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ABSTRACT 
 
 

Stiner et al. (2009, 2011) propose that a large MDAA (mean difference in 
adjacent angles [of butchering cut marks]) is evidence for less meat-sharing (and more 
self-provisioning) during the Lower Paleolithic than in the later (Middle and Upper) 
Paleolithic when the MDAA is less. The MDAA of Holocene-age Helmreich Shelter 
faunal remains documented here fits the predictions of Stiner et al.‟s hypothesis, and also 
suggests other factors influence variation in MDAA. While sample size of cut marked 
specimens, skill or experience of a butcher, and transport decisions likely influence the 
MDAA of a faunal assemblage created after 500 – 250 thousand years ago, I suggest that 
encephalization is the key determinant in the switch from the high MDAA value of the 
Lower Paleolithic to the low MDAA values of the Middle and Upper Paleolithic and 
Holocene. Although the late-Holocene Helmreich Shelter (Missouri) faunal remains 
suggest that there may have been more butchers involved in the butchery of a carcass 
during the Lower Paleolithic than were involved in more recent times, this does not 
necessarily have any influence on meat-sharing behaviors. More research must be done 
on the precise nature of the relationship between MDAA and the number of butchers 
(experienced and inexperienced), and how meat is distributed among group members 
(sharing), before more can be said about Lower Paleolithic meat-sharing behaviors. In 
addition to highlighting the impact of encephalization on hominin behavior during the 
transition between the Lower and Middle Paleolithic, my research also highlights the 
analytical importance of MDAA.
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CHAPTER ONE 

 

INTRODUCTION 

 

Meat-sharing and eating are two central features in the social lives of modern 

hunter-gatherers (Hawkes et al. 1991; Kelly 1995; Winterhalder 1987). In fact, these 

behaviors are important variables in the evolution of trade and social relationships (e.g., 

Hawkes et al. 1991). This is so because meat is one of the highest quality foods that 

humans eat, and it is one of the most difficult resources to harvest from the environment. 

While the relationship between humans and meat-eating is known to stretch deep into the 

past (Blumenschine et al. 1988; Potts 1988), the historical development of meat 

provisioning and sharing behaviors is not well understood.  

In an attempt to better understand the evolution of meat consumption and sharing, 

Stiner et al. (2009) examined the mean difference in the angle of adjacent cut marks 

(hereafter referred to as MDAA) evident on mammalian faunal remains recovered from 

three Paleolithic sites. Stiner et al. (2009, 2011) found that cut marks from the Lower 

Paleolithic Qesem site (400-200 thousand years ago) were statistically more abundant 

and more chaotically oriented (had greater average MDAA values) than cut marks from 

the Middle Paleolithic site (Üçağızl II) and Upper Paleolithic site (Üçağızl I) (Table 1.1).  

Stiner et al. (2009, 2011) argue that the more abundant and randomly oriented cut 

marks at Qesem Cave are evidence for procedural interruptions or diverse positions of 

multiple butchers relative to the prey carcass while cutting off the flesh, suggesting 

butchering postures varied a great deal. Stiner et al. propose that diverse and varied 
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butchering postures, as evidenced by more chaotic MDAA, indicate more individuals, 

regardless of skill, were directly involved in cutting meat from the bones in the Qesem 

Cave assemblage (Stiner et al. 2009: 13207). 

Table 1.1. MDAA data from the faunal assemblages analyzed by Stiner et al. (2009, 2011). 
 

 Qesem Cave (LP) Üçağızl  II (MP) Üçağızl  I (UP) 

Mean 13.4 8.1 6.4 

Standard Deviation 7.5 5.4 4.0 

n (sample size) 38 78 16 

 

These interpretations are the basis for Stiner et al.‟s notion regarding meat-sharing 

behaviors of Lower Paleolithic Qesem Cave hominins: more butchers involved in the 

butchery process is evidence of a more individualistic provisioning system than is found 

during the Middle Paleolithic and Upper Paleolithic. In this context, individualistic 

provisioning means that each individual was cutting meat they would consume from a 

carcass, as opposed to a single individual butchering a carcass and distributing (sharing) 

the meat in a more communal setting, as seen in modern hunter-gatherer groups. Stiner et 

al. (2009: 13211) suggest that: 

Perhaps the meat distribution systems [at Qesem Cave] were less staged or 
canalized than those typical of Middle Paleolithic, Upper Paleolithic, and later 
humans. The evidence for procedural interruptions and diverse positions while 
cutting flesh at Qesem Cave may reflect, for example, more hands (including less 
experienced hands) removing meat from any given limb bone, rather than 
receiving shares through the butchering work of one skilled person. Several 
individuals may have cut pieces of meat from a bone for themselves, or the same 
individual may have returned to the food item many times. Either way, the 
feeding pattern from shared resources may have been highly individualized, with 
little or no formal apportioning of meat. 
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Stiner et al. base this suggestion on the assumption that among recent hunter-

gatherers butchering of large animals normally involves a chain of focused tasks 

performed by one or a few persons.  It is assumed that this task chain tends to result in 

fairly well-aligned, orderly marks on bone surfaces in part because the butcher‟s position 

relative to the carcass does not shift or vary as it would with multiple butchers working 

simultaneously or at different times (Stiner et al. 2009: 13211). As the single (or few) 

butcher(s) in modern groups is the only person with direct access to the carcass, there is 

only one person responsible for distributing the meat, as opposed to the more 

individualistic removing of meat from a carcass that Stiner et al. propose for hominin 

groups of the Lower Paleolithic. 

Stiner et al. further suggest that the change in meat-sharing behaviors (and 

resultant decrease in MDAA) may be due to the final burst of brain expansion in 

hominins within the last 500-250 thousand years. If Stiner et al.‟s hypothesis regarding 

butchering and meat-sharing behaviors is correct, the Lower Paleolithic Qesem Cave 

faunal assemblage reveals much about the hominins that created it and the social 

behaviors of these early hominins.  While the inference may be correct, it requires 

rigorous testing before influencing theories of hominin evolution. 

The purpose of my thesis is to test Stiner et al.‟s inference of meat-sharing 

behaviors by examining the MDAA evidenced by cut marked specimens from a 

Holocene-aged site. A Holocene site is an appropriate test of Stiner et al.‟s hypothesis 

precisely because of its age. Stiner et al.‟s hypothesis uses the (inferred) number of 

butchers (as evidenced by MDAA) as a proxy for the behaviors surrounding the social 

distribution of meat. A rigorous test of Stiner et al.‟s hypothesis requires a faunal 
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assemblage where both the number of butchers involved in the butchery process and the 

attendant meat distribution behaviors are documented. In short, either each individual 

meat-consuming hominin filleted meat from a prey carcass, or, one or perhaps two 

butchers removed meat from a prey carcass and distributed (shared) that meat among 

other hominins in the social group. Stiner et al. assume that in the first case MDAA will 

be great whereas in the latter case MDAA will be minimal. 

It has been well documented that in Holocene hunter-gatherer groups it is typical 

for one or a few butchers to be involved in the butchery process of a deer-sized animal 

(~150 - 250 pounds) (e.g., Binford 1981; Bunn 1983; Gifford-Gonzalez 1989a; Yellen 

1977). Additionally, ethnographic evidence demonstrates that hunter-gatherer groups of 

the Holocene have variable and complex meat-sharing systems that are shaped by the 

social dynamics of these groups (e.g., Binford 1978, 1984b; Dowling 1968; Enloe 2003, 

2004; Gould 1967; Hawkes 1991, 1992; Hawkes et al. 2001a, b; Isaac 1978a, b; Kaplan 

and Hill 1985b; Kent 1993; Lupo and Schmitt 2004). While the variability of these 

systems is not completely understood, it is evident that meat-eating and sharing is not an 

individualistic act within Holocene groups. Anthropologists generally agree that a 

Holocene faunal assemblage is likely a product of a single butcher distributing meat in 

complex ways that are based on group dynamics and structure (e.g., kinship). To the best 

of my knowledge, there is currently no published ethnographic or ethnoarchaeological 

collection of faunal remains in which both the number of butchers involved per carcass 

and the MDAA of cut marks are known. 

A Holocene-aged assemblage provides a reasonable test of the butchering and 

meat-sharing behaviors proposed by Stiner et al. (2009, 2011). In using a Holocene 
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zooarchaeological collection, I assume that ethnographically documented butchery 

patterns and behaviors are valid analogs for the most recent prehistoric era. Further, I 

assume that there is a direct, positive correlation between the number of butchers and 

MDAA. Granting my assumptions, a Holocene collection provides a first-order (if not 

ideal) test because such collections are made up of animals butchered (presumably) by 

one or two butchers and the meat was shared among members of the social group, likely 

a family unit or kin group. The test implication of such is that the MDAA should be of 

relatively small magnitude, certainly less than that observed in the Lower Paleolithic 

Qesem Cave assemblage. 

It seems reasonable to predict that all of the Paleolithic faunal assemblages should 

produce a higher MDAA value than a Holocene faunal assemblage. However, Stiner et 

al.‟s inference allows for the possibility that the Holocene faunal assemblage may 

produce a mean MDAA similar to those of the Middle and Upper Paleolithic faunal 

assemblages, as butchering behaviors of the Middle and Upper Paleolithic could have 

been similar to those of modern hunter-gatherers (or at least more similar to modern 

hunter-gatherer behaviors than those of Lower Paleolithic hominins).  At a minimum, the 

Lower Paleolithic Qesem Cave MDAA should be significantly greater than the Holocene 

MDAA. If the Holocene mammal bone assemblage described in this thesis produces less 

chaotic (lower average) MDAA values than those of the Paleolithic materials, Stiner et 

al.‟s inference would not be refuted. If the Holocene data reveal MDAA values greater 

than the Qesem Cave assemblage, then Stiner et al.‟s assumption that MDAA reflects the 

number of butchers (with a decrease in butchers resulting in a decrease in self-

provisioning and an increase in meat distribution by a single butcher) would be 
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weakened. Alternatively, Stiner et al.‟s inference is correct, but one or both of the 

assumptions underpinning my use of a Holocene collection as a test case are invalid. In 

the remainder of this chapter a brief discussion of the history of meat-eating and meat-

sharing behaviors is presented, followed by a description of MDAA as an analytical tool. 

This background knowledge is essential in understanding the implications of Stiner et 

al.‟s (2009, 2011) inference - subsequently labeled an hypothesis - that is being tested in 

this thesis.  

Hominin Meat-Eating Behaviors 

Many anthropologists agree that eating meat of large animals helped to form the 

physical and social environment that selected for traits that most distinguish humans from 

nonhuman primates. The origin of meat-eating has long been in the spotlight of 

anthropological discussion, as many believe that meat-eating drastically impacted 

hominin evolution, both physiologically and behaviorally (e.g., Aiello and Wells 2002; 

Blumenschine and Cavallo 1992; McPherron et al. 2010). The idea that hominins have 

been eating meat for quite a long time is generally accepted in the anthropological 

community, but there are many different interpretations as to what the inclusion of meat 

in the diet, and how it was acquired, signifies for hominin social and cultural evolution.  

For many years, many associated the appearance of early members of the genus 

Homo with the beginning of hominin meat-eating. The 1.7 – 2 million year old 

archaeological sites at Olduvai Gorge in Tanzania (specifically the FLK Zinj site faunal 

assemblage) were especially influential in shaping this idea (Blumenschine 1995; 

Blumenschine and Marean 1993; Capaldo 1997; Leakey 1971; Monahan 1996a, b; Oliver 

1994; Potts 1988; Selvaggio 1994, 1998a). However, it is now known that an earlier 
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hominin ancestor, Australopithecus garhi, was eating meat by 2.5 million years ago 

(Asfaw et al. 1999; de Heinzelin et al. 1999). Australopithecus garhi remains were 

recovered from the Hata beds of the Bouri Formation in Ethiopia‟s Middle Awash. 

Modified bones were found in conjunction with these remains, demonstrating that stone 

tool-wielding hominins were engaged in meat-eating at this site. The modified bones 

found at the Bouri site indicate that “large mammals were disarticulated and defleshed 

and that their long bones were broken open, presumably to extract marrow, a new food in 

hominid evolution with important physiological, evolutionary, and behavioral effects” 

(de Heinzelin et al. 1999: 627). By the time of early Homo, many anatomical features that 

have been linked to increased carnivory, such as larger brains and reduced gut size, 

become more apparent and widespread in the fossil record (see Foley 2001 for 

discussion).  

There have been many discussions surrounding the implications of meat-eating 

for hominin evolution. Meat is a patchy resource, meaning that meat is not always readily 

available. It has been argued that early meat eaters would have had to increase foraging 

distances to encounter meat resources (Foley 1987; Shipman and Walker 1989) which 

would have required a more efficient means of terrestrial locomotion, signaling the onset 

of bipedalism (Foley 1987, 1992). Bigger brains have been linked to meat-eating (Foley 

2001; Foley and Lee 1991), which is backed up by Aiello and Wheeler‟s (1995) 

argument that the cost of larger brains in hominins was likely offset by the appearance of 

smaller guts (another expensive tissue); meat eaters have smaller guts relative to fruit and 

leaf eating primates. Brain size is also correlated with many life history variables (Harvey 

and Clutton-Brock 1985; Harvey et al. 1987), including fewer offspring with longer 
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interbirth intervals, slower growth rates, and longer life spans. All of these variables have 

been argued to be partially the result of an increase in meat-eating (Foley 2001). The 

appearance of Homo erectus/ergaster in the fossil record between 1.9 and 1.8 million 

years ago brought significant physiological and behavioral changes such as those outlined 

above (for summary see Antón 2003). These changes and the fact that H. erectus/ergaster 

has been linked to a greater abundance of stone tools and butchered carcasses suggest that 

H. erectus/ergaster was the first hominin to significantly increase their meat intake.  

It is important to emphasize that the regular inclusion of meat in early hominin 

diet does not necessarily imply these hominins acquired and butchered meat in ways 

analogous to modern hunter-gatherers. However, many anthropologists believe that meat-

eating spurred the onset of a range of new behaviors that are uniquely human. It has been 

argued that meat-eating may have affected group size and structure (Brown 1964; 

Wrangham 1980), partially due to the fact that large patches of high quality resources 

(i.e., meat) are more likely to be defended (Brown 1964), resulting in larger groups and a 

shift in types of hominin relationships. It has been demonstrated that better 

communication between group members results in higher caloric return rates (Boyd and 

Richerson 1985), indicating that meat-eating may have had an influence on hominin 

communication.  

Many of these arguments initially assumed that meat was largely acquired by 

hunting. This was largely due to the 1966 Man the Hunter conference, which led to the 

idea that hunting was the seminal behavior accounting for expansion of the human 

brain‟s neocortex and higher intelligence. Following this conference, Washburn and 

Lancaster published “The Evolution of Hunting” in 1968, which hypothesized that 
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hunting was among the most fundamental of human behavioral adaptations and that the 

importance of communicating and coordinating behavior inherent in big game hunting 

placed a premium on intelligence and the expansion of the brain‟s neocortex. For many 

years after the conference, increased access to meat from large animals, mainly via men‟s 

hunting, was identified as the fundamental driving force in early human evolution (e.g., 

Isaac 1978a, b, 1984; Potts 1988).  

According to this argument, protohominins left the forests and encroached on the 

savannah by living off their accustomed vegetarian diet with the addition of increasing 

amounts of hunted flesh (Washburn and Avis 1958; Washburn and DeVore 1961; 

Washburn and Lancaster 1968). Proponents of this theory believed that hunting led to 

larger brains and nimbler hands, which increased the capacity for technology. More meat 

in larger packages meant more nutrients available to members of hominin groups, which 

in turn allowed men to provision their mates and offspring and potentially led to modern 

human behaviors such as semi-exclusive mating arrangements, nuclear families, and a 

sexual division of labor, as well as physical traits such as increased fertility and longer 

periods of juvenile dependence, an expanded brain neocortex, and higher intelligence 

(Lovejoy 1981, 2009).  

Many anthropologists felt that this hypothesis was a sufficient and thorough 

explanation for the changes seen in the fossil record that accompanied the (apparent) 

appearance of meat-eating. However, many others argued that this hypothesis ignored 

aspects of subsistence that made up a greater part of hominin diet (i.e., plant resources). 

Additionally, the man the hunter hypothesis ignored the fact that many modern hunter-

gatherer groups acquire more meat through scavenging than hunting (e.g., Bunn 2001).  
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In response to the man the hunter hypothesis, many anthropologists began to 

examine the role of scavenging in early hominin meat-eating (Binford 1981; 

Blumenschine 1988, 1995; Blumenschine and Marean 1993; Blumenschine and 

Selvaggio 1988; Bunn and Kroll 1986; Capaldo 1997; Dominguez-Rodrigo 1997a, b, c, 

1999; Monahan 1996a, b; Oliver 1994; Potts and Shipman 1981; Selvaggio 1994, 1998a; 

Shipman 1986a). As our ancestors were smaller and less equipped to deal with situations 

such as big game hunting, Blumenschine and Cavallo (1992) argue that scavenging 

(whether passive or aggressive) as opposed to hunting is a more likely beginning to early 

humans‟ relationship with meat. The term passive scavenging refers to chance encounters 

of hominins with carcasses either not yet discovered or abandoned by carnivores (e.g., 

Blumenschine 1986). Active/aggressive/power scavenging consists of hominins actively 

seeking out carcasses and confronting competitors and forcibly driving them from their 

kills (e.g., Bunn 1996, 2001, 2007; Bunn and Ezzo 1993).  

Isaac‟s home base and food sharing model (e.g., 1978a, b, 1984) significantly 

expanded on the man the hunter hypothesis. Isaac argued that the co-occurrence of stone 

tools and bones of diverse animals at Plio-Pleistocene archaeological sites resembled that 

of modern hunter-gatherer base camps, implying that hominins of the Plio-Pleistocene 

had many of the same adaptations as modern hunter-gatherers, such as home bases, 

sexual division of labor, food transport, and food sharing. Isaac argued that the important 

point of hominin meat-eating was that carcasses were brought back to a home base, and 

that this behavior eventually began to select for intelligence, language, and culture, 

thereby playing a major role in the evolutionary history of humans.  
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Isaac‟s model, while historically influential, has been heavily critiqued and has 

since fallen out of favor. This model is critiqued for the uncritical use of the Plio-

Pleistocene sites as analogous to modern hunter-gatherer sites, the fact that it does not 

address the interconnectedness of archaeological sites on a landscape, and because it 

presents issues concerning the sexual division of labor (McCall 2006).  

In recent attempts to better understand the behavioral implications of meat-eating, 

there has been an explosion of research on three subjects: meat-eating by nonhuman 

primates and their analogues (Stanford 1996, 1998), meat-eating by modern foragers 

(e.g., Hawkes et al. 1991; Kaplan and Hill 1985a), and evidence of meat-eating in the 

fossil record (e.g., Bunn 2001, 2007; Pickering 2001, Sept 2001). The combination of 

these three subjects has resulted in general acceptance that concentrations of bones at 

home base/central place sites are likely reflecting a mixture of hunting and scavenging, 

carcass transport, meat-eating, and subsequent carnivore feeding (Domínguez-Rodrigo et 

al. 2007; Stanford and Bunn 2001).  

Hominin Meat-sharing Behaviors 

All of the areas of research described above have also highlighted the importance 

of meat-sharing in hominin behavioral evolution. Ethnographic data suggest that meat-

sharing is widespread and cross-culturally variable (e.g., Binford 1978; Dowling 1968; 

Gould 1981; Kaplan et al 1985b; Lee 1979).  

Meat-sharing has become one of the central features of recent hunter-gatherer 

societies, often as part of a complex system focusing on trade, maintaining social 

relationships, or a combination of these and other factors (e.g., Binford 1978; Dowling 

1968; Enloe 2003, 2004; Gould 1967; Hawkes et al. 1991; Kaplan and Hill 1985a, b; 
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Kelly 1995; Kent 1993; Testart 1987). In spite of the variation seen in modern human 

forager meat-sharing, the pervasiveness of this behavior has led several anthropologists to 

speculate on its importance in shaping the evolution of hominin social behaviors (e.g., 

Aiello and Wells 2002; Hawkes et al. 2001a, b; Isaac 1978; Kitahara-Frisch 1982; Lee 

1979; Lupo and Schmitt 2004; Washburn and Lancaster 1968; Winterhalder 1996a, b).  

The sharing of meat can be seen as an important development in hominin social 

relationships, as meat is a high quality, highly sought after resource that is difficult to 

procure in large quantities (e.g., Hawkes et al. 2001b; Kent 1993). To incorporate meat-

sharing into predictions of evolutionary theory, behavioral ecologists have designed 

models to account for the origin of meat-sharing in hominin groups. These models 

include: kin selection, tolerated theft, risk sensitive subsistence, reciprocal altruism, 

showing off, and mutualistic hunting/cooperative acquisition. These models are discussed 

in detail elsewhere (see Kaplan et al. 1985b; Winterhalder 1987, 2001) and need not be 

discussed here. However, it is important to note that most of these models emphasize 

important behavioral changes that may have been influenced by meat-sharing, or are a 

result of meat-sharing.  

While many animals share meat in some fashion, humans have no equal in the 

complexity of these behaviors. Chimpanzee behaviors are often referred to as an 

analogue for ancient or primitive human behaviors as there are similarities between 

chimpanzee and modern human meat-sharing behaviors. For example, alpha male 

chimpanzees often hunt and share meat in an attempt to gain social support and aid from 

other male chimpanzees (Mitani and Watts 2001; Nishida et al. 1992). However, there are 

also differences that separate chimpanzee meat-consumption behaviors from modern 
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humans, such as the fact that they will often ignore potential hunting opportunities and 

will voluntarily relinquish the high quality resource to other individuals (Stanford et al. 

1994). It has been argued that the difference between chimpanzee and modern human 

hunter-gatherer meat-sharing behaviors may be due to the egalitarian nature of human 

groups, as opposed to the status driven hierarchy of chimpanzee groups (Stanford 2001). 

Such a perspective emphasizes the overall evolution of human behaviors in general as a 

factor influencing meat-sharing behaviors in particular.  

Ethnographic data suggest that food sharing potentially serves three general 

purposes: it enhances social solidarity (Hawkes 1991, 1992; Hawkes et al. 1991), as well 

as higher offspring survival rates (Kaplan and Hill 1985a), and it lowers the risk of a diet 

dependent on unpredictable resources (Winterhalder 2001). It is clear that meat-sharing 

behaviors are representative of many complex and uniquely human behaviors, and for 

this reason the timing of the origin of meat-sharing is essential to understanding human 

behavioral evolution.  

Until recently, it was believed that meat-sharing was a modern behavior. 

However, Bunn (2001) and Stiner et al. (2009, 2011) argue that meat-sharing extends 

much further into our past than previously thought. Using the Hadza of Tanzania as an 

ethnographic analogue, Bunn (2001: 211) claims that the similar anatomical patterning of 

early Pleistocene cut marks indicates that early Homo at Olduvai had access to intact 

carcasses of large animals and thoroughly butchered them for meat. He argues that the 

quantities of meat obtained would be much larger than an individual hominin could 

consume without drying meat for later consumption, and that it is probable that, like the 

Hadza, early Homo shared meat as early as 1.7 million years ago. As discussed 
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previously, Stiner et al. (2009, 2011) interpreted the chaotic MDAA of Qesem Cave as an 

indication that an individualized form of meat provisioning and consumption and 

potentially (but not necessarily) some form of sharing of a carcass was occurring as early 

as 400-200 thousand years ago, although this type of meat-sharing behavior is drastically 

different than the complex re-distribution behaviors seen in modern hunter-gatherers.  

The appearance of meat-sharing behaviors early in hominin evolutionary history 

has the potential to drastically change the way we think of hominin social evolution. It is 

interesting that Bunn (2001, 2007) claims that 1.7 million years ago early Homo was 

practicing meat-sharing behaviors similar to modern hunter-gatherers, while Stiner et al. 

(2009, 2011) argue that a group of hominins living 1.2 – 1.4 million years after those at 

Olduvai Gorge were practicing meat-sharing behaviors quite different than those seen 

today. It could be argued that this discrepancy may be due to the fact that Bunn‟s 

inference rests on the assumption that the Hadza faunal assemblage provides an 

appropriate analogue for the Olduvai assemblage (at least in terms of the variables 

considered by the analogy [anatomical distribution of cut marks]). Ethnoarchaeological 

analogues are certainly useful when there is no empirical alternative available. However, 

the work of Stiner et al. provides such an alternative. MDAA is an analytical tool that has 

not received much attention in the literature, but has the potential to be informative on 

past hominin butchering behaviors and social evolution. 

MDAA as an Analytical Tool 

Cut mark analyses were originally often based on the frequency of cut marks, as 

opposed to their anatomical placement or orientation (Binford 1984b; Bunn 1982, 1983; 

Guilday et al. 1962; Potts 1982; Potts and Shipman 1981; Shipman 1983). Hominins do 
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not intentionally create cut marks; cut marks are a fortuitous result of butchery activities 

(Lyman 1994: 301-302, 1995, 2005). The presence of cut marks and their frequency are 

potentially ambiguous indicators of the quantitative aspects of human butchering 

behaviors, and are limited in their analytical usefulness without additional lines of 

evidence (Lyman 1994, 1995, 2005).  

As it became clear that analyses of cut mark frequencies were inadequate, studies 

focusing on cut mark placement and orientation became popular (Binford 1978, 1984a; 

Potts and Shipman 1981; Thomas and Mayer 1983). These studies generally assume that 

there is an anatomically dictated reason why a particular mark should occur at any given 

spot (Guilday et al. 1962: 63). This assumption is referred to as „purposiveness‟ (Lyman 

1987, 1994) and suggests that hominins butcher animals efficiently, resulting in marks 

that have a function or purpose for existing. Following the purposiveness criterion, 

analyses of cut mark placement and orientation focused on identifying the function of 

prehistoric cut marks, often in regards to the specific butchering activities of skinning, 

disarticulation, and filleting or defleshing (Binford 1981, 1984a; Potts and Shipman 

1981). These analyses require every cut mark to be identified as the result of a specific 

function based on its anatomical location and orientation. This analytical protocol does 

not allow for variability in the function of a mark in a particular location with a particular 

orientation, thus largely ignoring the possibility that butchering techniques have changed 

over the course of hominin evolution (Lyman 1987). MDAA does not assume a specific 

function for cut marks, with the exception that only cut marks on long bone shafts were 

examined in Stiner et al.‟s work (and this thesis); cut marks were therefore assumed to 
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represent (given their anatomical location) filleting or removal of meat rather than 

skinning or dismemberment (Stiner et al. 2009: 13210).  

Using MDAA, analysts are capable of accessing human behaviors represented by 

cut marks that have not been previously considered. As MDAA is based on cut mark 

orientation and presumably only the defleshing function, those data are not subject to the 

issues of equifinality. MDAA deals only with cut mark orientation but can be used in 

conjunction with other characteristics of cut marks (i.e., frequency, anatomical 

placement), or on its own. Regardless of the explanation given to MDAA data in any 

specific analysis, the fact remains that MDAA is capable of exposing statistically 

significant differences in patterns of cut mark orientation. This makes MDAA a powerful 

analytical tool. The only studies using MDAA (or a similar method of measuring cut 

mark orientation) of which I am aware are Stiner et al. (2009, 2011), Egeland et al. 

(2014), and Merritt (2015). This is likely because the MDAA variable is a relatively new 

one in butchery mark analysis. 

If Stiner et al.‟s hypothesis is correct, the MDAA data of Qesem Cave has the 

potential to greatly increase our knowledge of Lower Paleolithic hominin meat 

consumption and sharing and subsequent evolution toward standardized meat-sharing 

practices that were likely occurring during the later Paleolithic. If Stiner et al.‟s 

hypothesis is refuted by the data presented by a Holocene-aged site, there must be an 

alternative explanation for the variation in MDAA between the Lower and Middle/Upper 

Paleolithic. The MDAA data of Qesem Cave and the hypotheses presented by Stiner et al. 

(2009, 2011) have the potential to provide us with a picture of social behavior in the 

Lower Paleolithic that has received little attention thus far due to the limits of the 
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archaeological record and our methodological naiveté. Given their potential significance, 

those data and the hypotheses they suggest demand critical scrutiny. It is the purpose of 

this thesis to provide just such scrutiny.  

In Chapter Two the materials analyzed are discussed and an explanation is 

provided for why the Holocene Helmreich Shelter faunal collection provides a first-order 

test of Stiner et al.‟s hypothesis. In Chapter Three the Paleolithic MDAA data are 

compared to MDAA data from Helmreich Shelter as a test of Stiner et al.‟s hypothesis. 

Chapter Four discusses the significance of the test results in relation to Stiner et al.‟s 

hypothesis and outlines further work that would supplement the results found here. 

Chapter Five summarizes my findings and stresses the importance of the application of 

MDAA to many areas in the field of anthropology.  
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CHAPTER TWO 

 

MATERIALS AND METHODS 

 

As stated previously, the purpose of this thesis is to test Stiner et al.‟s (2009, 

2011) hypothesis regarding the mean difference of adjacent angles (MDAA) of cut marks 

in relation to butchering behaviors and the social implications of meat-sharing. Stiner et 

al. did not phrase this notion as a hypothesis but rather as an inference induced from the 

MDAA data. It is a reasonable inference in the sense that it does account for the MDAA 

data. However, the inference that wide-ranging or chaotic MDAA values signify multiple 

butchers and little sharing (much self-provisioning) whereas a narrow range of variability 

in MDAA (less chaotic) signifies one or very few butchers who distribute meat to (share 

with) others is readily phrased as an hypothesis. The hypothesis can be stated as follows: 

if individual cut marks are more chaotically oriented relative to one another in one faunal 

assemblage relative to another faunal assemblage, then more butchers were involved in 

creating the cut marks of the former assemblage, suggesting an individualized form of 

meat provisioning and consumption with minimal, if any, sharing.  

If this hypothesis is true, then it follows that the less chaotically oriented 

individual marks are relative to one another, the fewer butchers were involved and a more 

communal form of meat consumption and sharing occurred. This is, again, an inference 

that rests upon the data presented by Stiner et al. (2009) demonstrating the decrease in 

both the variability and mean MDAA from the Lower Paleolithic through the Middle and 

into the Upper Paleolithic. By the Upper Paleolithic, meat-sharing is generally assumed 
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to be commonplace (Enloe 2003, 2004; but see Lupo and Schmitt 2004). My analysis 

begins with a detailed description of the faunal assemblages analyzed by Stiner et al. 

(2009, 2011). The relevance and significance of using the Holocene-aged Helmreich 

Shelter faunal remains as a test of Stiner et al.‟s hypothesis is then discussed, followed by 

a discussion of the methods used to conduct my study.  

Qesem Cave, Üçağızl II, Üçağızl I 

Qesem Cave is a Lower Paleolithic site (400-200 thousand years ago) located in 

Israel. The Qesem Cave faunal sample includes 4,740 identified specimens (Table 2.1) 

and 38,976 nondiagnostic fragments from the 2001-2003 excavations. Fallow deer 

(Dama cf. mesopotamica) was the main prey animal, along with aurochs (Bos), horse 

(Equus, caballine form), wild pig (Sus scrofa), tortoise (Testudo cf. graeca), wild goat 

(Capra aegagrus), red deer (Cervus elaphus), roe deer (Capreolus capreolus), wild ass 

(Equus cf. hydruntinus), and rarely, rhinoceros (Dicerorhinus hemitoechus) (Stiner et al 

2009: 13207).  

All major bone cavities were opened for marrow, and lower limbs were burned 

more than any other skeletal part. Cut marks occur on 2-12% of ungulate bone fragments 

depending on stratum (Table 2.2); cut marks often occur in loose aggregations of 3-44 

strokes. Cut marks from this site are concentrated on meaty skeletal elements of proximal 

limbs, most notably the humerus and femur, which signifies that the randomly oriented 

cut marks are not likely geological scratches, as scratching from sediment movements 

would be much less biased with respect to body part (Behrensmeyer et al. 1986). 

Üçağızl Caves I (Upper Paleolithic) and II (Middle Paleolithic) are located in 

southern Turkey along the Mediterranean coast and were excavated in 1999, 2002, and 
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2005 (Kuhn et al. 2009). Faunal assemblages are similar to that of Qesem Cave in terms 

of prey taxa, geological and climatic environments, and bone preservation (Stiner et al. 

2009). The Üçağızl I and II faunal sample includes 26,945 identified specimens and is 

dominated by terrestrial game animals, particularly artiodactyls (Kuhn et al. 2009). The 

cut marked specimens from these two Turkish sites are typically compact limb shaft 

fragments, many of which are identifiable to skeletal element (Kuhn et al. 2009). 

Table 2.1. NISP (Number of Identified Specimens) of Qesem Cave per unit (Stiner et al. 2009). 
 

Taxon/body-size class  Unit I     Unit II     Unit III     Unit IV     Unit V 
 

Lacertidae      X             4              X          X            X 
Testudo graeca         1     15       15          29            28 
Medium bird      X     X             1          1            4 
Large bird      X     1       1          X            1 
Hystrix indica      X      7        2           8             6 
Small ungulate                   2             X              4                3              4 
Capreolus sp.      X            1               1               X              X 
Capra aegagrus                   X            X              2               1               X 
Dama mesopotamica    33    524      579         731           236 
Sus scrofa     X             9      22         20           4 
Equus hydruntinus    X             1              4               7               X 
Medium ungulate                   8    320      438         718           199 
Cervidae     1    36      23         43           25 
Cervus elaphus     X    12      13         1           2 
Equus caballus     X    26      53         39            1 
Bos primigenius                   9    46      56         76           13 
Large ungulate                   X    25      61         55           12 
Dicerorhinus hemitoechus    X    6      16         14           1 
Megafauna     X    4      2         2             X 
Medium mammal                  4    1      29         14           4 
Hyaenidae     X    2      12         1            X 
Total     58 1,040      1,334         1,768       540 

 
 
 

Table 2.2. Frequency of damage types on all ungulate bones (% of NISP) by vertical unit of Qesem Cave 
(Stiner et al. 2009). 

 
Damage type   Unit I Unit II Unit III Unit IV Unit V 

 

Burning, %   4 19 13 12 12 
Cone (percussion) fractures, % 0 20 19 31 25 
Cut marks, %   2 9 11 12 10 
Gnawing, %   0 < < < 0 
Weathering, %   0 1 1 1 1 
Total NISP sampled  53 907 1,057 1,198 328 
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Helmreich Shelter (23CP40) 

Helmreich Shelter (23CP40) is a rock shelter archaeological site in central 

Missouri (Figure 2.1). From 1957 through 1959, Helmreich Shelter was excavated in 

arbitrary levels of varying thickness (1-12 inches) to a maximum depth of twelve feet. 

Four C14 samples indicate the site dates to the late Holocene (Table 2.3). 

These dates range from the late Middle/early Late Archaic period through the 

Late Woodland period. The faunal assemblage, spanning ~3,000 years, is subject to 

issues of time averaging, which is often a problem in zooarchaeological analyses (Lyman 

2003 and references therein). However, within the framework of this analysis, there is no 

need to distinguish between temporally distinct assemblages in order to test Stiner et al.‟s 

hypothesis as no fine-grained temporal distinctions (e.g., Lower to Middle Paleolithic) 

were made by them. Additionally, the age range represented by the Helmreich Shelter 

faunal remains is much less than that represented by the assemblages used by Stiner et al. 

(Table 2.4).  

Central Missouri has climatic and faunal histories distinct from the Paleolithic 

collections. Missouri straddles two major biotic provinces, hardwood forest and tall-grass 

prairie (O‟Brien and Wood 1998). The faunas found within this region consist mainly of 

white-tailed deer (Odocoileus virginianus), turkey (Meleagris gallopavo), various types 

of rabbit (e.g., Sylvilagus floridianus), squirrel (e.g., Sciurus carolinensis), turtle (several 

varieties of Testudines), and raccoon (Procyon lotor). While the faunal assemblage of 

Helmreich Shelter included a variety of taxa, only mammal bones were included in my 

test of Stiner et al.‟s hypothesis. This was done to mimic Stiner et al.‟s MDAA analysis, 

which examined only mammal bones.  
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Table 2.3. Radiocarbon dates from Helmreich Shelter (23CP40). 
 

 
 

Table 2.4. Length of time represented by each site included in analysis. 
 

Helmreich Shelter ~3,000 years 

Üçağızl  I ~11,000 years 

Üçağızl  II ~255,000 years 

Qesem Cave ~200,000 years 

 

Helmreich Shelter is an appropriate test of Stiner et al.‟s hypothesis due to the 

nature of the butchery procedures (typically one to two butchers) and attendant meat-

sharing behaviors (distribution of meat by the butcher) that are typical of hunter-gatherer 

groups in the Holocene (Phillips and Brown 1983). Stiner et al.‟s hypothesis assumes that 

a single butcher distributing meat will result in a less chaotic orientation of cut marks 

than that produced by multiple individuals cutting meat from a carcass for their own 

consumption (i.e., self-provisioning). Therefore, if Stiner et al.‟s hypothesis is correct, the 

faunal assemblage from Helmreich Shelter should produce a smaller mean and range of 

MDAA than the Lower Paleolithic Qesem Cave assemblage. If the MDAA of Helmreich 

Specimen Provenience Level 
Measured Radiocarbon 

Age 
Conventional 

Radiocarbon Age 

GaK 504 
SQ 15-R3 60-

66" 6A  n/a 3210 +/- 90 B.P 

GaK 1005 
SQ 15-L1 72-

78" 7A n/a 3620 +/- 90 B.P. 

23CP40-
2015-02 SQ 5-L2 30-36" 3B 1540 +/- 30 B.P. 1600 +/- 30 B.P.  

23CP40-
2015-03 

SD 12-18" 12-
18" 2A 1200 +/- 30 B.P. 1270 +/- 30 B.P. 
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Shelter is similar to or greater than the MDAA of the Qesem Cave assemblage, Stiner et 

al.‟s hypothesis will need further testing, as there may be a reason for the shift in MDAA 

mean and range other than that presented by Stiner et al. (2009, 2011). 

Figure 2.1. Location of prehistoric site 23CP40 (Helmreich Shelter) in Cooper County, Missouri (The 
USGenWeb Archives Digital Map Library). 

 
 

Methods 

Helmreich Shelter bone specimens were identified by direct comparison with 

specimens of known taxonomy curated in the University of Missouri - Columbia 

zooarchaeological comparative collection. Supplemental information was provided by B. 

Miles Gilbert‟s Mammalian Osteology (1990) and Avian Osteology (1985), as well as 

Stanley J. Olsen‟s (2004) Fish, Amphibian and Reptile Remains from Archaeological 
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Sites. All specimens were identified by myself or Abby Swaim, a fellow zooarchaeology 

graduate student. The faunal sample from Helmreich Shelter consists of 3,673 Number of 

Identified Specimens (NISP) (Table 2.5) and 8,239 taxonomically nondiagnostic 

fragments.  

Table 2.5. NISP (Number of Identified Specimens) and faunal composition of Helmreich Shelter 
(23CP40). 

 
 Artiodactyla Carnivora Rodentia Lagomorpha Didelmorphia Non-

mammalian 
taxa 

NISP 2124 512 377 134 16 510 

% of NISP 57.8 13.9 10.2 3.6 <1 13.8 

 

Cut marks were preliminarily identified during the initial faunal identification 

process by either naked eye, a hand lens (10x), or in some cases, a binocular microscope 

(10-40x), and set aside for further analysis. Of the total 11,912 specimens found at 

Helmreich Shelter, 305 had cut marks (Appendix A). Mammal size classes were 

separated and, following Stiner et al.‟s (2009) protocol, only limb shaft fragments from 

medium to large mammal bones (from mammals ~150 pounds and above) were analyzed, 

resulting in a sample of 119 specimens of mainly deer and deer-sized mammals (Table 

2.6). Only medium to large mammals were included because prey taxa of the Paleolithic 

sites analyzed by Stiner et al. consist predominately of medium to large mammals. 

Ethnographically documented meat-sharing behaviors are known to sometimes differ 

based on animal size (Gifford-Gonzalez 1989a), so it was critical to examine only 

remains of animals of like-size.  

The number of cut marks per bone specimen included in my analysis ranged from 

two to twenty-two. Specimens with indiscernible or ambiguous marks were not included 



25 
 

in the analysis. Rodent gnawing and carnivore damage were both present in the 

Helmreich Shelter faunal assemblage. Illustrations published by Behrensmeyer et al. 

(1986), Binford (1981), Brain (1981), Haynes (1980, 1983), and others (e.g., Dominguez-

Rodrigo et al. 2009; Fisher 1995) on various carnivore and geologically induced damage 

to bone were compared to similar phenomena in the Helmreich collection to differentiate 

cut marks from other types of modifications. The cut marks included in this analysis were 

often double checked by Dr. Lyman (an experienced zooarchaeologist familiar with the 

morphology of cut marks). Anatomical placement of cut marks was also recorded.   

Table 2.6. Limb bone fragments included in MDAA analysis of Helmreich Shelter, separated by size class. 
 

 Medium – Large Size Class Small Size Class 
Humeral Shaft 3 1 
Ulnar Shaft 1 X 
Radial Shaft 6 1 
Femoral Shaft 8 5 
Tibial Shaft 2 5 
Metapodial Shaft Fragment 15 X 
Nondiagnostic Shaft Fragment 65 10 
 

After the identification process, several photographs were taken of each modified 

surface under various lighting angles to produce images that allowed individual marks to 

be readily discerned. Images were recorded with a high-resolution camera. For smaller 

fragments with a localized set of cut marks, one image was sufficient for analysis. Larger 

fragments, complete bones, or specimens with multiple sets of cut marks required two or 

more images for analysis. Care was taken to ensure the fragments with multiple images 

were all measured relative to the same long axis. This was done through reference to 

anatomical landmarks. Specimens were oriented anatomically in each image with 

proximal end up (toward the top of the photograph) if possible. The majority of the 

specimens with cut marks were long bone shaft fragments with no anatomical landmarks, 
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making it impossible to distinguish which end was proximal. Photos were saved as high 

resolution JPEG files and opened in the program ImageJ, a Java-based image processing 

program.  

Figure 2.2 is an example of the way orientation of cut marks was measured in this 

work. Cut marks (shown in red) were measured in a straight line from one end to the 

other, following the length of the mark. Each cut mark in an image was assigned an 

arbitrary number, typically beginning from the upper right hand corner of the image 

moving down to the bottom left hand corner. Cut mark orientation was measured in 

reference to the specimen‟s long axis (shown in blue in Figure 2.2). Orientations were 

determined on a 0-180 degree plane using the ImageJ angle measuring tool, and were 

calculated in the order of the numbers previously assigned to each mark (shown as 1 and 

2 in Figure 2.2). The angle of each cut mark relative to the bone specimen‟s long axis 

was recorded in a spreadsheet (Appendix B).  

The mean difference in angle measurements of adjacent cut marks (MDAA) was 

calculated using Stiner et al.‟s (2009, 2011) method. MDAA is the main parameter used 

to establish the amount of variation in cut mark angles within all archaeological 

assemblages discussed here. The unit of analysis for MDAA in the Helmreich Shelter 

assemblage is a cluster, which is a set of localized cut marks sharing the same surface 

(Figure 2.3). Cut marks that appeared in more than one image (typically due to the length 

of the cut mark) were recorded in the cluster in which the majority of the length of the 

mark appeared. Not unexpectedly, larger bone specimens tended to have more clusters 

than smaller specimens, but this was not always the case. For each cluster, the difference 

in angle measurements was calculated between a mark and its closest adjacent neighbor 
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(e.g., the angles numbered 1 and 2 in Figure 2.2). The absolute value of the differences 

between adjacent angles were summed for each cluster and then divided by the number of 

adjacent angles for that cluster, resulting in the MDAA value for a bone specimen. 

 Stiner et al. (2009: 13210) included all cut marks on a single specimen as one unit 

of analysis, but did not discuss how to deal with the issue of multiple clusters on a single 

specimen. Five of the bone specimens included in my analysis had separate (either two or 

three) clusters of cut marks that did not share an adjacent angle (e.g., Figure 2.3). 

Figure 2.2. Example of the way cut mark orientation was measured for Helmreich Shelter. 

 

For these specimens, I treated each cluster as a distinct unit, initially resulting in 

multiple MDAA results for a single specimen (i.e., two clusters on a single specimen 

resulted in two initial MDAA values for the same specimen). The MDAAs of each 

cluster on a specimen were summed, and that sum was divided by the number of clusters 

on the specimen, providing an average MDAA for the specimen. Treating multiple 
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clusters as a single unit on a bone specimen would have been very difficult (as they 

shared no adjacent angle), and I believe the approach used here is in line with Stiner et 

al.‟s method of calculating MDAA. The resultant mean MDAA of the Helmreich Shelter 

faunal assemblage was compared to the three Paleolithic faunal assemblages using a 

Welch‟s t-test and an ANOVA test. 

Figure 2.3. Examples of clusters in the Helmreich Shelter faunal collection. 
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CHAPTER THREE 

 

RESULTS 

Table 3.1 presents a summary of the MDAA data for each faunal assemblage 

included in this analysis. As discussed in the introduction of this thesis, Stiner et al.‟s 

hypothesis allows for the possibility that the Holocene faunal assemblage may produce a 

mean MDAA similar to those of the Middle and Upper Paleolithic faunal assemblages, as 

butchering behaviors of the Middle and Upper Paleolithic could have been similar to 

those of modern hunter-gatherers (or at least more similar to modern hunter-gatherer 

behaviors than those of Lower Paleolithic hominins). Statistical tests demonstrate that the 

MDAA of the Helmreich Shelter faunal assemblage and the two Üçağızl faunal 

assemblages are statistically similar (Table 3.2 and Table 3.3; Helmreich MDAA = 7.79; 

Üçağızl II MDAA = 8.1; Üçağızl I MDAA = 6.4).  Statistical tests do, however, 

demonstrate a statistically significant difference between the MDAA of the Qesem Cave 

faunal assemblage and the Helmreich Shelter faunal assemblage (MDAA = 13.4 and 

7.79, respectively). These results meet the predictions set forth by Stiner et al.‟s 

hypothesis, and Stiner et al.‟s hypothesis of increased numbers of butchers producing an 

increased mean MDAA cannot be refuted with the data presented here. 

Table 3.1. Summary of MDAA data for Helmreich Shelter, Qesem Cave, Üçağızl II, and Üçağızl 
I. 

 
 Helmreich Shelter Qesem Cave Üçağızl  II Üçağızl  I 

Variance 63.68 56.25 29.16 16.0 
Standard Deviation 7.98 7.5 5.4 4.0 

n 119 38 78 16 
Mean MDAA 7.79 13.4 8.1 6.4 

Range 57.44 34 33 17 
Coefficient of 

Variation 
102.65 56.34 66.8 63.48 
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Table 3.2. Welch‟s t-test MDAA results for Helmreich Shelter (H), Qesem Cave (LP), Üçağızl II (MP), and 

Üçağızl I (UP). 
 

Sub-sample 
pair 

Welch‟s t-test 
statistic 

Df P value 

H vs. LP 3.97 66 <0.01 

H vs. MP 0.33 194 0.74 

H vs. UP 1.11 34 0.27 

 
 

Table 3.3. ANOVA MDAA results for Helmreich Shelter (H), Qesem Cave (LP), Üçağızl II (MP), and 
Üçağızl I (UP). 

 
 F ratio df1  df2 P value 

H vs. LP 20.42 1 153 <0.01 

H vs. MP 0.09 1 193 0.76 

H vs. UP 1.6 1 131 0.21 

 

Interestingly, the Helmreich Shelter faunal assemblage produced the greatest 

amount of variation in MDAA of all the assemblages analyzed (see Table 3.1; Figure 3.1; 

Figure 3.2). No correlation was found between sample size and variance, sample size and 

mean MDAA, mean MDAA and variance, or the temporal duration of a site and variance 

(Table 3.4).  

Table 3.4. Spearman‟s rank correlations for sample size and variance; sample size and mean 
MDAA; mean MDAA and variance; and temporal duration of site and variance.  

 
 Sample size 

and variance  
Sample size 
and mean 
MDAA 

Mean MDAA 
and variance 

Temporal 
duration of site 
and variance 

Spearman‟s rho 0.8 0.2 0.4 -0.4 
P value 0.2 0.8 0.6 0.6 
 

While my data do not refute Stiner et al.‟s hypothesis that MDAA reflects the 

number of butchers (with a decrease in butchers resulting in a decrease in self-
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provisioning and an increase in meat distribution by a single butcher), the data of this first 

order test is not capable of demonstrating that the number of butchers is the sole factor 

responsible for variability in MDAA.  

Figure 3.1. Box and whisper plot of MDAA data for all time periods. 
 

 
 

 
Figure. 3.2. Examples of specimens with A) small MDAA values (1.99) and B) large MDAA 

values (57.63) from Helmreich Shelter. 
 

a.   b.  
 

The statistical difference between the MDAA of the Lower Paleolithic 

assemblage and those of later periods may be explained by Stiner et al.‟s hypothesis, but 
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the surprising amount of variation in the MDAA of the Helmreich Shelter faunal 

assemblage suggests that there are likely other factors involved in the production of 

MDAA. It is therefore necessary to discuss possible explanations (in addition to the 

number of butchers) for variability in MDAA. Alternative explanations are discussed in 

detail in the following chapter. 
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CHAPTER FOUR 

 

DISCUSSION 

 

Results presented in Chapter Three meet the predictions of Stiner et al.‟s (2009, 

2011) hypothesis, suggesting that a decrease in the number of butchers may be 

responsible for decrease in MDAA between the Lower Paleolithic and later periods. 

However, the basis of Stiner et al.‟s (2009, 2011) hypotheses regarding linkages between 

MDAA and the number of butchers (and meat-sharing) are not based on actualistic data. 

Without such linkages, it is difficult to substantiate any interpretation of what a chaotic or 

more patterned MDAA might signify. Stiner et al. base their hypothesis of meat 

consumption behaviors on two separate assumptions. The first is that a more chaotic 

MDAA is the product of procedural interruptions and diverse positions of multiple 

butchers. The second assumption is that more butchers imply less meat-sharing because 

each butcher provisions him/herself. The first assumption is tested indirectly here, but the 

second assumption remains untested. The question of whether Lower Paleolithic 

hominins were participating in less meat-sharing than their later counterparts remains 

unanswered.  

It is possible to closely link MDAA with the number of butchers if properly tested 

with actualistic research. Egeland et al. (2014) conducted an experiment investigating the 

relationship between MDAA and the number of butchers in an attempt to test Stiner et 

al.‟s hypothesis. Contrary to Stiner et al.‟s (2009, 2011) findings, Egeland et al. found 

that there was no statistically significant relationship between the magnitude of MDAA 
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and the number of butchers. However, Egeland et al.‟s study may not be an appropriate 

test of what prehistoric MDAA data might signify, as the cut marks were produced 

experimentally by inexperienced butchers. Therefore, it remains unclear whether there is 

a correlation between the number of experienced butchers and MDAA. To better 

understand the dynamic between the number of butchers and MDAA, actualistic research 

that explores variation in MDAA between novices and experienced butchers is required.  

Actualistic research has been one of the most popular methods used by 

archaeologists to access past hominin behaviors by developing analogues linking the past 

to the present. This is often done through experimental archaeology and 

ethnoarchaeology (e.g., Bunn 2001; Dominguez-Rodrigo 1997a; Gifford-Gonzalez 

1989b). Such studies have contributed to answering various questions (distinguishing 

hunting from scavenging, identifying agents of bone modification, inferring butchery 

techniques, etc.). Our knowledge of past hominin behaviors, especially in matters of 

subsistence, is largely the result of actualistic research. However, it is important to 

approach actualistic studies with caution. As discussed in the introduction of this thesis 

(i.e., Bunn‟s claims about meat-sharing behaviors in early Homo), analogues should be 

used with caution, and preferably in conjunction with other, independent sources of 

evidence. Actualistic research is a valuable method for studying cut marks if the multiple 

factors that influence the creation of a cut mark are carefully controlled. 

The lack of actualistic data regarding Stiner et al.‟s hypothesis and the significant 

amount of variation seen in the MDAA of the Helmreich Shelter faunal assemblage make 

it necessary to discuss alternative and/or additional influences on MDAA. The following 
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discussion explores several potential factors, as well as possible avenues for research that 

are essential to increasing the applicability of MDAA to the zooarchaeological record.  

Potential Factors Influencing MDAA 

Skill and Experience 

Egeland et al. (2014: 132) suggest that experience or skill is a factor that should 

be taken into account when examining the significance of MDAA. Experienced/skilled 

butchers are more familiar with the anatomy of a carcass (i.e., which joints are easiest to 

cut through, which units produce the most meat, where bone is covered by little soft 

tissue and where bone is covered by thick layers of soft tissue) (e.g., Binford 1981: 144-

147).  Inexperienced butchers are unfamiliar with anatomical details of prey carcasses 

and thus do not know precisely where joints are or how to most readily disarticulate or 

deflesh/fillet a carcass (Dominguez-Rodrigo et al. 2010). Thus, it is likely that if skill and 

experience are found to be associated with MDAA, a more experienced butcher would 

produce a smaller MDAA value than a less experienced butcher. 

Learning to butcher an animal efficiently typically occurs very quickly (Dr. M. E. 

Gompper, personal communication, May 2015). However, the role of skill has been 

demonstrated to influence the placement and orientation of cut marks (e.g., Dominguez-

Rodrigo 1997a, b, c; Guilday et al. 1968), suggesting that skill and experience may 

indeed influence MDAA.  To my knowledge there is no existing literature on the role of 

skill or experience in relation to MDAA. Rather, ethnoarchaeologists typically seek 

experienced butchers to generate data. Stiner et al. (2009: 13211) briefly address the 

possibility that skill may have an effect on MDAA, but do not attribute variations in 

MDAA to skill or discuss how to differentiate the effects of skill on MDAA from any 
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other potential effects (i.e., the number of butchers). This is not to say that a study 

focusing on experience may not be informative with respect to MDAA; there are 

certainly experimental settings that may act as a proper analogue for past behaviors 

reflecting variability in skill level.  

The fact that both Egeland et al. (2014) and Stiner et al. (2009, 2011) 

acknowledge the potential influence of skill on MDAA variability suggests that analyses 

focusing on butchery skill are essential to unveiling the human-behavioral significance of 

MDAA.  If a relationship between skill of a butcher and MDAA is found, then the high 

coefficient of variation and range seen in the MDAA of the Helmreich Shelter faunal 

assemblage may be an indication that both experienced and inexperienced butchers were 

involved in the butchery process at this site. While this cannot be proven, it appears that 

variation in butchery skill and experience is the most likely explanation for these high 

values. Similar amounts of variation of butchery experience in the Üçağızl assemblages 

may be present but not reflected in the CV or range of MDAA due to smaller sample 

sizes.  

To better understand the relationship between MDAA and individual butchery 

skill, an analysis comparing four sets of MDAA data is needed: (1) data produced by a 

single experienced butcher, (2) data produced by multiple experienced butchers, (3) data 

produced by a single novice butcher, and (4) data produced by multiple inexperienced 

butchers. This framework would also allow examination of precisely how the number of 

butchers involved is related to MDAA, as well as testing Stiner et al.‟s hypotheses 

regarding the number of butchers in relation to meat-sharing behaviors, provided that the 
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butchers included in the study were concerned that everyone in a group of multiple 

hominins received some of the meat removed from the bones.  

If a relationship is found between skill and MDAA, a series of questions 

regarding the high MDAA values of the Lower Paleolithic must be asked, such as: Why 

do butchers become more „experienced‟ in the Middle Paleolithic? Is this due to an 

increase in carcass availability, a result of some new feature of hominin evolution, the 

technological change we categorize as the shift from Lower to Middle Paleolithic, or 

some combination of these factors? 

Butchering Variability, Transport Decisions, and Site Type 

Lyman (1987: 252) points out that butchering is not a single act, but a set or series 

of acts that are directed at the removal of consumable resources from a carcass. The 

butchery process may vary significantly from carcass to carcass and is dependent on a 

wide range of variables (Table 4.1; Lyman 1987: 253).   

Table 4.1. Variables affecting butchering techniques (Lyman 1987: 253).  
 
 
Natural Variables 
 Prey animal: taxon, size, age, sex, health status 

Nature of hunt: number of animals killed, number of people present, type of kill site (location, 
accessibility, geological conditions, geographic conditions) 
Spatial relationships of kill, habitation, and processing areas 
Time of day: heat, amount of light remaining, weather 
Season of year: weather (heat, precipitation) 
Dietary status of hunters: immediate versus long-term nutritional needs 

Cultural Variables 
 Technological: available versus used, curated versus expedient tools 
 Gustatory preferences 
 Preparation and consumption: cooking vessel size, preservation technology, storage capabilities 
 Ethnic group involved: first animal rituals, kin present at kill site versus kin present at habitation  

site, selective hunting 
 

 

These variables affect the butchery process, and thus the cut marks resulting from 

butchery. While it may be difficult to assess the individual influence on MDAA of all of 
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the variables that affect the butchery process, examination of the influence of transport 

decisions is likely to be informative and provides a starting point for research on 

butchering variability and MDAA. 

Butchery procedures are heavily influenced by decisions based on energetic costs 

and logistical issues surrounding decisions regarding the transport of parts of carcasses. 

These decisions vary based on a number of factors such as distance from a residential 

site, number of people in a foraging party, and size of prey, and these factors affect the 

way an animal is dismembered (Lyman 1987). Transport decisions and their impact on 

faunal collections have been studied in great detail, largely in regard to skeletal part 

representation (e.g., Binford 1978, 1981, 1984a; Bunn and Kroll 1986; O‟Connell et al. 

1988b; White 1952, 1955; Yellen 1991a, b).  

Ethnoarchaeological data indicate that once an animal carcass is procured, 

humans are faced with myriad decisions (Lyman 1994: 299; see Bartram et al. 1991; 

Gifford-Gonzalez 1989a; Yellen 1991a, 1992b for additional discussion). Lyman 

describes three stages that encompass the various decisions regarding transport during the 

butchery process:  (1) kill-butchery stage, followed by transport of variously (but 

relatively large) carcass portions; (2) secondary butchery stage, perhaps followed by 

another transport episode (even if only redistribution [sharing] within the site of 

consumption); and (3) final butchery-consumption stage where carcass parts are reduced 

to pieces small enough for cooking a meal (Lyman 1994: 300). These stages are 

important in that they imply that cut marks will be added to the bones of a carcass as it 

passes through each stage. One would therefore expect that bones subjected to fewer 



39 
 

stages may result in fewer cut marks than bones that are retained and transported prior to 

butchery (Lyman 1994: 300).  

As a result, the inclusion of a carcass in more or fewer butchery stages has the 

potential to affect MDAA. As a carcass is subjected to more butchery stages, the 

possibility of a higher MDAA may increase because the end goal of the butchering stage 

varies with each stage, and an increasing number of changing variables (such as age of 

the butcher, quality of the blade, or toughness of the meat) are potentially introduced with 

each new stage. If MDAA is a result of variation in the number of butchering or 

processing stages to which carcasses are subjected, faunal assemblages subjected to more 

stages may produce a more chaotic orientation of cut marks than assemblages subjected 

to fewer stages. The hypothesis presented here is tentative and is not yet based on 

evidence of any kind. One obvious way to exploit archaeological data to evaluate this 

hypothesis would be to assess MDAA of bones at a kill site as well as MDAA of bones at 

a residential or consumption site to which bones have been transported. Bunn (2001: 201) 

claims that: 

The substantial investment by Hadza foragers in the acquisition and use of large 
animal carcasses leads to distinctive bone assemblages on the landscape - at kill sites, 
snack sites, hunting blinds, base camps - in terms of skeletal element profiles (e.g., Bunn 
1993; Bunn et al. 1988; O'Connell et al. 1988). On a finer scale, details in the observed 
processing of carcasses are preserved as butchery marks on individual bones. Without 
doubt, that dedicated involvement with carcasses and bones establishes the Hadza, and 
the bone assemblages they produce, as a prime source of analogue information on the 
landscape-wide composition of bone assemblages and their behavioral correlates and on 
bone damage resulting from the work of knowledgeable butchers.  
  

This suggests that it is possible to differentiate between site types in the archaeological 

record, and that the faunal assemblages produced by the Hadza at kill sites and at camp 
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sites may be an appropriate test of the hypothesis that MDAA will vary with number of 

butchering stages. 

It is important to mention that all of the assemblages included in my analysis 

represent similar site types (i.e., long term occupational sites). As I believe that transport 

decisions may affect MDAA patterns, I expect that similar site types produce similar 

MDAA values (i.e., faunal assemblages of kill sites will produce MDAA similar to other 

kill sites, but different than the MDAA produced at other site types, such as residential, 

village, or camp sites). This is supported by the statistical similarity of the Middle/Upper 

Paleolithic and Holocene MDAA. The fact that the Lower Paleolithic MDAA is 

statistically different suggests that other factors have a stronger influence on MDAA than 

site type. This may be due to a higher number of butchers such as Stiner et al. suggest, 

but I believe an equally likely explanation is the final hominin brain expansion of 500 – 

250 thousand years ago. 

Encephalization 

Based on the preceding discussion, it is likely that certain aspects of hominin 

evolution are responsible for the shift in MDAA between the Lower and Middle 

Paleolithic (and later time periods). Many anthropologists have argued that butchery 

techniques of early hominins must have been different than those of modern hunter-

gatherers (e.g., Binford 1981, 1984b; Bunn 2001; Pickering 2001; Speth and Tchernov 

2001). This proposition is based on the temporal changes in tool assemblages as well as 

changes in hominin anatomical and cognitive features (see Bunn 2001: 201-203 for 

discussion). The genus Homo was expanding geographically and evolving biologically 

and culturally throughout the Paleolithic, constantly becoming better adapted to the 
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surrounding environment. One of the most significant changes that occurred during this 

time was the increase in brain size (and the accompanying physiological and anatomical 

changes) that occurred 500 – 250 thousand years ago. As Stiner et al. suggest (2009: 

13207), the change in MDAA between the Lower Paleolithic and the following eras may 

be a result of encephalization. This increase in brain size has been demonstrated to be 

associated with changes in technology and behavior (Rightmire 2003), and it is 

reasonable to suggest that butchering behaviors were among the behaviors. None of the 

other factors discussed here is able to explain both the discrepancy between the Lower 

Paleolithic and later periods (Middle/Upper Paleolithic and Holocene) as well as the 

similarity between the MDAA of the Üçağızl and Helmreich Shelter faunal assemblages.  

Similarity of site type and level of butchery skill are potential attributes of the 

similarity between the MDAA of the Middle and Upper Paleolithic and Holocene faunal 

assemblages, but they do not explain the significant difference between the MDAA of the 

Lower Paleolithic Qesem Cave faunal assemblage and that of later periods. If the 

encephalization hypothesis is correct, the statistical similarity between the MDAA of the 

later Paleolithic and the Holocene faunal assemblages demonstrated by the results in 

Chapter Three is not surprising because brain size remains relatively stable after the final 

burst in brain expansion (Rightmire 2003).  

According to Stiner et al.‟s hypothesis, faunal assemblages created before 500 – 

250 thousand years ago should produce more chaotic MDAA patterns than faunal 

assemblages created subsequently. A next step in testing this hypothesis would be to 

examine the MDAA value of the FLK Zinj assemblage. As this ~1.7 million-year-old site 

has been and continues to be extremely influential in shaping our opinions on early meat 
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consumption (e.g., Domínguez-Rodrigo et al. 2007), it would be beneficial to begin here. 

(Merrit‟s [2015] data may be conducive to such analyses, but undertaking those analyses 

is beyond my scope here.) If the MDAA of FLK Zinj is lower than that of the Middle 

Paleolithic and later MDAA values, encephalization can be ruled out as the factor 

responsible for difference in MDAA values over time. However, if the encephalization 

hypothesis is correct, the final burst of brain expansion will be further demonstrated as a 

significant factor in hominin evolution, specifically in regards to hominins‟ relationship 

with meat. As of now, there is no reason to believe that the encephalization hypothesis is 

incorrect, and I suggest that it is the most likely candidate for the significant decrease in 

MDAA beginning with the Middle Paleolithic.  
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CHAPTER FIVE 

 

CONCLUSION 

 

The purpose of this thesis is to provide a test of the hypothesis presented by Stiner 

et al. (2009, 2011) that a more chaotic MDAA is evidence for less meat-sharing (and 

more self-provisioning) during the Lower Paleolithic than in the later (Middle and Upper) 

Paleolithic. According to Stiner et al., a higher MDAA is a result of more butchers, 

indicating that individuals cut meat from a carcass for themselves. A lower MDAA is a 

result of fewer butchers, indicating meat is distributed by one (or a few) person(s), the 

butcher(s). Therefore, a Holocene-aged site should produce a lower MDAA than the 

Lower Paleolithic assemblage analyzed by Stiner et al., as the butchering and meat-

sharing pattern predicted for a lower MDAA is ethnographically typical of Holocene 

hunter-gatherer groups.  

The MDAA of Holocene-age Helmreich Shelter faunal remains documented here 

fits the predictions of Stiner et al.‟s hypothesis. The MDAA of Helmreich Shelter is 

statistically similar to the MDAA values of the Middle and Upper Paleolithic faunal 

assemblages, and statistically lower than the MDAA of the Lower Paleolithic Qesem 

Cave faunal assemblage.  

Results presented in Chapter Three demonstrate that the number of butchers 

involved in defleshing a carcass likely plays a role in the difference in MDAA seen 

between the Lower Paleolithic Qesem Cave faunal assemblage and the later faunal 

assemblages analyzed. However, the high amount of variation seen in the Helmreich 
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Shelter faunal assemblage suggests that there are other factors involved that may play an 

equal or larger role. I suggest that the skill or experience of a butcher and transport 

decisions made during the butchery process are likely responsible for this variation. 

While skill of a butcher and transport decisions may be the prime influences on 

variability of MDAA in faunal assemblages after 500 – 250 thousand years ago, I suggest 

that, in addition to an increased number of butchers, encephalization is most likely the 

key determinant in the switch from the high MDAA value of the Lower Paleolithic to the 

lower MDAA values of the Middle and Upper Paleolithic and Holocene. An increase in 

brain size drastically affected hominin evolution, both anatomically and behaviorally, 

likely leading to butchering behaviors that produce smaller MDAA values.  

While this study does not determine the impact that meat-eating or sharing may 

have had on brain growth, it demonstrates that brain growth likely had a significant 

impact on behaviors surrounding meat consumption and the MDAA patterns resulting 

from those behaviors. The fact that the mean MDAA of the faunal assemblages (and the 

assumed behavioral changes associated with this decrease) after the last episode of drastic 

brain growth seems to emphasize the importance of encephalization in the physical and 

behavioral evolution of hominin meat-eating.  

Stiner et al.‟s (2009, 2011) hypothesis regarding meat-sharing behaviors is a 

viable working hypothesis, but has yet to be robustly tested. While my analyses 

demonstrate that there may have been more butchers involved in the butchery of a carcass 

during the Lower Paleolithic than are involved in modern times, this does not necessarily 

have any influence on meat-sharing behaviors. More research must be done on the 

precise nature of the relationship between MDAA and the number of butchers 
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(experienced and inexperienced), and how meat is distributed among group members 

(sharing), before more can be said about Lower Paleolithic meat-sharing behaviors.  

 In addition to highlighting the impact of encephalization on hominin behavior 

during the transition between the Lower and Middle Paleolithic, my research also 

demonstrates the potential analytical importance of MDAA and identifies several areas of 

future research for continued investigation into factors that can potentially influence 

MDAA. When this knowledge is achieved, MDAA will be more broadly applicable to 

the zooarchaeological record, assuming it is found to be tightly related to one or more 

variables of interest such as sharing versus self-provisioning, the number of butchers 

involved, and the like. When such a relationship is found, MDAA will allow us to 

investigate behaviors that have not previously been accessible to archaeologists. 
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Appendix A: All specimens with cut marks  
(* indicates included in analysis) 
 
Furthest Taxonomic Identification Element  No. of Specimens  
  
Artiodactyla     Mandible  1 
      *Humeral shaft  1 
      *Femoral shaft  2 

*Metacarpal shaft 3 
*Metatarsal shaft 7 
*Metapodial shaft 5    

      Tarsal   1 
Total = 20 

 
Cervidae     Antler   9 
      Cranial   1 

Total = 10 
 
Cervus canadensis    Innominate  1 
      *Femoral shaft  3 
      Vertebrae  1 

Total =10 
 
O. virginianus     Astragalus  3 
      Cranial   1 
      *Distal humerus 10 
      *Humeral shaft  2 
      *Proximal radius 8 
      *Radial shaft  6 
      *Proximal ulna  4 
      *Ulnar shaft  1 

*Distal metacarpal 4 
*Distal metapodial 3 
*Proximal metatarsal 2 
*Distal metatarsal 3 
*Proximal femur 2 
*Femoral shaft  3 
Mandible  7 
Patella   1 
Phalanx   2 
Innominate   4 
Scapula   6 
*Proximal Tibia  1 
*Distal Tibia  6 
*Tibial shaft  2 
Vertebrae  6 

     Total = 132 
 
Canis familiaris     Cranial   1 
      Proximal humerus 1 
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      Femoral shaft  1 
Total = 3 

 
Procyon lotor     Mandible  3  
      Proximal ulna  1 
      Femur   1 
      Tibia   1 

Total = 6 
Lontra canadensis    Mandible  1 

Total = 1 
 
Lynx rufus     Innominate  1 

Tibia   1 
     Total = 2 

 
Marmota monax    Tibia   1 

Total = 1 
 
Testudines     Carapace  9  

Plastron  1 
unidentifiable  1 

     Total = 11 
 
Unidentifiable mammal    Cranial    2 

Innominate  1 
Mandible  2  
Radial shaft  1  
*Femoral shaft  3 medium – large size 
   1 small size 
*Tibial shaft  1 medium – large size 
   1 small size  

      *Unidentifiable Limb shaft  
1 cut mark 10 
*<1 cut mark 64 medium - large size 
  10 small size 

Rib   25 
Scapula   6 
Unidentifiable  14 
Vertebrae  6 

     Total = 147 
______________________________________________________________________________ 
 

          Total = 344 

 

 
 
 



58 
 

Appendix B: MDAA data for Helmreich Shelter (23CP40) 
 
Artifact No.  Taxonomic ID  Element  CM Angles (adj to LA) MDAA 
______________________________________________________________________________________ 
14  Artiodactyl  mpodial shaft 1. 168.8  

2. 176.17  
3. 176.8 
    4.0 

  
15  Artiodactyl  mtarsal shaft 1. 172.00  

2. 169.79  
3. 174.26 
    3.34 

 
 
16  unident   limb shaft 1. 24.86  

2. 23.51  
3. 34.97  
4. 34.95  
5. 38.04  
6. 41.04  
7. 25.22  
8. 52.59  
9. 164.09  
10. 170.15  
11. 165.74  
12. 173.14  
13. 169.06  
14. 158.74 
    15.84 

 
25  unident.   limb shaft 1. 166.49 
       2. 169.35 
           2.86 
 
26  Artiodactyl  mpodial shaft 1. 54.46  

2. 85.51  
3. 27.9 
    44.33 

 
28  unident.   limb shaft 1. 13.74 
       2. 10.96 
       3. 133.78 
       4. 130.34 
       5. 155.27 
       6. 140.12 
       7. 35.55 
       8. 165.27 
           57.63 
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33  unident.   limb shaft 1. 29.68  
2. 29.53  
3. 34.56  
4. 45.9  
5. 80.44  
6. 81.78  
7. 87.79  
8. 90  
9. 72.53  
10. 74.2  
11. 75.12  
12. 77.22  
13. 96.81  
14. 105.31  
15. 70.21  
16. 85.58  
17. 88.84  
18. 84.25 
    9.95 
 

34  unident.   limb shaft 1. 20.58  
2. 5.98 
    14.6 

 
 
39  O. virginianus  radial shaft 1. 3.29 
       2. 18.60 
       3. 16.81 
       4. 14.13 
       5. 11.60 
           5.58 
 
40  Artiodactyl  mtarsal shaft 1. 29.03  

2. 24.79  
3. 41.36  
4. 43.71 
    7.72 

 
43  Artiodactyl  mpodial shaft 1. 88.20 
       2. 86.36 
       3. 71.9 
       4. 83.17 
       5. 83.91  
           7.07 
48 Cluster A Artiodactyl  mcarpal shaft  1. 2.72  

2. 9.34  
3. 9.83 
    3.56 

 
48 Cluster B      1. 11.66  

2. 4.44  
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3. 1.73 
    4.97 

 
48 Cluster C      1. 140.31  

2. 140.2  
3. 116.76  
4. 118.18 
    8.32 

 
156  O. virginianus  mcarpal shaft 1. 61.77  

2. 4.28  
3. 4.72 
    28.97 
 

593  unident.   limb shaft 1. 91.77  
2. 88.36  
3. 74.05 

8.89 
 
726  unident.   limb shaft 1. 132.1 
       2. 128.82 
           3.28 
 
769  unident.   limb shaft 1. 24.62  

2. 25.33  
3. 25.58  
4. 27.39  
5. 27.83  
6. 24.85  
7. 39.83 
    3.58 

 
851  unident.   limb shaft 1. 7.72  

2. 6.38  
3. 0.81 
    3.46 

 
891  unident.   limb shaft 1. 18.31  

2. 16.25 
    2.06 
 

897  unident.   limb shaft 1. 42.5  
2. 40.97  
3. 33.2 
    4.65 
 

903  unident.   limb shaft 1. 29.48  
2. 32.98  
3. 37.77  
4. 33.72 

           4.11 
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954  unident.   limb shaft 1. 18.6 
       2. 16.88 
       3. 22.67 
           3.76 
 
957  unident.   limb shaft 1. 55.89 
       2. 59.67 
       3. 62.44 
           3.28 
 
958  O. virginianus  femoral shaft 1. 78.09  

2. 100.47  
3. 96.67  
4. 100.29 
    9.93 
 

1073  unident.   limb shaft 1. 93.07 
       2. 89.94 
       3. 97.72 
       4. 94.26 
       5. 96.97 
       6. 94.9 
       7. 104.16 
       8. 101.43 
       9. 95.51 
       10. 111.21 
           5.86 
 
1108  unident.   limb shaft 1. 129.59  

2. 126.46  
3. 126.79 
    1.73 

 
1882  unident.   limb shaft 1. 47.8 
       2. 44.37 
       3. 37.24 
           5.28 
 
1946  unident.   limb shaft 1. 28.33  

2. 35.54  
3. 43.38  
4. 37.21  
5. 45.12  
6. 54.76  
7. 49.75  
8. 52.46 
    6.64 

 
2230  unident.   limb shaft 1. 42.61 
       2. 56.84 
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       3. 38.03   
           16.52 
 
2231  unident.   limb shaft 1. 0.67 

2. 14.07 
13.4 

 
2257  Artiodactyl  mtarsal shaft 1. 17.05 
       2. 18.21 
           1.16 
 
2268  unident.   limb shaft 1. 102.4  

2. 103.38  
3. 103.74 
4. 108.6  
5. 99.86  
6. 97.08  
7. 132.78  
8. 103.22 
9. 104.04 
10. 91.33  
11. 105.12  
12. 105.43  
13. 107.54  
14. 111.61 
    8.98 

 
2360  unident.   limb shaft 1. 78.24 
       2. 96.78 
       3. 97.00 
           9.38 
 
2412  O. virginianus  femoral shaft 1. 158.41  

2. 174.26  
3. 175.46  
4. 182.663  
5. 178.6 
    7.08  

 
2702  O. virginianus  humeral shaft 1. 60.89  

2. 71.72  
3. 31.29  
4. 29.9  
5. 37.31  
6. 16.89  
7. 50.29  
8. 47.47 
    19.08 
 

2739  unident.   limb shaft 1. 0.16 
       2. 10.88 
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       3. 3.59 
       4. 3.93 
       5. 0.43 
       6. 0.88 
       7. 3.63 
       8. 2.91 
       9. 4.45 
           3.41 
 
2768  Artiodactyl  femoral shaft 1. 101.56  

2. 100.96  
3. 119.13  
4. 111.27  
5. 125.26  
6. 100.91  
7. 104.06 

           11.37 
 
2830  unident.   limb shaft 1. 104.47 
       2. 102.27 
           2.2 
 
2878  O. virginianus  femoral shaft 1. 4.901  

2. 51.01  
3. 56.73  
4. 11.79  
5. 1.499  
6. 11.001  
7. 107.37  
8. 86.98  
9. 99.25  
10. 90.88  
11. 93.96  
12. 100.89 

23.99 
 
2886  Artiodactyl  metapodial 1. 19.37  

2. 15.49  
3. 11.75  
4. 11.9  
5. 78.1 
    18.49 

 
3003  O. virginianus  radial shaft 1. 73.03 
       2. 75.49 
       3. 75.73 
           2.7 
 
3130  Artiodactyl  humeral shaft 1. 73.56 

2. 71.57 
1.99 
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3133  unident.   limb shaft 1. 134.82 

2. 132. 12 
3. 132. 02 
4. 125.97 

2.95 
 
3257  unident.   limb shaft 1. 37.15 
       2. 22.26 
           14.89 
 
3612  unident.   limb shaft 1. 53.02  

2. 53.41  
3. 63.88  
4. 57.46  
5. 52.66  
6. 51.05  
7. 49.485  
8. 45.00 
9. 45.6 
10. 44.38  
11. 41.2 

           3.47 
 
3613  O. virginianus  radial shaft 1. 4.54  

2. 13.11  
3. 5.65 
    7.77 
 

3723  unident.   limb shaft 1. 1.73 
       2. 5.3 
           3.57 
 
3788  unident.   femoral shaft 1. 163.11 
       2. 162.11 
           1.0 
 
3941  unident.   limb shaft 1. 83.37 

2. 83.37 
3. 86.03 
4. 90.76 

3.69 
 
4027  Artiodactyl  femoral shaft 1. 69.18 
       2. 71.08 
       3. 83.9 
       4. 72.47 
       5. 71.31 
       6. 70.78 

7. 66.32 
8. 58.28 
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9. 34.25 
10. 60.67 
11. 61.58 

9.17 
 
4044  unident.   limb shaft 1. 0.0 
       2. 1.97 
           1.97 
 
4301  unident.   limb shaft 1. 90.68 
       2. 103.27 
       3. 107.47 
       4. 93.45 
       5. 90.46 
       6. 90.46 
       7. 91.68 
       8. 100.49 
       9. 99.51 
       10. 101.19 
           5.81 
 
4472  unident.   limb shaft 1. 12.36 

2. 1844 
6.08 

 
4803  unident.   limb shaft 1. 29.69 
       2. 40.71 
       3. 39.81 
       4. 22.41 
       5. 18.17 
       6. 28.25 
           8.73 
 
4824  unident.   limb shaft 1. 11.53  

2. 8.01 
    3.52 
 

4952  O. virginianus  radial shaft 1. 134.6 
       2. 119.12 
       3. 131.65 
       4. 132.18 
           9.51 
 
4994  Artiodactyl  mtarsal shaft 1. 48.3  

2. 45.68  
3. 48.03  
4. 45.00  
5. 48.34  
6. 51.74  
7. 56.44  
8. 49.5 
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    0.19 
 
5094  unident.   limb shaft 1. 154.24  

2. 113.92  
3. 123.51  
4. 121.69 

           17.24 
 
5113  O. virginianus  humeral shaft 1. 37.41  

2. 50.06 
    12.65 
 

5288  unident.   limb shaft 1. 71.64 
       2. 79.99 
       3. 77.75 
       4. 90.00 
           7.61 
 
5432  Artiodactyl  mpodial shaft 1. 172.12  

2. 169.12 
    3.0 

 
5549  unident.   limb shaft 1. 124.06 
       2. 125.03 
       3. 123.51 
       4. 120.79 
       5. 111.39 
           3.65 
 
5872  O. virginianus  tibial shaft 1. 31.68 
       2. 28.81 
           2.87 
 
5873  O. virginianus  radial shaft 1. 1.65  

2. 1.76  
3. 4.59 
    1.47 

 
6188  unident.   limb shaft 1. 59.73  

2. 66.74 
    7.01 

 
6331  Artiodactyl  mtarsal shaft 1. 159.78  

2. 150.46  
3. 150.46 

4.66 
  

6363  unident.   limb shaft 1. 54.9  
2. 53.01  
3. 60.73  
4. 43.68  
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5. 92.2  
6. 83.7  
7. 77.41  
8. 75.2  
9. 73.77  
10. 12.35  
11. 63.07 
12. 65.62  
13. 68.17  
14. 68.11  
15. 90.00 
16.  96.19  
17. 89.45  
18. 82.95  
19. 65.21  
20. 85.17  
21. 67.37  
22. 97.32 
    15.38 

 
6447  unident.   limb shaft 1. 3.33  

2. 3.12  
3. 4.28  
4. 6.98 
    1.36 

 
6685  unident.   limb shaft 1. 85.52 
       2. 62.50 
       3. 54.52 
       4. 56.47 
           10.98 
 
6731  unident.   limb shaft  1. 56.12  

2. 57.56  
3. 57.79  
4. 49.12  
5. 61.65  
6. 54.53  
7. 59.74  
8. 73.41  
9. 73.27  
10. 57.53  
11. 58.51  
12. 59.22  
13. 70.66 
    6.49 

 
 
7311  unident.   limb shaft 1. 101.43 
       2. 103.68 
           2.25 
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7447  unident.   limb shaft 1. 78.44  

2. 81.36  
3. 86.76 
    4.16 

7560  unident.   limb shaft 1. 58.37  
2. 53.96  
3. 60.02  
4. 43.31  
5. 39.13  
6. 20.27  
7. 39.02  
8. 24.16  
9. 32.2  
10. 25.55 

           10.95 
 
7822  O. virginianus  tibial shaft  1. 13.43     

2. 5.33  
8.1 
 

7983  unident.   limb shaft 1. 36.56  
2. 26.48  
3. 34.58  
4. 28.11  
5. 21.48  
6. 23.17 
    6.59 
 

8146 Cluster A  unident.   femoral shaft 1. 59.46  
2. 59.83  
3. 50.58  
4. 55.13 
    4.06 

 
8146 Cluster B       1. 106.8  

2. 102.34 
    4.46 
 

8512  O. virginianus  ulnar fragment 1. 4.65 
       2. 12.36 
           7.91 
  
8551  unident.   limb shaft 1. 34.61  

2. 30.63 
    3.98 

 
8726  unident.   limb shaft 1. 1.95 
       2. 2.64 
       3. 1.38 
           0.98 
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9248  unident.   limb shaft 1. 163.83  

2. 162.79 
    1.04 
 

9320   O. virginianus  radial shaft 1. 77.23  
2. 69.32 
    7.91 

 
9323  unident.   limb shaft 1. 42.25  

2. 27.81  
3. 27.38 
    7.44 
  

9498  unident.   limb shaft 1. 13.56  
2. 12.35  
3. 19.68  
4. 8.02 
    6.73 
 

9549  unident.   limb shaft 1. 98.76 
       2. 92.39 
           6.37 
 
10161  O. virginianus  radial shaft 1. 64.34  

2. 58.05  
3. 58.48 

           3.36 
 
10463  unident.   limb shaft 1. 82.96  

2. 92.1  
3. 97.17  
4. 93.86  
5. 92.56  
6. 100.94  
7. 73.84 

9.05 
 
10994  unident.   limb shaft 1. 23.99  

2. 22.68  
3. 23.39  
4. 29.68 
    2.77 

 
10995  unident.   limb shaft 1. 88.9  

2. 86.91  
3. 89.65  
4. 85.71  
5. 86.47  
6. 85.95  
7. 90.44  
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8. 83.48  
9. 86.03  
10. 78.85  
11. 92.91 
    4.52 

11438  unident.   limb shaft 1. 50.35 
       2. 52.64 
       3. 51.34 
           1.79 
 
11458  unident.   limb shaft 1. 56.31  

2. 19.44  
3. 47.48  
4. 28.2  
5. 40.79  
6. 38.84 
    19.75 

 
11581  unident.   limb shaft 1. 177.07  

2. 177.25  
3. 172.82 
    2.31 

 
11698  unident.   limb shaft 1. 79.88  

2. 89.8  
3. 82.27  
4. 74.97  
5. 85.84  
6. 81.35  
7. 80.88 
    6.76 
 

11747  Artiodactyl  mtarsal shaft 1. 3.84  
2. 19.03  
3. 24.61 
    10.39 

 
11748  Artiodactyl  mtarsal shaft 1. 15.86  

2. 18.34 
    2.48 
 

11928  unident.   limb shaft  1.  96.67 
       2. 93.47 
       3. 84.29 
       4. 91.77 
       5. 95.81 
           5.98 
 

   


