow-ed. Sow, I stied focused 



 
 
 

xix 

on a few and tried to give them their proper treif-ment without wallowing in the specifics. It was 

a difficult tusk to pen the words. My expressions of gratitude might be sloppy, and certainly fall 

shoat, but my gratitude is no less frank. 

 
 



 
 
 

1 

 – INTRODUCTION TO PIGS AND POWER  CHAPTER 1

 
 The story of the pig (Sus scrofa) in Middle Eastern societies is a topic that has fascinated 

scholars for generations. Their interest has been fueled, in part, by the polarized relationships the 

people of the Middle East have maintained with this “contrarian domesticate” (Zeder 2007: v). 

How did millennia of human-porcine relations transform the wild boar into the domestic pig? 

Why did pork become taboo? There have been numerous attempts in anthropology to answer 

these questions (Frazer 1890; Coon 1951; Flannery 1961; Simoons 1961; Douglas 1966; Diener 

& Robkin 1978; Flannery 1983; Harris 1989 [1974]; Hesse 1990; Zeder 1991, 1996; Hesse & 

Wapnish 1998; Hongo & Meadow 1998; Redding & Rosenberg 1998; Hesse & Wapnish 2000; 

Ervynck et al. 2001; Larson et al. 2005; Albarella et al. 2006; see also Lion & Michel 2006a; 

Albarella et al. 2007a; Larson et al. 2007a; Helmer & Gourichon 2008; Vigne et al. 2009; Evin 

et al. 2013; Marom & Bar-Oz 2013; Sapir-Hen et al. 2015; Vigne 2015). Yet there has been 

considerably less effort to understand the period between domestication and taboo. To address 

this gap, I seek to identify long-term changes in pig husbandry in northern Mesopotamia during 

the development of complex societies, i.e., those defined by specialization and inequality (7th-3rd 

millennia BC).  

 I develop two questions. The first is: when and how did pig husbandry (or management) 

practices change? The second question is: why? In particular, was there a correlation between the 

emergence of complex societies in the region and pig husbandry change? If so, did pig 

husbandry change as a result of class conflict between smallholders and elites, something that 

has been documented by historians in other parts of the world and hypothesized for the Middle 

East? I show how data derived from the bones and teeth of pigs reflect various types of 

husbandry practices and I apply zooarchaeological methods to detect them at 11 northern 
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Mesopotamian sites. I conclude that smallholders increasingly penned, provided food, and 

controlled the breeding of their pigs – i.e., intensified husbandry – in the Late Neolithic (6th 

millennium). From that point on, pig husbandry practices remained relatively unchanged, even 

though the 5th-3rd millennia were defined by massive sociopolitical developments that directly 

impacted how and why food was produced.  

 My research questions derive from two observations made by previous scholars. First, pig 

husbandry intensified in the Middle East at some point after domestication. Pigs were 

domesticated in the 8th millennium BC under extensive conditions: humans placed few 

restrictions on how pigs obtained food, mated, and moved about (Redding & Rosenberg 1998; 

Ervynck et al. 2001). The fact that the first domestic pigs may not have spent much time in a pen 

may seem counter-intuitive to some readers, but the data in this dissertation back up that 

reconstruction. Textual evidence from much later, however, suggests that pigs were penned and 

fed cereals or organic waste (Englund 1995; Lion & Michel 2006b; Owen 2006; Van Koppen 

2006). When did this shift occur? Documenting the timing of this transition as well as other 

forms of husbandry change will shed light on the evolving nature of human-animal relations in 

the post-domestication period (e.g., Zeder 1994a; Arbuckle 2006; Drew 2010; Greenfield 2010). 

The notion that animal husbandry practices and phenotypic adaptation to husbandry were static 

in the millennia following domestication simply does not hold water. The relationships between 

domestic animals and human societies have long and winding histories. 

 Pig husbandry has become something of a zooarchaeological topic à la mode. There are 

now, for example, “ethnozooarchaeological” studies of pig husbandry (Albarella et al. 2011; 

Halstead 2011; Hadjikoumis 2012) as well as investigations into the causes and consequences of 

changing husbandry practices (Albarella 2004; Ervynck et al. 2007; Drew 2010). These latter 
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studies, which focus primarily on Europe, have relied on multiple lines of evidence to reconstruct 

pig diet, mobility, and reproduction patterns in relation to environmental and sociocultural 

variables. Little attention, however, has been paid to pig husbandry in the Middle East. While 

several important studies have made observations about pig husbandry change in the region, they 

have done so using a limited number of sites and single variables: e.g., age-at-death (Lemoine et 

al. 2014), linear enamel hypoplasia (Dobney et al. 2007), and dental microwear (Vanpoucke et al. 

2009). No one has systematically investigated the long-term changes in husbandry during the 

millennia following domestication. As Peter Rowley-Conwy and colleagues (2012: 34) recently 

declared, “[i]t is not known when pigs in any region began to be stall-fed.” Answering this 

question in northern Mesopotamia, the region in which pigs were first domesticated, will help 

untangle the complicated, often contradictory, relationships between human societies and pigs in 

the Middle East. 

 The second observation on which this dissertation is based is that pig husbandry is 

uniquely suited for smallholders living in complex agricultural societies and that, in the ancient 

Middle East, pig husbandry was not controlled by elites in the way that sheep, goat, and cattle 

husbandry practices were (Diener & Robkin 1978; Hecker 1982; Mudar 1982; Redding 1991; 

Postgate 1992; Zeder 1996, 1998b). Pigs reproduce and grow rapidly, thrive in small spaces, and 

can subsist on household waste. They are highly adaptable, even when impoverishment threatens 

their owners. Pigs were a resource that smallholders could rely on in periods in which elites 

controlled the other means of agricultural production and when slight variations in rainfall or rent 

could determine the difference between survival and starvation (Scott 1976). These facts make 

archaeological studies of pig husbandry ideal for examining how “the other half” of northern 

Mesopotamian society lived and how it reacted to socioeconomic change (with apologies to Riis 



 
 
 

4 

1890). Indeed, several scholars have hypothesized that the emergence of complex societies 

inspired smallholders to use pig production as a countermeasure to exploitation (Diener & 

Robkin 1978; Wattenmaker 1987; Falconer 1995; Zeder 1996, 1998b, 2003). As I discuss in the 

next chapter, smallholders may have intensified pig husbandry as a form of what James Scott 

(1985, 1990) has labeled “everyday resistance.”  

 The title of this dissertation is intended as a tribute to the scholarship of Sidney Mintz, 

who died at the age of 93 in December of 2015. In Sweetness and Power (1985), Mintz 

conducted a diachronic investigation of the ways in which sugar production and consumption 

redefined class relations during the birth of modern Europe. In the same way, this dissertation 

seeks to elucidate the role of pork in the definition and reproduction of Mesopotamian 

socioeconomic classes at their origins. In both Mintz’s study and my own, a particular food 

product developed a social life beyond that of merely providing calories. Although, in the end, 

sugar appears to have had a more demonstrable impact on class relations in modern Europe than 

pork in pre- and early historic Mesopotamia, I honor Mintz’s legacy by replicating his 

methodological modus operandi.  

 Like Mintz’s research, the theoretical structure of this dissertation derives primarily from 

a Marxist framework, as well as from the writings of James Scott. A Marxist framework is not a 

theory in the sense of being testable, but rather a lens though which to understand the intricacies 

of class relations. Class relations constitute one aspect of complex societies. Like any other 

theoretical framework, Marxism is an “entry point” into the past; it complements rather than 

contradicts other approaches, such as feminism, agency, and structuralism (McGuire 1992: 86). 

Because zooarchaeology studies everyday food waste, it provides a relatively impartial method 

for analyzing past class conflict. In fact, even in well-documented periods, zooarchaeology has 
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revealed the silenced histories of subordinate social groups, such as lower class Jews in medieval 

Europe and African-American slaves in the Antebellum South (Ijzereef 1989; Young 1997; 

Thomas 1998). Ancient Mesopotamian smallholders are another group that has been silenced. 

They wrote no texts, lived in modest structures, and were buried without large accumulations of 

grave goods. As a result, archaeologists and Assyriologists know relatively little about them. 

Nevertheless, their stories deserve to be told. Zooarchaeology provides the means for 

smallholders take center stage, alongside their pigs, in this dissertation.   

  

1.1 The Chapters in This Dissertation 

 This dissertation contains nine additional chapters.  

 Chapter 2 lays out the theoretical framework. I delineate the relationship between pig 

husbandry and social class, and then discuss five key terms: (1) social complexity, (2) 

socioeconomic class, (3) smallholders, (4) everyday resistance, and (5) intensification.   

 Chapter 3 provides an overview of the social and environmental contexts. I focus on how 

environment, agriculture, and societies changed in northern Mesopotamia from ca. 6500-2000 

BC. In contrast to environmental-determinist positions, sociopolitical and other cultural factors 

were primarily responsible for the prevalence and types of pig husbandry in the region.  

 In Chapter 4, I outline porcine biology and behavior. This chapter serves as a base upon 

which to understand different husbandry practices. In Chapter 5, I introduce the intensive-

extensive spectrum for categorizing ethnographic and historical examples of pig husbandry. I 

define five general types: free-ranging, urban scavenging, swine herding, sty-raising, and 

industrial-scale stall raising. In the second part of the chapter, I address how and why pig 

husbandry practices change and how zooarchaeologists can detect these changes. 
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 Chapter 6 details the specific methods for reconstructing pig husbandry practices. Most 

of them focus on dental remains. Many of them are redundant in order to provide multiple lines 

of evidence and to mitigate some of the uncertainties that accompany archaeological 

reconstructions.  

 Chapter 7 introduces the 11 sites I analyze, one of which is the Epipaleolithic site of 

Hallan Çemi, which I use as a control. I outline previous archaeological and zooarchaeological 

scholarship and lay out a set of expectations for each site in terms of pig husbandry.  

 Chapter 8 presents the results of the analyses at each site. Chapter 9 summarizes trends 

in the data and provides a diachronic reconstruction of pig husbandry in the region. These results 

are necessarily hypothetical; they suggest that pig husbandry intensified in the late 7th or 6th 

millennium, but did not change significantly after that time.  

 The lack of evidence for husbandry change in the 5th-3rd millennia is at odds with some of 

the theoretical connections drawn between pig husbandry and socioeconomic class in the 

introductory chapters. I discuss two issues in Chapter 10. First, pig husbandry was but one facet 

of class relations in northern Mesopotamia, and the results of the dissertation suggest it may not 

have been as determinative as sometimes portrayed. Future studies of class conflict, however, 

should continue to explore the role of food. In the ancient Middle East, better concentration on 

household archaeology in the 3rd millennium and later will help make these studies possible. 

Second, this study emphasizes that zooarchaeologists should focus more on animal husbandry in 

the later Neolithic (Pottery Neolithic and the Halaf). Understanding the long-term evolution of 

agriculture between its origins and the emergence of complex societies should form a more 

coherent research agenda. 
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 –THEORETICAL FRAMEWORK AND TERMINOLOGY  CHAPTER 2

When ancient opinions and rules of life are taken away, the loss cannot possibly be 
estimated […] Along with its natural protectors and guardians, learning will be cast into 
the mire and trodden down under the hoofs of a swinish multitude (Burke 1993 [1790]: 
78-79). 

 
2.1 Pigs and Socioeconomic Class 

 In the early 1840s, a young Friedrich Engels related his observations of the working class 

neighborhoods of Manchester, England.1 Describing the almost inhospitable living conditions 

there, he noted: 

[T]he filth, debris, and offal heaps, and the pools in the streets are common to both 
quarters, and in the district now under discussion, another feature most injurious to the 
cleanliness of the inhabitants, is the multitude of pigs walking about in all the alleys, 
rooting into the offal heaps, or kept imprisoned in small pens (Engels 1978 [1845]: 583). 

 
Pigs, for Engels, were symptomatic of the poverty and misery that capitalist industrial society 

had produced. In fact, Engels’ concerns about the filthiness of keeping pigs in urban areas 

betrayed his upper-class upbringing. In Western cities in the 19th century, well-to-do residents 

continually butted heads with members of the working class over raising pigs. Like Engels, 

bourgeois urbanites complained about the unpleasant odors and health risks associated with pig 

husbandry, often enlisting the support of sanitation and health commissioners to banish hogs 

from cities (Strasser 1999: 29-30; McNeur 2011).  

 In New York City, a series of struggles over urban pig husbandry played out in the early 

19th century. Perhaps the best example was the so-called “Piggery War” of 1859. For decades, 

official attempts to shut down urban pig-keeping and offal-processing had been thwarted by 

violent protestors. But in the summer of 1859, the city readied itself to ban pigs for good, using a 

recent cholera outbreak as casus belli. A force of 87 armed police officers raided the uptown 
                                                
1 This formed the subject of Engels’ first major work, The Conditions of the Working Class in 
England in 1844. 
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piggeries and offal-boiling establishments (the area that is today the southern part of Central 

Park), rounded up the pigs, and arrested their owners (New York Times 1859; Malcolmson & 

Mastoris 1998: 40-44; McNeur 2011).2 

 At stake in the Piggery War was not simply a cheap and tasty food source. Although 

Engels presented pig husbandry as a last resort of the lower classes, the reality was that the pigs 

gave the urban poor an opportunity to resist economic domination. Pigs represented one of the 

last forms of exchangeable goods that working-class citizens could produce for themselves in an 

emerging capitalist economy that valued them only for their labor. Pigs were a means of earning 

additional income and New York pig farmers and offal-processers were able to achieve modest 

livings. In a period in which urban households increasingly relied on purchased food rather than 

raising it themselves, pigs remained a viable source of independent food production and 

contradicted the dominant class’ monopoly over the means of production. Pigs, in other words, 

were not only a threat to upper-class sensibilities, but also to their capitalist economic ideals 

(McNeur 2011). In this sense, urban pig husbandry was a form of resistance to capitalist attempts 

to monopolize the means of production, and it is perhaps for this reason that, on the one hand, 

the proletariat fought so hard to keep its pigs and, on the other, that conservatives like Edmund 

Burke equated revolutionary lower classes with swine.   

 Pigs lay at the center of episodes of class conflict in the 19th century due, in part, to their 

ability to reproduce rapidly, thrive on household refuse, and live in backyard sties or roam 

streets. These qualities make pork production ideal for smallholders – family-based intensive 

agriculturalists with relatively small assets (Netting 1993; Lemke et al. 2008) – as development 

economists have begun to realize (e.g., Lemke et al. 2008; Dietz 2011; Madzimure et al. 2012). 

                                                
2 Ethnic differences also played a large role in this conflict. The main pig-keepers in New York 
were Germans, Irish, and African-Americans (Dennis 1984: 53; McNeur 2011).  
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Pigs thrive in rural and urban environments where organic refuse is abundant and space limited. 

Pigs are therefore potentially important elements of political economies, especially in those 

contexts in which the control of food and agriculture by elites is a prominent feature. Northern 

Mesopotamia in the 7th-3rd millennia BC represents one such context.  

 The association between pig husbandry and socioeconomic class in the ancient Middle 

East has become the focus of an increasing collection of scholarship since the 1980s. Paul Diener 

and Eugene Robkin (1978) wrote the first major paper on the topic in Current Anthropology. The 

authors sought to reassess the origins of the pork taboo, which Marvin Harris (e.g., 1989 [1974]: 

35-61) had argued stemmed from the alleged biological unsuitability of pigs to Middle Eastern 

environments. In arguing their case, Diener and Robkin built on a theory posited by James Frazer 

(1890: 304-311) that pigs, while originally a sacred animal representing fecundity, became 

perceived as being dirty and dangerous to social integrity. Diener and Robkin argued that:  

 Pigs fit so ideally into local systems that they render peasant villages dangerously rich 
and autonomous; they provide a local standard of living which leads to a diminution of 
tax and tithe (Diener & Robkin 1978: 501, emphasis added).  

 
As an explanation for the origin of the pig taboo, Diener and Robkin’s (1978) thesis is perhaps 

simplistic. In particular, it neglects the role of instrumentalism in the process of ethnogenesis 

(Barth 1969). However, their point that pig husbandry ran counter to institutional control has 

become inspiration to many zooarchaeologists. These scholars have used the relative abundance 

of pig bones at rural sites to support hypotheses about the degree of integration into an urban 

economy – i.e., more pigs equals less integration (Wattenmaker 1987; Hesse 1990; Redding 

1991, 1992; Falconer 1995; Zeder 1996; Hesse & Wapnish 1998; Zeder 1998b; Hesse & 

Wapnish 2000; Redding 2015). For example, Melinda Zeder (1996) argued that fluctuations in 

pig remains over the Bronze and Iron Ages (ca. 3200-700 BC) at Tell Halif in southern Israel 
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reflected variations in the settlement’s relationship with the nearby centers of Tell el-Areini and 

Tell Arad.  

 Zooarchaeologists have also extended Diener and Robkin’s (1978) hypothesis to cities 

(Mudar 1982; Redding 1991, 2015; Zeder 1991, 2003), arguing that pig bones reflect a lack of 

institutional control over urban economies within the walls of the cities themselves. The 

evidence marshaled in support of this argument is two-fold. First, there is the relative paucity of 

pigs compared to other livestock in the economic texts of the ancient Middle East (Ellis 1974; 

Postgate 1992: 166-167; Zeder 1994b; Sharlach 2004). In northern Mesopotamia, for example, 

3rd -millennium texts from Tell Beydar (Van Lerberghe 1996b) and Ebla (Archi 1993, 2003) 

rarely mentioned pigs – and when they did, it was only to discuss how much pig fat was needed 

to clean wool. The lack of textual reference is perhaps surprising given the fixation on animal 

husbandry. It also contrasts with the zooarchaeological evidence for an increase in the proportion 

of pork in the diet of northern Mesopotamians at that time (Chapter 3).  

 It is important to stress that pigs were not entirely absent from textual records. Although 

missing from the small textual corpus of third millennium northern Mesopotamia, several 

institutional documents discuss pig husbandry in the 4th through 2nd millennia BC in greater 

Mesopotamia (Englund 1995; Dahl 2006; Foster 2006; Lion & Michel 2006b; Owen 2006; Van 

Koppen 2006). There are, for example, 1,871 references to pigs (šah2) in the Cuneiform Digital 

Library Initiative’s database (http://cdli.ucla.edu/), the majority of which are from administrative 

documents. Nevertheless, these numbers pale in comparison to mentions of sheep (udu, 41,878), 

goats (maš2, 18,147), and oxen (gu4, 29,026). 

 The second piece of evidence is the negative association between pig remains and elite 

contexts. Karen Mudar (1982) was the first to make this connection in Mesopotamia. In her 



 
 
 

11 

analysis of mid-late 3rd millennium Tell al-Hiba (ancient Lagash) in southern Mesopotamia, she 

found a smaller relative abundance of pigs in the temple areas of the site than those of the non-

elite residential areas (8% vs. 18%). In the same year, H. M. Hecker (1982) published an article 

that showed similar patterns in Egypt. Richard Redding (1991, 1992, 2015) studied the Egyptian 

cases in more detail and agreed with the assessment that pig production was a household-level 

activity beyond elite control (e.g., Redding 2015: 350). Most germane to this dissertation, 

however, is Zeder’s (2003) work on the late 3rd millennium Tell Leilan fauna, which will be 

discussed in greater detail in this dissertation. Zeder (2003: 171) showed that the relative 

abundance of pig remains was higher in the lower town of Leilan than on the acropolis (ca. 50% 

compared to ca. 35%). A similar pattern was found at Tell Arbid (Piatkowska-Malecka & 

Smogorzewska 2010). As the lower town was ostensibly where non-elite residents lived, the 

Leilan data corroborated an urban application of Diener and Robkin’s (1978) hypothesis.  

 The question asked by this dissertation is: if pigs were a part of the agricultural package 

that were not easily incorporated into institutional economies, did pig husbandry serve as a 

means of resisting incorporation into these economies? In other words, rather than being a 

reflection of the state of economic integration, pigs may have been tools of smallholders’ agenda 

to limit the spread of elite control. Does smallholder resistance broadly explain changes in pig 

husbandry in the millennia after domestication? If so, a zooarchaeological study of pig remains 

should be able to detect changes in how pigs were managed in relation to the development of 

complex society. A lack of change in pig husbandry, on the other hand, could suggest that pigs 

were not as important for class relations in Mesopotamia as they have been made out to be.  
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2.2 Theoretical Framework and Terminology 

 The focus of this study is on animal husbandry change – a facet of agricultural change, 

more broadly – and its relationship to evolving class politics. There is a sizable amount of 

literature on these topics in anthropology and other disciplines, and it is not my intention to 

summarize it all here. Instead, I define and discuss five core concepts: (1) social complexity, (2) 

socioeconomic class, (3) smallholders, (4) everyday resistance, and (5) intensification.   

 
2.2.1 Social Complexity 

 Social complexity is often ill-defined despite its common usage in archaeological studies 

(McGuire 1983: 93; Chick 1997: 292). Social complexity involves two processes: differentiation 

and integration (Fried 1967; Flannery 1972; Johnson 1973; Blau 1977; Yoffee 1979; McGuire 

1983; Feinman & Neitzel 1984; Wason 1994; Arnold 1996; O'Shea & Barker 1996; Yoffee 

2005; Verhoeven 2010). Differentiation is the process by which people adopt specialized 

socioeconomic roles beyond those defined by age and gender categories. Moreover, in all 

complex societies, groups of people are ranked in terms of their access to economic and political 

power. Finally, integration, especially ideology, keeps the differentiated system together.  

 

2.2.1.1 Differentiation  

Differentiation involves specialization and inequality. Specialization is the “differential 

participation in specific economic activities” (Costin 1991: 43).3 It is the process of increasing 

social interdependence for goods through the medium of exchange (Rice 1981; Costin 1991; 

                                                
3 For a discussion of the definitions of specialization, see (Evans 1978; Rice 1981; Brumfiel & 
Earle 1987; Costin 1991; Clark 1995; Flad & Hruby 2007). Although specialization is production 
for exchange, it must be separated from the production of commodities. Commodities, in 
addition to being produced for the purpose of exchange, must also be alienable – the producer no 
longer has any claim on the commodity.  
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Flad & Hruby 2007). Specialization can lead to a division of labor in which individuals and 

groups obtain economic roles in society beyond those based on gender and age categories. 

According to Durkheim (1984 [1893]), the division of labor creates “organic solidarity,” or the 

automatic generation of social cohesion through the inter-dependence of specialized groups.  

If specialization describes socioeconomic differentiation along a horizontal axis, 

inequality describes it along a vertical axis. The ranked groups that comprise complex societies 

are not based solely on age or gender, but on several other social identity axes as well; Berreman 

(1981: 12-17) distinguishes status groups, classes, and castes. These groups overlap to some 

extent. Status groups, as Max Weber defined them, differ with respect to access to political 

power and social prestige, while socioeconomic classes and castes are manifested in terms of 

access to wealth (Weber 1946). Castes differ from classes in that they are defined more by 

“intrinsic” factors (e.g., kinship lineage, parentage, or skin color) than “extrinsic” factors (i.e., 

wealth) (Berreman 1981: 14-15). In this dissertation, I focus primarily on socioeconomic class, 

although I recognize that caste-like and status groupings probably also defined the social 

structure of ancient Mesopotamian societies at various times and places. 

Differences in status exist in all societies, including so-called “egalitarian” societies. 

However, it is only in complex societies that elites exert control over production, consumption, 

and distribution (Price & Feinman 1985; Clark & Blake 1994; Wason 1994; Kelly 1995). In 

other words, the existence of classes and castes are definitive of the typical anthropological 

notion of a complex society. In this way, specialized production is linked to inequality. Because 

exchange (of commodities, gifts, or taxes) is critical to specialization (Flad & Hruby 2007), 

production can shift from being geared towards the immediate satisfaction of wants to the 

satisfaction of future wants, creating a situation that leads to the generation of surplus and the 
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enlistment of surplus labor (Steward 1949: 11; Fried 1968; Rice 1981; Brumfiel & Earle 1987; 

Rice 1991; Hastorf 1993: 12-13; Earle 1997; Hayden 2001; Trigger 2003; Stanish 2004; Hayden 

& Villeneuve 2010). Elites can appropriate surplus labor directly by taking on managerial roles 

or by financing attached craft specialization (Brumfiel & Earle 1987; Lewis 1996; Stanish 2009). 

In these cases, they own the labor of their workers. Alternatively, elites can indirectly 

appropriate surplus labor by asserting control over distribution and consumption (Polanyi 1957; 

Brumfiel & Earle 1987; Earle 1996, 1997). Specialization is therefore entangled with inequality; 

it provides the conditions of possibility for the creation of appropriable surplus while also 

providing the means through which surplus labor can be appropriated and thus used to reproduce 

and expand existing inequalities (Marx 1978 [1867]: 344-361). 

 

2.2.1.2 Integration and Ideology 

 Integration is the “centripetal” force that keeps differentiated social systems intact 

(Yoffee 1979: 21). Integration is a balance between coercion and consent (Price & Feinman 

2010: 4). Physical or economic force are two methods for coercion (Weber 1946 [1919]; 

Althusser & Balibar 1970; Mann 1986). However, the use of force must be socially-sanctioned 

and legitimate, according to Weber (1946 [1919]). In other words, there must be consent.  

 Ideology is one of the most important ways in which social inequality is made consensual 

(Gramsci 1971; Scott 1990: 45-69; Maisels 2010: 5). The term encapsulates the norms, mores, 

and implicit forms of knowledge. According to Slavoj Žižek (1989), ideology presupposes itself 

by eliminating practical awareness of itself in its reproduction; ideology is “reality itself which is 

already to be conceived as ‘ideological’ – ‘ideological’ is a social reality whose very existence 

implies the non-knowledge of its participants as to its essence” (Žižek 1989: 21, emphasis in 
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original). That is to say, ideology masks itself and, as such, cannot be conceived of as simply a 

tool of the elites, per se, although ideology serves their interests. Ideology is more like a puppet-

master that uses elites and non-elites, without whom it could not exist, as tools for its own 

reproduction.  

 Ideology meets objective reality on a cold frontier. Indeed, social change can be said to 

occur as a result of the contradictions between people’s observations of the social and natural 

worlds and the idealized version of that world (see Comaroff & Comaroff 1991: 1-48). These 

anti-ideological observations are often made possible through alternate, non-dominant 

ideologies. In fact, several competing ideologies are often present in a society, even if one form 

is dominant (Scott 1990: 108-135). Ritual, religion, education, and art are all examples of media 

through which the dominant ideology is reproduced and challenged (Turner 1967; Gramsci 1971; 

Therborn 1980; Mann 1986; Yoffee 1993; Althusser 2001 [1970]). The complex societies of 

northern Mesopotamia, which lacked the military and police forces to effect much coercion 

(Cooper 2010; Richardson 2012), depended heavily on these media to reproduce ideological 

forms of social integration.  

The integration of existentialism, psychoanalysis, and sociology into neo-Marxist 

theories, such as those of Louis Althusser, Theodor Adorno, Antonio Gramsci, and Herbert 

Marcuse, has provided a framework for understanding how the dominant ideology sets the 

conditions for exploitation by molding individual identity and consciousness. Ideology creates 

the “spontaneous consent” that allows for what Gramsci (1971) called “hegemony.” Again, it is 

important to recognize that although ideology benefits those in power, elites themselves are no 

more unaware of it than non-elites. In fact, because the dominant ideology serves their interests, 

elites are not confronted with a reality to contradict it. It is easy to accept, for example, an 
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ideology that righteousness leads to material happiness when one is prosperous; it is more 

difficult when one is near the brink of starvation. For that reason, James Scott (1990: 77-85) 

rejects the “false consciousness” of the subordinate members of society as a myth propagated in 

the minds of a society’s dominant members. Indeed, for Scott (e.g., 1990: 27), dominant 

ideologies necessarily create subordinate ideologies, the latter of which reside in the “hidden 

transcript” and are sources of resistance. 

These theories represent a considerable evolution from Karl Marx, who, in A 

Contribution to the Critique of the Political Economy (1911 [1859]: 11), described ideology as 

the “superstructure” which rested on an economic base. Much has been made of this passage (see 

Hindess & Hirst 1975: 16-17), especially in light of Weber’s argument that ideology makes 

possible certain economic and political situations, not the other way around (e.g., Weber 1978 

[1922]). In fact, it is more appropriate to think of ideology and economy as dialectically 

entangled. Below, I discuss the intersection of ideology and food production and consumption.  

 

2.2.2 Socioeconomic Class 

 The concept of socioeconomic class highlights the fundamental contradictions that lie at 

the heart of any complex society (McGuire 1992: 179). Although social scientists use the term 

“class” frequently, there are various and sometimes contradictory definitions of it (e.g., Cox 

1950; Dahrendorf 1959; Giddens 1973; Marx 1978 [1852]; Weber 1978 [1922]; Berreman 1981; 

Von Dassow 2008: 122-130; Bourdieu 2010 [1984]). These variations hinge upon important 

concepts such as the level of social technology, class consciousness (or practical consciousness), 

and the ability to struggle. 

 For the purposes of this dissertation, I define socioeconomic class as an abstracted rank, 
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independent of age or sex, with respect to the control over the means of production within a 

complex society (cf. Berreman 1981; McGuire 1992: 185). By this definition, socioeconomic 

class is not the only means of determining social status. Indeed, ethnicity, gender, age, and other 

social identities also determine where one stands in the social hierarchy. Max Weber, for 

example, highlighted the social position of Jews in Europe to draw a distinction between class 

and status (Cox 1950: 227). In the 19th and 20th centuries, many Jews attained positions of 

economic power, but that rarely translated into social or political status – indeed, it often fueled 

anti-Semitism (Mosse 1987).  

 By “abstracted,” I mean that a socioeconomic class is a category used to describe a far 

more complicated situation of social relations. An abstraction, which is functionally equivalent to 

the “ideal type” in Weberian terminology (Shils & Finch 1949: 90), is meant to facilitate broad 

comparisons; it should not become fetishized as the explandum of the analysis itself (McGuire 

1992: 153). In addition, the abstraction may not be tightly bound; class designations can shift 

between observers. For example, Thomas Piketty (2014) has recently conducted groundbreaking 

research on the evolution of inequality in the United States and Europe since the late 19th 

century. He (Piketty 2014: 252-254) analytically defined classes according to income centiles – a 

clear nod to the Occupy Wall Street movement, but an arbitrary cut-off nonetheless. The terms I 

employ – “smallholders” and “elites” – are likewise relative and necessarily blurry at the edges.  

 By referring to the control over the means of production, I link the concept of class to 

economic activity and material wealth. This part of my definition entails that classes can, in 

theory, be determined in an empirical and etic fashion based on economic data. That one can 

define class without reference to people’s conscious expressions of it recalls a debate between 

French Marxist anthropologists in the 1970s and 1980s over the nature of classes in small-scale 



 
 
 

18 

societies in West Africa (Rey 1975; Terray 1979; Meillassoux 1981; Resch 1992: 116-119). The 

debate led Emmanuel Terray (1979) to rekindle Marx’s distinction between classes “in 

themselves” and classes “for themselves” (see also McGuire 1992: 180-181). Classes “in 

themselves” are empirically observable, not only with respect to the relationship to the means of 

production but also in terms of lifestyle differences, such as those of speech, dress, food 

preferences and diet, and housing (Bourdieu 2020 [1984]). Classes “for themselves” are both 

empirically observable and act as a coherent whole in instances of class struggle. In between 

these two categories, Anthony Giddens (1982: 162) discusses “class awareness,” which is a 

projection of his notion of “practical consciousness” into the realm of class politics. “Class 

awareness” refers to an implicit understanding that some individuals share common lifestyles, as 

separate from “class consciousness,” in which people construe these differences as constitutive 

of a socioeconomic class. “Class awareness” makes it possible to conceive of classes “for 

themselves” without necessitating that their members consciously define their identities through 

a class structure. Because it is directly relevant to archaeology, it bears mentioning that material 

culture plays a large role in “class awareness.” Classes are reproduced not only in terms of 

controlling production, but also in terms of consumption patterns. Food, in particular, is a major 

means through which class is reproduced (Goody 1982; Mintz 1985; Bourdieu 2010 [1984]).  

 

2.2.3 Smallholders 

 Robert Netting defined smallholders (or “peasants”) as  

rural cultivators practicing intensive, permanent, diversified agriculture on relatively 
small farms in areas of dense population. The family household is the major corporate 
social unit for mobilizing agricultural labor, managing productive resources, and 
organizing consumption. The household produces a significant part of its own subsistence, 
and generally participates in the market, where it sells some agricultural goods as well as 
carrying on cottage industry or other off-farm employment […] Smallholders have 



 
 
 

19 

ownership or other well-defined tenure rights in the land that are long-term and often 
heritable (Netting 1993: 2). 

 
Netting’s exacting definition applies to agriculturalists in both complex and non-complex 

societies. Non-complex societies based on agricultural production, such as those in Late 

Neolithic northern Mesopotamia, are composed almost entirely of smallholders; there are no 

“bigholders” in such societies. Smallholders in non-complex societies belong to what Marshall 

Sahlins (1972: 95) called “the domestic mode of production,” the socioeconomic organization 

that entails self-sufficient households and in which age and gender determine social roles (see 

also Chayanov 1966; Meillassoux 1981; Wolf 1982). Elements similar to those found in the 

domestic mode of production are found among smallholder communities within complex 

societies (e.g., Glavanis & Glavanis 1990; Halstead 2014). However, other factors such as part-

time specialization, participation in markets, taxes, corvée obligations, debts, and inter-

household exchange add “non-domestic” features (Netting 1993: 10). When discussing the 

animal economies of ancient Mesopotamia, it is perhaps best to restrict the domestic mode of 

production to the Late Neolithic in which it defines the entire social milieu.  

 The major difference between smallholders existing in complex society and those living 

in a domestic mode of production is the nature of labor. Alexander Chayanov (1966) argued that 

smallholders organized in a domestic mode of production treat labor (“drudgery”) as a resource 

to be minimized. They have little incentive to produce beyond immediate family subsistence. 

There is considerable debate over Chayanov’s thesis (Harrison 1977; Brush & Turner 1987: 32; 

Netting 1993: 16). However, what is clear is that while drudgery avoidance may play a 

significant role in the domestic mode of production, it is more problematic in complex societies 

in which smallholders are part of larger socioeconomic spheres (Netting 1993: 295-319). It is 

difficult to avoid drudgery when one’s labor and/or the fruits of that labor are appropriated by 
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elites. For example, among recent smallholders in Iran, Kielstra (1990: 32) reports that the 

majority of smallholders were tenant farmers renting land from absentee landlords. These 

smallholders typically relinquished between 30% of their harvest to pay for access to land, water, 

seed, and/or plow animals (Kielstra 1990: 33). Similarly, in the Antebellum and Postbellum 

southern United States, tenant farming and sharecropping contracts tended to stipulate that the 

landowner was owed 1/3 of the harvest (Reid 1976; Royce 1993: 184-195). Almost identical 

levels of harvest appropriation (about 1/3) are known from Mesopotamian texts (Steinkeller 

1981: 127; Adams 2008: 9-10). For these and many other smallholders, participating in complex 

societies entails the acceptance of added work for dubious returns. 

 If smallholders were a class in ancient Mesopotamia, were they a class “in themselves” or 

“for themselves”? In other words, did smallholders act cohesively as a class? Karl Marx 

famously denied French smallholders this role, describing them as conservative, disorganized, 

and historical relics of feudalism.  

The small holding, the peasant and his family; alongside them another small holding, 
another peasant and another family. […] In this way, the great mass of the French nation 
is formed by simple addition of homologous magnitudes, much as potatoes in a sack form 
a sackful of potatoes (Marx 1978 [1852]: 608).  

 
Engels (e.g., 1978 [1875]) similarly dismissed the idea that smallholders could play an important 

role in social change, and other Marxist thinkers followed suit (see Goodman & Redclift 1981: 3-

10). Even Gramsci (e.g., 1971: 6), for whom the Italian smallholders represented an important 

component of a socialist struggle, contended that they must necessarily play a supportive role to 

the proletariat because of their inherent conservatism and inability to produce “organic” 

intellectuals.  

 The denial of smallholders as an active class in complex society is in keeping with 

Netting’s observation that “[t]he literature of the social sciences generally defines peasants not so 
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much by what they do as by what they don’t do” (Netting 1993: 20, emphasis in original). But 

smallholders can and do act as a class “for themselves,” as peasant revolts and Maoist guerilla 

movements have proven. Moreover, Steven Feierman (1990) has shown, in contrast to Gramsci, 

how intellectuals can emerge and lead class struggle in smallholder communities (for another 

example, see Attwood 1992). Perhaps more critically, James Scott (1985; 1990) has argued that 

the majority of smallholder class struggle takes place behind the scenes, something he has 

labeled “everyday resistance.” 

 

2.2.4 “Everyday Resistance” 

 Perhaps the most widespread form of political struggle is what Scott (1985) calls 

“everyday forms of peasant resistance.” Based on fieldwork conducted in a smallholder village 

in Malaysia, Scott described the subtle forms of class conflict as 

the prosaic but constant struggle between the peasantry and those who seek to extract 
labor, food, taxes, rents, and interest from them. Most forms of this struggle stop well 
short of outright collective defiance. Here I have in mind the ordinary weapons of 
relatively powerless groups: foot dragging, dissimilation, desertion, false compliance, 
pilfering, feigned ignorance, slander, arson, sabotage, and so on. These Brechtian – or 
Schweikian – forms of class struggle have certain features in common. They require little 
coordination or planning; they make use of implicit understandings and informal 
networks; they often represent a form of individual self help; they typically avoid any 
direct, symbolic confrontation with authority (Scott 1985: xvi). 
 

 Scott (1990) views all unequal societies as comprising an “official” and a “hidden” 

transcript. The hidden transcript, which he argues should replace the Marxist concept of a false 

consciousness (Scott 1990: 70-107), is the social venue in which those without power gossip, 

gripe, and otherwise test the rigidity of the dominant ideologies. The hidden transcript is where 
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everyday forms of resistance are fleshed out.4 Everyday resistance is particularly important when 

more direct (violent) forms are unfeasible. It is no wonder Marx found the peasants of France 

politically inert. Their more subtle forms of counteracting political authority ran decidedly 

counter to the calamitous and organized eruptions of class struggle that he promoted. Everyday 

forms of resistance are more in line with Rosa Luxemburg’s (e.g., 2006) notion of spontaneity, 

or uncoordinated and unplanned acts of rebellion. These forms of resistance make smallholders a 

class “for themselves,” but in a way that remains out of the public eye.  

 Everyday resistance is difficult, but not impossible, to track archaeologically. 

Zooarchaeology is a particularly promising method for doing so, as several studies of African-

American slave households in the American South have shown in their discussions of the 

importance of poaching and livestock theft (Howson 1990; Thomas 1998). A question that this 

dissertation seeks to answer is whether pig husbandry was a form of everyday resistance. The 

theoretical connection lies in the “politics of commensality,” or the sentiments of reciprocity that 

surround acts of resource sharing (Dietler 2001). In societies that involve these types of relations, 

presentations of food produce feelings of indebtedness and entail future obligations. Thus, the act 

of consuming shared or gifted food reifies, reproduces, and, at times, challenges the social 

hierarchy (Appadurai 1981; Goody 1982; Dietler 2001: 75-88).5 There are indications that 

                                                
4 In his recent book, Alfredo González-Ruibal (2014: 19-20) defines everyday resistance as a 
form of “resilience.” He reserves the term “resistance” for describing anarchistic opting out (e.g., 
living outside hegemonic oversight), while “rebellion” refers to armed conflicts. Although these 
are important distinctions to draw, I rely on Scott’s original terminology in this dissertation. 
5 The act of providing gifts of food or hosting feasts is not necessarily (and probably rarely is) an 
intentional attempt to grab power or increase social/economic capital. Ideology is a two-way 
street, acting back on elites to justify their behavior to themselves. For example, Dietler (2001: 
76), writing about “empowering feasts,” states: “Although this role [of feast-hosting producing 
social capital] is sometimes fully, or at least partially recognized by the participants, much of the 
effectiveness of this political mechanism derives from the fact that it often entails a kind of 
collective misrecognition or euphemization of the self-interested nature of the practice.” 
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Mesopotamian economies functioned, at least in part, in this fashion, as I discuss in Chapter 3. 

Elites used gifts of food and other staple resources in order to secure social capital and control 

the labor of smallholders by playing off the sentiments of indebtedness and obligation that come 

with gifts (Mauss 2002 [1950]). Meanwhile, they collected food from their dependents, by taking 

a share of their harvests, or by requiring them to work on elite cereal fields or production centers.  

 For reasons discussed in the first section of this chapter, pig husbandry is ideal for 

smallholder production. It is therefore possible that pig husbandry enabled Mesopotamian 

smallholders to avoid falling into relations of dependency at the same time that elites were taking 

control over sheep, goat, and cattle husbandry. Self-sufficiency was one way that smallholders 

could resist being pulled into unequal relations by commensal obligations. Pigs also provided 

smallholders a means to generate their own feasts (cf. Ur & Colantoni 2010), thus creating 

alternate networks of power to mitigate those between them and the dominant class.  

 

2.2.5 Intensification 

Pig husbandry intensification involves increasing control over (1) diet, (2) reproduction, 

and (3) mobility, resulting in greater pork yields. As I discuss in Chapters 4 and 6, these three 

aspects of husbandry have different impacts on pig biology and can be detected archaeologically.  

 (1) Control over diet entails management decisions that impact the quantity and 

availability of certain foods to the animal. The level of control over diet hinges on several 

factors. Providing fodder in the form of grain can be costly to the smallholder, especially in lean 

years or seasons, while failing to fatten animals lowers the meat quality and quantity. If animals 

are taken to pasture or allowed to forage for themselves, care must be taken to prevent them from 

trampling or eating others’ crops, livestock theft, unwanted pregnancies, and poaching, all of 
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which can initiate social conflict.  

(2) Control over reproduction places constraints on breeding, and allows for intentional 

and unintentional trait selection. The recent “improvement” and maintenance of animal breeds 

from the 18th-21st centuries by selective breeding is an example of an extreme degree of control 

over reproduction, but all agriculturalists control reproduction to some degree. Castrating males 

is particularly common and is practiced in almost every form of animal husbandry. Castration 

reduces aggression and encourages docility – and obviously precludes some males from 

procreating.  

(3) Control over mobility determines where domestic animals are able to live and what 

habitats they can exploit. Consequently, control over mobility impacts what types of food 

animals consume and with what populations they breed. Control over mobility is often affected 

by land tenure rights and population density.  

 Pig husbandry intensification is different from plant agricultural6 intensification. Plant 

agricultural intensification is the process of increasing labor against a constant of land (Boserup 

1965; Brookfield 1972, 1984; Morrison 1994, 1996; Allen 2004; Kirch 2006; Morrison 2007; 

Thurston & Fisher 2007; Marston 2011, 2012). The concept is not entirely applicable to animal 

husbandry, where the amount of land is less of a mitigating factor (Thurston & Fisher 2007: 

251). However, like crop intensification, animal husbandry intensification is but one of several 

processes of agricultural change that increase overall production (Brookfield 1972, 1984, 2001: 

184; Turner & Brush 1987; Kirch 1994; Thurston & Fisher 2007; Marston 2012). In fact, 

intensification of pig husbandry involves heavy initial investment of labor and resources (e.g., 

constructing pens), followed by lesser degrees of labor investment over time. This fits better with 

                                                
6 Agriculture, in this dissertation, includes animal husbandry. 
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Brookfield’s (1984) definition of landesque capital investment. 

 

2.3 Chapter Summary 

The goal of this chapter was to provide critical definitions of core theoretical concepts 

that will be employed in the rest of the dissertation. Pig husbandry has been tied to 

socioeconomic class in the ancient Middle East. Specifically, previous scholars have argued that 

pigs, because of their biological and physiological parameters, were more commonly consumed 

by smallholders than elites (Diener & Robkin 1978; Zeder 1996; Hesse & Wapnish 2000; 

Redding 2015). Pigs provided a degree of self-sufficiency for smallholders that other animals 

could not match. Based on these observations, I have hypothesized that smallholders increasingly 

relied on pigs by intensifying production as a means of mitigating exploitation by opting out of 

commensal political relations. The next chapter, which presents a culture history of ancient 

northern Mesopotamia, delineates the emergence of these social structures.  
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 – THE EMERGENCE OF COMPLEX SOCIETY IN NORTHERN CHAPTER 3

MESOPOTAMIA IN ITS ENVIRONMENTAL AND CULTURAL CONTEXTS 

A pig which was about to be slaughtered by the pig-butcher squealed. (The butcher said:) 
"Your ancestors and forebears walked this road, and now you too are walking it, so why 
(?) are you squealing?" – Sumerian proverb7 

 
3.1 Introduction 

 This chapter outlines the environmental and sociopolitical contexts in 7th-3rd millennia 

BC8 northern Mesopotamia. Environmental conditions constrain agriculture, but sociopolitical 

factors were ultimately more influential in determining patterns of pig husbandry. This chapter 

therefore focuses on evidence for specialization, inequality, and centralization, the key 

components of complex society discussed in Chapter 2. Massive sociopolitical change defined 

the 5th through 3rd millennia. Sections 3.5.5 and 3.5.6 describe the socioeconomic and political 

structures of these complex societies and how they patterned the relationships between 

smallholders and elites in northern Mesopotamia.  

 

3.2 The Modern Environmental Context 

 Northern Mesopotamia encompasses the Jazira plain to the south and the foothills of the 

Taurus and Zagros Mountains to the north and east (Buringh 1960; Wilkinson 2003: ch. 2). 

Traversing the landscape, one moves from ca. 200 to 1000 meters above sea level (masl). As a 

general rule, precipitation maps onto elevation. Modern mean annual rainfall varies from ca. 200 

mm in the lowland south to ca. 1000 mm in parts of the Taurus and Zagros foothills (Buringh 

1960: 44; FAO 1966). Rainfall is also highly seasonal: winters are wet while summers are dry. 

Despite its reputation for aridity, northern Mesopotamia falls in the dry agricultural zone (i.e., 

                                                
7 ETCSL translation t.6.1.08 8.a2 (http://etcsl.orinst.ox.ac.uk/proverbs/t.6.1.08.html) (Black et al. 
1998-2006). 
8 All dates are approximate calibrated radiocarbon years BC. 
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agriculture without irrigation). However, year-to-year variation makes dry agriculture risky in 

the southern fringes of northern Mesopotamia, where slight shifts in rainfall can mean the 

difference between famine and a bumper crop (Wilkinson 2003: 16-17; Rosen 2007: 6-8). The 

vagaries of precipitation are mitigated somewhat by the major rivers in the region and their 

tributaries, which create alluvial plains highly suitable for agriculture.  

 Modern natural vegetation patterns follow those of rainfall and elevation. In the southern 

Jazira plain, south of the modern city of Raqqa and west of Erbil, steppic vegetation consisting of 

xeromorphic scrub and grasses predominate. Along the rivers, however, reeds and other riparian 

vegetation predominate. Stands of willow, tamarisk, and poplar are common. Another 

environmental zone, which begins approximately north of Raqqa and east of Erbil, consists of 

woodland-steppes and parklands. The parklands contain various species of grasses as well as 

oak, pistachio, and almond trees. In the higher foothills, deciduous oak forests predominate 

(Miller 1997; Riehl 2008; Deckers & Pessin 2010; Kolinski 2012; Riehl & Deckers 2012).  

 

3.3 Environmental Change in the Holocene until 2000 BC 

 One should not project the modern environment onto the ancient past uncritically. In fact, 

anthropogenic and climate change have significantly altered the landscape throughout the 

Holocene (ca. 9500 BC - present). These changes had important implications for human 

settlement and agriculture. The climate in the Early Holocene (9500-5500 BC) (terminology and 

dates follow Rosen 2007: 70) was wetter than both present-day conditions and the preceding 

Younger Dryas (10,800-9500 BC). Not only was there more precipitation than today, but rainfall 

was less seasonal, perhaps with reliable summer precipitation (Issar & Zohar 2004; Migowski et 
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al. 2006; Rosen 2007: 80). These mild conditions contributed to the development of agriculture 

in the 9th-8th millennia BC after a long period of intensive foraging (Bar-Yosef 2011).   

 The so-called “8.2ka event” brought cooler and drier conditions to SW Asia around 6200 

BC (Bar-Matthews et al. 1997; Barber et al. 1999; Rohling & Pälike 2005; Migowski et al. 

2006; Jones & Roberts 2008). Although not as intense as the Younger Dryas, the 8.2ka climatic 

downturn forced many communities to alter their agricultural practices in order to cope with the 

less optimal conditions (Migowski et al. 2006; Weninger et al. 2006; Berger & Guilaine 2009). 

The climate ameliorated in the Middle Holocene (5500-2000 BC) as complex societies 

developed in the region (Bar-Matthews et al. 1997; Migowski et al. 2006; Bar-Matthews & 

Ayalon 2011; Litt et al. 2012). Macrobotanical and anthracological research by Kathleen 

Deckers and Simone Riehl (Deckers 2005; Deckers & Riehl 2007; Deckers & Pessin 2010; Riehl 

et al. 2012; Riehl & Deckers 2012) has shown that in the Middle Holocene, gallery forests, oak 

park woodlands, swamps, and riverine tree stands were common in the Jazira – a region that is 

today primarily defined by steppic vegetation (see also Miller 1997; Wilkinson 2003: 26-27; 

Becker 2005; Deckers & Pessin 2010; Hajar et al. 2010; Pfälzner 2012). Although they have 

mostly disappeared from the region today, riverine forests and parklands were common features 

of the northern Mesopotamian landscape in the period covered by this dissertation (Wilkinson 

2003: 26-27; Deckers 2005; Deckers & Riehl 2007; Deckers & Pessin 2010; Pfälzner 2012; 

Riehl & Deckers 2012). Wilkinson (2003: 27), for example, notes that “evidence for widespread 

deforestation does not appear in the pollen record until around 2000 B.C.” The process of 

deforestation was likely anthropogenic in nature, caused by a mixture of pastoralism and fuel use 

(Wertime 1983; Rosen 1997; Deckers & Pessin 2010; Hajar et al. 2010).  
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 The so-called “4.2ka event” punctuated the end of the Middle Holocene. Although of 

lesser magnitude than the 8.2ka event and the Younger Dryas, the 4.2ka event caused 

aridification in SW Asia (Cullen et al. 2000; Arz et al. 2006). How rapidly aridification took 

place is debated, with some scholars arguing that the process was gradual (e.g., Butzer 1997). 

How it affected the urban societies inhabiting northern Mesopotamia at that time is the subject of 

even more debate (Weiss et al. 1993; Wilkinson 1994; Cullen et al. 2000; Riehl 2008, 2009; 

Wossink 2009; Pfälzner 2012; Riehl & Deckers 2012; Ur 2012, 2015; Weiss 2012). It is not the 

place of this dissertation to resolve these issues, but it is worth noting that, although the relative 

abundances of pigs in zooarchaeological assemblages dating to the early 2nd millennium were 

marginally smaller than those in the 3rd millennium, there is little evidence that the 4.2ka event 

dramatically impacted animal husbandry (Kolinski 2012).  

  

3.4 Environment and Pigs  

 Environmental explanations for pig husbandry date back at least to Carleton Coon (1951: 

346), who argued that the pork taboo was related to deforestation and the loss of acorn-based 

(extensive) pig husbandry. Later, Marvin Harris (1989 [1974]) championed the idea that the 

eventual failure of pork production in the region was related to pigs’ high water requirements 

and their competition with humans for resources. More recently, Caroline Grigson (2007) has 

argued that the relative proportions of pig remains at archaeological sites dating to the 5th-3rd 

millennia in Mesopotamia and the Levant correspond to rainfall isohyets.  

 While environmental and climatic conditions certainly pose important constraints on pig 

husbandry, cultural factors seem to have been more determinative. Contra Coon (1951: 346), 

data presented later in this dissertation show that the shift away from extensive pig husbandry 
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predated regional deforestation by several thousand years. Contra Harris (1989 [1974]) and 

Grigson (2007), Mesopotamia contained many optimal environments for pig husbandry, 

particularly in the 7th-3rd millennia, when swamps, riparian forests, and upland oak forests were 

common. More critically, human settlements, with their large volumes of organic waste and 

artificially created shade, are ideal habitats for pigs. Rather than competing with humans, pigs 

complement them by living off of settlement waste. In fact, waste collection was historically an 

important role for pigs in urban areas (Strasser 1999: 29-30) and perhaps qualifies as pigs’ 

“secondary product.” With perhaps the exception of settlements located deep in the steppes of 

the Jazira, pig husbandry was – and still is – an environmentally viable option.  

 Environmental change may have made pig husbandry less attractive at certain points. 

This seems to have been the case at Tell Sabi Abyad, where faunal data indicate a near-complete 

abandonment of pig husbandry in the wake of the 8.2ka event (Russell 2010: 280-281; Van der 

Plicht et al. 2011). In addition, although Coon’s argument does not explain regional patterns, 

local deforestation and the drying up of marshlands may have precipitated the abandonment of 

pig husbandry at some sites. Alternatively, local environmental change may have necessitated a 

shift towards more intensive forms of husbandry.  

 The zooarchaeological data presented in Figures 3.1-3.7 show the relative abundances of 

pigs over time across northern Mesopotamia.9 Pigs rarely make up more than 20% of the 

assemblages of domestic taxa until the late 4th millennium.10 Climatic conditions do not explain 

                                                
9 See Table A.1 in the Appendix for raw data and references associated with these figures. 
10 Pigs reproduce at a much faster rate than cattle, sheep, or goats. The number of pigs on-site at 
any one time was lower than the reported relative abundance (Meadow 1980: 66). On the other 
hand, the relative abundance reflects the proportion of animals consumed. Moreover, pigs have 
substantially more meat and fat on them than sheep and goats, which dominated most of the 
faunal assemblages. Thus, the dietary contribution of pork (as %Calories) was probably higher 
than the reported relative abundance.   
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the patterns well. For example, wetter periods (e.g., 5th-early 4th millennia) do not necessarily 

correspond to higher relative abundances of pigs. While it is true that sites in the rainier northern 

part of the region tend to have greater relative abundances (see Grigson 2007), the relationship is 

weak. Moreover, pigs’ relative abundances within specific sub-regions change, often drastically, 

between periods. For example, the Khabur basin south of the modern city of Al Hasakah was 

pig-rich in the 6th and early 3rd millennium, but not the 4th and late 3rd millennium (Zeder 1998a). 

These shifts cannot be explained by climatic conditions; pigs occur in high proportion in both 

optimal and sub-optimal periods. These data support the argument that culture, and not 

geography, was the main determinative factor of pork production (following Diener & Robkin 

1978; Redding 1992; Zeder 2003; Breniquet 2006; Kolinski 2012). 

 
Figure 3.1 Relative frequency of pigs to other domestic animals at Pottery Neolithic sites (ca. 7000-6000 BC).  
 



 
 
 

32 

 

 

Figure 3.2 Relative frequency of pigs to other domestic animals at Halaf sites (ca. 6000-5200 BC). 
 
 
 

 
Figure 3.3 Relative frequency of pigs to other domestic animals at Ubaid-LC 1 sites (ca. 5200-4100 BC). 
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Figure 3.4 Relative frequency of pigs to other domestic animals at LC 2-3 sites (ca. 4100-3600 BC). 
 
 
 

Figure 3.5 Relative frequency of pigs to other domestic animals at LC 4-5 sites (ca. 3600-3000 BC). 
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Figure 3.6 Relative frequency of pigs to other domestic animals at early Early Bronze Age sites (ca. 3000-2500 
BC). 
 
 
 

Figure 3.7 Relative frequency of pigs to other domestic animals at late Early Bronze Age sites (ca. 2500-2200 
BC). 
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3.5 The Development of Sociopolitical Complexity in Northern Mesopotamia 

 Northern Mesopotamia underwent two “cycles” of complex society development (Ur 

2010). The first lasted from the 6th-4th millennia BC and culminated with urbanism and southern 

Mesopotamian colonization. Following a return to less complex forms, at around 3100 BC, 

complex society and urbanism re-emerged at the end of the 3rd millennium (Table 3.1). 

Agriculture played a central role in both cycles. 

Table 3.1 Chronology of Northern Mesopotamia.  
LC = Late Chalcolithic; EJ = Early Jezira (Hole 2001; Akkermans & Schwartz 2003; Ur 2010: Table 1). 

Date BC N. Mesopotamian Chronology General Period Coarse Chronology 
7000-6000 Late Neolithic Hassuna/Samara Neolithic 
6000-5200 Halaf Halaf  
5200-4500 Ubaid Ubaid Chalcolithic 
4500-4100 LC 1   
4100-3800 LC 2   
3800-3600 LC 3   
3600-3300 LC 4 Middle Uruk  
3300-3000 LC 5 Late Uruk  
3000-2900 EJ 0  Early Bronze Age 
2900-2600 EJ 1 Ninevite V  
2600-2500 EJ 2   
2500-2300 EJ 3   
2300-2100 EJ 4 Akkadian  
2100-2000 EJ 5 Post-Akkadian  

  
3.5.1 Late (Pottery) Neolithic Society in Northern Mesopotamia (ca. 6500-5200 BC) 

 Agriculture was adopted in the Pre-Pottery Neolithic, prior to the period under 

investigation. Current evidence suggests that plants and animals, including pigs, underwent the 

suite of morphological changes indicative of domestication sometime in the 9th-8th millennia BC 

in the foothills of the Taurus mountains (Ervynck et al. 2001; Peters et al. 2005; Albarella et al. 

2006; Helmer 2008; Weiss & Zohary 2011; Zeder 2011). The early part of the Late Neolithic11 is 

not well understood. Pottery was developed at ca. 7000 BC, an event that seems to have had little 

social impact (Akkermans & Schwartz 2003: 99; Nishiaki & Le Miere 2005; Simmons 2007: ch. 

                                                
11 I use the term “Late Neolithic” synonymously with “Pottery Neolithic.” 
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8; Nieuwenhuyse et al. 2010). Pottery traditions were localized, but towards the end of the 7th 

millennium, the Hassuna and Samarra emerged as more regional forms (Bernbeck 1995; 

Campbell 2007). Late Neolithic communities were small-scale. Sites dating to this period are 

typically 1-5 ha and lack any material evidence for inequality and specialization (Moore 1975; 

Akkermans & Schwartz 2003: 110).  

 Two important sites for archaeologists are Qalat Jarmo and Tell Sabi Abyad. Both were 

undifferentiated agricultural villages (Braidwood 1983b; Akkermans & Verhoeven 1995; 

Akkermans et al. 2006). Inhabitants grew wheat (einkorn and emmer) and barley, as well as 

pulses such as lentils, peas, and chickpeas (Helbaek 1972; Watson 1983a). The animal economy 

revolved around sheep and goat husbandry; pigs typically constituted less than 10% of the 

domestic fauna (Stampfli 1983; Russell & Buitenhuis 2008; Russell 2010). Communities 

continued to rely on hunting and foraging. For example, gazelle and onagers bones dominate the 

fauna from Umm Dabaghiya (Kirkbride 1972; Bökönyi 1973a). The 8.2ka aridification event 

disrupted these patterns of food procurement, and sites such as Sabi Abyad abandoned more 

water-reliant agricultural practices. 

 The Halaf (6000-5200 BC) was the first ubiquitous pottery tradition in northern 

Mesopotamia (Campbell 2007). As in the previous millennia, the communities lived in relatively 

small, undifferentiated villages based on mixed agricultural production. It is likely that there 

were also mobile components to Halaf communities focused on sheep and goat husbandry. Sites 

were typically around 1 ha in size, although Domuztepe and Kazane are ca. 20 ha each 

(Bernbeck et al. 1999; Campbell et al. 1999; Carter et al. 2003). However, it is likely that these 

reflect dispersed settlements or instances of settlement relocation.  

 Frangipane (2007) argues that Halaf societies were egalitarian and that they maintained 
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structures that promoted community cooperation over individual competition, similar to the 

gumlao societies in highland Burma described by Edmund Leach (1954). Communal ritual 

activities were important for reproducing this egalitarian ethos. That is, Halaf communities 

depended upon “mechanical solidarity” (Durkheim 1984 [1893]). The “Death Pit” at Domuztepe 

and the “burnt house” at Arpachiyah are examples of the material manifestations of these rituals 

(Mallowan 1935; Carter et al. 2003; Kansa et al. 2009a). Moreover, several scholars have 

argued, based on the elaborate nature of Halaf ceramics and their associations with domestic 

settings, that the ritual and shared consumption of food and drink served to reproduce social 

cohesion (e.g., Wengrow 2001: 173; Yoffee 2005: 208; Campbell 2007; Nieuwenhuyse 2007; 

Hopwood 2010). This social cohesion did not involve inequality; there is no evidence for 

individuals of elite status (Oates 1978; Frangipane 2007: 162-163). However, numerous stamp 

seal impressions at Sabi Abyad, Domuztepe, and Tell Halaf, as well as storage facilities indicate 

increased attention to controlling the distribution of staple resources (Akkermans & Schwartz 

2003: 139-140; Carter et al. 2003; Akkermans 2010). The storage facilities were likely 

communal, intended for “egalitarian redistribution” of pooled agricultural surplus (Frangipane 

2007: 159).  

 Cereal agriculture, animal husbandry, hunting, and foraging were all important 

components of the subsistence economy. Diversity mitigated risk. For example, at Umm Qseir, 

McCorriston (1998) found evidence for a mixed economy based on wheat, barley, legumes, as 

well as wild pistachios and berries (see also McCorriston & Weisberg 2002). Sheep and goat 

pastoralism was the most important part of the animal economy, although communities 

dependent on hunting persisted (Uerpmann 1982; Zeder 1994a; Akkermans & Schwartz 2003: 
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150; Grossman & Hinman 2013). Pigs typically represent 10-25% of the recovered faunal 

remains (Meadow 1975; Hijara 1980; Laffer 1983; Zeder 1994a; Parker & Creekmore 2002: 56).  

  In sum, the 7th- and 6th-millennium societies in northern Mesopotamia were egalitarian 

and, perhaps, community-focused. Late Neolithic communities fit Sahlins’ (1972) description of 

a domestic mode of production, in which production, consumption, and distribution were 

organized around the household and in which exchange was mediated by kinship. However, 

there are signs that the mode of production was in flux. New technologies, such as high-

temperature kilns, and highly skilled craft production suggest some degree of specialization 

(Akkermans & Schwartz 2003: 138; Carter et al. 2003). Inequality, when it presented itself, was 

likely masked or subordinated.  

  

3.5.2 The Ubaid (ca. 5200-4200 BC) 

 Around 5200 BC, the Ubaid tradition replaced the Halaf. The Ubaid originated in 

southern Mesopotamia and, for reasons that remain unclear, brought new ceramic forms, 

tripartite house plans, and other features such as baked clay “mullers” north (Campbell & 

Fletcher 2010; Carter & Philip 2010; Parker 2010; Stein 2010).  

 The organization of Ubaid communities indicates nascent sociopolitical complexity. 

Two-tiered settlement hierarchies suggest control over satellite villages by centers, or at least 

central places designated for exchange of goods (Trentin 2010; Stein 2012). Examples of 

regional centers include Hamman et-Turkman and Tell Zeidan in the Balikh valley (Akkermans 

& Schwartz 2003: 159; Trentin 2010; Stein 2012: 129). Paralleling this organizational shift, the 

more mobile settlement pattern extant in the Halaf gave way to a greater degree of sedentism 

(Akkermans & Schwartz 2003: 154). The economies of Ubaid communities were, for the most 
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part, based on mixed agriculture (Graham 2011: 72; Graham & Smith 2013). Faunal data suggest 

a similar mix of animals as found in earlier periods (Zeder 1995, 1998a), but with a decline in 

hunting (Grossman & Hinman 2013).  

 Specialization of ceramics and other products may also have taken place at this time. For 

example, at Tell Zeidan in the Balikh Valley, excavators found concentrations of kilns and the 

remains of what has been interpreted as a flint-knapping workshop (Stein 2012: 130). In 

addition, the introduction of the slow-wheel and the heavy use of chaff tempers sped up and 

simplified the pottery-making process (Akkermans & Schwartz 2003: 169-170).  

 There is little evidence for inequality during the Ubaid. If elites existed, they did not 

practice conspicuous consumption or demarcate themselves in burial rituals (Carter & Philip 

2010). However, there is evidence for long-distance exchange of prestige goods such as lapis 

lazuli beads, copper artifacts, and carved obsidian bowls at Zeidan, Tepe Gawra, and Arpachiyah 

(Mallowan 1935; Rothman 2002; Stein 2012: 130). The presence of prestige goods suggests that 

Ubaid communities were not entirely egalitarian.  

 In sum, limited forms of social differentiation took place in the Ubaid, primarily along 

the horizontal (i.e., specialization) axis rather than the vertical (i.e., inequality) one. Agricultural 

and craft production and consumption were organized primarily at the household level, although 

Gil Stein (1994) argued that elites manipulated ritual in order to secure staple surplus resources. 

Other scholars, however, have disagreed with his assessment (Pollock 1999; Campbell & 

Fletcher 2010). It seems likely that, while elites at some settlements may have experimented with 

staple surplus monopolization, their economic and political control was weak. Stein (2010: 32) 

has recently revised his position to account for greater variability in social organization, drawing 
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on Renfrew’s (1974) notion of “group-oriented chiefdoms” to describe the increase in 

complexity without clear evidence for socioeconomic elites.  

 

3.5.3 Late Chalcolithic (LC) 1-5 (ca. 4500-3300 BC) 

 Local forms of material culture and ceramic styles evolved from the Ubaid tradition in 

the mid-5th millennium BC. The 5th and 4th millennia are divided into several periods referred to 

as the Late Chalcolithic (LC) 1-5. During this time, societies developed more complex forms of 

sociopolitical organization. Several sources of evidence point to increasing vertical 

differentiation. Architecture is perhaps most indicative. At LC 1 Tepe Gawra (level XII), 

excavators observed differences in house size and prestige good artifact distribution (Rothman 

2002). Monumental architecture appeared in the LC 2, for example at Hacinebi phase A and Tell 

Brak TW20 (Stein 1999: 121-130, 2012: 135; Oates et al. 2007). Monumental construction 

continued into the LC 3, with notable examples at Hamoukar and Brak (Oates et al. 2007; Stein 

2012: 139). Burial data likewise suggest increasing inequality. LC burials of children were 

differentiated by the interment of prestige artifacts, such as fineware pottery and copper (Stein 

2012). Additionally, increased use of sealing technology, a potential indicator of control over 

goods, occurred across the region. Long-distance exchange in prestige items also increased in 

frequency. Unlike in previous periods, the use of seals in the 4th millennium is interpreted as 

reflecting the centralization of power by some scholars (Rothman 2004).  

 Horizontal differentiation, seen through the specialization of craft production, occurred as 

well. At Khirbat al-Fakhar, a low mound adjacent to Hamoukar, massive volumes of obsidian 

cores, debitage, and tools suggest regional redistribution (Ur 2010; Al Quntar et al. 2011). 

Independent specialization of copper production, meanwhile, is evident from finds at Hacinebi 
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Phase A (LC 2) (Stein 1999: 130). At Tepe Gawra, excavators found weaving, woodworking, 

and pottery workshops dating to the LC 2 (Rothman 2004: 86). Specialization reached an apogee 

with the mass production of pottery, exemplified by the bevel-rim bowl, in the LC 4-5 period.  

 Other features showing the development of sociopolitical complexity include site size 

increase and warfare. Brak ballooned between the LC 2 and 3 periods, reaching urban 

proportions (Ur et al. 2007; Ur 2010: 395-396; Ur et al. 2011). Evidence for large-scale violence 

may indicate competition between polities. At Tell Majnuna, near Brak, deposits dating to 3800-

3600 BC (LC 3) contained over 100 individuals with skeletal evidence for violent deaths 

(McMahon et al. 2011). McMahon et al. (2011) interpret this deposit as reflecting social strife 

between inhabitants of Brak, although it is also possible the mass grave reflects inter-settlement 

warfare (McMahon et al. 2011: 217). Meanwhile, Jason Ur (2010: 399) considers the main 

difference between the LC 1-2 periods and the LC 3-4 to be the development of “centripetal 

pressures.” Large settlements approached urban proportions in the LC 1-2, but it was not until 

the LC 3-4 that an abundance of sealings appear in the archaeological record (see also Reichel 

2002). Large-scale ritual architecture and activity, possibly reflecting institutionalized religion, is 

also found in LC 3 and 4 contexts, e.g., the Eye Temple at Brak (Mallowan 1947; Oates & Oates 

2002).  

 The intrusion of southern Mesopotamian cultural elements occurred around 3600 BC (LC 

4). Scholars debate the nature of the so-called “Uruk expansion,” but it is clear that southern 

Mesopotamians settled in colonies at various locations in the north with the likely intent of 

securing access to key resources such as copper (Algaze 1993, 2008; Stein 1999; Rothman 2001, 

2004). These colonies lasted until the end of the 4th millennium (LC 5). 
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 Agricultural change paralleled social developments during the LC 1-5. Chalcolithic 

communities continued to rely on cereal agriculture, particularly wheat and barley (McCorriston 

& Weisberg 2002), but new crops such as grapes were cultivated for the first time (e.g., Miller 

2008). In terms of animal production, settlements in the LC 1-5 periods continued the trends set 

in the Late Neolithic: sheep and goat predominated, while cattle and pigs were secondary staples. 

Hunting was still important, particularly at settlements in the steppe, such as Kuran (Bar-Oz et 

al. 2011) and El Kowm (Vila 1998: 33). Pigs typically make up around 10-20% of the recovered 

faunal remains, although they fluctuated particularly in the wake of the Uruk expansion (Driesch 

1993; Vila 1998: 90-92; Dobney et al. 2003). For example, at Hacinebi, the relative abundance 

of pigs decreased from ca. 30% of the faunal assemblage in pre-contact phase (LC B1) to ca. 

10% in the Uruk enclave (LC B2 phase) (Bigelow 1999; Stein 1999). However, some 

communities maintained high levels of pork in their diets. For example, pig remains constituted 

almost 40% of the faunal assemblages of Hassek Höyük and Tell Shiukh Fawqani in the Uruk 

period (Boessneck 1992; Vila 2005).  

 Late Chalcolithic communities intensified their exploitation of secondary products (i.e., 

milk and wool) in sheep and goats. Cattle were also used for milk and plowing in increasingly 

intensive cereal agriculture (Sherratt 1981; Sherratt 1983; Greenfield 2010, 2014). Managing 

herds for secondary product exploitation is inherently riskier than managing for herd growth and 

stability, and therefore is thought only to occur in specialized economies where the rewards for 

the mass production of milk and wool outweigh the risks (Redding 1984; Price et al. 2013). In 

northern Mesopotamia, the kill-off profiles of sheep and goats begin to show signs of 

specialization – namely retention of older animals – beginning in the late 4th millennium (Vila 

1998: 127-128; Helmer et al. 2007; McMahon et al. 2007: 169). However, the pattern was 
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localized; some regions, such as the southern Khabur, do not show evidence for pastoral 

specialization (Rufolo 2011, 2015). Nevertheless, although perhaps not as revolutionary as 

originally posited, the focus on the production of secondary products had significant implications 

for Mesopotamian socioeconomics. Wool became a vital commodity to northern Mesopotamian 

urban societies in later periods (Breniquet & Michel 2014). In fact, both McCorriston (1997) and 

Porter (2012) argue that it was the pursuit of pasture for the production of wool that was the 

driving force behind the Uruk Expansion.  

  

3.5.4 The Second Cycle of Sociopolitical Complexity (ca. 3100-2100 BC) 

 The Uruk system of colonial enclaves and northern urbanism both abruptly ended around 

3100 BC. Brak contracted, and site hierarchies disappeared (Wilkinson 1990; Ur 2002; Ristvet 

2005; Ur et al. 2011). In northern Mesopotamia, administrative technology practically 

disappeared at the beginning of the 3rd millennium, as did the mass production of pottery and 

other forms of specialized production (Ur 2010: 402). The early 3rd millennium thus represents a 

temporary reversal in the trend of increasing complexity (Akkermans & Schwartz 2003; 

Peltenburg 2007), but this would shift by the middle part of the millennium.  

 

3.5.4.1 Local Trajectories in the early 3rd Millennium  

 At the dawn of the 3rd millennium, small-scale settlements populated northern 

Mesopotamia. In the east, the Ninevite V pottery tradition defined Khabur and adjacent regions 

from 2900-2600 BC, while a series of local material cultures existed to the west. The polities 

encompassed by these traditions were localized and lacked urbanism. However, elements of 

vertical differentiation persisted in the early 3rd millennium. Burials, for example, show evidence 
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of status differentiation (Schwartz 1986; Buccellati & Kelly-Buccellati 1998; Frangipane et al. 

2001; Porter 2002; Akkermans & Schwartz 2003: 223; Grossman 2013). Monumental 

architecture also persisted to a limited degree, with examples from Gre Virike in the west (Ökse 

2007) and Arbid, Brak, and Hamoukar in the east (Emberling et al. 1999; Bielinski 2010; 

Grossman 2013: 35-39). Taken together, the data suggest the presence of elites who exercised 

limited hegemony, and who lacked the ability to centralize power on a regional level. 

 Horizontal differentiation also did not disappear in the early 3rd millennium. 

Nevertheless, ceramic production, while specialized to some extent, was not mass-produced as in 

the 4th millennium (Ur 2010: 402). Specialized metal production, however, was a major activity, 

particularly in the western half of northern Mesopotamia (Akkermans & Schwartz 2003: 231-

232). Many of these objects made their way into the archaeological record as grave offerings; the 

most notable example of this is the over 400 copper and bronze objects recovered from the 

Biricek Dam Cemetery site (Squadrone 2007).  

 

3.5.4.2 Late 3rd Millennium Urbanism 

 Urban society emerged in the mid-3rd millennium, achieving a level of complexity 

unparalleled in the north up to that point. Ur describes the process as “the most pervasive phase 

of urban settlement prior to the 20th century AD” (Ur 2010: 404). In the east, Hamoukar, Leilan, 

Mozan, al-Hawa, Taya, and Khoshi all expanded to ca. 100 ha. To the west, somewhat smaller 

cities (50-65 ha) developed, such as Ebla, Titriş, and Sweyhat. Kazane Höyük, however, covered 

over 100 ha. In both the western and eastern sub-regions of northern Mesopotamia, cities sat at 

the top of three- or four-tiered regional hierarchies (Ur 2010: 405).  

 Increased levels of horizontal differentiation paralleled the increases in site size. Mass-
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produced ceramics attest to the expansion of independent specialization of craft production 

(Blackman et al. 1993; Grossman 2013: 42). Large-scale specialized production of bread and 

possibly beer also took place (Grossman 2013). Horizontal differentiation is also manifested in 

the spatial heterogeneity of urban landscapes (e.g., Creekmore 2008). There is evidence for 

vertical differentiation as well. Excavators have found monumental architecture at numerous 

sites, and the non-elite structures in the lower towns tended to consist of one or two room houses 

surrounding a courtyard (Pfälzner 2001; Ristvet 2005). Wealthy burials, such as the elite tombs 

at Umm el-Marra, also occurred in the mid-3rd millennium (Schwartz et al. 2000). 

 Another piece of evidence for increased vertical differentiation as well as the 

development of state-level administrative organization that centralized power around the ruler is 

the use of writing. Although writing was invented at the end of the Uruk period, the practice did 

not exist in northern Mesopotamia until the middle of the 3rd millennium (Quenet 2005). Soon 

after, writing was incorporated into the administrative technology of northern cities. The most 

notable example is the corpus recovered from the Ebla Royal Palace G, dating to the 24th century 

BC, which contained numerous documents detailing the control over economic activities, 

including pastoral production (Archi 1990, 1993; Akkermans & Schwartz 2003: 239-242).  

 The Ebla documents also shed light on the political structure of northern Mesopotamian 

city-states. In at least some of the polities in northern Mesopotamia, a division of power existed 

between the king, the royal officials, and an oligarchic body composed of the heads of tribal 

groups (Schwartz 1994a; Akkermans & Schwartz 2003: 239; Fleming 2004; Cooper 2006: 61-

63, 2010). The exact nature of these power-sharing systems likely differed from place to place 

and over time. It is also likely that the level of control exerted by these polities was quite limited, 

particularly in terms of how much power these elites projected into the rural countryside. Cooper 
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(2010: 96), for example, characterizes Ebla’s control in the mid-3rd millennium as “hegemony 

without sovereignty” (after Kolata 2006). By this she means that while the elite rulers of Ebla 

(and other northern Mesopotamian cities) could, at any time, exercise direct control over 

outlying territories, they did not have the resources or capabilities to control the regions under 

their nominal domain all the time.  

 At the end of the 3rd millennium the Akkadians achieved a level of hegemony 

unparalleled up to that point, conquering several northern cities (Akkermans & Schwartz 2003: 

278; Van de Mieroop 2007: 68-73; although see McMahon 2012). The Akkadian empire was 

short-lived, lasting from the mid-24th century to ca. 2200 BC. Its collapse has been the subject of 

much discussion, as it coincides with the 4.2ka event. Several archaeologists, notably Harvey 

Weiss (Weiss et al. 1993; Weiss & Bradley 2001; Weiss 2012), have suggested a causal link. 

Others have presented compelling evidence against this thesis (e.g., Wossink 2009; Pfälzner 

2012; Ur 2012, 2015).  

 

3.5.5 The Social Structure 

 The nature of the social structures of ancient northern and greater Mesopotamia is not 

entirely clear. Several competing views exist on the topic, most of which are based on inferences 

drawn from textual sources. Various scholars have emphasized the importance of markets 

(Lamberg-Karlovsky 1996, 2009; Barjamovic 2008), bureaucratic states controlling agricultural 

distribution (Johnson 1973; Wright & Johnson 1975; Wright 1977), the “Asiatic Mode of 

Production” (Diakonoff 1969), and household (or oikos) social structures (Gelb 1979; Maisels 

1990; Diakonoff 1996; Lamberg-Karlovsky 1999; Pollock 1999: 117-123; Schloen 2001; Renger 

2007; Ur 2014). Each of these views is likely true to some extent; the explanatory power 
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probably depends more on the particular site and time period under investigation than anything 

else.  

 Most scholars agree on the following features as characteristic of Mesopotamian complex 

societies. The first is that kinship ties were an important, if variable, structuring factor (Gelb 

1979; Zagarell 1986; Pollock 1999; Schloen 2001; Ur 2014). Kinship complemented class 

relations, as Eva von Dassow (2008) has argued in her reconstruction of Alalah’s class structure 

in the Mittani period (2nd millennium). It is possible that, at times, kinship ties and tribal 

affiliations played a more important structural role than social class. Gender also played a major, 

if variable, structural role in the status hierarchies of greater Mesopotamia (Zagarell 1986; Stol 

1995; Sallaberger 2004b; Asher-Greve 2013). Another point on which most scholars agree is that 

northern Mesopotamian society was manorial (Gelb 1979; Maisels 1990; Diakonoff 1996; 

Lamberg-Karlovsky 1999; Pollock 1999: 117-123; Schloen 2001; Renger 2007; Ur 2014). Large 

households, a category that could include temples and palaces, ran agricultural estates and 

maintained dependents, who could take the form of semi-dependent workers and slaves (Gelb 

1965, 1972; Diakonoff 1974a; Steinkeller 1987; Adams 2010). 

 The final point on which scholars agree is the importance of food production. Crop 

production and animal husbandry were central to the socioeconomic system of northern and 

greater Mesopotamia, and both were influenced by the development of complex society – 

namely, intensification and specialization occurred (Stein 1994; Wilkinson 1994; Pollock 1999; 

Akkermans & Schwartz 2003: 205-209, 218-224, 272; Ur 2010).12 Although metals and precious 

stones took on an expanded role in signifying and reproducing status from the 5th-3rd millennia, 

                                                
12 Several scholars have provided definitions of these various types of agricultural change and 
their relation to the development of complex societies (Brookfield 1984; Morrison 1996; 
Thurston & Fisher 2007; Marston 2011). 
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food production remained the economic pillar of northern Mesopotamian societies. Meanwhile, 

the production of woolen textiles, which could be said to fall between wealth and staple 

production,13 grew in importance (McCorriston 1997; Breniquet & Michel 2014).  

 Food played an important role in the relations between socioeconomic classes, and 

several scholars have argued that feasting may have played a pivotal role in defining class 

boundaries as well as reproducing hierarchical relations in ancient Mesopotamia (Schmandt-

Besserat 2001; Helwing 2003; Pollock 2003; Bottero 2004; Fu & Altmann 2014; Renette 2014). 

Food, especially haute cuisine, would have served to distinguish members of social classes 

(Bottero 2004; Renette 2014). Moreover, the provisioning of dependents with “rations,” which 

was widespread throughout Mesopotamian history, bears similarity to so-called “work feasts,” 

which are common in many societies (Dietler & Herbich 2001). In other ways, the “ration” 

system resembles the jajmani system in traditional Hindu society (Wiser 1936; Appadurai 1981). 

In the jajmani system, food was given in exchange for services rendered by members of lower 

castes to those of the upper castes. The ties of food and labor also served to cement patron-client 

relations so that they were both permanent and hereditary, “indicating simultaneously the 

relationship of subordination and domination between patron and clients, as well as the bonds of 

cooperation and solidarity between them” (Appadurai 1981: 495). The jajmani system is similar 

to patron-client relations that are known from ethnographic studies of modern-day smallholder 

societies (Powell 1970; Scott 1972), and it is reasonable to suspect that this type of relationship 

existed in northern Mesopotamia. The provision of “rations,” in other words, may not simply 

have been a payment of alienable foodstuffs, but something that was imbedded within the 

“politics of commensality” (Appadurai 1981). Smallholders may have accepted provisions of 

                                                
13 While managing herds of sheep categorically falls into staple production, weaving and dyeing 
wool is better associated with wealth production (D'Altroy & Earle 1985).  
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food in full knowledge of the inequality it reproduced; ethnographically, smallholders tend to 

prioritize safety and security in their decision-making over other concerns (Scott 1976: 1-7). 

Exchanging nominal political dependence through patron-client relations for increased food 

security is entirely in keeping with that general philosophy – especially if smallholders could 

mitigate the impositions of the responsibilities of patron-client relations through everyday 

resistance. 

 The role of food in patron-client relations recalls anthropological theories of gifts. Marcel 

Mauss (2002 [1950]) described how sentiments and morality come to play a role in gift-giving in 

The Gift. In many cultures, the offer of a gift cannot be rejected in good conscience. Moreover, 

each gift demands a reciprocal gift of equal or greater value. Even in societies in which 

commodities (or alienable things) are the dominant objects of exchange, “[t]he unreciprocated 

gift still makes the person who has accepted it inferior, particularly when it has been accepted 

with no thought of returning it” (Mauss 2002 [1950]: 83; see also Graeber 2011: 109-113). It is 

not hard to see, then, how elites may have manipulated (consciously or not) non-elites into 

patron-client relations even if those non-elites were otherwise independent. By providing them 

with gifts that they could neither refuse nor reciprocate, they obliged them to pay for it with labor 

and political subservience (see Graeber 2001).   

  

3.5.6 Smallholders as a Socioeconomic Class 

  The nature of socioeconomic classes in greater Mesopotamia has been the subject of 

considerable debate, particularly regarding the number and classes, the compositions, and their 

natures (Adams 1966: 79-119; Diakonoff 1972, 1974a, 1974b; Gelb 1972; Liverani 1984; Von 

Dassow 2008: 112-114). The scholars mostly agree that elites, smallholders (dependent or 
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independent), and slaves (debt slaves and prisoners of war) all existed in Mesopotamian societies 

since at least the 3rd millennium.  

 Schloen (2001) and Ur (2014), who adopt a strict Weberian “patriarchal household 

model” of ancient Mesopotamian societies, have argued that classes did not exist. Eva Von 

Dassow (especially 2008: 116-120) has presented perhaps the strongest critique of Schloen’s 

argument. She produced detailed evidence that socioeconomic classes did, in fact, exist in 

Mitanni period Alalah, contrary to Schloen’s (2001: 302-306) assessment. Indeed, perhaps the 

greatest fault of the patrimonial household model lies not so much in the theory itself, but in 

Schloen’s unilateral application of it to all contexts (Fleming 2002; Stone & Kemp 2003). 

Moreover, it is possible, and even likely, that multiple ideologies and social structures existed 

within the same societies. For example, the patrimonial household model has trouble explaining 

the fact that women, while never kings, could become heads of households and temple estates 

(Bahrani 2001: 96-120). The patrimonial household was likely one of several competing 

ideologies that structured ancient Mesopotamian societies.  

 It seems that at least at some periods and in some places, classes were consciously 

conceived of as meaningful categories of identity, as Von Dassow (2008) shows. It is difficult to 

determine whether this was the case in northern Mesopotamia in the 3rd millennium due to the 

paucity of texts and the fact that texts were written by and for elite audiences – thus they fall 

within what Scott (1990) calls the “public transcript.” Schloen’s arguments notwithstanding, the 

definition of socioeconomic class adopted in this dissertation (Chapter 2) does not require 

consciousness, but only practical awareness. Class consciousness can be absent for a variety of 

reasons, not the least of which is ideology (Gramsci 1971; Therborn 1980). A socioeconomic 
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class, as used here, is “extrinsically” defined by relations to production (Berreman 1981; 

McGuire 1992: 179-187; Von Dassow 2008: 125-129).  

 From the sociopolitical history described in the preceding pages, the formation of 

socioeconomic classes likely began in the late 5th or early 4th millennium, perhaps as early as the 

LC 1. It is in the LC 2, however, that unambiguous material correlates for ranked individuals 

first appear (Stein 2012: 146). From that point forward, smallholders existed as a socioeconomic 

class, although their relations to elites, other classes, and the means of production may have 

differed significantly over time and space. Smallholders, by definition (see Chapter 2), held at 

least some form of rights to the means of production – i.e., land and livestock. Smallholders 

therefore occupied a position in the socioeconomic hierarchy above landless dependents and 

slaves, although it is unclear how vulnerable smallholders may have been to falling into debt 

slavery (Zagarell 1986; Garfinkel 2004).14 

 Smallholders often give the appearance of complicity due to their inclination to accept 

almost any form of food security (Scott 1976). Nevertheless, smallholders are far from docile; 

they are often highly adept at reducing exploitative practices in ways that are not obvious enough 

to attract attention. What tools of resistance did smallholders possess? Smallholders often resist 

through foot-dragging and non-confrontational tactics that make exploitation less fruitful for 

elites (e.g., Scott 1985). It is difficult to find archaeological evidence for these acts. However, 

one way we can detect smallholder resistance and coping mechanisms is through changes to 

agricultural production, particularly those types that may not have been monitored or considered 

valuable by elites. Pig husbandry, several scholars have argued, was one type of non-monitored 

practice in the ancient Near East (Postgate 1992: 166; Zeder 2003; Redding 2015). By producing 

                                                
14 For more on the status of slaves in Mesopotamia, see chapters in the recent volume Slaves and 
Household in the Near East (Culbertson 2011). 
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more pigs, smallholders may have been opting out of participating in, for example, advancing 

elite interests to expand the wool economy. They would have done so even while accepting 

occasional ”rations” of food from elites. This might be an explanation for the explosion of pig 

popularity in the 3rd millennium (Figures 3.6 and 3.7). Additionally, pigs may have been a means 

to avoid situations of dependency in the first place. Under intensive husbandry, which the next 

two chapters define and discuss, pigs rapidly produce large quantities of meat, which can be used 

to avoid obligations of dependency and debt in agricultural societies.  

 

3.5.7 Agricultural Practices and Change in the 3rd Millennium 

 Agricultural practices underwent profound shifts over the course of the 3rd millennium. 

Although the plant and animal species exploited were largely the same as in previous periods, the 

ways in which societies managed these resources changed. The 3rd millennium is the first period 

in which we see almost unilateral cereal agricultural intensification across northern 

Mesopotamia. Early in the millennium, several Ninevite V sites, such as Atij and Raqa’i in the 

Khabur region, contain evidence for grain storage facilities under some form of centralized 

control (Fortin 1988; Curvers & Schwartz 1990; Fortin 1990; Blackburn & Fortin 1994; 

Schwartz 1994b, 2000; Paulette 2015). This may reflect a focus by Ninevite V leaders on 

controlling staple surplus (Schwartz 1994b). Intensification continued with the rise of urban sites 

at ca. 2600 BC. Survey data show low-density sherd scatters, several kilometers in diameter, 

surrounding tells in the mid-late 3rd millennium. Wilkinson (1994) has made a strong case that 

these represent ancient manuring practices, intended to improve the quality of soil and reduce the 

number of fallow periods.  

 Pastoral production also intensified in the 3rd millennium, continuing the trend from the 
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Chalcolithic. Sheep and goat survivorship curves consistently show a focus on older animals, 

especially in the latter half of the 3rd millennium (Wattenmaker & Stein 1986; Vila 1998). This 

suggests a focus on herding strategies designed to maximize the production of secondary 

products such as wool. Hunting, meanwhile, was almost completely abandoned (Vila 1998; 

Zeder 1998a). Elite households may have influenced the development of intensive sheep and 

goat herding; textual records show that elites were attempting to monopolize wool production 

(Archi 1993; Van Lerberghe 1996b; Sallaberger 2004a). However, the impact they had on day-

to-day production is unclear. For example, zooarchaeological research by Rufolo (2011) suggests 

that elites had relatively little control over pastoral production in the southern Khabur during the 

3rd millennium.  

 One unique feature of 3rd-millennium subsistence is the high proportion of pig remains 

found at archaeological sites in northeastern Mesopotamia (see Figures 3.6 and 3.7). At 

Hamoukar, Brak, Taya, Leilan, and Tell Arbid, pigs represent up to and exceeding 50% of the 

recovered bones (Bökönyi 1973b; Dobney et al. 2003; Piatkowska-Malecka & Smogorzewska 

2010; Grossman 2013). The amount of pigs in the faunal assemblages at Euphrates and other 

western sites is more modest (ca. 15-20%) (Buitenhuis 1985a; Wattenmaker & Stein 1986; Stein 

1987; Vila 1998; Holland 2006; Weber 2006; Allentuck & Greenfield 2010). The explosion in 

pig popularity has profound implications for the amount of control elite households exerted over 

agriculture. Several scholars (Diener & Robkin 1978; Mudar 1982; Zeder 1998b, 2003; Fillios 

2006) make a strong case that pig husbandry was beyond elite oversight or interference. This is 

backed up by the paucity of texts dealing with pork production, despite the fact that many texts 

document other aspects of agricultural management. Mid-late 3rd-millennium palace documents 

from Ebla and Beydar, along with the much smaller corpuses from Mari, Leilan, and Mozan, all 
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point to a high degree of administrative attention paid to agricultural activities including grain 

production and sheep herding, but pigs are largely absent (Archi 1993; Buccellati & Kelly-

Buccellati 1995; Van Lerberghe 1996a, 1996b; Van Koppen 2001; Archi 2003; Sallaberger 

2004a; de Lillis Forrest et al. 2007; Rufolo 2011: 156-158).  

 The textual record is not entirely silent on pigs, but references are sparse. Southern 

Mesopotamian texts from the 3rd and 2nd millennia and northern Mesopotamian texts from the 2nd 

millennium mention pigs occasionally. They reveal that elite households hired specialized 

swineherds as well as purchased fodder for penned pigs (Englund 1995; Owen 2006; Van 

Koppen 2006). In northern Mesopotamia, 2nd millennium (Old Babylonian period) texts from 

Chagar Bazar attest to the foddering of pigs on the royal estate (Lion & Michel 2006b). In 

northern Mesopotamia in the 3rd millennium, however, the only written records dealing with pigs 

are the Beydar texts, which mention the distribution of pig fat (Van Lerberghe 1996a). These 

documents all suggest that elite households and temple institutions owned and managed small 

numbers of pigs throughout Mesopotamian history. However, they were not the primary concern 

of estate managers. Moreover, there is no textual evidence to suggest that elites oversaw, 

managed, taxed, or otherwise interfered with the production or distribution of pigs raised by 

smallholders. 

 

3.6 Chapter Summary 

 The above sections detail the sociopolitical and economic developments in northern 

Mesopotamia from the Late Neolithic through two cycles of complex society formation (Ur 

2010). In the Late Neolithic, which included local Pottery Neolithic ceramic traditions as well as 

the widespread Halaf tradition, agricultural practices spread across the Middle East. Societies 
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were egalitarian, although the use of seals and tokens indicate control over property. The first 

cycle of complex society formation occurred from ca. 5200-3100 BC. The Ubaid period (ca. 

5200-4500 BC) witnessed the emergence of incipient specialization, while the first reliable 

evidence for elites, and therefore socioeconomic classes, derives from the LC 1-2 (ca. 4500-3850 

BC). Urbanism or proto-urbanism developed by the LC 3-4 period. The early 3rd millennium saw 

regional trajectories, with elites attempting to gain power through their control over various 

economic and ritual activities. Urbanism returned to northern Mesopotamia in the mid-late 3rd 

millennium, and culminated with hegemony of the Akkadian empire. In conjunction with and 

contributing to these sociopolitical changes, agriculture became more specialized and intensified. 

 A view of northern Mesopotamia would be incomplete without taking into consideration 

the role of smallholders. This review has focused on the emergence of complex societies, which 

tends to unfairly privilege the perspective of elites. We must remember, however, that the vast 

majority of the inhabitants of northern Mesopotamia from the Neolithic through the Bronze Age 

were not elites or craft specialists, but smallholders. Rather than being handmaidens of elites, 

ethnographic evidence makes clear that smallholders are constantly resisting exploitation, often 

through subtle means such as re-appropriating symbols or subversive action (Scott 1985). If pig 

husbandry was a smallholder activity that elite households had little control over, and if one 

accepts the argument that changes to pig husbandry relate more to social and cultural factors than 

environmental ones, then pig husbandry is a valuable tool for archaeologists to understand the 

ways in which smallholders negotiated agricultural production. Accordingly, if smallholders felt 

“squeezed” by labor or tax demands, then intensive pig husbandry may have presented an 

alternative and promising production strategy. Before addressing the evidence for intensification, 

however, it is important to review the biological nature of pig husbandry.   
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 – PORCINE BIOLOGY AND BEHAVIOR IN DOMESTIC AND WILD CHAPTER 4

ANIMALS 

Ah! Yes. But allow me to say, if they were not slaughtered they would multiply, you 
know, and then good-bye to the kitchen-gardens and the meadows. Why, a pig, if you let 
it free and don't look after it, will ruin everything in a day. A pig is a pig, and it is not for 
nothing it is called a pig. 
 – Anton Chekhov, “The Petchenyeg”15 

 

4.1 Introduction 

 In this chapter, I provide a general review of porcine behavior and biology, with a focus 

on skeletal and dental biology. These data provide context and analogues for understanding the 

archaeological signatures of pig husbandry, which are covered in Chapter 5. Evolutionarily 

speaking, domestication has transformed many mammals, including Sus scrofa, into extremely 

successful species. The changes to pig physiology and behavior during the domestication process 

are more of degree than of kind. Pigs maintain almost all of the characteristics of wild boar, but 

they have been altered in ways to foster human management (Meadow 1996: 392; Vigne 2015: 

125-127).   

 

4.2. General Description Classification 

Pigs and wild boar are even-toed ungulates (artiodactyls) of the order Cetartiodactyla 

(Gatesy 2009). They belong to the family Suidae and the genus Sus. The Eurasian wild boar, Sus 

scrofa, is the progenitor species for all domestic pigs (Groves 1981, 2007). Sus scrofa’s natural 

range extends across woodland, riverine, and marsh habitat in temperate Eurasia and North 

Africa, with human introduction to North and South America and Australia (Nowak 1999: 1053). 

Depending on the breed, the mature body weight for domestic pigs varies between 300 kg 

for large meat hogs to 30 kg for research breeds (Pond & Mersmann 2001: 13). In addition to 
                                                
15 (Chekhov 1921: 118). 
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genetic parameters, weight depends on diet and levels of activity. Wild boar can reach up to 350 

kg, but generally range from 50-200 kg (Porter 1993: 8; Nowak 1999: 1053). Climate influences 

body size (Bergmann’s Rule). Thus, for example Siberian wild boar are larger than those in the 

Levant (Davis 1981; Groves 1981; Albarella et al. 2009). Size differences also relate to sexual 

dimorphism. Mature females reach ca. 70-80% of mature male body weight (Groves 1981; 

Moretti 1995; Focardi et al. 2008: 1113).   

 

4.3 Dentition 

 Porcine cheek teeth (molars and premolars) are bunodont, evolved for the mastication of 

a range of hard and tough foods. Table 4.1 shows pigs’ dental formula. The molars are composed 

of several cusps and accessory cusps, which wear down quickly and expose dentine. Structurally, 

pig molar enamel is less resistant to horizontal stress and better adapted to resist cracks under 

unpredictable loads in comparison to human molars, which are also bunodont (Popowics et al. 

2004). In the anterior teeth, the ever-growing upper and lower canines create the distinctive 

“tusks” on males, while those of females are smaller and become rooted. The permanent incisors 

are spatulate, while the deciduous ones are pointed (Hillson 2005: 128).  

Table 4.1 Porcine deciduous and permanent dentitions per jaw quadrant. 

Tooth Type Number of Deciduous Teeth Number of Permanent 
Incisor 3 upper; 3 lower 3 upper; 3 lower 
Canine 1 upper; 1 lower 1 upper; 1 lower 
Premolar 4 upper; 4 lower 4 upper; 4 lower 
Molar  3 upper; 3 lower 
Total 16 upper; 16 lower 22 upper; 22 lower 

 
4.4 Skeleton 

 The axial skeleton comprises 7 cervical, 14-16 thoracic 6-7 lumbar, 4 sacral, and 20-23 

caudal vertebrae. The cervical vertebrae are short, limiting the mobility of the head (Novakofski 
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& McCusker 2001: 455). The cranial bones are robust, and the snout is composed of hard 

cartilage with an ossified rostral bone that allows pigs to root for food. The appendicular skeleton 

is likewise robust compared to other artiodactyls, although the degree of robusticity is 

determined by how active the individual is (Mainland et al. 2007). The foot of the pig has four 

toes, the first digit being absent. The second and third digits form the primary hooves on which 

the pig walks. 

 

4.4.1 Skeletal and Dental Differences Between Wild and Domestic Pigs 

In general, wild boar exhibit larger body sizes than domestic pigs. This is manifested in 

both the cranial and post-cranial elements. However, it is within the crania and dentition that the 

most salient differences between domestic and wild pigs are typically found. In particular, the 

lachrymal bone shortens drastically under domestication as does the general shape of the skull, 

which becomes more compressed along the anterior-posterior axis, a process linked to neoteny 

(Bökönyi 1974; Clutton-Brock 1999: 93; Pond & Mersmann 2001: 9; Owen et al. 2014). 

Of significance for this dissertation, and another consequence of neoteny, is that the 

molars of domestic pigs are smaller than those of wild boar. This fact has been recognized since 

the 19th century (Rütimeyer 1862; Winge 1900; Mayer et al. 1998; Rowley-Conwy et al. 2012; 

Evin et al. 2014). The shape of teeth also changes under domestication (Larson et al. 2007b; 

Cucchi et al. 2009; Cucchi et al. 2011; Evin et al. 2013).  

 

4.5 Diet 

Controlling diet is a major feature of husbandry strategies. Pigs are omnivorous and eat a 

wide range of foods, but focus on vegetable foods (Schley & Roper 2003). The stomach is two-
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chambered and non-ruminating; pigs cannot extract as much energy from fiber-rich foods as do 

sheep, goats, and cattle (Davidson 1948: 150; Anguita et al. 2006). Instead, pigs depend on high-

energy foods such as nuts, tubers, cereals, fungi, and insects (Henry & Conley 1972; Groot 

Bruinderink et al. 1994; Schley & Roper 2003; Gimenez-Anaya et al. 2008).  

Pigs have 10 essential amino acids (Burrin 2001: 323). Although many of these are 

obtained through vegetable and fungal sources, pigs and wild boar hunt for small animals and 

scavenge carcasses. For example, an analysis of the stomach contents of feral swine in California 

revealed that, while making up a small percentage of total diet, 40.4% of 167 pigs had recently 

consumed vertebrates (Wilcox & Van Vuren 2009). Predation was particularly frequent in the 

summer and fall, which were lean periods (Wilcox & Van Vuren 2009: 117). Modern industrial 

farmers often mix pig feed with supplemental protein, which varies depending on the age of the 

pig from ca. 30% to 15% calorically (McConnell et al. 1982; Burrin 2001: 310).   

Geographic and seasonal factors also determine diet. In the Mediterranean region, which 

is analogous to parts of northern Mesopotamia in terms of vegetation and climates, wild and 

domestic swine populations depend on acorns and olives, particularly in the autumn (Massei et 

al. 1996; Hadjikoumis 2012). In this and other regions, cereal crops are often an important food 

source; wild boar, feral swine, and free-ranging domestic pigs can cause considerable damage to 

agricultural fields (Schley & Roper 2003; Seward et al. 2004; Herrero et al. 2006; Honda & 

Sugita 2007; Gimenez-Anaya et al. 2008; Schley et al. 2008).  

The bulk of pigs’ food energy derives from carbohydrates and pigs tend to rely on high-

quality foods (i.e., foods with high calories-to-mass ratios). In this sense, pigs can be thought of 

as competitors to humans. On the other hand, pigs can consume organic refuse. Feeding pigs 

household “slop” as well as waste from brewing, baking, and dairy production is, and has 
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historically been, a common practice (e.g., Malcolmson & Mastoris 1998: 37).  

 

4.6 Rooting 

 Rooting is both the primary means by which pigs and wild boar obtain food under natural 

conditions as well as an exploratory behavior (see Studnitz & Jensen 2002; cited by Houpt 2005: 

101). Pigs spend most of their waking hours searching for food or eating. Thus, rooting is one of 

the most common pig activities (Spitz & Janeau 1995: 424; Houpt 2005: 101). Under 

management, pigs that are denied the opportunity to root tend to become bored and engage in 

stereotyped behavior and inter-porcine violence (especially tail-biting) (Studnitz et al. 2007).16 

 

4.7 Social and Breeding Behavior 

Although they do not form large herds like other artiodactyls, pigs are social animals that 

require physical contact between conspecifics (Clutton-Brock 1999: 94). Porcine social groups, 

called sounders, are structured around several sows (often 2-5) and their pre-pubescent offspring, 

typically totaling around 20 individuals (Graves 1984; Taylor et al. 1998; Nowak 1999: 1055). 

Sounder formation and maintenance is similar in wild boar, feral pigs, and domestic pigs that are 

allowed to forage on their own (see Rodríguez-Estévez et al. 2010). Pigs and wild boar usually 

travel less than two kilometers per day (Spitz & Janeau 1995; Houpt 2005: 103), and have home 

ranges of 200 hectares for boars and 100-150 hectares for sows (citations in Nowak 1999: 1055).  

In contrast to females and young pigs, sexually mature males are often solitary, although 

                                                
16 The importance of rooting for pigs’ wellbeing has been recently recognized by the European 
Commission. The Commission adopted a legislative directive (Directive 2001/93/EC), which 
went into effect for all piggeries in the EU in January 2013, requiring farmers to provide material 
such as straw for rooting.  
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bachelor herds are also common. Males compete for females in the breeding season (early winter 

in Southwest Asia) and, if successful, take over the sounder for several months (Graves 1984; 

Curtis et al. 2001: 62; Spinka 2009). Immediately prior to parturition, sows leave the sounder for 

several days in order to construct a nest and give birth (Curtis et al. 2001: 59). In the 

Mediterranean and Mesopotamian regions, the birthing season is typically February-April, with 

breeding taking place between December and February (Pliny 1847: Book VIII, ch. LI, p. 93; 

Fernandez-Llario & Carranza 2000; Focardi et al. 2008). 

Pigs are not territorial, and the home range of a boar or sounder may overlap with that of 

another (Spinka 2009: 178). They do, however, develop dominance hierarchies. Within the 

sounder and among bachelor groups, as well as within litters, each individual fits into a 

dominance hierarchy determined by combative behavior (Graves 1984: 483). Competition for 

higher positions is frequent and involves flank-to-flank pushing, biting, and head-knocking 

(Spinka 2009: 178-179).  

 

4.7.1 Behavioral Changes Under Domestication 

Domestication of the pig has resulted in several major neurochemical and 

neuroanatomical changes (for a review of domestic pig neurobiology, see Lind et al. 2007). 

These changes should be understood as biological adaptations to human management. Like many 

other domestic mammals, pigs exhibit a marked diminution in overall brain size (ca. 35% 

relative to body weight compared to wild boars). Particularly affected are parts of the brain 

composing the limbic system, which controls sexual desire, aspects of memory, and emotional 

responses. These changes help explain the behavioral differences between domestic and wild 

boars, most notably reduced aggression, lower flight distance, and an overall higher stress 
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tolerance (Kruska 1988; Hemmer 1990; Arbuckle 2005; Kruska 2005; Zeder 2012).  

 Stress, originally described by Hans Selye (1936, 1956), refers to the nervous system’s 

response to external stimuli (stressors) in order to return an organism to homeostasis. When a 

stressor is present, several hormones produced in the hypothalamus, pituitary gland, and adrenal 

gland (the HPA axis) are released. The major hormone is cortisol. Although adapted to protect 

the organism in novel situations, overloading these systems acutely or over time can lead to 

adverse health effects (Lind et al. 2007; Korte et al. 2009; McEwan 2012; Tyrka et al. 2013). 

 

4.7.2 Managing Innate Behavioral Tendencies in Domestic Pigs 

Although domestic pigs are adapted to human control, many of the behavioral 

characteristics of their wild progenitors remain, as in other domestic animals (Jensen 2009: 22). 

Failure to recognize pigs’ innate behavioral tendencies can ultimately lead to reduced fertility 

and weight gain, increased mortality, and abnormal behavior (e.g., Fraser 1983; Morrow-Tesch 

et al. 1994; De Jonge et al. 1996). Nevertheless, successful pig owners often control the 

expression of these traits through environmental conditioning and other practices. These 

procedures are associated with moderate degrees of stress, but provide overall benefit by 

preventing pigs from harming one another and conditioning them to human contact. 

 

4.7.2.1 Castration and Other Prophylactic Surgeries 

Castration is perhaps the most important domestic animal management practice (see 

Clutton-Brock 1999: 96; Bartosiewicz 2013: 81-82). By cutting off the supply of androgens, 

castration limits male aggressive behavior and consequently prevents injury/death. It allows 

multiple adult males to co-exist with females. Although these males cannot breed, herders can 
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manage and eventually slaughter them more effectively.17 Pigs can be castrated at different ages. 

Although there are functional reasons for differences in timing, it is often determined by 

tradition. Usually, the operation takes place soon after birth. Many pig cultures, from New 

Guinea to the Mediterranean, castrate males at 2-4 months (Hide 2003: 83; Albarella et al. 2011). 

However, older males may also be castrated. The Enga of New Guinea, for example, castrate 

males at 18-24 months (Meggitt 1958: 291).18  

In addition to castration, pig rearers often dock tails to prevent tail-biting (Prunier et al. 

2005), and clipping the sharp deciduous incisors (“needle teeth”) on piglets prevents damage to 

the mother’s teats as well as to the piglet’s littermates (Prunier et al. 2005; Rydhmer et al. 2006). 

 

4.7.2.2 Preventing Rooting 

Rooting can wreak havoc on soils and vegetation, precipitating degradation and 

damaging crops (Welander 2000; Massei & Genov 2004). This is not so much a problem when 

pigs are penned as when they are allowed to forage their own food. A common strategy to 

prevent rooting is to insert a ring or nail through a pig’s nasal septum (Sisson & Grossman 1938; 

Nowak 1999: 53-54). The metal ring in causes a sharp pain when the nose is pushed against an 

object. Another, less painful, way to prevent rooting is to provide more feed; satiation tends to 

limit overall movement (Day et al. 1995; Schrøder-Petersen & Simonsen 2001; Houpt 2005: 

101; Scientific Opinion of the Panel on Animal Health and Welfare 2007). 

 

                                                
17 Castration also promotes subcutaneous fat accumulation and eliminates the “boar taint,” an 
odor emitted during cooking caused by the presence of skatole and androstenone (see, e.g., Field 
1971; Wood et al. 1986; Mitchell et al. 2001: 278-279; Bañón et al. 2003).  
18 In English, a barrow is a male pig castrated before puberty, while a stag is a male pig castrated 
after puberty.  
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4.7.2.3 Weaning and Human Contact 

 Wild boar piglets are weaned at about 3-4 months old. The timing is more variable for 

domestic piglets, but they can be weaned at as young as three weeks old (Davidson 1948; Jensen 

1986; Spinka 2009). Early separation prevents piglets from learning behaviors from their parents 

and familiarizes them with humans, allowing pigs to tolerate situations that would otherwise 

cause stress (Hemmer 1990: ch. 10). For example, in parts of New Guinea, women talk to, 

fondle, and even occasionally breastfeed piglets in order reduce the chances of pigs wandering 

off in later life (Rappaport 1968: 59; Simoons & Baldwin 1982; Sillitoe 2003: 258-259). 

 

4.7.2.4 Spatial Considerations 

 Confinement, which is practiced to some degree in every husbandry system, prevents 

rooting, wandering off, and fighting. Under intensive forms of management in which pigs are 

housed in close proximity to one another, separating aggressive pigs prevents fighting, as does 

providing hide areas for bullied individuals (McGlone & Curtis 1985).  

 

4.8 Reproduction 

Pigs are a highly reliable source of food because they reproduce rapidly. Three factors 

contribute to this.  

(1) Fast maturation: sows and boars usually achieve sexual maturity by 10 months of age, 

but can reach it earlier (e.g., Graves 1984: 487). Thus, a female piglet born in early spring may 

be able to breed by the following winter (Bieber & Ruf 2005). After maturity, pigs can reproduce 
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at a regular rate for several years.19  

(2) Short gestation: pregnancies lasts on average 114 days, with a spread of 101-130 days 

among wild boars and 112-115 in modern domestic pigs (Henry 1968; Mount 1968: 16). Sows 

can therefore produce two litters per year, although this is uncommon for wild or feral pigs 

(Taylor et al. 1998; Bywater et al. 2010). In fact, early weaning or slaughter of piglets allows 

sows to farrow more frequently: “in districts near towns where sucking pigs must be turned into 

money […] its mother is saved the trouble by not having to rear it and will more quickly 

conceive and produce another litter” (Columella 1948: Book VII, ch. IX, p. 293). 

 (3) Multiple offspring per birth: pigs are polytocous. Litter sizes are typically 3-7 piglets, 

although they can be considerably higher (Urban et al. 1966; Oliver et al. 1993; Taylor et al. 

1998; Fernández-Llaro et al. 1999; Bazer et al. 2001; Bywater et al. 2010). Sows release 14-20 

eggs per each ovulation (Davidson 1948: 263). Though rarely achieved, this is the theoretical 

maximum litter size. Litter size seems to increase with sow age up to about 4-5 years old, when 

sows are at their peak breeding performance (Urban et al. 1966). 

Neonatal pigs have variable degrees of muscular development and body weights, and 

thus high attrition rates (Mount 1968: 23; Milligan et al. 2002). They are extremely vulnerable to 

hypothermia due to their lack of adipose tissue and minimal amounts of hair, and are at risk of 

hypoglycemia if not fed regularly (Mount 1968: 35; Mitchell et al. 2001: 243). For these reasons, 

                                                
19Classical sources corroborate this timeline for primitive breeds of pigs. Columella, writing in 
the 1st century AD, commented that boars typically achieve sexual maturity at one year, but can 
achieve it at six months, and are fit for servicing sows until four years of age. Sows, on the other 
hand, can be kept for breeding until seven years of age (Columella 1948: Book VII, ch. IX, p. 
291). Pliny the Elder stated that males are not fertile after three years of age (Pliny 1847: Book 
VIII, ch. LI, p. 93). Pliny and Columella’s maximum ages for boars are curiously young. It is 
more likely that Roman pig breeders did not mate their males after age three or four due to the 
fact that older and larger boars are hard to maintain. Meggitt (1958: 291), who studied the Enga 
of New Guinea, remarks that “because older boars have uncertain tempers, men usually geld 
breeding boars when they are 18 to 24 months old and replace them with younger beasts.”  



 
 
 

66 

survival rates among pig litters are highly variable, but typically range between 15% and 40% 

(Urban et al. 1966: Table 3; Jezierski 1977; Milligan et al. 2002; Bieber & Ruf 2005) (Sillitoe 

2007: 338).  

 

4.9 Growth and Development 

Laszlo Bartosiewicz (2013: 42) defines growth as the “quantitative increase in size 

resulting from the accretion of tissue similar to that original present” and development as the 

“qualitative progression toward maturity.” Three main factors determine the growth and 

development of pigs: inherited traits (epigenetic and genetic), food intake, and activity level 

(Andersson et al. 1994; Mitchell et al. 2001). Both growth and development occur in the soft 

tissue and skeleton, but I focus on the latter here.  

 

4.9.1 Body Weight 

Pigs weigh about one kilogram or less and double in size by their second week of life 

(Mount 1968: 19). After this initial spurt, growth rates are quite variable. Table 4.2 shows the 

rates of growth for male and female Swiss wild boar. These trends can be contrasted to modern 

industry pigs which, due to improved breeds, decreased mobility, and increased feed intake, 

reach slaughter weight (ca. 100 kg) in as little as 6-9 months. The growth rate in pigs raised 

under intensive husbandry makes them an economical choice compared to other mammal taxa; 

pigs are more efficient converters of feed-to-meat than sheep, goats, or cattle (Pimentel & 

Pimentel 2008: 69; Redding 2015: Table 2).  
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Table 4.2 Weights and withers heights for wild boar hunted in southern Switzerland.  
Data from 1988-1992 (Moretti 1995: Table 1). Age classes based on dental eruption and wear, based on Matschke’s 
(1967) data. Numbers presented are means ± 1 standard error.  

Age Class 4-8 Months 9-12 Months 13-18 Months 19-27 Months > 27 Months 
Sex M F M F M F M F M F 
N 50 39 39 39 71 54 21 29 31 23 

Body weight 
(kg)  

18.5 
±.9 

19.5 
±1.1 

30.1 
±1.5 

35.6 
±1.7 

53.6 
±1.5 

47.0 
±1.7 

74.4 
±3.7 

52.8 
±3.2 

86.1 
±3.3 

62.6 
±3.9 

Withers 
height (cm) 

53.9 
±1.3 

54.9 
±1.5 

64.7 
±1.1 

66.5 
±1.2 

76.1 
±.7 

72.7 ±.8 85.2 
±1.6 

75.6 
±1.4 

85.6 
±1.7 

75.7 
±1.9 

 
 

4.9.2 Dental Development 

Dental development and eruption20 are strongly controlled by inherited factors (Hillson 

1996, 2005). They are therefore the most accurate macroscopic markers of age in pigs, although 

they can only be used to determine age up to the appearance of the last erupting tooth (Legge 

2013). Environmental factors play a role, but they only significantly alter development and 

eruption in extreme cases. For example, pigs subjected to starvation conditions experience 

delayed eruption, abnormal mineralization of enamel and cementum, and failure to develop 

permanent teeth (Tonge & McCance 1965, 1973).  

Piglets are born with deciduous incisors. Deciduous premolars erupt shortly after birth. 

Permanent molars erupt sequentially from the anterior to the posterior of the jaw, and permanent 

premolars, canines, and incisors replace their deciduous analogs. The normal development and 

eruption of pig teeth is provided in Table 4.3, based on the control population in the Tonge and 

McCance (1973: 4-5) study and the eruption sequence of European wild boar provided by 

Matschke (1967). Magnell and Carter (2007) and Legge (2013) also discuss dental development. 

Prior research has caused considerable confusion regarding the timing of pig dental 

eruption. This is primarily due to several erroneous statements written in the 19th century that 

                                                
20 In this dissertation, “eruption” refers to eruption through the alveolar bone. 
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were propagated in the zooarchaeological literature by Silver (1969), but which could not be 

corroborated by actualistic research (Matschke 1967; Bull & Payne 1982; Anezaki 2009; for 

additional sources see Legge 2013). Tony Legge (2013), however, provided much clarification 

by masterfully summarizing the last 150 years’ worth of literature on pig dental eruption. Legge 

rejected the often-accepted hypothesis that modern pig breeds show faster rates of dental 

development than primitive ones, and concluded that the development and eruption ages of 

modern domestic pigs are no different from those of wild boar.  
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Table 4.3 Dental development and eruption ages for pigs and wild boar. 
Time measured in number of days since birth (I = incisor, C = canine P = premolar, M = molar). ND indicates no 
data available. 1Data from X-ray and skeletal analysis of 37 Large White pigs (Tonge & McCance 1973: 4-5). Note 
that ranges are rarely given and that the ages of development and eruption are the same for upper and lower. *These 
ages are very early (see Legge 2013). 2Data from examination of a population of 200 European wild hogs raised on 
Cherokee National Forest, Tennessee (Matschke 1967: 112). 

Tooth Initial Formation1 Crown Complete, 
Roots Forming1 

Age of Eruption 
through Bone1 

Age Range of Eruption 
through Gum2 

Deciduous      
Upper dI1 in utero in utero (90 days) in utero (93 days) 7-22 days 
Upper dI2 in utero (90 days) at birth 28 days 66-117 days 
Upper dI3 ND in utero (90 days) in utero (93 days) in utero 
Upper dC1 ND in utero (90 days) in utero (90 days) in utero 
Upper dP2 in utero (93 days) at birth 28 days 51-79 days 
Upper dP3 in utero (90 days) in utero (93 days) at birth 11-18 days 
Upper dP4 in utero (90 days) in utero (93 days) at birth 41-49 days 
Lower dI1 in utero in utero (90 days) in utero (93 days) 11-20 days 
Lower dI2 in utero (90 days) at birth 28 days 64-93 days 
Lower dI3 ND in utero (90 days) in utero (93 days) in utero 
Lower dC1 ND in utero (90 days) in utero (90 days) in utero 
Lower dP2 in utero (93 days) at birth 28 days 63-102 days 
Lower dP3 in utero (90 days) in utero (93 days) at birth 23-33 days 
Lower dP4 in utero (90 days) in utero (93 days) at birth 11-20 days 
     
Permanent      
Upper I1 120 days 150-240 days 240 days 376-458 days 
Upper I2 240 days 360 days 480 days 654-815 days 
Upper I3 240 days 150-240 days 360 days 225-356 days 
Upper C1 120 days 120 days 240-360 days 213-348 days 
Upper P1 in utero (90 days) 120-240 days 120-180 days 143-196 days 
Upper P2 120-150 days 240 days 360 days 486-523 days 
Upper P3 120-150 days 240-360 days 240-360 days 457-496 days 
Upper P4 150 days ND 240-360 days 427-561 days 
Upper M1 in utero (93 days) ND 120 days* 161-191 days 
Upper M2 120 days 240 days 480 days 365-420 days 
Upper M3 240 days 360 days 480 days* 781-990 days 
Lower I1 120 days 150-240 days 240 days 383-440 days 
Lower I2 240 days 360 days 480 days 561-672 days 
Lower I3 240 days 150-240 days 360 days 227-281 days 
Lower C1 120 days 120 days 240-360 days 227-348 days 
Lower P1 in utero (90 days) 120-240 days 120-180 days 159-230 days 
Lower P2 120-150 days 240 days 360 days 457-519 days 
Lower P3 120-150 days 240-360 days 240-360 days 427-492 days 
Lower P4 150 days ND 240-360 days 427-540 days 
Lower M1 in utero (93 days) ND 120 days* 159-179 days 
Lower M2 120 days 240 days 480 days 361-415 days 
Lower M3 240 days 360 days 480 days* 694-782 days 
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4.9.3 Dental Wear 

 Tooth wear provides age estimates throughout the lifespan of an individual. Teeth wear 

due to abrasion, removal of enamel and dentine by foreign particles, and attrition, the removal of 

enamel and dentine as a result of tooth-to-tooth contact (Hillson 1996: ch. 11). Most 

zooarchaeologists follow Grant’s (1982) methods for assessing dental wear in pigs. How these 

wear patterns match up to actual ages is by no means straightforward. There are wide age ranges 

for each wear pattern.  

 Hongo and Meadow (1998; Ervynck et al. 2001) suggest the following age ranges for 

dental wear based on Grant’s (1975, 1982) classification of dentine exposure patterns in Sus 

cheek teeth. More recently, Lemoine et al. (2014) devised a sequence of dental wear that 

included more age classes and allowed for the use of upper molars. The suggested ages in Table 

4.4 should be viewed with some skepticism; harder diets wear down teeth more rapidly than 

softer ones (Matschke 1967: 111; Hillson 2005: 216-219; see esp. Larsson et al. 2005: 737). 

 
Table 4.4 Age classes for pig tooth wear for main cheek teeth.  
Age classes follow Lemoine et al.’s (2014: Table 3) Simplified-A system, which is equivalent to Hongo and 
Meadow’s (1998: Table 3) and Ervynck et al.’s (2001) ageing system. Wear patterns in the individual cells follow 
Grant’s (1982) classification. “U” indicates unerupted.  

Age Class (suggested age) dP4 M1 M2 M3 dP4 M1 M2 M3 

A (< 1 month) U-a U U U U-a U U U 
B (3-5 months) b-e U-c U U b-e U-c U U 
C (6-12 months) e-m c-e U-a U e-(shed) c-e U-a U 
D (12-16 months) (shed) c-f a-c U (shed) c-f a-c U 
E (16-30 months) (shed) d-h b-e U-a (shed) d-h b-e U-a 
F (30-72 months) (shed) h-m d-j a-f (shed) h-m d-j a-f 
G (> 72 months) (shed) l-m j-m f-m (shed) l-m j-m f-m 
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4.10 Climatic Tolerances 

 The Eurasian wild boar has a natural home range extending from Scandinavia and Britain 

to North Africa to Southeast Asia. Invasive colonies of wild boar are present across North and 

South America and Australia. This range covers just about every major climate zone on the 

planet. Despite their adaptability, pigs are constrained by their susceptibility to heat exhaustion 

and hypothermia. The latter is particularly a problem for piglets, while the former affects adults.  

 Mount (1968: 19-20) suggests three phases for pigs with respect to climatic tolerances: 

(1) newborn – up to one week old; very susceptible to cold; (2) growing pig – up to about 7 

months; reduced susceptibility to cold; (3) sexually mature pigs – sensitivity to heat above 30° C 

and requiring wallow.  

Pigs regulate their temperature by huddling together in extreme cold conditions and 

wallowing in mud in hot conditions. Lacking sweat glands, wallowing is crucial above 30° C 

(Choquenot & Ruscoe 2003). Summer temperatures regularly exceed 30° C in the Mediterranean 

and the Middle East, and thus access to water and mud is essential for pig survival. Without 

access, pigs are likely to experience heat stress which, like other forms of stress, can lead to 

reduced body weight and immunological deficiencies (Morrow-Tesch et al. 1994). Heat stress 

can also disrupt or terminate pregnancies (Wettemann & Bazer 1985). 

Mount (1968: 231-232) suggests that the optimal temperature range for raising pigs is 12-

23° C. This range limits the amount of stress experienced by animals, and promotes breeding, 

weight gain, and good health. If one cannot control air temperature, there are three essentials for 

pig husbandry to combat heat stress and hypothermia: bedding material to keep warm, shade, and 

water for wallowing.   
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4.11 Chapter Summary 

 This chapter has outlined the basic biology and behavior of pigs. Wild boar differ from 

domestic pigs in several ways. Changes to brain and behavior, especially a reduction in the fight-

or-flight instinct in domestic pigs, are among the most prominent. This reduction allows for a 

greater tolerance of stressors in domestic pigs. High stress tolerance is important because many 

husbandry practices – namely intensive ones (see next chapter) – put pigs under more stress due 

to sty overcrowding and inadequate nutrition. Domestic pigs also tend to be smaller than their 

wild progenitors. The difference in size is best reflected in tooth reduction. Other differences are 

rooted less in biology and more in external factors stemming from the particular type of 

environment (or niche) created by pig husbandry practices. These differences include those 

relating to diet and demographic structure. 

  Several points are important to consider in the discussion of husbandry practices 

(Chapter 5) and the ways in which archaeologists can detect them (Chapter 6). First, pigs are 

highly adaptable and omnivorous, making them amenable to a range of husbandry practices that 

include differing degrees of control over diet, mobility, and reproduction. Second, pigs reproduce 

and grow rapidly. This, combined with the adaptability of pigs to different environments and 

feeding regimes, makes them an ideal animal for smallholders, as discussed in Chapter 2. Third, 

any successful pig herder, including ones in the ancient past, must have at least a basic 

understanding of the nature of porcine behavior and physiology. The biological and behavioral 

parameters of pigs set limits on husbandry decisions. Husbandry is strategic in that herders must 

decide how to manage these innate tendencies. Finally, husbandry practices leave detectable 

signatures on bones and teeth, and these can be analyzed on recovered archaeological remains in 

order to shed light on ancient husbandry practices.  
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 – PIG HUSBANDRY MODELS CHAPTER 5

 
The prince strode out briskly, 
legs speeding him on till he reached the farm 
where his great droves of pigs crowded their pens 
and the loyal swineherd often slept beside them, 
always the man to serve his masters well.  
 – Homer, The Odyssey, Book XV21 
 

5.1 Introduction 

  The task of this chapter is to summarize the data from the ethnographic and historical 

literature in order to provide analogs with which to reconstruct pig husbandry in the ancient past. 

The physiological and behavioral parameters of domestic pigs outlined in Chapter 4 allow for a 

diversity of management practices, which ethnographic and historical cases elucidate. A 

meaningful way of conceptualizing this variation is to arrange husbandry practices along a 

spectrum from intensive to extensive with respect to the degree of control pig rearers have over 

reproduction, diet, and mobility (Figure 5.1).  

 One can identify five broad types: sty-raising, industrial-scale stall-raising, swine 

herding, free-ranging, and urban scavenging. These are abstractions, or ideal typical models of 

the real world. Moreover, it is rare that any single type defines the entirety of husbandry 

practices in a given cultural context. Different types exist side-by-side, and thus archaeological 

reconstructions must reconcile with the palimpsest problem. In addition to these issues, this 

chapter highlights the multiple factors that can cause husbandry practices to change by using 

medieval-modern England as a case study. I conclude by identifying several types of 

zooarchaeological information useful for reconstructing husbandry intensity, including diet, level 

of stress, slaughter age, and frequency of hybridization.  

                                                
21 (Homer 1996: 337). 
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Figure 5.1 Pig husbandry types along the extensive-intensive spectrum. 
The locations along the spectrum should be considered hypothetical; the level of intensity, with respect to control 
over diet, reproduction, and mobility varies within each type.  
 
5.2 Pig Domestication 

 Probably the most profound change in human-Sus relations was the emergence of 

domestic pigs. Domestication is the process by which a population of animals (or plants) 

develops a set of adaptations that facilitate management and exploitation by humans, fostering a 

relationship in which humans and the domesticated population enhance each other’s success and 

create the conditions for new types of human-animal (and human-human) relations (Meadow 

1989: 81, 1996; Bleed 2006; Vigne 2011). This definition aligns with niche-construction theory, 

the idea that behavior, environment, and biology are dialectically entangled with one another 
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(Bleed 2006; Laland et al. 2007; Smith 2007a, 2007b; Laland & O'Brien 2010; Smith 2011; 

Zeder 2015). 

 One should keep in mind that “domestication” is yet another abstraction; its meaning 

evanesces when a concrete and universally-applicable definition is provided. Indeed, Naomi 

Sykes (2015: 24) has recently confessed: “I do not really understand what the term 

‘domestication’ means, it seems to be a catchall for everything and yet nothing.” To treat 

domestication as a concrete fact worthy of study in its own right is analogous to commodity 

fetishization – mistaking something’s index (e.g., its price in dollars) for its essence (Ollman 

1976: 195-201; Marx 1978 [1867]: 313-319; Žižek 1989: 18-22). This is not to say that the 

concept of domestication is without value (cf. Russell 2012: 215). Domestication, like other 

abstractions such as socioeconomic class, states, and complex societies, is useful for drawing 

broad comparisons between diverse datasets and making the impossible complexity of the world 

momentarily, if incompletely, intelligible. One should not, however, allow these abstractions to 

become the endpoints of analysis. In the case of animal domestication, zooarchaeological studies 

should (and have already begun to) investigate the specific ways in which particular human-

animal relations evolved over time. A niche-construction approach is a particularly useful lens 

through which to frame these changing relationships. 

 Studies of modern and ancient DNA have revealed that Neolithic populations in China 

and northern Mesopotamia domesticated pigs. In China, domestic pigs first appeared in the 7th 

millennium BC and spread into southeast Asia (Yuan & Flad 2002; Cucchi et al. 2011). Their 

descendants may have been brought to Island southeast Asia and the Pacific, although it is also 

possible that independent domestication took place there as well as in India (Larson et al. 2005; 

Larson et al. 2007b; Cucchi et al. 2009; Larson et al. 2010). In northern Mesopotamia, pig 
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domestication began in the 9th millennium BC. It was contemporaneous with the domestication 

of sheep, goats, and cattle (Peters et al. 2005; Zeder 2011; Peters et al. 2013). The best data, so 

far, derive from the site of Çayönü, where Ervynck et al. (2001) found metrical, pathological 

(linear enamel hypoplasia), and age-at-death data supporting the idea that the process of pig 

domestication was slow, lasting from the late 9th through 8th millennium BC. Ervynck et al. 

(2001) also argued that the first domesticated pigs were managed extensively. 

 Domesticated pigs spread across southwest Asia and into Europe in the 7th and 6th 

millennia (Larson et al. 2007a; Zeder 2008b; Rowley-Conwy 2011; Arbuckle 2013). The 

descendants of the first domesticated pigs bred with local wild boar. Studies of ancient mtDNA 

suggest that pigs maternally descended from European wild boar replaced those of southwest 

Asian maternal descent in mainland Europe by the 4th millennium BC (Larson et al. 2007a). Pigs 

with European maternal lineages returned to the Middle East, and began replacing the local 

mtDNA haplotypes there in the 2nd and 1st millennia BC (Ottoni et al. 2012; Lega et al. 2016).  

 

5.3 Intensive Husbandry 

 If intensive pig husbandry had a billboard advertisement, the tagline would read: “more 

work, more pork.” Intensive pig husbandry requires an initial labor investment in constructing 

sties and pens as well as periodic labor investments for maintaining enclosures and removing 

manure. Feed is often composed of waste, but fodder may also be required, especially during the 

fattening season. Intensive pig husbandry also tends to introduce higher amounts of stress for the 

animal. However, pig owners benefit from efficient pork production on relatively small plots of 

land, a fact which is particularly attractive to smallholders, for whom the additional labor costs 

are outweighed by the minimal spatial requirements.  
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Intensive pig husbandry practices include sty-raising and industrial-scale stall-raising. 

The latter is not relevant to ancient northern Mesopotamia, but I review it as an example of the 

extremes to which intensive husbandry can be taken. Under intensive husbandry, rearers 

maintain a high degree of control over the diet, mobility, and reproduction of their livestock. Pigs 

are fed regimented diets, subject to highly selective breeding, slaughtered earlier (as a result of 

more rapid weight gain), and confined to enclosures. Additionally, intensive pig husbandry often 

leads to higher levels of stress due to overcrowding, improper nutrition, or lack of stimulation 

(Chapter 4). Stress is reflected archaeologically through pathologies (Chapter 6). 

 

5.3.1 Sty-Raising 

 Sty-raising involves penning small numbers of pigs (usually less than 10). Almost all pig 

management entails some form of penning, but extensive husbandry practices involve only 

temporary use of sties (Sillitoe 2003: 251; Hadjikoumis 2012). It is only when pig rearers 

confine pigs to sties permanently, which also requires that farmers supply their animals with 

fodder or slop and control their reproduction, that pig husbandry becomes intensive. Sties are 

often situated close to smallholders’ houses, minimizing the distance one must travel to tend the 

livestock. The structure and layout of sties are similar across cultures. For example, typical 

British cottager sties contain “a roofed sleeping pen from about four feet to six or seven feet 

square with an open yard of approximately the same dimensions” (Davidson 1948: 74). One 

finds similar sty dimensions in traditional communities throughout the world (e.g., Griffin 1998: 

32; Nakai 2008: 202) as well as in classical texts (Columella 1948: Book VII, ch. IX, p. 297).  

 The sties discussed above are typical for one or two pigs and several piglets. Larger sties 

are also possible, but pig owners must work harder to manage aggression and parturition 
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(Chapter 4). Thus, larger sties tend to have several sub-enclosures for separating pigs. The 1st 

century agriculturalist Columella was well aware of this issue:  

Pigs ought not to be shut up all together, like all other herds, but sties ought to be 
constructed after the manner of colonnades, in which the sows can be shut up after 
farrowing and even during pregnancy; for sows more than any other animals, when they 
are penned together in a crowd and pell-mell, lie on top of another and abortions are thus 
caused. Therefore, as I have said, sties should be built joined by party walls each to the 
other and four feet in height, so that the sow may not be able to jump over these barriers 
(Columella 1948: Book VII, ch. IX, p. 296-297).  
 

 Many sty-bound pigs are fed waste or “slop,” organic waste generated by the household. 

As a result, sty-raised pigs consume the same types of foods as humans, which may be reflected, 

for example, in studies of light stable isotopes or dental microwear (e.g., Barton et al. 2009). Pigs 

can also subsist on human feces, and sties may be constructed near outhouses (Nemeth 1998). 

Agricultural/food-production refuse can also be fed to pigs. In 18th-century Britain, dairy farms 

and breweries often kept herds of pigs to consume the waste (Malcolmson & Mastoris 1998: 39). 

Roman bakers did the same (Columella 1948: Book VII, ch. IX, p. 291), and textual records 

dating to the Old Babylonian Period (ca. 2000-1600 BC) document that Mesopotamian brewers 

fed spent grain to pigs (Lion & Michel 2006b: 94; Van Koppen 2006: 185-186).  

 Organic waste, however, may not fulfill pigs’ dietary requirements. Fodder and a high-

quality protein source such as legumes, nuts, or animal products are often necessary (e.g. 

Davidson 1948: 204-207). At Garšana, a town near Umma in southern Mesopotamia in the Ur III 

period (ca. 2100-2000 BC), several large households kept documents on fodder provided to pigs. 

Fodder included barley, low-quality flour and bran, dates, and reeds (Owen 2006).  

Sty-raising allows owners to control breeding. Most males are castrated at an early age, 

limiting breeders to just a few boars. Rearers must be careful to avoid inbreeding, which can 

weaken domestic stock by negatively impacting the fertility of sows and the survival rate of 
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piglets (Köck et al. 2009). In restricted populations, such as in small villages with only a few sty-

raised pigs, inbreeding can be particularly problematic. 

To sum up: there are advantages and disadvantages to sty husbandry. First, confining pigs 

prevents them from running away, damaging agricultural fields, and mating with wild boars. 

These are typical problems for people practicing extensive management systems (Rappaport 

1968: 160-162; Sillitoe 2003; Albarella et al. 2011). A second advantage is that restricting 

mobility allows pigs to grow faster and thus be slaughtered earlier (Edwards 2003). A third 

advantage is that sty-raising produces a lot of manure, which can be recycled into agricultural 

fields. In fact, in one village in modern-day China, rearers identified manure as the greatest 

incentive for raising pigs (Jian 2010). Manure can also be a problem, particularly in urban areas 

where fecal matter can contaminate water sources. Other disadvantages include high costs of 

fodder and higher initial labor investment.  

 

5.3.2 Industrial-Scale Stall-Raising 

Industrial-scale stall-raising is, as Upton Sinclair summarized it in The Jungle: 

“porkmaking by machinery, porkmaking by applied mathematics” (Sinclair 1981 [1906]: 35). 

Industrial-scale production is a scaled-up version of sty-raising, involving hundreds of pigs. It is 

more specialized; industrial-scale pig husbandry entails production for profit rather than 

production for consumption, and it is not feasible without necessary transportation technology to 

supply pork to markets. Industrial-scale pig production has roots in the 18th and 19th centuries, 

when large-scale agricultural operations in Britain and Europe turned to pigs as a profitable 

method of waste disposal (e.g., Malcolmson & Mastoris 1998: 39). In the 20th century, in the 
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context of an expanding meat industry, industrial-scale stall-raising rose to prominence in the 

developed world (Fitzgerald 2003; Jian 2010; Woods 2012).  

 Under industrial-scale production, pig owners maintain a maximum amount of control 

over diet, mobility, and reproduction. The level of control allows for faster rates of sexual 

maturation and larger litters (Tables 5.1 and 5.2). Profit dictates management strategies. Breeders 

and rearers rely on scientific research and capitalist business strategies to improve their stock and 

increase the rate of production. Pigs consume purchased fodder mixed with additives to improve 

growth (Davidson 1948; Burrin 2001). Rearers restrict mobility by confining pigs to small stalls, 

which cuts costs on facilities and maximizes weight gain (Strudsholm & Hermansen 2005). 

Hemmer (1990: 148) provides typical dimensions for these miniscule enclosures: .25 m2 per 

piglet up to 25 kg, .33 m2 per piglets around 30 kg, .8 m2 for 100 kg gilts, 2 m2 for pregnant 

sows, and 6 m2 for boars (cf. Street & Gonyou 2008). As a result of decreased activity and 

increased feeding, pigs gain weight much quicker, reaching slaughter weight (ca. 100 kg) in just 

120-200 days (Pond & Mersmann 2001: Table 1.4). In terms of breeding, selective breeding 

programs provide the majority of the livestock. Artificial insemination with purchased sperm 

from high-quality studs is common. Prior to parturition, sows are placed in farrowing crates to 

decrease the likelihood of the sow crushing her offspring (Blackshaw et al. 1994).  

Table 5.1 Pig life cycle statistics for improved breeds managed under intensive conditions.  
Data from Pond (2001: Table 1.4). *Certain breeds reach puberty at 90-120 days. 

Development Phase Age 
Gestation 114 +/- 4 days 
Weaning 2-8 weeks 
Age at Puberty (male and female) 150-200 days 
Optimum Age at First Service 7-8 months* 
Reproductive Lifespan 4-8 years 
Lifespan 12-15 years 
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Table 5.2 Female breeding statistics for two improved breeds.  
Large White is a British breed; Meishan is a Chinese breed. Data from Bazer (2001: Table 5.2). 

 Large White Meishan 
Age at Puberty 192 +/- 3 days 91 +/- 2 days 
Litter Size at birth 10-11 13-15 

 
 
5.4 Extensive Husbandry 

 Extensive husbandry practices include swine herding, free-ranging, and settlement 

scavenging. They involve less control over pigs’ diet, mobility, and reproduction, but the returns 

are lower since active pigs take longer to reach slaughter weight. Slaughter ages for extensively 

raised pigs are typically closer to two years old as opposed to one year in intensive systems. 

However, taste and tradition play large roles in determining slaughter times. For example, 

Mediterranean swineherds slaughter both sucklings for Christmastime feasts and other pigs at 

1.5-2 years old (Albarella et al. 2007b; Albarella et al. 2011). Pigs are also more likely to be lost 

or poached. On the other hand, extensively-raised pigs experience less stress than under intensive 

conditions. Extensive husbandry practices allow pigs more freedom of mobility, and allow 

humans to exert variable, but typically minimal, control over diet and reproduction. Rooting 

tends to be the primary feeding behavior unless herders control it by ringing pigs (Chapter 4). In 

terms of reproduction, mating with wild boar is not uncommon despite attempts to minimize it.  

   

5.4.1 Swine Herding 

 Swine herding involves one or more herders accompanying up to several dozen pigs to 

pasture. The amount of control the swineherd has over the pigs is variable, even within identical 

cultural and regional contexts. The division between swine herding and more intensive or more 

extensive forms is often one of degree rather than kind; swine herding may complement sty-

raising or it may involve so little control that it verges on free-ranging (see below). 
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 Swine herding has ancient roots in Europe and the Middle East. Classical sources indicate 

its long history in the Mediterranean (Pliny 1847: Book VIII, ch. LII-LIII; Columella 1948: Book 

VII, ch. IX), and it was also popular in medieval northern Europe and England where, after the 

Norman Conquest, the seasonal herding of pigs was known as the pannage system (Trow-Smith 

1957; Parsons 1962; Grigson 1982; White 2011; Hadjikoumis 2012; Hamilton & Thomas 2012; 

Woods 2012; Wealleans 2013). There are indications that swine herding and/or free-ranging was 

practiced in Mesopotamia in the 4th-2nd millennia BC. For example, one proto-cuneiform text (W 

23948) from the Late Uruk period at Uruk suggests that “wild” pigs were raised under the care of 

a herder (Englund 1995: 125-127). Other texts refer to “reed-thicket pigs” (šah api/šah(h)apu) or 

“free-ranged pigs” (šah-ú), presumably reflecting that some pigs lived and were herded in 

marshes (Englund 1995: 128; Owen 2006: 80; Van Koppen 2006: 184).  

Several recent ethnographies by zooarchaeologists have detailed different swine herding 

practices in the northern Mediterranean (see Tables 5.3 and 5.4), including traditional pig 

husbandry practices in Greece (Halstead 2011), Corsica and Sardinia (Albarella et al. 2007b; 

Albarella et al. 2011), and Iberia (Hadjikoumis 2012). Seasonal herding systems rely on taking 

pigs, often in large numbers, to forests to feed on acorns and other nuts in the autumn. A small 

team of swineherds may control 40-100 pigs (Parsons 1962: 218). Pigs fatten on the mast22 in 

time for a late autumn/early winter slaughter (Parsons 1962: 215; Hadjikoumis 2012: 357). For 

the rest of the year, pigs are kept under sty-raising or free-ranging conditions, and in this way, 

swine herding complements other types of husbandry.  

                                                
22 “Mast” refers to acorns and other tree nuts, especially those eaten by pigs. 
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Table 5.3 Herd statistics for Sardinian pigs kept in free-range/swine herding conditions.  
Data from Albarella et al. (2011: Table 15.11). 1At time of interview, informant had lost his entire herd to swine 
fever; 2One intact boar, one sow; 3Four intact boars. Herd divided into two groups: one in the village, one on the 
plateau; 428 sows, 3 boars, 12 piglets. 

Herd 
Size 

Wild boars 
kept? 

Birth 
Season 

Litter 
size 

Slaughter 
Season 

Age at 
Death 

Mobility  Fodder Provided? 

40-601 Occas. 
hybrids 

Dec-
Feb 

N. D. Jan-Feb 40-50 days 
or 1-2 yrs. 

Free-range 
year-round 

Winter:  Sometimes 
Summer: Yes 

 
~20 In the past Autumn 5-6 Winter Suckling 

piglets or 
1.5-3 yrs. 

Free-range 
year-round 

Winter: No 
Summer: Yes 

 
 

~30 No Any 
time 

N. D. Jan-Feb 1-2 mos. or 
1.5 yrs. 

Free-range 
year-round 

Winter: Nursing sows 
only 

Summer: Yes 
 

~152 No Any 
time 

8-10 Dec-Feb 30-40 days 
or 1 yr. 

Kept in 
enclosures 

Winter: Nursing sows 
Summer: Yes 

 
~503 13 Any 

time 
7 Dec-Mar 35 days or 

1 yr. 
Free-range 
year-round 

Winter: No 
Summer: Yes 

 
~40 No Any 

time 
9-10 Dec-Feb 40-50 days 

or 1 yr. 
Free-range 
year-round 

Winter: No 
Summer: Yes 

 
 

~30 No Any 
time 

N. D. Winter 1-2 mos. Enclosed 
in summer 

Winter: No 
Summer: Yes 

 
~40 No Any 

time 
12 Dec-Jan 40 days or 

1.5 yrs. 
Free-range 
year-round 

Winter: Nursing sows 
Summer: Yes 

 
N. D. No Any 

time 
8-12 Nov-Mar 40-50 days 

or 1 yr. 
Free-range 
year-round 

Winter: No 
Summer: Yes 

 
434 1 Any 

time 
8-10 Dec 40-50 days Enclosed 

within ca. 
60 ha. area 

Winter: No 
Summer: Yes 
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Table 5.4 Herd statistics for pigs kept by swineherds/free-rangers in southwestern Iberia.  
Data from Hadjikoumis (2012: Tables 1, 2, 5).  

Herd ID Herd Size Breeding Pigs Semi-Free-Range Age 
at Slaughter (mos.) 

Free-Range Age at 
Slaughter (mos.) 

1 200 8-10 Boars, 50 Sows 12 15-16 
2 481 N. D. 14 24 
3 2000 18 Boars, 230 Sows 12 16-18 
4 965 16-21 Boars, 80 Sows 13-14 16-18 
5 385 6 Boars, 70 Sows N. D. 18-24 
6 1950 15 Boars, 180 Sows N. D. 16-18 
7 450 3 Boars, 40 Sows 14 16-22 
8 2600 30 Boars, 325 Sows 12 15 
9 800 13 Boars, 120 Sows  12 14-20 
10 1350 11 Boars, 145 Sows 12-13 17-18 
11 610 10 Boars, 50 Sows 12-13 14-16 

 

 Seasonal herding can also involve longer distances. Pigs do not naturally form large herds 

and are not as mobile as sheep, goats, or cattle (see Chapter 4). Thus, large-scale transhumance 

swine herding is difficult. Swineherds can, however, drive pigs, albeit with considerably more 

work than with bovids (Diener & Robkin 1978; Grigson 1982; Essig 2015: 1-15). For example, 

Albarella, et al.’s (2011: 155) Sardinian informants recalled how, until the 1970s, herds of 100-

150 pigs were driven over 100 km by two or three herders. They drove them twice per year: in 

the summer to the plains in order to feed on harvested fields, and in the winter to the mountains 

in order to feed on acorns. Paul Diener observed a similar seasonal movement of pigs: 

During the summer of 1970, one of us (Diener) participated in the herding of pigs to 
market from the remote rural hinterland occupied by Tzeltal Maya in southern Mexico. 
The trip from the purchase area to the city of San Cristobal Las Casa covered perhaps 70 
miles over extremely rugged territory and required seven days. Herding began at about 3 
a.m. and continued till about noon in order to avoid midday heat and showers. Each day’s 
trek ended at a pen constructed along the route and used for decades by teams of pig 
herders. At first, the 21 pigs chaffed under the demands of the march. The swineherds 
kept the herd united and moving, however, with the aid of staffs. Occasionally, a pig 
would break from the pack, only to be retrieved with the aid of specially trained dogs 
[…] Pig traders in the Chiapas highlands often make two such trips a month, and the 
ability of pigs to traverse the mountainous terrain is an important aspect of the region’s 
economy (Diener & Robkin 1978: 498). 
 

 Non-seasonal, or year-round swine herding, is less common today than in the past due to 
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land and labor shortages, but it is occasionally practiced. David Vassberg describes year-round 

swine herding in his discussion of the transportation of the dehesa system,23 which is native to 

the Iberian Peninsula, to Peru in the 16th century: 

 Hogs were divided into droves normally numbering from twenty-five to fifty animals. 
Early in the morning they were led from their pens in or near the city out to pasture in the 
fields or monte, depending on the season. Each drove was usually in the charge of one or 
two swineherds (porqueros or porquerizos) (Vassberg 1978: 52). 

 
Halstead (2011: 163-264) also describes year-round swine herding in Greece, primarily to 

prevent damage to agricultural fields. This is an important task for the swineherd, as pigs can 

wreak havoc on crops and sown plots (Schley & Roper 2003; Schley et al. 2008). To control 

mobility and keep better track of their pigs, year-round and seasonal swineherds often construct 

pens and train the animals in their care to return to them nightly (e.g., Ryder 1981: 347). 

 Swine herding allows pigs to eat what they choose. However, the main reason for most 

herding in the Mediterranean region (and by extension, northern Mesopotamia) is to take 

advantage of the annual mast harvest, which typically runs from October through February 

(Parsons 1962: 215; Hadjikoumis 2012: 357). During these months, pigs subsist almost entirely 

on nuts. In the spring and summer, pigs may root for food or they can be foddered. Albarella, et 

al. (2011) report herders feeding their pigs barley, maize, milk, legumes, gathered acorns, and/or 

worms. Hadjikoumis (2012: 354) indicate that, in the spring, legumes and ground cereal were 

provided to pigs to supplement their diet of grass.  

 Swineherds control reproduction by castrating most of the males and trying to prevent 

inter-breeding with wild boar (see Table 5.3) (Albarella et al. 2011; Hadjikoumis 2012). 

                                                
23 Dehesa is Spanish for “meadow,” but in areas where pigs are herded, such as Extremadura 
(Spain), the term refers to managed Mediterranean oak parklands, consisting of holm (Quercus 
ilex), cork (Q. suber), Lusitanian (Q. faginea), and Pyrenean (Q. pyrenaica) oak species (Parsons 
1962: 213; Hadjikoumis 2012: 354). 
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Thwarting hybridization, especially wild boars with domestic sows, is difficult, however. There 

is genetic evidence for wild boar admixture in the past few centuries (Ramirez et al. 2014). Pig 

owners often must decide whether to keep hybrids, which are differ in terms of temperament and 

physiology. Albarella et al. (2011), for example, indicate that most hybrids are not kept, but 

Halstead (2011) reports that some are raised as livestock. 

 

5.4.2 Free-Range Husbandry  

Free-range husbandry set pigs loose so that they must forage their own food and 

reproduce at will. As mentioned above, the difference between free-ranging and low-intensity 

swine herding is one of degree. In fact, many of the Mediterranean autumn-winter swine herding 

cases discussed above include free-ranging in the spring and summer (Albarella et al. 2007b; 

Albarella et al. 2011; Halstead 2011; Hadjikoumis 2012). Other cases of free-ranging include 

17th-century colonial North America (Cronon 1983; Anderson 1994, 2004), modern-day Papua 

New Guinea24 (Dwyer 1996; Sillitoe 2001; Hide 2003; Sillitoe 2003, 2007), and modern-day 

sub-Saharan Africa (Kagira et al. 2010). 

The Iraki Awa in highland New Guinea practiced one of the most extensive forms of 

free-range husbandry, as David Boyd (1985) examines. His description is illustrative:  

Pigs were treated as semi-domesticated beasts that freely foraged for their food in the 
forest, abandoned gardens, and the village proper. The only effort to control the 
movement of pigs was to fence them out of productive gardens and recent grave sites. 
Pigs were not herded to or tethered in specific foraging areas, and owners did not 
construct any houses, sleeping cubicles, or other facilities for their animals. Most pigs 
were fed, irregularly and infrequently, small amounts of substandard garden produce, 

                                                
24 The range of pig husbandry practices in Papua New Guinea spans the entire intensive-
extensive spectrum, as Robin Hide (2003) has masterfully reviewed. There are many different 
types of husbandry, and a significant amount of variation within each type (Chowning 1977; 
Baldwin 1978; Kelly 1988; Dwyer 1996). It is therefore erroneous to talk about a single “New 
Guinea model” of pig husbandry (e.g., Redding & Rosenberg 1998). 
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although pregnant sows usually were given a daily ration to ensure they did not go feral 
with their expected litters. All young male pigs were castrated, and pigs of both sexes had 
their ears docked so hunters could distinguish them easily from feral pigs whose larger 
ears stand straight up when alerted. Owners also treated ill and injured pigs when 
necessary. 
 
Irakians depended largely on the farrowing of local sows to maintain the village herd. 
With no mature boars in the herd, sows mated with feral boars while roaming in the 
forest. The natural increase of the local herd was augmented by the capture and taming of 
feral piglets and the occasional stealing of pigs belonging to enemy villages (Boyd 1985: 
123). 

 
Free-ranging includes little input, and is therefore attractive to smallholders or other pig 

owners, especially those who have a lot of land at their disposal. Pigs raised under extensive 

husbandry conditions are under less stress due to over-crowding. However, free-ranging is not 

without its downsides; it yields lower returns and it requires more land. Pigs are slower to gain 

weight under free-ranging conditions (e.g., Hide 2003: 100; Kagira et al. 2010; Halstead 2011: 

167), and owners must worry about losing livestock to predators or poaching (Hide 2003: 93). 

Moreover, free-ranging pigs can damage crops, causing social strife between landowners and pig 

owners, something Roy Rappaport (1968: 160-162) documented in his study of the Tsembaga in 

highland New Guinea. Tensions can also be intra- and inter-cultural. The damage caused by free-

ranging pigs owned by English colonists to Native American agricultural fields in New England 

was a factor leading up to the King Phillip’s War in the 17th century (Anderson 1994, 2004).  

By definition, almost no restrictions exist on pig mobility under free-range conditions. 

The few restrictions that do exist restrict access to specific areas, rather than confining pigs to 

certain areas – i.e., they keep pigs out rather than in. Pig owners may prevent their animals from 

wandering into agricultural fields or other undesired locations by constructing fences around 

these areas, as noted by Boyd (1985) in the quotation above. They may also attach impediments 

to pigs. For example, in 19th-century Greece, pig owners fitted their livestock with angular 
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collars to prevent them from entering through gaps in fences (Halstead 2011: 164).  

Free-ranging conditions vary with respect to how often pigs return to settlements and if 

and when they are provided enclosures. On one extreme, the Etoro, who live in the southern 

highlands of New Guinea, raise piglets until they are a few months old and then turn them loose 

in the bush. Only on occasion do mature pigs return to settlements (Kelly 1988: 117). Pig owners 

in western Kenya similarly provide no housing for pigs, expecting their livestock to live off the 

land until they are captured and slaughtered (Kagira et al. 2010: 868). In 17th-century New 

England, pigs “typically roamed at large all year round [and] were rarely subject to even modest 

supervision” (Anderson 2004: 163). However, it is more common for free-ranging pigs to return 

to villages or farmsteads, often attracted by food provided by their owners, so that they can be 

shut up at night (Rappaport 1968: 58; Sillitoe 2001: 173; Hide 2003). Other cases may 

necessitate penning for free-ranging pigs. Wola women, in highland Papua New Guinea, 

sometimes keep “troublesome” pigs (i.e., those that have a history of rooting in gardens or 

wandering off) penned more permanently (Sillitoe 2007: 332). Additionally, the majority of free-

rangers provide pigs and piglets shelter during farrowing and nursing periods (e.g., Albarella et 

al. 2007b: Table 16.11; Hadjikoumis 2012: 358). 

Typically, free-ranging pigs supply most of their own food, but owners often use food as 

an incentive to lure pigs back to pens. Rappaport (1968: 58) noted that each Tsembaga pig is 

“turned loose each morning to spend its day rooting in the secondary growth and forest and to 

return home in the evening, when it is given its daily ration of garbage and sweet potatoes.” 

These food offerings typically represent minimal proportions of the pig diet, but are useful in 

keeping pigs attached to their owners. They “entice rather than sustain” (Halstead 2011: 164). 

The amount of provided food, however, can be substantial in some cases. The semi-free range 
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pigs studied by Hadjikoumis (2012), for example, primarily consume fodder.  

Control over reproduction is likewise minimal. Castration is commonly, but not always, 

practiced. Kagira et al. (2010) report that almost half the 182 pig owners they interviewed in 

western Kenya do not practice castration. Castration is more common in highland New Guinea, 

where most male piglets are castrated at a few weeks to months of age (Meggitt 1958; Rappaport 

1968: 70; Hide 2003: 83; Sillitoe 2003: 253). Interbreeding with wild boar is common under 

free-ranging techniques. Owners often tolerate the hybrids (e.g., Halstead 2011: 163). In some 

cases, wild boar are intentionally incorporated into a domestic herd in order to increase its size 

and add genetic diversity.25  

 

5.4.3 Urban Scavenging 

The low risk, low reward approach to free-range husbandry can also apply to large 

settlements, such as cities and towns, which are rich in organic wastes. Urban scavenging pigs 

are allowed to roam within the constrained and human-built environments of cities and towns, 

feeding on settlement waste.26 While urban-like environments did exist occasionally in the 

Middle East before the development of cities and large towns in 4th millennium (e.g., 

                                                
25 Dwyer (1996), Baldwin (1978), and Chowning (1977: 26-27) identify three common forms of 
pig husbandry in the New Guinea highlands: (1) villagers keep both domestic boars and sows, 
breeding them and keeping them separate from wild boar; (2) villagers keep only domestic sows, 
but allow them to breed with wild males in order to increase the size of their herds; (3) all pigs in 
a village are captured from the wild and tamed, with the males castrated and sows allowed to 
mate with wild boars. This is an important caveat for zooarchaeological research since, in the last 
two categories (and especially 3), morphological criteria would not aid in identifying managed 
pigs. It is an example of husbandry without (morphological) domestication. 
26 Pigs can and do scavenge in smaller settlements, such as rural villages (Kagira et al. 2010; 
Redding 2015: 24-25). I classify such management practices as free-ranging since pigs also roam 
into fields and the bush rather than being confined to the city/town limits. Needless to say, there 
is a gradient between village free-ranging and urban scavenging.    
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Çatalhoyuk), they were relatively rare and none of the early sites in my study fall into this 

category (see Chapter 7). For this reason, this type of husbandry model is only applicable to the 

4th millennium and later.  

Urban scavenging is common today in developing countries such as India (Nunan 2000). 

Unfortunately, there is little ethnographic data on specific husbandry practices. The historical 

record is not much help, although there is ample documentation of the popularity of urban 

scavenging in medieval Europe and England (Albarella 2006: 79), although towns and cities 

began to ban pigs from roaming the streets in the 14th century (Jørgensen 2013). Pigs were 

common in American cities in the 17th (Anderson 2004: 162) as well as 18th and 19th centuries 

(Spann 1981: 47 and 129; Strasser 1999: 30; McNeur 2011). For example,  

[h]ogs [in New York City] could be left to take care of themselves on the street, finding 
free food in the gutters of the city. The streets essentially served as an urban commons. 
[…] Refuse mainly consisted of food-based items, such as offal and kitchen scraps, so the 
hogs could essentially find their entire day’s diet within a few blocks of their residence. 
These urban foragers, who could be summoned by name, would apparently wander home 
at night to sleep in their owners’ backyards or near the front stoop (McNeur 2011: 642). 
 
There is evidence that an urban scavenging role for pigs existed at times in ancient 

Mesopotamia. For example, the Chicago Assyrian Dictionary contains the following quotation: 

“The pig is impure, it defiles everything behind it, makes the streets stink, besmirches the 

houses” (Reiner et al. 1989: 104). 

Urban scavenging is an efficient way to remove organic waste and convert it to pork.27 

On the other hand, pigs leave their own type of undesirable waste. Pig feces are sources of water 

contamination in crowded cities (e.g. Nunan 2000). Moreover, roving bands of hungry pigs may 

                                                
27 The Zabaleen, the garbage collectors in Cairo, recognize this. They practice a reverse-form of 
urban scavenging. Rather than releasing their pigs to consume refuse, they collect waste and feed 
it to their sty-bound pigs. They thus turn a double-profit by removing waste and by selling the 
pork (Haynes & El-Hakin 1979; Miller 1990). 
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attack children and the elderly (Anderson 2004: 162; Jørgensen 2013). For these reasons, urban 

scavenging is often the subject of public complaint and, as I showed in Chapter 2, class conflict 

(Nunan 2000; McNeur 2011; Jørgensen 2013).  

Although there is no information (to my knowledge) relating to the specifics of 

husbandry practices in cases of urban scavenging, we can surmise the following with respect to 

mobility, diet, and reproduction. Owners sometimes but rarely provide shelter, and have little 

control over reproduction. Pig owners presumably castrate males, if only to reduce the number of 

aggressive boars roaming the streets and to encourage weight gain and carcass yield. In terms of 

diet, urban scavenging pigs subsist entirely off organic refuse left in the streets by domestic 

households. Thus, they are similar to the diets of other (intensively-raised) waste-fed pigs. In 

terms of reproduction, although no control is exerted, pigs become reproductively isolated within 

the city and thus mating with wild boar is unlikely.  

Urban scavenging is an extensive practice. However, while there is little control over 

diet, mobility, and reproduction, pigs are limited by the composition of waste, the geography of 

streets and neighborhoods, and the accessibility of other pigs. Moreover, differentiating urban 

scavenging from intensive forms of husbandry in the archaeological record is difficult. Many of 

the expectations for intensively managed pigs (e.g., diets rich in starch and little or no 

interbreeding with wild boar) match those expected for urban scavenging. However, one might 

expect lower levels of pathologies for urban scavenging pigs due to decreased levels of stress 

and, perhaps, older ages at death due to decreased rates of growth (Figure 5.1).  

 

5.5 Changing Husbandry Practices   

 The ultimate goal of this research is not only to reconstruct ancient pig husbandry, but 
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also to understand when, how, and why pig husbandry changed. I seek to elucidate what these 

changes meant for the relationship between smallholders and elites. The shift from extensive to 

intensive husbandry is often a process. Occasionally, intensification can be accomplished in short 

periods of time. For example, in a highland New Guinea village in 1971, Irakia Awa men 

decided to copy the intensive husbandry practices of the South Fore; practically overnight, the 

entire village shifted from free-ranging to sty-raising (Boyd 1985: 125). Such sudden and 

wholesale changes are probably exceptional. Pig husbandry intensification typically involves the 

gradual replacement of one form of husbandry by another in response to several factors (e.g., 

Ervynck et al. 2007; Drew 2010; Essig 2015). The following case study of English pig 

husbandry shows how politics, demography, and economic factors drove intensification. 

 

5.5.1 Shifting from Pannage to Penning in England from the Medieval Period to the 20th Century 

 In medieval England, rural pig husbandry was primarily based on free-ranging or 

herding. As noted above, this pannage28 system of seasonal swine herding developed after the 

Norman Conquest in the 11th century (Trow-Smith 1951, 1957; Malcolmson & Mastoris 1998: 

46-48; Albarella 2004: 118-120). Sty-raising existed in rural areas, but it was not dominant in the 

medieval period. In cities and towns, urban scavenging was popular (Trow-Smith 1951; Grigson 

1982: 302; Wilkie et al. 2006; White 2011; Wealleans 2013). Seasonal swine herding was also 

common in larger settlements; some towns, such as Nottingham, had annually appointed official 

swineherds (Jørgensen 2013: 437).  

 The situation began to change in the late medieval period. By the 19th century, most pigs 

in England were sty-raised. A combination of environmental, demographic, and sociopolitical 

                                                
28 Pannage technically refers to the fees paid to landowners by commoners for the right to 
pasture pigs in their forest (Wealleans 2013: 2077). 



 
 
 

93 

variables prior to and during the Industrial Revolution made the pannage system impractical, and 

eliminated urban scavenging as an acceptable form of husbandry. These changes related, in part, 

to the increased power of the state to control the daily activities of its citizens (Scott 1998). 

 The movement away from extensive husbandry began in the cities, where state power 

was most concentrated and where urban scavenging was prevalent (Jørgensen 2013). Beginning 

in the 13th century, city officials enacted bans on urban scavenging, citing concerns for health 

and property. Officials instructed citizens to contain their livestock in sties and imposed fines on 

violators (Jørgensen 2013). Eventually, many towns passed laws banning pig husbandry 

altogether within the walls of the city. Urban smallholders, however, continued to raise pigs in 

defiance of these new regulations (Jørgensen 2013: 443), and urban pig-keeping was not 

eliminated until the late 19th century (Malcolmson & Mastoris 1998: 43). 

 Changes to husbandry in rural areas started in the 17th and 18th centuries. First, population 

increase led to the expansion of agricultural land into woodland areas. In addition, the 

burgeoning textile industry demanded larger inputs of wool, leading to the clearing of forests for 

the creation of meadows for grazing sheep (Malcolmson & Mastoris 1998: 67-70; Wealleans 

2013). Deforestation made pannage a less viable option (Albarella 2004: 118-119). In addition to 

being cleared for agricultural and grazing land, landowners and officials began to view forests as 

timberland. Swine herding and other activities not related to wood profits were increasingly seen 

as wasteful (White 2011: 96). James Scott, who discusses the emergence of scientific forestry in 

Europe, views the singular focus on the economic value of forests as part of the “tunnel vision” 

that states develop in order to make landscapes and people more legible (Scott 1998: Chapter 1).  

 Agricultural writers also began to view extensive husbandry as wasteful. As the 

proportion of land under cultivation increased, so too did the threat posed by unconfined 
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livestock to crops. At the same time, agricultural scientists advocated sty-raising because it 

allowed pigs to grow at a faster rate (Wealleans 2013: 2079-2080). The improvement of breeds, 

made possible by the introduction of Chinese pigs, added legitimacy to scientific agriculture 

(Malcolmson & Mastoris 1998: 70-74; White 2011). This perspective inspired a series of 

legislations which closed unused lands to common access, and made extensive husbandry 

practices more difficult (Malcolmson & Mastoris 1998: 67-70; Wealleans 2013).  

 The legislation related as much to social and political issues as it did to environmental 

and agrarian ones. The poor primarily practiced swine herding pigs in the pannage system. The 

closing of forests and agricultural land to the herding of pigs was part of a greater process of 

state control over people and territory. English smallholders were well aware of this and resisted:  

The Enclosures, intended to increase the value of the Forest for the Crown and other 
wealthy landowners had the effect of drastically reducing the value of pasturage and 
pannage for the commoners. Enclosure was still causing turbulence and civil unrest well 
into the 19th century; newspaper reports from 1831 detail the destruction of new 
enclosures by commoners in the Forest of Dean (Wealleans 2013: 2079). 
 

 Although changing the organization of production, Britain did not lose its taste for pork. 

Pork remained a staple in London markets, which served the burgeoning numbers of the non-

food-producing proletariat. The Royal Navy also relied on large quantities of salted pork 

throughout the 18th and 19th centuries (White 2011: 104). To feed this growing demand, pig-

rearers increasingly turned to more intensive sty-based management so that they could more 

rapidly raise pigs to slaughter. Combining sty-raising with brewing, dairying, or baking was one 

method, which developed into large-scale operations in the 18th and 19th century (Trow-Smith 

1957: 17-18 and 220; Albarella 2004: 120; Woods 2012: 172): 

The most concentrated sources of food for pigs were the waste products of breweries and 
distilleries, most of them located in or near London. These eighteenth-century industries 
were, by the standards of the day, unusually capital-intensive enterprises; and they 
generated substantial by-products that were found to be profitably used only by pigs. The 
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owners of these enterprises therefore had a powerful incentive to sell their waste grains to 
large-scale pig-rearers or, better still, to buy and fatten pigs themselves – and on a large 
scale (Malcolmson & Mastoris 1998: 39). 
 

 In sum, socioeconomics both pushed and pulled English pig husbandry toward 

intensification. Deforestation and population pressure combined with political agendas and the 

ways in which the emerging modern English state viewed its citizens to create a major “push” 

factor. Meanwhile, economic changes, such as industrialization, the expansion of meat markets, 

and the improvement of livestock acted as pull mechanisms. English pig husbandry continued to 

evolve in response to these factors throughout the 19th and 20th centuries. The 20th century saw 

the rapid replacement of small-scale sty-raising with industrialized stall-raising. The transition to 

industrial-scale pig husbandry occurred as a result of population pressure, the expansion of the 

capitalist meat market, the impact of two world wars, and the deruralization of Britain. New 

technologies, namely refrigeration and automobiles, enabled a small number of rural producers 

to feed increasingly distant urban consumers (Geels 2009; Woods 2012).  

 

5.6 Problems for Archaeological Reconstruction 

 This research depends on reconstructing husbandry practices in ancient northern 

Mesopotamia, and evaluating the causes and consequences of husbandry change. There are three 

problems with reconstruction and detecting change, however: (1) the five pig husbandry models 

are abstractions; (2) it is unlikely that a cultural context, especially one defined archaeologically, 

contains one and only one form of husbandry; (3) reconstruction relies on proxy variables that 

indirectly detect husbandry practices; and (4) the comparability of different zooarchaeological 

assemblages.  

 Problem 1 is immediately apparent when categorizing ethnographic and ethnohistorical 
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case studies of pig husbandry into one of the five types. The cases presented above make it clear 

that a substantial amount of variation exists within each of the five types. In fact, different 

observers might classify some of the cases differently. For example, many pig owners change 

their husbandry practices with the season; classification may depend on when the observer 

initiates his/her study. There is no solution to Problem 1 other than to use these abstractions as 

guidelines for understanding long-term change in husbandry practices. One must account for the 

variability inherent within each of the categories. Documenting variability is as or more 

interesting than pigeonholing empirical situations into theoretical types. 

 Problem 2 is an example of the palimpsest problem in archaeology (Lyman 2003; Bailey 

2007). Bones and teeth from multiple types of husbandry regimes often end up in the same 

archaeological contexts or, more commonly, in the same analytical units (the set of 

archaeological contexts lumped together for analysis by the zooarchaeologist). Geoff Bailey 

(2007: 204) refers to these as “cumulative palimpsests.” Because reconstructing husbandry 

practices relies on population-level inferences from assemblages of bones, palimpsests can mask 

synchronous variation. For example, if pig remains within an analytical unit derive in equal 

proportion from extensive and intensive practices, one might erroneously interpret the results of 

the analysis as some form of middle-range practice (e.g., urban scavenging). Wood et al. (1992) 

refer to this problem as “hidden heterogeneity.” Palimpsests also act along temporal axes. The 

archaeological resolution for sites in this dissertation is several decades, even under the best 

excavation conditions. Although within the span of a human lifetime, this resolution can mask 

several dozen generations of pigs. Depending on the level of chronological resolution, one may 

fail to detect changes in husbandry, presenting instead a static middle-ground husbandry regime.  

 Archaeologists may never be able to reconstruct production strategies in the way that 
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ethnographers or historians can. However, the blurring of spatial and temporal variability can be 

considered beneficial by bringing into focus production processes happening on a larger scale. 

Bailey uses the metaphor of aerial photography: 

Compare for example the way in which the layout of a town might appear from the 
vantage point of a pedestrian observer, and its appearance in an aerial photograph. The 
aerial photograph allows us to appreciate the correct spatial relationships between the 
different parts of the town, indeed to see the town more clearly in relation to its wider 
geographical setting in a way that is far more difficult for the ground observer (Bailey 
2007: 202). 
 

It may not be possible to disentangle various types of pig husbandry at every site, but one can get 

a sense of broad-scale change.  

 Problem 3 relates to the fact that archaeological detection of husbandry is based on proxy 

variables. This study employs various methods designed to reconstruct feeding, breeding, and 

mobility restriction by examining features on archaeologically recovered pig bones and teeth. 

Chapter 6 deals with these methods in greater detail, but it is important to note here that these 

methods, while reflecting various aspects of husbandry, have large and currently unquantifiable 

margins of error. Part of the problem lies in the indirect nature of the methods themselves – they 

test for skeletal implications of husbandry practices rather than the practices themselves. Another 

part of the problem is that many of the methods lack actualistic testing. Rarely have these 

methods been brought to bear on pigs raised under known husbandry conditions (e.g., Ward & 

Mainland 1999). Zooarchaeologists need more actualistic research in order to understand the 

effects of different conditions on archaeologically detectable features of pigs and other animals.29 

 Problem 4 is one that, like Problem 2, is germane to all types of archaeological work: 

                                                
29 There has been recent effort to rectify this issue, such as the Sheep Project (Popkin et al. 2012) 
and the more recent Project DOMEXP, run by Thomas Cucchi. The results of these projects 
should provide zooarchaeologist with more concrete expectations for different methods designed 
to reconstruct ancient husbandry practices.   
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how can one be sure that the zooarchaeological assemblages from different sites are comparable? 

We know, for example, that depositional and post-depositional factors tend to be unique to each 

assemblage. Despite the recognition of site formation processes as vital to archaeological 

interpretation (e.g., Meadow 1978; Binford 1980, 1981; Schiffer 1987), there remains little effort 

to quantify it, particularly in later periods. To a large extent these problems are insurmountable 

in cases, such as this dissertation, in which the zooarchaeologist was not present during the 

excavations and in which the specific site formation processes are not disclosed. However, the 

fact that this study relies primarily on teeth partially immunizes it against the vagaries of 

differential depositional and post-depositional processes. Pig teeth are likely to be deposited in 

the same types of contexts (primary butchery waste) at all sites. They are also resilient in the 

archaeological record and protected by thick mandibular and cranial bones. This resilience 

mitigates the impact of taphonomic processes, which might account for preferential destruction 

of less substantial elements. Although one can rarely be certain about the differential impact of 

site formation processes in archaeology, it is a reasonable assumption that assemblages of pig 

teeth are relatively unbiased and are the best elements for reconstructing husbandry practices. 

 

5.7 Chapter Summary 

 The five models covered in this chapter (sty-raising, industrial stall-raising, swine 

herding, free-ranging, and urban scavenging) are drawn from the ethnographic and historical 

records and pay particular attention to how different management practices control reproduction, 

diet, and mobility. Each of these abstractions can be placed generally along a spectrum spanning 

intensive to extensive practices (Figure 5.1). The next chapter will detail how zooarchaeological 

data can shed light on diet, level of stress, slaughter age, and frequency of hybridization, which 
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are keys to reconstructing ancient pig husbandry practices. 

The second part of this chapter discussed pig husbandry intensification in England. 

Intensification occurred for multiple reasons, including demographic, sociopolitical, and 

environmental changes. However, the one factor that ties the other together is the development of 

the modern English state. The interaction of the emerging modern state and smallholders in 

England is a starting point for understanding sociopolitical change and animal husbandry in 

northern Mesopotamia. It emphasizes the fact that pigs, because they are ideal for smallholder 

production, are often instrumental in smallholder-elite politics.  
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 : METHODS  CHAPTER 6

From its earliest days, the study of ancient animal bones has wandered like an uneasy 
wraith between the worlds of archaeology, with its proper interest in people, and of 
palaeontology, and thus an interest in the remains of vertebrates in their own right 
(O'Connor 1996: 6). 

 
6.1 Introduction 

 The questions posed in the previous chapters can be answered by zooarchaeological 

methods, which can be used in conjunction with one another to reconstruct ancient husbandry 

practices. These methods analyze bones and teeth for the skeletal impact of husbandry 

conditions, such as levels of stress, mortality, and diet. As discussed at the end of the last 

chapter, the data are, by nature, proxies. However, besides textual evidence, which is 

problematic in northern Mesopotamia for its neglect of pig husbandry, there are no other means 

of reconstructing ancient animal management. The process of reconstructing the past through 

skeletal remains is also subject to a high degree of equifinality, since information is successively 

lost during the deposition, decay, transformation, recovery, and identification of 

zooarchaeological specimens (Meadow 1980; Lyman 1994b: 12-40). One way to mitigate the 

problem of equifinality is to employ multiple lines of evidence for reconstructing pig husbandry. 

This chapter details eight methods that examine the following types of data: (1) suid size and 

shape; (2) age-at-death, or survivorship; (3) pathologies, namely linear enamel hypoplasia 

(LEH); and (4) diet.  

 I rely on several acronyms throughout this chapter and for the rest of the dissertation. 

Table 6.1 provides a summary of them. 
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Table 6.1 Acronyms used in this chapter and their meanings. 

Acronym Definition 
LEH Linear Enamel Hypoplasia 
GM Geometric Morphometrics 
LDA Linear Discriminant Analysis 
GPA General Procrustes Analysis 
PCA Principle Component Analysis 
CVP Cross-Validation Percentage 
KME Kaplan-Meier Estimator 
CMH Cochran-Mantel-Haenszel test 
LSI Log-size Index 
WA Breadth (“Width”) of the Anterior of a Pig Molar  
WP Breadth (“Width”) of the Posterior of a Pig Molar 
Bd Breadth of the distal end of a long bone 
GLl Greatest length of the lateral end of the astragalus 
Mi or Mi ith molar, with sub/superscript indicating upper or lower (e.g., M2 is an upper second molar) 
Asfc Areal scale fractal complexity 
epLsar Exact proportion length-scale anisotropy of relief 
smc scale of maximum complexity 
tfv  total volume filled 
CV Coefficient of Variation 
ANOVA Analysis of Variance 
MANOVA Multivariate Analysis of Variance 

 

6.2 Size and Shape 

 Size and shape data are of two types: biometrics (both dental and postcranial) and 

geometric morphometrics (GM). By collecting data on the size and shape of pig bones and teeth, 

one can assess the ratio of wild-to-domestic animals and track morphological changes over time 

(Payne & Bull 1988; Albarella et al. 2008; Albarella et al. 2009; Rowley-Conwy et al. 2012). 

The wild-to-domestic ratio reflects the relative importance of hunting wild boar or the degree of 

wild boar introgression into the domestic pig population. The latter is more germane to the 

purposes of this dissertation. The degree of introgression is a measure of the control over 

reproduction. As I discussed in Chapter 5, extensive husbandry practices allow for, and to a 

certain extent facilitate, inter-mingling and breeding between wild boar and domestic pigs. 

Zooarchaeologists do not often consider the possible implications of these practices when they 

identify the number of wild boar in an assemblage (but see Rowley-Conwy & Zeder 2014). 
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Tracking size and shape change over time reflects less husbandry than the consequences of 

husbandry. Size change indicates genetic isolation from wild boar and the long-term adaptation 

of domestic pigs to husbandry regimes.  

 

6.2.1 Traditional Biometrics 

 I recorded dental and postcranial measurements on select elements using handheld 

analogue calipers with .1 mm precision. I followed the measurement protocols outlined by Bull 

and Payne (1988) in their analysis of wild boar from Kizilcahamam, Turkey.  

 

6.2.1.1 Dental Metrics 

 Researchers have long noted the significant size difference between the molars of wild 

and domestic pigs (Rütimeyer 1862; Winge 1900; Albarella et al. 2006; Rowley-Conwy et al. 

2012). Dental metrics provide a quick and reliable method for distinguishing wild and domestic 

pigs because phylogenetic groupings, and not age and sex, are the primary determinants of pig 

tooth size (Payne & Bull 1988; Mayer et al. 1998; Rowley-Conwy et al. 2012). Dental 

measurements of pig premolars and molars have low coefficients of variation (CV)30 for both age 

and sex groupings, indicating very little sexual dimorphism or variation according to age, but 

high CVs between populations.  

 Pig tooth size is determined primarily by heritable factors (genetic and/or epigenetic).  

Under extreme conditions, environmental factors can play a significant role. The best evidence 

                                                
30 The CV is the sample standard deviation divided by the sample mean. The CV is 
dimensionless and independent of the magnitude of the data. It allows comparisons between 
distributions of different measurements because the CV only records relative variation (Lovie 
2005). It is often used in zooarchaeology to infer the presence of one or more “populations” (e.g., 
sex groups, phylogenetic groups) in a distribution of measurements (Payne & Bull 1988). 
Interestingly, the CV statistic has its origins in anthropology (Pearson 1896).  
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comes from the results of a starvation experiment that placed pigs under protein-deficient and 

calorie-deficient diets (McCance & Mount 1960; McCance et al. 1961; Tonge & McCance 

1965). Calorie-deficient pigs had much smaller M2 and M3 lengths compared to the control 

group (Luke et al. 1979).31 The M1 displayed less variation, probably due to the fact that this 

tooth forms before birth and is therefore less susceptible to post-natal environmental variables. 

However, the experimental groups lived under conditions that could not be sustained in domestic 

or wild populations: they were kept barely alive for 12 months under conditions that today would 

not pass an Internal Review Board’s ethical guidelines.32 Less extreme environmental conditions 

likely have minimal effects on pig tooth size. 

 I took the following measurements on upper and lower dP4s, M1s, M2s, and M3s: 

 1) Anterior breadth (WA) 
 2) Posterior breadth (WP)  
 
These measurements have little inherent inter- and intra-observer error (Payne & Bull 1988; 

Albarella & Payne 2005; Dobney et al. 2007; Albarella et al. 2009). One measures specimens by 

placing the caliper legs along the mesio-lateral axis of anterior and posterior parts of the tooth at 

the cingulum bulge located near the base of the tooth.  

 On upper and lower M3s, I did not take WPs, but took a third measurement: 

 3) Length (L) 

Length is measured along the anterior-posterior (mesial-distal) axis by bracing one of the caliper 

legs on the thickest part of the anterior facet, often the cingulum bulge except in cases of wear, 

and the other along the cement-enamel junction (CEJ) of the distal cusp. Lengths of M3s have a 

                                                
31 I follow conventional labels for teeth (e.g., Hillson 2005): I = incisor; C = canine P = 
premolar; M = molar. Deciduous teeth are denoted by a “d” (e.g., dP4). 
32 The authors report that the 12 undernourished pigs, sacrificed at 12 months of age, weighed 
between 4.7 and 6.1 kg. By comparison, the control population weighed between 151 and 184 kg 
at one year (Tonge & McCance 1965: 361). 
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long history in zooarchaeological studies differentiating wild and domestic pigs (Rütimeyer 

1862; Winge 1900). However, the tooth length decreases with age due to interstitial wear (see 

Hillson 1996: 71 for a similar problem in measuring human teeth). Thus, M3 (and other molar) 

lengths are less reliable for detecting phylogenetic changes than breadth measurements (Payne & 

Bull 1988: 37; Albarella & Payne 2005).  

 

6.2.1.2 Postcranial Metrics 

 Postcranial remains were of secondary importance in this study. Although wild boar 

bones are often larger than those of domestic pigs, postcranial measurements vary more strongly 

according to sex, age, and environmental factors. In terms of sexual dimorphism, mature females 

are about 70-80% the size of mature males (Groves 1981; Moretti 1995; Focardi et al. 2008: 

1113). Forelimbs are particularly dimorphic (Payne & Bull 1988: 30). Age is another factor of 

postcranial size; even after epiphyseal fusion, many elements continue to grow as the animal 

ages (Payne & Bull 1988). Health, especially nutritional plane, can also impact the size of an 

animal (Luke et al. 1979). However, the effect of nutritional plane on size on a population level 

is likely small except under extreme cases (Popkin et al. 2012).33  

 I measured fused and unfused elements. The state of fusion is recorded in each case. I 

took the following measurements, which Payne and Bull (1988: 42) define:34  

 1) Greatest length of the scapula glenoid process (Scapula GLP) 
 2) Smallest length of the collum scapulae (Scapula SLC) 
 3) Greatest breadth of the distal humerus (Humerus Bd) 
 4) Greatest breadth of the trochlea humeri (Humerus BT) 
 5) Diameter of the trochlear constriction of the humerus (Humerus HTC) 

                                                
33 Popkin et al.’s research deals only with sheep (Ovis aries). I am unaware of any study that 
measures the effect of mild nutritional plane differences on pig postcranial size. 
34 Angela von den Driesch (1976) has also defined most of these measurements. 
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 6) Greatest breadth of the proximal radius (Radius BP)  
 7) Greatest breadth of the distal radius (Radius Bd) 
 8) Depth across processus anconaeus ulnae (Ulna DPA) 
 9) Diameter of caput femoris (Femur DCP) 
 10 Greatest breadth of the distal tibia (Tibia Bd or BdP) 
 11) Greatest length of the lateral astragalus (Astragalus GLl)  
 12) Greatest length of the calcaneus (Calcaneus GL) 
 
Payne and Bull (1988: 42) also recommend length of the acetabulum along the rim of the 

innominate (LAR). However, I found a high degree of intra-observer error.  

 

6.2.1.3 Analyzing Dental and Postcranial Metrics by Measurement Type 

 Analyzing individual measurements allows assessment based on independent data 

(especially when one distinguishes between right and left elements). Because I am primarily 

interested in the wild-to-domestic ratio, and because some postcranial elements can vary 

according to age, sex, and environmental factors, it is important to identify particular types of 

measurements that primarily reflect phylogenetic groupings. Albarella and Payne (2005: 598) 

specify six such measurements:   

 1) Tibia Bd 
 2) Astragalus GLl 
 3) M1 WA 
 4) M1 WP 
 5) M2 WA 
 6) M2 WP 
 
 These measurements, along with dP4 and M3 breadth measurements, serve as indicators 

of both overall population size as well as the degree of mixture in the death assemblage between 

wild boar and domestic pigs. Large CVs (≥ .1) indicated that the sample had a high degree of 

intermixture between wild boar and domestic pigs. CVs between .05 and .1, meanwhile, were 

treated as potentially indicative of population mixture. In such cases, I employed mixture 

analysis. Mixture analysis is a set of statistical methods designed to detect the presence of 
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multiple component populations within a dataset and to estimate their parameters (Dong 1997; 

Monchot 1999). I used the Mixtools package in R (Benaglia et al. 2009), which uses 

bootstrapping to estimate the mixture proportions of k component distributions, with k defined as 

two in all cases (i.e., wild and domestic).  

  

6.2.1.4 Log-Size Index (LSI) Technique for Comparing Between Sites 

 Size-indexing techniques are also useful for analyzing metrical data (Meadow 1999). 

They allow one to lump multiple measurements together. A potential analytical problem with 

size-indexing, however, is that the measurements of different elements may be from the same 

individual, thus causing pseudoreplication (Hurlbert 1984). Pseudoreplication is the inaccurate 

assumption that dependent data are independent. It can result in artificially inflated sample sizes 

and over-estimations of the confidence of any inferred statistics. For this reason, one must 

exercise caution when using size-indexing techniques. Nevertheless, because they combine the 

data from several types of measurements, size-indexing is useful for the inter-site comparison 

that I present in Chapter 9. It is particularly helpful when the proportion of elements differs 

between sites (e.g., site A has 10 M1s and 1 M2, while site B has 2 M1s and 12 M2s). 

 I used the log-size index (LSI), following the equation: 

 LSIx = Log (Mx) – Log (MS), 

where Mx is a measurement (e.g., M1 WA) of specimen x, and MS is the standard measurement 

(Meadow 1999). I used Payne and Bull’s (1988) standard measurements from the Kizilicahamam 

wild boar (Table 6.2). When multiple measurements were taken on the same element, I took the 

mean LSI value. Taking the mean LSI decreases the degree of dependency in the data.  
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Table 6.2 Standard measurements for dental and postcranial elements.  
Taken from mean values of Kizilcahamam wild boar (Payne & Bull 1988). 

Measurement  Standard Measurement (mm)  Measurement Standard Measurement (mm) 
M1 WA 15.9  M1 WA 11.9 
M1 WP 16.2  M1 WP 13.0 
M2 WA 20.0  M2 WA 15.7 
M2 WP 19.5  M2 WP 16.5 
M3 WA 21.7  M3 WA 18.3 
Tibia Bd 34.6  Astragalus GLl 48.7 

    

 Before comparing sites, one must determine if the LSI values are specimen-dependent at 

each site. In other words, do certain measurements skew the distribution of LSI values in each 

assemblage? If so, intra-assemblage variation might mask/create patterns in the inter-site 

comparison. To assess this possibility, I performed either a two-way t-test (when there were only 

two measurements – i.e., for the postcranial measurements) or a one-way ANOVA test with a 

post-hoc test (Tukey’s HSD) for multiple measurements. I used the R base package (R Core 

Team 2014). To be conservative, I used a .10 level of significance. In cases of significant 

differences, I eliminated outliers or the measurements showing the lowest p-values in the 

pairwise Tukey’s HSD, and reran the test until the p-value was >.10.   

 

6.2.2 Geometric Morphometrics (GM) 

 GM is a relatively new technique in the biological sciences for assessing shape 

differences (Rohlf & Marcus 1993; Bookstein 1996; Adams et al. 2004; Zelditch et al. 2004). In 

GM, objects or specimens (in this case, pig teeth) are construed as the arrangement of landmarks. 

“Landmarks are discrete anatomical loci that can be recognized as the same loci in all specimens 

in the study” (Zelditch et al. 2004: 23). One can plot landmarks in two or three dimensions, but 

in this study I used two (since the GM objects were photographs of teeth). Effectively, each 

landmark is a pair of Cartesian (x and y) coordinates.  
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 Shape is the geometric information of any object once its location in space, scale (or 

size), and rotation are removed (Kendall 1977; Zelditch et al. 2004: 11). Shape analysis is 

foundational to zooarchaeological identification, as exemplified by bone atlases that rely on the 

detection of subtle differences in morphological features (e.g., Schmid 1972; Pales et al. 1981). 

GM is “simply a quantitative way of addressing the shape comparisons that have always 

interested biologists” (Zelditch et al. 2004: 1).  

 Several zooarchaeologists, especially those studying pig domestication, have already 

applied GM techniques (Larson et al. 2007b; Cucchi et al. 2009; Cucchi et al. 2011; Ottoni et al. 

2012; Evin et al. 2013; Evin et al. 2014; Owen et al. 2014). These studies have shown that molar 

tooth shape (specifically the M2 and M3) is a better discriminator of wild and domestic animals 

than traditional biometrics (Evin et al. 2013).  

 Although most innovative with respect to shape analysis, GM also assesses size 

differences.35 GM does not use the traditional biometrics discussed above. Instead, one calculates 

centroid size. The centroid is the geometric center of an object. It is the mean of the x and y (and 

z, if applicable) coordinates. The centroid size is the square root of the sum of the squares of the 

distances between the centroid and each point (Zelditch et al. 2004: 11).   

 

6.2.2.1 A Step-by-Step Methodology for GM Analysis 

 GM is relatively new to zooarchaeology, and it does not yet have accepted and 

standardized protocols. Those readers who are interested in replicating my methods should read 

the following detailed explanation.  

                                                
35 Zelditch et al. (2004: 13) warn that, although shape and size are mathematically independent 
(they cannot be expressed in terms of one another), they are often non-independent in biology. 
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 (1) The first step is acquiring GM objects. I photographed complete36 M2, M2, M3 and M3 

teeth from each archaeological assemblage with a DSLR camera (Nikon D3200 18-55 VR) with 

an attached macro lens (Nikkon AF-S Micro Nikkor 60 mm). I inserted a scale bar into the 

picture as close to the plane of the cement-enamel junction as possible.37 Teeth were aligned so 

as to keep the occlusal plane parallel to the table surface. The camera lens was kept parallel to 

the table surface using a double spirit level attached to the top of the camera. 

 (2) Next, I plotted homologous landmarks on the GM objects. The landmarks used in this 

study (Figure 6.1) are those defined by Thomas Cucchi and Allowen Evin (Cucchi et al. 2011: 

14; Evin et al. 2013: 737). As Figure 6.1 shows, I plotted two types of landmarks. Standard 

landmarks (referred to simply as “landmarks”) are those that can be defined precisely on the 

specimen (e.g., landmark 6 on the M2 is the lingual apex of the hypopreconulid). Sliding 

landmarks (also called “semi-landmarks”) are useful when a part of the object lacks definite 

positions for standard landmarks but still contains valuable information related to shape. Such is 

the case along the curves along the perimeters of pig molars. Instead of plotting landmarks at 

specific homologous places on the objects, one plots sliding landmarks at arbitrary positions 

along the curve (e.g., the sliding landmarks in Figure 6.1 are evenly spaced along the perimeter 

of the molars) (Zelditch et al. 2004: Ch. 15). During statistical analysis, these landmarks are 

allowed to “slide” along the curve – they are not fixed x,y points like standard landmarks.  

 I plotted landmarks and sliding landmarks using the photographs and the program 

TPSdig2 v.2.17, developed by F. James Rohlf and available free on his website 

                                                
36 It is not possible to do GM if the entire specimen is not present. One must reject many 
chipped, fractured, and heavily worn specimen.  
37 In practice, the scale bar was often on the table surface (ca. 1-2 cm below the CEJ or resting on 
the occlusal surface of an adjacent tooth (ca. 1-2 cm above the CEJ). The effect on size 
estimation, however, is minimal. 
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(http://life.bio.sunysb.edu/morph/index.html). I used TPSutil v.1.58, also developed by F. James 

Rohlf (http://life.bio.sunysb.edu/morph/index.html) to format the data for analysis.  
 

Figure 6.1 Landmarks and sliding landmarks for GM analysis of M2 and M3 teeth. 
 
 
 (3) The analysis of the GM data followed the methodology discussed by Evin et al. 

(2013: 737; 2014). I had two goals: (1) detect centroid size and shape changes between 

assemblages, which complement inter-site patterns detectable through traditional biometrics; and 

(2) distinguish between wild and domestic shapes in order to identify the wild-to-domestic ratios 

in each assemblage. This second goal complements the mixture analyses. 

 To accomplish these goals, I first calculated the centroid size and performed a General 

Procrustes Analysis (GPA) to quantify the shape of each for each tooth. The GPA calculation 

relied on another freely available program developed by F. James Rohlf: TPSRelw v.1.54 
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(http://life.bio.sunysb.edu/morph/index.html). GPA involves complex mathematical algorithms 

that would likely try the patience of whoever is still reading this. One can summarize the GPA as 

follows. First, one centers the specimens based on their calculated centroids. Then, one optimally 

rotates and scales the images to superimpose them (Adams et al. 2004: 6; Zelditch et al. 2004: 

113-114). During this procedure, sliding landmarks can move (“slide”) along the curve of the 

tooth in order to minimize the Procrustes distance (Evin et al. 2013: 737), which is 

approximately the square root of the summed squared distances of the landmarks once they have 

been superimposed using the GPA (Zelditch et al. 2004: 422). The results of the GPA are 

collections of points in normalized space (i.e., space in all objects have the same scale, rotation, 

and location).  

 (4) After obtaining the centroid sizes and GPA values for each tooth, I performed 

statistical analyses in R, using the Base Package (R Core Team 2014) and Rmorph (Baylac 

2012), as well as three specialized R functions developed by Allowen Evin:  

(a) mevolCVP (Evin et al. 2013), which was designed to identify the appropriate number 
of dimensions to use in linear discriminant analysis (LDA);  
(b) pldam (Evin et al. 2015), which performs a predictive LDA to identify domestic and 
wild specimens; and 
(c) FonctionsR (Allowen Evin, personal communication), which was designed to make 
GM datasets produced in the TPS programs accessible to R and for low-level plotting of 
the data. 
 

In addition, I used the package “ape” (analysis of phylogenetics and evolution) (v.2.7-3) (Paradis 

et al. 2004) in order to construct neighbor-joining trees for tooth shape data.38  

 The centroid size datasets are unidimensional; a single number represents each specimen. 

Analysis of centroid size did not therefore require the use of multivariate statistics. However, I 

used a logarithmic transformation in order to reduce the effects of outliers and heteroscedasticity 

                                                
38 The construction of neighbor joining trees followed the estimation published by Saitou and 
Nei (1987). 
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(i.e., variability in the variance). I relied on boxplots and analysis of variance (ANOVA) to 

detect centroid size change over time.  

 The GPA datasets are multidimensional. The number of dimensions is equal to twice the 

number of landmarks and sliding landmarks (since each has an x and y coordinate). Thus, the 

number of dimensions exceeds 100 for each tooth type, making statistical analysis both 

computationally difficult and subject to noise. Analysis of multidimensional datasets are 

particularly complicated when the number of dimensions is larger than the number of specimens, 

which is a common problem in GM analyses (Kovarovic et al. 2011: 3008; Evin et al. 2013: 

738). To reduce the number of dimensions, I ran a principle component analysis (PCA). 

Although it is a common practice to plot the first two PCs in order to detect data grouping, this 

technique is rarely useful in GM, in part because the first two PCs explain little of the total 

variance (often less than 50%). In other words, by considering only the first two PCs, one risks 

missing meaningful patterns.  

 (5) The choice of how many PCs to include, however, is complicated. Including too 

many PCs allows statistical noise to overwhelm meaningful patterns (Baylac & Frieß 2005: 151-

152). To determine the appropriate number of PCs to use, I followed the leave-one-out cross-

validated LDA percentage (CVP) methods using the mevolCVP R function developed by Evin et 

al. (2013: 737-738). The CVP method is complicated, but can be summarized as follows: first, 

the algorithm removes one GPA specimen (i.e., one tooth) from the dataset and makes groups 

with the other specimens. These groups are computed by performing multiple linear discriminant 

analyses (LDAs). LDA, like PCA, is a method for determining groups of multidimensional data. 

In this case, LDA was used to determine groups that had already been subjected to a PCA 

(because the number of specimens was less than the number of dimensions – see previous 
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paragraph). The LDA used varying numbers of PCs (i.e., groups of specimens were created with 

one PC, then with two, then three, etc.). The algorithm then identifies the left-out specimen based 

on those groups for each number of PC, and compares the identification based on shape 

similarity to a priori information (i.e., the known identification – wild/domestic of the specimen 

as defined previously by the analyst). The mevolCVP algorithm then leaves another specimen 

out and repeats the process. After it has done this for all specimens, it computes the proportion of 

times the identifications match (i.e., cross-validate) the a priori identification for each number of 

PCs.39 The output of the mevolCVP algorithm is a set of percentages (CVP values) associated 

with each PC. One then manually compares these CVP values to the proportion of matched 

specimens when the left-out specimen is assigned to a group randomly to determine if the 

groupings based on LDA are significantly better than random assignments.  

 Unequal sample sizes can bias group assignment due to the fact that there is a higher 

probability of making a match if one chooses the group with a larger number of specimens (Evin 

et al. 2013: 738). In order to mitigate the effects of unequal sample sizes, mevolCVP “balances” 

the populations by taking random samples of each group equivalent to the number of specimens 

in the smallest group. It then resamples these groups a set number of times defined by the analyst 

(in this case, 100 repetitions). As each repetition creates a different CVP value at each PC, the 

repetition of sampling results in a distribution of CVPs. One compares these results to the 

distribution of the CVPs when the samples of left-out specimens are assigned randomly. The 

CVP values based on shape analysis should be significantly higher than those based on random 

                                                
39 Put simply, mevolCVP does the following: if we know that a specimen is a wild boar, then 
how often would we correctly identify this specimen with 1 PC? 2 PCs? 3 PCs? If the %correct 
is highest for, e.g., 5 PCs, then 5 is the most appropriate number to use in the LDA. 
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assignment. If this is not true, the shape similarities are not good predictors of grouping and the 

ability of the analyst to say anything with GM analysis is limited. 

 One can graph the results of the CVP analyses (e.g., Evin et al. 2013: Figure 3) to show 

change over the number of PCs used. Typically, the CVP increases with an increasing number of 

PCs up to a certain point, and then begins to fall back down. From these graphs, I chose the 

number of PCs that corresponded to the point at which the balanced distribution reached its 

highest proportion, which was typically between 6 and 10 PCs (following Evin et al. 2013).  

 (6) Having determined the appropriate number of PCs to use in the LDA, I then 

performed a MANOVA test to determine if the shapes were significantly different from one 

another when grouped according to site. If this test failed to show a significant difference at the 

.05 level (and the M3 did fail), then I conducted no further tests; I considered the shape data of 

that tooth to be poor indicators of morphological change. For the tooth types that passed the test, 

I performed the LDA to determine the relationships between archaeological assemblages. I 

displayed these relationships with a phylogenetic tree made with the ape package (Paradis et al. 

2004). These phylogenetic trees provide insight into the evolution of pig molar shape over time 

(Chapter 9). 

 (7) The final step in the GM analysis involved determining the ratios of wild-to-domestic 

specimens in the Neolithic and early Chalcolithic assemblages.40 Evin (Evin et al. 2015) has 

developed an R function to perform this analysis that relies on assigning known assemblages to 

wild or domestic, and then predicting the other specimens using predictive LDA. In this case, I 

                                                
40 I did not attempt to determine the wild-to-domestic ratios in the late Chalcolithic or Early 
Bronze Age assemblages for two reasons. First, traditional biometrical data indicated that there 
were almost no wild boar in these assemblages. Second, it is best to define domestic shape based 
on ancient domestic pig teeth rather than modern ones since there has been recent intermixture 
(Ottoni et al. 2012). Thus, the teeth from these later assemblages were used to define the generic 
domestic shape. 
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identified as wild the Hallan Çemi specimens and modern Turkish wild boar specimens curated 

by the Museum für Naturkunde in Berlin (the photographs of which were kindly provided to me 

by Allowen Evin). The shapes of these specimens defined the wild boar shape. I used the 

Hacinebi, Raqa’i, Atij, and Leilan specimens for my domestic population. After running the 

mevolCVP program once more to determine the appropriate number of PCs to use, I conducted 

the predictive LDA (pLDA).  

 The pLDA uses samples of each defined domestic and wild population. The sample size 

is equal to the smallest group – e.g., if there are 10 wild and 12 domestic specimens, one uses all 

the wild specimens and takes a random sample of 10 domestic specimens. The pLDA gives the 

probability that each of the specimens from Domuztepe, Jarmo, Banahilk, Ziyadeh, Mashnaqa, 

and Umm Qseir belongs to the wild or domestic group based on the identified number of PCs. 

Since each new round of sampling (when sample sizes are unequal) produces slightly different 

probabilities, I resampled 1000 times. However, because each resampling is associated with a 

different CVP, I only wanted to use those resamplings with higher CVPs, so I chose only the 

fourth quartile (following Evin et al. 2015). This conservative approach typically used only 

about 20% of the original 1000 samples. For each specimen, I took the percentage of these 

roughly 200 samples that identified it as wild or domestic and calculated the percentage. These 

percentages allowed for the identification of each specimen as wild or domestic. 

 

6.3 Age-at-Death and Survivorship 

 Analysis of age-at-death in animals is the cornerstone of zooarchaeological assessments 

of husbandry and hunting strategies (e.g. Klein 1982; Davis 1983, 1987; Stiner 1990; Lyman 

1994b: 115-126; Zeder & Hesse 2000; O'Connor 2008). However, that fact should not prevent 
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discussion of its utility. Relying on a single line of evidence is often problematic in 

zooarchaeology, but survivorship data are particularly prone to bias due to taphonomic and 

aggregation issues, as Arkadiusz Marcianik (2014) has recently argued. Moreover, as Rowley-

Conwy et al. (2012: 27) point out, survivorship data are less informative about the management 

of pigs than for other animals. However, survivorship still provides important insights into 

ancient husbandry practices when integrated with other lines of evidence. Survivorship data 

reflect decisions relating to herd growth and reproduction (see Chapter 5).  

 To collect survivorship data, I assessed degrees of dental eruption and wear on post-

canine (cheek) pig teeth. I did not use epiphyseal fusion data because they are more prone to 

biases relating to deposition, preservation, recovery, identification, and analysis (Klein & Cruz-

Uribe 1984: 43). Although using age-at-death data from teeth is less problematic than using 

epiphyseal fusion data, one major issue is the assignment of months since birth to eruption/wear 

stages, i.e., calibrating skeletal/dental age to calendar age. As discussed in Chapter 4, Tony 

Legge (2013) traced the inaccuracies in the literature regarding eruption times and has proposed 

a more reasonable schedule of eruption times in pigs and wild boar:  

M1: 5-6 months.  
M2: 11-14 months.  
M3: 24 months for initial eruption and up to 48 months for the full eruption of the 
posterior cusp. 
 

Meanwhile, Lemoine et al. (2014) have recently made improvements to the documentation of 

dental wear in pigs, which roughly correspond to age, as shown in Table 4.4.  
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 I coded dental eruption and wear using the template laid out by Grant (1982) for lower 

dP4, P4, M1, M2, and M3.41 At all sites, teeth were assigned to age classes using Lemoine et 

al.’s (2014) “Simplified-A” system. The “Simplified-A” system uses six age classes and is 

equivalent to Hongo’s (1998; Ervynck et al. 2001), although it also allows for the use of 

maxillary teeth. I coded wear for mandibular teeth exclusively on collections from Atij, Ziyadeh, 

Mashnaqa, Hallan Çemi, Domuztepe, and Raqa’i, because these assemblages were analyzed 

prior to Lemoine et al.’s (2014) publication. For Hacinebi, Jarmo, Banahilk, and Leilan, I 

included maxillary wear. However, because I was careful to avoid double-counting (see below), 

the results of the different sites are comparable. 

 Lemoine et al.’s (2014) “Simplified-A” system was designed to work with whole 

mandible and maxilla tooth rows. It is more difficult to implement when there are large numbers 

of loose teeth. Many loose teeth were assigned to intermediary age classes at first, and then 

assigned to more specific categories based on the wear patterns of more complete mandible and 

maxilla in the assemblage. If I could not reassign, which was rare, I eliminated the specimen 

from consideration. Thus, I avoided the need to allocate teeth (Payne 1973: 293; Arbuckle 2006: 

162).  

 Following the assignment of age classes in age-at-death analyses, one must decide which 

teeth to count when constructing a survivorship profile or curve. In this study, I attempted to 

maximize the sample size while maintaining data independence. Counting followed a specific 

protocol: I assigned a count of “1” to each specimen in each age class that must have derived 

from an animal not already represented. Most of the time, the count for each age class was 

                                                
41 I entered the wear pattern codes for each individual tooth or group of associated teeth into an 
Excel spreadsheet. Loose teeth were given their own line, but teeth within the same jaw were 
entered on the same line. 
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simply the maximum value of the number of specimens in the four dental quadrants (i.e., 

MAX[R maxillary, L maxillary, R mandibular, L mandibular]). One further consideration was 

stratigraphy: if specimens were found in different chronological phases of the site, I considered 

them independent, but not if they were found in different horizontal contexts of equivalent date. 

The exception to this rule was the Leilan assemblage, win which the upper and lower town sub-

assemblages were contemporaneous but analyzed separately. 

 To analyze survivorship curves, I used the Kaplan-Meier Estimator (KME) bootstrapping 

method available in the R package zooaRch (Otárola-Castillo et al. 2015; Price et al. 2016). The 

KME is a standard statistical technique for plotting survivorship data, and is given by the 

following equation: 

 

! ! = ! !!!!!!
!!!!!              

 

Where S is the number of animals that survived age class xi, ni is the number that survived to age 

class xi-1, and ni is the number of animals that died in age class xi. The equation entails 

multiplying fractions composed of the number of animals that survived a specific age class 

divided by those that survived the previous age class (Cox & Oakes 1984; Lee 2013).   

 KMEs can be bootstrapped to obtain 95% confidence intervals around survivorship 

curves. Plotting confidence intervals allows the analyst to make a quick assessment of the effects 

of sample size and thus better interpret the curve (Steele & Weaver 2002; Weaver et al. 2011). 

By bootstrapping, or re-sampling with replacement, the original age-at-death dataset 1000 times 

for each site, the surv.func function in the zooaRch package is able to identify quantiles 

corresponding to the 2.5% and 97.5% limits of the distribution. 
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 In general, the small sample sizes of most of the assemblages caused the 95% confidence 

interval to be quite large. In fact, 95% confidence is a high threshold, and probably not 

appropriate for comparing zooarchaeological datasets. Thus, when comparing survivorship 

curves between sites, I plotted their respective 68% confidence intervals. To test for significant 

differences between survivorship curves, I used a Cochran-Mantel-Haenszel (CMH) test (Mantel 

1963).42 The CMH test works by creating a series of 2x2 contingency tables, one for each age 

class. In each 2x2 table, the independent variable is the site and the dependent variable is the 

number of specimens that died in the age class from that site and survived that age class from 

that site. The test-statistic is a modified version of the familiar chi-squared. It tests against the 

null hypothesis that site and survivorship are conditionally independent over each age class.  

 The CMH test is available in the basic R stats package (R Core Team 2014) as 

mantelhaen.test(). The test is designed to compare two sites at a time. For testing between 

multiple sites, I used the CMH in conjunction with the Bonferroni correction43 in order to avoid a 

Type I error, which is common when performing multiple hypothesis tests. 

Table 6.3 Example of 2x2 contingency tables for CMH test. 
In this case, Site X has 14 total specimens, Site Y has 10 total specimens, and there are two age classes (A and B). 

 

                                                
42 I am grateful to Dan Cervone (PhD, Department of Statistics, Harvard University) for pointing 
this out to me. The Kolmogorov-Smirnov (K-S) test is usually performed on survivorship data in 
zooarchaeology (Klein 1978; Steele 2003). However, the CHM is more powerful and, because it 
compares all age classes from each survivorship curve rather than the differences between the 
resulting curves, somewhat more appropriate. 
43 The Bonferroni correction is straightforward: one divides the alpha-level by the number of 
hypothesis tests. 

Age Class B 

Site Died in B Survived B 
Site X 12 0 
Site Y 9 0 

 

Age Class A 

Site Died in A Survived A 
Site X 2 12 
Site Y 1 9 
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6.4 Pathologies 

 In Chapter 5, I discussed the relationship between husbandry practices and stress in pigs. 

Stress describes the nervous system’s effort to return the organism to equilibrium after 

experiencing a stressor (Selye 1956). Stressors include dietary change, environmental 

temperature change, exposure to pathogens, or injury. They can also be psychological in nature. 

Domestic animals have higher stress tolerances than their wild counterparts with respect to social 

behavior and aggression. In other words, comparable stressors (e.g., being confined to a small 

space) cause less stress – and therefore fewer skeletal markers of stress – in pigs than in wild 

boar (Hemmer 1990; Kruska 2005). On the other hand, intensive husbandry practices involve 

close-quarters penning, increased exposure to pathogens, and, often, insufficient diet for at least 

part of the year. Thus, although domestic pigs are adapted to higher levels of stress, intensive 

husbandry can push pigs beyond these limits.  

 On the other hand, stressors (e.g., exposure to cold) that would typically cause the death 

of a wild boar or extensively managed pig can be mitigated under intensive management. Instead 

of causing death, the attenuated stressor would result in a skeletal or dental pathology. Neonatal 

pigs, for example, tend to have high mortality rates. Intensive husbandry practices that minimize 

neonatal mortality in stressed piglets would allow skeletal manifestations of stress to develop 

where they would not in the wild. Thus, higher levels of some stress markers may, in fact, reflect 

a decrease in level of stress (or at least in the mortality rate associated with it). This is a case of 

what Wood et al. (1992) describe as the “osteological paradox” and it represents a potentially 

confounding factor with hypoplasias (see esp. Wood et al. 1992: 355). To be clear, the 

expectations for intensive husbandry remain the same: one expects high rates of hypoplasias and 
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other stress-related pathologies. It is the specific mechanism by which these rates increase that is 

difficult to determine.  

 Human management complicates the skeletal manifestations of non-stress-related 

pathologies as well. Some pathologies (e.g., bone neoplasias) take time to develop and thus 

appear almost exclusively in older animals. Because domestic pigs are usually slaughtered at 

younger ages than wild boar (or feral swine), managed pigs often display lower rates of these 

pathologies (Bartosiewicz 2013: 44). Human management masks pathologies in other ways. For 

example, zooarchaeologists can only differentiate in vivo bone fractures from post-mortem 

breakage if they have healed. Depending on the severity of the injury and the herder’s strategy, 

domestic animals are often slaughtered immediately after suffering a fracture, effectively making 

it impossible to identify the pathology zooarchaeologically. Careful husbandry practices, on the 

other hand, may prolong the life of an animal that would die under other circumstances, allowing 

lesions on soft tissues to affect bones and teeth (e.g., Bendrey 2014).  

   

6.4.1 Linear Enamel Hypoplasia (LEH) and Other Hypoplasias 

 One way to assess stress in animals is through the frequency of dental hypoplasias. A 

hypoplasia is “[a] deficiency of enamel thickness, disrupting the contour of the crown surface, 

[which is] initiated during enamel matrix secretion” (Hillson 1996: 165). Pathologists have 

linked these macroscopic marks to a variety of stressors in humans and animals, including 

dietary deficiencies, disease, allergies, psychological stress, intoxication, and metabolic 

abnormalities (Mellanby 1929, 1930, 1934; Suckling et al. 1986; Goodman & Rose 1990; 

Hillson 1996: 165-166; Kiedorf et al. 2000; Guatelli-Steinberg 2001; Hillson 2005: 175; 

Kierdorf et al. 2012). Hypoplasias form during amelogenesis (i.e., enamel formation). Although 
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the precise etiology is unknown, stress hormones seem to trigger ameloblasts to cease secreting 

the enamel matrix (i.e., Phase 1 of amelogenesis), creating areas of reduced thickness (Guatelli-

Steinberg 2001; Witzel et al. 2006).  

 Because teeth, unlike bones, do not remodel throughout the life of the individual, 

hypoplastic marks on the enamel surface are permanent unless effaced by tissue loss. 

Hypoplasias are therefore reliable markers of early life stress. However, they cannot indicate 

stress after the formation of the last tooth – the M3 in pigs.44 Tissue-loss is another important 

factor. Individuals may lose affected teeth offsite, preventing the specimen’s inclusion in the 

zooarchaeological record. More commonly, dental attrition may eliminate the hypoplastic feature 

as the crown is worn down past the location of the defect (Dobney & Ervynck 1998: 264; 

Dobney et al. 2002; Kierdorf et al. 2012). Dental attrition erases the earliest-forming hypoplasias 

first, since enamel is laid down from the top of the crown downward (Hillson & Bond 1997).45  

 Despite the fact that archaeologists cannot determine specific stressors, documenting 

LEH frequencies in ancient humans and animals has provided insight into how these populations 

lived (e.g., Swärdstedt 1966; Saul 1972; Hillson 1979; Starling & Stock 2007; Kierdorf et al. 

2012). Borrowing from this literature, Keith Dobney and Anton Ervynck (Dobney & Ervynck 

1998; Ervynck & Dobney 1999; Dobney et al. 2002; Dobney et al. 2004, 2007) developed a 

methodology for investigating LEH in pigs. They have shown, using populations of modern and 

ancient domestic pigs and wild boar, that rates of LEH are higher in domestic pigs than wild 

boar, especially for pigs being raised under intensive husbandry conditions.  

                                                
44 Hypoplasias can record later-life stress with continually erupting teeth. For example, Chardin 
et al. (1998) described hypoplasias on the incisors of rats that had endured 
thyroparathyroidectomy.  
45 Thus, Dobney and Ervynck (1998: 265) recommend using teeth that fall in Grant’s (1982) 
stages u (unerupted), a, b, or c. However, this protocol reduces the sample size considerably. I 
recorded hypoplasias on teeth of all wear patterns to keep sample sizes large. 
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 To record and analyze LEH data, I drew on the methodologies presented by Dobney and 

Ervynck (1998) as well as Drew (2010). I recorded the cusp and tooth location of hypoplastic 

features and described their appearance on M1s, M2s, and M3s. I recorded features on both 

upper and lower teeth, although I only used the data from the lingual cusps of lower teeth so as to 

avoid double-counting and to be consistent with previous studies (Dobney & Ervynck 1998: 

265).46 To ensure proper detection of hypoplasias, I worked with a desk lamp and hand lens, 

rotating the tooth so as to achieve oblique lighting (Dobney & Ervynck 1998: 265).47   

 For the analysis of the hypoplasia data, I included all mandibular teeth. This protocol 

deviates from the one endorsed by Drew (2010: 294), who argued that including individual teeth 

would lose data independence (Skinner 1996). I decided to include individual teeth because most 

of the assemblages I analyzed had high proportions of heavily fragmented jaws and excluding 

individual teeth would have caused too much data attrition. I calculated two values, the 

lines/cusp ratio and the Ervynck-Dobney Index. The first is simply the ratio of the number of 

anterior and posterior cusps of M1s, M2s, and M3s exhibiting hypoplasias divided by the total 

number of M1, M2, and M3 cusps in the assemblage. The second value was proposed by 

Ervynck and Dobney (1999: 6). It attempts to correct for the fact that there are inherent 

differences in expected LEH frequencies for different cusps and teeth (Goodman & Armelagos 

1985; Hillson & Bond 1997: 102). The following equations describe these values: 

 lines/cusp ratioSite A = cusps with LEH / number of cusps 

                                                
46  Although they suggest only using lower teeth to avoid double-counting (Dobney & Ervynck 
1998: 264), Dobney and Ervynck (1998: 265) do not advocate for choosing the maximum 
between right and left teeth. In most of the collections I analyzed, the risk of double-counting 
was low because the sample sizes were small. 
47 I also recorded the position of hypoplasias by measuring from the lowest point of the 
hypoplastic feature to the highest point of the CEJ with analogue hand calipers. Dobney, 
Ervynck, et al. (Dobney & Ervynck 2000; Dobney et al. 2002; Dobney et al. 2004) have used 
these measurements to estimate the age at which the individual experienced a stress. 
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 Ervynck-Dobney IndexSite A = MEAN[Ftooth x, cusp y, Site A / Ftooth x, cusp y, all sites] 
 
Where F is the frequency of LEH lines divided by the number of specimens. Note that the LEH 

Index uses the number of hypoplastic features, whereas the LEH Ratio uses only the number of 

cusps with features. 

 There are pluses and minuses associated with each of these values. The lines/cusp ratio is 

problematic because there are inherent differences between the frequencies of LEH lines on 

different cusps of different teeth. Thus, if sites under comparison have different relative 

frequencies of teeth, the analysis would be biased. The Ervynck-Dobney Index, meanwhile, has 

two disadvantages. First, it is difficult to calculate. Second, and most important, because the 

Index value depends on the mean number of lines per tooth cusp in all of the sites combined, the 

Index value changes when new sites are added to the collection. This means that one cannot 

compare Index values between studies.  

 Both of these values were plotted and compared. I calculated and plotted 68% confidence 

intervals (one standard error) bars for these values. The ratio values follow a binomial 

distribution in which the number of experiments (n) is equal to the number of total cusps 

analyzed (e.g., if an assemblage contained one complete M1 and two complete M2s, n = 6). The 

mean of the binomial distribution is the p, which is equal to the lines/cusp ratio value. One can 

easily calculate the standard deviation (sd) by hand:  

 !" = ! !"(1− !) 

Thus, one can calculate the 68% confidence interval for the lines/cusp ratio:  

 68%!!"#$%&'#('!!"#$%&'( = !!!± ! !"(!!!)
!  

 Calculating the standard deviation (sd) of the Ervynck-Dobney Index is also 

straightforward. As with the lines/cusp ratio value, the mean (µ) is the Index value. One can then 
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take each of the Ftooth x, cusp y, Site A / Ftooth x, cusp y, all sites (labeled f in the equation) values and 

subtract them from the mean, take the sum, and divide by the number of types of cusps 

considered (n; n = 6 in this case as I did not include the posterior M3 cusp since many sites did 

not have any erupted specimens). One typically subtracts one from n in order to better 

approximate the population’s standard deviation. Finally, one takes the square root: 

 !" = ! !!!! !!
!!!
!!!   

The 68% confidence interval is: 

  68%!!"#$%&'#('!!"#$%&'( = !!± ! !!!! !!
!!!
!!! . 

 

6.4.2 Other Pathologies 

 Other pathologies, such as exostotic growth on post-cranial remains, dental caries, dental 

crowding, and abnormal dental chipping, were present in low frequencies at most sites. Because 

of their relative scarcity, I did not focus my attention on these pathologies in the analysis.48 The 

paucity of skeletal pathologies is not unexpected in domestic pigs since they are slaughtered at 

an early age before bone pathologies can develop (Bartosiewicz 2013: 34). 

 One type of pathology that might have been useful to this study is malocclusion, or tooth 

rotation. Under stressful conditions that inhibit proper growth, pig teeth tend to rotate with 

greater frequency than under normal conditions (Tonge & McCance 1973). Drew (2010) used 

this method in her analysis of pig husbandry at medieval sites in Flanders. Although this method 

was not included in my protocol, I did note that some sites had higher rates of 

malocclusion/rotation in the molars.  

                                                
48 The data for these pathologies are included in the “Notes” columns of the raw data. 
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6.5 Reconstructing Diet  

 What to feed pigs and how to feed them? These are perhaps the most important questions 

in pig husbandry. However, archaeological reconstruction of ancient animal diet is difficult due 

to the fact that there are few sources besides textual evidence and animal coprolites that allow for 

direct insight into animal diets.49 In the absence of scat and scrawl, there are four main indirect 

methods for detecting ancient pig diet (cf. Albarella et al. 2006). The first is the analysis of light 

stable isotopes, a destructive technique that is particularly useful for providing information 

related to the amount of protein in the diet and the comparability of pig diets to those of other 

animals or humans (Richards et al. 2003; Ervynck et al. 2007; Hamilton & Thomas 2012; Halley 

& Rosvold 2014). I did not perform light stable isotopic analysis, however, as the curators of 

several of the collections I investigated discouraged or did not allow destructive sampling. I did 

employed the remaining three methods. These include:  

 1) Observation of changes in frequency of dental calculus; 
 2) Analysis of plant microfossils (starch grains and phytoliths) from dental calculus; and 
 3) Analysis of dental microwear. 
 
 
6.5.1 Dental Calculus 

 Dental calculus is mineralized plaque, the latter being a filmy substance composed of 

microorganisms (especially Streptococcus) that reside in the mouth of a living animal (Hillson 

                                                
49 I am not aware of any identified pig coprolite finds from northern Mesopotamia. There are 
also no records for feeding pigs from 3rd-millennium northern Mesopotamia, to my knowledge. 
There are, however, texts relating to feeding pigs from Old Babylonian (early 2nd millennium) 
Chagar Bazar (Talon 1997; Lion & Michel 2006b). These texts discuss the rationing of barley to 
pigs owned by the palace and by a large household (The House of Shubat-Enlil). However, it is 
clear from the amount of grain mentioned in the texts that the barley was supplemental food for 
fattening pigs prior to slaughter (Lion & Michel 2006b: 93). It is unclear what the pigs ate on a 
regular basis.   
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1996: 254-255). The etiology of plaque and calculus is not entirely understood. Factors such as 

water intake and oral pH affect the accumulation of both (Lieverse 1999). However, dietary 

factors also play a large role: plaque propagates and adheres to the surface of the teeth, in part, 

because of the presence saccharides (starches and sugars). Plaque and dental calculus are 

therefore encouraged by diets high in sugars and starch as well as in individuals with poor dental 

hygiene (Hillson 1996: 259; Lieverse 1999). After a plaque deposit is established, mineralization 

begins at the surface of the tooth, typically near salivary ducts. Mineralization takes several 

weeks to months to produce macroscopic patches of calculus (Lieverse 1999).  

 Because calculus is mineralized, it tends to survive on the surfaces of teeth after 

deposition and is thus well-suited for zooarchaeological research. Calculus is an indicator of diet 

and diet change in two ways. On the most basic level, it reflects the amount of sugar and starch 

in the diet. For example, Allison et al. (1984) identified a positive correlation between 

agricultural production and dental calculus in Inca and Colonial period skeletons in Peru and 

Chile. Similarly, Eshed et al. (2006) found higher rates of dental calculus in Pre-Pottery 

Neolithic populations in the southern Levant compared to their Natufian predecessors. Calculus 

preserves microfossils of plant remains that can indirectly indicate diet. Second, as I discuss in 

the next section, calculus can preserve plant microfossils within its matrix. 

 It is important to note that dental calculus is a pathological condition. Like neoplastic 

bone growth, it is time-dependent; older animals tend to have larger deposits of calculus. Thus, it 

is not unexpected for wild boar specimens to have evidence for dental calculus. It is furthermore 

likely that some wild boar will have significant deposits. However, because the wild boar diet 

typically consists of low amounts of sugar and starch in contrast to domestic pigs, one expects 

that calculus to develop more slowly under non-husbandry conditions.   
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 I followed the protocol set by Drew (2010: 219-220), documenting the calculus deposits 

according to tooth type (upper and lower dP4s, M1s, M2s, and M3s) and side (lingual or 

labial).50 I also described the approximate amount of calculus present (“slight;” “some” or 

”moderate;” and “heavy” or “significant”) (Figure 6.2). Taphonomic factors affect both the 

presence and severity of calculus deposits. For example, tooth fragmentation or the accumulation 

of calcium carbonate accretions can bias against the preservation/identification of dental 

calculus. Post-excavation practices, such as cleaning specimens prior to analysis, can also 

remove dental calculus.51 Finally, different types of teeth are more susceptible to calculus 

formation than others. For example, I encountered calculus more frequently and in higher 

degrees on the distal cusps of upper and lower M3s. 

 

Figure 6.2 Degrees of severity of dental calculus. 
1 and 2 – “heavy/significant”; 3 – “moderate”; 4 – “slight”  
 
 
                                                
50 Dobney and Brothwell (1987) devised a more labor-intensive method based on morphological 
zones. 
51 All of the assemblages I analyzed had been washed by previous researchers. Washing 
protocols were not documented, but probably involved gentle scrubbing with a wet toothbrush. 
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6.5.2 Starch Grain/Phytolith Analysis 

 The use of plant microfossils imbedded in dental calculus is a relatively new method, but 

is appropriate for this research because it provides a direct measure of diet (e.g., Lalueza Fox & 

Pérez-Pérez 1994; Henry & Piperno 2008; Piperno & Dillehay 2008; Hardy et al. 2009; Henry et 

al. 2010). Analysis depends on the preservation and identification of starch granules and 

phytoliths in the matrix of the dental calculus. Potentially confounding factors include 

contamination, access to a comparative collection, and the skill level of the analyst. Sadie Weber, 

a Ph.D. student in the Department of Anthropology at Harvard University, and I collaborated on 

sampling and analyzing starch granules and phytoliths from Hallan Çemi, Raqa’i,52 Atij, 

Domuztepe, Ziyadeh, Mashnaqa, Hacinebi, and Leilan. The specific methodological procedure 

can be found in our article (Weber & Price In Press) in the Journal of Archaeological Science 

Reports.  

 

6.5.3 Dental Microwear Analysis 

 “Dental microwear” describes microscopic pits and linear striations that form during 

chewing on the occlusal surfaces of enamel.53 They broadly reflect trends in an animal’s diet 

several days to weeks before its death (Teaford & Walker 1984; Grine 1986; Teaford 1994; Scott 

et al. 2006). Dental microwear analysis uses the patterns of pits and scratches to infer whether 

the individual consumed a hard diet (high proportions of nuts, seeds, and/or grit) that required 

                                                
52 Henry and Piperno (2008) analyzed starch grains from the calculus of human teeth from 
Raqa’i.  
53 Recently, researchers have focused on the specific ways in which microwear develops 
(Schmidt 2010; Lucas et al. 2013; Schulz et al. 2013). These include removal of enamel by silica 
and other hard inclusions in food as well as deformation without tissue loss of enamel by direct 
contact with the enamel of another tooth, enamel fragments broken off during tissue loss, and 
phytoliths. 
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more crushing occlusion or one consisting of tough or soft foods (leaves and grasses) that 

required shearing occlusion (e.g., Ungar & Sponheimer 2011). Microwear analysis has become a 

popular method for inferring the diets of extinct hominin species as well as more recent human 

and primate populations (Nystrom et al. 2004; Scott et al. 2005; Scott et al. 2006; Mahoney 

2007; Estebaranz et al. 2009; Scott et al. 2009; Pontzer et al. 2011; Ungar & Sponheimer 2011; 

Zaatari et al. 2011).  

 Several zooarchaeologists have conducted microwear analysis on pigs. Jayne Ward and 

Ingrid Mainland (1999) conducted actualistic research on the effects of hard and soft diets in 13 

domestic pigs classified as free-range (hard diet) or stall-fed (soft diet). They found significant 

differences in both the density of microwear features (more in free-range, hard diet pigs) and the 

ratio of pits to scratches (higher in free-range pigs). Building off this research, Tom Wilkie et al. 

(2006), Mainland (2006), and Sofie Vanpoucke et al. (2009) have examined archaeological suid 

teeth and identified diet and husbandry practices based on microwear findings. 

 These pig-based microwear studies employed traditional research methods that rely on 

high-magnification (200x or greater) Scanning Electron Microscope (SEM) imaging of occlusal 

surfaces (Teaford & Walker 1984; Grine 1986; Teaford 1994). However, SEM images of 

microwear features can be biased by inter- and intra-observer error. To address these problems, 

researchers have increasingly adopted 3D texture analysis (Ungar et al. 2003; Scott et al. 2006). 

3D texture analysis was developed for use in engineering (e.g., Pedreschi et al. 2000; Brown & 

Siegmann 2001) and relies on tandem scanning confocal microscopy in order to generate digital 

elevation models of surfaces, without the obscuring effects of lighting or lens distortion.54 The 

                                                
54 Essentially, the technique assigns x, y, and z coordinates to each point along a specified grid. 
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resulting point cloud is then subjected to scale-sensitive fractal analysis, in order to provide 

precise and repeatable means of characterizing surface texture (Ungar et al. 2003).  

 Before analyzing microwear, I made casts of the occlusal surfaces of teeth. Casting is a 

two-step process that involves taking molds and then making a positive impression. For molding, 

I applied 3M ESPE brand Imprint II light body and medium body polyvinyl siloxane to the teeth 

with a 3M Dimension Garant L applicator syringe (or “gun”) with mixing tips. The 3M system 

provides identical microwear results to the Coltene President brand system (Galbany et al. 2006). 

For casting, I used TAP Plastics brand super-hard epoxy resin, which is mixed with a hardener in 

a 4:1 ratio. Following the protocol of Drew (2010: 329-354), I took molds from lower M1s and 

M2s55 in Grant (1982) wear stages a through e. Because different chewing actions can cause 

different microwear features, microwear analysis works best when one analyzes a single 

homologous facet. Thus, I only included specimens in my study that had unbroken hypoconids 

(distal labial cusp) (Figure 6.3). More specifically, I focused on the lingual facet of the 

hypoconid, which is equivalent to facet 9 in primates and has become standard in microwear 

studies because it is a crushing facet used in Phase II of the chewing cycle (Kay 1977).  

 I obtained samples from all 11 sites. However, the Jarmo samples were unusable because 

they were covered with consolidant, which obscures microwear.56 Molds were taken at the 

location of the curated assemblage. Prior to taking the molds, I swabbed each tooth surface 

lightly with a moistened toothbrush in order to remove any surface dust that would obscure 

microwear. I then made resin casts of the molds in the Archaeology Multi-User Laboratory at 

Harvard University. I then brought the casts to the Dental Microwear Laboratory at the 

                                                
55 Drew (2010) took molds only from the lower M2, but I included the M1 to increase sample 
size because many sites did not have many erupted M2 specimens. 
56 Many microwear specialists apply acetone to the facet prior to taking the mold in order to 
remove consolidant.  
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University of Indianapolis, which maintains a scanning confocal microscope (Sensofar White 

Light Confocal Imaging Profiler) set up to analyze microwear. There, in collaboration with Dr. 

Christopher Schmidt, I collected microwear data.  

 Prior to scanning, I surveyed the surface of facet 9 at 10x resolution in order to find an 

appropriate area. Appropriate areas were identified as those devoid of microscopic traces of dirt 

or other foreign particles as well as bubbles on the surface, the latter of which can be produced 

during casting. I scanned appropriate specimens at 100x with a 242.19 x 181.60µm area and a z-

range tolerance < 40µm. The scanned image was then imported into the SolarMap surface 

topography analysis software, and the image was cleaned of non-microwear features by deleting 

anomalous areas, i.e., features likely caused by taphonomic change to the enamel rather than in 

vivo microwear. The cleaned data were then input into the texture analysis software Toothfrax.  

 The Toothfrax software provides a multidimensional dataset based on the topography of 

the surface of the tooth. The two variables that I relied on in this research were the area-scale 

fractal complexity (asfc), which measures complexity, and the exact proportion length-scale 

anisotropy of relief (epLsar), which measures anisotropy (for a thorough review, see Scott et al. 

2006). Complexity describes the changes in surface roughness across scale, and increases with 

diet hardness (consumption of nuts and seeds and incidental mastication of grit). Meanwhile, 

anisotropy measures the relative lengths of microwear features with respect to orientation. 

Anisotropy increases with soft but tough diets (consumption of leaves and grasses). I also report 

the scale of maximum complexity (smc) and total volume filled (tfv) variables as recommended 

by Scott and colleagues (2006). 
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Figure 6.3 Cusp names for Sus scrofa lower M1s and M2s; facet 9 highlighted.  
 
6.6 Conclusion  

 The methods discussed above provide multiple lines of evidence for reconstructing 

ancient pig husbandry practices. Inferring husbandry practices in the archaeological record is an 

inexact science. One cannot directly detect control over diet, mobility, and reproduction. One can 

detect, however, the skeletal and dental implications of these practices. Based on these methods, 

I derive a series of expectations (see Figure 6.4) for the different types of pig husbandry 

discussed in Chapter 5. Note that urban scavenging, while extensive in terms of the strategies 

employed by pig owners, has many of the skeletal and dental features of intensive husbandry, 

including the possibility of a soft diet, high levels of dental calculus and similarity to human diet, 
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possibly younger ages-at-death, and no possibility of mating with wild boar. It is very difficult to 

differentiate these practices from sty-raising. 

 
Figure 6.4 Expectations for the four ideal types of pig husbandry applicable to the sites in this dissertation.  
*Note that although urban-scavenging is an extensive husbandry practice, its signatures are similar to those of 
intensive husbandry. Industrial-scale stall-feeding excluded.  
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 : SITES SAMPLED CHAPTER 7

7.1 Introduction  

 By applying the methods in Chapter 6 to zooarchaeological assemblages, one can track 

changes in pig husbandry from the 7th through 3rd millennia. For reasons including political 

violence in Syria and Iraq, the lack of curated zooarchaeological assemblages, and the budget 

limitations of visiting faraway collections, I limited my dataset to 10 sites in addition to 

Epipaleolithic Hallan Çemi, which was used as a control (see Figure 7.1 and Table 7.1). 

 In the pages that follow, I describe my samples and the sites from which they derive, 

paying particular attention to local paleoenvironment, excavations and history of occupation, and 

prior zooarchaeological research. I did not attempt to analyze every Sus specimen. Teeth were 

prioritized over postcranial bones, and fragmented specimens that contained no information 

pertinent to this research were not counted. Thus, the numbers of specimens per site in this study 

are not equivalent to NISP values for pig remains, which are shown in Tables 7.2-7.14. 

 
Table 7.1 Relative chronology of sites in this dissertation.  
See text for citations and discussion. 

Site Occupation (estimate years BC) Site Occupation (estimate years BC) 
Hallan Çemi 11,500-9300 Atij 2800-2400 
Jarmo 7400-6500 Raqa’i 2800-2400 
Domuztepe 5875-5475 Leilan  
Banahilk 5700-5200    IIIa-c 2900-2600 
Umm Qseir 5800-5400    IIId 2600-3500 
Ziyadeh 5000-4200    IIa 2500-2300 
Mashnaqa 5200-4200    IIb 2300-2200 
Hacinebi    
   LC A 4100-3800   
   LC B1 3800-3700   
   LC B2 3700-3300   
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Figure 7.1 Map of sites studied. 
 

7.2 Hallan Çemi 

 Hallan Çemi Tepesi is a ca. .5 ha Epipaleolithic site in the Taurus foothills on the Sason 

Çayi, a tributary of the Batman River. At ca. 640 masl, Hallan Çemi’s paleoenvironment 

supported oak/pistachio forest and parklands. The area today receives an average of ca. 500 mm 

of rain per year. Archaeobotanical samples included wild pistachio, lentils, bitter vetch, rumex 

seeds, and almonds. Sea clubrush (Bolboschoenus maritimus) was also common, indicating the 

site’s proximity to marshlands (Rosenberg et al. 1995; Savard et al. 2006).  

 Salvage excavations were led by Michael Rosenberg over the course of four seasons from 

1991 to 1994 (Rosenberg 1994; Redding & Rosenberg 1998; Peasnall 2000; Rosenberg & 

Redding 2000). The excavators exposed several architectural phases in six 10x10 m trenches and 

one 20x5 m trench, representing a few centuries of occupation just prior to the Neolithic 

(Peasnall 2000). Several round stone houses, about five meters in diameter, were arranged 

around a 10 m diameter debris area that contained bones, fire-cracked rocks, and lithics. The 
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large amount of food waste in this area is perplexing given the small size of the occupation, and 

may reflect feasting (Rosenberg et al. 1995; Rosenberg & Redding 2000).  

 The Smithsonian Institution in Washington, DC curates the zooarchaeological remains 

collected from Hallan Çemi. My sample includes 92 teeth. Previous zooarchaeological research 

was conducted by Richard Redding (Peasnall et al. 1998; Redding & Rosenberg 1998). Redding 

argued that the young ages-at-death for Sus remains indicated incipient pig husbandry, and thus 

the wild boar at Hallan Çemi were proto-domesticates. Recent and ongoing work by Melinda 

Zeder (personal communication) challenges Redding’s thesis. Zeder claims that the wild boar at 

Hallan Çemi were in fact under no management conditions, and that the age-at-death data instead 

suggest intensive hunting (Lemoine et al. 2014: 186).  

 
Table 7.2 Hallan Çemi Mammal NISPs.  
Data from Redding and Rosenberg (1998: 69). A complete list of taxa NISPs is not available.  

Taxon Common Name NISP 
Sus Wild boar 845 
Ovis/Capra Wild sheep/goat 1689 
Cervidae Red deer 1137 

 
 
7.2.1 Significance and Expectations 

 Hallan Çemi contained large numbers of morphologically wild boars that represent a non-

managed population. Moreover, the occupation of Hallan Çemi predates pig domestication by at 

least 2000 years. Hallan Çemi is therefore an appropriate control population from which to 

obtain baselines for the methodologies presented in Chapter 6. 

 

7.3 Jarmo  

 Qalat Jarmo is a 1.3 ha site in northern Iraq with both Pre-Pottery Neolithic (PPN) and 

Pottery Neolithic (PN) occupations, but only the PN specimens were used in this study. Jarmo is 
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situated in the Zagros foothills, at ca. 800 masl. Today it receives ca. 300 mm of rainfall per 

year. Charcoal samples from PN contexts show the presence of riverine and woodland species, 

such as oak, prosopis, and tamarix (Braidwood 1983a: 541). Faunal remains likewise suggest 

access to woodlands, steppes, and riverine environments (Stampfli 1983).  

 Robert Braidwood and a team from the Oriental Institute of the University of Chicago 

excavated Jarmo over the course of five seasons between 1948 and 1955 (Braidwood 1960; 

Braidwood & Howe 1960b; Braidwood et al. 1983). Braidwood and his team excavated two 

main trenches: Operations I and II, at 10x20 m and 15x40 m respectively (Braidwood 1983b: 

Fig. 24). In these trenches, excavators uncovered fragments of tauf-walled houses and the 

remains of domestic refuse. The earliest phases (in Op. I, levels 8-4; in Op. II, level 6) predate 

the introduction/development of pottery, and date to the mid-late 8th millennium BC (Braidwood 

1983b: 159-160). Early pottery, of a pre-Hassuna/Samarra type, is evident in later levels of both 

Operations (Adams 1983: 214; Braidwood 1983b: 160). These likely date to the early and middle 

7th millennium (for more on dating, see Price & Arbuckle 2015). In addition, the excavators dug 

a step-trench (Operation A) and a 5x5 m trench (Operation III) as well as over 150 2x2 m test 

pits. Braidwood’s intent in digging these small trenches was to uncover a large exposure of 

Neolithic architecture. However, his decision made it virtually impossible to understand the 

stratigraphy and phasing of Jarmo (Braidwood & Howe 1960a: 39).  

 The Field Museum of Natural History in Chicago curates the zooarchaeological remains 

collected from Jarmo. I studied the material from Operations I and II. My sample included 139 

teeth and 67 postcranial remains recovered from the Pottery and Pre-Pottery Neolithic. Previous 

zooarchaeological work focused on the significance of Jarmo in the development of agriculture. 

It is now clear that Jarmo post-dated the earliest phases of domestication; fully domestic sheep 
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and goats as well as cattle dominate the assemblage from the earliest phases (Table 7.3), 

although inhabitants continued to hunt aurochs and wild sheep and goats (Reed 1960; Stampfli 

1983; Zeder 2008a; Bendrey 2014).57 The situation with pigs is less clear. Flannery (1961, 1983) 

argued that domestic pigs were introduced to Jarmo in the PN and Stampfli (1983) corroborated 

these findings. However, a recent reanalysis (Price & Arbuckle 2015) questions whether 

domestic pigs were absent in the PPN.  

 
Table 7.3 Jarmo Mammal NISPs.  
Data from Stampfli (1983: 457).  

Taxon Common Name PPN (Ops. I and II) PN (Ops. I and II) 
Gazella Gazelle 83 49 
Cervus Red deer 35 89 
Capreolus Roe deer 0 2 
Bos Cattle 126 103 
Bison Bison 0 1 
Ovis/Capra  1038 2812 
    Capra Goat 82 294 
    Ovis Sheep 72 117 
Sus Pig 33 241 
Equus hemionus Onager 72 13 
Canis Dog 10 26 
Vulpes Fox 12 8 
Felis lybica African wildcat 2 2 
Felis pardus Leopard 1 3 
Felis leo? Lion 0 1 
Lynx Lynx 1 1 
Meles Badger 2 11 
Lepus Hare 1 1 

   

7.3.1 Significance and Expectations 

 The pig remains from Jarmo represent an early population of domestic pigs at a Neolithic 

village. Following Ervynck et al.’s (2001) and Redding and Rosenberg’s (1998) hypothesis that 

early forms of pig husbandry in northern Mesopotamia were extensive, I expect the data from 

Jarmo to show evidence for extensive husbandry. 
                                                
57Whether the plants were domestic remains unclear. Helbaek (1960) concluded that the 
botanical remains represented wild, but cultivated, wheat and barley (see also Watson 1983a).  
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7.4 Banahilk 

 Gird Banahilk is a 1.6 ha site in northern Iraq. At 670 masl, the environment was likely 

similar to that of Jarmo with oak-pistachio forests and grasslands in the immediate environment 

of the settlement. The excavators did not collect archaeobotanical remains (Watson 1983b: 578), 

but faunal data support this reconstruction (Laffer 1983). 

 Patty Jo Watson, working under the Iraq-Jarmo Project, conducted small-scale 

excavations at this Halaf village in 10 days in 1954 (Braidwood & Howe 1960a: 33-35; Watson 

1983b). Watson and her team dug six trenches of various dimensions (Operations A, B, C, D, 

TT, and W) around the high point of the mound. The architectural remains uncovered at 

Banahilk are scant, consisting of cobble and tauf wall fragments of houses and a few floor 

surfaces (Watson 1983b: 547-548). Three radiocarbon dates from the top and bottom of 

Operation D bracket the occupation of Banahilk to between 5834-5514 and 5471-5069 cal. BC 

(2-sigma) (dates from Lawn 1973; calibrated with OxCal 4.2, using IntCal13, see Bronk-Ransey 

2009; Reimer et al. 2013). 

 The Field Museum of Natural History in Chicago curates the assemblage. The sample 

used in this study included 51 teeth and 30 postcranial specimens. Unfortunately, the context 

information for a large portion of the assemblage was missing. However, because Banahilk is a 

single-period period site, I assumed that all remains dated to the Halaf. 

 Joanne Laffer (1983) conducted a preliminary study of the Banahilk fauna and provided 

summary statistics. Over 95% of the remains were from domestic sheep, goats, cattle, and pigs 

(Table 7.4). More recently, Katelyn Bishop (in Lemoine et al. 2014) re-analyzed the age-at-death 
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data for the Banahilk pigs. Bishop detected a focus on pigs aged six months to two years, which 

is consistent with a managed domestic population.  

 
Table 7.4 Banahilk Mammal NISPs.  
Data from Laffer (1983). Birds and fish were also present. 

Taxon Common Name NISP 
Sus Pig 122 
Bos Cattle 163 
Ovis/Capra  492 
    Capra Goat 72 
    Ovis Sheep 96 
Equidae Equid 1 
Cervus elaphus Red deer present 
Capreolus capreolus Roe deer present 
Vulpes vulpes Red fox present 
Felis pardus Leopard present 
Canis Dog present 
Erinaceus Hedgehog 1 
Ursus arctos Brown bear present 

 

7.4.1 Significance and Expectations 

 Banahilk practiced mixed agriculture prior to the region-wide emergence of complex 

society. Watson and her team recovered little architecture. The available evidence suggests an 

undifferentiated village consisting of a few dozen families. There is no environmental or 

sociopolitical reason to suspect that pig husbandry practices were any different at Banahilk than 

at Jarmo, which was nearby but occupied several centuries earlier. I therefore expect extensive 

husbandry practices. 

 

7.5 Domuztepe 

 Domuztepe (“pig hill”) is a ca. 20 ha site located in southeastern Turkey. The primary 

occupation dates to the Late Neolithic and Halaf. The site lies on the Narlı alluvial plain, ca. 500 

masl and 2 km south of the Aksu River. Geoarchaeological data indicate that, at the time of 

occupation, Domuztepe sat on a marshy landscape cut by several small streams (Gearey et al. 



 
 
 

142 

2011). The palaeobotanical and zooarchaeological data support this interpretation. They indicate 

the presence of ducks, beaver, several species of rushes, and other wetland fauna and flora 

(Kansa et al. 2009b; Gearey et al. 2011). Agricultural crops included wheat, barley, lentils, peas, 

and flax. Inhabitants also gathered pistachios, figs, and almonds (Kansa et al. 2009b).  

 Stuart Campbell and Elizabeth Carter directed a joint UCLA-University of Manchester 

team from 1995-2010 (Campbell et al. 1999; Carter et al. 2003; Campbell 2004, 2006; Carter & 

Campbell 2004). The Domuztepe excavations included eight trenches and several soundings 

(Campbell 1998, 1999, 2000, 2004, 2006). The excavators focused on Operation I at the apex of 

the mound. Fourteen radiocarbon dates published by Campbell (2007: 115-116) show that 

Domuztepe was occupied for several centuries (ca. 5875-5450 BC).  

 The earliest deposits, which likely represent the remains of feasting and communal ritual 

activity, date to ca. 5875-5800 BC. They were found in a human-made ditch (referred to as “the 

Ditch”) containing many animal bones as well as a central area referred to as the “Red Terrace” 

(Campbell et al. 2014). A hiatus followed. Domuztepe was reoccupied at the southeastern base 

of the mound (Operation II) at ca. 5675-5630 BC. The use of the high mound resumed at around 

5590 BC with the construction of several building levels and a series of terraces.58 Non-

architectural and ritual activity defined the next phase in Operation I, culminating in a mass 

burial with evidence of feasting dating to ca. 5575 BC.59 This feature, colorfully designated “the 

Death Pit,” was a 5x4 m pit that contained a large number of animal bones, plastered baskets, 

beads, ceramics, and stamp seals in addition the to skeletons of at least 36 humans of mixed ages 

and sexes. Both the animal and human bones showed evidence of butchery, suggesting a 

macabre feast involving perhaps hundreds of participants. However, pigs were significantly 

                                                
58 In an earlier publication, Carter et al. (2003) referred to this as phase A-1. 
59 Carter et al. (2003) referred to this as phase A-2. 
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under-represented in the Death Pit; pigs may have played a less symbolic role in ritual activity 

(Carter et al. 2003; Campbell 2004; Kansa & Campbell 2004; Kansa et al. 2009a; Campbell et 

al. 2014). The final phase in Operation I lasted from ca. 5525 to 5475. Architectural features 

included several houses with open courtyards as well as four circular structures referred to as 

tholoi (Carter et al. 2003),60 which are typical Halaf structures (Akkermans 2010). 

 Elizabeth Carter (2003) contends that the 6th-millennium occupations at Domuztepe 

suggest emergent, or “elusive,” complexity. If true, this would be unique among Halaf 

settlements, which were generally defined by egalitarian social structure (Frangipane 2007). 

Carter (2003) argues that specialized production is indicated by the high technical skill required 

in the manufacture of obsidian vessels and ground stone bowls (see also Campbell 2000). She 

also argues that the presence of over 60 stamp seals indicates private property (Carter et al. 

2003). Other pieces of evidence such as large-scale feasting (the Death Pit and the Ditch) and the 

size of the site (20 ha) could indicate the emergence of regional leadership.61   

 Carter (2003) acknowledges that the data do not provide conclusive evidence for social 

complexity. Although requiring technical skill indicative of artisanal mastery, the presence of a 

few high-investment crafts does not by itself reflect the social division of labor to which the term 

“specialization” typically refers (cf. Flad & Hruby 2007). Indeed, similar objects are present in 

other contexts without specialization being invoked (e.g., stone bowls at Jarmo: Adams 1983). 

Stamp seals and impressions are also present at other Halaf sites (e.g., Akkermans & Verhoeven 

1995), and probably reflect community-level storage (Frangipane 2007: 157). The large size of 

Domuztepe is unique, although it may be an archaeological construct caused by the aggregation 

                                                
60 Carter et al. (2003) referred to this as phase A-3. 
61 Kazane and Takyan Höyük are also large Halaf sites (Algaze et al. 1991; Bernbeck et al. 
1999). 
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of the remains from a series of short-lived settlements (Akkermans & Schwartz 2003: 118-119; 

Frangipane 2007: 155). Finally, while feasting contexts like the Death Pit and the Ditch may be 

associated with increased social tensions or inequality, there are many social causes and goals for 

feasting (see Dietler 2001). In summary, while the denizens of Domuztepe were perhaps testing 

the bounds of the social order, an egalitarian system typical of other Halaf settlements likely 

existed. However, the sociopolitical structure was perhaps a bit more complex than at the smaller 

Halaf sites studied in this dissertation (Banahilk and Umm Qseir).  

 The Domuztepe zooarchaeological remains are curated by the Kahramanmaraş 

Archaeology Museum. Time constraints prevented me from analyzing the entire assemblage of 

pig remains. For this project, I selected a sample of 139 cheek teeth and 176 postcranial bones 

from multiple phases of Operation I, although I did not include material from the Death Pit. 

Sarah Kansa is currently studying the fauna (Kansa & Campbell 2004; Kansa et al. 2009a; Kansa 

et al. 2009b). She reports that the majority of Operation I fauna are domestic mammals (ca. 

98%), with pigs making up about 25% of the remains. Hannah Lau (UCLA) is currently studying 

the fauna from the Ditch (the earliest level in Op. I). While the Death Pit feasting remains are 

skewed against pigs, pigs are as common in the Ditch feasting remains as they are at the rest of 

the site (Campbell et al. 2014).  
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Table 7.5 Domuztepe Mammal NISPs.  
Data from several publications (Kansa et al. 2009a: 166; Kansa et al. 2009b: 907). Birds, fish, and reptiles excluded. 
1Does not include Death Pit data.  

Taxon Common Name Phases A1-A3 NISP1 Death Pit NISP 
Bos taurus Cattle 1278 732 
Ovis/Capra  2684 850 
    Ovis Sheep 210 68 
    Capra Goat 186 70 
Sus scrofa Pig 1529 204 
Canis familiaris Dog (domestic) 16 34 
Bos primigenius Aurochs 1 3 
Ovis/Capra wild  1 0 
Ovis orientalis Wild goat 3 0 
Capra aegagrus Wild sheep 0 1 
Gazella gazella Mountain gazelle 7 0 
Cervus elaphus Red deer 5 1 
Dama dama Fallow deer 5 0 
Cervus/Dama  29 5 
Capreolus capreolus Roe deer 3 1 
Sus scrofa (wild) Wild Boar 11 0 
Equus asinus/hemionus Ass/onager 1 0 
Equus sp.  1 1 
Canis sp. Dog 5 5 
Canis/Vuples Dog/fox 3 0 
Canis aureus Jackal 0 1 
Martes Marten 1 0 
Ursos arctos Brown bear 5 0 
Vulpes vulpes Red fox 11 0 
Panthera pardus Leopard 1 2 
Lepus Hare 5 1 
Castor fiber Beaver 1 0 
Rodentia Rodent 6 2 

   

7.5.1 Significance and Expectations 

 The data from Domuztepe, like Banahilk, represent husbandry practices prior to the 

emergence of complex society. The archaeological data might suggest incipient forms of 

sociopolitical complexity and, perhaps, proto-class formation. If so, food played a major role 

(through feasting) and there may have been an impact on pig husbandry (cf. Kim 1994). On the 

other hand, the marshlands surrounding the site would have provided ideal environments for 

extensive husbandry. Thus, it is possible that sociopolitical factors caused a slight intensification 

of pig husbandry at Domuztepe. Alternatively, environmental features may have encouraged 

extensive practices.  
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7.6 Umm Qseir 

 Umm Qseir62 is located on the Khabur River in northern Syria. It consists of two low 

tells, the East and West Mound. It sits at roughly 290 masl and annual rainfall averages 250 mm 

per year. Anthracological remains of willow, poplar, and almond indicate the proximity of 

riverine and park/steppic environments (McCorriston 1992: 238). The importance of the riverine 

environments to the ancient settlement is evident in the archaeobotanical data. McCorriston’s 

(1998: 48) analysis showed few dry farming weeds, suggesting that the inhabitants practiced 

irrigation to grow wheat, barley, bitter vetch, peas, and chickpeas (McCorriston 1992).  

 Two excavations, one in 1986 by Yale University and directed by Frank Hole and the 

other by a team from University of Tsukuba in 1996, recovered evidence for Halaf, Late 

Chalcolithic, Early Bronze, and Mitanni occupations (Hole & Johnson 1986; Tsuneki & Miyake 

1998). I focus on Hole’s excavations as all of the zooarchaeological material derives from that 

expedition. The team dug five trenches, four on the West Mound and one on the East Mound. 

Two trenches, A and E, on the West Mound contained Halaf deposits. The Halaf occupation 

encompassed .15 ha, representing only a few families (Hole & Johnson 1986).  

 In Trench E, excavators found three phases of Halaf deposits. In the earliest level, they 

found a midden deposit on virgin soil. Hole (2001) provides a single radiocarbon date from this 

level, which calibrates to 5872-5626 BC (calibrated with OxCal 4.2, using IntCal13, see Bronk-

Ransey 2009; Reimer et al. 2013). The middle level was an ashy midden. The uppermost level 

consisted of a single tholos and an associated midden, which were disturbed by two Uruk pits 

(Hole & Johnson 1986). Trench A contained several ashy lenses dating to the Halaf. Overlying 

                                                
62 Designated K-138 in the Yale University Khabur Basin Survey Project records. 
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these deposits were local late Chalcolithic and Uruk deposits (Hole & Johnson 1986: 175). One 

date from the Late Chalcolithic occupation places it between 4325-3823 cal. BC (2 sigma) 

(calibrated with OxCal 4.2, using IntCal13, see Bronk-Ransey 2009; Reimer et al. 2013). 

 The Smithsonian Institution curates the Yale project’s faunal assemblage. I analyzed 44 

teeth from Umm Qseir, 42 of which were from Halaf contexts while only two derived from 4th-

millennium (Uruk) contexts. Because of the small 4th-millennium sample, I only included the 

Halaf material in my analysis. Melinda Zeder (1994a, 1995, 1998a) previously analyzed the 

Umm Qseir fauna, which indicated a focus on gazelle hunting, with pig and caprine husbandry 

being of secondary importance. Wild animals account for over half of the faunal remains in the 

Halaf contexts, and 72% from the Uruk contexts. Pigs make up about 13% of the Halaf faunal 

remains, but only about 2% of the Uruk (Zeder 1994a).  

Table 7.6 Umm Qseir Mammal %NISPs.  
Raw counts not available (Zeder 1998a: 61). Birds, shellfish, and reptiles excluded. Total NISP Halaf 1 = 969; Total 
NISP Halaf 2 = 687; Total NISP Halaf 3 = 790; Total NISP 4th Mill. = 509. 

Taxon 
Common 

Name 
Halaf Period 1 

(%NISP) 
Halaf Period 2 

(%NISP) 
Halaf Period 3 

(%NISP) 
4th Millennium 

(%NISP) 
Ovis/Capra Sheep/goat 32 31 28 26 
Sus Pig 22 5 9 2 
Equus hemionus Equid 2 7 9 26 
Gazella Gazelle 40 51 49 40 
Bos primigenius Aurochs present 2 3 5 
Cervid Deer present 1 1 0 
Lepus Hare present present present 0 
Canid  present 1 present 1 
Vulpes Fox 1 present present 0 
Canis lupus Dog/wolf  0 present present present 
Hyena Hyena present 1 present present 
Lynx Lynx 0 present 0 0 

 
 
7.6.1 Significance and Expectations 

 Umm Qseir may have been quite remote from other settlements. I expect that husbandry 

practices were extensive, with pigs being allowed to forage in the riparian forests. In terms of 

sociopolitical formation and environmental factors, the three Halaf sites in this dissertation are 
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diverse. Domuztepe was a large site adjacent to marshland with potential evidence of emerging 

elites. Banahilk was a small, undifferentiated village in the Zagros foothills. It is possible that 

this diversity is reflected in the pig remains.  

 

7.7 Tell Ziyadeh 

 Tell Ziyadeh is a 1.1 ha mound across the Khabur River from Umm Qseir. The sites’ 

paleoenvironments were essentially identical, with access to riparian woodland and steppic zones 

(McCorriston 1992: 118-119). Paleobotanical studies by McCorriston (1998; 2002) indicate that 

the 5th-millennium inhabitants grew wheat and legumes as well as other crops (McCorriston 

1998; McCorriston & Weisberg 2002). 

 The main occupations date to the 5th millennium (Ubaid and LC 1 periods) and the early 

3rd millennium (EJ 1-2). Giorgio Buccellati and a team worked at Ziyadeh for three seasons from 

1988-1990 (Buccellati et al. 1991). Later, the Yale Khabur Basin Project, directed by Frank 

Hole, excavated Umm Qseir from 1995-1997 (Hole et al. 1998; Rufolo 2011: 146). Both projects 

focused on the 5th-millennium occupation. Although the site has yet to be published in a final 

form, Jennifer Arzt (2001) worked out much of the stratigraphy in her dissertation.  

 I focus on the 5th-millennium occupation because the vast majority of Sus specimens 

derive from those layers. The 3rd-millennium occupation of Ziyadeh may have focused on grain 

storage, which I discuss below in reference to Atij and Raqa’i (Hole et al. 1998; Hole 1999). 

Hole (2001: 74) published 23 radiocarbon dates, identifying three phases in the 5th millennium: 

early Ubaid (Levels 1-10/11), late Ubaid (Levels 11/12-Level 13), and Post-Ubaid (Levels 14-

17; also referred to as LC 1, or “Kuranian”) (cf. Arzt 2001: 108). These phases were represented 

in six trenches (Area C, D1, D2, E, F, and J), which contained 17 architectural levels. The 
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architecture included domestic structures, such as tri-partite houses, hearths, pits, and ovens. 

However, the excavators also uncovered more evidence for grill-plan storage structures, which 

may have been used for communal storage (Arzt 2001: ch. 2).  

 The Smithsonian Institution curates the zooarchaeological remains collected by Hole’s 

team. The sample used in this study consisted of 22 teeth, four of which were from EJ 1-2 

contexts, and seven postcranial specimens, one of which was from an EJ 1-2 context. Because 

the 3rd-millennium sample is small, I focussed on the Ubaid-LC 1 material. Melinda Zeder 

(1995, 1998a) initially analyzed the faunal material, and Scott Rufolo (2011) later performed a 

more intensive analysis. The data show an emphasis on steppe hunting and pastoralism. Gazelle 

and equids make up 49%, 19%, and 35% of the Ubaid, LC 1, and EJ 1-2 contexts respectively, 

while sheep and goats make up 34%, 47%, and 24% respectively. Pigs represent less than 5% of 

the Ubaid-LC 1 fauna, but 26% of the EJ 1-2 assemblage (Zeder 1998a; Rufolo 2011: ch. 10). 

Table 7.7 Ziyadeh Mammal %NISPs and NISPs.  
1Analyzed by Zeder (1998a: 61). Total NISP Ubaid = 2063. 2Analyzed by Rufolo (2011: 493).  

Taxon Common Name Ubaid (%NISP)1 EJ combined NISP2 
Ovis/Capra  34 49 
    Ovis Sheep  6 
    Capra Goat  0 
Sus Pig 2 53 
Bos Cattle 7 7 
Gazella Gazelle 21 67 
Equus Equid 28 6 
Vulpes Fox  2 

 

7.7.1 Significance and Expectations 

 Ziyadeh was occupied just before or during the initial emergence of complex societies in 

northern Mesopotamia. It was a small settlement, and there is little evidence for social 

differentiation. On the other hand, the grill-plan structure, which was presumably used for grain 

storage and has parallels to other Ubaid sites such as Tell Kurdu (Yener et al. 2000), might be an 
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indication of increased levels of elite/communal control over staple surpluses (cf. Stein 1994). It 

is possible that this general increase in productivity, perhaps made possible by cereal agriculture 

extensification, required somewhat more intensive pig husbandry practices (seasonal penning 

and/or herding). Extensively managed pigs would have posed a threat to agricultural land.   

 

7.8 Tell Mashnaqa 

 Mashnaqa63 is a ca. .1 ha mound about 20 km downstream from Umm Qseir and Ziyadeh, 

on the eastern bank of the Khabur River. The environmental context of Mashnaqa is slightly 

more arid than that of Ziyadeh and Umm Qseir as it falls squarely within the rain shadow of the 

Jebel Abd al-Aziz to the west. No paleobotanical data are available, but we can assume that 

riverine vegetation and steppic grasslands predominated in the catchment area.  

 A French team led by Jean-Yves Monchambert excavated Mashnaqa in 1985-1986 

(Monchambert 1987; Beyer 1995, 1996, 1998). Later, a Danish team led by Ingolf Thuesen 

conducted excavations from 1990-1995 (Thuesen 1991, 1994, 2000). The Yale University 

Khabur Basin Project (Hole 1997, 2000, 2001) obtained the faunal remains used in this study by 

excavating these extant trenches. Although excavators uncovered a number of periods at 

Mashnaqa, I focus exclusively on the Ubaid and LC 1 periods from Thuesen’s excavations 

because of the paucity of faunal remains recovered from other contexts.   

 Thuesen published his work on the Ubaid and LC 1 in preliminary reports (Thuesen 

1991, 1994). His team uncovered six architectural levels. The earlier levels (I-III) are associated 

with painted Ubaid-style pottery (Thuesen 2000: 74). Radiocarbon dates from these levels 

indicate an occupation at ca. 5200-4900 BC (Thuesen 2000: 72). Excavations of level I yielded a 

                                                
63 Designated K-116 in the Yale University Khabur Basin Survey Project records. 
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building complex as well as Ubaid tripartite houses in addition to several burials. No architecture 

was found in level II, although excavators did uncover a terra-cotta boat model from this stratum 

as well as several burials (Thuesen 2000: 77). Level III, meanwhile, contained a mudbrick kiln, a 

platform, and one poorly preserved burial. After level III, there appears to have been a hiatus of 

several hundred years. Levels IV-VI were limited in exposure, and have not been discussed in-

depth in the preliminary publications. One point that is emphasized is that levels IV-VI 

correspond to a marked decline in painted pottery (Thuesen 2000). Hole’s (2001: 75) dating of 

these “post-Ubaid” levels indicates ca. 4500-4300 as the time of occupation, suggesting an LC 1 

date for these strata.  

 The Smithsonian Institution curates the faunal remains collected from Hole’s project. The 

small number of pig remains analyzed for this project included 12 teeth and seven postcranial 

remains, all dating to the Ubaid. Melinda Zeder (1995, 1998a) conducted a preliminary analysis 

in which she found high proportions of sheep and goats. Wild equids and gazelle increased from 

14% to 34%, indicating a shift to greater reliance on hunting steppe mammals in the LC 1. Pigs 

make up less than 5% of the fauna from both Ubaid and LC 1 contexts.  

Table 7.8 Mashnaqa Mammal %NISPs  
Data from Zeder (Zeder 1998a: 61). Raw counts not available. Total NISP Ubaid = 1273; Total NISP LC 1 = 689. 

Taxon Common Name Late Ubaid (%NISP) LC 1 (%NISP) 
Ovis/Capra Sheep/goat 51 56 
Bos Cattle 13 0 
Sus Pig 5 3 
Equidae Equid 13 25 
Gazella Gazelle 1 9 

  

7.8.1 Significance and Expectations 

 Mashnaqa, like Ziyadeh, was a small village occupied at the dawn of social complexity. 

Burials showed no signs of rank differentiation. Moreover, the small size of the site argues 

against social differentiation. I therefore expect extensive forms of husbandry at Ziyadeh.  
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7.9 Hacinebi Tepe 

 Hacinebi is a 3.3 ha tell situated at 380 masl on the eastern bank of the Euphrates River. 

The modern average rainfall is ca. 500 mm per year. In the past, riparian and park woodlands as 

well as grassland steppes defined the catchment, a reconstruction supported by Naomi Miller’s 

archaeobotanical analysis (in Stein et al. 1996a: 248-257) and zooarchaeological data (Bigelow 

1999, 2011). Remains of pistachios and Prunus (almonds and other stone fruits) were recovered 

in addition to seeds from wild steppe grasses, the latter likely deposited in the form of sheep/goat 

dung (Miller, in Stein et al. 1996a: 255). Agricultural production focused on barley, 

supplemented by other crops such as wheat, lentils, peas, grapes, and flax. 

 A Northwestern University team, led by Gil Stein, excavated Hacinebi from 1992-1997 

(Stein & Misir 1994; Stein et al. 1996a; Stein et al. 1996b; Stein et al. 1997). The excavators 

identified three major phases of Late Chalcolithic (LC 2-4) occupation, labeling them LC A, LC 

B1, and LC B2. The LC A is equivalent to the LC 2 (ca. 4100-3800 BC), the period that shows 

the first clear evidence of elites (Stein 2012). Evidence for social complexity at this phase 

includes monumental architecture in the form of a niched and buttressed stone enclosure wall, 

numerous stamp seals, chlorite and copper artifacts, and a single child burial furnished with 

copper and silver ornaments (Stein & Misir 1994; Stein et al. 1996a: 208-213; Stein et al. 1996b: 

96; Özbal et al. 1999; Pittman 1999; Stein 1999: 120-130, 2012). Although the first two types of 

data could reflect more general patterns of complex society, the presence of elites is indicated by 

prestige goods and the burial, which suggests that ascribed – as opposed to achieved – status 

defined the social hierarchy at Hacinebi from the earliest phase. 

 The LC B1 phase is equivalent to the LC 3 period (ca. 3800-3700 BC). There was 
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continuity with the preceding LC A phase, including the use of prestige goods. However, the 

inhabitants incorporated some elements of southern Mesopotamian ceramic styles (Stein et al. 

1996a: 214; Stein 1999). Excavators uncovered a massive stone terrace wall almost three meters 

in height, on which was built a large stone platform measuring at least 8x7 m (Stein et al. 1996a: 

214; Stein 1999: 124-125). Meanwhile, stamp seals, a potential indicator of centralized 

administration, were recovered in abundance in phase B1 (Pittman 1999). In addition, ceramic, 

stone tool, weaving, and copper metallurgy all suggest specialization, although there is no 

indication of specialists attached to elites (Stein 1999: 134). 

 The LC B2 phase is contemporaneous with the LC 4 (ca. 3700-3300 BC). During this 

time, a southern Mesopotamian enclave settled alongside the local village (Stein 1999: 139-145). 

Social complexity is evident in both areas of the site, but interaction between the settlements 

seems to have been limited. According to Stein (1999, 2002) the denizens of Hacinebi embraced 

a separate-but-equal dogma, cleaving the site into two distinct cultural neighborhoods (Pittman 

1999; Stein 1999: 156). Local elites, according to Stein (1999: 163-164), maintained their 

dominance. The sociopolitical and economic organization of the Uruk colony is less clear. 

However, the side-by-side production of metals and the use of administrative technology in the 

Uruk colony suggests that the Uruk colony had their own elites (Stein 1999: 153-154). 

 The Oriental Institute of the University of Chicago curates the zooarchaeological 

assemblages. Time constraints prevented me from analyzing the entire assemblage of pig 

remains, but I studied a sample of 120 teeth. The vast majority of the specimens derived from LC 

B1 and LC B2 (Uruk and local) midden deposits. These deposits were not associated with 

socioeconomic classes or ranks, but reflect the overall “socially averaged” settlement waste. The 

unique nature of Hacinebi demands that separate analyses be conducted on three groups: pre-
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contact (LC A and LC B1), LC B2 local, and LC B2 Uruk.  

 Several scholars have worked previously on the Hacinebi fauna, including Gil Stein, 

Belinda Monahan, Kathryn Grossman, and Lauren Bigelow. Bigelow published her results in the 

form of a preliminary article (Bigelow 1999) and a dissertation (Bigelow 2011), which are 

summarized in Tables 7.9 and 7.10. The data indicate that faunal remains from Hacinebi vary 

significantly over time. In general, the assemblage contains a diverse range of domestic and wild 

animals. Sheep and goat predominate, followed by pigs and cattle. Pigs make up about 30% of 

the faunal remains in the LC A, LC B1, and LC B2 local assemblage, but only about 10% in the 

Uruk colony contexts (Bigelow 1999, 2011). The pattern of sheep/goat husbandry replacing pig 

husbandry was a recurring one in Uruk colonies in northern Mesopotamia. It was perhaps related 

to the importance of wool production (McCorriston 1997).  

 
Table 7.9 Hacinebi LC B1 and LC B2 Mammal NISPs.  
Data from Bigelow (Bigelow 1999: 85).  

Taxon Common Name B1 NISP B2 Uruk NISP B2 Local NSP 
Bos Cattle 178 31 20 
Ovis/Capra/Gazella  44 77 4 
Ovis/Capra  515 434 79 
    Ovis Sheep 35 51 12 
    Capra Goat 33 43 5 
Sus Pig 319 59 62 
Gazella Gazelle 4 17 1 
Canis Dog 7 1 1 
Cervus Red deer 7 7 0 
Dama Fallow deer 4 10 0 
Equus asinus/hemionus Ass/onager 15 7 1 
Felis Cat 1 1 0 
Lepus Hare 2 0 1 
Ursus Bear 1 0 0 
Mus Mouse 0 1 0 
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Table 7.10 Hacinebi LC A, B1, and B2 Mammal NISPs  
Data from Bigelow (Bigelow 2011). B2 includes Uruk and Local. 

Taxa Common Name A NISP B1 NISP B2 NISP 
Bos Cattle 140 245 167 
Ovis/Capra  1689 1271 1800 
    Capra Goat 133 75 121 
    Ovis Sheep 154 98 237 
Ovis/Capra/Gazella  41 568 529 
Sus Pig 404 568 529 
Canidae  28 24 82 
Cervidae  20 75 119 
    Dama Fallow deer 0 19 12 
Equid Equid 12 4 24 
Gazella Gazelle 12 40 15 
Lepus Hare 2 10 3 
Felis Cat 0 2 1 
Ursus Bear 0 1 2 
Castor Beaver 1 0 0 
Vulpes Fox 0 1 0 
Lagomorpha Rabbit 0 0 1 
Carnivora  6 0 0 

 

7.9.1 Significance and Expectations 

 In all phases, Hacinebi exhibited a relatively high degree of social complexity. The LC A 

child burial, prestige goods, and monumental architecture suggest that elites were present at 

Hacinebi since the beginning of the site. In addition, the Uruk colony may have had its own 

elites. Although the power of these elites was likely quite low and thus exploitation low as well, I 

expect that the changes in socioeconomic structure gave rise to more intensive pig husbandry 

practices. Intensive pig husbandry may not have been a source of resistance at this time, per se, 

but may rather have been a way for the non-elite of Hacinebi to quickly supply meat for 

competitive feasts, and thus attempt to achieve prestige in an increasingly stratified society (cf. 

Ur & Colantoni 2010).   

 

7.10 Tell Atij 

 Atij is a double-mounded 1.4 ha site located on the Khabur at roughly 280 masl. Today, 
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the area receives about 200-300 mm of rain per year. Geomorphological studies by Blackburn 

and Fortin (1994) revealed that in the early 3rd millennium, the two mounds were islands 

separated by a 30 m wide channel. Based on the data from nearby Bderi, riparian forests of 

willow/poplar and oak parklands existed in the catchment area (Deckers & Pessin 2010: Table 

1). Although Atij is today at the limits of dry farming, McCorriston’s (1998) analysis of the 

botanical assemblage revealed a high proportion of dry-farming weeds, indicating that the 

ancient inhabitants of the site did not rely on irrigation (McCorriston 1998).  

 Atij’s primary occupation dates to the early 3rd millennium. It was part of a series of 

settlements strung along the Khabur River within two kilometers of each other that were 

excavated as part of a dam construction salvage operation. Other sites included Raqa’i, Guededa, 

and Kerma. Michel Fortin and a Canadian team excavated Atij in 1986-1993 (Fortin 1988, 1990, 

1995, 1998). The excavators exposed 13 Ninevite V occupational deposits (levels I-XIII), 

primarily on the eastern mound. These levels represent three centuries of continuous occupation 

from ca. 2700-2400 BC, which is contemporaneous with Leilan levels IIIb/c-IIId (Fortin 1988, 

1990, 1995, 1998; Schwartz 2000; Rufolo 2011: 150). 

 The excavators recovered a large platform and a four-meter-wide wall surrounding the 

primary (eastern) mound, which was in use from the earliest stratum (level XIII) and thus 

indicative of monumental architecture from the beginning of Atij’s occupation (Fortin 1995: 34-

36, 1998). Also recovered were the remains of two complexes, interpreted as grain depots (Fortin 

1998; Hole 1999; Paulette 2015: 54-62) as well as stone anchors, possibly reflecting riverine 

commerce (Fortin 1990; Rufolo 2011: 129-139). The complexes were on the northern and 

southern ends of the site and were separated by about 40 meters. The excavators also found 

several clay tokens, perhaps used for accounting (Fortin 1990, 1998). On the western mound, 
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mud-brick constructed burials were found with artifacts of bronze, shell, and semi-precious stone 

(Fortin 1990, 1998). These lines of evidence led the excavators to conclude that Atij functioned 

as a grain storage/processing center located at a strategic position along the river. However, 

Paulette’s (2015: 61-62) storage capacity calculations cast doubt on the scale of the operation. 

Atij may have focused on storage, but the grain was not enough to sustain the town’s population 

throughout the year. 

 Fortin draws connections between Atij’s two mounds, arguing that “des produits 

agricoles dans des greniers devait être contrôlé par une ‘élite’ […] qui disposait […] de 

techniques administratives avancés” (Fortin 1990: 249), while the graves  “appartenu à une 

classe sociale à part […] une classe sociale ayant possédé un statut économique exceptionnel” 

(Fortin 1990: 250).64 The purpose of the grain storage is not clear. Although it may have been 

intended to supply the population with food and perhaps build prestige through commensal 

politics, Hole (1999) has made an equally convincing case that the grain was intended to be used 

as fodder for sheep and goats.  

  The Smithsonian Institution curates the zooarchaeological remains collected from Tell 

Atij. I analyzed 47 teeth and 22 postcranial bones from levels IX-XIII, all of which were 

associated with Ninevite V ceramics and date to the EJ I-II. The bones derived exclusively from 

the “Central Summit” (excavation units E13-15 and F13-15), which was between the two storage 

complexes. Although the excavators interpreted this area as containing a series of small storage 

bins associated with the complexes (e.g., Fortin 1995), Peter Pfälzner (2001: 310-312, 2002a) 

has argued that these alleged storage bins were actually small houses. The ceramic repertoire 

                                                
64 “Agricultural products in the granaries would have been controlled by an elite group that 
utilized advanced administrative techniques,” while the graves “belonged to a separate social 
class … a social class possessing an exceptional economic status” [my translation].  
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includes a high proportion of domestic cooking ware, corroborating the interpretation of the 

Central Summit as a non-elite domestic area (Boileau 2005).  

 Zeder (1998a) and Rufolo (2011) conducted prior zooarchaeological analyses. Their data 

show a focus on steppic resources. Caprines predominated, representing 45% of the remains. 

Wild animals (gazelle and equids) accounted for 35% and pigs around 15% (Table 7.11).65 

 
Table 7.11 Atij Mammal NISPs.  
Data from Rufolo (2011: 353).  

Taxon Common Name Level IX NISP Level X-XIII NISP 
Ovis/Capra  160 114 
    Ovis Sheep 8 12 
    Capra Goat 5 7 
Sus Pig 192 67 
Bos Cattle 4 92 
Canis Dog 21 4 
Gazella Gazelle 60 86 
Equidae Equid 73 95 
Vulpes Fox 6 1 
Mustela Weasel 0 4 
Gerbillinae Gerbil 0 5 

 

7.10.1 Significance and Expectations 

 Early 3rd-millennium Atij may have revolved around grain storage. Evidence for elites 

derives primarily from the richly-furnished burials. The faunal remains studied in this 

dissertation, meanwhile, were found on the summit of the site in seemingly domestic contexts 

but between two complexes that may have been used for granary storage. Despite the location of 

these houses, there is no artifactual or architectural reason to suspect that they belonged to elites 

rather than smallholders (Scott Rufolo, personal communication). Thus, I expect the Atij Sus 

material to show evidence of intensification, perhaps in response to increasing elite control over 

grain production and consumption. 
                                                
65 The proportions fluctuated somewhat over time. Levels VI-VII contained only one pig bone 
out of a sample of 504 total animal remains (Rufolo 2011: 351).  
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7.11 Tell Raqa’i  

 Tell Raqa’i is a mound .5 ha in area located on the Khabur, about 2 km upstream from 

Atij. The ancient environment at Raqa’i was the same as at Atij. The inhabitants resided in a 

riverine ecosystem with access to steppic flora and fauna. A study by Henry and Piperno (2008) 

on starch grains collected from human dental calculus indicated that Raqa’i’s occupants 

consumed some Hordeum (barley) and Avena (oat) as well as a variety of as-yet unidentified 

other plants.66 Sadie Weber and I (Weber & Price In Press) found similar microfossils in pig 

teeth. McCorriston (1998) found barley threshing debris and an abundance of dry farming weeds. 

 Hans Curvers and Glenn Schwartz directed excavations with a team from the University 

of Amsterdam and John Hopkins University from 1986 to 1990 (Curvers & Schwartz 1990; 

Schwartz & Curvers 1992; Schwartz 1994b, 2000, 2015b). The excavators exposed much of the 

mound at Raqa’i and were able to detect several occupation levels, with levels 2-5 yielding 3rd-

millennium deposits. Levels 4 and 5, from which all of the specimens studied here derive, date to 

the Ninevite V (ca. 2900-2600 BC) (Curvers & Schwartz 1990; Schwartz & Curvers 1992; 

Rufolo 2011: 150; Paulette 2015: 114-121; Schwartz 2015b: 12-13).  

 The Ninevite V occupations contained architecture arranged in a radial pattern. A one-

room “temple,” several small storage silos, and two-room houses with benches and ovens were 

recovered. At the center of the settlement was a large circular structure: the thick-walled “Round 

Building.” The Round Building was extant from level 3, but better preserved in the earlier level 

4. It contained multiple rooms, many of which may have been intended for storage, possibly of 

cereals. Within these rooms were found cylinder seal impressions. In the earliest Ninevite V 

                                                
66 The authors suggest Carhamus, Malva, and Phragmites as possibilities.  
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phase, level 5, grill-type architecture features were interpreted as the remains of storage facilities 

(Curvers & Schwartz 1990; Schwartz & Curvers 1992; Paulette 2015: 114-121; Schwartz 

2015c). Like Atij, the presence of social stratification at Raqa’i is suggested by differentiation in 

burial practices. Schwartz (1993: 21; Schwartz & Curvers 1992) described two types of burials: 

simple pit inhumations with few grave goods and mud-brick tombs with numerous grave goods.   

 The Round Building, which was constructed in level 4, gives the impression of a 

strategically located grain storage and redistribution center. The excavators of Raqa’i (Schwartz 

& Curvers 1992; Schwartz 1994b) originally concluded that the site was an example of what 

D’Altroy and Earle (1985) termed “staple finance,” or the control of agricultural surplus by elites 

as the major source of economic power. However, there are other interpretations of the Round 

Building (reviewed by Schwartz 2015a). Paulette (2015: 114-121) and Pfälzner (2002b) note that 

the amount of cereal stored was probably not sufficient for trade, and may have instead been 

intended for Raqa’i’s inhabitants. Pfälzner (2002b) further posits that the Round Building was 

used for communal storage, rather than being controlled by a small number of elites. Porter 

(2012: 221-226) interprets the Round Building as a storeroom for grain to support seasonal ritual 

activity. Hole (1999) and Kouchoukos (1998), meanwhile, argue that the Round Building at 

Raqa’i was intended to store fodder, as opposed to human food, for pastoralists. Plant microfossil 

data from human dental calculus suggest that the inhabitants did not seem to be eating much 

barley or wheat (Henry & Piperno 2008). The lack of wheat and barley might corroborate Hole’s 

(1999) animal fodder theory. On the other hand, the analysis of starch grains from dental 

calculus is a new science; it is not clear how, for example, diagenesis differentially affects cereal 

starches (Leonard et al. 2015). In his final synthesis of the evidence and arguments for Raqa’i, 
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Schwartz (2015a) offers an analysis of these various competing hypotheses, but ultimately leaves 

it to the reader to draw his/her own conclusions (Schwartz 2015a: 638). 

 The Smithsonian Institution curates Raqa’i’s zooarchaeological remains. Previous work 

on the faunal remains by Zeder (1998a) and Rufolo (2011, 2015) indicate that Raqa’i’s animal 

economy increasingly centered on sheep and goat production (Table 7.12). Pork, which was a 

significant portion of the diet in levels 5 and 4, virtually disappeared by level 3. My sample 

includes 28 teeth, 21 of which derive from the Round Building in level 4. The remaining seven 

teeth were from level 5. There were also 65 postcranial remains, 56 of which were from the 

Round Building in level 4 and six from level 5. The remaining three postcranial remains were 

found in mixed contexts dating to levels 1-4.  

Table 7.12 Raqa’i Mammal NISPs. 
Data from Rufolo (2011: 353). 

Taxon Common Name Level 2 Level 3 Level 4 
Ovis/Capra  29 548 749 
    Ovis Sheep 6 57 96 
    Capra Goat 0 29 50 
Sus Pig 0 14 371 
Bos Cattle 2 46 51 
Canis Dog 1 1 4 
Gazella  6 90 92 
    G. dorcas Dorcas gazelle 0 1 0 
    G. gazella Mountain gazelle 0 0 1 
Cervid Deer 0 0 1 
Equus Equid 2 46 31 
Vulpes Fox 0 2 1 
Mustela Weasel 0 5 0 
Bandicota Bandicoot rat 0 1 0 
Apodemus Field mouse 0 0 8 
Tatera Gerbil 0 5 0 
Hystricidae Porcupine 0 4 1 
Rattus Rat 0 0 1 
Psammomys Sand rat 0 5 0 
Rodentia  0 1 9 
Lepus Hare 0 0 1 
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7.11.1 Significance and Expectations   

 Like Atij, Raqa’i may have focused on grain storage and exchange. The particular 

features defining the organization of production, distribution, and consumption have become the 

subjects of a lively debate. Burial data suggest socioeconomic differentiation, but it is not clear if 

elites controlled grain production and storage. The variety of equally plausible interpretations for 

the Round Building necessarily complicates the interpretation of the pig remains, since almost all 

of them come from that structure. Moreover, the use of the Round Building may have little to do 

with the discard of bones within in it. However, if one accepts Schwartz’s (1994b) original 

hypothesis that the Round Building was an elite structure, then the Raqa’i assemblage probably 

reflects elite pig production. In southern Mesopotamia, there is some textual evidence to support 

the hypothesis that elites preferred extensively managed pork (Englund 1995; Dahl 2006). In 

keeping with that hypothesis, I expect the pig remains to show evidence for more extensive 

forms of husbandry than at Atij or Leilan, since elites would not have been under pressure to 

intensify husbandry. Elites may also have provided their pigs with cereal fodder during the 

fattening season.  

 

7.12 Tell Leilan 

 Tell Leilan67 is a large (ca. 90 ha) site in the upper Khabur drainage. The site lies at the 

juncture of the perennial Wadis Jarrah and Siblah, which are tributaries of the Khabur River. 

Today, Leilan receives an average of around 400 mm of rain per year, and is dominated by 

steppic vegetation (Weiss 1997: 341; Ristvet 2005: 202). In the past, the catchment area of the 

site included riparian/park woodlands and grassland steppes. Deckers’ (2010: 218-219) 

                                                
67 Leilan has been identified as 3rd-millennium Shekhna and 2nd-millennium Shubat-Enlil (Weiss 
1997: 342; Ristvet & Weiss 2010). 
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anthracological study documented riverine forests, dominated by willow/poplar (Salix/Populus), 

ash (Fraxinus), and elm (Ulmus). There were also gallery forests dominated by deciduous oak 

(Quercus). Archaeobotanical samples were recovered from storage facilities and midden deposits 

on the acropolis of the site as well as parts of the Lower Town. Cereals (wheat and barley) 

dominate, but the assemblage also included chickpeas, field peas, lentils, grass peas, biter vetch, 

figs, flax, and grapes (Weiss et al. 2002-2003: 63-64; Smith 2012). 

 Leilan was occupied from the Ubaid period through the 2nd millennium BC, expanding 

from a village to a city in the middle of the 3rd millennium (Schwartz 1982; Weiss et al. 1993; 

Weiss 1997). The Yale University Tell Leilan Project, led by Harvey Weiss, has conducted 

excavations and surveys since 1979. Here, I focus on the excavations and survey data relevant to 

the 3rd millennium occupations (Table 7.13). 

 
Table 7.13 Tell Leilan 3rd millennium chronology. 
(Based on dates presented in Ristvet 2005: 57-60; Weiss 2012). 

Leilan 
Period 

Northern Mesopotamian 
Chronology 

Ristvet (2005) Chronology Approximate date  

IIIa EJ I (Ninevite V) Phase 1 2900-2800 BC 
IIIb EJ I (Ninevite V) Phase 2 2800-2700(?) BC 
IIIc EJ I (Ninevite V) Phase 2 2700(?)-2600 BC 
IIId EJ II  Phase 3 2600-2500 BC 
IIa EJ III Phase 4 2500-2300 BC 
IIb EJ IV (Akkadian) Phase 5 2300-2200 BC 

 
 
 Early 3rd-millennium occupations include the IIIa-IIIc (ca. 2900-2600 BC) periods, which 

are equivalent to the Ninevite V (see Table 7.13). In the IIIa period, Leilan was a ca. 15 ha town 

at the top of a two-tiered settlement hierarchy that included at least seven other settlements 

(Ristvet 2005: 58).68 Regional population levels increased in the IIIb and IIIc periods, although 

                                                
68 This was a significant decrease from the late 4th millennium, during which the Leilan region 
included 53 sites (Ristvet 2005: 58). 
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Leilan remained around 15 ha. From IIIa to IIIc, Leilan’s occupation was limited to a series of 

one-room domestication structures on the acropolis of the present-day site (Weiss 1997: 342).  

 Leilan expanded beyond the acropolis to the Lower Town, increasing to urban 

proportions (ca. 90 ha.) in the IIId period (ca. 2600-2500 BC) (Weiss 1983; Weiss et al. 1993; 

Weiss 1994; Ristvet 2005: 59). On the acropolis, excavators uncovered a large platform, which 

has been interpreted as having religious and/or political significance and was in use through the 

IIa period (Weiss et al. 2002-2003: 60). Rooms adjacent to this platform contained burnt seeds 

and chaff, possibly evidence for public grain storage (Weiss et al. 1993: 997; Weiss et al. 2002-

2003: 59; Paulette 2015: 101-114).  

 Urban expansion continued into periods IIa (2500-2300 BC) and IIb (2300-2200 BC). 

Although Leilan remained 90 ha in size, the region around the city increased in total settled area 

in the IIa period and again in the IIb period (Stein & Wattenmaker 1990; Ristvet 2005: 59-61). 

Evidence for an Akkadian intrusion in the IIb period includes southern Mesopotamian seals and 

a large unfinished administrative building (measuring 14x9.6 m) with basalt foundations (Ristvet 

& Weiss 2000; Weiss et al. 2002-2003). In addition, excavators recovered fragments of sila 

bowls, which they interpreted as representing a rationing system (Weiss 1997: 343, 2012; Weiss 

et al. 2002-2003). However, Stein and Blackman (1993) have presented convincing evidence 

against the ration hypothesis. 

 Excavations in the Lower Town have revealed domestic architecture and possibly 

planned streets from periods IIId-IIb (Weiss 1997: 342; Ristvet 2012). Domestic architecture 

included two-room “allotment” houses built around a small courtyard, and one-room houses that 

were common in the previous Ninevite V phases (Ristvet 2005: 70). Both types showed evidence 

for private storage facilities, indicating a reliance on household agricultural production (Weiss 
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1990; Ristvet 2005: 71; cf. Ur & Colantoni 2010). These house types resemble those from 

contemporaneous Hamoukar (Colantoni & Ur 2011). In addition, a pottery workshop was 

recovered in the Lower Town South, and the entire area has been interpreted as a “worker’s 

neighborhood” (Ristvet 2012: 252). The excavations of the Lower Town also revealed a 4.5-

meter-wide sherd-paved street in which a large number of animal bones were deposited (Weiss 

1990: 201-205).  

 The expansion of Leilan to a city paralleled major structural changes. In a 

groundbreaking study, Akiva Sanders (2015) investigated fingerprints on ceramic sherds 

recovered from Leilan and neighboring sites in the Uruk through Middle Bronze Age. He found 

evidence for a major change in the production of ceramics at Leilan but not in the outlying 

communities. Before it transitioned to an urban center, both men and women participated in 

ceramic production at Leilan; after the transition, ceramic production was almost exclusively 

performed by men. Meanwhile, at the outlying settlements, no change took place. Sanders’ 

analysis provides solid evidence that the development of complex and urban social structures in 

the middle of the 3rd millennium profoundly altered the organization of everyday activity, 

particularly with respect to gendered labor. It is therefore likely that daily food production, such 

as pig husbandry, underwent significant changes at this time. It is also worth noting that 

intensive pig husbandry is often the domain of women (e.g., Malcomson & Mastoris 1998: 51; 

Hide 2003: 95-97; Jian 2010; Kagira et al. 2010). It is possible, then, that pig-keeping became 

one the dominant forms of feminine smallholder labor at this time. 

 The Yale University Tell Leilan Project has loaned faunal remains to the Peabody 

Museum at Harvard University. My sample included 141 post-cranial remains and 184 teeth 

from periods IIIc, IIId, IIa, and IIb. All of the IIIc and IIId bones and teeth were recovered from 
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the Acropolis NW portion of the site. The IIa and IIb assemblages derive from both the 

Acropolis NW and the Lower Town South. Several scholars have worked previously on the 

Leilan fauna, including Melinda Zeder, Scott Rufolo, Richard Meadow, and Ajita Patel. The data 

have yet to be fully published, but preliminary reports show a focus on domestic sheep, goats, 

and pigs throughout the 3rd millennium (Zeder 1995, 2003; Rufolo 2011: 525-530). There was a 

high relative abundance of pigs in the 3rd millennium. Zeder (2003) has discussed the lower 

relative abundance of pigs on the acropolis as evidence for different elite vs. non-elite foodways.   

 
Table 7.14 Leilan %NISPs. 
Data from Zeder (Zeder 1998a: 61). Raw counts and periodization not available. Total NISP = 1118. 

Taxon  Common Name Levels III-II combined (%NISP) 
Ovis/Capra Sheep/goat 62 
Bos Cattle 8 
Sus Pig 22 
Equidae Equid 1 
Gazella Gazelle 1 

   

7.12.1 Significance and Expectations   

 Tell Leilan is the only assemblage studied in this dissertation that represents a settlement 

undergoing the process of urbanization. It is also the only assemblage in which there exists a 

reasonably clear distinction between contexts associated with different socioeconomic groups. 

While it is false to equate all lower towns in the 3rd millennium with non-elites – e.g., Beydar 

and Kazane both have palaces and administrative buildings in their lower towns (Creekmore 

2014: 38) – the architectural remains of the Lower Town South suggest a relatively modest 

neighborhood that contrasts sharply with the larger and more ornate structures on the acropolis 

(Ristvet 2012). It seems likely that these houses were occupied by smallholders, who may also 

have been hired/enlisted at times to work in the neighborhood workshops. Leilan is therefore an 

ideal site to test the smallholder intensification hypothesis. I expect to find differences between 
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pig husbandry practices both over time and over space. If pig husbandry was as related to 

socioeconomic class as previous scholars suggest (Diener & Robkin 1978; Zeder 2003; Redding 

2015), then I expect pig husbandry to be similar on the acropolis over time, but increasingly 

more intensive in the Lower Town.  

 

7.13 Conclusion  

 The expectation is that pig husbandry began in an extensive manner and continued to be 

so, with some variation, through the Neolithic and early Chalcolithic (Jarmo, Banahilk, 

Domuztepe, Umm Qseir, Ziyadeh, Mashnaqa) (following Redding & Rosenberg 1998; Ervynck 

et al. 2001). I expect intensification to have occurred alongside the emergence of complex 

societies in the early 4th millennium. The faunal data from Raqa’i, however, might represent elite 

pig production and therefore are expected to reflect an extensive strategy. Leilan provides the 

major test of the connection between pig husbandry and social class.  
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 : RESULTS BY SITE CHAPTER 8

 
8.1 Introduction 

 This chapter presents the results of the analyses described in Chapter 6 in chronological 

order by site. In discussing the data from Hallan Çemi, I make observations regarding issues 

encountered during the analytical process. These comments should be treated as descriptions of 

the operationalization of the methodology presented in Chapter 6. It also bears mentioning that 

zooarchaeological studies typically involve reference to both primary (“raw”) data and secondary 

(“derived”) data (Lyman 2008: 12; Atici et al. 2013). Primary data are direct measurements of 

the specimens (e.g., tooth length). Secondary data are summaries of primary data (e.g., mean 

tooth length). In this chapter, I focus on secondary data. The primary data can be accessed 

through Open Context (http://dx.doi.org/10.6078/M71J97N1). 

 
8.2 Hallan Çemi 

 The Hallan Çemi dataset represents a population of hunted wild boar. As such, the data 

were expected to provide a baseline (“more extensive than extensive”) signature. The data match 

those expectations. Dental and postcranial metrics fall in the range of modern wild boar and there 

are low levels of both LEH and dental calculus. Meanwhile, survivorship curves show an 

emphasis on older, yet still prime-age, animals (2-3 years), as expected for intensive hunting. 

The microwear data are more difficult to interpret given the high amount of variability. However, 

a single recovered starch grain of an unidentified tuber gives some evidence for diet. 

 
8.2.1 Dental Metrics 

 Table 8.1 summarizes 129 measurements of morphologically wild Sus teeth. Before 

analyzing the data, it is important to recognize the issue of counting, which has long been a 
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concern for zooarchaeologists (Ringrose 1993; Lyman 1994a; Lyman 2008). Using 

measurements of teeth that could be from the same animal to infer population statistics risks 

pseudoreplication (Hurlbert 1984). To avoid these problems, Table 8.2 relies on a more 

conservative counting method that is similar to the Minimum Number of Individuals (MNI) 

calculation and in which only the measurements of right or left teeth (whichever side had more) 

were used. A limitation of the more conservative approach is that it under-represents the number 

of independent specimens (cf. Lyman 2008: Ch.2). The preference for a more or less 

conservative approach must rely on the question under investigation. For analyses that are 

particularly sensitive to dependence, such as mixture analysis, I rely on the more conservative 

approach. For most generalizations about the Sus population, however, I rely on the larger, but 

admittedly more problematic, datasets. 

 The M1 and M2 measurements, which Albarella and Payne (2005) identify as the most 

useful measurements for detecting populations, as well as other dental measurements, all show 

high mean values. They are comparable to measurements taken on modern Turkish wild boar 

(Kusatman 1991; Price & Arbuckle 2015: Figure 4). As mentioned in Chapter 6, CVs below .05 

indicate a population with a unimodal distribution. Unimodality is generally the case for the 

Hallan Çemi dental measurements in Tables 8.1 and 8.2. However, some teeth show quite a bit 

of variation suggesting that the exploited wild boar population may have been morphologically 

diverse. Table 8.1 also includes minimum values, which can be used as the cutoff point for 

ancient wild boar.  

 The high CVs for some teeth are due, in part, to the presence of outliers, which can be 

seen in the LSI plot in Figure 8.1. Note that in Figure 8.1 and analogous figures in this chapter, 

several measurements were not included (i.e., dP4 and dP4 WA, M3 Length, and M3 Length) 
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because, when standardized, these measurements deviated too much from those of other teeth. 

Accounting for outliers is by nature a speculative enterprise. However, it is possible that the 

single, unusually small M1 in the Hallan Çemi collection, is a misidentified dP4; distinguishing 

maxillary dP4s/M1s and M1s/M2s as well as mandibular M1s/M2s is not straightforward, as the 

cusp morphology is essentially identical for these tooth types. However, most of the Hallan Çemi 

dental metric outliers are larger than expected, and many cannot be explained as cases of 

misidentification as they are associated with other teeth in the same jaw. These results suggest 

some natural variation in tooth size. Other than the outliers, Figure 8.1 shows that the Hallan 

Çemi wild boar were roughly comparable in dental size to the baseline modern wild boar 

presented in Table 6.2 (Payne & Bull 1988). Median LSI values are about 0 for all teeth.  

 In order to determine if the sample of LSI values was homogenous enough to enable 

inter-site comparison, a one-way ANOVA test was performed. It showed no significant 

differences according to tooth type (F(7, 65) = 1.786, P = .105). However, the Tukey HSD post-

hoc test showed that the M3 LSI values were much larger than other teeth, with low P-values 

after adjustment in pairwise comparisons. I therefore removed them. 
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Table 8.1 Descriptive statistics for dental metrics from Hallan Çemi (in mm).  
1This is an outlier. The next lowest M1 WA measurement is 15.5 mm.  
2Also an outlier (same tooth as in note 1). Next lowest M1 WP measurement is 15.9 mm. 

 N Mean Stand. Dev. CV Minimum Value 
M1 WA 11 11.7 1.3 .11 10.1 
M2 WA 12 15.5 .6 .04 14.4 
M3 WA 11 19.0 1.4 .07 17.0 
dP4 WA 5 7.1 .2 .03 6.9 
M1 WA 12 15.6 1.0 .06 12.51 
M2 WA 3 20.1 .2 .01 20.0 
M3 WA 6 23.3 1.3 .06 21.6 
dP4 WA 3 13.5 1.6 .11 12.5 
M1 WP 11 12.9 1.0 .08 11.9 
M2 WP 13 16.7 1.1 .07 15.4 
dP4 WP 7 9.8 .3 .03 9.3 
M1 WP 4 15.1 1.9 .13 12.32 
M2 WP 5 19.4 .5 .02 19 
dP4 WP 6 13.0 1.1 .09 12.2 
M3 Length 12 41.3 2.1 .05 39.2 
M3 Length 8 38.4 2.3 .06 35.2 
Total 129     

 
Table 8.2 Conservative Hallan Çemi dental metric descriptive statistics (in mm). 

 N Mean Stand. Dev. CV 
M1 WA 6 11.0 .6 .05 
M2 WA 8 15.8 .5 .03 
M1 WP 6 12.4 .4 .03 
M2 WP 8 16.7 .8 .05 



 
 
 

172 

  

Figure 8.1 Boxplot of LSI values for Hallan Çemi derived from WA and WP measurements.  
(”U” indicates upper tooth). The UM3 LSI values were excluded from inter-site comparison as described in the text. 
 

8.2.2 Postcranial Metrics 

 I did not focus on collecting postcranial measurements from Hallan Çemi because of the 

size of the collection and the need to allocate my time to studying the dental specimens. 

However, Melinda Zeder is in the process of publishing the postcranial measurements. Eleven 

measurements are shown in Table 8.3. They provide an archaeologically-derived baseline 

corresponding to the modern Turkish wild boar in Table 6.2 (Payne & Bull 1988: 55-58) and 
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presented. Meanwhile, Figure 8.2 shows that median LSI values are around 0, similar to those 

obtained on the dental metrics. The LSI values are not significantly different across measurement 

type (t = -1.714, P = .122), and thus I combine them for inter-site comparison in Chapter 9.  

Table 8.3 Descriptive statistics for postcranial measurements from Hallan Çemi. 

 N Mean Stand. Dev. CV 
Tibia Bd 5 37.1 2.1 .06 
Astrag. GLl 6 49.2 2.8 .06 
Total 11    

 

Figure 8.2 Boxplot of LSI values for postcranial measurements from Hallan Çemi. 
 

8.2.3 Geometric Morphometrics 

 The Hallan Çemi upper and lower M2s and M3s were used as the baseline for the “wild 

shape” in the pLDA. To bolster the sample size, I added the shape data of modern Turkish wild 

boar specimens, which were photographed by Allowen Evin from collections in the Museum für 

Naturkunde in Berlin. Meanwhile, “domestic shape” was defined by the M2s and M3s from 

Leilan, Atij, Raqa’i, and Hacinebi. The analytical assumption that all of the latter specimens 

were from domestic pigs is justified by the fact that they are all small in size. 

 Following the protocol outlined in Chapter 6, I ran the predictive LDA on the fourth 

quartile of CVPs, to determine whether each specimen was domestic or wild and what percent of 
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the time the specimen was identified as such based on repeated sampling (1000x for each tooth 

type). The number of principle components was determined by running the mevolCVP function. 

I used the shape data from M3s, M2s, and M2s. M3s were not included because they did not show 

a significant difference for eight principle components at the .05 level in a MANOVA test 

(F(1,15) = 2.149, P = .136).  

 

8.2.4 Age-at-Death and Survivorship 

 I collected age-at-death data on 92 teeth. However, in the time between data collection 

and writing, Ximena Lemoine et al. (2014) published a larger dataset. Since assignment of wear 

patterns is highly replicable, I use their data. Based on the admittedly conservative criteria 

discussed in Chapter 6, 41 maxillary69 and mandibular teeth were determined to be independent. 

In concordance with Lemoine et al. (2014: Figure 3b), Figure 8.3 includes many older animals; 

almost 60% surviving age class D (ca. 12-16 months, see Chapter 3) and over 30% surviving age 

class E (ca. 16-30 months). This is consistent with an intensively hunted population (e.g., 

Benecke 1993). The Appendix (Tables A.3-A.13) contains the counts of each age class for 

Hallan Çemi and the other sites in this dissertation.  

                                                
69 Maxillary teeth were not included in the survivorship analysis for all sites because I did not 
establish a protocol for assessing maxillary wear until partway through my data collection. 
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Figure 8.3 Hallan Çemi survivorship curve based on 41 independent teeth. 
Using Lemoine et al.’s (2014) Simplified-A system and data from that same paper. Solid lines represent 
survivorship. Dashed lines represent 2.5% and 97.5% confidence interval limits. 
 
 
8.2.5 Pathologies 

 Although I recorded all instances of hypoplastic deformation, only those on the lingual 

side of lower molar teeth were analyzed (following the protocol in Chapter 6). More information 

on the hypoplasias is available on Open Context (http://dx.doi.org/10.6078/M71J97N1). Tables 

8.4 and 8.5 show summary statistics using both the Ervynck-Dobney Index (after Ervynck & 

Dobney 1999: 6) and the more straightforward lines/cusp ratio. Only five teeth out of 43 

qualified teeth (Table 8.5) displayed a total of nine LEH lines on 85 cusps (Table 8.4). To 

qualify, the cusp must have a clearly visible lingual surface that is not obscured by advanced 

stages of wear or taphonomic marks.  
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 It is worth mentioning that many of the hypoplastic marks on the Hallan Çemi teeth are 

atypical compared to other sites and consisted of small holes (“pin-pricks”) arranged in lines 

(Figure 8.4). This type of hypoplasia was found occasionally at other sites in this study, but it 

was only common at Hallan Çemi. Other minor types of pathologies were encountered. These 

included three cases of chipping on the occlusal surface of molar teeth. Chipping can occur 

taphonomically or in vivo as a result of the (accidental) mastication of very hard objects such as 

pebbles. Possible in vivo dental chipping has been noted at 2nd-millennium Chagar Bazar (see 

e.g., Albarella et al. 2006: 220). 

Table 8.4 Summary statistics for LEH from Hallan Çemi and the Ervynck-Dobney Index. 
*The final Ervynck-Dobney Index is the mean of the six indices for each tooth. 

Cusp # Lines 
Observed 

# Cusps 
Observed 

Ratio  Ratio – All 
Sites 

Ervynck-Dobney Index 

M1 Anterior 2 11 .158 22/118 .975 
M1 Posterior 3 13 .158 28/86 .708 
M2 Anterior 1 13 .429 29/90 .238 
M2 Posterior 1 14 .143 24/91 .271 
M3 Anterior 1 11 .462 24/77 .291 
M3 Middle 0 12 .500 27/79 0 
M3 Posterior 1 11 .083 NA NA 
Total 9 85 .106 ± .053  .414* ± .326 

 
Table 8.5 LEH categorized by tooth type for Hallan Çemi. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars Ratio 

M1 3 13 .308 
M2 1 14 .357 
M3 1 16 .063 
Total 5 43 .116 ± .049 
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Figure 8.4 Specimen #86 (M2) from Hallan Çemi displaying “pinprick type” hypoplasia. 
 

8.2.6 Dental Calculus 

 The preservation of dental calculus on teeth likely varies from site to site. Fragmentation, 

re-deposition, and other taphonomic processes can remove calculus before recovery. Rough 

handling, especially when washing bones, and long-term storage can also lead to calculus 

deposits flaking off. Despite these biases, the frequency of dental calculus can provide insight 

into the amount of starch in the ancient diet. The specimens from Hallan Çemi were expected to 

have low-levels of dental calculus. One potential mitigating factor, however, is that the Hallan 

Çemi specimens represent animals that were killed much later in life than those at later sites and 

thus may have accumulated larger deposits of dental calculus. In addition, posterior cusps of 

upper and lower M3s were the most common location for dental calculus, probably because of 

the proximity of this tooth to salivary ducts and the fact that it lies in the back of the mouth 

where food particles may become lodged. Because the Hallan Çemi specimens were killed at an 

older age, on average, they were more likely to have erupted M3s and thus more dental calculus. 
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 Six out of 92 teeth had dental calculus (Table 8.6). Only 23.1% of the sample of upper 

and lower M3s showed evidence of dental calculus. Of these, three had “moderate” amounts of 

calculus and three had “slight” amounts. The incidence rate is much lower than at later sites. 

Table 8.6 Incidence, rates, and severity of dental calculus.  

Site # Affected Total Rate # M3s M3 Rate Slight Moderate Heavy 
Hallan Çemi 6 92 .065 ± .026 6 .231 3 3 0 
Jarmo 8 139 .059 ± .020 6 .400 2 6 0 
Banahilk 7 51 .137 ± .048 5 .714 3 2 2 
Domuztepe 18 139 .129 ± .028 8 .500 5 13 0 
Umm Qseir 5 42 .119 ± .050 3 .600 3 2 0 
Ziyadeh 3 18 .167 ± .088 3 .600 1 1 1 
Mashnaqa 1 12 .083 ± .080 1 .500 0 1 1 
Hacinebi 18 120 .150 ± .033 11 .407 7 6 5 
Atij 8 46 .174 ± .056 7 .583 4 3 1 
Raqa’i 2 28 .071 ± .049 1 .200 1 0 1 
Leilan 22 184 .120 ± .024 13 .481 5 5 12 

 
 
8.2.7 Starch Grain/Phytolith Analysis 

 Sadie Weber and I (In Press) published the results of the starch grain and phytolith 

analyses from Hallan Çemi and other sites studied in this dissertation. Weber, who conducted the 

analysis, found a single starch grain deriving from an unidentified species of tuber on specimen # 

42 (an M3). One phytoliths was found on specimen #42 and specimen #41 (also an M3). Both 

likely derived from grasses, but Weber was unable to identify specific taxa. 

 

8.2.8 Dental Microwear Analysis 

 Dental microwear analysis was conducted on M1 and M2 teeth. Three teeth (one M2 and 

two M1s) from Hallan Çemi were used. Figure 8.5 compares the anisotropy (using the variable 

epLsar) and complexity (Asfc) (also Table A.2). Contrary to expectations, the Hallan Çemi 

specimens show low Asfc compared to other sites. The specimens are more variable with respect 

to anisotropy, but two out of three had high values. This suggests a diet based on tough foods, 

rather than one based on hard and brittle foods (cf. Scott et al. 2005). 
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Figure 8.5 Results of microwear analysis from all sites.  
M1 or M2 indicates tooth type. 
 
 
8.3 Jarmo 

 The Jarmo data suggest extensive husbandry. LEH and calculus rates are low. 

Meanwhile, dental metrics, postcranial metrics, and GM shape analysis suggests a high amount 

of intermixture, with perhaps 1/3 of the assemblage being composed of wild boar. While some of 

these animals were probably hunted, the survivorship data indicate a singular focus on young 

animals even among the wild boar, suggesting that sounders included morphologically wild boar 

and/or that interbreeding between so-called “domestic” and “wild” animals was common. 
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8.3.1 Dental Metrics 

 A total of 224 measurements were taken on teeth from Jarmo (Tables 8.7-8.8). The dental 

metrics indicate a population of domestic pigs, but the size range is not as small as at later sites, 

with median LSI values around -.04 (Figure 8.6). The CVs are also high, especially for the M1s 

and M2s (Table 8.8). These patterns led Price and Arbuckle (2015) to suggest that the 

morphology of the Jarmo pigs was transitional between wild boar and later domesticates, a topic 

taken up again in Chapter 9. For the inter-site analysis undertaken there, I employed all of the 

Jarmo dental metric data, since there is no significant difference between tooth type and LSI 

value, as indicated by a one-way ANOVA test (F(7, 100) = .668, P = .699). 

 The transitional pig hypothesis is not intended to neglect the fact that there are 

morphologically wild boar in the Jarmo assemblage. Several scholars have identified wild Sus 

specimens (Flannery 1983; Stampfli 1983; Price & Arbuckle 2015). The data corroborate these 

earlier interpretations: many of the Jarmo measurements fall above the minimum values for wild 

boar (Table 8.1). Meanwhile, the CV values indicate the possibility of a mixed assemblage. 

While rarely over .1, the CV values are also rarely under .05, suggesting a mixture between 

populations with close means.  

 Determining the ratio of wild to domestic is difficult because of the small number of 

independent specimens and the fact that the means for “transitional” Jarmo domestic pigs are 

close to the means from Hallan Çemi. I ran a mixture analysis using the mixtools R package 

(Benaglia et al. 2009) on the measurements presented in Table 8.8. The results suggest that about 

1/3 of the specimens were wild boar (Figure 8.7). Note that the means of the second components 

in the mixture analysis are comparable to those from Hallan Çemi. Meanwhile, the means of the 

first component are somewhat larger than the means from Banahilk and Domuztepe as well as 
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the later sites, corroborating the notion that the domestic Jarmo pigs were morphologically 

different than later domesticates. It is possible that this is due to the continued introgression of 

wild phenotypes into the Jarmo domestic population. 

 Several zooarchaeologists have explained the presence of wild boar in the Jarmo 

assemblage as evidence for continued hunting alongside the management of domestic pigs 

(Flannery 1983; Stampfli 1983; Price & Arbuckle 2015). Indeed, the presence of other wild 

animals in the assemblage attests to the continued importance of hunting (see Chapter 7). 

Another explanation, which is not mutually exclusive with continued hunting, is that pig 

husbandry was extensive and that wild boar and hybrids intermixed with the domestic 

population. This alternative explanation better accounts for the “transitional” morphological 

character of many of the Jarmo specimens. It also is consistent with Ervynck et al.’s (2001) 

interpretation of extensive husbandry at Çayönü.  

Table 8.7 Descriptive statistics for dental metrics from Jarmo (in mm). 

 N Mean Stand. Dev. CV 
M1 WA 24 10.7 .8 .07 
M2 WA 10 14.2 .8 .05 
M3 WA 3 17.0 .1 .01 
dP4 WA 12 7.1 .9 .13 
M1 WA 26 14.4 1.2 .08 
M2 WA 13 17.9 1.5 .08 
M3 WA 8 20.2 1.1 .05 
dP4 WA 18 12.0 .7 .06 
M1 WP 16 11.4 .7 .06 
M2 WP 10 14.4 1.2 .08 
dP4 WP 15 9.2 .5 .06 
M1 WP 25 14.5 1.2 .09 
M2 WP 15 18.0 2.0 .11 
dP4 WP 18 12.3 .8 .07 
M3 Length 3 36.7 1.5 .04 
M3 Length 8 32.9 2.6 .08 
Total 224    
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Table 8.8 Conservative dental metric descriptive statistics from Jarmo (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 13 10.61 .81 .08 
M2 WA 6 14.1 1.06 .08 
M1 WP 8 11.19 .62 .06 
M2 WP 7 14.30 1.44 .10 

 

Figure 8.6 Boxplot of LSI values for Jarmo derived from WA and WP measurements. 
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Figure 8.7 EM (expectation maximization) mixture analysis results for M1 and M2 WA and WP 
measurements from Jarmo, assuming two components (i.e., k = 2).  
* Lambda values represent the mixing proportions. 
 
8.3.2 Postcranial Metrics 

 I collected 48 measurements on postcranial bones from Pottery Neolithic contexts (Table 

8.9). With the exception of the tibia Bd and the astragalus GLl, most of these measurements are 

problematic because they vary strongly by age and sex (Payne & Bull 1988; Albarella & Payne 

2005). Nevertheless, like the dental metrics, these measurements are large compared to other 

sites with domestic pigs in this study. The LSI boxplot (Figure 8.8) shows median values of 

around -.05 for the astragalus GLl and the tibia Bd, similar to those obtained on the dental 

metrics. The LSI values of the different measurements are not significantly different from one 

another (t = .771, P = .457), and thus can be combined for inter-site comparison.  
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Table 8.9 Descriptive statistics for postcranial measurements (in mm) from Jarmo.  
*Ulna DPA and Femur DCP not taken on Jarmo sample. 
 N Mean Stand. Dev. CV 
Scapula GLP 1 31.5 NA NA 
Scapula SLC 1 19.2 NA NA 
Humerus Bd 7 38.7 1.9 .05 
Humerus BT 6 32.7 2.2 .07 
Humerus HTC 7 18.5 .9 .05 
Radius BP 8 31.3 4.8 .15 
Radius Bd 2 37.6 5.4 .14 
Ulna DPA 0* NA NA NA 
Femur DCP 0* NA NA NA 
Tibia Bd 4 28.8 5.3 .18 
Astrag. GLl 11 44.4 4.0 .09 
Calcan. GL 1 99.4 NA NA 
Total 48    

 

 
Figure 8.8 Boxplot of LSI values for postcranial measurements from Jarmo (PN phases). 
 
8.3.3 Geometric Morphometrics 

 Table 8.10 shows the results of the pLDA for Jarmo and other sites, using the shape data 

from M3s, M2s, and M2s. Four out of 13 teeth (30.8%) were wild, corroborating the results 

shown in Figure 8.7. The pLDA used 1000 iterations of variable numbers of principle 

components and selected the fourth quartile of the resulting distribution of cross-validation 

percentages in order to determine wild/domestic status (Evin et al. 2013; Evin et al. 2014). 
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Table 8.10 Determination of wild/domestic status based on tooth shape for Jarmo.  
For the M3, 8 PCs were used and results are provided for the 131 LDA that have a CVP above 0.8929; for the M2, 10 
PCs were used and results are provided for the 277 LDA that have a CVP above 0.7500; for the M2, 6 PCs were 
used and results are provided for the 172 LDA that have a CVP above 0.7917.  

Tooth Image ID Number P (Domestic) P (Wild) Determination 
M3 M3_0046_JR_J22.JPG 100.00% 0.00% Domestic 
M3 M3_0047_JR_J21.JPG 38.17% 61.83% Wild 
M2 Mx2_JR_0038_J22.JPG 30.23% 69.77% Wild 
M2 Mx2_JR_0057_J22.JPG 100.00% 0.00% Domestic 
M2 Mx2_JR_0066_J21.JPG 98.84% 1.16% Domestic 
M2 Mx2_JR_0068_J21.JPG 86.63% 13.37% Domestic 
M2 Mx2_JR_0123_J22.JPG 68.60% 31.40% Domestic 
M2 Mx2_JR_0129_J22.JPG 93.60% 6.40% Domestic 
M2 M2_0108_JR_J22.JPG 86.28% 13.72% Domestic 
M2 M2_0002_JR_J22f.JPG 25.99% 74.01% Wild 
M2 M2_0012_JR_J15.JPG 0.00% 100.00% Wild 
M2 M2_0013_JR_J15.JPG 100.00% 0.00% Domestic 
M2 M2_0028_JR_J21.JPG 100.00% 0.00% Domestic 

 
8.3.4 Age-at-Death and Survivorship 

 The sample of Sus teeth from Jarmo includes 41 independent teeth. The sample of teeth 

includes both mandibular and maxillary teeth. The relatively robust sample size provides tight 

confidence intervals around the survivorship curve (Figure 8.9). Despite the representation of 

morphologically wild boar in the assemblage, the survivorship curve indicates a highly managed 

population. Most pigs were killed around their first birthday, and only 39% survived age class C 

(ca. 6-12 months). Meanwhile, 12.2% of the animals survived age class E (ca. 16-30 months).  

 The pattern presented in Figure 8.9 is comparable to what Price and Arbuckle (2015: 

Figure 2) have published. However, counting and age class assignment methods differ between 

that publication and this one. Specifically, Price and Arbuckle do not adopt the conservative 

counting techniques used here, and they use Ervynck et al.’s (2001) age class assignment 

method, which is slightly different from that in Lemoine et al. (2014).  
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Figure 8.9 Jarmo survivorship curve based on 41 independent tooth specimens.  
Data are combined from all levels in trenches JI and JII. 
 
8.3.5 Pathologies 

 Nine teeth out of 39 (23.1%) displayed a total of nine LEH lines. The rate is somewhat 

higher than the Hallan Çemi baseline (Table 8.12). The Ervynck-Dobney Index is .396 and the 

lines/cusps is .115, similar to Hallan Çemi (Table 8.11). It is worth mentioning that Dobney et al. 

(2007) examined LEH at Jarmo previously as well as data from Çayönü (both PPN and PN 

phases), Leilan,70 and Middle Bronze Age (early 2nd-millennium) Chagar Bazar. Similar to the 

results presented here, they found similar rates of LEH between the Jarmo, PN Çayönü, and 

modern wild boar. Unlike the results presented, they also found no difference between these 

                                                
70 Dobney et al. (2007: 67) identify the Leilan material as Ubaid. However, the amount of Ubaid 
material recovered from Leilan was minimal (Schwartz 1982). The pig remains studied by 
Dobney and colleagues more likely derive from a mix of 3rd- and 2nd-millennium contexts. 
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Neolithic sites and the data from Leilan and Chagar Bazar (Dobney et al. 2007: 69). Moreover, 

the authors detected an increase in the rate of LEH between PPN Çayönü and the rest of the sites.  

 Several methodological differences might explain the divergent patterns between my 

results and those of Dobney and colleagues. The first is that Dobney et al. (2007: 60) did not 

include isolated molars. My sample of 78 teeth from Jarmo is therefore more robust than their 

sample of 48 teeth. Second, the authors relied exclusively on the Ervynck-Dobney Index. While 

a useful metric, the calculation relies on other sites in the study to define the denominator of the 

Index value for each individual site (see Chapter 6). This makes it impossible to compare the 

results between different studies, unless the studies in question use the same sites.  Third, the 

authors did not take context into consideration, and lumped the data from all phases and areas of 

the sites together. Their decision to ignore context was justified by the longitudinal nature of the 

study, which focused on comparing LEH rates in domestic pigs from East Asia, the Middle East, 

and Europe. Thus, while Dobney et al. (2007) provide a useful starting place to evaluate LEH in 

domestic pigs, their results are coarse. The authors recognize this limitation in their study and 

urge a more thorough examination of the data from the region (Dobney et al. 2007: 75) – hence 

this dissertation! 

 
Table 8.11 Summary statistics for LEH and the Ervynck-Dobney Index values for Jarmo. 

Cusp # Lines 
Observed 

# Cusps 
Observed 

Ratio  Ratio – 
All Sites 

Ervynck-Dobney 
Index 

M1 Anterior 3 21 .143 22/118 .766 
M1 Posterior 3 20 .150 28/86 .461 
M2 Anterior 2 11 .182 29/90 .564 
M2 Posterior 0 11 0 24/91 0 
M3 Anterior 0 5 0 24/77 0 
M3 Middle 1 5 .200 27/79 .585 
M3 Posterior 0 5 0 NA NA 
Total 9 78 .115 ± .036  .396 ± .294 
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Table 8.12 Summary statistics for LEH categorized by tooth type from Jarmo. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars Ratio 

M1 6 23 .261 
M2 2 12 .167 
M3 1 4 .250 
Total 9 39 .231 ± .067 

 
 
8.3.6 Dental Calculus 

 Eight out of 139 teeth had dental calculus, representing 5.9% of the total dental sample 

from Jarmo and 40.0% of the sample of upper and lower M3s (Table 8.6). Six out of the eight 

specimens had moderate amounts of calculus, and two had slight amounts. The small amount of 

calculus can be partly explained by the fact that the Jarmo collection was aggressively washed 

and coated in consolidant. However, the low amount of calculus also likely relates to the fact that 

the diet of the Jarmo pigs was similar to that of wild boar.  

 

8.4 Banahilk 

 In contrast to nearby Jarmo, the 6th-millennium Banahilk data suggest that the inhabitants 

practiced more intensive husbandry. Metrics and GM suggest very low proportions of wild boar 

in the assemblage. LEH and calculus rates were significantly higher than Jarmo and Hallan 

Çemi. As at Jarmo, pigs were slaughtered primarily in their first year of life. Evidence for a shift 

to intensive pig husbandry in the Zagros foothills in the 6th millennium was unexpected. It 

suggests that pig husbandry responded to factors other than socioeconomic class formation and 

conflict. 
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8.4.1 Dental Metrics 

 I took 83 dental measurements from the Banahilk assemblage. The sample was limited in 

the number of M1 and M2 teeth, but the data indicate a homogenous and morphologically 

domestic population (Tables 8.13-8.14). Teeth, on average, were smaller than at Jarmo, but not 

as low as the later assemblages. All measurements can be used in the inter-site comparison since 

there was no significant difference in LSI when analyzed across tooth type (one-way ANOVA: 

F(7, 39) = 1.120, P = .371). 

 CV values were low (typically < .05), despite the small sample sizes. There are three 

positive outliers in Figure 8.10, including the M2 WP measurement that created high CVs in 

Tables 8.13 and 8.14. However, none of the dental measurements from Banahilk equal or exceed 

the minimum cutoff values for wild boar (Table 8.1). The lack of wild-sized specimens could 

indicate a completely domestic assemblage, or, possibly, the occasional slaughter of hybrids, as 

suggested by Laffer (1983: 635). In any case, wild boar contributed very little. 

Table 8.13 Descriptive statistics for dental metrics from Banahilk (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 4 9.6 .3 .03 
M2 WA 3 12.1 .3 .02 
M3 WA 4 14.3 .4 .02 
dP4 WA 5 6.0 .3 .04 
M1 WA 11 13.3 .7 .05 
M2 WA 6 16.3 1.3 .08 
M3 WA 1 17.4 NA NA 
dP4 WA 6 10.6 .6 .06 
M1 WP 6 10.0 .5 .05 
M2 WP 5 12.8 1.1 .08 
dP4 WP 6 8.2 .3 .03 
M1 WP 9 13.0 .8 .06 
M2 WP 5 16.2 1.6 .10 
dP4 WP 7 10.7 .7 .06 
M3 Length 4 31.5 1.8 .06 
M3 Length 1 27.4 NA NA 
Total 83    
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Table 8.14 Conservative Banahilk dental metric descriptive statistics (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 2 9.8 .1 .01 
M2 WA 2 12.3 .1 .01 
M1 WP 3 10.2 .6 .06 
M2 WP 3 13.0 1.4 .11 

 

 
Figure 8.10 Boxplot of LSI values for Banahilk derived from WA and WP measurements. 
 
8.4.2 Postcranial Metrics 

 24 postcranial measurements were taken on the Banahilk assemblage (Table 8.15). The 

CVs are high, suggesting a more heterogeneous population than indicated by the dental metrics. 

In fact, two astragalus GLl measurements (50.9 mm and 48.9 mm) were in the size range of wild 

boar (Payne and Bull’s (1988) standard GLl is 48.7 mm). Figure 8.11 reflects the large spread for 

the astragalus GLl. A t-test is impossible because there is only one tibia Bd value, but because 

the tibia Bd and the astragalus GLl LSI values are similar, with medians at around -.07, one can 

combine them for inter-site comparison. 
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Table 8.15 Descriptive statistics for postcranial measurements from Banahilk (in mm). 
*Does not include one juvenile specimen (DPA = 20.1 mm). 

 N Mean Stand. Dev. CV 
Scapula GLP 3 34.1 1.8 .05 
Scapula SLC 4 20.6 1.8 .09 
Humerus Bd 3 38.8 2.6 .09 
Humerus BT 3 32.9 2.6 .08 
Humerus HTC 3 17.6 2.3 .13 
Ulna DPA 2* 32.9 5.9 .18 
Tibia Bd 1 29.6 NA NA 
Astrag. GLl 6 43.5 5.9 .13 
Total 25    

 

 
Figure 8.11 Boxplot of LSI values for postcranial measurements from Banahilk. 
 
8.4.3 Geometric Morphometrics 

 The results of the predictive LDA in Table 8.16 indicate that a relatively small proportion 

of the Banahilk Sus specimens belong to wild boar, corroborating the dental metrical data.  

Table 8.16 Determination of wild/domestic status based on tooth shape Banahilk.  
*These teeth are from the same jaw. 

Tooth Image ID Number P (Domestic) P (Wild) Determination 
M3 M3_0024_BH.JPG 0.00% 100.00% Wild 
M3 M3_0027_BH.JPG 75.57% 24.43 Domestic 
M3 M3_0043_BH.JPG* 100.00% 0.00% Domestic 
M3 M3_0050_BH.JPG 60.31% 39.69% Domestic 
M2 M2_0031_BH.JPG 92.42% 7.58% Domestic 
M2 M2_0042_BH.JPG* 98.19% 1.81% Domestic 
M2 Mx2_Bana_0023.JPG 98.84% 1.16% Domestic 
M2 Mx2_Bana_0035.JPG 82.56% 17.44% Domestic 
M2 Mx2_Bana_0047.JPG 100.00% 0.00% Domestic 
M2 Mx2_Bana_0049.JPG 100.00% 0.00% Domestic 
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8.4.4 Age-at-Death and Survivorship 

 Because of the relatively small sample (N = 14), Figure 8.12 includes a wide 95% 

confidence interval. Within this admittedly large margin of error, however, the data suggest a 

kill-off strategy similar to that of Pottery Neolithic Jarmo. Most pigs were killed in their first 

year or shortly after their first birthday (the survival rate for age class C was 42.9%). Only 14.3% 

survived age class E (ca. 16-30 months). These results are comparable to those obtained by 

Katelyn Bishop (Lemoine et al. 2014: Figure 3a). Slight differences between her survivorship 

curve and the one presented here are due to different choices related to counting specimens. 

 
Figure 8.12 Banahilk survivorship curve based on 14 independent tooth specimens. 
 

8.4.5 Pathologies 

 Six teeth out of 16 teeth (37.5%) displayed a total of 10 LEH lines (Tables 8.17-8.18). 

That rate is higher than that of Jarmo, although the standard deviations overlap due to the small 
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size of the Banahilk assemblage. The Dobney-Ervynck Index was 1.368 with a large standard 

deviation (.908). The ratio of lines/cusps was .400, much higher than Jarmo or Hallan Çemi. In 

addition to LEH, three teeth displayed evidence of possible pre-mortem chipping. 

Table 8.17 Summary statistics for LEH and the Ervynck-Dobney Index from Banahilk. 

Cusp # Lines 
Observed 

# Cusps 
Observed 

Ratio  Ratio – 
All Sites 

Ervynck-Dobney 
Index 

M1 Anterior 0 4 0 22/118 0 
M1 Posterior 1 4 .250 28/86 .768 
M2 Anterior 3 4 .750 29/90 2.328 
M2 Posterior 1 5 .200 24/91 .758 
M3 Anterior 3 4 .750 24/77 2.406 
M3 Middle 2 3 .667 27/79 1.951 
M3 Posterior 0 1 0 NA NA 
Total 10 25 .400 ± .098  1.368 ± .908 

 
Table 8.18 Summary statistics for LEH categorized by tooth type from Banahilk. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars1 Ratio 

M1 1 6 .167 
M2 2 5 .400 
M3 3 5 .600 
Total 6 16 .375 ± .121 

 
 
8.4.6 Dental Calculus 

 Seven out of 51 teeth (13.7%) displayed evidence of dental calculus (Table 8.6). 

Moreover, five out of seven (71.4%) of the upper and lower M3s had evidence for calculus. Two 

teeth had moderate amounts of calculus, three had slight, and two had heavy amounts. The 

amount of calculus is likely somewhat underrepresented given the age of the collection (50+ 

years in museum storage). Nevertheless, the rate and severity of dental calculus are higher than 

levels found at Jarmo and Hallan Çemi, suggesting a greater amount of starch in the diet. 
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8.4.7 Dental Microwear Analysis 

 Two teeth (one M2 and one M1) from Banahilk were used for microwear analysis (Figure 

8.5).71 Both of these specimens are similar to the Hallan Çemi patterns with respect to 

anisotropy, but the Banahilk specimens have somewhat higher levels of complexity. 

 

8.5 Domuztepe 

 Multiple feasting episodes and “elusive” evidence for elites (Carter et al. 2003) led to the 

expectation that the Domuztepe pigs may have been somewhat more intensively managed than at 

other Halaf sites. In fact, the data suggest that the inhabitants of Domuztepe practiced, on 

average, somewhat more extensive husbandry than at Banahilk and Umm Qseir (see below). 

However, the Domuztepe pigs were more intensively managed than the Jarmo pigs. The nearby 

marshlands would have provided optimal environments for extensive husbandry. Metrical and 

GM data suggest that around ¼ of the Sus were morphologically wild. Slaughter focused on pigs 

between the ages of one and two years. LEH and calculus rates, meanwhile, were consistent with 

intensive husbandry practices. The dietary reconstruction suggests that at least some pigs ate 

settlement waste, including cooked cereals.  

  

8.5.1 Dental Metrics 

 I took 212 dental measurements. The means were somewhat larger than the means from 

Banahilk, but less than those from Jarmo (Tables 8.19-8.20). The environment around ancient 

Domuztepe was marshland, prime habitats for wild boar (Kansa et al. 2009b; Gearey et al. 

2011). However, Kansa (2009b: Table 4) identified only 11 wild boar specimens compared to 

                                                
71 One of these specimens (#42) was identified as domestic by the predictive LDA. 
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1529 domestic pigs. The LSI values (Figure 8.13), however, indicate that several specimens are 

above the lowest limit for wild boar based on the Hallan Çemi data. The CV values, meanwhile, 

are typically between .05 and .07, indicating the possibility of population mixture. 

 Mixture analysis using data in Table 8.20 produced more ambiguous results than Jarmo. 

The M2 WP data (Figure 8.14) indicate a roughly 20% contribution of wild boar to the 

assemblage, with the second mean at 14.45 mm.72 The M1 WA data also show the same mixture 

proportions, with the second component having a mean of 11.00 mm.73 The M1 WP and M2 WA 

data, however, do not fit the pattern. The relative proportions of the components in both datasets 

are quite different and the means of the two components are too close together to be meaningful. 

 The dental metrics do not clearly indicate the relative proportions of wild and domestic 

pigs. At least some of the larger specimens must represent wild boar, but which were wild and 

which were simply larger specimens within the distribution of (large-toothed) domestic pigs 

cannot be determined conclusively with traditional dental metrics. It seems likely, however, that 

a smaller proportion of wild boar than at Jarmo, but more than at Banahilk, contributed to the 

Domuztepe death assemblage.  

 Looking ahead to the inter-site comparison, there was a significant difference in LSI 

when analyzed across tooth type (one-way ANOVA: F(7, 117) = 2.630, P = .015). Once I 

eliminated the M2 and M3 LSI values, there was no significance difference: F(5, 98) = 1.475, P = 

.205). 
 

                                                
72 However, this is well below the mean of 16.72 mm for the Hallan Çemi data. 
73 Compare this to 11.65 mm for the Hallan Çemi data. 
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Table 8.19 Descriptive statistics for dental metrics from Domuztepe (in mm). 

 N Mean Stand. Dev. CV 
M1 WA 19 10.0 .7 .06 
M2 WA 9 12.8 .7 .06 
M3 WA 16 15.4 .8 .05 
dP4 WA 1 6.4 NA NA 
M1 WA 24 13.9 .8 .06 
M2 WA 16 16.8 1.0 .06 
M3 WA 11 19.1 .7 .04 
dP4 WA 7 11.0 .6 .05 
M1 WP 19 10.6 .7 .06 
M2 WP 9 13.1 .8 .06 
dP4 WP 15 8.6 .5 .05 
M1 WP 23 13.9 .7 .05 
M2 WP 14 16.5 1.2 .07 
dP4 WP 9 11.3 .6 .05 
M3 Length 12 33.8 3.1 .09 
M3 Length 10 32.5 2.2 .07 
Total 212    

 
Table 8.20 Conservative Domuztepe dental metric descriptive statistics (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 11 10.00 .77 .08 
M2 WA 9 12.77 .71 .06 
M1 WP 12 10.65 .81 .08 
M2 WP 9 13.11 .81 .06 

 
 

 
Figure 8.13 Boxplot of LSI values for Domuztepe derived from WA and WP measurements. 
The LSI values for the UM3 and M2 were not included in inter-site comparison. 
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Figure 8.14 EM mixture analysis results for M1 and M2 WA and WP measurements from Domuztepe.  
Assuming two components. Descriptive statistics are shown for each component for each of the four measurements. 
The histogram shows the M2 WP values purely for visualization purposes. 
 
8.5.2 Postcranial Metrics 

 I collected a total of 82 measurements on the sample of Domuztepe pig bones (Table 

8.21). The large CV value for the astragalus GLl measurements suggests some population 

mixture. Most of this variation, however, is due to a single specimen with a GLl of 53.8 mm 

(almost certainly a wild boar). Once this specimen is removed, the CV drops to .05. This outlier 

is visible in Figure 8.15. The boxplot also shows that the LSI values for the tibia Bd 

measurements are somewhat smaller than those of the astragalus GLl measurements. This 

difference is significant at the .10 level (t = 2.000, P = .068). However, when the outlier 

astragalus is removed, the difference is no longer significant (t = 1.795, P = .115). 
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Table 8.21 Descriptive statistics for postcranial measurements from Domuztepe (in mm). 
Humerus BT measurements not taken. 

 N Mean Stand. Dev. CV 
Scapula GLP 7 36.3 1.9 .05 
Scapula SLC 9 23.2 1.2 .05 
Humerus Bd 14 39.1 2.6 .07 
Humerus HTC 11 19.2 1.4 .08 
Radius BP 8 28.6 2.6 .09 
Radius Bd 4 30.6 1.7 .06 
Ulna DPA 11 35.6 4.3 .12 
Femur DCP 1 20.7 NA NA 
Tibia Bd 3 28.9 .7 .02 
Astrag. GLl 12 43.2 3.8 .09 
Calcan. GL 2 81.0 2.5 .03 
Total 82    

 
 

Figure 8.15 Boxplot of LSI values for postcranial measurements from Domuztepe. 
 
8.5.3 Geometric Morphometrics 

 Table 8.22, which shows the results of the predictive LDA on the shapes of M2s, M2s, 

and M3s, provides some clarification for the results of the mixture analyses based on dental 

metrics. A total of five out of 18 teeth (27.8%) fit the wild shape. Combining these results with 

those of the biometrical analyses, I estimate that about ¼ of the Domuztepe Sus specimens were 

morphologically wild. 
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Table 8.22 Determination of wild/domestic status based on tooth shape Domuztepe.  

Tooth Image ID Number P (Domestic) P (Wild) Determination 
M3 M3_DOM_0015_L4234b.JPG 71.76% 28.24% Domestic 
M3 M3_DOM_0024_L4223.JPG 100.00% 0.00% Domestic 
M3 M3_DOM_0037_L4282.JPG 0.00% 100.00% Wild 
M3 M3_DOM_0047_L4260.JPG 57.25% 42.75% Domestic 
M3 M3_DOM_0058_3990c.JPG 35.11% 64.89% Wild 
M3 M3_DOM_0067_L4304.JPG 96.18% 3.82% Domestic 
M3 M3_DOM_0079_L4758c.JPG 82.44% 17.56% Domestic 
M3 M3_DOM_0094_L3633.JPG 100.00% 0.00% Domestic 
M2 Mx2_DOM_0016_L4234.jpg 85.47% 14.53% Domestic 
M2 Mx2_DOM_0030_31_L4268.jpg 6.40% 93.60% Wild 
M2 Mx2_DOM_0049_L4270.jpg 12.21% 87.79% Wild 
M2 Mx2_DOM_0051_L4270.jpg 98.84% 1.16% Domestic 
M2 Mx2_DOM_0057_3067.jpg 100.00% 0.00% Domestic 
M2 Mx2_DOM_0065_L4726b.jpg 13.95% 86.05% Wild 
M2 Mx2_DOM_0070_L3190.jpg 95.35% 4.65% Domestic 
M2 Mx2_DOM_0109_L3196.jpg 98.84% 1.16% Domestic 
M2 M2_DOM_0085_L4929.jpg 100.00% 0.00% Domestic 
M2 M2_DOM_0107_L3196c.jpg 100.00% 0.00% Domestic 

 
 
8.5.4 Age-at-Death and Survivorship 

 The sample of teeth used to determine survivorship included 24 mandibular teeth (Figure 

8.16). The data indicate a slaughter pattern somewhat different from Jarmo and contemporaneous 

Banahilk. Most pigs survived their first birthday (age class C had a 58.3% survival rate) and 

around one fifth (20.8%) survived age class E. Although heavily culled in the first two years of 

life, the pigs at Domuztepe were slaughtered in greater proportions in their second year, a 

situation that differs from that of most of the other sites. This type of slaughter pattern is 

consistent with extensive husbandry. The large proportion of older individuals, meanwhile, may 

indicate that hunted (i.e., not managed) wild boar supplemented the diet. 
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Figure 8.16 Domuztepe survivorship curve based on 24 independent teeth. 
 

8.5.5 Pathologies 

 Tables 8.23-8.24 show the LEH data for Domuztepe. 16 out of 52 lower molars (30.8%) 

had a total of 24 LEH lines, a ratio similar to that of Banahilk. The lines/cusps ratio was .264, 

somewhat lower than that of Banahilk but with a much smaller standard deviation. Meanwhile 

the Ervynck-Dobney Index was 1.025. Other than LEH, there were two cases of possible in vivo 

chipping on the occlusal surfaces of teeth, one case of abnormal wear, and two cases of alveolar 

bone loss around the socket of a tooth. 



 
 
 

201 

Table 8.23 Summary statistics for LEH and the Ervynck-Dobney Index values for Domuztepe. 

Cusp # Lines 
Observed 

# Cusps 
Observed 

Ratio  Ratio – 
All Sites 

Ervynck-Dobney 
Index 

M1 Anterior 3 19 .158 22/118 .847 
M1 Posterior 3 19 .158 28/86 .485 
M2 Anterior 3 7 .429 29/90 1.330 
M2 Posterior 1 7 .143 24/91 .542 
M3 Anterior 6 13 .462 24/77 1.481 
M3 Middle 7 14 .500 27/79 1.463 
M3 Posterior 1 12 .083 NA NA 
Total 24 91 .264 ± .046  1.025* ± .418 

 
Table 8.24 Summary statistics for LEH categorized by tooth type from Domuztepe. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars Ratio 

M1 5 21 .238 
M2 3 13 .231 
M3 8 18 .444 
Total 16 52 .308 ± .064 

 

8.5.6 Dental Calculus 

 18 teeth out of 139 total teeth had dental calculus (Table 8.6), representing 12.9% of the 

total dental sample from Domuztepe and 50.0% of the sample of upper and lower M3s (out of 32 

M3s). The rate of dental calculus is on par with Banahilk.  

 

8.5.7 Starch Grain/Phytolith Analysis 

 Calculus extracted from pig teeth from Domuztepe yielded the highest numbers of starch 

grains and phytoliths compared to the other sites in this study, with 14 out of 15 sampled teeth 

containing preserved microfossils (Weber & Price In Press). The reason for this remarkable 

preservation at Domuztepe, and the poor preservation at much later sites, is unclear.  

 The starch grain and phytolith data from Domuztepe derive from both morphologically 

wild and domestic specimens (as determined by both GM and biometrics). The three 

morphologically wild specimens contained evidence for the consumption of acorn (Quercus sp.), 
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oat (Avena sp.), and barley (Hordeum sp.). One specimen (specimen #93, a possibly wild M2 

based on its WP measurement) contained evidence for processed oat starch grains. This could 

suggest either hybridization or the attraction of wild boars to settlement refuse. The domestic pig 

specimens also contained grass phytoliths. Three out of eight morphologically domestic 

specimens contained evidence for processed and gelatinized oat (Avena sp.) and wheat 

(Triticeae) starch, which indicates that these domestic pigs were consuming food that had been 

processed and cooked. The inhabitants of Domuztepe either intentionally fed their pigs refuse 

(“slop”) or they allowed their pigs to forage household refuse. Two specimens that could not be 

identified as wild or domestic also yielded plant microfossils. The first specimen (#72) yielded 

17 small starch grains, all of which were identified as grasses. Specimen #43 was particularly 

rich in a diversity of starch grains, including three processed oat starch grains, one tuber starch 

grain, and one acorn starch grain.  

 

8.5.8 Dental Microwear Analysis 

  The results of the microwear analysis on four Domuztepe teeth (Figure 8.5) show a large 

spread, especially with respect to anisotropy values. It is possible that this relates to the fact that 

both wild boar and domestic pigs were represented. However, it is not clear which specimens 

were wild and which were domestic. On the basis of size, specimen #83 (an M2) was domestic 

(WA = 12.6 mm, WP = 12.8 mm, Complexity = 2.09, Anisotropy = 5.2 * 10-3), and its 

microwear values were very close to the Hallan Çemi specimens. Specimen #38 (the other M2) 

was not measured. Meanwhile, the M1 specimens included a likely wild specimen (#10, WA = 

11.0 mm, WP = 11.2 mm, Complexity = 1.77, Anisotropy 1.0 * 10-3) and a definitely domestic 

specimen (#90, WA = 9.2 mm, WP = 9.8 mm, Complexity = 2.65, Anisotropy = 8.5 * 10-4). 
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These specimens are both at the bottom of the anisotropy distribution. These results suggest 

different feeding patterns, but not between wild and domestic (at least with the small sample 

analyzed here). The Domuztepe microwear data are not very different from the Hallan Çemi 

data, at least in terms of complexity. It is possibly significant that M1s and M2s group together, 

although the association is not replicated in other assemblages.  

 

8.6 Umm Qseir 

 The Umm Qseir data suggest husbandry was intermediate between that of Banahilk and 

Domuztepe. The data suggest more intensive husbandry practices than predicted and seem to 

confirm that intensive husbandry was the norm in the Halaf. While postcranial metrics were not 

taken due to time constraints, dental metrics suggest few wild boar were in the assemblage. 

However, GM shape analysis indicates wild phenotypes and it is possible that these may have 

been the result of wild-domestic crossbreeding. On the other hand, LEH and calculus rates are 

comparable to those of Banahilk and Domuztepe, while survivorship data show a focus on 

younger animals than at those two other Halaf sites. 

  

8.6.1 Dental Metrics 

 75 measurements were taken on teeth from Halaf levels at Umm Qseir. Tables 8.25-8.26 

show a domestic population with mean values similar to those from Domuztepe and somewhat 

larger than the Banahilk and later 4th-and 3rd-millennium means. Low CV values (all but three 

were < .05) indicate a homogenous population. Figure 8.17 corroborates this. There were few 

LSI values above. -.05, and none of the measurements equaled or exceeded the wild boar 
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minimums in Table 8.1. No LSI values were eliminated for inter-site comparison as there was no 

significant difference across tooth type (one-way ANOVA: F(6, 35) = 1.358, P = .259). 

Table 8.25 Descriptive statistics for dental metrics from Umm Qseir (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 11 9.6 .4 .04 
M2 WA 5 13.1 .4 .03 
dP4 WA 1 5.8 NA NA 
M1 WA 7 12.8 .6 .04 
M2 WA 7 16.9 .7 .04 
M3 WA 4 17.9 1.8 .10 
dP4 WA 4 10.6 .2 .02 
M1 WP 11 10.3 .5 .04 
M2 WP 5 13.1 .3 .02 
dP4 WP 1 8.3 NA NA 
M1 WP 6 13.0 .5 .04 
M2 WP 5 16.1 1.0 .06 
dP4 WP 4 10.7 .4 .04 
M3 Length 4 30.0 2.6 .09 
Total 75    

 
Table 8.26 Conservative Umm Qseir dental metric descriptive statistics (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 9 9.7 .4 .04 
M2 WA 4 13.3 .1 .01 
M1 WP 7 10.3 .4 .04 
M2 WP 4 13.2 .3 .03 

 

 
Figure 8.17 Boxplot of LSI values for Umm Qseir derived from WA and WP measurements. 
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8.6.2 Geometric Morphometrics 

 The results of the pLDA in Table 8.27 indicate a high proportion of wild boar (four out of 

eight, or 50%) in the Umm Qseir assemblage. This is a surprising result given that the dental 

metrics suggested a homogenous population of morphologically domestic pigs. There are two 

possible explanations for these contradictory datasets: (1) The Umm Qseir domestic pigs 

belonged to an evolutionary dead-end: i.e., a genetic lineage that did not survive into the 

Chalcolithic and Bronze Age (or at least not at the sites studied in this dissertation from those 

periods) and that this extinct lineage had stronger affinities to morphologically wild boar than to 

the later domestic pigs. (2) The specimens with small dental sizes but wild morphologies may 

reflect hybrids, as Evin et al. (2015) have suggested for Neolithic-Bronze Age pigs from 

Romania. If so, then the introgression of wild boar genes and phenotypes into the domestic 

population (and vice versa) was significant at Umm Qseir. Other things being equal, the second 

hypothesis (hybridization) is the most parsimonious and thus, for the time being, I accept it. 

However, future studies of ancient DNA should be used to determine decisively which 

hypothesis is correct for this critical period in the morphological evolution of Near Eastern 

domestic pigs. 

Table 8.27 Determination of wild/domestic status based on tooth shape Umm Qseir.  

Tooth Image ID Number P (Domestic) P (Wild) Determination 
M2 Mx2_UQ_0017_E310.JPG 0.00% 100.00% Wild 
M2 Mx2_UQ_0019_E211.JPG 2.91% 97.09% Wild 
M2 Mx2_UQ_0020_E15.JPG 1.16% 98.84% Wild 
M2 M2_UQ_0002b_E16.JPG 100.00% 0.00% Domestic 
M2 M2_UQ_0041_E36.JPG 10.47% 89.53% Wild 
M2 M2_UQ_0042_E36.JPG 100.00% 0.00% Domestic 
M2 M2_UQ_0043b_E16.JPG 98.19% 1.81% Domestic 
M2 M2_UQ_0044_E14.JPG 70.76% 29.24% Domestic 
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8.6.3 Age-at-Death and Survivorship 

 A small sample of mandibular teeth from Halaf Umm Qseir produced a similar 

survivorship pattern to that of Banahilk. The majority of pigs were culled before one year (age 

class C had a survival rate of 28.6%) and no pigs in the sample survived age class E (Figure 

8.18). However, the lack of M3s in the sample is suspicious and it is possible that they were 

overlooked during sampling.  

Figure 8.18 Umm Qseir Halaf survivorship curve based on 14 independent teeth. 
 
 
8.6.4 Pathologies 

 Five teeth out of 17 (29.4%) showed evidence of LEH (Tables 8.28 and 8.29). In total, 

nine lines were detected on 30 cusps, yielding a lines/cusp ratio of .300. The Ervynck-Dobney 

Index, which only includes the four M1 and M2 cusps, was 1.209. Despite the small sample size 
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and the lack of M3s, the Umm Qseir data are comparable to Domuztepe and Banahilk, the other 

Halaf sites. The only other pathologies noted were two cases of abnormal wear. 

Table 8.28 Summary statistics for LEH and the Ervynck-Dobney Index from Umm Qseir. 

Cusp # Lines 
Observed 

# Cusps Observed Ratio  Ratio – All 
Sites 

Ervynck-Dobney 
Index 

M1 Anterior 0 9 0 22/118 0 
M1 Posterior 3 11 .273 28/86 .838 
M2 Anterior 4 5 .600 29/90 2.483 
M2 Posterior 2 5 .400 24/91 1.517 
M3 Anterior 0 0 0 24/77 NA 
M3 Middle 0 0 0 27/79 NA 
M3 Posterior 0 0 0 NA NA 
Total 9 30 .300 ± .084  1.209 ± .911 

 
Table 8.29 Summary statistics for LEH categorized by tooth type from Umm Qseir. 

Tooth Specimens with LEH on Lingual Cusps Total Lower Molars Ratio 
M1 3 12 .250 
M2 2 5 .400 
M3 0 0 NA 
Total 5 17 .294 ± .110  

 

8.6.5 Dental Calculus 

 Five out of 42 teeth from the Halaf contexts displayed evidence of dental calculus (Table 

8.6). This represents 11.9%, with three out of five M3s having dental calculus. The rate of dental 

calculus is similar to that of Banahilk and Domuztepe. 

 

8.7 Ziyadeh 

 The Ziyadeh sample was too small to permit confident assessment of husbandry 

practices. Biometrics seemed to show a homogenous and domestic pig population. However, 

GM methods, like at Umm Qseir, suggested an influx of wild boar phenotypes. Rates of LEH 

were on par with Banahilk and Umm Qseir. Rates of calculus were higher than expected, but the 

small sample size was a mitigating factor. There were three independent teeth that could be 

assessed for age-at-death (Table A.8). In terms of diet, starch grain and phytolith analysis 
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revealed consumption of cereals and other grasses, while the single microwear specimen was an 

outlier. Due to the miniscule nature of many of the datasets, I have combined some of them in 

the subsections below. 

 

8.7.1 Dental and Postcranial Metrics 

 Only 29 measurements were taken on Ziyadeh teeth from the Ubaid and LC 1 (or “post-

Ubaid”) contexts (Tables 8.30 and 8.31). The mean values are less than those of wild boar from 

Hallan Çemi and early domestic pigs (e.g., Jarmo), but nevertheless greater than those from later 

sites. Figure 8.19 shows that the majority of the teeth fall between -.08 and -.10. All teeth were 

included in the inter-site comparison because the one-way ANOVA test did not show a 

significant difference (F(6, 14) = 1.543, P = .236). In addition to the dental metrics, four 

measurements were taken on postcranial bones (Table 8.32). As there were no tibia Bd or 

astragalus GLl measurements, no LSI boxplot was constructed. 

Table 8.30 Descriptive statistics for dental metrics from Ziyadeh (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 1 10.1 NA NA 
M2 WA 3 13.0 .5 .04 
M3 WA 4 14.5 .5 .03 
M1 WA 4 13.1 .5 .01 
M2 WA 1 16.9 NA NA 
M3 WA 1 17.1 NA NA 
dP4 WA 1 10.9 NA NA 
M1 WP 2 10.6 .4 .04 
M2 WP 3 13.4 .8 .06 
M1 WP 2 13.2 .1 .01 
M2 WP 3 16.1 .5 .03 
dP4 WP 1 10.4 NA NA 
M3 Length 2 34.1 .4 .01 
M3 Length 1 28.8 NA NA 
Total 29    
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Table 8.31 Conservative Ziyadeh dental metric descriptive statistics (in mm). 

 N Mean Stand. Dev. CV 
M1 WA 1 10.1 NA NA 
M2 WA 2 12.9 .5 .04 
M1 WP 1 10.1 NA NA 
M2 WP 2 13.3 1.1 .08 

 

 
Figure 8.19 Boxplot of LSI values for Ziyadeh derived from WA and WP measurements. 
  
Table 8.32 Descriptive statistics for postcranial measurements from Ziyadeh.  

 N Mean Stand. Dev. CV 
Scapula GLP 1 35.2 NA NA 
Scapula SLC 2 28.4 9.8 .35 
Radius BP 1 26.9 NA NA 
Total 4    

 
 
8.7.2 Geometric Morphometrics 

 As at Umm Qseir, the pLDA (Table 8.33) of Ziyadeh tooth shapes shows a surprisingly 

high proportion of wild boar (three out of six). The results contradict those of traditional 

biometrics. Again, while it is unclear what the cause may be, hybridization is one possibility.   

Table 8.33 Ziyadeh wild/domestic status based on tooth shape.  

Tooth Image ID Number P (Domestic) P (Wild) Determination 
M3 M3_ZY_0012_D259.JPG 42.75% 57.25% Wild 
M3 M3_ZY_0004_X9.JPG 94.66% 5.34% Domestic 
M3 M3_ZY_0009_X1.JPG 54.20% 45.80% Domestic 
M2 Mx2_ZY_0008_X3.JPG 90.12% 9.88% Domestic 
M2 M2_ZY_0014_D259.JPG 10.47% 89.53% Wild 
M2 M2_ZY_0017_D372.JPG 13.36% 86.64% Wild 

 



 
 
 

210 

8.7.3 Pathologies and Dental Calculus 

 Four teeth out of nine showed evidence of LEH. Seven lines were detected on 20 cusps, 

yielding a lines/cusp ratio of .350 (Tables 8.34-8.35). The Ervynck-Dobney Index was .723, with 

a standard deviation of .870. These results are somewhat lower than the Halaf sites. Other 

pathologies noted in the Ziyadeh collection include one case of possible in vivo chipping on the 

occlusal surface of an M3. 

 Three teeth out of 18 displayed evidence of dental calculus (Table 8.6). This represents 

16.7% of the sample, and 60% of the M3s. Interpretation of these higher-than-expected rates is 

hampered by large the standard deviation. 

Table 8.34 Summary statistics for LEH and the Ervynck-Dobney Index values for Ziyadeh. 

Cusp # Lines 
Observed 

# Cusps Observed Ratio  Ratio – All 
Sites 

Ervynck-Dobney 
Index 

M1 Anterior 0 1 0 22/118 0 
M1 Posterior 0 2 0 28/86 0 
M2 Anterior 0 3 0 29/90 0 
M2 Posterior 1 3 .333 24/91 .542 
M3 Anterior 2 4 .500 24/77 1.604 
M3 Middle 3 4 .750 27/79 2.194 
M3 Posterior 1 3 .333 NA NA 
Total 7 20 .350 ± .107  .723 ± .870 

 
Table 8.35 Summary statistics for LEH categorized by tooth type from Ziyadeh. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars Ratio 

M1 0 2 0 
M2 1 3 .333 
M3 3 4 .750 
Total 4 9 .444 ± .166 

 

8.7.4 Starch Grain/Phytolith Analysis 

 Three specimens from Ziyadeh were sampled for plant microfossils, two of which (#16 

and #17) yielded starch grains and phytoliths (Weber & Price In Press). Note, however, that one 

of the specimens (#16) is from a late 3rd-millennium context, and contained a five starch grains 
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belonging to grasses, one of which Weber identified as belonging to the family Triticeae. The 

single Ubaid period specimen (#17) contained one processed oat (Avena sp.) specimen. This 

suggests that pigs consumed processed cereals at 5th-millennium Ziyadeh. 

 

8.7.5 Dental Microwear Analysis 

 Ziyadeh microwear sample comprised a single M2 (Figure 8.5). The Ziyadeh M2
74 had 

the lowest Asfc value in the study, and a relatively high epLsar value, putting it in range of 

Hallan Çemi data. The reliability of these data, however, is questionable. This tooth had suffered 

post-depositional remodeling of some of its surface, which is a potential source of bias. The 

abnormally high smc value, moreover, suggest this tooth is an outlier.  

  

8.8 Mashnaqa 

 Like Ziyadeh, the small sample from Mashnaqa precludes confident determination of 

husbandry practices. No Mashnaqa samples were included in the predictive LDA and there were 

too few (N = 4) independent teeth to construct a survivorship curve. Diet reconstruction was 

likewise inconclusive: three teeth were sampled for dental calculus, but no starch grains were 

detected and the single microwear sample fell within the range of the data from both Hallan 

Çemi and the Halaf sites. The LEH rate was quite high, but the standard deviation is also large.  

 
8.8.1 Dental and Postcranial Metrics 

 Only 15 measurements were taken on pig teeth from Mashnaqa. The results, shown in 

Tables 8.36-8.39 and Figure 8.20 are comparable to those from Banahilk and Ziyadeh, but it is 

                                                
74 The specimen belonged to a domestic pig, at least based on metrics (WA = 12.5 mm, WP = 
12.5 mm).  
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too small of an assemblage to make any definite conclusions. I did not eliminate any teeth for the 

LSI inter-site comparison because the one-way ANOVA test did not show a significant 

difference (F(5, 2) = 2.578, P = .303). In addition, four postcranial measurements were taken 

(Table 8.38).  

Table 8.36 Descriptive statistics for dental metrics from Mashnaqa (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 3 9.8 .3 .03 
M3 WA 1 14.7 NA NA 
dP4 WA 1 6.5 NA NA 
M1 WA 1 14.3 NA NA 
dP4 WA 3 11.2 .4 .04 
M1 WP 1 9.8 NA NA 
M2 WP 1 13.5 NA NA 
dP4 WP 1 8.9 NA NA 
M1 WP 1 14.3 NA NA 
dP4 WP 1 12.3 NA NA 
M3 Length 1 31.1 NA NA 
Total 15    

 
Table 8.37 Conservative Mashnaqa dental metric descriptive statistics (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 2 9.65 .21 .02 
M1 WP 1 9.8 NA NA 
M2 WP 1 13.5 NA NA 
Total 4    

 
Table 8.38 Descriptive statistics for postcranial measurements from Mashnaqa.  

 N Mean Stand. Dev. CV 
Scapula GLP 1 28.5 NA NA 
Scapula SLC 1 18.4 NA NA 
Ulna DPA 2 34.2 .2 .01 
Total 4    
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Figure 8.20 Boxplot of LSI values for Mashnaqa derived from WA and WP measurements. 
 
 
8.8.2 Pathologies and Dental Calculus 

 Three out of five teeth showed evidence of LEH, with a total of six lines detected on nine 

cusps (Table 8.39-8.40). This yields a lines/cusp ratio of .667. The Ervynck-Dobney Index was 

very high: 3.009. These data suggest a much higher rate of hypoplastic deformation at 

Mashnaqa, although the large standard deviations (an effect of small sample size) precludes a 

confident assessment. In addition to LEH, one tooth out of 12 showed evidence of dental 

calculus (Table 8.6). 

Table 8.39 Summary statistics for LEH and the Ervynck-Dobney Index values for Mashnaqa. 

Cusp # Lines 
Observed 

# Cusps Observed Ratio  Ratio – All 
Sites 

Ervynck-Dobney 
Index 

M1 Anterior 1 2 .500 22/118 2.682 
M1 Posterior 0 2 0 28/86 0 
M2 Anterior 1 1 1.000 29/90 3.103 
M2 Posterior 0 1 0 24/91 0 
M3 Anterior 2 1 2.000 24/77 6.417 
M3 Middle 2 1 2.000 27/79 5.852 
M3 Posterior 0 1 0 NA NA 
Total 6 9 .667 ± .157  3.009 ± 2.514 

 

dP4 M1 M2 M3 UdP4 UM1 UM2 UM3

−0
.1

5
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00

Figure 8.19 Boxplot of LSI values for Mashnaqa derived from WA and WP measurements. 
One-way ANOVA results (F(5, 2) = 2.578, P = .303) do not indicate a significant difference 
between measurements organized by tooth type. 

(N = 1) (N = 3) (N = 1) (N = 1) (N = 1) (N = 1) (N = 0) (N = 0)
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Table 8.40 Summary statistics for LEH categorized by tooth type from Mashnaqa. 

Tooth Specimens with LEH on Lingual Cusps Total Lower Molars Ratio 
M1 1 2 .500 
M2 1 1 1.000 
M3 1 2 .500 
Total 3 5 .600 ± .219 

  

8.8.3 Dental Microwear Analysis 

 A single M1, likely from a domestic pig based on biometrics (WA = 9.5 mm, WP = 9.8 

mm), composed the Ziyadeh microwear sample (Figure 8.5). The Asfc value is similar to those 

from Banahilk and Domuztepe, falling somewhat to the right of the Hallan Çemi specimens. The 

anisotropy is relatively high, but within the wide range for wild boar. As with the Ziyadeh 

assemblage, it is difficult to draw any conclusions from a single specimen. However, the results 

are compatible with 6th-millennium sites. 

 

8.9 Hacinebi 

 Hacinebi witnessed the installation of a southern Mesopotamian (“Uruk”) colony in the 

LC B2 phase. For this reason, I analyzed the LC A and B1 data separately from those of the LC 

B2 period, and moreover, the Uruk colony from the local settlement in the LC B2 phase. There 

were minor, but not significant, differences between the assemblages. In aggregate, the data 

suggest intensive husbandry. Age-at-death data suggest a focus on young animals; LEH and 

calculus rates are significantly above the Hallan Çemi levels. Dental metrics suggest very few 

(possibly no) wild boar in the assemblage. However, the Hacinebi data were not analyzed for 

postcranial metrics due to time constraints during the data collection phase of this research. 

Moreover, the Hacinebi teeth (along with those from Atij, Raqa’i, and Leilan) composed part of 

the “domestic” population for the pLDA and were therefore domestic by definition. Finally, the 
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dietary reconstruction suggests a fairly homogenous diet of cereals and fodder, with a 

cooked/processed barley starch grain suggesting that pigs ate household waste.  

 There are tantalizing, but ultimately inconclusive, differences between the LC A-B1, B2 

Uruk, and B2 local assemblages. In particular, the B2 local pigs are somewhat smaller than those 

of the A-B1 phases and the Uruk enclave. The Uruk enclave also has lower rates of dental 

calculus and pigs may have survived to an older age. It is possible that slightly more intensive 

practices define the local settlement than the Uruk enclave, an interpretation that would 

complement the higher relative abundance of pigs in the local contexts (Bigelow 1999). 

Nevertheless, sample sizes are too small, particularly from the Uruk enclave, to be certain about 

these patterns. In the next chapter, I lump all the Hacinebi data together in the inter-site 

comparison.  

 

8.9.1 Dental Metrics 

 The data in Tables 8.41-8.42 show the summary statistics for 183 measurements from 

Hacinebi split among the three main cultural/chronological phases. The differences between 

phases, however, are minimal. Their means, for the most part, fall within one standard deviation 

of each other. No differences can be detected between the phases in terms of the dental metrics. 

 Turning first to the main metrics, the M1 WA and WP mean ranges are 8.90-9.27 and 

9.26-9.64, respectively. The M2 WA and WP mean ranges are 11.62-12.20 and 12.25-12.50, 

respectively. These measurements, and the dental metrics in general, are much smaller than those 

encountered at earlier sites. Figure 8.21, composed of the aggregated measurements from all 

three phases, emphasizes this. The median LSI is about -.12, and only one measurement, an 

upper M1 (WA = 13.4 mm), is above -.05. This seems to be the only specimen (out of 120!) that 
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represents a wild boar, signifying the low rate of population intermixture. Finally, it bears 

mentioning that there are slight differences in dental size between the B2 Uruk and B2 local 

assemblages: the Uurk pigs appear to be somewhat larger than those from the local contexts. 

Admittedly, the sample size is small, but it could suggest slightly different pig populations.  

 Because the dental metric data were not different when considered between phases, all 

LSI data were lumped together for the inter-site comparison. I did not eliminate any LSI values 

for the inter-site comparison as there was no significant difference in LSI when analyzed across 

tooth type (one-way ANOVA: F(7, 98) = 1.156, P = .335). 

Table 8.41 Descriptive statistics for dental metrics from Hacinebi (in mm).  
LC A and LC B1 are the early phases; LC B2 Uruk is the Uruk enclave; LC B2 local is contemporaneous with the 
Uruk enclave. 

 N Mean St. Dev. CV 
Phase A-B1 B2 

Uruk 
B2 

Local 
A-B1 B2 

Uruk 
B2 

Local 
A-B1 B2 

Uruk 
B2 

Local 
A-B1 B2 

Uruk 
B2 

Local 
M1 WA 5 3 6 9.0 9.3 8.9 .3 1.1 .5 .03 .12 .06 
M2 WA 6 2 10 11.6 12.2 11.7 .3 .1 .7 .03 .01 .06 
M3 WA 8 2 6 13.9 14.3 14.1 .6 1.6 .6 .04 .11 .04 
dP4 WA 1 3 1 8.0 5.8 5.8 NA .2 NA NA .04 NA 
M1 WA 5 5 4 12.5 11.8 11.9 .5 .4 .3 .04 .04 .03 
M2 WA 3 3 7 15.5 14.7 15.1 .8 .3 .8 .05 .02 .05 
M3 WA 3 4 1 16.4 16.8 16.6 .2 .9 NA .01 .05 NA 
dP4 WA 2 3 2 10.5 9.9 10.0 0 .4 .8 0 .05 .08 
M1 WP 5 4 5 9.6 9.5 9.3 .3 .4 .5 .04 .04 .06 
M2 WP 9 3 8 12.5 12.4 12.2 .6 .4 .6 .05 .03 .05 
dP4 WP 0 3 1 NA 7.9 7.8 NA .3 NA NA .04 NA 
M1 WP 4 5 5 12.3 12.0 11.9 .3 .3 .2 .02 .03 .02 
M2 WP 3 3 6 15.5 14.9 14.9 .2 .4 .8 .01 .02 .05 
dP4 WP 2 3 2 10.5 10.2 9.9 .1 .6 .5 .01 .05 .05 
M3 L 7 0 4 29.4 NA 29.7 4.8 NA 3.2 .16 .11 .11 
M3 L 2 3 1 27.2 30.0 30.4 3.1 .5 NA .11 .02 NA 
Total 65 49 69          

 
Table 8.42 Conservative Hacinebi dental metric statistics (in mm). 

 N Mean Stand. Dev. CV 
Phase A-B1 B2 

Uruk 
B2 

Local 
A-B1 B2 

Uruk 
B2 

Local 
A-
B1 

B2 
Uruk 

B2 
Local 

A-
B1 

B2 
Uruk 

B2 
Local 

M1 WA 4 3 6 9.1 9.3 8.9 .34 1.10 .51 .04 .12 .06 
M2 WA 4 2 6 11.7 12.2 11.7 .33 .14 .78 .03 .01 .07 
M1 WP 4 3 5 9.7 9.5 9.3 .39 .47 .53 .04 .05 .06 
M2 WP 5 3 5 12.7 12.4 11.8 .64 .40 .15 .05 .03 .01 
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Figure 8.21 Boxplot of LSI values for Hacinebi (all phases) derived from WA and WP measurements. 
 
8.9.2 Age-at-Death and Survivorship 

 The Hacinebi age-at-death dataset includes 30 independent maxillary and mandibular pig 

teeth. Table A.10 in the Appendix shows the age-at-death data for the different phases and 

cultural affiliations (Uruk and local) at Hacinebi. The results possibly suggest that a greater 

proportion of younger animals (especially in age class C) were slaughtered in the LC B2 than in 

the LC A and B1 phases. This pattern is better represented in the local data than in the Uruk 

settlement. However, the small sample makes these results inconclusive.  

 Lumping the data from all phases and cultural affiliation, the data have a relatively tight 

95% confidence interval (Figure 8.22). Most pigs at Hacinebi were slaughtered before their first 

birthday (survival rate for age class C is 46.7%), and only 6.7% survived into their third year 

(age class E). Moreover, a large number were killed just after their first birthday (age class D 

contained 20% (n = 6) of the aged specimens). This focus on yearling pigs is similar to the 

pattern at Banahilk and Jarmo. 
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Figure 8.22 Hacinebi survivorship curve based on 30 independent teeth. 
  
8.9.3 Pathologies 

 The small size of the LC B2 Uruk sample was exacerbated by taphonomic effacement of 

the lingual side of many lower molars. The result was that only five specimens were available to 

investigate LEH in that phase and area of Hacinebi. The data from the other analytical groups 

(LC A-B1 and LC B2 local) are more robust, but the standard deviations are nevertheless quite 

large (Table 8.43-8.44). Lumping the two LC B2 datasets together to maximize sample size, the 

data show a slight increase in LEH frequency over time. LEH affected eight out of 26 (30.8%) 

molars in the LC A-B1 phase and 11 out of 26 (42.3%) in the LC B2 phase. The line/cusp ratio 

increases from .286 to .304, while the Ervynck-Dobney Index values remain stable. However, 
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the data from Hacinebi are broadly similar to those from the Halaf sites. In addition to LEH, I 

noted five cases of abnormal wear and four cases of possible in vivo chipping. 

Table 8.43 Summary statistics for LEH and the Ervynck-Dobney Index values for Hacinebi. 

Cusp # Lines 
Observed 

# Cusps 
Observed 

Ratio  Ratio 
– All 
Sites 

Ervynck-Dobney 
Index 

Phase A-
B1 

B2 
Loc 

B2 
Uruk 

A-
B1 

B2 
Loc 

B2 
Uruk 

A-
B1 

B2 
Loc 

B2 
Uruk 

 A-B1 B2 
Loc 

B2 
Uruk 

M1 Ant. 2 1 0 5 6 1 .400 .167 0 22/118 2.998 .896 0 
M1 Post. 2 4 0 5 6 1 .400 .667 0 28/86 .664 2.048 0 
M2 Ant. 1 2 0 9 6 2 .111 .333 0 29/90 .005 1.033 0 
M2 Post. 2 3 1 10 7 2 .200 .429 .500 24/91 .119 1.627 1.896 
M3 Ant. 4 0 2 8 7 2 .500 0 1.00 24/77 1.416 0 3.208 
M3 Mid. 2 3 1 7 7 2 .286 .429 .500 27/79 .178 1.255 1.463 
M3 Post. 1 0 0 5 4 2 .200 0 0 NA NA NA NA 
Total 14 13 4 49 44 12 .286 

± 
.065 

.295 
± 
.069 

.333 
± 
.136 

 1.153 
± 
.592 

1.143 
± 
.699 

 1.095 
± 
1.330 

 
Table 8.44 Summary statistics for LEH categorized by tooth type from Hacinebi. 

Tooth Specimens with 
LEH on Lingual 
Cusps 

Total Lower Molars Ratio 

Phase A-
B1 

B2 
Local 

B2 
Uruk 

A-
B1 

B2 
Local 

B2 
Uruk 

A-B1 B2 Local B2 Uruk 

M1 3 3 0 6 7 1 .500 .429 0 
M2 2 3 1 12 7 2 .167 .429 .500 
M3 3 2 2 8 7 2 .375 .286 1.000 
Total 8 8 3 26 21 5 .308 ± .091 .381 ± .106 .667 ± .211 

  

8.9.4 Dental Calculus 

 Eighteen out of 120 total teeth from all contexts at Hacinebi had dental calculus (Table 

8.7). This is 15% of the assemblage and 41% of the M3s (out of 27 total). This is somewhat 

higher than at other sites. The standard deviation, however, is 3.9, or 3.3%. Thus, while there is a 

higher rate, it is not a significant increase. Breaking these numbers down by period and cultural 

affiliation, one out of five (20%) teeth displayed evidence of calculus in the LC A, four out of 37 

(10.8%) in the LC B1, nine out of 41 (22%) teeth in the LC B2 local assemblage, and two out of 

28 (7.1%) in the LC B2 Uruk assemblage. The differences between the phases, while intriguing, 
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are not statistically significant. However, it does suggest tentative evidence for a difference in 

diet between the assemblages.   

 

8.9.5 Starch Grain/Phytolith Analysis 

 Five sampled specimens yielded a total of two starch grains and one phytolith (Weber & 

Price In Press). Specimen #46, an M2 from the LC B2 local context, contained a single barley 

(Hordeum sp.) starch grain with evidence of processing/cooking. Specimen #102, an M1 from the 

LC B2 Uruk context, meanwhile, contained a small non-diagnostic starch grain and a phytolith 

deriving from a species of grass.  

 

8.9.6 Dental Microwear Analysis 

 Five teeth composed the Hacinebi microwear dataset (Figure 8.5). All specimens were 

domestic based on size. The data form a fairly tight distribution with respect to epLsar and Asfc. 

Compared to the earlier periods, the Hacinebi microwear data shows, on average, higher levels 

of complexity and lower levels of anisotropy. The results are contradictory to the original 

expectations, in which an increase in anisotropy and a decrease in complexity reflecting a softer 

diet in later domesticates were expected. Nevertheless, the results indicate that pigs at 

Chalcolithic Hacinebi consumed a different diet than at sites dating to earlier periods.    

 

8.10 Atij 

 The Atij data were expected to show signs of intensification from the 4th millennium, as 

there is some evidence, in the form of burials and alleged granary complexes, for elites at the 

site. However, the data, while indicative of intensive husbandry in general, suggest somewhat 
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more extensive husbandry practices than at Hacinebi. LEH rates were quite low and the small 

amount of age-at-death data indicate a focus on older pigs. There was little evidence for wild 

boar in the assemblage, but it is possible that truly wild populations were extirpated at this time 

as a result of the extensification of cereal agriculture. Biometrics, however, had high CVs, and 

thus possibly reflect wild introgression. There is little evidence for pig diet at Atij. However, 

high rates of dental calculus suggest that pigs consumed a relatively high amount of 

carbohydrates. Foddering herded swine before fattening is one possible explanation for this 

pattern. 

  
8.10.1 Dental Metrics 

 The 64 dental measurements taken from Atij show a population of domestic pigs with 

similar dental sizes to those from Hacinebi and later 3rd-millennium sites. The M1 WA and WP 

means are 8.84 mm and 9.93 mm, respectively, while M2 WA and WP means are 11.49 mm and 

11.97 mm, respectively (Table 8.45-8.46).  

Table 8.45 Descriptive statistics for dental metrics from Atij (in mm). 

 N Mean Stand. Dev. CV 
M1 WA 5 8.8 .4 .05 
M2 WA 7 11.5 1.5 .13 
M3 WA 10 13.4 1.0 .08 
M1 WA 3 11.9 .5 .04 
M2 WA 7 14.9 .8 .05 
M1 WP 6 9.3 .7 .07 
M2 WP 6 12.0 .4 .04 
M1 WP 6 12.3 .4 .03 
M2 WP 3 14.6 .7 .05 
dP4 WP 1 9.6 NA NA 
M3 Length 10 29.8 1.8 .06 
Total 64    
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Table 8.46 Conservative Atij dental metric descriptive statistics (in mm).  

 N Mean Stand. Dev. CV 
M1 WA 5 8.8 .4 .05 
M2 WA 5 11.5 1.8 .15 
M1 WP 6 9.3 .7 .07 
M2 WP 4 12.0 .5 .04 

 
 The CVs for Atij are quite variable, but are, in general, above .05. This might reflect 

some degree of population mixing, although the sample size is too small to run a mixture 

analysis. The CV values might be an artifact of the low means. Figure 8.23 shows that the 

distributions of dental measurements form uniform distributions with medians around -.13. There 

is one outlier: an M2 WA measurement (14.5 mm) that exceeds the minimum value for wild boar 

from Hallan Çemi (14.4 mm). This appears to represent the only wild boar out of 46 specimens.  

For the inter-site comparison, I did not eliminate any LSI values on the basis of tooth type as no 

significant difference was detected (one-way ANOVA: F(5, 31) = .607, P = .695). 

Figure 8.23 Boxplot of LSI values for Atij derived from WA and WP measurements. 
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8.10.2 Postcranial Metrics 

 There were only five postcranial measurements (Table 8.47). Three measurements were 

included in Figure 8.24. LSI values are around -.15, similar to teeth. There are too few 

observations to perform a t-test, but the astragalus and tibia measurements seem to be similar. 

Table 8.47 Descriptive statistics for postcranial measurements from Atij (in mm). 

 N Mean Stand. Dev. CV 
Scapula SLC 1 19.6 NA NA 
Ulna DPA 1 34.5 NA NA 
Tibia Bd 2 24.0 2.8 .12 
Astrag. GLl 1 37.5 NA NA 
Total 5    

 
 

 
Figure 8.24 Boxplot of LSI values for postcranial measurements from Atij. 
 

8.10.3 Age-at-Death and Survivorship 

 The survivorship dataset included only six independent mandibular teeth split between 

the two stratigraphic determinations: Level IX and X-XIII (Figure 8.25). Although the sample 

size is too small to warrant much confidence, it is perhaps significant that all of the specimens 

fall between age classes D and F (ca. 1-3 years old), with most falling in age class E (1.5-2.5 

years old). The later age-at-death in the Atij sample contrasts notably with those of Raqa’i. 
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Figure 8.25 Atij survivorship curve based on 6 independent teeth.  
 
8.10.4 Pathologies 

 Eight out of 28 teeth (28.6%) showed evidence of LEH, with a total of 11 lines on 60 

cusps (.183 lines/cusp) (Table 8.48-8.49). The Ervynck-Dobney Index was .523, with a standard 

deviation of .802. The rate of hypoplastic deformation at 3rd-millennium Atij was almost as low 

as the Hallan Çemi and Jarmo levels. The only other pathology noted was chipping on the 

occlusal surface of one M2. 
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Table 8.48 Summary statistics for LEH and the Ervynck-Dobney Index values for Atij. 

Cusp # Lines 
Observed 

# Cusps 
Observed 

Ratio  Ratio – 
All Sites 

Ervynck-Dobney 
Index 

M1 Anterior 0 8 0 22/118 0 
M1 Posterior 0 7 0 28/86 0 
M2 Anterior 3 9 .333 29/90 1.034 
M2 Posterior 5 9 .556 24/91 2.106 
M3 Anterior 0 9 0 24/77 0 
M3 Middle 0 10 0 27/79 0 
M3 Posterior 3 8 .375 NA NA 
Total 11 60 .183 ± .050  .523 ± .802 

 
Table 8.49 Summary statistics for LEH categorized by tooth type from Atij. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars Ratio 

M1 0 7 0 
M2 5 10 .500 
M3 3 11 .273 
Total 8 28 .286 ± .085 

 

8.10.5 Dental Calculus 

 Eight out of 46 (17.4%) teeth displayed evidence of dental calculus (Table 8.7), and the 

proportion of M3s with dental calculus is 58.3%. The rates were similar to those of Hacinebi. 

 

8.10.6 Starch Grain/Phytolith Analysis and Dental Microwear Analysis 

 Four specimens were sampled for plant microfossils. One specimen (#44) yielded a 

single cluster of phytoliths, which could not be identified to taxon (Weber & Price In Press).  

 Three specimens, two M1s and one M2, provided the sample of microwear specimens 

from Atij (Figure 8.5 and Table 8.8). All of these were domestic, based on metrics. With the 

exception of one specimen (#30, an M1), the data show low Asfc values and high epLsar values, 

similar to the data from Hallan Çemi. Specimen #30, however, has a high Asfc value.  
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8.11 Raqa’i  

 Raqa’i, like Atij, was expected to show signs of intensification. The fact that the majority 

of the pig remains from Raqa’i were recovered from the mysterious Round Building, however, 

complicates the interpretation of the data. Nevertheless, in contrast to Atij, the Raqa’i data 

suggest husbandry practices of similar intensity to that of Hacinebi. LEH rates were relatively 

high, and the survivorship curve indicates a focus on animals less than one year old. Metrical 

data, meanwhile, do not give any indication of wild boar, although local extirpation could 

explain this. The rates of dental calculus were low, but the presence of cooked oats (Avena sp.) in 

the calculus suggests that “slop” feeding may have been the norm. 

 

8.11.1 Dental Metrics 

 Although the sample size is small, the 36 dental measurements from Raqa’i are 

comparable to those from Atij and Hacinebi (Tables 8.50-8.51). The Raqa’i teeth are small –

 about 20-30% smaller than those from Hallan Çemi. LSI values (Figure 8.26) are likewise 

similar, although the spreads are more variable due to the small sample size. These 

measurements can all be used in the inter-site comparison; the one-way ANOVA test did not 

show a significant difference according to tooth type (F(7, 12) = .905, P = .534). 
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Table 8.50 Descriptive statistics for dental metrics from Raqa’i. 

 N Mean Stand. Dev. CV 
M1 WA 2 8.9 .6 .07 
M2 WA 2 10.8 .2 .02 
M3 WA 1 13.9 NA NA 
dP4 WA 3 5.9 .4 .07 
M1 WA 3 12.0 .5 .04 
M2 WA 2 15.2 1.1 .07 
M3 WA 1 16.8 NA NA 
dP4 WA 2 9.7 .7 .07 
M1 WP 2 9.9 .9 .09 
M2 WP 4 12.0 .7 .06 
dP4 WP 1 8.4 NA NA 
M1 WP 5 12.1 .7 .06 
M2 WP 3 15.3 .1 .01 
dP4 WP 2 10.9 1.9 .18 
M3 Length 3 32.1 1.6 .05 
Total 36    

 
Table 8.51 Conservative dental metric descriptive statistics from Raqa’i.  

 N Mean Stand. Dev. CV 
M1 WA 2 8.9 .6 .07 
M2 WA 1 10.9 NA NA 
M1 WP 2 9.9 .9 .09 
M2 WP 2 11.8 0 0 

 
 

 
Figure 8.26 Boxplot of LSI values for Raqa’i derived from WA and WP measurements. 
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8.11.2 Postcranial Metrics 

 Twenty-one measurements were taken on the postcranial bones. Only two measurements 

were from astragalus GLl and tibia Bd (Table 8.52). The astragalus specimen, however, is from a 

juvenile animal and is not (at 27.2 mm) representative of adult size. The tibia Bd is also small 

and from an unfused specimen, but it is within the adult size range. The LSI boxplot (Figure 

8.27) shows the large size-index difference between these two specimens. For the purposes of 

inter-site comparison, I eliminated the astragalus GLl measurement.  

Figure 8.27 Boxplot of LSI values for postcranial measurements from Raqa’i. 
The astragalus GLl measurement is from a juvenile specimen and is not included in the inter-site comparison. 
 
Table 8.52 Descriptive statistics for postcranial measurements from Raqa’i (in mm). 
1Femur DCP measurements not taken on the Raqa’i assemblage. 2Does not include one juvenile specimen (DPA = 
17.4 mm). 3This specimen is noted as “juvenile.” 

 N Mean Stand. Dev. CV 
Scapula GLP 3 29.8 1.5 .05 
Scapula SLC 3 18.9 .7 .03 
Humerus Bd 2 33.7 .2 .01 
Humerus BT 3 28.5 1.3 .04 
Humerus HTC 3 18.7 6.6 .35 
Radius BP 1 24.3 NA NA 
Radius Bd 2 25.5 2.8 .11 
Ulna DPA 21 28.7 5.4 .19 
Femur DCP 02 NA NA NA 
Tibia Bd 1 26.6 NA NA 
Astrag. GLl 13 27.2 NA NA 
Total 21    
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8.11.3 Age-at-Death and Survivorship 

 Seven independent mandibular teeth were assigned to age classes. The dataset is small, 

and thus inferences on slaughter patterns do not inspire much confidence. However, the pattern is 

consistent with the postcranial age-at-death data published by Rufolo (2015: 600). Both that 

dataset and the one shown in Figure 8.28 suggest a focus on animals in age classes B and C. 

These results are different than those from Atij, which were focused on older animals. Both 

datasets, however, are small.  

 
Figure 8.28 Raqa’i survivorship curve based on 10 independent specimens. 
 
8.11.4 Pathologies 

 Four out of 12 teeth were affected by LEH, with a total of nine lines on 26 cusps (.346 

lines/cusp ratio) (Tables 8.53-8.54). Both the mean number of lines per cusp and the Ervynck-
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Dobney Index indicate a higher rate of hypoplastic deformation than at Atij. Additionally, there 

were two cases of chipping on the occlusal surfaces of molars, possibly in vivo. 

 
Table 8.53 Summary statistics for LEH and the Ervynck-Dobney Index values for Raqa’i. 

Cusp # Lines 
Observed 

# Cusps Observed Ratio  Ratio – All 
Sites 

Ervynck-Dobney 
Index 

M1 Anterior 0 4 0 22/118 0 
M1 Posterior 0 3 0 28/86 0 
M2 Anterior 2 4 .500 29/90 1.552 
M2 Posterior 2 4 .500 24/91 1.896 
M3 Anterior 2 3 .667 24/77 2.139 
M3 Middle 2 4 .500 27/79 1.463 
M3 Posterior 1 4 .250 NA NA 
Total 9 26 .346 ± .093  1.175 ± .860 

 
Table 8.54 Summary statistics for LEH categorized by tooth type from Raqa’i. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars Ratio 

M1 0 4 0 
M2 2 4 .500 
M3 2 4 .500 
Total 4 12 .333 ± .136 

 

8.11.5 Dental Calculus 

 Only two out of 28 (7.1%) teeth, and one of five M3s (20%), from Atij had dental 

calculus (Table 8.6). The low rates might suggest a less carbohydrate-rich diet. However, 

because the sample size is small, the standard deviations are proportionally large (1.36 teeth, or 

4.9%). Moreover, the recovery of gelatinized Avena starch indicates that the Raqa’i pigs ate 

cooked oats, probably food waste. 

 

8.11.6 Starch Grain/Phytolith Analysis 

 One of three sampled specimens yielded plant microfossils (Weber & Price In Press). 

This specimen (#8) contained two processed oat (Avena sp.) starch grains and one unidentified 

phytolith. Henry and Piperno (2008) found oat starch grains in the human teeth from Raqa’i, and 
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it seems likely that pigs consumed household waste. Weber and I (Weber & Price In Press) also 

sampled a pig tooth from nearby Ziyadeh. The Ziyadeh pig assemblage was too small for this 

study, but we sampled three teeth from the site and found cooked oat starch grain as well as 

Triticae (wheat and barley family) phytoliths. Thus, pigs in the early 3rd-millennium Khabur 

consumed the same cereals as reported in textual records of foddering in 3rd- and 2nd-millennium 

southern Mesopotamia (Owen 2006: 78-80; Van Koppen 2006: 185). 

 

8.11.7 Dental Microwear Analysis 

 Two M2s made up the microwear sample (Figure 8.5). The specimens showed very high 

levels of anisotropy and relatively low levels of complexity – within range of the Hallan Çemi 

specimens. These data are consistent with those from nearby and contemporaneous Atij. 

However, they are distinct from the Hacinebi specimens, which are otherwise similar to the Atij 

and Raqa’i specimens in terms of the other variables studied in this dissertation. Early 3rd-

millennium Khabur pigs may have consumed a somewhat tougher, but not harder, diet than their 

late 4th-millennium Euphrates counterparts. It is not immediately clear how to explain this 

pattern, but since microwear reflects consumption episodes immediately prior to death, the data 

probably relate to different fattening regimens involving different types of fodder. 

 

8.12 Leilan 

 The data from Tell Leilan offer the opportunity to study the effects urbanization pig 

husbandry. Leilan expanded to urban proportions in the IIId period, and its urban network 

continued to grow throughout the IIa and IIb (Chapter 7). I analyzed the data by phase and 

location. However, I lumped the data from IIa and IIb together in order to make the sample size 
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more robust. There were therefore four groups: IIIc, IIId (all the pig remains from this phase 

derive from the upper town), IIa-b upper town, and IIa-b lower town. Metrical patterns are quite 

consistent and suggest very few or no wild boar in the assemblage. The other datasets suggest 

slight but non-significant differences between these contexts, the most notable of which is the 

decrease in the amount of dental calculus in the upper town between IIId and IIa-b and the 

decrease in age at death between IIIc/IIId and IIa-b. There are slight differences between the 

upper and lower town assemblages with respect to LEH and calculus rates. The data show little 

or no intensification during the emergence of urban Leilan.   

 

8.12.1 Dental Metrics 

 A total of 277 measurements were taken on teeth from Tell Leilan (Tables 8.55-8.58). 

The measurements, for the most part, are comparable across phase and location. The means of 

the M1 and M2 measurements (Table 8.56 and 8.58) are all within 1 mm of each other. The CVs 

show more interesting patterns. Although most of the values are low (< .05), and thus reflect a 

homogenous population, the IIa-b upper town and IIId measurements have higher CVs than 

those in the IIa-b lower town and those from IIIc. This could indicate some kind of population 

mixture, and perhaps extensive husbandry, for the pigs of Leilan’s elite. However, the evidence 

for wild boar is minimal. Moreover, of the three specimens that approach wild boar size (the 

positive outliers for dP4, M2, and UM1 in Figure 8.28), two are from the IIId phase and one is 

from the IIa-b lower town. The CVs for the IIa-b upper town are heavily influenced by two 

negative outliers, a dP4 and an M1, which can be seen in Figure 8.29. It is unclear how to account 

for these extreme measurements, which approach -.30 on the LSI. It is possible they represent 

pathological specimens, similar to the starved pigs in the McCance experiments (Luke et al. 
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1979). I eliminated these two extreme outliers, as well as all of the dP4 LSI values for the inter-

site comparison as the ANOVA test showed a significant difference in LSI when analyzed across 

tooth type (one-way ANOVA: F(7, 151) = 1.793, P = .093). After these values were eliminated, 

the ANOVA test no longer showed a significant difference (F(6, 131) = 1.717, P = .122). 

 The measurements are comparable to the sizes of teeth from Atij and Raqa’i in the 

southern Khabur, which were occupied at the same time as Leilan IIIc and IIId. Measurements 

are also similar to those from 4th-millennium Hacinebi. LSI values for all of these sites are 

typically between -.10 and -.15. Note, however, that the M2 measurements are somewhat larger 

than those of the southern Khabur sites. The M3s show the same pattern. The Leilan 

measurements are close to those from Hacinebi. This might be evidence for different phenotypes 

and/or husbandry practices, although the small sample of independent teeth from Atij and Raqa’i 

makes it difficult to assess this hypothesis. 

Table 8.55 Descriptive statistics for dental metrics from Leilan Periods IIIc and IIId (in mm). 

 N  Mean  St. Dev.  CV  
Area IIIc IIId IIIc IIId IIIc IIId IIIc IIId 
M1 WA 4 6 9.1 8.9 .2 .4 .02 .04 
M2 WA 4 3 12.3 13.4 .3 1.4 .03 .11 
M3 WA 2 3 13.7 14.4 .1 .2 .01 .01 
dP4 WA 0 5 NA 5.5 NA .4 NA .08 
M1 WA 3 10 12.6 12.5 .1 .8 < .01 .07 
M2 WA 6 6 15.0 15.3 .8 .6 .05 .04 
M3 WA 0 4 NA 16.3 NA .5 NA .03 
dP4 WA 1 5 10.3 6.7 NA .5 NA .07 
M1 WP 3 7 9.6 9.5 .1 .4 .01 .05 
M2 WP 5 3 12.7 13.6 .2 1.2 .02 .08 
dP4 WP 0 6 NA 7.7 NA .3 NA .04 
M1 WP 4 7 12.7 12.4 .1 1.2 .01 .10 
M2 WP 6 4 14.8 14.6 .4 .5 .03 .03 
dP4 WP 1 5 10.9 9.8 NA .4 NA .04 
M3 Length 2 0 32.3 NA 1.1 NA .03 NA 
M3 Length 0 4 NA 28.9 NA 1.5 NA .05 
Total 41 78       
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Table 8.56 Conservative Leilan IIIc and IIId dental metric descriptive statistics (in mm).  

 N  Mean  St. Dev.  CV  
Area IIIc IIId IIIc IIId IIIc IIId IIIc IIId 
M1 WA 4 4 9.1 9.0 .2 .4 .02 .05 
M2 WA 3 2 12.1 12.6 .5 .2 .04 .02 
M1 WP 3 4 9.6 9.6 .1 .5 .01 .06 
M2 WP 3 2 12.6 13.0 0 .4 0 .03 

 
Table 8.57 Descriptive statistics for dental metrics from Leilan Period IIa-IIb (in mm). 

 N  Mean  St. Dev.  CV  
Area Upper 

Town 
Lower 
Town 

Upper 
Town 

Lower 
Town 

Upper 
Town 

Lower 
Town 

Upper 
Town 

Lower 
Town 

M1 WA 6 11 9.2 9.0 .5 .5 .06 .05 
M2 WA 2 7 11.9 11.6 .7 .4 .06 .03 
M3 WA 2 3 14.6 14.1 .8 .2 .06 .01 
dP4 WA 5 5 6.1 5.9 .3 .5 .04 .08 
M1 WA 5 11 11.3 12.1 1.8 .5 .16 .04 
M2 WA 4 9 14.3 15.0 .7 .6 .05 .04 
M3 WA 1 4 15.5 16.1 NA .5 NA .03 
dP4 WA 2 5 7.8 9.9 3.2 .9 .41 .09 
M1 WP 5 11 9.9 9.9 .4 .4 .04 .04 
M2 WP 2 5 12.9 12.3 .6 .6 .04 .05 
dP4 WP 6 7 8.0 8.0 .1 .5 .01 .06 
M1 WP 5 9 11.9 12.1 .5 .3 .04 .03 
M2 WP 3 10 13.7 14.7 .4 .6 .03 .04 
dP4 WP 2 5 9.0 10.0 2.2 .5 .24 .05 
M3 Length 2 1 30.7 33 3.8 NA .12 NA 
M3 Length 2 1 29.3 29 .4 NA .01 NA 
Total 54 104       

 
Table 8.58 Conservative Leilan IIa-IIb dental metric descriptive statistics (in mm).  

 N  Mean  St. Dev.  CV  
Area Upper 

Town 
Lower 
Town 

Upper 
Town 

Lower 
Town 

Upper 
Town 

Lower 
Town 

Upper 
Town 

Lower 
Town 

M1 WA 4 7 9.4 9.2 .4 .5 .04 .05 
M2 WA 1 4 11.4 11.6 NA .3 NA .03 
M1 WP 3 8 10.1 10.0 .4 .5 .03 .05 
M2 WP 1 3 12.5 12.4 NA .5 NA .04 
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Figure 8.29 Boxplot of LSI values for Leilan (all phases) derived from WA and WP measurements. 
For the inter-site comparison, the two extreme outliers (the UdP4 and UM1 specimens) as well as all of the dP4 LSI 
values were eliminated. 
 
8.12.2 Postcranial Metrics 

 I took 146 postcranial measurements. The data suggest no significant differences between 

the postcranial measurements between phases IIIc, IIId, IIa-b upper town, and IIa-b lower town 

(Tables 8.59-8.60). Because of the lack of detectable difference, Figure 8.30 combines data from 

all phases. The measurements are not significantly different according to element type (t = .789, 

P = .456), and show a small-bodied domestic pig population. 
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Figure 8.30 Boxplot of LSI values for postcranial measurements from Leilan. 
 
Table 8.59 Descriptive statistics for postcranial metrics from Leilan period IIIc and IIId (in mm). 
1Does not include one juvenile specimen (SLC = 14.1). 

 N  Mean  St. Dev.  CV  
Area IIIc IIId IIIc IIId IIIc IIId IIIc IIId 
Scapula SLC 0 21 NA 19.2 NA 2.26 NA .11 
Humerus Bd 2 3 34.8 34.1 1.84 1.39 .05 .04 
Humerus BT 2 3 29.5 30.0 1.77 1.46 .06 .05 
Humerus HTC 2 4 17.0 16.1 1.20 1.21 .07 .08 
Radius Bd 0 1 NA 24.7 NA NA NA NA 
Ulna DPA 1 1 30.8 29.9 NA NA NA NA 
Tibia Bd 2 4 25.8 27.6 1.41 1.16 .05 .04 
Astrag. GLl 1 1 35.8 39.4 NA NA NA NA 
Total 10 19       
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Table 8.60 Descriptive statistics for postcranial metrics from Leilan period IIa-b (in mm). 
1Does not include two juvenile specimens (SLC = 8.4 and SLC = 11.2). 2Does not include one juvenile specimen 
(Bd = 16.2; Bp = 15.1). 

 N  Mean  St. Dev.  CV  
Area Upper 

Town 
Lower 
Town 

Upper 
Town 

Lower 
Town 

Upper 
Town 

Lower 
Town 

Upper 
Town 

Lower 
Town 

Scapula GLP 3 8 32.1 33.0 2.57 1.42 NA .08 
Scapula SLC 31 14 20.1 20.2 1.78 1.78 .19 .09 
Humerus Bd 2 12 34.2 35.1 3.67 2.58 .04 .11 
Humerus BT 2 12 28.4 30.0 2.26 2.22 .04 .08 
Humerus HTC 2 17 16.3 16.3 .99 1.32 .07 .06 
Radius BP 5 52 25.5 25.9 1.33 .82 NA .05 
Radius Bd 2 22 26.8 30.0 3.96 2.76 NA .09 
Ulna DPA 4 5 30.2 31.1 3.85 2.21 .02 .13 
Femur DCP 1 1 22.2 19.8 NA NA NA NA 
Tibia Bd 5 5 25.7 26.1 1.54 1.38 .05 .06 
Astrag. GLl 2 0 41.5 NA 1.41 NA .07 NA 
Total 30 82       

 

8.12.3 Age-at-Death and Survivorship 

  The age-at-death data from Leilan include mandibular and maxillary teeth: 19 from the 

IIIc and IIId periods, 13 from the IIa and IIb upper town contexts, and 22 from the IIa and IIb 

lower town contexts. The data from IIIc and IIId (Figures 8.31 and 8.32) show an emphasis on 6-

12 month old animals (age classes B and C), with very few surviving to older age classes 

(survival rate for age class E is ca. 10%). This is similar to the pattern at Banahilk, Hacinebi, and 

Jarmo. The data from periods IIa and IIb (Figures 8.33 and 8.34) show a focus on somewhat 

younger animals. In particular, the survival rate for age class B (ca. 3-5 months old) is less than 

60%. Otherwise the curve is similar to that of Leilan IIIc and IIId as well as Hacinebi, Banahilk, 

and Jarmo. Less than 10% of pigs survived age class E, and none survived age class F. It is 

interesting to note (contra Zeder 2003: 176) that there is no observable difference between upper 

and lower town survivorship curves when one takes the 95% confidence intervals into 

consideration. 
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Figure 8.31 Leilan IIIc survivorship curve based on 9 independent tooth specimens. 
 

 
Figure 8.32 Leilan IIId survivorship curve based on 11 independent specimens. 
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Figure 8.33 Leilan IIa-b upper town survivorship curve based on 13 independent tooth specimens. 
 

 
Figure 8.34 Leilan IIa-b lower town survivorship based on 22 independent tooth specimens. 
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8.12.4 Pathologies 

 To analyze the incidence of LEH, I treated each of the three major social and 

chronological phases separately (Tables 8.61-8.64). The ratios for IIIc-d, IIa-b upper town, and 

IIa-b lower town were .391, .417, and .458, respectively. The Ervynck-Dobney Index values are 

.904, .500, and 1.630, respectively, while the lines/cusp ratios are .265, .167, and .359. Taken 

together, the data indicate that the pigs in the early 3rd-millennium and the late 3rd-millennium 

lower town had LEH rates similar to the Halaf sites and Hacinebi. The rates were lower in the 

late 3rd-millennium upper town, similar to Jarmo and Atij. It is possible that husbandry practices 

were different for upper vs. lower town pigs in the late 3rd millennium. However, note that the 

mean values are all within one standard deviation of each other.  

 Several other pathologies were noted from the Leilan assemblage. Six teeth showed signs 

of abnormal wear (four from phase IIId, one from IIb upper town, and one from IIb lower town). 

Three mandibles from phases IIId and IIIc displayed evidence of tooth rotation/malocclusion 

(Figure 8.35). Finally, three teeth were chipped on the occlusal surface, although, as with the 

other specimens examined in this study, it was difficult to distinguish taphonomic from in vivo 

breakage. Finally, one distal tibia from phase IIId had pronounced exostotic growth around the 

distal metaphysis (Figure 8.36). There are several types of traumas and inflammatory diseases 

that can lead to exostotic growth (Bartosiewicz 2013),75 and one specimen is certainly not 

sufficient to lead to speculation. However it is important to emphasize that this specimen 

represents the only noted incidence of postcranial pathology in all of the collections analyzed. 

                                                
75 One of the most intriguing causes of the pathology is the use of the “hog iron” in post-
medieval central Europe (Bartosiewicz 2013: 79). This device was essentially a large pair of 
forceps attached to a pole, and pig rearers used it to catch pigs by grasping one of their hind legs. 
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Table 8.61 Summary statistics for LEH and the Ervynck-Dobney Index values for Leilan IIIc and IIId. 
Cusp # Lines 

Observed 
# Cusps 
Observed 

Ratio  Ratio – 
All Sites 

Ervynck-Dobney 
Index 

Area IIIc IIId IIIc IIId IIIc IIId  IIIc IIId 
M1 Anterior 2 0 4 7 .500 0 22/118 2.682 0 
M1 Posterior 1 3 4 6 .250 .500 28/86 .768 1.536 
M2 Anterior 0 3 5 3 0 1.000 29/90 0 3.103 
M2 Posterior 1 1 5 3 .200 .333 24/91 .758 1.263 
M3 Anterior 1 0 3 3 .333 0 24/77 1.068 0 
M3 Middle 0 0 3 3 0 0 27/79 0 0 
M3 Posterior 1 0 3 3 .333 0 NA NA NA 
Total 6 7 27 28 .222 ± 

.080 
.250 ±  
.082 

 .879 ± 
.986 

.984 ± 
1.247 

 
Table 8.62 Summary statistics for LEH categorized by tooth type from Leilan IIIc and IIId. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars Ratio 

Area IIIc IIId IIIc IIId IIIc IIId 
M1 2 3 4 6 .500 .500 
M2 1 2 5 3 .200 .667 
M3 1 0 3 3 .333 0 
Total 4 5 12 12 .333 ± .136 .417 ± .142 

 
Table 8.63 Summary statistics for LEH and the Ervynck-Dobney Index values for Leilan IIa-b. 
Cusp # Lines 

Observed 
# Cusps 
Observed 

Ratio  Ratio – 
All Sites 

Ervynck-Dobney 
Index 

Area Upper 
Town 

Lower 
Town 

Upper 
Town 

Lower 
Town 

Upper 
Town 

Lower 
Town 

 Upper 
Town 

Lower 
Town 

M1 Anterior 1 1 6 9 .167 .111 22/118 .894 .596 
M1 Posterior 1 4 6 9 .167 .444 28/86 .512 1.365 
M2 Anterior 1 3 5 5 .200 .600 29/90 .621 1.862 
M2 Posterior 0 3 4 4 0 .750 24/91 0 2.844 
M3 Anterior 0 2 3 3 0 .667 24/77 0 2.139 
M3 Middle 1 1 3 3 .333 .333 27/79 .975 .975 
M3 Posterior 1 0 3 3 .333 0 NA NA NA 
Total 5 14 30 39 .167± 

.068 
.359 ± 
.077 

 .500 ± 
.387 

1.630 ± 
.748 

 
Table 8.64 Summary statistics for LEH categorized by tooth type from Leilan IIa-b. 

Tooth Specimens with LEH on 
Lingual Cusps 

Total Lower Molars Ratio 

Area Upper Town Lower Town Upper Town Lower Town Upper Town Lower Town 
M1 1 4 6 12 .167 .333 
M2 1 5 3 8 .333 .625 
M3 3 2 3 4 .667 .500 
Total 5 11 12 24 .417 ± .142 .458 ± .102 
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Figure 8.35 Maxilla from Leilan IIIc showing marked malocclusion on the P3 and P4 teeth. 
Maxilla associated with specimens #74 and #75. 
 

Figure 8.36 Distal tibia (spec. #76) from Leilan IIId displaying exostotic growth. 
The pathology is so severe that the articular features are completely obscured. 
 
8.12.5 Dental Calculus 

 Turning first to the entire Leilan assemblage, 22 out of 184 (12.0%) teeth and 48.1% of 

M3s displayed evidence of dental calculus (Table 8.6). Broken down by period and location, the 

data show minor differences: three out of 28 teeth (10.7 ± 5.8%) for period IIIc, seven out of 48 

(14.6 ± 5.1%) for period IIId, nine out of 75 teeth (12.0 ± 3.8%) for IIa-b lower town, and three 

out of 33 teeth (9.1 ± 5.0%) for IIa-b upper town. In particular, rates are highest in period IIId 
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from contexts on the acropolis and lowest in the assemblage recovered from the acropolis in the 

succeeding phases (IIa-b). One could consider this difference significant in the sense that the two 

rates fall outside each other’s 68% confidence intervals. On the other hand, the other datasets 

studied do not corroborate this difference. 

 

8.12.6 Starch Grain/Phytolith Analysis 

 Few plant microfossils were preserved on the seven sampled Leilan specimens (Weber & 

Price In Press). Of these, only one specimen (#168 from the upper town, period IIb) yielded a 

single starch grain that was, however, too damaged to identify. Several grass and unidentified 

phytoliths were present on three other specimens (# 65, 109, and 137). The paucity of data leaves 

little room for inferring the pig diet at Tell Leilan. 

 

8.12.7 Dental Microwear Analysis 

 The microwear specimens from Tell Leilan were divided between early 3rd-millennium 

(period III) and late 3rd-millennium (Period II) specimens. Four specimens (two M2s and two 

M1s) made up the early sample, while five (four M2s and one M1) made up the late sample. Of 

the late sample, only one specimen was from the upper town (specimen # 167, an M2). All 

specimens were domestic based on metrical evaluation. There is one outlier specimen for the 

Asfc variable (#138, Asfc = 6.61) (Figure 8.5). 

 The data show very large spreads for both Asfc and epLsar variables for both periods, 

even if we exclude specimen #138. The early 3rd-millennium specimens are distinct from the 

contemporaneous specimens from Atij and Raqa’i, which lie about 100 km to the southwest. In 

particular, the Leilan pigs exhibit higher levels of complexity (3/4 with Asfc exceeding 3.0) and 



 244 

variable but, in general, lower levels of anisotropy. The patterns from the late 3rd millennium are 

similar: there does not seem to have been any change between the two periods. Moreover, the 

single upper town specimen from the later period fits with the rest of the data – there is therefore 

no clear evidence of different feeding practices between upper and lower town areas of the site. 

 The most impressive features of the microwear data from Leilan are the very high Asfc 

values and the high variability. The high levels of complexity suggest a diet based on hard food, 

probably involving the ingestion of a high proportion of grit. The specimens from both periods 

span nearly the entire range of both variables found in all of the other periods combined! It is not 

immediately clear what accounts for the variability; one cannot rule out taphonomic processes. 

Another possibility is that different feeding regimens were in place simultaneously, or that 

seasonal feeding patterns coupled with year-round slaughter created a palimpsest in the 

microwear data.  

 

8.13 Conclusion 

 The data in this chapter, organized in chronological order and according to site, are 

intended to be exhaustive rather than comparative. The discussions in the subsections provide the 

basis of the final assessments discussed at the end of the next chapter. It is, however, important 

to highlight two sites before moving on to Chapter 9: Hacinebi and Leilan. The Hacinebi data 

show slight differences over time as well as between the Uruk and local assemblages. In 

particular, the local settlement may have adopted more intensive husbandry practices than the 

Uruk enclave. However, the differences were minor and based on small samples. Leilan was 

more directly related to the questions posed in Chapter 2. There were, however, only slight 

differences between elite and non-elite contexts at Tell Leilan. Likewise, there was little 
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evidence for a change in pig husbandry during the development of urbanism. Moreover, the 

Leilan pigs from the late 3rd-millennium Lower Town were no more intensively managed, on 

average, than pigs from sites in previous periods.  

 In the introduction to his dissertation, Richard Meadow noted that 

[a]ttempting to capture a greased piglet is a particularly appropriate analogy for trying to 
illuminate aspects of the past using faunal remains from archaeological sites. Only in 
exceptional cases can straightforward answers to non-trivial questions be obtained 
(Meadow 1986: 1). 
 

This dissertation is not exceptional, in this respect. This chapter has shown that pig husbandry is 

a particularly greasy piglet; multiple lines of evidence get one closer to an accurate 

reconstruction, but the ability to identify ancient husbandry practices with certainty is elusive. In 

the next chapter, I explore chronological trends in pig husbandry in greater detail by performing 

several inter-site comparisons that lump contemporaneous sites together. At the end of the next 

chapter, I provide interpretive reconstructions of pig husbandry at each of the 10 test sites studied 

in this dissertation. While I may not succeed in capturing the piglet, I at least manage to corral it.  

 The attempt to contextualize changes in pig husbandry in terms of class conflict 

introduces additional complications. This chapter has drawn two conclusions: 1) the lack of 

difference between elite and non-elite areas of Leilan contradicts the expectations for 

smallholder intensification, and 2) the lack of evidence for intensification alongside the 

formation of complex society seems to suggest that sociopolitical factors had little influence on 

pig husbandry. I revisit these issues in the final chapter.  
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 : INTER-SITE COMPARISONS AND DISCUSSION CHAPTER 9

“I would like to know what life was like ten thousand years ago,” Pépé was saying. “I 
think of it often. Nature would have been the same. The same trees, the same earth, the 
same clouds […] Ten thousand years ago the trout in the stream would have been exactly 
the same as today.” 

“The pigs wouldn’t have been!” 
“That’s why I’d like to go back!” 

 –  John Berger, Pig Earth76    
 

 
9.1 Introduction 

 In the previous chapter, I presented data specific to each site. In this chapter, I frame the 

results synthetically by conducting inter-site analyses on the datasets. These analyses show 

changes in the size and shape of domestic pigs, their diets, levels of physiological stress, and 

survivorship. A synthesis of those datasets provides an answer the first question posed by this 

dissertation: when did pig husbandry become more intensive? As detailed below, the 6th 

millennium (Halaf or pre-Halaf) appears to have been a critical period for pig husbandry in 

northern Mesopotamia. In order to bolster sample sizes for this diachronic comparison, I lump 

several of the small datasets together with contemporaneous assemblages (Ziyadeh and 

Mashnaqa; Atij and Raqa’i; Leilan IIIc and IIId; and, occasionally, Leilan periods IIIc-IIb). In 

the second part of this chapter, I identify likely husbandry practices at each site and discuss the 

relationship between pig husbandry and the development of political power.  

 

9.2 Shape and Size Change 

 Size and shape data were originally gathered in order to determine the proportions of wild 

boar (Chapter 8). However, these data also show the long-term effects of the domestication 

process. Pig teeth, and to a lesser extent postcranial remains, show a gradual diminution in size 

                                                
76 (Berger 1979: 55). 
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over time. The evolution in morphology reflects pigs’ continued adaptation to husbandry 

practices, which themselves were in flux.  

 One could make the argument that is appropriate to frame the evolution of pig husbandry 

practices in the 7th-3rd millennia as part of the story of pig domestication. In Chapter 5, I defined 

domestication as the process of adaption to human niches (Bleed 2006; Smith 2007a; Zeder 

2015). Human niches, in this case, are those created by husbandry practices. Thus, the long-term 

morphological changes in pigs are interpreted as reflecting a gradual adaption to evolving 

husbandry practices. In this sense, domestication has no definite origins or endpoints, although it 

often involves periods of more rapid morphological change. As discussed by Ervynck and 

colleagues (2001), morphological changes were slow to develop in pigs in the Pre-Pottery 

Neolithic as a result of the limited selection pressures exerted by extensive husbandry practices. 

The regional shift to more intensive husbandry practices in the 6th millennium represented one 

particular period in which altered selection pressures fostered pronounced morphological change. 

Another ‘jump’ in pig morphology occurred in the 4th millennium, perhaps as a result of 

intensive husbandry selecting against wild boar introgression (cf. Marshall et al. 2014). 

Morphological change appears to have plateaued at this time. 

 

9.2.1 Geometric Morphometrics 

 GM provides information related to both shape and size change. Previous work, primarily 

conducted by Allowen Evin, has shown that GM can detect both gradual and sudden 

morphological changes in ancient Sus populations (Ottoni et al. 2012; Evin et al. 2013; Evin et 

al. 2014; Evin et al. 2015). This section investigates size (centroid size) and shape change in Sus 

upper and lower 2nd and 3rd molars from the sites analyzed in this dissertation as well as those 
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from modern Turkish wild boar.77 

 

9.2.1.1 Centroid Size 

 Centroid size is the square of the sums of the squares of the distances of each landmark to 

the centroid of the tooth (Chapter 6). It is used in GM because it is more independent of shape 

than traditional biometrics (Zelditch et al. 2004: 55-56). Figure 9.1 plots centroid sizes of M2, 

M3, M2, and M3 teeth, with the sites arranged in chronological order. Figure 9.2 shows the data 

grouped according to period. There are several points to note about these figures:  

 (1) Centroid sizes show a consistent downward trend that plateaus in the 4th millennium. 

The teeth from Hacinebi, Atij, Raqa’i, and Leilan are similar in size. In part, the decrease is due 

to husbandry practices, with pigs morphologically adapting to more intensive forms. The size 

diminution also reflects the gradual reduction of wild boar in the assemblages, due to either the 

decreased importance of hunting,78 local extirpations of wild boar, and/or the shift to husbandry 

practices that did not allow interbreeding with wild boar. The fact that molar size changed 

gradually over the course of several millennia suggests that gene flow persisted between wild 

and domestic Sus populations throughout the Neolithic and early Chalcolithic (Marshall et al. 

2014). The continual, if diminishing, re-injection of wild boar genes into domestic herds would 

explain why dental reduction occurred over such a long period.  

 (2) The centroid sizes show a roughly parabolic decrease in Figures 9.1 and 9.2. 

Traditional biometric data show the same trend (section 9.2.2). Together, the data indicate that 

pigs underwent dental reduction at a decreasing rate from the Neolithic until the Late 

                                                
77 Allowen Evin photographed these specimens from the Museum für Naturkunde in Berlin and 
kindly gave the photographs to me for use in this dissertation.  
78 Kathryn Grossman (2013) has shown that the relative abundances of wild animals decreased 
sharply at the end of the Halaf period. 
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Chalcolithic/Early Bronze Age, at which point they reached a sort of “morphological 

equilibrium.” 

 (3) As expected, the centroid sizes of the Hallan Çemi specimens match those of modern 

Turkish wild boar. This similarity suggests that there has been little change with respect to molar 

size in wild boar since the Epipaleolithic. Studies of traditional biometrics, especially the data 

published in a dissertation by Berrin Kusatman (1991), also show no significant change in dental 

size in northern Mesopotamian wild boar (Price & Arbuckle 2015).79   

 (4) The patterns differ somewhat between tooth types, particularly in Figure 9.1. In part, 

this variability is due to actual differences in the rates of morphological changes. However, one 

cannot eliminate the possibility that much of the variability is due to small sample sizes.  

  

 

 

                                                
79 This situation contrasts with a pattern of steady diminution that Simon Davis (1981) noted in 
wild boar from Israel. 
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Figure 9.1 Boxplots of natural log (ln) of centroid sizes for upper and lower M2s and M3s.  
Sites arranged chronologically. 
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Figure 9.2 Boxplots of natural log (ln) of centroid sizes for molar teeth. 
Epipaleolithic (Hallan Çemi), Neolithic (Jarmo, Domuztepe, Banahilk, Umm Qseir), Chalcolithic (Ziyadeh, 
Hacinebi), Early Bronze Age (Atij, Raqa’i, Leilan), and modern Turkish wild boar. 
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9.2.1.2 Shape 

 GM provides quantitative methods for analyzing shape differences (Bookstein 1996; 

Adams et al. 2004). Shape changes independently of size and thus offers a complementary 

dataset for investigating morphological change over time (Evin et al. 2013).  

 

9.2.1.2.1 Proportions of Wild Boar in Assemblages Over Time 

 The proportion of specimens with wild boar shapes at 7th-millennium Jarmo was 30.8% 

(4 out of 13). This number matched the proportion of wild boar obtained through a mixture 

analysis of dental breadth measurements. Although some of the wild shapes and sizes 

undoubtedly reflect hunted animals, it is likely that free-range husbandry also allowed wild boars 

to mix with domestic pigs. Such extensive practices, which Redding and Rosenberg (1998) 

predicted and Ervynck et al. (2001) observed at Çayönü, seem to have been the norm at Jarmo. 

 Proportions of wild boar were variable during the 6th millennium (Halaf period). At 

Domuztepe, 27.8% (5 out of 18) were wild boar. The inhabitants of Domuztepe hunted wild boar 

and may have incorporated them into domestic sounders. The data, however, suggest more 

intensive husbandry at Domuztepe than at Jarmo, and there may have existed a mix of herding 

and penning. At Banahilk, the GM shape data indicate that only a small proportion, 10% (1 out 

of 10), displayed wild morphologies. This low number, combined with the other datasets studied 

in this dissertation, suggests that intensive husbandry practices at Banahilk prevented wild boar 

from mating with domestic pigs. At Umm Qseir, however, the proportion of wild boar was 50% 

(5 out of 10). Interestingly, all of these wild specimens from Umm Qseir were in the domestic 

size range (Figure 9.6). One possible explanation for shape identification contradicting size 

identification is the presence of hybrids (Evin et al. 2015), although this hypothesis needs further 
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testing. The presence of hybrids at Umm Qseir is consistent with the interpretation of the site 

being settled by “pioneering farmsteaders” (Zeder 1994a: 110), who set up residence in 

previously unoccupied territory (Hole & Johnson 1986).  

 The final site analyzed for the proportion of wild boar was Ziyadeh, which was occupied 

during the Ubaid (ca. 5000-4200 BC).80 Like Umm Qseir, 50% (3 out of 6) of the Ziyadeh 

specimens had wild shapes. Also like Umm Qseir, these wild specimens were all within the 

domestic size range. It is possible that hybridization was important at Ziyadeh, too, although it is 

difficult to make this claim without a larger sample size.  

 One cannot assess the proportion of wild boar in the Late Chalcolithic and Early Bronze 

Age assemblages (Hacinebi, Atij, Raqa’i, and Leilan) because these specimens defined the 

domestic population in the predictive Linear Discriminant Analysis (Chapter 6). The assumption 

that all specimens from these sites were domestic is problematic, especially considering the fact 

that wild shape can be associated with domestic size, as the examples from Umm Qseir and 

Ziyadeh show. Nevertheless, because the vast majority of teeth from these sites were much 

smaller than those of Neolithic and Ubaid sites (e.g., Figure 9.1), it is a reasonable assumption.  

 

9.2.1.2.2 Shape Change Over Time 

 How do molar shapes change over time? To answer this question, I constructed neighbor-

joining trees connecting the M2s, M2s, and M3s from the sites in this study (Figures 9.3-9.5).81 

The neighbor-joining trees were expected to show a divergence between the modern wild 

boar/Hallan Çemi specimens and the Atij, Raqa’i, Leilan, and Hacinebi specimens. The Neolithic 

                                                
80 There were no specimens available from the Ubaid Mashnaqa assemblage. 
81 I did not include the M3s because a preliminary MANOVA test did not yield a significant 
difference between shapes when classified according to site. 
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assemblages were expected to fall between these two extremes.82 

 The M3 tree (Figure 9.5) matches these expectations. Hallan Çemi and the modern 

Turkish wild boar specimens form a major branch, with the Jarmo specimens budding off near 

the point where the later sites diverge. Atij, Raqa’i, Leilan, and Hacinebi form a distinct group, 

while Domuztepe, Ziyadeh, and Banahilk form another. The M2 and M2 trees in Figures 9.3 and 

9.4 paint a somewhat different picture. Turning first to Figure 9.3, while the Hallan Çemi and 

modern Turkish wild boar are close to one another, they are also close to the Hacinebi and 

Atij/Raqa’i assemblages. Leilan falls near the middle of the tree, while Ziyadeh, Jarmo, Umm 

Qseir, Domuztepe and Banahilk are furthest from the wild boar. In Figure 9.4, Hallan Çemi 

forms a distinct branch and is most closely associated with Umm Qseir, while the modern 

Turkish wild boar are – unexpectedly – in close proximity to the combined dataset of Atij and 

Raqa’i. Meanwhile, Leilan, Banahilk, and Domuztepe form a branch, while Jarmo and Hacinebi 

form a smaller branch nearby.83  

  Taken together, the shape data provide some interesting clues about husbandry. Pig 

molars underwent several shape changes that, to some extent, differed according to tooth type. 

Only the M3 showed the consistent evolution that followed the diachronic distribution of the 

sites. The second molars were much less unidirectional.  

 

 

                                                
82 Assemblages with less than two specimens could not be incorporated into the neighbor-joining 
analysis. The neighbor-joining trees are susceptible to the small sample sizes as well as the so-
called “long-branch attraction” problem whereby the most distant populations are joined together 
without being related. 
83 Differences between M2 and M2 mean shapes are not as great as between M3 mean shapes. 
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Figure 9.3 Neighbor joining tree for lower M2 tooth shapes with mean M2 shapes. 
Neighbor joining based on the linear discriminant analysis of first 8 principle components. (Note: Gray dashed lines 
are for illustrative purposes only and do not reflect phylogenetic relationships.) 
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Figure 9.4 Neighbor joining tree for upper M2 tooth shapes with mean upper M2 shapes. 
Neighbor joining based on the linear discriminant analysis of first 8 principle components. 
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Figure 9.5 Neighbor joining tree for lower M3 tooth shapes with mean M3 shapes. 
Neighbor joining based on the linear discriminant analysis of first 8 principle components. 
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9.2.2 Biometrics  

 Traditional biometrics were taken with hand calipers on postcranial bones and teeth. In 

Chapter 8, I presented the data for each assemblage. Here, I discuss broader-scale trends using 

LSI values, which allow one to compare multiple measurements. I analyzed LSI values for dental 

measurements (molar WAs and WPs) and postcranial ones (astragalus GLl and tibia Bd).84  

 The LSI values for dental and postcranial elements are shown in Figures 9.6 and 9.7. In 

order to provide a more complete picture of pig metrics, I included measurements from other 

sites in the region that were not included in this study. Only a few additional sites had available 

metrical data. There were, however, no dental breadths from these sites.85 The additional data 

include astragalus GLl and tibia Bd measurements from: Umm Qseir (a single tibia Bd provided 

by M. Zeder, personal communication), 3rd- and 2nd-millennium BC Tell Mozan (Doll 2010), 3rd-

millennium Tell Arbid (Piatkowska-Malecka & Smogorzewska 2010), and 2nd-millennium to 

medieval Kaman Kalehoyuk (Hongo 1998). 

 Figures 9.6 and 9.7 show a progressive downward trend in pig size, echoing Figures 9.1 

and 9.2. Figure 9.6 reflects this trend most clearly. There was a continual and significant size 

change from the earliest domestic pigs in this sample (Jarmo) to the latest (Leilan IIa-b) (One-

way ANOVA F(10, 684) = 161.7 , P < .001).86 The process of diminution came to an end in the 

4th millennium (Hacinebi), with pigs having obtained dental LSI values around -.11.  

                                                
84 As discussed in Chapter 8, I excluded some measurements from the following sites: 

Hallan Çemi: M3 WAs and WPs;  
Domuztepe: M2 and M3 WAs and WPs and a single outlier astragalus GLl;  
Raqa’i: astragalus GLls; 
Leilan: dP 4 WAs and WPs as well as two outliers (a dP4 and M1). 

85 Berrin Kusatman’s (1991) dissertation, however, contains a large number of dental and 
postcranial measurements (including molar WAs and WPs) from Pre-Pottery Neolithic sites. 
86 Tukey’s HSD test showed significant differences (i.e., when P < .05) between all assemblages 
except: Umm Qseir-Banahilk; Mashnaqa/Ziyadeh-Banahilk; Mashnaqa/Ziyadeh-Umm Qseir; 
and Atij/Raqai-Hacinebi-Leilan (all phases).  



 259 

 The postcranial LSI values were more variable, especially when published measurements 

from later sites were added (Figure 9.7). The boxplot nevertheless shows a diminution from the 

Neolithic (7th-6th millennia) onwards (using only the sites in this study, the one-way ANOVA 

F(8, 139) = 42.92 , P < .001).87 In the 3rd millennium and later, pigs were quite variable in size: 

median LSI values tend to be between -.10 and -.15, but reached as high as -.07 at 2nd-

millennium Mozan. Although beyond the scope of this research, this suggests that pig 

morphology continued to evolve over the millennia after the Early Bronze Age. The long-term 

evolution of pig husbandry and morphology may not have ended in the Bronze Age. 

 
Figure 9.6 Dental log-size index (LSI) values for sites arranged in chronological order. 
 

                                                
87 Many of the differences between sites were not significant, probably due to sample sizes. The 
differences in postcranial measurements that were not significant (P < .05) were between: Umm 
Qseir-[All sites]; Jarmo-Domuztepe-Banahilk; Leilan-Atij/Raqai; Domuztepe-Leilan (Early); 
Banahilk-Leilan (Early).    



 260 

 
Figure 9.7 Astragalus GLl and Tibia Bd log-size index (LSI) values for sites arranged in chronological order. 
Data: Arbid (Piatkowska-Malecka and Smogorzewska, 2010), Kaman Kalehoyuk (Hongo, 1998), Mozan (Doll, 
2010). 
 

9.3 Changes in Diet 

 Determining the types of foods to which pigs had regular access is a crucial component 

of determining ancient husbandry practices. Reconstructing domestic animal diets remains one of 

the most difficult tasks in zooarchaeology. Three analyses tracked pigs’ diets at sites in northern 

Mesopotamia: the rate of dental calculus deposits on teeth, the complexity and anisotropy in 

dental microwear patterns, and the identification of plant microfossils trapped in dental calculus. 

Taken together, the results suggest a dietary shift in the Late Neolithic (Halaf). 
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9.3.1 Rates of Dental Calculus  

 The rate of dental calculus reflects the amount of starch in the diet. Figure 9.8 shows 

these rates plus their standard deviations. Low rates (ca. .05) define the Hallan Çemi and Jarmo 

assemblages, while higher rates (typically between .10 and .15) define those of later sites.88 Note 

that calculus rates do not change markedly, on average, between the 6th and 3rd millennia. The 

increase in calculus rates in the Halaf suggests pigs’ greater reliance on cereals. There were 

somewhat lower rates at Mashnaqa, Raqa’i, and the Leilan upper town, which could be an 

indication of a decreased reliance on cereal fodder. However, the standard deviations are large.  

 
Figure 9.8 Prevalence of dental calculus at sites arranged chronologically. 
N values indicate number of teeth analyzed. Lines show the extent of 68% confidence intervals around each value. 

                                                
88 One could argue that, since only 2/3 of the Jarmo pigs were morphologically domestic, the 
calculus rates at Jarmo should be expected to be higher. However, even if one multiplies Jarmo’s 
rate by 1.5, the result (.09) is still lower than most of the later sites. 
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9.3.2 Microwear 

 The microwear data presented in the last chapter (Figure 8.5) are difficult to interpret. 

There is some clustering by site, but no clear chronological trend from a hard to soft diet, as one 

would expect with intensification. In fact, one of the most intriguing results was that complexity 

tended to increase over time, suggesting harder diets. This is unexpected given the results of the 

dental calculus and plant microfossil analyses (see below) that show that pigs were increasingly 

reliant on cereal food over time.  

 Why would complexity increase as pig diets were becoming increasingly dependent on 

starch? A possible answer is suggested in the work of Organ and colleagues (2006). They fed 

two populations of pigs a hard (pelleted animal chow) and soft diet (porridge made from the 

same chow mixed with water). Contrary to their expectations, they found that the soft-diet pigs 

had more microwear features and more pronounced microwear features than the hard-diet pigs. 

They explained their counter-intuitive results as stemming from the improper occlusion caused 

by a lack of chewing in the softer diet population (Organ et al. 2006: 503-504).89 Thus, 

paradoxically, the increase in complexity over time might be indicative of softer diets. However, 

further actualistic studies are needed to test that theory. 

 

9.3.3 Plant Microfossils 

 Due to the poor preservation of starch grains and phytoliths, it is difficult to draw any 

concrete conclusions from the plant microfossil data regarding dietary change over time (see also 

                                                
89 Organ et al.’s (2006) study did not use the 3D texture analysis methods employed by recent 
microwear specialists, and thus they do not have complexity or anisotropy variables. However, 
their results suggest high levels of complexity and low levels in the soft-diet pigs. 
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Leonard et al. 2015). However, the data suggest that pigs, beginning with Domuztepe,90 ate a 

mixed diet of cereals (Weber & Price In Press). Grains included oats, barley, and wheat-family 

plants. Phytoliths, meanwhile, suggest the consumption of grasses (perhaps chaff). Many of these 

cereals show signs of cooking and processing, reflecting the consumption of 

household/agricultural waste as a key component of pig husbandry beginning in the Halaf.  

  

9.4 Pathologies – Linear Enamel Hypoplasia 

 With the exception of Linear Enamel Hypoplasia (LEH), I detected very few pathologies 

(see Chapter 8 for full details). Postcranial remains were virtually devoid of pathological lesions 

– something that was not altogether unexpected given domestic pigs’ short lifespan (most were 

killed before their 2nd birthdays) (cf. Bartosiewicz 2013: 44). On teeth, chipping and abnormal 

wear were common in low proportions at almost all of the sites. However, there was no clear 

chronological trend, despite Albarella et al.’s (2006: 220) suggestion that in vivo tooth chipping 

might reflect dietary/husbandry shifts. 

 Rates of LEH, on the other hand, showed clear diachronic trends. Figure 9.9 includes 

both the ratios of lines/cusps and the Ervynck-Dobney Index values for all. Both datasets 

produced the same trend: low levels of LEH at Hallan Çemi and Jarmo,91 and a sharp increase 

beginning in the Halaf (at Domuztepe, Banahilk, and Umm Qseir). There was a high degree of 

variation across sites from the Halaf onward, but the general rate did not change: levels of stress 

were relatively stable from the Halaf onwards. The pattern is virtually identical to that of the 

calculus rates. The data suggest that more intensive forms of husbandry began in the Halaf.  

                                                
90 Banahilk and Jarmo were not sampled. 
91 As with the calculus rate, the fact that 1/3 of the Jarmo assemblage was morphologically wild 
does not explain the low LEH rate. Multiplying the LEH ratios and Index values by 1.5 still 
yields smaller values than those of other sites. 
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 The major exception to the general trend of increasing LEH was found at Mashnaqa. The 

sample size was very small, but the lower limit of the 68% confidence interval was nevertheless 

higher than all of the other upper 68% confidence interval limits in the lines/cusps graph and 

shows only slight overlap in the Dobney-Ervynck Index graph. Moreover, the calculus levels 

from Mashnaqa were unexpectedly low (although with a wide 68% confidence interval). Taken 

together, the data suggest a peculiar husbandry strategy in which pigs had access to grain but 

were under relatively low levels of stress.  

 A similar pattern of low LEH and high dental calculus was observed in the Atij 

assemblage. In fact, the LEH levels from Atij and late 3rd-millennium Leilan upper town were 

lower than those at other sites, suggesting lower levels of stress. This may have something to do 

with class-based differences, particularly at late 3rd-millennium Leilan. The fact that the upper 

town pigs were under less stress than the contemporaneous lower town ones suggests different 

husbandry strategies for pigs destined to be consumed by palace elites and those of the common 

people. 
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Figure 9.9 Prevalence of LEH at sites arranged chronologically. 
Lines show the extent of 68% confidence intervals around each value. Note that the Ernvyck-Dobney Index and 
LEH rate have identical patterns. 
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9.5 Changes in Survivorship 

 By themselves, survivorship patterns are insufficient for reconstructing ancient husbandry 

practices. This is especially so for pigs, whose culling patterns tend to be variable from year to 

year as a result of population booms and busts.92 Taste and cultural practices are also 

determinative of slaughter patterns of pigs. For example, the consumption of sucklings was a 

fixture of Christmastime ritual for Sardinian swine herders (Albarella et al. 2011). Relying solely 

on survivorship, a zooarchaeologist might falsely conclude that the Sardinian swine herders 

practiced intensive husbandry. Moreover, survivorship data for small assemblages have wide 

confidence intervals (see Figure 9.10). Many of the perceived differences between curves may 

actually be a result of the vagaries of sampling.  

 Despite these cautionary tales, survivorship data can be used in support of other datasets. 

In that vein, I laid out general expectations for culling patterns for different pig husbandry 

practices in Figure 5.1. Figure 9.10 shows the survivorship data for sites arranged in 

chronological order. There is no consistent pattern. In fact, the differences within chronological 

periods tend to be greater than those between chronological periods. For example, the proportion 

of pigs that survived age class C (ca. 6-12 months) is approximately 30% at Jarmo, 30-60% at 

the Halaf sites, 40% at Hacinebi, 40-70% in the early 3rd millennium, and 40% at Leilan.  

 The CMH tests also indicate a lack of significant change in slaughter practices.93 The 

survivorship at Jarmo was significantly different from Hallan Çemi (Mantel-Haenszel chi-

                                                
92 Because pig populations grow rapidly, the number of pigs available for slaughter tends to 
overshoot demand. This often results in massive culls, after which demand outstrips supply. 
Anthropologists have discussed this periodicity in the pig feasting cycles of New Guinea cultures 
(Rappaport 1967; Hide 2003: 97-100; Sillitoe 2007: 341-348). In Western capitalist culture, 
investors developed the pork futures trade specifically to deal with market risks posed by the 
extreme variations in pork supply and demand (Davidson 1948: 14-18). 
93 Because the CMH test cannot be performed when the sample size of each 2x2 table is less than 
1, I combined age classes F and G. 
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squared = 5.918, df = 1, P  = .015), but there was no significant difference between, for example, 

Jarmo and Hacinebi (Mantel-Haenszel chi-squared = 0.011, df = 1, P = 0.915) or Jarmo and 

Domuztepe (Mantel-chi-squared = 1.559, df = 1, P  = .212).94 Although one would need more 

assemblages to make a definitive statement about changes in survivorship over time, the data 

here contradict Lemoine et al.’s (2014) earlier observation that there was a general shift to 

younger animals from the Neolithic to the Early Bronze Age.95 In addition, there was no 

significant difference between the Tell Leilan late 3rd-millennium (i.e., IIa-b) upper and lower 

town contexts (Mantel-Haenszel chi-squared = .048, df = 1, P = .827), the lower town and the 

early 3rd millennium (IIIc-d; Mantel-Haenszel chi-squared = .057, df = 1, P = .811), or the upper 

town and the early 3rd millennium (Mantel-Haenszel chi-squared = .055, df = 1, P = .815).96 

 The survivorship at Hallan Çemi is focused on older animals, as expected for a 

population of hunted wild boar. Later sites tend to focus on younger animals, typical for 

domestic populations. At Jarmo, the focus on very young pigs is intriguing given the fact that 

husbandry was extensive. Despite their method of husbandry, the Jarmo inhabitants had 

developed a taste for young pig flesh. Moreover, 1/3 of the Jarmo Sus specimens were 

morphologically wild. The fact that the survivorship pattern for Jarmo is as low as one would 

expect for a domestic population, with almost 70% culled before their first birthday, seems to 

indicate that morphologically wild pigs were being slaughtered on the same schedule. That fact 

supports the interpretation that wild boar were incorporated into domestic sounders.  

                                                
94 It is not practical to compare all the assemblages together in a CMH with a Bonferroni 
correction. The number of combinations for 10 assemblages is 102 = 45. The corrected alpha-
level of significance, if it were originally .10, would be .0022!  
95 Lemoine et al.’s claim was based on a comparison of Hallan Çemi, Banahilk, and Leilan. 
96 Since I am making three comparisons here, the corrected alpha level is .033. Nevertheless, the 
test statistics are nowhere close to significance. 
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 As mentioned above, the within-period variation is greater than the between-period 

variation. The remaining Neolithic and post-Neolithic sites consistently showed slaughter 

patterns that included ca. 60% of pigs less than one year old (age classes A-C) and ca. 20-30% of 

1-2 year olds (age classes D-E). The exceptions were Domuztepe and the combined dataset from 

Atij and Raqa’i. The survivorship pattern at Domuztepe focused on 1-2 year-olds rather than 0-1 

year-olds, which is consistent with the somewhat more extensive husbandry regimes there. 

Alternatively, it could reflect the impact of (older) hunted wild boar on the survivorship curve. 

The Atij-Raqa’i data are primarily influenced by the old-skewed profile from Atij. The Raqa’i 

data, in fact, conform to the typical domestic pattern, despite the prediction that they reflect elite 

pig husbandry. Although sample sizes are small, it is intriguing that the data from Atij are older 

as there was also less LEH at this site. Taken together, the data suggest more extensive 

husbandry practices at Atij.  
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Figure 9.10 Survivorship curves for all sites, arranged chronologically. 
Dashed black lines represent 68% confidence intervals. 
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9.6 Discussion: Pig Husbandry Change and the Societies of Northern Mesopotamia 

 After examining the data from each assemblage (Chapter 8) and over time (this chapter), 

I am now in a position to identify husbandry practices at each site. The results are necessarily 

hypothetical; determining husbandry practices is an inexact science. Nevertheless, multiple lines 

of evidence support my reconstructions. 

 

9.6.1 Early Pottery Neolithic (7th Millennium BC) – Jarmo 

 The available data from early Pottery Neolithic Jarmo indicate that pigs were kept in an 

extensive manner, most likely free-range husbandry. Several lines of evidence support this 

conclusion. Calculus and LEH rates from Jarmo matched those of the Hallan Çemi hunted wild 

boar, indicating that pigs at Jarmo ate the same types of foods as their pre-domestic forebears 

and that they experienced little stress. Metrical and shape data on molars all reflected the fact 

that about 1/3 of the Sus specimens from the Jarmo assemblage were morphologically wild.  

 The Jarmo survivorship curve was the only line of evidence that was not consistent with 

expectations for free-range pig husbandry. Free-ranging typically involves slow rates of growth, 

and thus pigs tend to be slaughtered at an older age (Chapters 4 and 5). However, one should be 

cautious about over-interpreting survivorship patterns for pigs. The fact that the Jarmo 

inhabitants focused on young animals may reflect a variety of factors, such as taste and capture 

methods. The Jarmo survivorship data are therefore perhaps best interpreted as indications of the 

limitations of relying solely on survivorship to understand pig husbandry.  

 A likely explanation is that the Jarmo inhabitants exploited mixed sounders of domestic 

pigs, wild boar, and their hybrid offspring, all of which experienced low rates of physiological 

stress and consumed diets similar to that of wild boar. These lines of evidence matched the 
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expectations for free-range husbandry laid out in Chapter 5. Moreover, the data were consistent 

with the results obtained from PN (Large Room phase) Çayönü by Ervynck and colleagues 

(2001). At Çayönü, pigs experienced low rates of morphological change from the early PPN 

through the PN. The PN pigs were, on average, smaller, but, like Jarmo, there was a continued 

introgression of wild phenotypes. While LEH rates increased between the PPN and PN phases at 

Çayönü, it is worth noting that the PN LEH rates were similar to those observed at Jarmo 

(Dobney et al. 2007: 69). Finally, there was little change in survivorship over time. Combining 

the data from Çayönü and Jarmo, northern Mesopotamian pig husbandry remained extensive in 

the Pottery Neolithic.  

 

9.6.2 Halaf Period (6000-5200 BC) – Banahilk, Domuztepe, and Umm Qseir 

 There was a marked shift in husbandry in the Halaf period, ending the region-wide 

tradition of extensive husbandry that had defined the preceding two millennia. Mean rates of 

calculus increased roughly two-fold and the relative frequency of LEH on teeth also increased. 

Plant microfossil data from Domuztepe clearly showed that pigs consumed cooked and 

processed cereals. Meanwhile, microwear data from Banahilk, Domuztepe, and Umm Qseir 

deviated from those at Hallan Çemi, further supporting the interpretation of a dietary shift. Pigs 

consumed more starch and were under greater amounts of physiological stress. Survivorship data 

for Umm Qseir and Banahilk showed an emphasis on slaughtering animals less than one year 

old, while those for Domuztepe reflect a preference for 1-2 year-olds. 

 The size and, especially, shape data offered a somewhat different perspective. The 

Domuztepe dental measurements were, on average, significantly larger than those of both Umm 

Qseir and Banahilk (Tukey HSD adjusted p-values were both less than .0001). Both size and 
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shape data from Domuztepe indicated that around 20-25% of the specimens belonged to 

morphologically wild boar. It is likely that many of the morphologically wild animals were 

hunted prey. However, hunting was not a major activity for the inhabitants of Domuztepe: wild 

animals account for only 2.2% of the faunal assemblage (Kansa et al. 2009b: 907). It is more 

likely that the influx of wild boar morphologies was related to husbandry practices, perhaps 

some form of swine herding. Meanwhile, shape data from Banahilk indicated that only around 

10% were wild boar. However, the Umm Qseir shape data indicated that 50% of the specimens 

were wild, although they were clearly within the domestic size range.  

 Taken together, the data suggest an intensification of pig husbandry during or just prior to 

the Halaf, although under conditions in which wild boar could still be incorporated into managed 

sounders. Swine herding, probably with occasional penning and foddering, is the most likely 

scenario. Permanent sty-raising may have also been practiced to some degree, especially at 

Banahilk where LEH rates were high, culling patterns young, and where there was little evidence 

for wild boar intermixture.  

 

9.6.3 Ubaid-LC 1 Periods (5200-4100 BC) – Ziyadeh, Mashnaqa 

 The general lack of data from the Ubaid and LC 1 periods, spanning most of the 5th 

millennium, is a weakness of this study. The only samples that provided data were Ziyadeh and 

Mashnaqa, both of which were small.97 The metrical datasets proved to be the most robust. With 

respect to dental metrics, the data from Mashnaqa and Ziyadeh were similar to those from the 

                                                
97 Two other Ubaid sites were slated for inclusion in this study: Kenan Tepe and Tell Surezha. 
Unfortunately, I was unable to get access the bones from Kenan. The Surezha dataset, 
meanwhile, was insufficient due to the fact that the 2014 excavation season was cut short by 
political violence in the Iraqi Kurdistan region. 
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Halaf sites, possibly reflecting stable husbandry conditions between these two periods. 

Moreover, the shape data from Ziyadeh showed the same pattern as at Umm Qseir: half of the 

specimens were morphologically wild in terms of shape but domestic in terms of size. Wild boar 

genes may have continued to make their way into domestic stocks in the 5th millennium.  

 The other datasets from the Ubaid sites were less conclusive. The survivorship data were 

too small to interpret. Even when I combined the Mashnaqa and Ziyadeh datasets, there were 

only seven specimens. However, the data seemed to show roughly equal proportions of 0-1 and 

1-2 year-old pigs. Similarly, small sample sizes plagued the calculus and LEH rates, a fact 

reflected in the large standard deviations. It is possible that pigs at Mashnaqa experienced higher 

LEH rates and lower rates of dental calculus, a pattern that was repeated at 3rd-millennium Atij. 

The fact that there may have been variation in husbandry practices at contemporaneous sites is 

not surprising, but it is an interesting avenue for future research. 

 In sum, the samples were too small from the Ubaid and LC 1 periods to make any 

diagnosis of the husbandry practices. However, the data seem to indicate that pig husbandry was 

similar to that practiced at the Halaf sites, and thus we can posit that swine herding and/or semi-

permanent penning was the norm in the 5th millennium. 

 

9.6.4 LC 2-LC 5 Periods (4100-3100 BC) – Hacinebi 

 Although it is always problematic to rely on a single site, the Hacinebi dataset was at 

least large. The metrical data were the most robust. Hacinebi molars were significantly smaller 

than those of earlier sites, as seen in Figure 9.6 (Tukey HSD adjusted p-values were all less than 

.0001). They were similar, however, to those of the 3rd-millennium sites. In terms of shape, the 
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Hacinebi specimens, especially M3s, more closely matched those of the 3rd millennium than 

those of the 7th-5th millennia (Figure 9.5). There were almost no wild boar in the assemblage.  

 Despite the downward shift in biometrics, there was no evidence for a dramatic change in 

husbandry practices in terms of diet, levels of stress, or age-at-death. There was no change in 

LEH and calculus rates. Meanwhile, although suffering from poor preservation, the plant 

microfossil data indicated a continued reliance on (processed) cereals. The only line of evidence 

that suggested a change in husbandry practices was the microwear dataset (Figure 8.5). Hacinebi 

formed a distinct group with relatively low anisotropy values and high complexity values. 

However, the significance of the microwear data was difficult to determine given the lack of any 

clear chronological pattern. Finally, the survivorship data were similar to those of previous sites, 

with about equal focus on 0-1 and 1-2 year-olds.  

 In sum, the Hacinebi data suggest slightly more intensive husbandry than at earlier sites, 

with more intensive penning and foddering. The most significant manifestation of the 

intensification was the reduction in dental size and the isolation of domestic pigs from wild boar. 

Diet might have been different for the Hacinebi pigs, as indicated by the microwear data. 

However, levels of stress did not change. It is possible that, because domestic animals adapt to 

tolerate stress (Kruska 1988; Hemmer 1990), equivalent levels of stress reflect the increased 

tolerance to more intensive husbandry conditions rather than stabilized husbandry practices. That 

remains a speculative conclusion, however. Finally, it bears mentioning that there may have been 

more intensive husbandry practices in the local LC B2 village than in the contemporaneous Uruk 

colony. If so, this could be an indication of ethnically-determined differences in pig husbandry. 

Admittedly, the evidence is subtle and the conclusions remain hypothetical. Future research must 

test them using both similar datasets to the ones used here as well as novel methods. 
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9.6.5 Early 3rd Millennium (2900-2500 BC) – Atij, Raqa’i, Leilan IIIa-c 

 In general, pig husbandry practices at the three Ninevite V sites were a continuation from 

the Chalcolithic period. There was no decrease in pig dental metrics, indicating that pigs had 

achieved “equilibrium” in terms of morphological adaptation to husbandry practices. The near-

complete isolation from wild boar populations was likely a key part of this stability; only four 

specimens derived from wild boar (one from Atij, one from Raqa’i, and two from Leilan). It is 

likely that wild boar populations were extirpated from the immediate environs of many 

settlements during the 4th and 3rd millennia since they pose a threat to cereal production (e.g., 

Choquenot & Ruscoe 2003). Eliminating wild boars would have reduced crop loss. Thus, more 

intensive husbandry practices combined with extirpations likely reduced the influx of wild boar 

genomes into domestic pig populations.  

 The postcranial metrics displayed more variability (Figure 9.7), which could be an 

indication of different contemporaneous husbandry practices; intensively managed pigs tend to 

grow faster and reach larger sizes (see Chapter 5). Nevertheless, despite the greater variability, 

postcranial metrics showed the same general pattern as the dental metrics. 

 The LEH and calculus data were even more variable. The rates of dental calculus were 

relatively low for early 3rd-millennium pigs at Raqa’i and Leilan, but high at Atij. LEH had the 

opposite pattern, suggesting not only different husbandry practices at Atij compared to Leilan 

and Raqa’i, but also an inverse relationship between the amount of starch in the diet and stress. It 

is possible that extensive husbandry was combined with cereal foddering at Atij, a practice 

recorded in southern Mesopotamia (Owen 2006). 

 With the exception of the higher rates of dental calculus at Atij, diet changed little 
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between the Chalcolithic and Bronze Age. Plant microfossil data showed the presence of 

processed oat (Avena sp.) starch grains from Raqa’i. Processed oats were also found in the 

Neolithic Domuztepe data, and it must be concluded that feeding pigs processed and cooked 

starch (probably household waste) was common since the Neolithic. Microwear data, on the 

other hand, indicated a different diet in the 3rd millennium than that found at Hacinebi, with 

equal amounts of complexity but higher levels of anisotropy (Figure 8.4). At Leilan, highly 

variable microwear patterns were found, especially with respect to anisotropy. The Leilan pigs 

may have been managed under a variety of feeding regimens.  

 Finally, the survivorship data showed differences between Leilan and the combined 

datasets from Atij and Raqa’i, the latter of which focused on older animals. As mentioned above, 

the difference is mainly between Atij and the other two sites, further supporting the notion that 

different – and more extensive – pig husbandry practices took place at Atij (see Figure 8.25). 

Taken together, the data suggested intensive husbandry, probably sty-raising, at Leilan and 

Raqa’i, and a mix of herding and sty-raising at Atij. 

 

9.6.6 EJ 3-4 Periods (2500-2100 BC) – Leilan IIId-IIb 

 Only one site represented the late 3rd millennium – Tell Leilan, which emerged as a full-

fledged city in the IIId phase (Stein & Wattenmaker 1990; Weiss 1997; Ristvet 2005).98 I split 

the data into upper and lower town contexts in order to determine if husbandry practices mapped 

onto different social groups, following Zeder (2003). Although there were differences in the 

relative abundance of pigs in the upper and lower town areas, there were few differences in terms 

of husbandry practices. The upper- and lower-town pigs were very similar with respect to dental 

                                                
98 The faunal collections from Hamoukar, Mozan, Arbid, Beydar, and Brak were inaccessible 
due to the ongoing political and humanitarian crisis in Syria. 
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metrics. The same held true for postcranial metrics, although the lower town pigs were slightly, 

but not significantly, smaller.99  

 There were no major differences in diet between the two parts of the site, although data 

were limited. The microwear data, as in the preceding Ninevite V period at Leilan, were highly 

variable. Calculus rates were also similar between the upper and lower town. The rate was 

slightly higher in the lower town (12.0% vs. 9.1%), but not significantly.100 Meanwhile, there 

were no identified plant microfossils from Leilan and the microwear data from the upper and 

lower town were highly variable on both the complexity and anisotropy scales, resisting any 

clear interpretation of diet. 

 The only dataset that indicated a difference between the upper and lower town at Tell 

Leilan was the LEH rate, which was higher in the lower town (Figure 9.9). In fact, while the 

lower-town pigs displayed LEH levels typical of other sites, the upper-town specimens had very 

low levels. This suggests less stress for the upper-town pigs and better living conditions for the 

pigs whose bones were deposited on Leilan’s acropolis.   

 The results of the survivorship analysis contradicted Zeder’s (2003) earlier assessment. 

She originally reported differences between the upper and lower towns: 

Initial inspection suggests […] that upper-town pig remains are almost exclusively from 
very young piglets. It is possible that these animals represent off-take from the small-
scale swine production of lower-town residents. If so, it seems that this household-level 
economy was taxed in some way to provide urban elites a steady diet of suckling pigs 
(Zeder 2003: 176). 
 

 The survivorship curves produced in this study did not replicate Zeder’s findings. Instead, 

the expanded dataset studied in this dissertation showed virtually no differences between the 

                                                
99 Welch Two Sample t-test: t = -1.039, df = 10.278, P = .3226 
100 Two-sample test for equality of proportions without continuity correction: X2 = .1587, df = 1, 
P = .6903. 
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upper- and lower-town; it would appear that both elite and non-elite residents of Leilan ate pork 

primarily from pigs under one year old.  

 The notion that pigs may have been “taxed” is an interesting hypothesis, and warrants a 

bit of a diversion. It is true that animals were collected by institutional authorities and, perhaps, 

by landowners. Institutions collected a share of the harvest from smallholders, an obligatory 

payment referred to as the miksu in later periods (Ellis 1974). Elites owed similar obligations to 

the king as well (e.g., Milano 1995: 1226). At least occasionally, entire towns and provinces 

were assessed in order to pay imperial authorities, such as the bala in the Ur III period (Sharlach 

2004: 21).101 Livestock were often collected (Zeder 1994b; Steinkeller 1995; Sharlach 2004; 

Adams 2006). The onus of paying these obligations, even if they were levied exclusively on 

larger households and landowners, likely fell to smallholders. The typical payment by 

smallholders to larger households, however, took the form of labor obligations or a percentage of 

the grain harvest (Gelb 1965; Ur 2014: 262). There is little indication that pigs were ever 

collected. Even when animals were collected, the textual records rarely mention pigs. Pigs 

tended to stay within the economy of the household, whether elite or smallholder. Thus, although 

an intriguing hypothesis, the textual record from contemporaneous southern Mesopotamia does 

not suggest that pigs were used as a method of payment or “tax” obligation.  

 In sum, the data from Leilan suggest intensive husbandry, probably sty-raising. It is 

difficult to rule out urban scavenging, however, as it produces similar signatures as sty-raising. 

In contradiction to the smallholder intensification hypothesis laid out in Chapter 2, most of the 

datasets are comparable to those of previous periods. There was no sudden shift in husbandry 

practices in the late 3rd millennium, contrary to expectations. In addition, there were few 

                                                
101 These payments could be quite significant. In Umma (southern Mesopotamia) during the Ur 
III period, authorities collected about half of the grown barley, according to Adams (2006: 143). 
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differences between the upper and lower towns. It is tempting to construe the higher rates of 

rates of LEH and dental calculus in the lower town as evidence of more intensive husbandry 

among the lower classes of the city. Alongside Zeder’s (2003) identification of a higher relative 

abundance of pigs in the lower town, the data might corroborate the smallholder resistance 

hypothesis. Nevertheless, the differences are quite small. There may have been slightly 

difference husbandry practices, but these were likely small in comparison to the other features of 

daily life that determined the dramatically different lifestyles of the upper and lower classes at 

Leilan. Moreover, there is little to suggest that smallholders intensified pig husbandry as the city 

developed, which further suggests that pig husbandry was not typically mobilized as a means of 

resisting exploitation. 

 

9.7 Chapter Summary 

 The picture of pig husbandry in northern Mesopotamia that emerges from the available 

evidence can be laid out schematically. Figure 9.11 is a qualitative and hypothetical 

reconstruction of pig husbandry based on the available evidence. I suspect that as more research 

is conducted on animal management in the ancient past, this picture will change significantly. 

 One can draw the following conclusions regarding the long-term evolution of pig 

husbandry in northern Mesopotamia. Pig husbandry began in an extensive manner and continued 

to be so through the Pottery (or Late) Neolithic. Husbandry intensified most dramatically 

sometime in or before the Halaf. However, wild boar continued to mix with domestic 

populations. From the Neolithic onward, pig husbandry intensified slightly. The main change, 

however, was the gradual reduction of wild boar phenotypes. Husbandry practices may have 

been one of the major causes of the genetic isolation of wild and domestic Sus. Local 
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extirpations of wild boar as a precaution against crop damage likely constituted another cause. 

These results contradict our expectations laid out in Chapter 6 that pig husbandry would intensify 

in conjunction with the development of complex societies. In the next chapter, I revisit the initial 

questions of this dissertation and suggest avenues for future research.  

 
Figure 9.11 Approximate locations of the assemblages studied along the husbandry spectrum. 
1Low LEH values and older kill-off from Atij indicate somewhat less intensive husbandry than Raqa’i and Hacinebi. 
2Although note the low dental calculus values from Raqa’i. 3It is also possible that urban scavenging was a major 
husbandry practice. 
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 : CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH CHAPTER 10

 
10.1 Pig Husbandry Change in Northern Mesopotamia 

 The first question posed in Chapter 1 was: when did intensive pig husbandry begin in 

northern Mesopotamia? The results of the preceding chapters suggest that the change occurred in 

the 6th millennium, when northern Mesopotamian communities began to exert greater control 

over pig mobility, diet, and reproduction. This strategy shift ended the millennia-long tradition of 

extensive husbandry that Ervynck et al. (2001) noted in the Pre-Pottery through Pottery Neolithic 

phases at Çayönü. Each of the three 6th-millennium (Halaf period) settlements studied here was 

unique in terms of size, ritual activity, and local environment. Thus, the transition to intensive 

pig husbandry appears to have been regional in scope. Moreover, the data indicate that, in the 

millennia following the Neolithic, northern Mesopotamians maintained, on average, intensive 

husbandry practices. 

 The 6th millennium is notable for the introduction of new types of pottery and 

architecture across Mesopotamia. This suite of material culture features, known to archaeologists 

as the Halaf, corresponded to the solidification of village-level organization across Southwest 

Asia (e.g., McCorriston 1992; Frangipane 2007; Arbuckle 2014). The significance of the shift 

towards intensive pig husbandry at this time is intriguing, and warrants further investigation of 

this critical moment in the history of northern Mesopotamian agriculture. 

 That intensive pig husbandry seems to have become the norm after the Halaf in no way 

means that extensive pig husbandry disappeared from the region. There are, for example, passing 

references to “swineherds” (sipa šah-hi-a) in textual records from northern and southern 

Mesopotamia (Lion & Michel 2006b: 91). From this study, the Atij data seem to suggest that 

extensive forms of husbandry were occasionally dominant. Mixed strategies involving both 
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intensive and extensive pig husbandry, such as practiced by modern-day Greek smallholders 

(Halstead 2011), also likely occurred. It is difficult to disentangle these threads. Zooarchaeology 

is not equipped to strip down palimpsests into their constituent parts; the picture that 

zooarchaeology provides is necessarily broad, with few exceptions (e.g., Wright et al. 1989). 

What the data in this dissertation show is that, on average, intensive pig husbandry was the 

dominant form in most communities after the 6th millennium. 

 One should also bear in mind that these results are based off of a small number of sites, 

which themselves are often plagued by small numbers of pig remains. Meadow’s (1986: 1) 

greased piglets sprint through the datasets of this dissertation. In an amusing yet sobering article 

on the use and abuse of statistics in archaeology, George Cowgill has recently stated: 

[A]rchaeologists have been astonishingly ready to assume that their findings are highly 
reliable (repeated studies would get almost the same results) and very valid (their 
findings are a nearly unbiased sample of the population of interest). Leaving these 
assumptions unchallenged is nothing short of a conspiracy of silence, and it is not going 
too far to call it a dirty little secret (Cowgill 2015: 8). 

To avoid falling into the seductive arms of tentative conclusions, the reader should recognize the 

limitations of this study. Other than small sample sizes, many of the methods employed in this 

study lack an abundance of actualistic research on modern pig populations to provide surety 

beyond reasonable doubt. It is simply not known how much variability intensively and 

extensively managed pigs exhibit with respect to the frequency of pathologies, microwear, dental 

calculus accumulation, tooth wear rates, and biometrics. Thus, taken individually, the datasets do 

not inspire much confidence. However, the approach advanced here considers the data in 

aggregate. When combined, the multiple lines of evidence in this dissertation provide a greater 

degree of certainty in the reconstructions of pig husbandry.  
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10.2 Pig Husbandry and Smallholders in Northern Mesopotamia 

 The second question was: why did pig husbandry intensify? Specifically, the preceding 

chapters built upon the theory originally posited by Diener and Robkin (1978) that pigs were a 

means by which rural smallholders resisted urban elites. In the past two decades, Diener and 

Robkin’s hypothesis has inspired several zooarchaeologists to extend the role of pigs in class 

conflict to urban settings – that is, that pigs may have allowed urban smallholders to resist urban 

elites (e.g., Zeder 1998b, 2003; Piatkowska-Malecka & Smogorzewska 2010; Redding 2015). 

Following the logic of this hypothesis, I drew upon anthropological theories of smallholders and 

their interactions with elites, which often take the form of patron-client relations (Powell 1970; 

Scott 1976, 1985, 1990; Netting 1993). I pointed out that food and food sharing/gifting often 

play major roles in the reproduction of these unequal relationships (Appadurai 1981; Goody 

1982; Mintz 1985; Smith 2006). I then structured the investigation of smallholder pig husbandry 

around James Scott’s concept of “everyday resistance” and Marxist concepts of socioeconomic 

class.  

 A Marxist theoretical framework focuses attention on the contradictions inherent in 

complex societies, and in particular on the contradictions between power, ideology, and 

resistance. Everyday resistance is one that works within tolerated behavioral boundaries. Pigs, 

which were not the focus of much elite attention (Postgate 1992: 166; Redding 2015), may have 

offered urban smallholders a means to resist domination without confronting it. The disparity in 

the relative abundances of pig remains between the upper and lower towns at Tell Leilan, which 

have been connected to upper and lower social strata, respectively, supported that notion (Zeder 

2003).  
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 The second question was therefore transmogrified into whether pig husbandry played a 

major role in class politics during the development of complex societies. That question cannot be 

answered satisfactorily. However, the available data from Leilan suggest that there were no 

major differences, on average, in how pigs were raised between members of different social 

classes. One should bear in mind, however, that Leilan was a single city in a densely populated 

and likely diverse political landscape. Moreover, the palimpsest nature of animal bone deposits 

always leaves room for reasonable doubt. The combination of two centuries of pig husbandry 

into a handful of graphs and tables hardly captures even the surface of what was probably a 

continually evolving relationship between smallholders, pigs, and elites. Finally, the wide 

confidence intervals, which reflect small sample sizes, prevent one from outright rejecting the 

thesis that pig husbandry was a tool of smallholder resistance. Indeed, there are tantalizing hints 

(e.g., the LEH data) for small differences in elite vs. smallholder pig husbandry. A study of a 

larger sample might well contradict the conclusions drawn here. These caveats aside, there is no 

solid evidence to support the idea that pig husbandry was wielded as a tool of resistance.  

 The social implications of the tentative conclusion that pig husbandry was not 

significantly determined by class conflict are even less clear. In his review of Melinda Zeder’s 

(1991) book Feeding Cities, Alexander Joffe (1996: 128) drew attention to the fact that 

archaeological research, in its attempt to develop and test hypotheses, risks oversimplifying 

complex social situations and failing to account for equifinality. It may be tempting when 

confronted with “negative results,” like those of this dissertation, to draw grand conclusions 

about class narratives, e.g., that class conflict was minimal or that food played a minor role in 

class distinction in northern Mesopotamia. Such conclusions would be an abuse of data that, at 

best, indicate that (1) there was no connection between the emergence of complex society and 
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pig husbandry practices and (2) smallholders at Leilan did not intensify pig production in 

response to urbanization and exploitation.  

 It is worthwhile, however, to consider the results with respect to the arguments put 

forward by Lisa Cooper (2010) and Seth Richardson (2012) that Mesopotamian polities of the 3rd 

millennium (and earlier) were weak, exercising relatively little control over the lives of their 

citizens. Not being confronted by a strong repressive apparatus, more direct forms of resistance 

may have been feasible options for smallholders when times got tough. There may not have been 

much of a need, or at least much of a perceived need, for smallholders to use pig husbandry as a 

means of resistance. This is not to suggest that everyday resistance, in Scott’s (1985) sense of the 

term (e.g., thefts, foot-dragging, gossiping) did not apply to smallholder-elite relations, but rather 

that it did not significantly affect smallholder production strategies over the long term, which the 

archaeological record reflects. Peasant revolts and social unrest may have played larger roles 

than everyday resistance over the course of centuries.  

 Future research, in both zooarchaeology and other archaeological specialties, should 

focus more attention on the role of food in class conflict. Food, as discussed in Chapter 2, is 

cross-culturally one of the most important ways by which people define and reproduce ethnic, 

gender, and class identity (Appadurai 1981; Goody 1982; Mintz 1985; Smith 2006). To facilitate 

studies of food and class conflict, field archaeologists working in northern Mesopotamia and 

other parts of the Middle East should concentrate on excavating large exposures of domestic 

architecture under the paradigm of household archaeology (Stone 1987; Müller 2015). 

 The extraordinary excavation project at Tell Bazi in northern Syria in the 1990s is one of 

the few examples of household archaeology conducted at a scale large enough to document class 

differences (Otto 2006, 2012, 2015). Bazi was violently destroyed in the 14th century BC, 
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leaving a Pompeii-like archaeological site. Adelheid Otto and Berthold Einwag concentrated 

their research on the meticulous excavations of over 50 houses. Of the many differences found 

within the houses, zooarchaeological remains suggested a correlation between taxa composition, 

cuts of meat, and house size – smaller houses contained higher relative abundances of pig, 

donkey, and dog bones and less high-value cuts (proximal limbs) of sheep/goat. Moreover, the 

overall amount of faunal remains recovered from within the smaller houses was less than those 

of large houses, suggesting decreased access to meat (Otto 2015: 73-74).  

 A greater number of excavations like Bazi would facilitate a better understanding of the 

nature of smallholder-elite interaction. Exploring the contradictions between the archaeological 

record of smallholders and the historical record, meanwhile, will enable scholars to understand 

the complex ways in which social class was perceived and acted upon in the ancient world. In 

many ways, archaeology is the answer to the biases of the historical record since those lacking 

power always outnumber those in power. While the dominant class writes history, the 

subordinate class deposits archaeology. Archaeology thus has the potential to give voice to this 

historically voiceless sector of society, shredding the ideological veil that passes as objective 

truth. No more is this true than with analytical methods such as zooarchaeology that study the 

mundane remnants of daily living. Zooarchaeology has brought, and will continue to bring, to 

light the subaltern histories of proletarians, segregated ethnic communities, and smallholders 

(Langenwalter 1980; Ijzereef 1989; Crader 1990). The mundane material record shows that 

complex society has its price, and that the privileged and under-privileged are locked in a 

struggle over access to resources and decision-making.  
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10.3 The 3rd-Millennium Pig Increase and Alternative Theoretical Lenses 

 A side-question posed by this research relates to the dramatic increase in the relative 

abundances of pig bones at 3rd-millennium sites. The pattern, which Figures 3.6 and 3.7 

illustrate, indicates that pork was one of, if not the, most common form of meat consumed at 

many settlements. Several of the major 3rd-millennium cities, such as Tell Brak, Tell Leilan, and 

Tell Hamoukar are among the sites rich in pig bones.  

 The lack of evidence for intensification in the 3rd millennium is puzzling. It is possible 

that a greater number of pigs were raised without husbandry practices intensifying: the average 

number of families that owned pigs may have increased and/or the number of years that a family 

went without raising pigs may have decreased. Another possibility is that the rise in the relative 

abundance of pig bones in the 3rd millennium is an artifact of a decrease in the amount of mutton 

and beef (and thus meat in general) in the diet. Northern Mesopotamians, especially those in the 

lower classes, may have increasingly relied on legumes and dairy rather than meat as sources of 

protein. Indeed, the “vegetarianization” of smallholders’ diet may have been a feature of their 

overall loss of social standing. Meat consumption is cross-culturally associated with status; the 

inability to afford meat is one of the main complaints of the impoverished (Fiddes 1991; Heinz & 

Lee 1998). 

 However, pig husbandry in northern Mesopotamia reflected more than just class conflict. 

Recognizing this fact underscores the argument advanced in Chapter 2, following Randall 

McGuire (1992: 83-85), that Marxism is but one lens through which to view past and present 

social worlds. Too often, scholars attempt to convince each other of the correctness of their 

theoretical frameworks rather than embracing the possibility that a diversity of perspectives is 

the best way to approach social phenomena. Researchers are always “talking past each other in a 
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crowded room,” as Melinda Zeder and Bruce Smith (2009) aptly describe debates about the 

origins of agriculture. There are many lenses through which to explore pig husbandry in the 3rd 

millennium (and other periods). The archaeology of ethnicity is an example of one lens; pork 

played a major role in at least one case of ethnogenesis in the ancient past in the region (Hesse 

1990). In addition, there are some indications that pig husbandry was performed by women (e.g., 

Michel 2006). Pigs may have been a major part of the feminine features of the Mesopotamian 

economy, which as Sanders (2015) has shown, was in flux in the middle of the 3rd millennium 

BC. A feminist archaeology is thus another theoretical framework that could shed light on pig 

husbandry.  

 

10.4 Glass Halaf Full: The Future of Pig Husbandry Studies in Northern Mesopotamia 

 In light of the evidence, it is necessary to revisit the second question posed by this 

research in its original form: why did pig husbandry intensify? Class conflict, at least according 

to the data presented here, does not seem to provide much of an explanation. The available data 

suggest, instead, that the shift to sty-raising occurred in the Halaf, a period in which there is little 

evidence for social differentiation (Frangipane 2007). Why was this period different from all 

other periods? This is a burning question and one that cannot be answered completely. The Halaf 

experiences a pronounced “middle-child syndrome,” often forgotten between the first 

agricultural communities in the Pre-Pottery Neolithic and the first complex societies in the 

Chalcolithic. However, the Halaf was a unique period in the long-term history of northern 

Mesopotamia with respect to social organization and agricultural practices (e.g., Akkermans 

1989; Bernbeck et al. 1999; Wengrow 2001; Carter et al. 2003; Campbell 2007; Hopwood 2010; 

Karsgaard 2010; Grossman & Hinman 2013). Indeed, the increased attention paid by 6th-
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millennium potters to designing and painting ceramics, which is itself the most distinctive form 

of material culture of the period, seems to suggest that rituals of daily consumption and feasting 

played a critical social role (e.g., Wengrow 2001: 173; Yoffee 2005: 208; Campbell 2007; 

Hopwood 2010). 

 Pigs, as members of countless societies around the world know, are excellent animals for 

feasts of all sizes (e.g., Rappaport 1968; Kim 1994; Sillitoe 2001; Albarella & Serjeantson 2002). 

It is possible that the new focus on ritualized consumption in Halaf-associated communities is 

what led to changes in pig husbandry. If so, pork indeed played a major role in the power 

dynamics of northern Mesopotamian societies, although much earlier than originally posited in 

this dissertation. As fixtures of feasts, pork may have become a means through which households 

competed for prestige within their villages. Feast sponsorship is a typical avenue to social power 

in peasant societies, even within contexts of relative egalitarianism (e.g., Wolf 1969: 174). 

Alternatively, if feasts were social-leveling mechanisms, as Frangipane (2007: 161) suggests, 

pork may have helped mitigate inequality. Whichever hypothesis holds true – and it is likely that 

both were true in different contexts in the Halaf – pig production/consumption and power were 

inextricably bound together in the 6th millennium.  

 This is a fitting place to end, for it echoes Sidney Mintz’s (1985) analysis of sugar and 

the modern world. The relationship between mundane agricultural products and power is long 

and tortuous. Food connects us to each other and to the world around us. For that reason, it is a 

driver of social relations. The terms “power” and “resistance” often inspire images of violent 

struggle. And yet the more muted struggles in the acts of production and consumption of food, 

which form the fabric of our everyday lives, also play significant roles. It is time that 
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archaeologists follow Mintz’s lead by detailing the connections between agricultural production 

and sociopolitical inequality.  

 

10.5 Epilogue   

 In April of 2009, as health officials feared the spread of the H1N1 “swine flu,” the 

Egyptian government decided to slaughter the 300,000 pigs that were kept in and around Cairo. 

These pigs were owned by the zabaleen, lower class Coptic Christians who had migrated into the 

city in the early part of the 20th century and who had taken up the task of waste collection. 

Heralded for their ability to recycle collected garbage, the zabaleen collected trash for free or for 

small donations. They kept much of the refuse in order to resell some items and fed the organic 

components to their pigs, which the zabaleen also sold (Fahmi & Sutton 2010; Hessler 2014). 

These waste-fed pigs constituted one of the primary means through which the zabaleen earned 

income, but at the same time caused disgust among the Cairo’s Muslim elite and middle classes. 

This prejudice was no doubt fueled by the Islamic taboo on pork and Egyptians’ suspicions of 

the Christian minority.  

 In May, Michael Slackman reported in The New York Times on the potential effects to 

zabeleen livelihood. He accused the Cairo authorities of allowing their prejudices to blind them 

to the fact, pointing out that health officials had exonerated pigs as a major vector of the H1N1 

virus (Slackman 2009b). By September, he argued that the Egyptian government had 

intentionally used the H1N1 scare as an excuse to rid the city of pigs (Slackman 2009a).  

 The pig slaughter did little to stop the spread of H1N1. Moreover, it made matters worse 

for health and hygiene. With no incentive to collect organic refuse, the zabaleen refused to 

perform their taken-for-granted waste collection services.  
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“They killed the pigs, let them clean the city,” said Moussa Rateb, a former garbage 
collector and pig owner who lives in the community of the zabaleen. “Everything used to 
go to the pigs, now there are no pigs, so it goes to the administration.” (Slackman 2009a) 

 
Waste piled in the streets as the government wrung its collective hands about how to appease the 

zabeleen, whose act of resistance had brought parts of the city to a standstill.  

 Those in power did not act quickly enough. The pig slaughter added fuel to the already 

smoldering fires of resentment in Egypt at the dawn of Arab Spring. As Peter Hessler wrote in 

The New Yorker: “[t]he declining hygiene of the capital and the unrest of the zabaleen were part 

of the general unhappiness that culminated in the revolution, in January, 2011” (Hessler 2014). 

Once again pigs were grist for mill of conflict between urban smallholders and elites. This time, 

as in New York in the 19th century, different cultural/religious attitudes towards pork heightened 

the level of conflict.  

 The lack of foresight on the part of the city officials with respect to the zabaleen and their 

pigs would serve as a portent of greater political upheaval to come (Bayat 2015: S36). Lacking 

the longue durée perspective, we will not know the lasting consequences of the not-so-unique 

clash between the haves and have-nots over pigs or, indeed, what role it will ultimately have 

been shown to play in the changes currently affecting Egypt. The Cairo episode remains an open 

case, one more example in the long history of pigs and power in the Middle East.     
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APPENDIX 

 
Tables in the appendix are denoted by the letter “A” preceding the table number.  
 
 
Table A.1 Relative and absolute abundances of pigs from the Late Neolithic through the Early Bronze Age. 
O/C = Ovis/Capra 
%P = Pigs / (Pigs + Cattle + Caprines) 
 
Notes: 
1 – All cattle from Jarmo (N = 103 in the PN phases) were identified as wild according to Stampfli (1983). 
2 – Zeder (1998a) reports only %NISP for each taxon and the total NISP for each site. Rufolo (2011: 526) does the 
same for the Leilan material. The frequencies of Bos, Sus, and Ovis/Capra are estimates obtained by multiplying the 
%NISP by the total NISP. 
3 – 97% of the faunal remains from late 4th-millennium Kuran are from Gazella subgutturosa (see also Bar-Oz et al. 
2011).   
4 – The Hayaz Höyük and Tell Afis faunal remains from all LC contexts were lumped together. I include the data in 
both LC 2-3 and LC 4-5 categories.   
5 – The Habuba Kabira faunal remains were simply labeled “Early Bronze Age;” however, the site seems to have 
been occupied throughout the 3rd millennium and I include the data in both EJ 0-II and EJ III-V categories. 

Site Date of Occupation Sus Bos O/C %P Reference 
Late Neolithic       
Feyda 7000-6500 2 0 147 .01 (Zeder 1998a)2 
Jarmo 7000-6500 (PN) 241 01 2812 .08 (Stampfli 1983) 
Matarrah 7000 37 0 88 .30 (Stampfli 1983) 
Mezraa-Teleilat 7000-6000 (phase II) 341 192 1481 .17 (Ilgezdi 2008) 
Damishliya 6600-6400 (strata 1-7) 52 31 265 .15 (Russell & Buitenhuis 2008) 
Dabaghiyah 7000-6000 (levels 1-4) 68 66 561 .10 (Bökönyi 1973a) 
       
Halaf       
Kashkashok I 5800-5500 30 0 264 .10 (Zeder 1998a)2 
Banahilk 5700-5200 122 163 492 .16 (Laffer 1983) 
Hajji Firuz 6000-5200 (A1-D) 71 3 170 .29 (Meadow 1975) 
Sabi Abyad 5700-5200 (levels 7-11) 92 396 1567 .05 (Cavallo 2000) 
Sabi Abyad 5200-5100 (levels 4-6) 164 374 1584 .08 (Cavallo 2000) 
Sabi Abyad 5100-5000 (levels 1-3) 380 249 1740 .16 (Cavallo 2000) 
Zeidan 6000-5200 (Halaf) 7 39 73 .06 (Grossman & Hinman 2013) 
Umm Qseir 5600 (phase 1) 213 0 311 .41 (Zeder 1994a) 
Umm Qseir 5600 (phase 2) 34 14 214 .13 (Zeder 1994a) 
Umm Qseir 5600 (phase 3) 71 24 221 .22 (Zeder 1994a) 
Kurdu 5500-5200 (Amuq C) 167 223 238 .25 (Yener et al. 2000) 
Turlu 6000-5200 30 11 68 .28 (Yener et al. 2000) 
Shams ed-Dinn 6000-5200 11 94 485 .02 (Uerpmann 1982) 
Domuztepe 5875-5475 1529 1278 2684 .28 (Kansa et al. 2009b) 
       
Ubaid-LC 1       
Zeidan 5200-4500 (Ubaid) 238 410 1524 .11 (Grossman & Hinman 2013) 
Ziyadeh 4900-4500 (Ubaid) 41 144 701 .05 (Zeder 1998a)2 

Ziyadeh 4500-4000 (LC 1) 8 45 133 .04 (Zeder 1998a)2 
Kuran 4800-4500 0 0 131 .00 (Zeder 1998a)2 
Mashnaqa 4500-4200 64 165 649 .07 (Zeder 1998a)2 
Kurdu 4900 (Amuq E) 77 98 166 .23 (Yener et al. 2000) 
Beydar 4400-4100 (LC 1) 3 5 33 .07 (Van Neer & De Cupere 2001) 
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Table A.1 (continued) 

Site Date of Occupation Sus Bos O/C %P Reference 
LC 2-LC 3       
Horum 4100-3600 599 313 4367 .11 (Bartosiewicz 2005) 
Hacinebi 4100-3800 (A) 404 140 1689 .18 (Bigelow 2011: 351) 
Hacinebi 3800-3700 (B1) 568 245 1271 .26 (Bigelow 2011: 351) 
Brak 4100-3800 (E. Uruk) 1 4 36 .02 (Dobney et al. 2003) 
Brak 3800-3600 (M. Uruk) 7 13 335 .02 (Dobney et al. 2003) 
Beydar 4100-3800 (LC 2) 28 13 137 .16 (Van Neer & De Cupere 2001) 
Hayaz4 4100-3300 (L. Chalc.) 49 73 328 .12 (Buitenhuis 1985b) 
Afis4 4100-3300 (L. Chalc.) 66 76 343 .14 (Wilkens 2000) 
       
LC 4-LC 5       
Hacinebi 3700-3300 (B2 Uruk) 59 90 511 .10 (Bigelow 1999) 
Hacinebi 3700-3300 (B2 Local) 62 20 83 .38 (Bigelow 1999) 
Kuran3 3200 15 15 30 .25 (Zeder 1998a)2 
Habuba Kabira 3300-3000 (LC 5) 23 810 1386 .01 (Driesch 1993) 
Hayaz4 4100-3300 (L. Chalc.) 49 73 328 .12 (Buitenhuis 1985b) 
Horum 3300-3000 (L. Uruk) 20 14 54 .23 (Bartosiewicz 2005) 
Zeytinli Bahce 3300-3000 (L. Uruk) 12 8 46 .18 (Siracusano in Frangipane et al. 

2002: 82) 
Shiukh Fawqani 3300-3000 (L. Uruk) 18 5 27 .36 (Vila 2005) 
Hassek 3300-3000 (L. Uruk) 9459 2792 7658 .48 (Boessneck 1992) 
Afis4 4100-3300 (L. Chalc.) 66 76 343 .14 (Wilkens 2000) 
Hajji Ibrahim 3100-3000 (phase A) 28 22 45 .29 (Weber 2006: 150) 
       
EJ 0-EJ II        
Titris 3000-2800 (Mid EBA) 6 22 106 .04 (Trella 2010) 
Sweyhat 2900-2600 (phase 2) 5 14 133 .03 (Weber 2006: 151) 
Hajji Ibrahim 3000-2900 (phase B) 14 9 35 .32 (Weber 2006: 150) 
Hajji Ibrahim 2900-2600 (phase C) 0 2 16 0 (Weber 2006: 150) 
Umm el-Marra 2900-2600 (period VI) 26 81 220 .08 (Weber 2006: 153) 
Brak 2900-2600 (phase III) 18 9 139 .11 (Dobney et al. 2003) 
Mozan 2600-2500 (EJ II) 7 7 366 .02 (Doll 2010) 
Hamoukar 2900-2600 (3M-1) 117 7 127 .47 (Grossman 2013: 316) 
Leilan  2600-2500 (IIId) 315 45 210 .55 (Rufolo 2011: 526) 
Arbid 2900-2600 (VIIIC) 1165 154 1276 .45 (Piatkowska-Malecka & 

Smogorzewska 2010) 
Habuba Kabira5 3000-2000 6 361 1380 0 (Driesch 1993) 
Shiukh Fawqani 2900-2500? (Secteur D, 

couche A-C) 
92 65 195 .26 (Vila 2005) 

Hassek 2900-2700 (EB I) 1083 1651 1336 .27 (Boessneck 1992) 
Raqa’i 2800-2600 (level 4) 371 51 749 .35 (Rufolo 2011: 139) 
Raqa’i 2600-2500 (level 3) 14 46 548 .02 (Rufolo 2011: 139) 
Atij 2800-2600 (XIII-X) 67 92 114 .25 (Rufolo 2011: 351) 
Atij 2600 (IX) 192 4 160 .53 (Rufolo 2011: 351) 
Ziyadeh 2800-2600 (EJ I) 53 4 49 .50 (Rufolo 2011: 493) 
Guededa 2300-2200 (II-III) 4 10 298 .01 (Rufolo 2011: 402-403) 
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Table A.1 (continued) 

Site Date of Occupation Sus Bos O/C %P Reference 
EJ III-EJ V       
Afis 2400-2000 (EB IV) 16 79 250 .05 (Wilkens 2000) 
Ali Al-Hajj 2400-2000 (EB IV) 0 90 90 0 (Arai 2014) 
Mozan 2500-2400 (EJ IIIa) 1311 601 3700 .23 (Doll 2010) 
Mozan 2400-2300 (EJ IIIb) 183 26 325 .34 (Doll 2010) 
Mozan 2300-2100 (EJ IV) 742 147 1598 .30 (Doll 2010) 
Mozan 2100-2000 (EJ V) 872 497 3148 .19 (Doll 2010) 
Hamoukar 2900-2600 (3M-2) 269 10 153 .62 (Grossman 2013: 316) 
Hamoukar 2900-2600 (3M-3) 148 10 169 .44 (Grossman 2013: 316) 
Leilan 2500-2300 (IIa) 76 33 262 .21 (Rufolo 2011: 526) 
Leilan 2300-2100 (IIb) 188 58 179 .44 (Rufolo 2011: 526) 
Titris 2800-2400 (Mid EBA) 6 75 403 .01 (Trella 2010) 
Titris 2400-2000 (L. EBA) 4 118 515 .01 (Trella 2010) 
Umm el-Marra 2000 (period IV) 10 64 281 .08 (Weber 2006: 154) 
Sweyhat 2600-2400 (VI) 0 57 6 0 (Buitenhuis 1985a) 
Sweyhat 2400-2200 (V) 4 215 71 .01 (Buitenhuis 1985a) 
Sweyhat 2200-2000 (IV) 3 94 289 .01 (Buitenhuis 1985a) 
Gritille 2600-2000 213 143 682 .21 (Stein 1988: 113) 
Kurban 2400-2200 (IVB) 143 74 560 .18 (Wattenmaker 1987) 
Kurban 2200-2000 (III) 126 72 226 .30 (Wattenmaker 1987) 
Beydar 2600-2300 (EJ II-III) 6 69 226 .02 (Van Neer & De Cupere 2001) 
Beydar 2300-2100 (EJ IV) 3 86 560 0 (Van Neer & De Cupere 2001) 
Brak 2400-2100 (Phase IV) 149 16 176 .44 (Dobney et al. 2003) 
Kazane 2500-2300 0 27 203 0 (Creekmore 2008: 287) 
Arbid 2600-2300 (VIIB) 615 93 577 .48 (Piatkowska-Malecka & 

Smogorzewska 2010) 
Arbid 2300-2100 (VIIA) 52 2 72 .41 (Piatkowska-Malecka & 

Smogorzewska 2010) 
Arbid 2100-2000 (VI) 517 111 677 .40 (Piatkowska-Malecka & 

Smogorzewska 2010) 
Korucutepe 2600-2300 54 190 481 .07 (Boessneck & Driesch 1974) 
Tayinat 2100 (phase 8, EB IVB) 19 21 76 .16 (Welton et al. 2011) 
Rawda 2400-2000 (EB IV) 5 39 1280 0 (Vila & El Besso 2005) 
Taya 2500-2300 (level IX) 81 1 198 .29 (Bökönyi in Reade 1973: 185) 
Taya 2300-2000 (levels VIII-VI) 18 27 12 .32 (Bökönyi in Reade 1973: 185) 
Chuera 2500-2000 2 168 1814 0 (Vila 1995) 
Habuba Kabira5 3000-2000 6 361 1380 0 (Driesch 1993) 
Raqa’i 2500-2400 (level 2) 0 2 29 0 (Rufolo 2011: 139) 
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Table A.2 Dental microwear results from all sites. Asfc and epLsar are graphed in Figure 8.5.  
Smc (scale of maximum complexity) and Tfv (total volume filled, a function of the shape and texture of the surface) 
are also reported. *Likely outlier based on high smc values. 

Site Spec. # Tooth Type Asfc Smc epLsar (x10-3) Tfv 
Atij 42 M2 1.622 0.501 3.76 33927.30517 
Atij 30 M1 4.228 0.505 4.96 42063.60108 
Atij 41 M1 2.307 0.686 5.15 26022.20758 
Banahilk 37 M1 2.506 0.345 3.64 28407.12741 
Banahilk 42 M2 2.231 0.345 4.66 31820.75357 
Domuztepe 10 M1 1.769 0.496 1.00 34028.56128 
Domuztepe 38 M2 1.915 0.677 3.09 40336.15474 
Domuztepe 83 M2 2.090 0.495 5.22 47408.03264 
Domuztepe 90 M1 2.646 0.350 0.85 37721.40729 
Hacinebi 27 M1 3.149 0.344 2.13 41310.0534 
Hacinebi 40 M2 1.996 0.496 3.16 38836.75026 
Hacinebi 41 M2 2.941 0.345 2.76 33919.31023 
Hacinebi 75 M2 2.036 0.346 2.71 52258.4543 
Hacinebi 92 M2 3.161 0.346 0.89 51873.9095 
Hallan 70 M2 1.633 0.496 4.82 28741.49049 
Hallan 76 M1 1.614 0.348 2.29 33683.74414 
Hallan 78 M1 2.135 0.348 5.04 37973.80157 
Leilan (Late Lower Town) 105 M2 1.355 0.348 4.50 27991.73292 
Leilan (Early) 11 M1 1.455 0.345 2.77 44472.1775 
Leilan (Late Lower Town) 110 M2 1.868 0.344 1.68 37106.04985 
Leilan (Late Lower Town) 138 M2 6.609 0.504 2.58 38338.1824 
Leilan (Late Lower Town) 144 M1 2.167 0.347 1.31 45559.39282 
Leilan (Late Upper Town) 167 M2 2.927 0.497 4.20 18798.50533 
Leilan (Early) 69 M1 4.297 0.345 1.30 35930.66398 
Leilan (Early) 89 M2 4.871 0.221 4.33 24527.91382 
Leilan (Early) 9 M2 3.225 0.350 4.53 47712.54551 
Mashnaqa 12 M1 2.276 0.498 4.39 52906.82663 
Raqai 8 M2 1.832 0.502 5.51 36277.60519 
Raqai 9 M2 1.729 0.881 4.40 32315.15539 
Ziyadeh* 11 M2 0.913 13.36 3.80 29234.70686 

 
Table A.3 Hallan Çemi survivorship data. 

Age Class Count of Specimens  
A 2 
B 6 
C 6 
D 3 
E 11 
F 7 
G 6 
Total 41 
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Table A.4 Jarmo survivorship data. 

Age Class Count of Specimens  
A 2 
B 13 
C 10 
D 3 
E 8 
F 4 
G 1 
Total 41 

 
Table A.5 Banahilk survivorship data. 

Age Class Count of Specimens  
A 0 
B 4 
C 4 
D 2 
E 2 
F 2 
G 0 
Total 14 

 
Table A.6 Domuztepe survivorship data. 

Age Class Count of Specimens  
A 1 
B 3 
C 6 
D 3 
E 6 
F 4 
G 1 
Total 24 

 
Table A.7 Umm Qseir survivorship data. 

Age Class Count of Specimens  
A 0 
B 6 
C 4 
D 2 
E 2 
F 0 
G 0 
Total 14 
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Table A.8 Ziyadeh survivorship data. 

Age Class Count of Specimens  
A 0 
B 0 
C 1 
D 0 
E 2 
F 0 
G 0 
Total 3 

 
Table A.9 Mashnaqa survivorship data. 

Age Class Count of Specimens  
A 0 
B 1 
C 1 
D 1 
E 1 
F 0 
G 0 
Total 4 

 
Table A.10 Hacinebi survivorship data, differentiated according to phase and cultural affiliation.  
The first column, representing all phases, is equal to the sums of the age class counts in the LCA/B1 and LC B2 
categories. Note that the sums of the age class counts in the local and Uruk contexts do not add up to the age class 
counts for the LC B2 phase as a whole – this is because I did not assume these contexts are independent of one 
another, following the methodology discussed in Chapter 6. 

Age Class All Phases A-B1 B2 – All B2 – Local B2 – Uruk 
A! 2 1 1 1 1 
B 5 2 3 1 2 
C 9 2 7 5 2 
D 6 3 3 2 2 
E 6 3 3 3 2 
F 2 1 1 1 0 
G 0 0 0 0 0 
Total 30 12 18 13 9 

 
Table A.11 Atij survivorship data for levels IX and X-XIII.  

Age Class Count of Specimens in Level IX Count of Specimens in Level X-XIII 

A 0 0 
B 0 0 
C 0 0 
D 0 1 
E 2 2 
F 1 0 
G 0 0 
Total 3 3 
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Table A.12 Raqa’i survivorship data.  

Age Class Count of Specimens  
A 0 
B 1 
C 3 
D 0 
E 2 
F 1 
G 0 
Total 7 

 
Table A.13 Leilan survivorship data. 

Age Class IIIc IIId IIa-b Upper Town IIa-b Lower Town 
A! 0 1 1 1 
B 1 3 5 8 
C 4 2 2 4 
D 2 2 1 4 
E 2 1 3 4 
F 0 2 1 1 
G 0 0 0 0 
Total 9 11 13 22 
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