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Chapter 1 
 

Introduction 
 

 

Debates about what it means to be human have a very long history within the field 

of anthropology.  While physical anthropologists look to the fossil record to understand 

the evolution of our species, one of archaeology’s main contributions lies in investigating 

the evolution of modern human culture.  As Kuhn and Hovers (2006:1) stated in a recent 

publication: “Learning how humans, as a species, came to act the way that we do is 

probably the greatest contribution that [Paleolithic archaeologists] can make to 

understanding the human present.” This study fits within this framework, focusing on the 

ways in which evidence for prehistoric food procurement and processing strategies can be 

utilized to enhance our understanding of the origins of modern human culture. 

The period dating from roughly 300,000-30,000 years ago (known as the Middle 

Stone Age in sub-Saharan Africa and the Middle Paleolithic in Eurasia), was a critical 

one in human evolution, providing the earliest evidence for both anatomically modern 

humans (~190 ka; McDougall et al., 2005) and modern human behavior (the material 

correlates of which include art, jewelry, and advanced technological innovations).  

However, there is much disagreement about the nature of the transition from archaic to 

modern behavior during this period.   

The traditional model placed the origins of modern human culture in Europe 

around 40 ka, as part of what is known as the “Upper Paleolithic Revolution” (see Bar-
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Yosef, 2002 for a review).  As evidence suggesting that our species evolved first in 

Africa began to accumulate (see McBrearty and Brooks, 2000 for a summary of the fossil 

evidence and Relethford, 1998 for a summary of the genetic evidence), some of those 

interested in modern behavioral origins began to shift their attention to that continent.  

Most famously, Richard Klein proposed that an advantageous genetic mutation in the 

brain resulted in the shift to a “fully modern behavioral mode” around 50 ka (e.g., Klein, 

1995; 2000).  He argued that this shift played a role in the evolution of modern language; 

besides conferring the ability to communicate symbolically, the increase in cognitive 

capacity promoted technological innovation and more efficient resource use.  Under 

Klein’s model, it was the evolution of modern behavior that allowed anatomically 

modern humans to leave Africa and to successfully out-compete archaic populations such 

as the Neanderthals.  Thus, while the locus of attention had shifted, the origin of modern 

human culture was still viewed as a revolutionary event.  

Others have argued that behavioral modernity was the outcome of a more gradual 

process, pointing to a growing body of evidence for the appearance of several “modern” 

traits prior to 50 ka (e.g., d’Errico, 2003; McBrearty and Brooks, 2000; McBrearty and 

Stringer, 2007).  While the scattered appearance of some of the material correlates of 

modern behavior occurs as early as 300 ka—even prior to evidence for anatomically 

modern humans—two phases of the southern African MSA have received particular 

attention from those interested in the evolution of modern behavior (e.g., d’Errico, 2003; 

Henshilwood and Marean, 2003; McBrearty and Brooks, 2000)  These are the Still Bay 

(~80-70 ka), most famous for its bifacial lanceolate points and for the shell beads and 

engraved ochre recovered from the site of Blombos Cave (Henshilwood et al., 2002; 
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d’Errico et al., 2005) , and the Howieson’s Poort (HP; ~68-58 ka), best known for its 

technological innovations (including geometric backed tools and finely made bone 

points, some of which may have been used as arrowheads) and for the incised ostrich 

eggshell recovered from Diepkloof (Parkington et al., 2005; Lombard, 2005b; Wadley, 

2008).  

One of the most potentially significant—and perplexing—aspects of the MSA 

record is the fact that all of the classical signatures of modern behavior associated with 

the Still Bay and the HP have disappeared by the end of the HP, when there is a reversion 

to the “typical” MSA.  When the emergence of modern behavior was attributed solely to 

changes in cognitive capacity, the evolution of these behaviors was viewed as part of a 

unidirectional process.  And yet, the patchy expression of the material correlates of 

modern behavior prior to 50 ka clearly demonstrates that the evolution of a fully modern 

cultural system was not unidirectional.  The question has thus become, what were the 

factors that rendered “modern” behaviors advantageous in some contexts, but not in 

others? 

Attention has turned to a series of alternative models, all of which appear to be 

working from the assumption that the cognitive capacity for modern behavior was in 

place long before such behaviors were manifested, but that these capacities were 

exploited in archaeologically visible ways only under certain circumstances.  These 

models have primarily taken three forms:  1) models that link the emergence of modern 

behaviors to environmental degradation (e.g., McCall, 2007), 2) those that look to 

population pressure as a major influencing factor (e.g., Bird and O’Connell, 2006), and 3) 

models that link the emergence of modern behaviors to population increase (without 
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requiring population pressure; Shennan, 2000; 2001).  These models will be discussed in 

detail in Chapter 2.    

Under the first two classes of models, modern behaviors represent a form of social 

and economic intensification in response to stress caused by an imbalance between 

population and resources.  Because subsistence strategies should be particularly sensitive 

indicators of stress, I sought to test the stress models through a comparative analysis of 

HP and post-HP MSA fauna from Sibudu Cave (KwaZulu-Natal, South Africa).  Sibudu 

is unique among HP sites because of its meticulous excavation and excellent faunal 

preservation, and dating indicates that it is one of the few known sites to have been 

occupied during the transition from the HP (in which modern behaviors are evidenced) to 

the post-HP MSA (when classic signatures of such behaviors have disappeared) (Wadley, 

2006; Wadley and Jacobs, 2006).  If the innovations present in the HP reflect a form of 

social and/or economic intensification in response to stress, then signs of subsistence 

intensification, including an expansion of dietary breadth and more intensive processing 

strategies, should be restricted to or more common in the HP.  By explicitly testing 

hypotheses about the emergence and nature of modern behaviors, this work contributes to 

a broader understanding of modern human origins. 

Organization of the volume 
 
 Chapter 2 presents the theoretical and analytical framework of the current study.  

In this chapter, I outline the major schools of thought on modern behavioral origins and 

discuss the ways in which the archaeological record in sub-Saharan Africa has been 

particularly important to our understanding of human behavioral evolution.  As discussed 

above, many scholars are now turning to ecological and demographic models to explain 
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the emergence and nature of modern human behaviors; however, these models have yet 

to be tested.  I close the chapter by setting up just such a test, introducing the ways in 

which the stress models can be tested using faunal data from the site of Sibudu Cave.  

 In Chapter 3, I introduce the site of Sibudu Cave and discuss the current state of 

research on the extensive MSA deposits at the site.  Since 2002, more than 40 academic 

papers have been published on various aspects of the MSA record at Sibudu; I focus on 

those subjects that are most relevant to the current project, including stratigraphy and 

dating, lithic analyses, and the floral and faunal remains. While I provide an overview of 

the material remains from all of the MSA horizons at the site, I focus particularly on the 

HP and post-HP MSA, as these are the periods on which my study is based. 

 Chapter 4 describes the general characteristics of the HP and post-HP MSA fauna 

and the basic methodology employed.  Because quantification is of key importance, and 

because there are heated debates about which counting methods most accurately and 

reliably express the abundance of different animals and/or body parts in the assemblages 

(e.g., Grayson, 1984; Lyman, 1994a, b, c; Marshall and Pilgram, 1993; Yeshurun et al., 

2007),  I provide a detailed discussion of the strengths and weaknesses of MNI 

(minimum number of individuals) and NISP (number of identified specimens), ultimately 

choosing NISP as the most appropriate quantification unit for the Sibudu assemblage.  

After introducing the basic results, I close the chapter by discussing some of the potential 

limitations of the sample.  

 In considering the resource stress hypothesis, it is important to evaluate the degree 

to which variability in the faunal assemblage can be attributed to environmental change.  

As such, Chapter 5 focuses on the paleoecology of the Sibudu region, exploring the ways 



 6 

in which the botanical and faunal records can inform us about conditions in the site 

region during the HP and post-HP MSA.   Archaeomagnetic data indicate that the post-

HP MSA encompassed the transition from Oxygen Isotope Stage (OIS) 4 (a glacial) to 

OIS 3 (an interstadial) (Herries, 2006), and thus it was expected that some shifts in 

vegetation would be evidenced in the record.  In fact, both the botanical and faunal data 

suggest that the vegetation in the site vicinity underwent marked changes between the HP 

and the late post-HP MSA.  Unfortunately, the limited sample from the early post-HP 

MSA layers makes it difficult to ascertain whether this transition was sudden or more 

gradual.  In either case, it is clear from this analysis that at least some of the variability in 

the faunal assemblage is attributable to environmental change; these changes may have 

resulted in resource stress.  

 Taphonomic research aims to discern the most influential processes acting on 

bone assemblages and to distinguish natural forces from human behavior (Bar-Oz and 

Munro, 2004).  Reconstructing the taphonomic history of the assemblage is thus of 

critical importance in evaluating whether or not patterning in the faunal record is a 

product of human behavior or is an artifact of other processes such as decay or carnivore 

activity. Chapter 6 focuses on detailed taphonomic analyses of both the identifiable and 

non-identifiable fraction of the assemblage.  I focus particularly on evidence for 

variability in burning and fragmentation, the presence and frequency of surface 

modifications, and density-mediated attrition across the HP and post-HP MSA.  These 

and other analyses are used to identify the agents of accumulation and to evaluate degree 

of attrition present in the sample, focusing on whether it is the same across the samples 
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and how and to what degree any variability in taphonomy affects our ability to draw 

inferences about changes in human hunting behavior over time. 

 In Chapters 7 and 8, I explore the evidence for variability in animal procurement 

and processing over time.  I discuss the methodology employed to study prey selection 

(e.g., increased diet breath, the relative frequency of dangerous vs. docile game), 

transport decisions (accessible primarily through element frequency distributions) and 

processing behavior, highlighting the ways that each of these can reflect the presence of 

resource stress.  In exploring variability in prey selection, I focus in large part on the 

bovid assemblage, as bovids comprise the majority of the identifiable material.  

 In Chapter 9, I summarize the results of the analyses conducted in Chapters 5 

through 8.  I evaluate the resource stress model and discuss the relative impact of 

environmental change on the results.  I conclude with a consideration of the implications 

of the results to our understanding of the HP, and, on a broader scale, to our 

understanding of the emergence and nature of modern human behaviors. 
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Chapter 2 
 

Theoretical and Analytical Framework 
 

 

For decades, the prevailing view was that modern behavior evolved around 

40,000 years ago as part of what is referred to as the “Upper Paleolithic Revolution.”  

This view was based on the European record, in which there was a flowering of evidence 

for art, ritual, and technological innovation at the time of the transition from the Middle 

to the Upper Paleolithic (MP and UP, respectively), which also happened to coincide 

with the earliest appearance of anatomically modern humans on that continent.  Under 

this paradigm, “modern” behaviors were simply those that distinguished the Upper 

Paleolithic (presumably produced by modern humans) from the Middle Paleolithic 

(presumably made by Neanderthals).  These behaviors included: the production of 

formalized bone tools, art and ornaments (the latter two representing symbolically 

mediated behavior); the systematic production of blade and/or microlithic technology; 

expanded exchange networks; “style” in lithic assemblages; and ritualized burial of the 

dead (Bar-Yosef, 2002; Mellars, 1973, 2002; White, 1982).  

As evidence suggesting that our species evolved first in Africa began to 

accumulate (see McBrearty and Brooks, 2000, for a review of the fossil evidence and 

Relethford, 1998, for a review of the genetic evidence) some of those interested in the 

evolution of modern human behavior began shifting their attention to that continent.  
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Most famously, Richard Klein (1995, 2000, 2001, 2008) argued that an advantageous 

genetic mutation in the brain resulted in the shift to a “fully modern behavioral mode” 

around 50 ka.  Under Klein’s model, this shift played a role in the evolution of modern 

language; besides conferring the ability to communicate symbolically, the increase in 

cognitive capacity promoted technological innovation and more efficient resource use.  

Klein thus argued that it was the evolution of modern behavior that allowed these 

populations to leave Africa and successfully out-compete archaic populations like the 

Neanderthals.  Thus, while the locus of attention had shifted, the origin of modern human 

culture was still viewed as a revolutionary event. 

And yet, archaeologists have discovered a growing body of evidence indicating 

that several modern traits pre-date 50 ka.  While much of this evidence is associated with 

the African Middle Stone Age, including bone points dating to ~95 ka from the site of 

Katanda (Democratic Republic of the Congo; Yellen et al., 1995) and backed microlithic 

tools dating to ~65 ka at Klasies River Mouth (KRM, South Africa; Singer and Wymer, 

1982), evidence for such behaviors was also found in Eurasia—examples include the 

production of a standardized blade-based technology dating to ~90 ka at the site of Seclin 

in France (Clark and Riel-Salvatore, 2006) and engraved flint artifacts from Quneitra and 

Qafzeh in Israel (dating to ~50 ka and 90-100 ka, respectively; d’Errico et al., 2003a). 

There were several different responses to these findings.  Particularly for those 

remains associated with Neanderthals, some tried to explain them away, arguing that the 

dating was invalid or the significance of the findings was unclear (this was particularly 

the case for  any objects or activities that may have granted Neanderthal symbolic 

capabilities, such as the burials dating in excess of  50 ka at Kebara and Shanidar, see 
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Mellars, 1996).   Others argued that the broader evolutionary significance of these finds, 

many of which were related to technological innovations, was uncertain.  As such, there 

was a call to redefine “modernity” in such a way as to exclude these things (e.g., 

Henshilwood and Marean, 2003; Wadley, 2001).  Under these new definitions, the 

“smoking gun” evidence for modern cognitive ability was symbolically mediated 

behavior, expressed through such artifacts as art or personal ornamentation.   

However, a small group of scholars embraced this evidence.  Most notably, 

McBrearty and Brooks (2000) compiled evidence from the MSA which demonstrated 

that not only did most of the traits associated with the Upper Paleolithic Revolution 

appear earlier in Africa than in Europe, but that these behaviors also appeared at sites that 

were widely separated in space and time.  As such, they argued that the evolution of 

modern behavior occurred in Africa, and that it was the outcome of a gradual process, not 

a revolution.   

While acknowledging an early emergence of modern behavior in Africa, others 

argued that similar trends are evidenced among Neanderthal populations in Europe and 

the Near East (d’Errico, 2003; Straus, 2005; Zilhão and d’Errico, 2003).  In fact, as early 

as 1983, Straus recognized that most of the contrasts between the MP and UP as defined 

by Mellars (1973) and White (1982) were more appropriate for contrasting the 

Mousterian with the Magdalenian, the chronological poles of the transition.  It has 

become clear that differences between the late Middle Paleolithic (LMP) and early Upper 

Paleolithic (EUP) are nowhere near as marked.  Recent comparisons of LMP and EUP 

subsistence have shown that hunting strategies and meat processing behaviors did not 

differ significantly between Neanderthals and modern humans (Bar-Oz and Adler, 2005; 
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Enloe, 2001; Morin, 2004; Grayson and Delpech, 2003). Furthermore, evidence that 

Chatelperronian Neanderthals produced personal ornaments and bone tools indicates that 

they were also capable of symbolic thought (d’Errico et al., 2003b). 

A brief aside—what is modern, anyway? 

Before continuing, I want to return to a point raised briefly above—to a certain 

extent, an evaluation of the models relating to the emergence of modern behavior will 

depend upon what behaviors/traits are considered “modern.”  As aptly stated by 

O’Connell and Allen (2007:403): 

Modern humans are characterized by an unusual set of qualities—a 
capacity for abstract thought and communication, a remarkable degree of 
behavioral flexibility, and significantly innovative capabilities, notably in 
the realm of technology.  

 
The question is, how do we recognize this suite of characteristics in the archaeological 

record?  As discussed in the opening paragraph of this chapter, the traditional way of 

defining modern behavior was to use the list of traits as defined by scholars such as 

Mellars (1973) and White (1982).   However, Henshilwood and Marean (2003) recently 

argued against the trait list approach, claiming that many of these traits were empirically 

derived from (and context-specific to) the European record, rendering them problematic 

when applied to tropical and sub-tropical regions.  While recognizing that the trait list 

approach to defining behavioral modernity can be problematic, I agree with Klein (2003) 

that the concept retains some utility.  He pointed out that the traits were widespread 

among historic and recent prehistoric hunter-gatherers but not among archaic humans, 

supporting their association with modernity.   

This is not to say that populations which express more of the traits are somehow 

more “modern” or that those who do not display them are automatically archaic or “non-
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modern”—in fact, we know that this is not true, as there were fully modern groups who 

do not preserve a record of such behaviors (e.g., the early inhabitants of Sahul; O’Connell 

and Allen, 2007).  However, it remains the case that the traits under consideration were 

relatively uncommon prior to the LSA/UP, and thus their emergence must have some 

significance.  As will be discussed in more detail below, the fact that many of these traits 

do not see sustained expression until the later Pleistocene can potentially be explained by 

factors other than a change in cognitive abilities; however, whether or not they are the 

best, or only, qualifiers of “modernity,” I agree with O’Connell and Allen (2007) that the 

presence of the conventionally defined archaeological markers of modern behavior does 

indicate modern capabilities, and, as such, I will continue to refer to these traits as 

modern.   

The importance of the MSA record to research on modern behavioral origins 

It was against the backdrop of the debate over whether the emergence of modern 

behavior was an example of revolution or evolution—and whether such behaviors arose 

first in Europe or Africa—that the major findings at Blombos Cave, an MSA site in the 

Western Cape region of South Africa, began to be published.  In 2002, Christopher 

Henshilwood and colleagues announced the discovery of engraved ochre artifacts 

associated with a sub-stage of the MSA known as the Still Bay—a phase that had already 

received attention for its finely made, bifacially worked points and for its worked bone 

industry (Henshilwood and Sealy, 1997; Henshilwood et al., 2001a, b; 2002).  Optically 

stimulated luminescence (OSL) dates indicated the age of these artifacts to be in excess 

of 75,000 years, and thus the Blombos team proposed that the engraved artifacts may 
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have represented the earliest known abstract art and thus served as evidence for modern 

human behavior (Henshilwood et al., 2002). 

Along with the engraved ochre pieces were several ochre “crayons” 

(Henshilwood et al., 2001).  It has been argued that the ochre use, in and of itself, serves 

as a marker for symbolically mediated behavior (e.g., McBrearty and Stringer, 2007); 

however, there is a great deal of debate about whether or not ochre can be presumed to 

have served a symbolic function.  Work by Wadley and colleagues (Lombard, 2005a; 

Lombard, 2007; Wadley, 2005b; Wadley et al. 2004) has demonstrated that incorporation 

of ochre into mastic can improve the durability of hafted tools; furthermore, ochre can 

serve as a hide preservative and has an astringent effect, and thus ochre can serve several 

important utilitarian functions.  On the other hand, Watts and colleagues (Watts, 2002; 

Marean et al., 2007) have demonstrated that the brightest and most saturated reds are 

disproportionately represented among the utilized ochre present at MSA sites; this 

selection for color does not appear to be linked to any utilitarian function.  Despite this, 

as Brumm and Moore (2005) argue, in the absence of direct evidence for the artistic use 

of pigments (in the form of cave paintings or colored artifacts), the presence of ochre 

should not be held as an unambiguous marker of symbolic behavior. 

While some questioned the significance of the markings on the ochre pieces (e.g., 

Wadley, 2005; Klein 2008), the publication of a collection of more than 40 Nassarius 

kraussianus shell beads from the same the layers at Blombos laid to rest any doubt that 

the capacity for symbolic behavior predated the purported neural reorganization of the 

brain at ~50 ka (d’Errico et al., 2005; Henshilwood et al., 2004).  Since that finding was 

published, similar shell beads, some dating even earlier, have been discovered in Still 
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Bay layers at the site of Sibudu (~71 ka; d’Errico et al., 2008),  as well as in Israel (~100-

135 ka layers at Skhul; Vanhaeren et al., 2006) and Morocco (~82-85 ka layers at Grotte 

des Pigeons; Bouzouggar et al., 2007), suggesting that the Blombos finds are not simply 

an isolated occurrence.   

Furthermore, the Still Bay is succeeded by the Howiesons Poort (HP), another 

sub-stage of the MSA that preserves significant evidence for modern behavior.  Because 

of its wide geographic range and well-defined chronological span, and as a result of the 

precocious appearance of innovations such as microlithic technology, advanced bone 

technology, and artifacts of symbolic significance, the HP has figured prominently in 

recent discussions about the origins of modern human behavior (d’Errico, 2003; 

Henshilwood and Marean, 2003; Klein 2000; 2001; McBrearty and Brooks 2000; 

Mellars, 2005; Straus, 2005).  Identified across much of southern Africa, the HP is a 

distinctive artifact horizon characterized by the appearance of geometric backed tools 

reminiscent of those associated with the LSA (Deacon, 1995).  The presence of these 

tools originally led to the classification of the HP as an intermediate stage between the 

MSA and LSA; however, excavations at Klasies River Mouth in 1967-68 showed the 

horizon to be interstratified with typical MSA levels that lack material evidence for 

modern behavior (Singer and Wymer, 1982).  The lack of continuity between the HP and 

the LSA has been confirmed at several other sites, including Rose Cottage, Boomplaas, 

Sibudu, and Border Cave, wherein HP assemblages are stratified below a series of later 

MSA levels (Deacon, 1989; Grün and Beaumont, 2001; Harper, 1997, Wadley and 

Jacobs, 2004).   
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Given that the HP is beyond the limits of radiocarbon dating, a variety of methods 

have been employed to date the phenomenon.  Electron spin resonance (ESR) dates from 

the HP levels at Border Cave provided an age of 79-60 ka (Grün and Beaumont, 2001), 

while the compilation of amino acid racemization (AAR) dates from HP contexts at 

Boomplaas, Border Cave, and Apollo 11 suggested an age of 80-56 ka (Miller et al., 

1999).  Luminescence dates from Rose Cottage, Klasies River Mouth, and Diepkloof 

showed slightly later dates ranging from 68-54 ka (Feathers, 2002; Gibson, et al. 2004; 

Rigaud et al., 2006; Valladas et al., 2005).  

Jacobs et al. (2008a; Jacobs and Roberts, 2008) recently reported on the results of 

a systematic study in which 22 samples from eight sites preserving HP deposits were 

dated using optically stimulated luminescence (OSL).  While several of these sites had 

been dated before, the study aimed to refine the chronology of the HP by measuring all 

samples on a single instrument using a common set of procedures.  The authors found 

that ages were remarkably consistent across the eight sites, leading them to propose that 

the period was of shorter duration than previously indicated, perhaps only from ~65-60 

ka (with the 95% confidence interval, the range was between 68-57 ka).   

These dates are significant for two reasons.  First, they show that the various HP 

assemblages are penecontemporaneous—the Howiesons Poort is thus a regionally and 

temporally distinct phenomenon.  As such, it has been argued that the industry represents 

one of the earliest cases in which style can be identified in stone tool assemblages 

(McBrearty and Brooks, 2000; Wurz, 1997).  Second, the majority of dates fall squarely 

within the Last Glacial, during Oxygen Isotope Stage (OIS) 4 (~75-60 ka), with the 

earlier and later dates spanning the transitions to and from interglacial/interstadial periods 
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(OIS 5 and 3).  As a result of the correlation between the HP and a period of large-scale 

climatic change, several scholars have posited that environmental change played a causal 

role in its appearance (discussed in more detail below; see Ambrose and Lorenz, 1990; 

Deacon, 1989; McCall, 2007). 

A number of technological innovations are evidenced in HP assemblages.  At 

most HP sites, there is a lack of traditional MSA hunting technology—stone points are 

absent (Lombard and Pargeter, 2008).  Instead, the lithic assemblages are dominated by 

the geometric backed tools which define the Industry.  Some of these have been classified 

as microliths (e.g., Ambrose, 2002), making the HP one of the earliest known microlithic 

industries (but see Barham 2002 for a discussion of microliths dating to ~300ka in 

Zambia).  Studies of microscopic residues on the backed segments from Rose Cottage, 

Umhlatuzana, and Sibudu indicated these tools were likely hafted, as residues associated 

with mastic appear on and near the backed edges (Gibson et al., 2004; Lombard, 2007; 

2008).  Use-trace analysis and impact fractures indicate that the segments were probably 

used as inserts for hunting weapons (Lombard, 2008; Wurz and Lombard, 2007); 

experimental work by Pargeter (2007) has shown that these tools act as very effective 

projectile tips.   

Metric analyses of the HP segments from Sibudu (Wadley and Mohapi, 2008) 

have indicated that the dimension of some of these tools (particularly those made on 

quartz) fit within the known range of arrow points, and, as such, they proposed that bow 

and arrow technology may have originated in the HP.  Segments made on other raw 

materials may have served as dart or spear points (Wadley and Mohapi, 2008).  In any 
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case, the use of projectile armatures in specialized compound tools implies a high degree 

of cognitive sophistication (Brooks et al, 2006). 

It has also been argued that the HP witnessed an increased use of fine grained and 

“non-local” resources—while this may be the result of increased range size, the 

procurement of “exotic” raw materials has also be associated with long-distance 

exchange (Ambrose and Lorenz, 1990; Wurz, 1997).  However, the initial statements 

about raw material usage  in the HP were based upon the assemblage at Klaises River 

Mouth (KRM), and research on the HP assemblages at Rose Cottage Cave and Sibudu 

(Soriano et al., 2007; Wadley and Mohapi, 2008) has demonstrated that the majority of 

tools at these sites were made on raw materials that could have been procured locally.  

Furthermore, Minichillo (2006) argued that the proportion of exotic raw materials in the 

KRM assemblage has been overestimated; based on survey work, he argued that 

materials previously thought to be non-local could have been procured from secondary 

cobble deposits found near the shelter.  Thus, until more research has been undertaken, 

the argument that non-local raw materials are more common in the HP must be taken 

with caution. 

The HP is also associated with a worked bone industry; Backwell et al. (2008) 

recently published details on three bone tools from the HP layers at Sibudu Cave, 

including a finely made point that is virtually indistinguishable from prehistoric and 

ethnographically documented arrow points.  Two similar points were recovered from HP 

layers at Peers Cave and Klasies River Mouth; however, in both cases the points were 

dismissed as being intrusive from LSA deposits (e.g., d’Errico and Henshilwood, 2007).  

The evidence from Sibudu, at which there are no LSA points, suggests that these tools are 
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in fact properly attributable to the HP.  In addition to these more formal tools, engraved 

and notched bones have been recovered from HP contexts (d’Errico and Henshilwood 

2007). 

Finally, the HP preserves additional evidence for the presence of symbolically 

mediated behavior.  Ochre is nearly ubiquitous at HP sites, although, as previously stated, 

there is currently a great deal of debate about whether the presence of utilized ochre can 

be unambiguously associated with symbolic behavior.  More than 80 incised ostrich 

eggshell fragments are associated with HP levels at Diepkloof (Parkington et al., 2005).  

Although some of the striations on these fragments may have resulted from use wear or 

trampling, the deeper incisions were clearly intentional and in some cases form abstract 

designs (see Figure 7 in Parkington et al., 2005).  Parkington et al. (2005) propose that 

the eggshells functioned as containers to store water and suggest that the marks may have 

served to denote ownership of particular containers.  

One of the most potentially significant—and perplexing—aspects of the MSA 

record is the fact that all of the signatures of modern behavior associated with the HP 

disappear at the end of the phase, when there is a reversion to the “typical” MSA (Singer 

and Wymer, 1982; McBrearty and Brooks 2000; Parkington et al. 2005; Wadley, 2006).  

When the emergence of modern behavior was attributed solely to changes in cognitive 

capacity, the evolution of these behaviors was viewed as part of a unidirectional process.  

And yet, the patchy expression of the material correlates of modern behavior prior to the 

LSA/UP—including discontinuous evidence for symbolically mediated behavior (which 

appears to be a universally agreed upon sign of modern cognition)—clearly demonstrates 

that the evolution of a fully modern cultural system was not unidirectional. This being the 
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case, what were the factors that rendered modern behaviors advantageous in some 

contexts but not in others? 

Paradigm shift: ecological and demographic models 

Under models that envision the emergence of modern behavior as part of a more 

gradual process, the innate cognitive capacity for modern behavior is believed to have 

been in place long before these behaviors were manifested—the assumption being that 

this capacity was exploited in archaeologically visible ways only on the cue of particular 

stimuli (Hovers and Belfer-Cohen, 2006; McBrearty and Stringer, 2007; Zilhão, 2007).  

Recent attention has thus begun to focus on the factors that may have influenced the 

emergence of modern behaviors.  Three primary classes of models have been proposed to 

explain the emergence and nature of modern human behaviors: 1) those that link the 

emergence of modern behavior to environmental degradation; 2) those that look to 

population pressure as a prime mover, and 3) models that look to demographic growth 

more generally (which can occur in the absence of population pressure).     

Models linking cultural and technological innovation to environmental and/or 

demographic stress are certainly not new; archaeologists have employed these models to 

explain phenomena ranging from the origins of agriculture to the origins of the state (e.g., 

Binford, 1968; Flannery 1969; Carneiro 1970).  Many of the models exploring behavioral 

adaptations to environmental stress have focused specifically on technology.  Fitzhugh 

(2001) developed a model under which rapid environmental change, such as that caused 

by a major climatic event, should lead to greater technological innovation, resulting in the 

development of novel tool classes and new deployment methods.  This process could 

explain the appearance of innovative technology such as microliths.  While the 
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production of bone tools and composite weaponry hafted with microliths is more labor 

intensive than the production of stone or simple organic points, Elston and Brantingham 

(2002) have argued that these tools are also less likely to fail and are more readily 

repaired when they do; as such, they are examples of a “reliable” technology—among 

modern foragers, reliable technological systems are characteristic of foragers living in 

low productivity environments.  A significant decline in environmental productivity may 

thus have stimulated the development of these technologies. 

McCall (2007) built upon this framework to develop an ecological model to 

explain emergence of both the Still Bay and Howieson’s Poort.  He linked the emergence 

of the Still Bay to environmental changes that occurred at the OIS 5/4 transition.  These 

changes would have caused a reduction in the density of food resources, leading to a 

reorganization of mobility patterns and new strategies of lithic raw material economy and 

tool design.  McCall proposed that stress caused by these changes would have been a 

strong impetus for the development of new forms of information exchange—this type of 

exchange would have been facilitated by decorated objects of the type found at Blombos. 

Under his model, the HP emerged out of the Still Bay as information sharing strategies 

improved, allowing resources to be more efficiently targeted with task-specific tools.  His 

ecological model also attempts to explain the disappearance of the HP—given that the 

decline of the HP appears to correspond with the end of OIS 4 and the rise of warmer and 

wetter conditions during the interstadial period, McCall (2007) argued that the reversion 

to a “typical” MSA toolkit represents a return to a more flexible, maintainable toolkit in 

response to denser and more predictable environmental resources. 

Deacon and colleagues (Deacon, 1989; Deacon and Wurz, 1996) have also argued 
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in favor of an environmental explanation for the HP, proposing that the HP represents a 

social mechanism designed to cope with circumstances of environmental stress.  Under 

this model, the backed tools served a symbolic role, functioning as exchange goods in a 

system of reciprocal exchange designed to enlarge social networks during a period of 

depressed climate.  Following from this, they propose that the return to more productive 

environmental conditions at the end of the HP relieved the pressures that had required the 

maintenance of these networks, and thus there was a reversion to earlier technological 

strategies. 

Population density has long been recognized as one of the primary factors 

stimulating behavioral change, as increasing population densities can lead to heightened 

competition for both land and resources, leading to various adaptations in the social, 

economic, and technological spheres (Mellars, 2006a).  As a result, it is unsurprising that 

a number of scholars have turned to demographic factors to explain both the symbolic 

“revolution” in the UP/LSA and the on-again, off-again presence of the material 

correlates of modern behavior in the MSA record.  Kuhn and Stiner (1998:157) proposed 

that the changes in material culture associated with the UP may reflect the crossing of an 

organizational threshold, in which regional populations “reached a level at which new 

channels of information transmission became necessary to alleviate conflict and to 

establish boundaries.”  Bird and O’Connell (2006) make a similar proposition, suggesting 

that the “explosion” in evidence for symbolic communication after ~50 ka was not driven 

by a sudden increase in cognitive capacity, but rather by larger population sizes and 

higher levels of competition for critical resources.  They go on to suggest that the 

intermittent evidence for modern behaviors in the MSA could be read as evidence for 
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earlier (but transient) increases in human population density and competition (see Hovers 

and Befer-Cohen, 2006, for another version of this argument).  

Henshilwood and Marean (2003) attempted to synthesize the environmental and 

demographic stress models, arguing that many of the traits that have traditionally been 

associated with behavioral modernity could reflect resource and labor intensification 

driven by population pressure.  This pressure could result either from demographic 

increase or from climatic change that resulted in a decline in the abundance or 

availability of critical resources.  They believe that this model is consistent with the MSA 

record in Africa, with its “sudden, often regionally isolated expressions of more complex 

material culture followed by periods of their disappearance (p. 633)” and with a gradual 

addition and perseverance of such traits over time until they reach sustained expression in 

the Holocene.  Straus (2005) suggested that a similar mechanism underlies the 

appearance and disappearance of certain cultural traits among Neanderthals.   

These mechanisms have also been employed to explain trends evidenced in the 

later prehistory of Australia and North America.  Although it is universally presumed that 

the first inhabitants of Australia were fully modern humans, the bulk of the Pleistocene 

record from that continent is strongly reminiscent of MSA/MP, in that a limited range of 

stone tool production techniques were employed, bone technology is rare, and there is 

little evidence for symbolically mediated behavior—although, as in the MSA/MP record, 

ochre is common (Brumm and Moore, 2005; O’Connell, 2006; O’Connell and Allen, 

2007).  It is not until the early Holocene that classic signatures of modern behavior 

appear in the record in any frequency—at that time, there was a proliferation of 

microlithic technology, elaborate art, and ornamentation, an increase in the size of long-
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distance trade networks, the development of complex technologies to aid in the 

procurement of aquatic and plant resources.  At around the same time as this symbolic 

“revolution,” there is evidence for both population increase and changes in climate that 

would have favored the adoption of low-ranked resources (Brumm and Moore, 2005; 

Hiscock and O’Connor, 2006; O’Connell, 2006; O’Connell and Allen, 2007).   

As Speth (2004b) highlights, the same basic patterns are apparent in the North 

American record.  Again, we know that the earliest inhabitants of North America were 

fully modern humans.  Although complex stone tool technology is evidenced, the 

Paleoindian period preserves very little evidence for modern behavior in the form of art, 

ornaments, or burials.  These things become much more common during the course of the 

Archaic, during which there is also evidence for increasing human population size and 

resource intensification in the form of broadening diets.   Taken together, the data from 

Australia and North America provide further support for the argument that the emergence 

(and subsequent disappearance) of the material correlates of modern behavior in the 

MSA/MP record, and their proliferation and sustained presence in the LSA/UP, does not 

have to reflect changes in innate behavioral capabilities, but may have rather more to do 

with demographic and/or ecological factors.  

In an important twist to the stress model as developed by Henshilwood and 

Marean (2003), they argued that behaviors that can be explained by intensification 

(particularly technological innovations) are not unambiguous indicators of modern 

behavior, and as such, these should be eliminated from considerations of the emergence 

of modern behavior.   They prefer instead to focus on symbolic behavior as the primary 

marker of modernity.  However, it can be countered that the appearance of material 
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culture reflecting symbolic behavior represents a form of social intensification in 

response to similar types of stress.  For example, James and Petraglia (2005) and Kuhn et 

al. (2001; see also Kuhn and Stiner, 2007) have argued that signaling identity through the 

use of ornaments may be adaptive in situations in which population growth has resulted 

in competition for resources and/or in more frequent contact between previously isolated 

groups.  Others have argued that artifacts with symbolic significance may have arisen as 

an adaptive response to environmental stresses such as decreased productivity and/or 

increased variability (e.g., Ambrose, 2002; Deacon, 1989; de Beaune, 2005).  Many of 

these arguments have their basis in ethnographic research among traditional societies, 

which has shown that the cultivation of social relationships through practices such as the 

exchange of “exotic” goods or ornaments is a common response to resource stress—this 

networking provides groups with access to resources in other regions that may be 

differentially affected by periods of stress (Minnis, 1985; Wiessner, 1983).  Thus, contra 

Henshilwood and Marean (2003), I would argue that the emergence of symbolic behavior 

can also be modeled as a response to demographic or environmental stress.  

The last set of models also focuses on the role that demographic growth plays in 

the stimulation of innovative behavior, but unlike those discussed above, does not require 

the presence of population pressure.  Simulations conducted by Shennan (2000; 2001) 

demonstrated that when populations are small, innovations are less likely to be 

maintained, but as populations increase—either through simple demographic growth or 

as function of previously isolated groups coming into contact with one another—the 

probability that innovations will be diffused and maintained is significantly increased.  

He thus proposed that the rate of successful technological innovations, including those 
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associated with behavioral modernity, could be correlated with increased population sizes 

and densities.  Under this model, then, the origin and spread of model behavior depends 

primarily upon population increase, but, given the relatively low population densities 

during the period, demographic growth in an of itself need not lead to stress. 

While the shift towards models that link the emergence of modern behaviors to 

ecological and demographic factors marks a positive step forward, many of these models 

are beginning to gain acceptance despite the fact that they have yet to be explicitly tested 

against the archaeological record.  Under the first two classes of models, modern 

behaviors represent a form of social and economic intensification in response to stress 

caused by an imbalance between population and resources.  As such, I will utilize a more 

general stress model in my test.  A generalized model will be more widely applicable, 

and, in any case, the effects of environmental and demographic stress are often intricately 

linked—and the nature of the Paleolithic record is not often conducive to teasing the two 

apart. 

Testing the stress model: analytical framework  

Because subsistence strategies should be particularly sensitive indicators of stress, 

I will utilize faunal remains to evaluate the hypothesized link between resource stress and 

the emergence of modern behaviors.  Models of foraging behavior developed in 

evolutionary ecology have shown that resource intensification can take several forms. 

Under the prey choice model (Kaplan and Hill, 1992), expansion of dietary breadth is 

predicted to be one of the earliest responses to dietary stress.  Prey choice models predict 

that top-ranked prey (those that provide a higher energetic yield relative to search, 

pursuit, and handling costs) will always be taken on encounter; if encounter rates with 
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preferred prey decline, hunters are expected to broaden their diets by including more 

lower-yield resources in the diet (Bird and O’Connell, 2006; Broughton, 1994; Stiner and 

Kuhn, 2006).   

Expansions in dietary breadth can take several forms.  On the most basic level, a 

broadening diet may be reflected through an increase in taxonomic diversity.  In addition, 

ethnographic and experimental studies have shown that, when acquired individually, rank 

scales closely with body size, such that larger prey are generally ranked higher than 

smaller animals (Lupo, 2007; Lupo and Schmitt, 2005).  Following from this, increased 

evenness in the representation of large (high-ranked) and small (low-ranked) prey is often 

seen as a key indicator of resource stress.  However, it is important to keep in mind that 

pursuit costs can vary widely across taxa within a particular size class, and thus attention 

must also be paid to differences in predatory defense mechanisms and other behavioral 

characteristics that may change the costs of pursuing different animals (e.g., Bird and 

O’Connell, 2006; Lupo, 2007; Lupo and Schmitt, 2005).   

Research by Stiner and colleagues on small game exploitation in the 

Mediterranean region (Stiner and Munro, 2002; Stiner et al., 1999; 2000) demonstrates 

the utility of a consideration of handling costs among animals of the same size class. 

Although the relative representation of small- vs. large-bodied prey showed no significant 

variation between the Middle and Upper Paleolithic, they were able to document a shift 

in small game exploitation from a focus on slow reproducing, sessile game such as 

tortoises and shellfish to a focus on quick flight, difficult-to-capture game such as hares 

and game birds—the latter would have been more costly to procure and thus lower-

ranked.  As such, the increased focus on the quick-flight game indicated an expansion in 
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dietary breadth.  A consideration of handling costs among large game is also potentially 

meaningful, as capturing aggressive game such as the buffalo or the smaller but fierce 

suids such as the warthog and bushpig would potentially incur a higher risk than the 

pursuit of relatively more docile large game such as eland or impala.  The inclusion of 

difficult-to-capture animals, such as dangerous large game or quick-flight small game, 

can thus reflect significant dietary expansion.  

A shift in age structure towards increasing proportions of juvenile and young 

adult animals can also indicate an expansion of dietary breadth (Munro, 2004; Speth, 

2004a; Speth and Clark, 2006).  The small size and relatively limited body fat of 

juveniles means that these animals should typically be lower-ranked than adults.  A 

decrease in the mean age at capture may therefore reflect a decline in the encounter rate 

with higher- ranked prey.   

Beyond measures of subsistence diversification, more intensive carcass use and 

processing, such as an increased focus on marrow exploitation, should also be evidenced 

during periods of stress.  A primary method of maximizing the nutritional return of an 

animal is to incorporate body parts with lower meat/marrow utility into the diet (Binford, 

1978; Grayson, 1989).  In this case, one would expect to find evidence for the increased 

transport of low-utility elements, along with the more frequent exploitation of elements 

with low marrow utility, such as the phalanges and the mandible.  Given the low rate of 

return relative to the effort required to extract marrow from the bones of small-bodied 

animals, evidence that small game were processed for marrow exploitation would be a 

particularly strong indicator of resource stress. 
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Bone grease, which is stored within cancellous bone, provides an additional 

source of fat, but its extraction is both time- and labor-intensive, generally requiring 

bones to be pulverized and then boiled (Leechman, 1951; Binford, 1978).  For a variety 

of reasons, grease rendering can be notoriously difficult to recognize in the 

archaeological record (Outram, 2001; Roberts et al., 2002); however, several researchers 

have proposed new ways of identifying the process (Outram, 2001; Munro and Bar-Oz, 

2005; Stiner, 2003).  Given the relatively low nutritional yield of bone grease compared 

to its extraction costs, grease rendering represents a significant form of resource 

intensification.  Methods used to identify grease extraction (and the other forms of 

intensification described above) will be discussed in more detail in Chapter 8.  

The HP/post-HP MSA transition as a test case 

Working from the theoretical and analytical framework discussed above, I will 

investigate the potential relationship between resource stress and the emergence of 

modern behaviors through an analysis of HP and post-HP MSA fauna from the site of 

Sibudu Cave (KwaZulu-Natal, South Africa).  

If the HP was a period of social and economic intensification in response to stress, 

then signs of subsistence intensification should be restricted to or more common in the 

HP, when modern behaviors are evidenced, than in the post-HP MSA, when classical 

signatures of such behaviors have disappeared. As discussed above, several lines of 

evidence can potentially be utilized to address the degree of resource intensification, 

including:  

- Expansion of dietary breadth, reflected though any or all of the following: 

taxonomic diversification; increased exploitation of small game; inclusion of 
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species with higher handling costs within a given size class, such as dangerous 

large game or quick-flight small game; or increased proportion of juveniles (e.g., 

Munro, 2004; Stiner, 2004b; Stiner et al., 2000; Speth, 2004a)  

- Increased transport/exploitation of low utility parts (e.g., Binford, 1978) 

- Development of grease rendering of long bone epiphyses (e.g., Munro and Bar-

Oz, 2005; Stiner, 2003) 

If there is no significant difference in the presence of the above features between 

the HP and the post-HP MSA, or if signs of intensification are more prevalent in the 

latter, the hypothesis that the behavioral innovations evidenced in HP assemblages 

represent a response to stress would not be supported, requiring the development of 

alternative hypotheses.  For example, if there is no discernable difference between the HP 

and post-HP MSA, Shennan’s (2000; 2001) model may be correct, and signs of 

population increase in the absence of stress must be sought.  However, should the above 

expectations be met, evidence will indicate that at Sibudu, the behavioral innovations 

associated with the HP were, at least in part, a response to stress.  Further testing in other 

contexts and cases will be necessary to determine whether or not the Sibudu evidence is 

reflective of a more general phenomenon. 
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Chapter 3 

Middle Stone Age Research at Sibudu Cave 

 

In this chapter, I review the current state of MSA research at Sibudu.  Sibudu has 

benefited from a tremendous amount of multidisciplinary work, and, as a result, we have 

a great deal of information about the MSA deposits at the site.  I focus on the most 

relevant data here, including that relating to site accumulation and formation processes. 

The material culture from the site is also described in detail.  Because Chapter 5 is 

devoted to reconstructing the paleoecology of the Sibudu region, I introduce the botanical 

remains only briefly.  My goal is to put into context the faunal assemblages that are 

analyzed in detail in Chapters 4-8; to this end, I close the chapter with a consideration of 

how the previous work at Sibudu sets the stage for the investigation of the HP to post-HP 

MSA transition.  

The setting 

Sibudu is situated on a forested cliff above the Tongati River, approximately 40 

km north of Durban and 15 km inland from the Indian Ocean in KwaZulu-Natal, South 

Africa (Figures 3.1, 3.2).  Although historically known as Sibudu Cave, geologically 

speaking, the site is actually a rock shelter.  Fluvial erosion carved a series of small 

pockets into the sandstone and shale cliff; the largest of these erosional events formed the 

shelter, which is ~55 m long and 18 m in depth (Wadley and Jacobs, 2004).  Downcutting
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Figure 3.1  Map showing location of Sibudu and other important MSA sites 

 
 

 

 

 

 

 

 

 

 

 

Figure 3.2 Photo of Sibudu from a distance (arrow points to mouth of shelter) 
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has continued since the formation of Sibudu, such that the river is currently ~20 m below 

the site—accessing the shelter requires scaling the nearly vertical cliff face (Allott, 2005). 

The interior of the shelter lies at approximately 100 m above mean sea level; however, 

the entrance is about 12 m lower, such that the shelter floor slopes abruptly from north to 

south (Figure 3.3). 

Sibudu is located within the summer rainfall region of South Africa and 

experiences warm and humid summers, with average temperatures between 22-25 

degrees Celsius and approximately 750 mm of rainfall.  Winters are mild and drier, with 

average temperatures of ~17-20 degrees and ~250 mm rain (Allott, 2005; Wadley and 

Jacobs, 2004).  Although much of the natural vegetation around Sibudu has been 

destroyed by sugar cane farming, a remarkable diversity of vegetation persists on the cliff 

faces and steep slopes in the vicinity of the site. (Allott, 2005). The southwesterly aspect 

of the cliff means that it is shaded for much of the day, which creates cooler conditions 

with less evapotranspiration than on the plateau above the shelter or on the northern 

facing slopes opposite the site.  The cool, moist conditions encourage forest growth 

(particularly evergreen forest) on the cliff face and in the valley.  The Tongati River, a 

perennial water source, supports much of this vegetation.  In contrast, the sunny slopes 

opposite the shelter are home to a variety of open species such as Acacia spp.  Under 

suitable rainfall and temperature regimes, these warmer/drier areas would have supported 

deciduous woodland and grassland (Wadley, 2006).  Wadley (2006) argues that despite 

shifts in climate over time, a similar mosaic of habitats was almost certainly present 

throughout the occupation of the site.   
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Figure 3.3 Plan map of the shelter/excavation unit (X’s on inset show location of 
Wadley’s test trench; adapted from Wadley and Jacobs, 2006) 
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Background to the excavations 

 Sibudu was first excavated by Aron Mazel of the Natal Museum, who dug a small 

trial trench of roughly one meter deep at the site in 1983.  His excavations revealed that 

the upper-most layers of the site contained Iron Age (IA) deposits and that the layers 

immediately underlying the IA contained MSA remains.  The present excavations, 

directed by Lyn Wadley of the University of the Witwatersrand, have been ongoing since 

1998.  To date, a total of 21 m2 of MSA deposits have been excavated, although the 

lower-most horizons (including the HP and much of the post-HP MSA) have only been 

reached in a 4 m2 unit.  That unit began as a trial trench in squares B5 and B6 (see Figure 

3.3); the trench reached a rock base in 2005 at a depth of ~3 m, although it is not clear as 

yet whether this rock represents bedrock or simply roof-fall (Wadley and Jacobs, 2006).  

Since that date, the trench has been expanded into squares C5 and C6.   

Deposits are excavated following natural stratigraphy, but where natural layers 

are thicker than ~10 cm, these are arbitrarily split; this occurred primarily within the 

deepest layers at the site.   Layers at the site were given names rather than numbers—

while the lowermost layers were given names that refer to the predominant color and/or 

matrix (i.e., “Light Brownish Grey,”  “Pinkish Grey Sand”), this was more difficult in the 

upper portion of the sequence, wherein layers often displayed complicated mottling 

(hence names like “Orange Mottled” and “Red Speckled”).  In Sibudu publications (and 

in profile drawings), layers are generally referred to by their abbreviations.  A full listing 

of layer names and their abbreviations, along with OSL ages, can be found in Table 3.1.  

A permanent datum line was painted on the wall of the shelter, and while profile 

drawings from the site generally present measurements as depth below surface, a  
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Phase Layer Name Layer Abbreviation OSL age (ka) 
final MSA Coffee* Co 38.0 ± 2.6 
  Buff* Bu 39.1 ± 2.5 
  Light Brown Mottled* LBMOD 49.9 ± 2.5 
  Milk Chocolate* MC   
  Espresso* Es   
  Mousse* Mou    
  Dark Mousse* DMou   
late MSA Polar Bear* PB   
  Oreo* Ore, Ore2   
  Cadbury* Cad   
  Pumpkin* Pu   
  Mottled Deposit MOD 49.1 ± 2.1 
  Orange Mottled OMOD 46.6 ± 2.3 
  Black lens in OMOD OMOD-BL 47.6 ± 2.3 
  Orange Mottle 2 OMOD2   
  Black lens in OMOD2 OMOD2-BL   
  Grey Mottled GMOD   
  Brown Mottled BMOD   
  Red Speckled RSp 46.0 ± 1.9 
  Red Decomposed* RD 49.4 ± 2.3 
  Yellow Speckled YSp   
post-HP MSA Brown Speckled BSp, BSp2 57.6 ± 2.1 
  Spotty Camel SPCA   
  Black Layer BL   
  Orange Or   
  Midnight Mi   
  Chestnut Che   
  Speckled Sunrise SS 59.6 ± 2.3 
  Ebony Eb   
  Mexican Yellow MY   
  Mahogany Ma   
  Flame Fl   
  Mustard Mu   
  Burnt Ochre BO   
  Ivory Iv   
  Black Magic BM   
  Pox P 59.0 ± 2.2 
  Orange Pox OP   
  Brown Pox BP   
  Sulphur Su   
  Chocolate Ch   
  Sulphur 2 Su2   
  Pink 1 P1   
  Grey 1 G1   
  Chocolate 2 Ch2 58.3 ± 2.0 
  Yellow 1 Y1 58.6 ± 2.1 
  Brown/Grey Mix B/G Mix, B/G Mix2 58.2 ± 2.4 
  Brown Organic Bor   
  Yellow Ash 1 YA1   

 
Table 3.1 Stratigraphic layers, abbreviations, and OSL ages (OSL ages from 
Jacobs et al., 2008a; 2008c) (cont’d on next page) 
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Phase Layer Name Layer Abbreviation OSL age (ka) 
  Brown under YA BuYA   
  Yellow Ash 2 YA2   
  Brown under YA2 BuYA2   
  Reddish Brown RB   
Howieson's Poort Grey Rocky GR, GR2 61.7 ± 2.0 
  Dark Reddish Grey DRG, DRG2   
  Grey Sand GS, GS2 63.8 ± 2.8 
  Pinkish Grey Sand PGS 64.7 ± 2.3 
Still Bay Reddish Grey Sand RGS, RGS2 70.5 ± 2.3 

pre-Still Bay Light Brownish Grey LBG, LBG2, LBG3, 
LBG4 72.5 ± 2.5; 73.2 ±2.7 

  Brown Sand BS 77.3 ± 2.7 
*Layers which were only present in the eastern excavation units (not found in trial trench) 
Bold indicates layers from which dates were taken 

 

Table 3.1 (cont’d) Stratigraphic layers, abbreviations, and OSL ages (OSL ages 
from Jacobs et al., 2008a; 2008c) 
 
 
reference line relating those depths to the datum is included.  Units are divided into four 

50 cm2 quadrants, with quadrant “a” located in the northeastern corner.  Initially, material 

was sieved through 2 mm screens; however, since 2003, nested 2 mm and 1 mm sieves 

have been employed in order to improve the collection of seeds and micromammalian 

remains.  All material from the 2 mm sieves is sorted on site.  

Stratigraphy and dating 

As information on stratigraphy and dating are reported in detail elsewhere 

(Wadley and Jacobs, 2004; 2006; Jacobs et al., 2008a; b; c; d), I only summarize the most 

relevant data here.  Sibudu has a rich MSA sequence that includes pre-Still Bay, Still 

Bay, HP, post-HP MSA, late MSA, and final MSA assemblages; the layers associated 

with each of these phases are shown in Table 3.1, while a profile drawing from the test 

trench can be found in Figure 3.4.  Horizon designations that begin with lowercase letters 

(e.g., “late MSA”) indicate classifications based on the lithic assemblage; these are not 

formally recognized phases.  Work by Wadley’s team has confirmed Mazel’s findings— 
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Figure 3.4 Stratigraphic profile drawing from the test trench (Wadley and Jacobs, 
2006) 
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across the site, MSA deposits occur directly below IA layers—no Later Stone Age 

remains are present.  Although there was a significant hiatus between the MSA and IA 

occupations, this hiatus is not detectable as a sterile unit in the stratigraphy.  Today, the 

shelter floor is scoured by wind in the late winter and early spring; similar circumstances 

in the past may have prevented the accumulation of sterile deposits (Wadley and Jacobs, 

2004).  

As indicated in Figure 3.4, the stratigraphy at Sibudu is complex—the lower 

layers (up to and including the HP) are typically comprised of soft, sandy or silty deposits 

that are a fairly uniform grey or brownish-grey color.  In contrast, the upper portion of the 

sequence is comprised of a series of thin, distinct, brightly colored layers that include 

palimpsests of interfingering hearths and ash lenses (Figure 3.5).  These are 

predominantly ashy or silty in composition (Pickering, 2006; Wadley and Jacobs, 2004; 

2006).  

 Burning features are common in the Sibudu sequence.  Hearths are discernable as 

flat, circular patches of ash; thus far, no stone foundations have been located and only 

rarely do the features show concave bases.  The hearths are generally no more than 10-15 

cm thick and are often stratified into a basal layer of reddish-brown burnt earth, a central 

brown-black layer that is rich in charcoal, and an upper layer of off-white or yellow ash.  

These are well preserved as separate features within the lower portion of the sequence, 

where burning features are relatively sparsely dispersed (Wadley, 2006; Wadley and 

Jacobs, 2006).  In contrast, the upper sequence shows pervasive evidence for massive 

burning events; the interfingering nature of the hearths in the younger layers makes it 

difficult to distinguish individual burning episodes. This is further compounded by the  
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Figure 3.5 Photograph of the profile showing palimpsests of burning features in the 
post-HP MSA; more homogenous deposits in the lower portion of the profile are 
from the HP, Still Bay, and pre-Still Bay  
 

fact that many of these hearths show several focal points, which may indicate repeated 

use (Allott, 2006a).  As a result, multiple layers within a single hearth may have received 

independent layer designations (for example, Iv and BM were excavated as independent  
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units but may be parts of a hearth within layer P).   

As a majority of the MSA deposits at Sibudu fall beyond the range of radiocarbon 

dating, optically stimulated luminescence (OSL) has been utilized to date the sediments.  

Ages were obtained from a combination of single aliquot and single-grain analyses of 

sedimentary quartz.  By examining a large number of individual grains for each sample, 

rigorous statistical procedures could be applied, resulting in reliable age estimates with 

good precision (OSL ages were presented in Table 3.1; for more details on the 

methodology, see Jacobs et al., 2008a; b; c; Jacobs and Roberts, 2008).  The earliest 

deposits excavated thus far (the pre-Still Bay) appear to date to ~77-73 ka, while a single 

date from the Still Bay indicates an age of ~70 ka.  Dates were taken from three layers 

within the HP and range from 65 to 62 ka (although with the range of error, the dates 

actually fall between 67-60 ka).  

Within the upper MSA sequence, OSL dating has indicated the presence of three 

distinct age clusters, which appear to correspond to three distinct occupational phases. 

Jacobs et al. (2008c) calculated weighted mean ages for each of these periods, which are 

58.5 ± 1.4 ka for the post-HP MSA, 47.7 ± 1.4 ka for the late MSA, and 38.6 ± 1.9 ka for 

the final MSA.  The age distribution suggests that the layers within each cluster may have 

formed relatively rapidly, with longer duration hiatuses separating the occupations 

(Wadley and Jacobs, 2006).  As was the case for the hiatus between the MSA and IA, 

these hiatuses are not recognizable geologically. 

Geoarchaeological research at Sibudu 

Sedimentology  
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 Sedimentological analyses based on samples from a number of the upper layers 

(primarily from the late and final MSA) have indicated that the deposits at Sibudu are 

predominantly anthropogenic in origin (Pickering, 2006). These layers were found to 

consist of angular sediment grains as well as angular fragments of bone and charcoal, 

which points to little or no water-borne transport of the deposits.  Because classic 

sedimentary structures were also absent, and given the high prevalence of in situ burning 

features and the abundance of cultural materials, Pickering (2006) argued humans were 

primarily responsible for site accumulation.  

 The clustering of ages, combined with the thickness of the deposits, implies that 

sediment accumulation rates were relatively rapid (Pickering, 2006).   Furthermore, FTIR 

(Fourier transform infrared) spectroscopy and microscopic analyses by Schiegl and 

Conard (2006) have demonstrated that the cascade of secondary phosphates observed at 

other caves sites with a similar sedimentary milieu are almost entirely lacking in the 

Sibudu deposits, indicating that diagenesis (at least in the form of mineral transformation 

and dissolution) was only a minor factor.  The presence and stability of gypsum and 

calcite in the deposits also serves as a good indicator of dry conditions within the shelter.  

Each of these factors contributed to the good preservation of bone and other organic 

materials at the site, and, taken together, imply that the excavated bone assemblage 

should reflect the original distribution patterns (Schiegl and Conard, 2006).  

 The FTIR spectroscopic study also demonstrated the presence of variability in 

sediment composition between the upper and lower portions of the sequence—there was 

markedly less variation in sediment composition in the lower horizons (pre-Still Bay, 

Still Bay, and HP) than that documented in the upper deposits (Scheigl and Conard, 
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2006).  In addition, gypsum inclusions, which occur frequently in the upper layers, are 

uncommon below the post-HP MSA.  This is notable for a number of reasons.  Gypsum, 

a hydrated calcium-sulfate mineral, is post-depositional in nature, and its formation 

requires moisture; however, once formed, it is relatively soluble in water, dissolving in 

concentrations of up to 2.5g/litre (Pickering, 2006; Schiegl and Conard, 2006; Schiegl et 

al., 2004).  Its presence thus implies initial humidity followed by comparatively dry 

conditions.  Given that the upper portion of the sequence dates to within Oxygen Isotope 

Stage (OIS) 3, Pickering (2006) proposed that warmer sea surface temperatures may have 

led to increased moisture in the form of sea mist, and that this may have supplied the 

humidity necessary for gypsum formation.     

Gypsum inclusions vary in size throughout the upper portion of the sequence, 

with the largest nodules occurring in the “Pox” layers (P, BP and OP).  Because nodule 

formation is suppressed under  high sedimentation rates, the growth of these nodules 

likely required the presence of stable surfaces (Schiegl and Conard, 2006).  Following 

from this, Herries (2006) proposed that gypsum growth may have been most common 

during periods when there was little to no deposition or site occupation, and that the 

layers preserving larger nodules may reflect hiatuses in the sequence.  In addition to these 

nodules, gypsum crystals have formed on bone and stone within the deposits (Figure 3.6).  

This type of gypsum formation has been known to cause bone fragmentation, as pressure 

caused by the growing gypsum crystals leads to crack propagation and thus splitting 

(Schiegl and Conard, 2006).  This led Schiegl and Conard (2006) to propose that much of 

the mechanical bone destruction above the HP is related to gypsum growth.  If this were  
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Figure 3.6 Sandstone fragment from the post-HP MSA with gypsum crystal growth 

 
the case, it may account for the slightly better organic preservation in the lower portion of 

the sequence, as gypsum was absent in those layers. The possible implications of this to 

our comparison of the fauna from the HP and post-HP MSA will be discussed as part of 

the consideration of the taphonomic history of the assemblage in Chapter 6.  

 Sedimentological and phytolith studies focusing on burning features and their 

surrounding sediments (Schiegl and Conard, 2006; Schiegl et al., 2004) have provided 

further insight into site use and formation processes at Sibudu.  Hearths and ash dumps 

frequently show sedimentary compositions and phytolith contents similar to those of the 

sediments around them; according to Schiegl and Conard (2006), this implies that there 

was even more fire activity than that indicated by the number of burning features.  A 

considerable proportion of the phytoliths analyzed from features in the post-HP, late, and 
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final MSA showed severe morphological changes related to intense heating; phytoliths of 

similar morphology were produced experimentally by heating a sample of wood ash to 

900 degrees Celsius (Schiegl et al., 2004).  This does not necessarily imply that the fires 

at Sibudu reached such an intense temperature, as alkali-rich plant ashes of the sort 

identified in the deposits can act as natural fluxes that reduce the melting point of silica 

(Schiegl and Conard, 2006).  Even with this caveat, though, it has been argued that the 

heat energy of small campfires would not be intense enough to have such an extreme 

effect on phytolith morphology, implying either that fireplaces were extensively reused or 

that fires were long-burning, perhaps over the course of many days (Schiegl et al., 2004). 

Archaeomagnetism: climatic implications 

Archaeomagnetic data have been utilized in reconstructing Sibudu’s climate 

history.  Herries (2006) reported on the analysis of magnetic susceptibility (MS) and 

mineral magnetic measurements taken from the section walls of the initial 2 m2 trial 

trench; because the final MSA is not represented in the trial trench, his results do not 

speak to conditions during this period.  Furthermore, since the lowest layer sampled was 

YA2, the pre-Still Bay, Still Bay and HP were also not included in his study.  Within the 

post-HP MSA sequence, the deepest layers (YA2 to G1) showed distinctly different 

magnetic characteristics and much lower MS values than the upper layers (P1 to BSp—

P1 is a small lens that is not visible in the profile illustrated in Figure 3.4; it is located 

directly above layer G1 where it occurs).  Of particular note, layers YA2 to G1 include 

higher coercivity magnetic minerals—studies of marine and lake sediments across Africa 

have documented an increase in higher coercivity minerals within colder, glacial 

sediments.  Given these results, Herries proposed that the archaeomagnetic signature in 
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the lower layers of the post-HP MSA reflects the cold, glacial climate of OIS 4.  

Accordingly, it is argued that the major changes in magnetic mineralogy and the higher 

MS values beginning with layer P1 represent the transition to OIS 3—and, in fact, as 

Herries (2006) pointed out, the dating of the post-HP MSA at Sibudu is consistent with 

the age of the OIS 4 to 3 transition from the Vostok ice core.  The late MSA sequence 

showed yet another considerable increase in mean MS values, suggesting an overall 

warming in climate as compared to the post-HP MSA.   

When considering the results of the archaeomagnetic data, it must be kept in mind 

that anthropogenic activity, particularly that related to fire use, can affect magnetic 

susceptibility readings—burnt material is generally associated with high MS values. 

Although Herries avoided sampling well-defined hearths whenever possible, he 

recognized that some of the smaller scale warming episodes he identified in the MS 

profile may actually reflect periods of increased fire use.  Despite this, there are two 

primary reasons to believe that the larger trends he identified do reflect climatic change.  

First, although small amounts of burnt sediment may result in slight magnetic 

enhancement, wood-ash, the dominant material in MSA hearths, should not cause any 

thermo-magnetic enhancement because wood itself is non-magnetic (Herries, 2006).  

That this is the case seems to be demonstrated in the lower layers of the post-HP MSA—

while these layers contain some of the most intensely burned bone in the entire sequence 

(see Chapter 6), they actually show the lowest MS values.  Finally, in situ measurements 

were taken from three of the four section walls of the trial trench, and all three profiles 

showed the same patterns, implying that small scale diagenetic effects, local disturbance, 

and anthropogenic effects were not sufficient to influence the overall signal. 
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Lithic analyses  

 The lithic assemblages from Sibudu have been the focus of a great deal of study.  

In addition to qualitative and quantitative typological/metric analysis (e.g., Villa et al., 

2005; Wadley, 2005a; Wadley and Mohapi, 2008), samples have also been subjected to 

use-wear and micro-residue analyses (e.g., Lombard, 2005; Lombard, 2008; Williamson, 

2004).  Given that raw material usage can potentially be informative about mobility 

patterns (e.g., Binford, 1980; Kuhn, 1991; 1995) and because of the interest in the use of 

“non-local” raw materials in the Still Bay and HP (e.g., Ambrose, 2006; Minichillo, 

2006), research has also focused on the nature of raw material use during the MSA at 

Sibudu. 

Raw materials 

Although the sandstone that forms the shelter was occasionally used for tool 

manufacture at Sibudu, the three most common raw materials are hornfels, dolerite, and 

quartz/quartzite; these are found in varying frequencies throughout the MSA sequence.  

Hornfels is a fine-grained, metamorphosed shale, while dolerite is an igneous rock that 

can vary considerably in grain size and mineral composition (Wadley and Mohapi, 2008).  

In general, dolerite can usually be distinguished from hornfels because of its coarser grain 

size (Cochrane, 2006).   Both milky and crystal quartz (100% silica) are present in the 

assemblage.  Both types probably come from the same source, as fragments with a milky 

portion adjoining a crystal one have been found (Delagnes et al., 2006).   

These raw materials have different properties that likely influenced how they 

were utilized; for example, crystal quartz tends to fracture irregularly and can be riddled 

with faults or inclusions, making it difficult to knap; however, tools produced from this 
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material have cutting edges that are notably smoother and sharper than those produced on 

hornfels or dolerite (Delagnes et al., 2006; Wadley and Mohapi, 2008).   Knapping 

experiments by Cochrane (2006) on local dolerite showed that the material is incredibly 

hard and can only be fractured when considerable force is applied.  This places 

limitations on the amount of control that can be exercised during manufacture, 

particularly over the point of impact.  As such, Cochrane (2006) expects production 

errors to be more common when knapping with this raw material.  In comparison, 

hornfels is more brittle and allows a greater degree of control over the flaking product.    

Hornfels, dolerite, and quartz/quartzite can all be found as cobbles on the banks of 

the Tongati River, and while cortical flakes indicate that river cobbles were sometimes 

used, tabular slabs quarried from outcrops were also utilized (Delagnes et al., 2006; 

Wadley and Jacobs, 2006).  Of the three raw material types, dolerite was the most locally 

available; a thick dyke of medium- to fine-grained dolerite intrudes into the sandstone 

cliff a few hundred meters from the shelter (Wadley and Mohapi, 2008).  A hornfels 

outcrop of a quality comparable to that used during the MSA at Sibudu has not yet been 

located in the immediate vicinity of the site; the closest known outcrop is located about 

15 km to the south (Cochrane, 2006).  Similarly, while conglomerates with clasts 

comprised predominately of quartzite (~80 mm in maximum dimensions) can be found 

near the shelter, the closest known quartz outcrops occur in a granite formation found 

about 20 km northwest of the site (Delagnes et al., 2006; Wadley and Mohapi, 2008).  

Thus, while two of the primary raw materials were not available in the immediate vicinity 

of the site (other than as river cobbles), all of the rock types used at Sibudu were 

essentially local. 
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Typology: the lithic assemblages 

Details on the oldest lithic assemblage recovered thus far at Sibudu, referred to as 

the pre-Still Bay, have not yet been published; however, the industry is known to include 

unifacial points (Wadley and Jacobs, 2006).  The Still Bay assemblage has been analyzed 

in more detail (Lombard, 2006; Wadley, 2007), and includes a number of the thin, 

bifacial lanceolate points that define the Industry.  Bifacially worked pieces constitute 

44% of all retouched tools from the Still Bay layers; other tools include two unifacial 

points and a small sample of scrapers.  Although all three raw material types are 

represented in the assemblage, retouched tools were produced primarily on dolerite 

(accounting for 48% of all retouched tools and 54% of points and bifacial tools).  

Quartzite was the least commonly employed, accounting for only 15% of the retouched 

tools (Wadley, 2007).   The presence of debris from all stages of manufacture indicates 

that dolerite was likely knapped in or near the shelter; however, manufacturing debris 

was more limited for hornfels and quartz/quartzite, suggesting that these materials may 

have been knapped elsewhere.  Residue and use-trace analysis on a small sample of the 

bifacial tools indicates that they were hafted, with some used as butchery implements 

while others functioned as hunting weapons (Lombard, 2006)  

 The HP assemblage is unique as compared to the remainder of the MSA sequence 

in that stone points are almost entirely absent; instead, the retouched assemblage consists 

primarily of backed tools such as segments and trapezes (Wadley, 2006).  Although this 

may be an artifact of the limited spatial extent of the excavations, points are also rare in 

other HP assemblages (Lombard and Pargeter, 2008), and thus the absence of points may 

reflect a focus on a different type of hunting technology.  Micro-residue analysis by 
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Lombard (2008) demonstrated that the backed segments in the HP were hafted and used 

to process animal material; she combined this knowledge with the results of use-wear and 

macrofracture analysis to argue that the segments served as inserts for composite hunting 

weapons.  Metric analysis by Wadley and Mohapi (2008; see also Wadley, 2008) 

indicated that the quartz segments found in the HP may have functioned as arrowheads, 

as their tip-cross-sectional-area (TCSA) and other attributes fit within the range of 

ethnographically documented arrow points, no matter what hafting configuration was 

employed.     

 Cochrane (2006) analyzed the complete sample of  post-HP MSA lithics 

(comprising more than 30,500 objects) from the 2 m2 trial trench.  Retouched artifacts 

from this phase consist predominately of unifacial points and scrapers that show little 

standardization of form and were produced predominantly on hornfels (72%).  Despite 

the predominance of hornfels in the retouched sample, the frequency of dolerite and 

hornfels in the debitage is nearly equal; the reason for this discrepancy is unclear.  

Although the total representation of quartz/quartzite is low (accounting for only ~6.6% of 

the assemblage), a distinctive turnover in raw material usage is evidenced when the 

sample is broken up by layer (Figure 3.7).  Quartz and  quartzite are the most common 

raw materials in the lower-most layers of the post-HP MSA—frequencies peak at over 

80% in the layer BuYA.  Although the proportion of quartz and quartzite begins a slow 

decline after that point, the contribution of quartz and quartzite falls from more than 10% 

in Ch2 to less than 1% in Su2; in subsequent layers, hornfels and dolerite completely 

dominate the assemblage, typically occurring at frequencies in excess of 95%.   
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Figure 3.7 Turnover in raw material type during the post-HP MSA (data from 
Cochrane, 2006) 
 
 
 Despite the variability in raw material types, there is little evidence for other 

technological or typological changes through time.  However, it may be significant that 

certain tool classes, including grindstones, an anvil, and a hammerstone, were also 

restricted to the lower-most layers of the post-HP MSA; the uppermost of these tools was 

recovered from layer Ch2.  That the lower layers of the post-HP MSA sequence show 

evidence for both a different pattern of raw material usage and some unusual artifact 

types is potentially significant to our understanding of the transition between the HP and 

the post-HP MSA—this will be discussed in more detail later in the chapter.   

Details on the lithic assemblage from the late MSA have only been reported for a 

single layer within the assemblage—RSp (Villa et al., 2005).  This layer yielded a sample 



 51 

of ~14,000 pieces, of which 2,259 were chosen for analysis.  The assemblage contains a 

high proportion of retouched pieces (15%); unifacial points and scrapers are the most 

common formal tools.  Quartz and quartzite were again rare in RSp, accounting for less 

than 3.5% of the material analyzed.  As was the case in the post-HP MSA, formal tools 

were predominantly made on hornfels, and yet hornfels and dolerite were present in 

nearly equal proportions in the debitage.  Residue, macrofracture, and use-wear analysis 

of a selection of post-HP and late MSA points indicated that these tools were hafted and 

served as hunting weapons (Lombard, 2005a); Villa and Lenoir (2006) used metric data 

to argue that that the artifacts functioned as spear points designed to be thrust or hand-

cast.  

 The youngest MSA lithic assemblage identified at Sibudu, referred to as the final 

MSA, was recovered only in the eastern-most section of the excavation grid.  While 

bifacial points are slightly more common than unifacial points, the most notable aspect of 

this assemblage is the presence of a small sample of hollow-based points and backed 

tools, including segments.  Hollow-based points were also found in the upper-most MSA 

layers at Umhlatuzana Cave, approximately 90 km from Sibudu, and it is possible that the 

tool type may be indicative of a regional variant of the final MSA (Wadley, 2005a).  As 

in the previous horizons, hornfels was the predominant raw material utilized for most 

classes of retouched tools (accounting for 66.3% of all retouched material).   

Quartz/quartzite were the next most common raw materials, accounting for 21.7% of the 

retouched sample (Wadley, 2005a).  The presence of this relatively young expression of 

the MSA, characterized by a unique combination of tool types, further highlights the 

importance of Sibudu to our understanding of behavioral variability during the MSA.    
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Organic materials: flora and fauna 

Botanical remains 

 The potentially rapid accumulation of the Sibudu deposits, combined with the 

minor degrees of diagenesis and the lack of water disturbance (Pickering, 2006; Schiegl 

and Conard, 2006), contributed to the excellent preservation of organic remains at 

Sibudu.  Materials present include charred seeds, charcoal, and both macro- and 

microfauna. Work with the botanical remains has largely focused on reconstructing the 

paleoecology of the site region; because Chapter 5 is dedicated to paleoecology, I provide 

only a very brief overview of this research here.  While details on the charcoal 

assemblage from the pre-Still Bay and Still Bay have not yet been published, Allott 

(2004, 2005, 2006a, 2006b) has analyzed charcoal from the remainder of the sequence.  

The charcoal data do indicate the presence of major shifts in local vegetation, with 

evergreen taxa dominating the lower layers of the sequence and deciduous taxa becoming 

more common in the late and final MSA.  Allott (2006a) also noted that while fuel-woods 

commonly used by modern populations were routinely collected beginning with the post-

HP MSA, these “good” fuel-woods were largely absent in the HP—this pattern may 

reflect changes in local vegetation, but could also indicate a different approach to wood 

collection and use during the HP. 

Carbonized seeds, nuts, and fruit stones have also been identified in the MSA 

deposits at Sibudu; taxa present include sedges, grasses, shrubs and trees (Sievers, 2006).  

Sedges (Cyperaceae) comprise more than half of all seeds in the assemblage and are 

present throughout the entire MSA sequence.  Their pervasiveness implies that a water 

source (likely the Tongati River) was present near the shelter during periods of site 
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occupation.  Given the continued presence of this water source, it is expected that riverine 

taxa (both floral and faunal) will be present in some degree throughout the occupational 

sequence. Because the nutlets from the sedges are invariably whole, Sievers (2006) 

argues that it is unlikely that they were brought to the shelter as bird droppings; instead, 

she proposes that sedges may have served as bedding and/or been used for the weaving of 

mats.    

Previous faunal analyses 

 Because of its extensive sequence and relatively good preservation, Sibudu’s 

faunal assemblages offer an excellent opportunity to explore the range and nature of 

variability in subsistence behavior during the course of the MSA.  Analysis of the small 

sample of pre-Still Bay and Still Bay fauna is not yet complete; however, preliminary 

work with the Still Bay assemblage has demonstrated that small game, particularly the 

blue duiker (Philantomba monticola), is predominant (Wadley, 2007).  Vervet monkey 

(Cercopithecus pygerythrus) and bushpig (Potamochoerus larvatus) are also common— 

all three of these species are common in forested environments.  Marine shell occurs 

more frequently in the Still Bay than in any other horizon; however, it may have been 

collected as a raw material rather than for dietary reasons (see discussion below and Plug, 

2006).   

 Clark and Plug (2008) discussed the preliminary analysis of the HP and post-HP 

MSA fauna excavated from Wadley’s trial trench.  The HP assemblage was again 

dominated by small game; the blue duiker was the most commonly identified species.  

The proportion of medium to large game increased throughout the course of the post-HP 

MSA; we proposed that the transition may be related to a shift to more open 
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environmental conditions during the post-HP MSA.  One of the primary goals of this 

study is to evaluate the strength of the patterns identified during that initial study—and 

their implications to our understanding of the HP-post-HP MSA transition. 

 Plug (2004) analyzed faunal material from the upper portion of the sequence; 

however, her work was completed before OSL dates were available.  Once those dates 

were published, it became clear that divisions she employed resulted in the mixing of 

data from multiple horizons—some of the post-HP and late MSA layers were combined, 

while the final MSA was lumped with the upper layers of the late MSA.  Wadley et al. 

(2008) re-analyzed Plug’s original dataset using the updated sub-divisions; details on the 

late MSA sample were also provided by Wells (2006), who analyzed the full faunal 

sample from layer RSp.  The late MSA fauna is dominated by medium and large 

ungulates, with zebra well represented.  The sample also includes fragmentary teeth 

identified as belonging to either a hippopotamus or rhinoceros (Plug, 2004; Wadley et al., 

2008; Wells, 2006).  The range of species present indicates that there was a dry, yet 

diverse, environment that included both open grassland and a woodland component 

(Wells, 2006).  

The small faunal sample from the final MSA again showed a focus on medium to 

large game, although some smaller game, including the blue duiker, was also present.  A 

single element was identified as belonging to an elephant (Loxodonta africana); 

hippopotamus (Hippopotamus amphibius) was also identified in the sample (Plug, 2004; 

Wadley et al., 2008).  A majority of the microfaunal remains also came from the final 

MSA (2068 of a total sample of 2700 bones, Glenny, 2006).  Given that the units 

preserving the final MSA are located along the back wall of the shelter, Glenny proposed 
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that the prevalence of microfauna in these layers reflected the presence of raptor roosting 

sites.  Because preliminary taphonomic analysis of the microfauna showed evidence for 

etching and trampling of the sort associated with owls and owl roosting sites, Glenny 

(2006) proposed that owls were the major accumulating agent of the mircofaunal 

assemblage from this period. 

To complement the taxonomic analysis published by Plug (2004), Cain (2005, 

2006) conducted detailed taphonomic analyses on material from a selection of post-HP 

and late MSA layers.  He focused both on the nature of burning in the MSA horizons 

(Cain, 2005), and on the identification of the primary agents of accumulation (Cain, 

2006).   He found that, in most contexts, at least 80% of the bone showed some degree of 

burning.  Given the palimpsests of hearths found in the layers under consideration, he 

argued this burning was likely the result of anthropogenic (rather than natural) fires.   

More specifically, Cain (2005) proposed that the burning resulted primarily from bone 

being systematically discarded into fires as a means of waste disposal.  Variability in the 

presence and intensity of burning in the HP and post-HP MSA assemblage will be 

considered in greater detail in Chapter 6.  

 In considering the agents responsible for the accumulation of the macrofauna, 

Cain (2006) examined a full range of faunal specimens (both identified and non-

identified) from  the layers under consideration.  His results indicated that the non-human 

contribution to the assemblage was minimal, as the sample preserves abundant signs of 

human modification, including percussion damage, cut-marks, and the aforementioned 

burning. Wells’ (2006) taphonomic study of the RSp fauna also found that modifications 

associated with human processing were much more frequent than those associated with 
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non-human carnivores.   When considered alongside the results of the sedimentological 

analyses already discussed, it seems clear that the upper deposits at Sibudu were 

primarily anthropogenic in origin.  Taphonomic analyses of the HP fauna, reported in 

Chapter 6, will provide a means of evaluating whether this was also the case for the HP.   

Worked bone and shell 

The Sibudu faunal assemblage also includes a small number of worked bone and 

shell implements (Backwell et al. 2008; Cain, 2004; d’Errico et al. 2008).  Although they 

are not common, modified bone and shell artifacts are known from a number of MSA 

sites, including Blombos Cave and KRM (e.g., d’Errico and Henshilwood, 2007; d’Errico 

et al., 2005), and thus their presence at Sibudu is not unexpected.  The HP includes a 

worked bone industry—at least two bone points have been identified, along with a bone 

“spatula” (Backwell et al., 2008).  Several other pieces that are potentially worked are 

still awaiting analysis.   

Of the two points, one is consistent with a pin or a needle-like implement.  The 

other (illustrated in Figure 3.8) is very similar in morphology to prehistoric and 

ethnographically documented arrow points, leading Backwell et al. (2008) to argue that 

bow and arrow technology may have been present in the HP—there are thus two distinct 

lines of evidence that suggest the presence of this technology during that phase.  Among 

the Bushmen, similar points were used to hunt birds and small game (the point is 

apparently too small to mortally wound a large animal without poison); because Clark 

and Plug (2008) found that small game was common in the HP, Backwell et al. (2008)  
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Figure 3.8 Refitted bone point from layer GS (HP); enlarged images on right show 
longitudinal striations associated with manufacture (Backwell et al., 2008; image 
courtesy of L. Backwell) 
 

 

proposed that this technology may have been part of an adaptation to closed 

environments in which small prey were common.  

In addition to these bone tools, Cain (2004) described a sample of four modified 

bones from the upper portion of the sequence: two from the post-HP MSA, and one from 

both the late and final MSA.  Only one of these appears to be a formal tool—the 

specimen from the final MSA is a polished bone pin.  The specimens from the post-HP 

MSA simply show a series of incised notches and the fragment from the late MSA has 

series of flakes removed from the edge.   

In analyzing the marine shell from the Still Bay and pre-Still Bay, Plug (2006) 

found that many of the shells were beach-worn and thus did not appear to represent food 
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waste, while others were too small to contribute to the diet.  She therefore proposed that 

the shell must have served some other function, perhaps as a raw material.  Her 

supposition has been supported by new findings at the site—d’Errico and colleagues 

(d’Errico et al., 2008) confirmed the presence of three Afrolittorina africana shells that 

appear to have been perforated by humans, one of which is coated in red pigment.  The 

data thus suggest that the shell beads recovered from the Still Bay layers at Blombos 

were not an isolated occurrence. 

Summary: setting the stage for an investigation of the HP to post-HP MSA 
transition  
 

In reviewing the current state of MSA research at Sibudu, a number of issues have 

been raised that are relevant to the comparison of the HP and post-HP MSA fauna; I 

discuss the most salient of these here.   Most obviously, as is the case at other sites 

preserving the HP and the post-HP MSA, there is marked variability in material culture 

between the two phases.  The backed tools that dominate the HP assemblage disappear in 

the post-HP MSA, wherein the tool kit consists predominantly of unifacial points and 

scrapers (Cochrane, 2006; Wadley and Mohapi, 2008).  The HP also appears to contain a 

more formalized bone tool assemblage than does the post-HP MSA (Backwell et al., 

2008; Cain, 2004).  Noteworthy is the fact that there is a lack of traditional MSA hunting 

technology in the HP at Sibudu—stone points are absent.  It seems possible that the 

variation in technology evidenced between the HP and post-HP MSA will also be 

reflected in the faunal remains; the changes may relate to the targeting of a different suite 

of prey, or perhaps to changes in processing behaviors. I will return to these possibilities 

in Chapters 7-8.    
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A number of characteristics distinguish the upper and the lower deposits at 

Sibudu—this is significant because the HP and the post-HP MSA fall on either side of 

this boundary.  The lower portion of the sequence (pre-Still Bay, Still Bay, and HP) is 

comprised of thicker, monotonously colored, sandy or silty deposits with sparsely 

dispersed hearths, while the upper sequence (post-HP, late and final MSA) consists of 

thin, brightly colored, ashy or silty deposits that contain palimpsests of interfingering 

hearths and ash layers (Pickering, 2006; Wadley and Jacobs, 2006).  The upper deposits 

are also more variable in sediment composition than are the lower deposits.  In addition, 

while gypsum inclusions are common in the layers above GR (the top-most layer of the 

HP), they are rare in the deposits below GR—instead, calcite occurs more frequently in 

these lower layers (Schiegl et al., 2004; 2006).  If there were a significant hiatus in 

occupation between the HP and the post-HP MSA, some of this variability might make 

more sense, and yet, the available OSL dates indicate that there was not a significant 

hiatus between the two phases (Jacobs et al. 2008a; b; c; Jacobs and Roberts, 2008).  

Although we do not yet understand the processes underlying the variability in 

sediment composition evidenced between the upper and lower deposits, it should be 

possible to evaluate whether (and to what degree) the character of the deposits 

differentially affected faunal preservation in the HP and post-HP MSA.  As discussed, 

gypsum crystal formation can lead to bone fragmentation; if gypsum did play a role in 

bone fragmentation at Sibudu, one would expect fauna from layers with high 

concentrations of gypsum to be more heavily fragmented than that from layers with little 

or no gypsum—this will be evaluated as part of my consideration of the taphonomic 

history of the assemblage in Chapter 6.  Similarly, exposure to heat can make bone more 
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friable, and thus can also lead to increased fragmentation; burning also affects cortical 

preservation and thus the ability to recognize surface modifications such as cut marks or 

carnivore damage.  The impact of these factors will also be discussed in Chapter 6. 

While there are clear differences between the HP and post-HP MSA deposits, 

there is also evidence for significant variability within the post-HP MSA.  For this reason, 

following Clark and Plug (2008), I made the decision to split post-HP MSA into two 

units: the upper-most layers (BSp to P1), are called the post-HP MSA 1, while the lower 

layers (G1 to YA2) are referred to as the post-HP MSA 2 (see Figure 3.9 for an enlarged 

profile drawing of the HP and post-HP MSA that highlights this subdivision). There are a 

number of reasons the decision was made to split the sequence between G1 and P1.   

First, as previously discussed, the archaeomagnetic data indicate that the 

transition from OIS 4 (a glacial period) to OIS 3 (an interstadial) occurred during the 

course of the post-HP MSA—Herries (2006) defines the boundary as falling between 

layers G1 and P1.  This division actually corresponds with the turn-over in raw material 

type during the post-HP MSA.  The proportion of quartz/quartzite dropped from 10% to 

less than 1% between layers Ch2 and Su2, after which hornfels/dolerite completely 

dominate the assemblage.  G1 and P1 are actually small lenses between these two layers.  

It was also the case that Ch2 marked the upper-most occurrence of some of the unusual 

tool types present in the post-HP MSA lithic assemblage (including hammerstones and 

grindstones; Cochrane, 2006).  Furthermore, while the OSL ages do not indicate a 

significant hiatus between the deposition of layers G1 and P1, Herries (2006) proposed 

that the presence of gypsum nodules in layers Ch2 to P1 may reflect a hiatus in the 

sequence.  While any one of these findings may not be significant on its own, the fact that  
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Figure 3.9 Stratigraphic profile drawing showing HP and post-HP MSA, with 
division into post-HP MSA 1 and 2. 
 
 

multiple independent classes of data show a consistent pattern suggests that the division 

of the post-HP MSA into an upper and lower section is warranted.  In the analyses 

presented in Chapters 5-8, we will make use of this division where appropriate. 

The splitting of the post-HP MSA into two units is particularly important to our 

attempts to reconstruct the paleoecology of the Sibudu region.  Given that the post-HP 

MSA sequence appears to preserve the transition from OIS 4 to OIS 3, at least some 

variability will be expected in the faunal assemblage purely as a result of shifting habitat 

types.  The riverine vegetation supported by the perennial Tongati River would have 

provided some degree of a buffer against climate change, thus reducing the visibility of 
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such changes in the archaeological record; however, I expect that a major shift such as 

the transition from a glacial to an interstadial period would be reflected in the fauna (and 

flora) from the relevant layers.  Shifts in the local environment would have obviously 

created different opportunities—and challenges—for Sibudu’s inhabitants, and it is thus 

important to evaluate the degree to which variability in the faunal assemblage can be 

attributed to environmental change.  Chapter 5, which focuses on paleoecology, begins to 

address these issues.  First, however, it is necessary to introduce the faunal sample itself, 

the methodology employed, and the particular challenges posed by the available 

sample—this is the goal of the next chapter.  

 



 63 

Chapter 4 
 

Materials and Methods: The HP and post-HP MSA Fauna from Sibudu 
 

 

 This chapter focuses on the initial stages of data collection, particularly as related 

to identification and quantification; details on the collection of taphonomic data will be 

presented in Chapter 6.  The methods presented here were influenced  by the high degree 

of fragmentation evidenced in the assemblage; this was particularly the case when 

making decisions about quantification, as heavy fragmentation can reduce the utility of 

some of the primary quantitative units employed by many zooarchaeologists.  Following 

a discussion of the methodology, I introduce the basic results, including a complete 

species list.  The chapter concludes with a consideration of the most obvious limitations 

of the current sample and the degree to which these limitations may effect the analyses 

conducted in later chapters. 

The faunal sample: general characteristics 

 Analysis of the HP and post-HP MSA fauna was undertaken during nine months 

of data collection which took place between July 2005 and August 2007.  Although the 

upper two layers of the post-HP MSA have been excavated over an area of approximately 

21 m2, the remainder of the post-HP MSA and all of the HP have a much more limited 

exposure.  Because the full suite of layers was represented in the 2 m2 trial trench, I 

initially focused only on material from that trench (units B5 and B6), which was 

excavated between 1998 and 2005.  Some of the post-HP MSA fauna from these units 
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was initially identified by Plug (see Plug, 2004); this material was re-analyzed to ensure 

consistency in identification and in the recording of other attributes.   

After reaching bedrock in the test trench in 2005, the exploratory unit was 

expanded into units C5 and C6, enlarging the available sample.  However, the HP layers 

were not reached in these squares until March 2007.  Due to time constraints, only one of 

the C units could be included in my analysis.  Since a portion of the HP sample from C6 

was not sorted in the field and had not yet been processed, I chose to analyze the material 

from C5.  In addition to these remains, my study included a small number of bones that 

were recovered from the wider excavation area  (layers BSp and SPCA only) and 

previously identified by Plug.  The sample was thus primarily recovered from an area of 

3 m2, while the total volume of deposits was approximately 4.5 m3. 

My analysis focused only on the macromammalian (> 300 g) assemblage.  Work 

on the remainder of the faunal sample is being carried about by other scholars—data are 

currently available for the microfauna (< 300 g; Glenny, 2006), aquatic species (Plug, 

2006), and the avian remains (Plug and Clark, 2008).  Although most of this material has 

not been subjected to detailed taphonomic analysis, the taxonomic information provided 

by these faunal classes may be useful for paleoenvironmental reconstruction, and I will 

thus make use of these data when relevant.  It is worth noting that while all three of the 

aforementioned sources included both HP and the post-HP MSA in their analyses, Plug 

(2006) lumped the data from the post-HP, late, and final MSA in her analysis of the 

aquatic species, precluding any direct comparison of the HP and the post-HP MSA.  
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Methodology: data collection 

 While zooarchaeologists frequently limit their analyses to material larger than 2 

cm in size, I made the decision to include all fragments in this study.  There were two 

primary reasons for this: first, the majority of the assemblage was comprised of bone less 

than 2 cm in maximum length—this included the identifiable remains.  If the less-than-2- 

cm fraction had been excluded from analysis, the total identified sample would have been 

much smaller.  Second, it was hoped that a consideration of the complete assemblage 

would allow for a more nuanced understanding of variability in taphonomic processes 

over time.    

The first step in the analysis involved sorting the assemblage into potentially 

identifiable and non-identifiable classes.  The material initially analyzed and reported in 

Plug (2004) was pre-sorted by students at the University of the Witwatersrand (Wits), 

with those fragments being considered identifiable submitted to her for study.  Given the 

difficulty in recognizing identifiable material in such a highly fragmented assemblage, in 

order to be sure that no identifiable bone was missed, and to ensure that all of the material 

under consideration was sorted in a consistent manner, the non-identifiable bone initially 

processed by the students at Wits was re-sorted for this study.  Since my focus was on the 

macromammal remains, potentially identifiable material belonging to other taxa (shell, 

fish, reptiles, amphibians, birds, and micromammals) was set aside for submission to the 

appropriate specialists. 

Once the potentially identifiable fragments were removed, the “non-identifiable” 

material was then sorted into several fragment categories—skull fragments, enamel, ribs, 

vertebrae, long bone shaft fragments, and miscellaneous—material less than and greater 
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than 2 cm was sorted separately.  In other faunal studies (e.g., Assefa, 2002) some of 

these categories, particularly long bone shafts, ribs, and/or vertebrae, are assigned to a 

general size class and considered alongside the identified remains.  In this case, however, 

the degree of fragmentation precluded the assignment of these remains to a size class 

with any degree of certainty.  Material in each fragment category was then sorted into 

burning categories (from unburned to calcined; these categories are discussed in more 

detail in Chapter 6), counted, and weighed.  Detailed analyses of the non-identified 

fraction, particularly as related to information on variability in burning and fragmentation 

over time, will be reported in Chapter 6. 

 The vast majority of the assemblage (~92%) was comprised of “miscellaneous” 

bone less than 2 cm in length.  Given that this material is of limited analytical value, and 

because sorting by the degree of burning and then counting each fragment was highly 

labor intensive, full sorting of the less than 2 cm miscellaneous bone was undertaken only 

for the B units.  For unit C5,  only one quadrant per layer was fully sorted and counted; 

these data were used to calculate the average weight per fragment for that layer.  The less 

than 2 cm miscellaneous bone from the other quadrants in C5 was simply weighed, with 

the data on average fragment weight used to estimate the total number of fragments.  

 Specimens were identified with the aid of the large comparative collection housed 

at the Transvaal Museum (Pretoria, South Africa).   Material was considered identifiable 

if it could be identified to both taxon and skeletal element (or, in some cases, an 

anatomical region such as “carpal, type unknown”).  The taxon could be a species, genus, 

family, or a more general taxonomic group.  While material was identified to the lowest 

taxonomic level possible, much of the assemblage could only be assigned to higher level  
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Size Class Live Weight (kg) Species (list not all-inclusive) 

Bov I <23 blue duiker, common duiker, klipspringer, steenbok 

Bov II 23-84 mountain reedbuck, bushbuck, blesbok, impala 

Bov III 85-295 red hartebeest, blue wildebeest, roan antelope, kudu 

Bov IV 296-900 African buffalo, eland 

Bov V >900 giant buffalo, giant hartebeest (both extinct) 
 
Table 4.1 Bovid size classes (adapted from Brain, 1974) 
 

taxonomic categories such as “mongoose,”  “large carnivore,” or “small mammal.”  

Bovids were the most common taxon at the site, and when species-level identification 

was not possible, remains were identified to size class utilizing Brain’s (1974) 

classificatory scheme, with the addition of the class “Bov V” for the extinct Pelorovis 

antiquus and Megalotragus priscus (Table 4.1).  

 When an assemblage is highly fragmentary, it is important to define the portion of 

the element represented by each specimen as precisely as possible.  This is because 

portion data are essential to estimating the minimum number of elements (MNE, 

discussed in more detail below).  The importance of including limb bone shaft fragments 

in zooarchaeological analyses has also been well demonstrated (see Marean and Kim, 

1998 for a detailed discussion), and thus limb shafts were identified to element wherever 

possible.  As demonstrated in Pickering et al. (2006), a consideration of cross-sectional 

geometry can be very useful in identifying long bone shafts to element; however, in their 

blind tests, only 47.9% of fragments that preserved less than 50% of the shaft 

circumference and length were successfully identified to skeletal element. Among the 

limb shaft fragments at Sibudu, the vast majority preserve less than this amount.  Thus, 

the identification of shaft fragments to element generally depended upon the use of 

diagnostic features such as foramina and muscle attachments.     
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All identified material was weighed and measured to the nearest centimeter (< 2, 

2-3, 3-4, etc).   Complete or nearly complete specimens were measured with digital 

calipers according to the procedures outlined in von den Driesh (1976)—because 

complete elements were exceptionally rare, most of the material suitable for measurement 

consisted only of proximal or distal ends, and even these were rarely complete.  Where 

possible, sex was determined from pelvic fragments and horn cores.  Age at death 

(fetal/neonate, juvenile, adult or aged) was estimated based on degree of epiphyseal 

fusion, the presence of arthritic pathologies, and tooth eruption/wear.  Since a majority of 

the teeth in the assemblage are highly fragmentary, the presence of unerupted enamel 

often served to identify juveniles while aged animals were identified based on the 

presence of very heavily worn enamel.  

The second stage of data collection involved coding for taphonomic variables, 

including burning damage, fragmentation patterns, cortical preservation, and surface 

damage.  The methods and criteria utilized for this stage of analysis will be discussed in 

Chapter 6.  

Quantification 

Definitions 

 Before introducing the results, it is important to define the analytical units 

employed in this study.  Because different tests can require the use of different 

quantitative measures, and because the quantitative units utilized by zooarchaeologists 

have varying strengths and weaknesses, quantitative data are often expressed in a variety 

of forms.  Two primary units of quantification are utilized in zooarchaeological analyses 

dealing with taxonomic abundances: the number of identified specimens (NISP), and the 
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minimum number of individuals (MNI).  NISP, defined as the number of identified 

specimens per taxon, is a primary counting unit and serves as the raw data on which 

many other quantitative measures are based (Lyman, 1994a).  It includes all material 

identifiable to taxonomic category and skeletal element and/or anatomical region.  MNI 

is the minimum number of individual animals necessary to account for a particular set of 

faunal remains; it can be derived directly from NISP or based on the minimum number of 

elements (MNE).  MNI is usually determined from the most common portion of the most 

common skeletal element within a taxon (Stiner, 2005).    

 Analyses of skeletal part frequencies can also utilize NISP, but may be based on 

MNE, which is an estimate of the minimum number of skeletal elements (usually 

referring to whole bones) from which the identified fragments could have originated 

(Stiner, 2005).  Like MNI, MNE is derived from NISP counts.  The two derived measures 

share a number of similarities; when I refer to minimum number (MN) counts later in the 

text, I am referring to both MNI and MNE.  Analyses of relative skeletal element 

abundances may also use another derived measure, the minimum number of animal units 

(MAU), which is calculated by dividing the MNE for each element by the number of 

times that element occurs in a complete skeleton (Binford, 1984).  Grayson and Frey 

(2004) prefer to use a derivation of NISP known as “normalized NISP,” or nNISP, for 

analyses of relative element abundances.  Simailar to the conversion from MNE to MAU, 

nNISP values are calculated by dividing the NISP for each element by the number of 

times that part occurs in a skeleton. 

NISP vs. Minimum Number Counts: Strengths and Weaknesses  
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 The various quantitative units have different strengths and weakness.  While they 

are straightforward to calculate, NISP counts do have some drawbacks.  The total number 

of skeletal elements can vary across taxa, meaning that the relative abundance of taxa 

with more bones will be overemphasized compared to those with fewer bones (Klein and 

Cruz-Uribe, 1984; Reitz and Wing, 1999).  This is most obviously a problem when 

comparing abundances across classes or phyla (e.g., looking at the abundance of 

mammals vs. shellfish).  Because I focus only on the macromammalian remains, among 

which the number of skeletal elements is more uniform, this should not be a major 

complicating factor for my analyses.  It has also been argued that NISP is particularly 

sensitive to variability in transport behaviors, in that NISP counts can overemphasize the 

importance of species (e.g., those with small body size) that reach a site intact versus 

those that are dismembered before transport (Klein and Cruz-Uribe, 1984).   

 The latter critique is related to more general concerns about the sensitivity of 

NISP to fragmentation.  Under low levels of fragmentation, NISP counts will be 

increased—a humerus that was broken during processing or post-depositionally and 

recovered as separate proximal and distal ends would be double-counted (presuming no 

refits could be made or were attempted), resulting in an NISP of 2 even though only one 

bone was represented.   This sort of multiple counting could obviously impact both 

taxonomic abundances and skeletal part profiles.  However, as demonstrated by Marshall 

and Pilgram (1993), when bones are highly fragmented, identifiability is reduced because 

a greater proportion of the fragments become too small to identify, and thus NISP counts 

will actually decrease under high levels of fragmentation. 
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 The use of MN counts was meant to correct for some of the perceived drawbacks 

of NISP.  For example, variation in the number of skeletal elements across taxa should 

not affect analyses of relative abundance based on MNI.  Furthermore, since MNIs are 

based on the presence of overlapping elements rather than the sheer number of bones, 

species brought to the site whole and those that arrived partially dismembered should be 

counted equally.  Along the same lines, MNE was introduced as means of correcting for 

the apparent lack of concordance between NISP measures of skeletal part frequencies, 

which may be affected by the differential fragmentation of various skeletal elements, and 

the actual frequencies of those parts (Lyman, 1994c).   

 It has long been argued that MN counts are less affected by fragmentation than 

NISP (c.f. Klein and Cruz-Uribe, 1984), with Yeshurun et al. (2007:142) recently going 

so far as to state that MNE is “immune to fragmentation.”  However, this is certainly not 

the case, particularly when fragmentation is high.  This is because smaller fragments are 

“less likely to overlap and thus are less capable of being shown to be independent of one 

another” (Lyman 1994b:294).  Marshall and Pilgram (1993) argue that MN counts are not 

actually less affected by fragmentation than NISP—because the criteria for calculating 

MN counts are stricter (again relating to the difficulty of demonstrating independence 

between small fragments), “[MN counts] will tend be more depressed than NISP at high 

levels of fragmentation” (265).  As a result, Marshall and Pilgram (1993) conclude that 

MN counts may in fact be less representative than NISP when dealing with highly 

fragmented assemblages. 

 MN counts can be problematic for a number of other reasons.  When considering 

the relative abundance of taxa, MNI will overemphasize the importance of rare 
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individuals, as a single specimen always represents at least one individual (Reitz and 

Wing, 1999).  The reduction in sample size that occurs when NISPs are transformed into 

MN counts, which will especially be a factor among heavily fragmented assemblages, 

can also make statistical manipulation of the samples more difficult (Grayson, 1984).  

Perhaps most troubling is the fact that there are several different methods for deriving 

both MNI and MNE (see Lyman, 1994a for a discussion of the various ways these 

measures have been defined/calculated).  For example, some analysts take into account 

variables such as age, sex, and body size when calculating MN counts, while others do 

not.  Furthermore, the methods used for deriving MN values are not always made 

explicit.  This means that MN counts provided by different researchers may not be 

directly comparable—something that should not be an issue when NISP is used. 

 More seriously, as Grayson (1984) clearly demonstrated, the numerical values for 

MN counts will vary based on the way in which the faunal material from a given 

assemblage is aggregated.  If each layer/feature is considered independently, the total MN 

values will be higher than if those units had been combined for analysis.  To illustrate this 

effect, if Layer A contained a right humerus of a bushpig, and Layer B contained the left 

humerus from the same individual, when the two layers are considered independently, 

each will have an MNI of 1, for a total MNI of 2.  But if the layers are aggregated, the 

total MNI will only be 1. As Grayson (1984:66) stated: 

 It should be clear that minimum numbers are necessarily independent  
 of  one another only when one can be sure that the faunal aggregates  
 from  which they are defined are totally independent of one another…  
 In many cases, total independence can only be guaranteed by treating an  
 entire site as having provided a single faunal aggregate. 
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 The nature of their derivation means that MN counts must be recalculated from 

scratch if a different aggregation scheme is used; unlike NISP values, they are not 

additive.  Because it is generally impossible to recalculate MN counts without access to 

the raw data (which are rarely fully published), one cannot judge how the results of a 

study would have varied if the layers had been grouped in other ways; moreover, it is not 

always specified how features and/or layers were combined for analysis.  As a general 

rule, then, it would appear that a maximal splitting of layers will likely result in 

overestimated MN values, while the aggregation of layers into a single analytical unit 

will likely result in underestimated MN counts. 

 Grayson (1984) also found that for any given fauna, MNI values can generally be 

tightly predicted from NISP counts, which means that the information that resides in MNI 

counts also resides in the NISP data.  Although I recognize that NISP has its own 

weaknesses, given that the calculation of NISP is relatively straightforward, and because 

the measure is not subject to the aggregation effects that plague MN counts, I have 

chosen to use NISP as the primary quantitative unit for analyses dealing with taxonomic 

abundance.  The high degree of fragmentation evidenced in the sample raises serious 

questions about the value of MN counts; however, I present MNI data in the species list 

in Table 4.2 largely because it is standard to do so.  

 Element frequency data (discussed in Chapters 6 and 8) are also reported using 

NISP.  MNE/MAU values are also prone to aggregation effects, and as Grayson and Frey 

(2004:40) demonstrated, NISP-based analyses of skeletal part frequencies “can and do 

replicate the results of such analyses based on MNE, MAU, and single element MNI 

values.”  Furthermore, as they point out, in cases where fragmentation results in a 
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mismatch between NISP and MNE values, it will not necessarily be clear which statistic 

provides a more accurate measure of relative skeletal abundance.  For these reasons, I 

will use NISP/nNISP counts rather than MNE/MAU values. 

Methods: calculating NISP and Minimum Number counts 

Calculating NISP 

 Although one of the primary benefits in using NISP lies in the fact that specimen 

counts are straightforward to calculate, there are still some decisions to be made.  Of 

particular relevance here is how to treat material in articulation (for example, teeth in 

jaws, or articulated carpals/tarsals).  Some advocate counting these as a single specimen 

(see discussion in Reitz and Wing, 1999: 156-157), while Stiner (2005) assigns bone and 

dental elements that are still in articulation separate NISP counts.  She argues that the 

mechanical reworking of sediments could easily have separated these elements, and thus 

she counts them independently in an attempt to avoid the biasing effects of variable post-

depositional disturbance.  For example, if a complete mandible from a given species was 

present in both Layer A and B, and Layer A was differentially fragmented, resulting in 

the separation of tooth from jaw,  Layer A would show a much higher NISP than Layer 

B, if the articulated mandible and teeth from Layer B were assigned an NISP of 1. This 

discrepancy could clearly affect analyses of relative taxonomic abundance.  While the 

number of elements in articulation was incredibly small, I chose to follow Stiner’s 

methodology, with information on articulation being coded into the faunal database.  A 

similar issue relates to the treatment of fragmented material that can be refit.   While 

Chaplin (1971) advocated counting fragments that cross-mend as separate specimens, 
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most scholars treat them as a single entity for NISP counts.  I assigned fragments that 

could be refit an NISP of 1.   

 The final decision related to the calculation of NISP for the Sibudu sample dealt 

with the treatment of fragmentary teeth.  The assemblage contained a large amount of 

highly fragmented enamel.  Unless the fragments were large enough to preserve features 

that allowed for the identification of a particular tooth type (incisor, upper molar, 

molar/premolar, etc.), and, for the case of bovids, at least a body size class, the enamel 

fragments were considered as part of the non-identified assemblage.  Refits were 

attempted on material that was deemed identifiable in an attempt to avoid inflating NISP 

counts, particularly for those species with very distinctive enamel (e.g., equids and suids).  

Refitting was undertaken by quadrant and layer.  If direct refits were not possible, but it 

seemed likely that fragments came from a single tooth (i.e., showed fresh breaks and the 

same degree of wear, burning, enamel thickness, and general texture), the material was 

assigned an NISP of 1, with the number of fragments specified in the notes for that 

specimen.   

Calculating MNI/MNE 

 The heavy degree of fragmentation evidenced in the Sibudu assemblage creates 

several difficulties for the calculation of MN values—my goal was to make the best of a 

less than ideal situation, which in some cases required the use of slightly unorthodox 

methods.  First, it is important to note that MN counts were calculated based on the total 

assemblage within each phase.  While this likely results in further underestimated MN 

values, the decision to aggregate in this manner was based on the complex stratigraphy of 

the post-HP MSA, in which the relationship between layers is often ambiguous (e.g., 
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layers Iv and BM were excavated as independent units but may be parts of a hearth 

within P; MY may actually be a hearth within Ma, etc.).   

 Furthermore, a relatively small proportion of the assemblage could be identified 

to the species level—most of the material could only be assigned to higher level 

taxonomic categories (e.g., small mammal, Bov I, etc.).  This does not seem to be 

uncommon among highly fragmented assemblages; however, those who deal with similar 

samples rarely specify exactly how MNIs were derived.  It seems relatively standard to 

exclude possible species identifications (such as “cf. Potamochoerus larvatus”) from 

MNI counts unless it is clear that the “cf.” material represents individuals beyond that 

identified as belonging to that species (e.g., if the “cf.” material included a juvenile but 

the species-level material comprised only adult remains).  I followed this procedure for 

the derivation of MNI counts for “cf.” material.  Otherwise, MNIs were calculated 

independently for each taxonomic category. 

 It is true that under a minimalist definition of MNI, one would calculate MNI 

values for a higher-level taxonomic category such as Bov I only if the sample included 

individuals beyond those identified for all of the bovid species that fit within that size 

category (e.g., Reitz and Wing, 1999).  The bovid species-level identifications were 

primarily based on teeth (with the exception of the blue duiker, which was identifiable 

based on its extraordinarily small size), while the size-class material was predominantly 

post-cranial.  If the size-class data were included only when they provided evidence for 

individuals beyond those identified to species, the MNI for nearly all bovid size classes 

would have been 0, despite the fact that some of the samples were fairly large (in part a 

factor of the heavy fragmentation).  While I recognize that the specimens identified to 
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size class may have come from the same individuals identified to the species level, I 

chose to calculate MN counts independently for the higher level taxonomic categories to 

provide a more general picture of the degree of fragmentation represented in the 

assemblage. 

MNI values reflect the minimum number of individuals that could account for the 

MNEs for a given taxon.  Thus, the calculation of MNI was dependent on the calculation 

of MNE.  Some scholars use a fraction-summation approach for deriving MNEs (e.g., 

Assefa, 2002; Klein and Cruz-Uribe, 1984), in which the estimated fraction of each 

identified portion/feature is recorded and then summed in order to arrive at the MNE.  

Because the estimated fraction represented by each fragment was not recorded, this 

methodology could not be used. Furthermore, as a result of the heavy fragmentation, the 

GIS based approach to determining shaft-based MNEs as developed by Marean et al. 

(2001) is not applicable to the Sibudu assemblage.   

 Because portion codes were designed to be as discrete as possible, MNEs were 

based on the most common portion or feature for that element.  For elements such as 

phalanges and carpals/tarsals, where portions were more vaguely defined, the most 

logical option seemed to be to choose the most common portion and to assume that the 

fragments within that portion did not overlap.  This may not be ideal, but it seemed to be 

the best way of dealing with the material.  Thus, if the first phalanx of the blue duiker 

was represented by 42 proximal fragments and 36 distal fragments, the MNE for the first 

phalanx would be 42.  Because there are 8 first phalanges in a bovid skeleton, the MNI 

that could account for the sample is 6.  

 Both symmetry and age were taken into account when calculating MNI.  Sex was  
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not considered because only a minute fraction of the assemblage could be actually be  

assigned to sex.  If some fragments from a particular skeletal element could be sided but 

others could not, the non-sided fragments were incorporated as illustrated in the 

following example: for a given species, if the sample contained 10 left (L) and 5 right (R) 

tali, along with 10 proximal talus fragments for which data on side was not recorded, 5 of 

the non-sided fragments would be assigned to the R side in order to make the two sides 

equal, with the remaining 5 divided equally between the L and R side.  This would result 

in a minimum of 12.5 L (or R) tali, for an MNI of 13 (since you cannot have half a talus). 

Basic results 

 A complete species list, including the total number of non-identified bones for 

each phase, is presented in Table 4.2 (note that in Table 4.2, as in future Figures and 

Tables, the data are presented in stratigraphic order rather than chronologically, such that 

the HP is at the far right of the table).  A more detailed list which includes element and 

portion data can be found in the Appendix.  The total assemblage consists of 176,303 

fragments in the HP; 115,679 fragments in the post-HP MSA 2; and 255,847 for the post-

HP MSA 1.  The percent of identifiable bones within the assemblages largely depends 

upon whether or not the less-than-2 cm fraction of non-identified bone is included.  When 

considering all excavated fauna, regardless of fragment size, the total percentage of 

identifiable material is 1.92% for the HP; this number declines to less than 0.5% in both 

units of the post-HP MSA.  These values are remarkably low and emphasize the 

incredibly high degree of fragmentation in the sample.  If the non-identified bone that is 

less than 2 cm (a common cutoff in zooarchaeological analyses) is excluded, those values 

rise to 26.37% for the HP, 6.35% for the post-HP MSA 2, and 3.20% for the post-HP 



Taxon NISP %NISP MNI NISP %NISP MNI NISP %NISP MNI
Orcyterops afer, aardvark - - - - - - 1 0.0% 1
Procavia capensis, rock hyrax 2 0.3% 2 2 0.4% 1 28 0.8% 5
Lepus cf. saxatilis, cape hare - - - - - - 3 0.1% 2
Pronolagus crassicaudatus, Natal red rock rabbit - - - - - - 2 0.1% 1
Pronolagus sp. - - - - - - 5 0.1% 2
Lepus/Pronolagus - - - - - - 13 0.4% 1
Hystrix africaeaustralis, Cape porcupine 2 0.3% 1 - - - 2 0.1% 1
Thryonomys swinderianus, greater canerat - - - 2 0.4% 1 3 0.1% 1
cf. Thryonomys swinderianus - - - - - - 1 0.0% 0
Cricetomys gambianus, Gambian giant rat - - - 1 0.2% 1 50 1.5% 2
Rodent large - - - 2 0.4% 1 7 0.2% 2
Papio hamadryas, Chacma baboon - - - - - - 15 0.4% 2
Cercopithecus pygerythrus, Vervet monkey - - - 5 1.0% 1 63 1.9% 4
cf. Cercopithecus pygerythrus 1 0.1% 1 - - - - - -
Cercopithecus albogularis, Sykes' monkey - - - - - - 23 0.7% 2
Primate: vervet or Sykes' monkey - - - - - - 17 0.5% 2
Primate: Sykes' monkey or baboon - - - - - - 10 0.3% 1
cf. Genetta tigrina, large-spotted genet - - - - - - 1 0.0% 1
Felid small (serval/wild cat) - - - - - - 5 0.1% 1
Felid small-medium (serval/caracal) - - - - - - 1 0.0% 1
Felid large (cheetah/leopard) - - - - - - 2 0.1% 1
Viverrid large 1 0.1% 1 - - - 2 0.1% 1
Viverrid/Mustelid - - - - - - 1 0.0% 1
Galerella sanguinea, Slender mongoose - - - - - - 2 0.1% 1
Galerella sp. - - - - - - 2 0.1% 2
Atliax palundinosus, Marsh mongoose - - - - - - 3 0.1% 1
Mongoose - - - - - - 13 0.4% 1
Mongoose small - - - - - - 12 0.4% 1
Mongoose medium - - - - - - 2 0.1% 1
Mongoose large - - - - - - 7 0.2% 1
Canid small - - - - - - 1 0.0% 1
Canid small-medium - - - - - - 1 0.0% 1
Canid medium (jackal size) - - - - - - 3 0.1% 1
Canid large - - - - - - 1 0.0% 1
cf. Ictonyx striatus, Striped polecat - - - - - - 5 0.1% 1
Mustelid - - - - - - 1 0.0% 1
Carnivore small - - - - - - 7 0.2% 1
Carnivore medium 1 0.1% 1 - - - 5 0.1% 1
Carnivore medium-large (hyena size) 2 0.3% 2 - - - 3 0.1% 1
Carnivore large 3 0.4% 2 - - - - - -
Equus quagga, plains zebra 22 2.8% 2 - - - 6 0.2% 1
cf. Equus capensis, extinct Cape horse 3 0.4% 1 1 0.2% 1 - - -
Equus sp. 12 1.5% 2 7 1.4% 2 1 0.0% 1
Potamochoerus larvatus, bushpig - - - 13 2.6% 1 295 8.7% 7
cf. Potamochoerus larvatus - - - - - - 4 0.1% 0
Phacochoerus africanus, Common warthog 5 0.6% 1 4 0.8% 2 - - -
Suid 20 2.5% 2 27 5.4% 3 19 0.6% 2
cf. Giraffa camelopardalis, giraffe 4 0.5% 1 1 0.2% 1 - - -
cf. Pelorovis antiquus, giant buffalo 6 0.8% 1 - - - - - -
Syncerus caffer, African buffalo 10 1.3% 2 - - - 17 0.5% 2
cf. Syncerus caffer 8 1.0% 0 2 0.4% 1 2 0.1% 1
Syncerus/Pelorovis 2 0.3% 1 - - - - - -
Tragelaphus strepsiceros, kudu 8 1.0% 2 - - - - - -
cf. Tragelaphus strepsiceros 3 0.4% 0 - - - - - -
Tragelaphus scriptus, bushbuck - - - 1 0.2% 1 7 0.2% 2
cf. Tragelaphus scriptus 4 0.5% 1 1 0.2% 0 - - -
Tragelaphus oryx, eland - - - 1 0.2% 1 5 0.1% 1
cf. Tragelaphus oryx 1 0.1% 1 2 0.4% 0 1 0.0% 0
Tragelaphus sp. 1 0.1% 1 - - - - - -
Tragelaphine large: kudu or eland 3 0.4% 2 - - - - - -
Megalotragus priscus, giant hartebeest - - - - - - 4 0.1% 1

post-HP MSA 1 post-HP MSA 2 HP

Table 4.2 Taxa identified in the HP and post-HP MSA at Sibudu Cave 
(macromammals only)
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Taxon NISP %NISP MNI NISP %NISP MNI NISP %NISP MNI
post-HP MSA 1 post-HP MSA 2 HP

cf. Megalotragus priscus 3 0.4% 1 - - - - - -
Connochaetes taurinus, blue wildebeest 6 0.8% 2 - - - 1 0.0% 1
cf. Connochaetes taurinus 3 0.4% 0 2 0.4% 1 - - -
cf. Alcelaphus buselaphus, red hartebeest 1 0.1% 1 - - - - - -
Damaliscus pygargus, blesbok 1 0.1% 1 - - - - - -
Alcelaphine medium-large 1 0.1% 1 - - - - - -
Alcelaphine large 11 1.4% 2 - - - 5 0.1% 1
Hippotragus equinus, roan antelope - - - - - - 5 0.1% 2
Hippotragus sp. 1 0.1% 1 - - - - - -
Hippotragus sp./Tragelaphus oryx - - - - - - 4 0.1% 1
Philantomba monticola, blue duiker 2 0.3% 1 14 2.8% 2 1208 35.7% 32
Cephalophus natalensis, red duiker - - - - - - 3 0.1% 1
cf. Cephalophus natalensis - - - - - - 1 0.0% 0
Sylvicapra grimmia, common duiker - - - - - - 2 0.1% 2
Cephalophus/Sylvicapra - - - - - - 5 0.1% 1
Redunca fulvorufula, mountain reedbuck 1 0.1% 1 - - - - - -
Redunca sp. 2 0.3% 2 - - - 1 0.0% 1
Kobus ellipsiprymnus, waterbuck 1 0.1% 1 - - - - - -
cf. Kobus ellipsiprymnus 1 0.1% 1 - - - - - -
Pelea capreolus, grey rhebok - - - - - - 3 0.1% 3
cf. Pelea capreolus - - - - - - 2 0.1% 0
Pelea/Redunca 1 0.1% 1 - - - - - -
Raphicerus campestris, steenbok - - - - - - 18 0.5% 4
cf. Raphicerus campestris - - - - - - 2 0.1% 0
Raphicerus sp. 1 0.1% 1 - - - - - -
Raphicerus/Oreotragus - - - - - - 2 0.1% 2
Aepyceros melampus, impala - - - 1 0.2% 1 4 0.1% 1
cf. Aepyceros melampus 1 0.1% 1 - - - - - -
Oreotragus oreotragus, klipspringer - - - 2 0.4% 1 - - -
cf. Oreotragus oreotagus - - - 1 0.2% 0 - - -
Bov I 31 3.9% 2 60 11.9% 3 367 10.9% 15
Bov I/II 3 0.4% 1 22 4.4% 1 23 0.7% 2
Bov II 190 23.9% 5 184 36.6% 4 574 17.0% 9
Bov II/III 9 1.1% 2 12 2.4% 1 24 0.7% 3
Bov III 276 34.7% 5 72 14.3% 4 271 8.0% 7
Bov III/IV 45 5.7% 3 22 4.4% 1 47 1.4% 3
Bov IV 61 7.7% 4 24 4.8% 2 54 1.6% 3
Bov IV/V 11 1.4% 2 2 0.4% 1 2 0.1% 2
Bov V 4 0.5% 1 - - - - - -
Large Ungulate (Bov III/IV or equid) 1 0.1% 1 - - - - - -
Mammal small 2 0.3% 1 10 2.0% 1 53 1.6% 4
Mammal medium 2 0.3% 1 3 0.6% 2 15 0.4% 2

Total ID 796 100% 76 503 100% 43 3380 100% 172

Non-identified bone < 2cm*
Non-identified bone > 2cm

Total Non-ID

Grand Total

% Identifiable against all fragments
% Identifiable against > 2 cm non-id only

Table 4.2 (cont'd) Taxa identified in the HP and post-HP MSA at Sibudu Cave 
(macromammals only)

26.37%

24058

0.31%
3.20%

7420

0.43%
6.35%

9438

1.92%

163485

115176 172923

176303115679

*Counts for  a portion of the <2cm fraction from 1 of the 3 analyzed units (C5)  was estimated- see text for details

Note: MNI was estimated for identifications designated as ‘cf.’ only if those specimens must have come from individuals 
in excess of that represented by the remains verified to come from the species (e.g, if Syncerus caffer was represented 
only by adult remains but cf. Syncerus included bones from a juvenile, then cf. Syncerus would receive an MNI count), 
otherwise, MNIs were calculated independently for each taxonomic category

230993

255051

255847

107756
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MSA 1.  However, these latter numbers are quite misleading, particularly for the HP, in 

which more than 70% of the identified bone was less than 2 cm.  Given the remarkable 

difference between the two sets of results, it is clear that analysts should specify how the 

percent of identifiable bone was calculated, as the method employed will affect 

interpretations regarding the degree of fragmentation in the assemblage.   

Potential limitations of the current sample  

When considering the interpretations that can be based upon the data presented in 

Table 4.2, it is important to keep in mind some potentially important limitations of the 

sample; first, the limited spatial extent from which the remains were excavated; second, 

the extreme fragmentation of the sample; and third, the uneven sample sizes evidenced 

between the HP and the post-HP MSA.  It is true that the analyzed sample derives from 

only 3 m2. As discussed in Clark and Plug (2008), while we cannot fully discount the idea 

that any patterning in the fauna may reflect a sampling bias—in other words, that we are 

simply capturing shifts in activity areas over time—MSA sites from which larger 

horizontal exposures are available (including Rose Cottage Cave, Klasies River Shelter 

1B, and Florisbad) do not show clear evidence for the existence of well-defined activity 

areas (Wadley, 2001).  Rather, the evidence suggests the presence of largely unstructured 

camp organization, although some refuse dumping may be indicated.  This suggests that 

the sample deriving from the exploratory unit is likely to be representative of what was 

present in the site as a whole; however, this cannot be certain until a larger area is 

exposed.   

Given the extreme fragmentation of the sample, it is reasonable to ask whether 

differences in the degree of fragmentation across taxa will impact the results of analyses 
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that rely on taxonomic abundances.  For example, when looking at the taxonomic 

information presented in Table 4.2, it becomes clear that the HP assemblage contains a 

significantly higher proportion of the smallest bovids (including the species-level 

identification of the blue duiker, with an NISP of 1208).  On a theoretical level, one 

might expect the bones of small animals to be less affected by severe fragmentation than 

those of larger species. This is in part because larger bones often require more intensive 

processing before consumption (and are more likely to be processed for marrow), and 

thus the remains of small animals may be more likely to survive in an identifiable state 

(Klein, 1989; Lyman, 1994c; Yeshurun et al., 2007).  Beyond issues relating to human 

processing, the greater surface area of large animal remains may also make them more 

susceptible to post-depositional destruction.  In a study of several Paleolithic and 

Epipaleolithic assemblages from the Levant, Yeshurun et al. (2007) found that the 

remains of a larger ungulate (fallow deer) were, in fact, more heavily fragmented than 

those of a smaller ungulate (gazelle), which they argued to be a product of post-

depositional attrition.   

If the bones of larger animals are more susceptible to fragmentation, this could 

have two possible effects on analyses of relative abundance—under low degrees of 

fragmentation, in which identifiability is retained, the proportion of larger animals may 

be overestimated relative to small game.  The opposite would be true under heavy 

fragmentation, in which the proportion of larger animals may be underestimated relative 

to smaller game.  Following from this, it may in fact be the case that small bovids are 

over-represented in the HP assemblage.   However, the same principles would apply 

throughout the sequence—and despite the high resolution of this analysis, in which even 
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the smallest fragments were analyzed—the blue duiker and other small bovids were 

identified in only very small quantities in the post-HP MSA.  This suggests that the 

patterning evidenced in the sample is not simply a reflection of preservational bias.  The 

heavy fragmentation and the potential effects of differential fragmentation will be 

discussed in more detail in Chapter 6. 

 The final issue deals with the uneven sample size for the HP (NISP 3380) as 

compared to the post-HP MSA 2 (NISP 503) and post-HP MSA 1 (NISP 796).  It has 

been clearly demonstrated that taxonomic richness and diversity generally correlate with 

the size of the assemblage—larger assemblages show greater diversity (Grayson, 1984; 

Grayson and Delpech, 1998; Lyman, 1994c).  As a result, analyses of taxonomic 

diversity must take variation in assemblage size into account. On a more general level, 

such a large discrepancy in sample sizes will violate the assumptions of many statistical 

tests.  As Reitz and Wing (1999:146) state: 

Quantitative comparison among samples may be done with more   
 confidence when they are similar in context, recovery method and  

sample size…if these conditions are not met, it would be unwise to  
conduct complex statistical applications and a more descriptive 
analysis is justified. (emphasis added) 
 

When appropriate, the post-HP MSA 1 and 2 can be combined for analysis, allowing for 

an enlarged sample; however, even as a combined unit, the difference in sample size 

between the HP and the post-HP MSA remains considerable.  In some instances, 

therefore, it may be necessary to be more qualitative than quantitative. 

 These are important limitations that cannot be overlooked, and I will return to 

them again in the upcoming chapters. However, despite these limitations, it is clear that 

the Sibudu sample has a great deal to offer to our understanding of variability in both 
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paleoenvironment and subsistence behavior during the HP and the post-HP MSA. While 

Chapters 6-8 focus specifically on the taphonomic history of the assemblage and the 

evidence for animal procurement and processing, I turn next to an exploration of how the 

taxonomic data presented in Table 4.2 inform us about paleoenvironmental conditions in 

the Sibudu region during the HP and post-HP MSA.  
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Chapter 5 
 

Paleoecology of the Sibudu Region 

 

 

 As discussed in Chapter 3, the archaeomagnetic data indicate that the MSA layers 

under consideration encompass the transition from a glacial period, OIS 4 (~71-57ka) to 

the beginning of an interstadial, OIS 3 (~57-24ka).  If Herries’ (2006) interpretation of 

the data is correct, the HP and the post-HP MSA 2 fall within OIS 4, while the post-HP 

MSA 1 falls within OIS 3.   Changing temperatures, moisture availability and distance 

from the coast during OIS 4 and 3 would have influenced both the flora and fauna of the 

Sibudu region (Wadley, 2006), and, as such, it is expected that the shift from a glacial to 

an interstadial would be reflected in changes in the local environment.  Because it is 

important to evaluate the degree to which variability in the faunal assemblage can be 

attributed to environmental change, in this chapter I will explore what the botanical and 

faunal data suggest about paleoenvironmental conditions during the HP and the post-HP 

MSA.   

 The chapter begins with a consideration of the broader evidence for climatic 

conditions during OIS 4 and 3 in sub-Saharan Africa in general and southern Africa in 

particular, followed by a review of what the botanical remains (including charcoal, seeds, 

and pollen) suggest about conditions in the Sibudu region during the period under study.  

Finally, I turn to the faunal evidence itself, evaluating how it can be used to reconstruct 



 86 

the paleoecology of the site region and how well the results provided by the botanical and 

faunal data correspond to each other. 

African climate during OIS 4 and 3 

 While it has generally been assumed that most of Africa experienced cooler and 

drier conditions during glacial/stadial periods and relatively warmer and wetter 

conditions during interglacials/interstadials (e.g., Barham and Mitchell, 2008; Marean 

and Assefa, 2005), it is becoming clear that conditions during OIS 4 and OIS 3 (both of 

which are encompassed within the Last Glacial) were quite variable across the African 

continent.  For example, lake cores from the Awash Valley in Ethiopia have indicated a 

major decline in lake levels (reflecting high aridity) between 70-60 ka (OIS 4; Assefa, 

2002).  However, lake core records from Lake Malawi (south-central Africa), Lake 

Tanganyika (central Africa), and Lake Bosumtwi (west Africa) document a dramatic rise 

in water levels and a shift to more humid conditions over much of tropical Africa after 

70ka (Scholz et al., 2007)—the same time that drying was evidenced in the Ethiopian 

record.   

 While a lack of high-resolution continental records has hampered our 

understanding of the influence of global climate transitions on African climate on a 

broader scale, the problem is particularly acute for southern Africa (Maslin and 

Christensen, 2007).  Not only are conditions in the region not conducive to the 

preservation of traditional paleoecological data sources (e.g., pollen, insects), but there 

has also been a lack of suitable deposits for dating—resulting in a data set that is often 

“vague and confusing” (Chase and Meadows, 2007: 106). Before discussing what we do 
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know (or think we know) about southern Africa’s climate during the Last Glacial, it is 

first important to provide a brief discussion of modern climate regimes in region.  

 Situated at the interface of the tropical, sub-tropical, and temperate climate 

systems, as well as the Indian, Atlantic, and Southern Oceans, southern Africa is 

influenced by a wide variety of atmospheric and oceanic circulation systems (Chase and 

Meadows, 2007).  In the summer rainfall zone (SRZ, see Figure 5.1), conditions are 

closely linked to seasonal movements of the Intertropical Convergence Zone (ICTZ) and 

the expansion of moist bodies of air, derived from the Indian Ocean, over the  

 

 

 
Figure 5.1 Map of southern Africa showing relative locations of the winter rainfall 
zone (WRZ, bold blue line), the summer rainfall zone (SRZ, located north/east of 
the dotted red line), and the year-round rainfall zone (YRZ, located between the 
WRZ and SRZ; adapted from Chase and Meadows, 2007) 
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subcontinent (Thomas and Shaw, 2002).  In the winter rainfall zone (WRZ), conditions 

are linked to the movement of temperate frontal systems embedded in the westerlies; in 

between these two lies a narrow zone that receives rain year-round (YRZ; Chase and 

Meadows, 2007).   

 While Chase and Meadows (2007) proposed that the winter, summer and year-

round rainfall zones likely persisted throughout the glacial-interglacial cycles, the spatial 

extent and position of these zones may have changed markedly—leading to yet another 

complication in reconstructing past conditions.  Stuut et al. (2002) demonstrated that 

shifts in the atmospheric circulation system during glacial periods would have resulted in 

a northward displacement of the westerlies, leading to increased trade-wind intensity and 

rainfall in extreme southwestern Africa.  The same conditions may have also resulted in 

the north- and east-ward expansion of the WRZ during glacial periods (Chase and 

Meadows, 2007).  At present, dry phases and droughts in the SRZ of the interior region 

of southern Africa are closely linked to strengthened and expanded westerly circulation, 

as these systems inhibit the penetration of moist easterly air flows from Indian Ocean.  

Thus, if the westerlies were strengthened during glacial periods, it may be expected that 

much of the SRZ would have experienced greater aridity during glacials. 

 Does the available data match up with these predictions?  Chase and Meadows 

(2007) compiled data on late Quaternary climate from sites across southern Africa and 

found that the available data does support a model for increased precipitation in SW 

Africa during periods of the Last Glacial (of which OIS 4 and 3 are both a part).  

However, they found that conditions were highly variable across the WRZ, with the west 
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and central-southern coasts differentially affected by glacial periods—they thus caution 

against using the inferred paeloenvironmental trends from the west coast to extrapolate 

what conditions were like across the WRZ, much less across the whole sub-continent.  

Conditions also seem to have been highly variable over time, as a high-resolution 

speleothem sequence from Pinnacle Point (shown on Figure 5.1) showed frequent 

oscillations between cold/dry and warm/wet conditions between 70-64 ka (Bar-Matthews 

et al., 2008).    

 In an attempt to reconstruct the precipitation history of the summer rainfall region 

(of which KwaZulu-Natal is a part), Partridge et al. (1997) analyzed material from the 

Pretoria Saltpan, a 200,000 year old closed-basin crater lake on the interior plateau of 

South Africa.  They found evidence for dry conditions from 70-60 ka (during OIS 4), 

followed by a period of increasing wetness that lasted through 50ka.  More recently, 

Thomas and Shaw (2002) pulled together data from across the interior of southern 

Africa—they also found  evidence for increased aridity during glacial periods.  

Unfortunately, records from coastal regions in the SRZ are almost entirely lacking (Chase 

and Meadows indicate only a single data point in the entirety of KwaZulu-Natal), and, 

given the high amount of diversity present in modern vegetation and climate across the 

SRZ (Allott, 2005), it seems unwise to extrapolate about conditions in the Sibudu region 

using data from central southern Africa.   

 Before moving on to the data from Sibudu itself, one final point deserves 

mention: Ramsay and Cooper (2002) attempted to create a Late Quaternary sea level 

curve for South Africa using data from a range of sea level indicators and from a variety 

of locations, and yet the period from 75-50 ka, which incorporates both the HP and post-
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HP MSA, had no data points.  As such, they could only extrapolate based on what came 

before and after this period, ultimately proposing a steady decline in sea level between 

75-50 ka (see Figure 5 in Ramsay and Cooper, 2002).  This could have had an impact on 

the relative distance from Sibudu to the shore; however, due to the steep off-shore 

topography that characterizes much the eastern coast of South Africa, drops in sea level 

would have had less of an impact on the distance from the rockshelter to the shore than in 

other regions.  

Reconstructing paleoenvironmental conditions at Sibudu: botanical data 

 The lack of comparative data on conditions during OIS 4 and 3 from coastal 

regions in the SRZ further highlights the importance of Sibudu’s record to our broader 

understanding of climatic variability during this period.  As a result of the careful 

excavation procedures and excellent organic preservation at the site, several distinct lines 

of evidence can be utilized to reconstruct the paleoecology of the site region.  In this 

section, I discuss four classes of data deriving from the botanical record that have 

provided information on paleoclimate during the HP and post-HP MSA: charcoal, seeds, 

pollen, and the isotopic analysis of charcoal.  I will briefly introduce the methodology for 

each of these analyses, and then break down the data for each phase, beginning with the 

HP.  

Reconstructing paleoenvironments using botanical data: methodology 

Allott (2005, 2006a, 2006b) analyzed charcoal samples from the HP and from the 

post-HP, late, and final MSA.  Within the HP and post-HP MSA, she sampled material 

from 7 distinct layers.  Samples were taken from the trial trench (units B5 and B6) and 

were collected from the sediment matrix—not from hearth contexts (Allott, 2005).  
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Because charcoal was predominantly introduced to the site as a result of human activity, 

the samples may not provide an unbiased picture of what was present in the surrounding 

environment.  As a result, Allott primarily focused on combinations of taxa (e.g., species 

from open vs. closed habitats, deciduous vs. evergreen taxa) rather than focusing on each 

taxon independently.  She based her study on the assumption that the majority of taxa 

were collected from the area immediately surrounding the site.  Given the variety of 

growing conditions evidenced in the vicinity of the shelter—ranging from the dry, 

shallow, and well-drained soils on the cliffs, to the wet, poorly-drained soils in the river 

valley—it was expected that a mosaic of habitats similar to that recognized around the 

site today was also present during the MSA.  As such, wood was likely brought into the 

site from several different vegetation zones (Allott, 2005, 2006a; Wadley, 2006).      

 Samples for pollen analysis were also collected from the trial trench (unit B5 

only), and were taken from 15 layers, all but two of which came from the post-HP MSA 

(Renault and Bamford, 2006).  However, only six of the post-HP MSA layers actually 

yielded any recognizable pollen grains, and where present, pollen counts were too low to 

provide any reliable environmental data.  Despite this, even the limited pollen record 

retains some value, as it can complement the results of other botanical studies by 

confirming the presence of species identified (or potentially identified) in macrobotanical 

analyses.   

 Both Wadley (2004) and Sievers (2006) analyzed seeds recovered from the MSA 

deposits at Sibudu.  While Wadley considered the entire seed assemblage, Sievers 

focused only on material that was carbonized, as she argued that the uncarbonized seeds 

are more likely to be intrusive in the deposits (Sievers, 2006).  I will primarily focus on 
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the results presented in Sievers (2006), as her study included the HP, which had not yet 

been excavated at the time of Wadley’s work.  All carbonized seeds more than half 

complete were analyzed and all excavation units were included in Sievers’ analysis; 

therefore, the post-HP MSA sample included some material from outside the trial trench.   

 Finally, Hall et al. (2008) examined stable carbon isotope ratios from 

archaeological charcoal as another means of obtaining information on 

paleoenvironmental conditions during the MSA at Sibudu.  Their sample was chosen 

from Allott’s identified charcoal, and thus all material came from the trial trench (units 

B5 and B6).  The analysis included charcoal from two HP, one post-HP MSA 1, and two 

late MSA layers.  Although the primary focus of the study was Podocarpus charcoal,  

some Celtis charcoal was included for comparison, as Celtis is adapted to a wider range 

of environments (particularly drier ones) than Podocarpus.  

Hall et al. (2008) first looked at modern samples of Podocarpus in order to 

demonstrate that the δ13C values of charcoal can provide information on rainfall, 

temperature, and humidity.  They also provided carbon isotope values for samples 

combusted at a range of temperatures in order to demonstrate the range of variability in 

isotoptic values that results from the combustion of wood tissue.  With these baselines 

established, Hall et al. (2008) were then able to compare the δ13C values of the 

archaeological charcoal to the modern data in order to make inferences about past 

conditions.    

Reconstructing paleoenvironments using botanical data: the HP   

 Charcoal has been analyzed from three HP layers: GR, GS and PGS (Allott, 2005, 

2006a, 2006b).  These layers are dominated by evergreen forest taxa, particularly 
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Podocarpus spp.  The prevalence of  Podocarpus in the HP sample is important because 

the genus is not currently found in the Sibudu area, nor is it present in any quantity in the 

layers post-dating the HP (Allott, 2006b).  Podocarpus can grow in a variety of forest 

types, but generally occurs in environments that receive at least 900 mm of rainfall per 

year.  However, it is important to note that Podocarpus species can survive in drier 

regions, as long as there are habitat niches in which moisture availability (but not 

necessarily precipitation) is high (Allott, 2006a).   

 However, the HP sample also includes some species indicative of more open 

conditions, including Kirkia spp.  There are two possible Kirkia identifications, both of 

which are species that occur in deciduous savanna woodland and in warmer/drier habitats 

than those found around Sibudu today (Allott, 2005).  However, this type of open 

vegetation would not necessarily have been far from the shelter, as Kirkia can grow just 

beyond sheltered kloof (valley) vegetation (Allott, 2006a), and, as previously discussed, 

open species such as Acacia are currently found on the slope opposite the shelter.  With 

the exception of Kirkia spp., the HP layers generally show a lack of taxa from savanna 

woodland or thornveld environments, suggesting again that evergreen forest was the 

predominant vegetation type (Allott, 2005).  While the combination of taxa identified in 

the HP charcoal assemblage has not been recorded in South Africa today, Allott (2006a) 

noted the presence of similar vegetation communities in northern KwaZulu-Natal where 

temperatures and humidity are high throughout the year, suggesting the presence of warm 

and moist conditions during the HP. 

 Unfortunately, there is not yet any pollen data for the HP at Sibudu, and the 

sample of identifiable seeds reported in Sievers (2006) is small.  Sedges were the most 
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commonly identified seed type—as discussed in Chapter 3, these are present throughout 

the MSA sequence and indicate the presence of standing water, likely associated with the 

Tongati River.  Beyond sedges, only three seeds could be identified to genus or species.  

As a result, the existing sample does not provide sufficient information to aid in 

reconstructing environmental conditions during the HP.   

Podocarpus charcoal from two HP layers (GR and GS) were sampled as part of 

Hall et al.’s (2008) isotopic analysis.  The δ13C values for the HP charcoal corresponded 

well with the values obtained from a sample of modern Podocarpus latifolius charcoal.  

The modern sample was collected in Seaton Park, a remnant of indigenous coastal forest 

preserved in a suburban park near Durban.  Hall et al. (2008) suggest that this vegetation 

community may provide a good analogue for conditions near the site during the HP.  

Delta 13C values for Celtis charcoal from layer GS were notable for their low degree of 

variability, and although the significance of the low variance is not fully understood, Hall 

et al. (2008) proposed that it may be reflective of environmental constraints on growth.  

In other words, the adaptive strategies of this genus may have been limited during the 

HP.  Given that Celtis is particularly adapted to drier environments, and because the 

charcoal data suggested the presence of a moist evergreen forest, the isotopic data may 

indicate that Celtis was at the wet limit of its adaptive capacity during the HP (Hall et al., 

2008).   

Reconstructing paleoenvironments using botanical data: the post-HP MSA 2 

 Our knowledge of environmental conditions during the early post-HP MSA is 

unfortunately rather limited.  Allott (2005) did not include material from the post-HP 

MSA 2 in her analysis, in large part because preliminary work on samples from these 
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layers revealed that charcoal preservation was poor; however, she does plan to focus on 

this material in the future.  Because Hall et al.’s (2008) samples were taken from the 

material identified by Allott, there is also no isotopic data for this phase.    

Both Wadley (2004) and Sievers (2006) included material from the post-HP MSA 

2 in their analyses; however, they disagreed on the identification of a particular seed type 

that was common in the assemblage.   Wadley (2004) identified Erythroxylum 

emarginatum, an evergreen tree which occurs as a sub-canopy species in dry or scrub 

forest, as the dominant seed from layers YA1 to Ch2, indicating a strong forest presence.  

However, Sievers (2006) believes that the identification of E. emarginatum may have 

been incorrect—while many of the seeds had partially disintegrated since Wadley’s 

study, Sievers felt that most of the fragments were thicker-walled than E. emarginatum.  

Using a larger comparative sample, Sievers argued that many of these seeds belonged to 

the as-yet unidentified ‘Type 5’ (possibly Olea sp.).  

 Although these ‘Type 5’ seeds were present throughout most of the MSA 

sequence, they were most common in the post-HP MSA 2, despite the fact that the late 

and final MSA have been excavated over a much larger area (Sievers, 2006).  However, 

because the seeds have not been positively identified to taxon, the implications of this 

abundance to our understanding of paleoenvironmental conditions cannot be assessed.  

Sedges were the second most commonly identified seed type in the post-HP MSA 2.  The 

remaining identified seeds came primarily from plants that can occupy a wide range of 

habitats and thus are not particularly useful for identifying the type of vegetation 

communities found near the site.  
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Finally, three layers from the post-HP MSA 2 were sampled for pollen analysis.  

Although pollen counts were low, sedges were identified, as were some grasses, ferns, 

and Acacia sp. (Renaut and Bamford, 2006).  While the available botanical data for the 

post-HP MSA 2 is quite limited, both riverine and more open grassland vegetation are 

evidenced, again indicating the presence of a mosaic environment. 

Reconstructing paleoenvironments using botanical data: the post-HP MSA 1 

The archaeomagnetic data indicated the presence of a variable climate during the 

post-HP MSA 1, with both cooler and warmer conditions represented—this variability 

also appears to be reflected in the charcoal data (Herries, 2006; Wadley, 2006). Charcoal 

was analyzed from three layers within the post-HP MSA 1: Eb, SPCA, and BSp; these 

samples were distinctive enough that is it worth discussing them separately (Allott, 2005; 

2006a).  The charcoal from layer Eb suggests the presence of as many as three distinct 

habitat types in the vicinity of the shelter.  The first group of taxa is comprised of species 

such as Erica spp. and Leucosidea sericea, which can withstand cool conditions and are 

associated with high rainfall or high moisture availability.  The second group contains 

species such as Rapanea cf. melanophloeos and Bridelia sp. that are more often found 

along rivers in evergreen forests.  The final group of taxa includes Acacia spp. and 

Ximenia sp., which potentially indicate a drier and/or warmer environment with open, 

woodland vegetation.   

While the taxa identified from layer SPCA were quite diverse, the sample was 

again dominated by taxa from forest and riverine environments (including Podocarpus) 

and indicated a strong evergreen component with few deciduous taxa (Allott, 2006). The 

co-occurrence of Leucosidea sericea and other taxa currently found in the Drakensberg 
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foothills—identified in the assemblages from both Eb and SPCA—led Allott (2005, 

2006a) to argue that there may have been a shift in vegetation zones at the end of OIS 4 

and the beginning of OIS 3.  Leucosidea sericea, in particular, is a taxon that generally 

grows further inland than Sibudu (at present it is not found closer than 30 km from the 

shoreline) and at higher altitudes.  Furthermore, it is frost tolerant, and is often, although 

not exclusively, found in cooler regions.  Although OIS 3 represents an interstadial phase, 

Allot (2005, 2006a) proposed that the vegetation communities evidenced in layers Eb and 

SPCA may reflect a lowering of sea levels during the post-HP MSA.  While a drop in sea 

level may not have dramatically changed the profile of the coast due to the relatively 

steep offshore topography, it may have been enough to reduce the ameliorating influence 

of the coast on the Sibudu region, enabling taxa currently found farther inland to grow 

closer to the shelter.  

Taxa identified from layer BSp (the upper-most layer of the post-HP MSA) 

indicate an environment with both evergreen and deciduous components. The absence of 

Podocarpus, combined with the presence of Acacia spp., Ziziphus spp., and Calodendrum 

capense, suggests a more open environment and perhaps warmer and drier conditions.  

Because Allott (2005) found more similarities between Eb and SPCA than between either 

of those layers and BSp, she argued that the increased deciduous component in BSp may 

reflect the beginnings of a shift to more open conditions, similar to those evidenced 

during the late MSA.  

The seed data from the post-HP MSA 1 was not broken down by layer, but, taken 

as a whole, the data suggest the presence of a well-developed forest, with canopy species, 

forest margin species, and understory components all represented (Allott, 2005; Sievers, 
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2006; Wadley, 2004).  The most commonly identified seed type was Asparagus sp., 

which can grow in a wide range of moisture and temperature regimes and is found in 

habitat types ranging from forest to open woodland (Sievers, 2006).  Sedges are the next 

most common species, followed by the unidentified ‘Type 5’ seeds.  The pollen sample 

was again quite limited, but sedges, grasses and Acacia were identified (Renaut and 

Bamford, 2006).   

 Turning to the isotopic data, Hall et al. (2008) found that the δ13C values for 

charcoal taken from SPCA were markedly different than the samples analyzed from the 

HP.  Looking first at the Podocarpus data, in addition to having a higher mean, the 

sample from SPCA showed a smaller standard deviation, variance, and range.  The δ13C 

values for the Celtis charcoal were also markedly more positive than those from the HP.  

Among the modern Podocarpus specimens, increased isotopic values were correlated 

with either reduced rainfall/humidity, an increase in temperature, or both.  As discussed 

for the Celtis values in the HP, the significance of limited range of the δ13C values 

evidenced for the Podocarpus samples from SPCA is currently unclear, but just as Celtis 

may have been at the wet limit of its adaptive capacity in the HP, so too may Podocarpus 

have been at the dry limit of its adaptive capacity at the time when SPCA was deposited.  

Hall et al. (2008) proposed that conditions may have been dry enough that evergreen 

forest communities were restricted to sheltered areas along the river, where moisture 

levels would have remained high enough for Podocarpus to grow.  If this were the case, 

the absence of Podocarpus in the BSp charcoal assemblage may reflect a further 

intensification of this drying trend, such that its growth was no longer supported.  

Summary of the botanical data  
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 The botanical data indicate that riverine vegetation persisted throughout the HP 

and the post-HP MSA, which is not surprising, given the presence of the Tongati River 

immediately below the shelter.  As Allott (2006a) pointed out, the riverine vegetation 

zone may have acted as an oasis of sorts and, as a result, shifts in vegetation that occurred 

in the wider region may be somewhat obscured.  Despite this, however, there are some 

clear differences between the HP and the post-HP MSA assemblages.  The combined data 

from the HP suggest the presence of a humid evergreen forest, one dominated by 

Podocarpus, although it appears that some more open areas were present in the site 

region.  While botanical data from the post-HP MSA 2 is currently limited, the available 

evidence indicates a mosaic of habitat types was present; however, we cannot make any 

judgments about relative temperature or humidity.  By the time the post-HP MSA 1 was 

deposited, conditions appear to have been drier and at least occasionally cooler than 

present.  Isotopic data from layer SPCA, combined with the charcoal data from BSp, 

indicate a decline in the evergreen forest surrounding the site, with a corresponding 

increase in deciduous taxa.  By the end of the post-HP MSA, the vegetation may have 

been characterized by a small patch of evergreen forest close to the river and larger 

patches of well-grassed savanna on the neighboring hillsides (Wadley, 2006). 

 As a whole, then, although data on environmental conditions during the earliest 

post-HP MSA are limited, the botanical evidence does indicate a shift in the vegetation 

present in the site region between the HP and the post-HP MSA.  These shifts may have 

occurred in response to changes in climate (for example, changes in moisture availability 

and distance to the coast) associated with the transition from OIS 4 to OIS 3.  
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Reconstructing paleoenvironmental conditions at Sibudu: faunal data 

I now turn to the faunal data, which serve as yet another means of reconstructing 

the paleoecology of the Sibudu region during the HP and post-HP MSA.  The fauna may 

have been culturally selected and thus may not be directly reflective of conditions near 

the site—in other words, changes in fauna could be linked to changes in environment, 

changes in mobility/targeting strategies, or some combination of both.  However, if the 

fauna indicate a pattern similar to that identified for the botanical data, we can have some 

confidence that the fauna are providing real environmental information.  Although some 

taxa may be indicator species for a particular habitat type, I follow Allott (2005) in 

looking primarily at groups of taxa, for example, species that prefer open vs. closed 

habitats.  

Habitat data are presented in Table 5.1 and Figure 5.1.  Table 5.1 provides 

information on the habitat preferences of the identified taxa from the HP and post-HP 

MSA, along with the NISP counts for each taxa.  The table also included information on 

the feeding behavior (browse vs. graze) of the ungulates in the assemblage. The habitat 

data are summarized in Figure 5.2, which presents the percentage of taxa that prefer 

open, closed, or either habitat type for each of the three periods under consideration.  The 

evidence suggests a marked change over time, with a significant decline in the relative 

abundance of species inhabiting closed or semi-closed environments.  The implications of 

these results will be discussed in detail below; first, however, I will break down the 

habitat data by phase to explore what the fauna indicates about the paleoecology of the 

Sibudu region and how this data matches up to the botanical data presented earlier.
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Taxon 
Habitat 

Preference Primary Habitats 
Browse/Graze                    

(Ungulates only) 
Present 
today?* 

post-HP 
MSA 1 

post-HP 
MSA 2 HP 

Pronolagus crassicaudatus, Natal red rock rabbit Open Rocky areas  Y - - 2 
Pronolagus sp.  Grassy hillsides   - - 5 
Hystrix africaeaustralis, Cape porcupine Both Most (except forest)  Y 2 - 2 
Thyronomys swinderianus, greater canerat Open (w/water) Tall grassy areas  Y - 2 3 
  Reed/cane fields      
Cricetomys gambianus, Gambian giant rat Closed Evergreen forest  N - 1 50 
  Woodland savanna      
Orcyteropus afer, aardvark Open Open woodland  Y - - 1 
  Grassland      
Procavia capensis, rock hyrax Open Rocky outcrops  Y 2 2 28 
Papio hamadryas, chacma baboon Open Woodland savanna  Y - - 15 
Cercopithecus pygerythrus, vervet monkey Closed Riverine woodland  Y - 5 63 
  Riparian savanna      
Cercopithecus albogularis, Sykes' monkey Closed Evergreen forest  Y - - 23 
  Riverine/coastal forest     
Galerella sanguinea, slender mongoose Open Open areas  Y - - 2 
Atilax paludinosus, marsh mongoose Both  Close to water  Y - - 3 
Equus quagga, plains zebra Open  Savanna Gr N 22 - 6 
Equus sp.  Open woodland   12 7 1 
Potamochoerus larvatus, bushpig Closed  Forest Omnivorous Y - 13 295 
  Riparian vegetation      
Phacochoerus africanus, common warthog Open Open woodland Gr Y 5 4 - 
  Bushland      
Syncerus caffer, African buffalo Open (w/shade) Open woodland Gr N 10 - 17 
  Open vleis      
Tragelaphus strepsiceros, kudu Open (w/shade) Woodland savanna Br N 8 - - 

Table 5.1 Habitat and feeding data (habitat data from Skinner and Chimimba, 2005; feeding data from Wadley et al., 2008) 
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Taxon 
Habitat 

Preference Primary Habitats 
Browse/Graze                    

(Ungulates only) 
Present 
today?* 

post-HP 
MSA 1 

post-HP 
MSA 2 HP 

Tragelaphus scriptus,  bushbuck Closed Riverine underbrush Br Y - 1 7 
  Thickets      
Tragelaphus oryx, eland Open Karoo Mixed Y - 1 5 
  Savanna      
Connochaetes taurinus, blue wildebeest Open (w/shade) Woodland savanna Gr N 6 - 1 
  Open woodland      
Damaliscus pygargus, blesbok Open Grassland Br N 1 - - 
Hippotragus equinus, roan antelope Open Open savanna Br N - - 5 
Hippotragus sp.  Open grassland   1 - - 
Philantomba monticola, blue duiker Closed Forest Br Y 2 14 1208 
  Thicket      
Cephalophus natalensis, red duiker Closed Forest Br Y - - 3 
  Thicket      
Sylvicapra grimmia, common duiker Semi-closed Bushland Br Y - - 2 
  Tall grassland      
Redunca fulvorufula, mountain reedbuck Semi-closed Rocky slopes Gr Y 1 - - 
Kobus ellipsiprymnus, waterbuck Both Vlei Gr N 1 - - 
  Floodplain      
Pelea capreolus, grey rhebok Open Rocky hills/slopes Br N - - 3 
Raphicerus campestris, steenbok Open Open grassland Br Y - - 18 
  Open woodland      
Aepyceros melampus, impala Open (w/shade) Open woodland Mixed N - 1 4 
  Woodland savanna      
Oreotragus oreotragus, klipspringer Both  Rocky outcrops Br N - 2 - 
    Total NISP 73 53 1772 
*This column indicates whether the species currently occurs in the region in which the site is located      

Table 5.1 Habitat and feeding data (habitat data from Skinner and Chimimba, 2005; feeding data from Wadley et al., 2008) 
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Figure 5.2 Summary of habitat data presented in Table 5.1 

 
Before discussing the results, a few methodological points deserve mention.  For 

this analysis, material identified to genus (e.g, Pronolagus sp.) was included only if all of 

the possible species identifications for that genus have essentially the same habitat 

preferences.  This was done to be as conservative as possible; however, the results were  

essentially unchanged even when possible identifications (“cf.”) and other higher 

taxonomic categories (e.g., “Primate: Vervet or Samango,” as both inhabit closed 

environments) were included.  Furthermore, as discussed in Chapter 4, there are several 

reasons why NISP was chosen over MNI, not the least of which is the fact that the sample 

sizes provided by the MNI counts are so small. In any case, the same patterns are 

manifested even when the analysis is conducted using MNI data—the only difference 

being that the trends are less marked.  
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Reconstructing paleoenvironments using faunal data: the HP 

Results of the initial faunal analysis presented in Clark and Plug (2008) indicated 

that the HP fauna was primarily comprised of species that prefer closed (particularly 

forested) environments; this pattern remains evident in the larger sample considered here.  

Species that inhabit closed or semi-closed habitats comprise more than 93% (n=1651) of 

the sample.  This meshes well with the charcoal data, which showed a strong evergreen 

forest signature.  As already discussed, the most commonly identified species in the 

charcoal assemblage for the HP was the evergreen Podocarpus (Allott, 2006a); mammals 

characteristic of modern Podocarpus forests include the vervet monkey, blue duiker, red 

duiker, bushbuck, bushpig, and the banded mongoose (Mungo mungo) (Cooper, 1985).  

With the exception of the banded mongoose, all of these species were identified in the 

HP—and given that banded mongoose is not represented in the comparative sample at the 

Transvaal Museum, it seems possible that some of the material identifiable only as 

“Mongoose” may actually belong to this species.  Furthermore, while some of the above 

mentioned species also occur in the post-HP MSA, this particular combination of taxa 

was limited to the HP.  The presence of the Gambian giant rat, which occurs primarily in 

evergreen and scrub forest in regions that receive more than 800 mm per annum (Glenny, 

2006), may also indicate the presence of increased moisture availability during the HP.  

Although their numbers are small (n=116; 6.55%), the HP assemblage does 

include species more common in (or restricted to) open environments, including African 

buffalo, blue wildebeest, plains zebra, and the roan antelope.  As argued in Clark and 

Plug (2008), this suite of species implies that hunters had at least some access to more 

open woodland and/or savanna environments than are found in the region today.  Again, 
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this matches with the charcoal data, as the HP sample included some species indicative of 

an environment more open than at present, particularly Kirkia spp., which occurs today in 

warm/dry habitats in northern South Africa (Allott, 2006b). 

Reconstructing paleoenvironments using faunal data: the post-HP MSA  

Given the lack of botanical data useful for reconstructing conditions during the 

post-HP MSA 2, it is unfortunate that the assemblage from this period also contained the 

smallest sample of faunal material that was identifiable to species (n=53).  Although the 

proportion of animals that preferentially inhabit closed or semi-closed habitats declined 

relative to the HP, species expected to occur in riverine forest are still well represented, 

accounting for more than 64% (n=34) of the sample.  Species that inhabit more open 

environments, including warthog and eland, account for ~32% (n=17) of the sample.  

While these data may indicate the beginning of a shift towards more open 

woodland/savanna habitats in the vicinity of the site, in the absence of a larger sample it 

is difficult to make any reliable statements. 

Although the sample from the post-HP MSA 1 is also relatively modest (n=73), 

the available data indicate that a marked shift had occurred, with open-dwelling species 

now accounting for nearly 92% (n=67) of the assemblage.  As argued by Plug (2004), the 

presence of these species, which include zebra, blesbok, and blue wildebeest, indicates 

drier conditions and a more open savanna environment than present.  The possible 

identification of giraffe (cf. Giraffa camelopardalis) in this phase further supports this 

argument.  The proportion of species that occupy primarily closed or semi-closed habitats 

has dropped significantly, down to 4.11% (n=3).  These data provide a slightly different 

picture than that provided by the charcoal sample, which, although variable, was 
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dominated by taxa from evergreen and/or riverine forest environments (Allott, 2006a).  

However, it is important to keep in mind that both the charcoal and isotopic data 

indicated a decline in the evergreen forest surrounding the site by the end of the post-HP 

MSA.  Furthermore, it would seem reasonable to assume that foragers would range 

farther afield to obtain meat than firewood, and it could be the case that plenty of 

fuelwood was available in the immediate vicinity of the site where forest/riverine taxa 

predominated. 

 As discussed in Wadley et al. (2008), the near absence of blue duiker in the post-

HP MSA requires some explanation.  Blue duikers primarily eat fruit and foliage from 

the highest protein sources, and their stomachs are designed for the absorption of food 

rich in protein, fat and non-fibrous carbohydrates (Apps, 2000).  In a small forest patch, 

such as that hypothesized in the post-HP MSA 1, the blue duiker may have been unable 

to compete for high quality food with larger browsers such as kudu. 

Reconstructing paleoenvironments using faunal data: summary/discussion 

Given the large number of blue duiker in the HP sample (n=1208, or ~68% of the 

total HP sample that could be identified to genus/species), and the relative rarity of the 

species in the post-HP MSA (n=14 in the post-HP MSA 2; n=2 in the post-HP MSA 1) it 

is important to investigate whether the apparent decline in the frequency of animals 

preferring closed habitats is simply a reflection of changes in the proportion of blue 

duiker in the three assemblages.  I thus re-calculated the percentage of open vs. closed 

species with blue duiker removed from the sample (Figure 5.3).  Even after the removal 

of blue duiker, the HP assemblage is still predominantly comprised of animals dwelling 

in closed habitats, and the larger pattern remains very much intact.   
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Figure 5.3 Summary of habitat data with blue duiker removed from the sample 

 

Researchers have also compared the relative frequency of grazers vs. browsers in 

an assemblage as a means of exploring change in the relative amount of tree cover 

(focusing in particular on ungulates, e.g., Klein, 1979).  This is because grazers tend to  

feed on herbs and grasses (indicating less tree cover), while browsers generally feed on 

the leaves, young shoots, and fruits of shrubs and trees (Chapman and Reiss, 1998). 

While this is in large part redundant with the analysis already conducted, as demonstrated 

in Table 5.1, there is not always a one-to-one correlation between open species/grazers 

and closed species/browsers.   As evidenced in Figure 5.4, browsers are significantly 

more common in the HP, again suggesting greater tree cover during that period.  The 

small sample size and the relatively larger number of mixed feeder/omnivorous species in 

the post-HP MSA 2 makes the data from that phase difficult to interpret; however, the  
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Figure 5.4 Summary of feeding data presented in Table 5.1 

 

dominant presence of grazers in the post-HP MSA 1 implies a reduction in tree cover in 

the site vicinity by the time those layers were deposited. 

 Taken as a whole, then, the HP faunal assemblage is characterized by a high 

frequency of species that preferentially inhabit closed or semi-closed environments, data 

from the post-HP MSA 2 is limited but shows an increase in the presence of species that 

inhabit open environments, and the post-HP MSA 1 assemblage is comprised 

predominantly of species occupying open habitats.  This pattern lines up well with that 

identified using the botanical data. 

Reconstructing paleoenvironments: other classes of faunal data 

It is worth noting here that while my focus was on the macromammalian fauna, 

three other classes of faunal data are potentially informative on past conditions—the 
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micromammals, the avifauna, and marine species (in this case, marine shell).  The 

micromammal assemblage from the HP and post-HP MSA (described in Glenny, 2006) 

did not contain a large number of remains that could be identified to species, and of the 

remains that were identifiable, most came from species with wide habitat tolerance.  

However, Wadley (2006) did note that the horseshoe bat, which is present only in the HP, 

prefers sandstone caves with high humidity. Thus, the botanical data, the macrofaunal 

data (particularly the presence of Gambian giant rat) and the microfaunal data all hint at 

more humid conditions during the HP. 

Unfortunately, the avian remains that were present were also difficult to identify 

to species, and, as was the case for the micromammals, those that could be identified to 

species were not particularly useful for discerning changes in the environment over time 

(Plug and Clark, 2008).  The presence/absence and frequency of marine shell have been 

used as indicators of the relative distance to the coast (e.g., Halkett et al., 2003); this data 

did show an interesting pattern.  While Plug (2006) actually lumped all of the MSA 

remains that post-dated the HP into a single unit, there are still striking differences in the 

representation of marine shell, with 216 fragments from 7 taxonomic groupings in the HP 

and only 31 fragments from 4 taxonomic groupings in the entire assemblage from the 

post-HP, late, and final MSA.  Even if all 31 of those fragments were from post-HP MSA 

layers, the change is still marked.  This could indicate that the distance from site to shore 

was less during the HP than during the post-HP MSA.  It could also reflect a change in 

mobility patterns that resulted in less frequent visits to the coast during the post-HP 

MSA.  Keep in mind, however, that the particular combination of taxa identified in the 

charcoal assemblage from the post-HP MSA led Allott (2005) to propose that sea level 
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may have been lower during that phase, and that Ramsay and Cooper (2002) also 

predicted a steady decline in sea level ~75-50 ka.   

Environmental conditions during the HP and post-HP MSA: summary 

 As a whole, the botanical and faunal data appear to complement each other quite 

well, and both indicate that a marked shift in the local environment had occurred by the 

end of the post-HP MSA.  During the HP, the flora and fauna both indicate a very strong 

evergreen forest component, with Podocarpus the most frequently identified genus in the 

charcoal assemblage and the small, forest dwelling blue duiker the most commonly 

identified animal species.  Several lines of evidence also indicate that conditions were 

relatively humid during this phase, including the prevalence of Podocarpus, which 

generally occurs in areas with rainfall in excess of 900 mm per annum, and the presence 

of the Gambian giant rat and the horseshoe bat, both of which occur primarily in more 

humid environments.  The relatively low variance in the isotopic values for Celtis, a 

genus adapted to relatively dry conditions, may also indicate wetter conditions during the 

HP.  I should note again here that some of the sedimentological data introduced in 

Chapter 3 may provide further support for a shift from humid conditions during the HP to 

drier conditions during the post-HP MSA. The HP deposits were distinctive from those in 

the post-HP MSA due to presence of calcite and the absence of gypsum.  Gypsum is 

more water-soluble than calcite, and thus absence of gypsum in the HP deposits may be a 

factor of increased humidity during this period (Wadley, 2006). 

 Unfortunately, data appropriate for reconstructing the paleoecology of the Sibudu 

region during the earliest post-HP MSA are limited.  An understanding of the local 

environment during this period is important to our broader understanding of the HP, 
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because if conditions during the post-HP MSA 2 were largely unchanged from that 

during the HP, the disappearance of the distinctive material culture associated with the 

HP can perhaps not be linked to environmental change (as proposed by Ambrose and 

Lorenz, 1990, among others).  The available botanical data indicate only that a mosaic of 

habitats was likely present, which is not surprising given our knowledge of modern 

conditions.  The limited faunal sample shows an increase in the relative proportion of 

species from more open environments relative to the HP, although species preferring 

closed or semi-closed habitats still make up a majority of the sample.  This may indicate 

the beginning of a shift toward more open conditions, but larger faunal samples, 

combined with the analysis of the charcoal assemblage, will be necessary before this can 

be stated with any degree of certainty. 

 The botanical data from the post-HP MSA 1 indicate that conditions may have 

been variable during that period, with an overall trend towards drier conditions and a shift 

to more deciduous/open vegetation by the end of the phase.  Wadley (2006) and Hall et 

al. (2008) used the isotopic data for Podocarpus charcoal from layer SPCA, combined 

with the lack of Podocarpus in the BSp charcoal assemblage, to argue that the evergreen 

forest surrounding the site may have significantly declined in size during this period, 

proposing that by the end of the post-HP MSA, the vegetation may have been 

characterized by a  small patch of evergreen forest close to the river and larger patches of 

well-grassed savanna on the neighboring hillsides.  The fauna from this period are very 

distinctive from that in the HP, with a vast majority of the remains coming from species 

that preferentially inhabit more open environments.  Again, this appears to match well 

with the botanical data, although the charcoal from the earlier layers of the post-HP MSA 
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1 did show a focus on evergreen/riverine forest species.  It was proposed that this 

distinction may reflect the fact that while sufficient firewood may have been available 

near the site where riverine forest vegetation predominated, fauna may have been 

exploited from a wider area that was comprised of more open country. 

 Again, given the agreement between several different lines of evidence, it does 

appear that there were marked changes in local conditions between the HP and post-HP 

MSA.  Upon conducting the initial analysis of the faunal assemblage, Clark and Plug 

(2008) proposed two scenarios that could explain the evidenced patterns.  First, they 

proposed that the size of the forest could have remained relatively stable over time, with 

the faunal data indicating a marked intensification in the exploitation of the environment 

in the immediate vicinity of the shelter during the HP.  This type of intensification could 

potentially have resulted from a decline in the productivity of adjacent regions due to 

increased aridity during OIS 4.  Alternatively, they argued that the extent of the riverine 

forest may simply have been larger during the HP than in the post-HP MSA, with people 

exploiting animals more or less in proportion to their frequency of occurrence on the 

landscape.  

 The data presented here indicate that the latter alternative may be a better fit, both 

because the evidence suggests that the HP was actually more humid than the post-HP 

MSA, and because the isotopic data appear to indicate that the forest did decline in size 

after the HP.  A consideration of element frequency patterns may also speak to this issue 

by providing an indication of the transport distances for various prey; prey transported 

from larger distances generally arrives at the site less complete than that obtained close to 

home.  This will be explored in Chapter 8.  In any case, I think it is clear from this 
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analysis that at least some of the variability in hunting behavior discussed in the 

following chapters will be attributable to the shifts in the local environment, and this 

must be kept in mind when evaluating the stress model.  
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Chapter 6 
 

Taphonomy 
 

 
 

Taphonomic research aims to discern the most influential processes acting on 

bone assemblages and to distinguish natural forces from human behavior (Bar-Oz and 

Munro, 2004).  Reconstructing the taphonomic history of the assemblage is thus of 

critical importance in evaluating whether or not patterning in the faunal record is a 

product of human behavior or is an artifact of other processes such as carnivore activity 

or post-depositional decay.  In this chapter I focus on detailed taphonomic analyses of the 

HP and post-HP MSA fauna from Sibudu, utilizing both the identified and non-identified 

remains.  I will begin by discussing evidence for surface modifications and by identifying 

the agents responsible for accumulating the faunal assemblage, followed by a 

consideration of the extent of bone disturbance and loss both before and after deposition.  

There are two defining characteristics of the Sibudu fauna—it is both highly burned and 

heavily fragmented.  I address each of these factors in detail, attempting to identify the 

timing (whether pre- or post-depositional) and causes of both.  I will also discuss the 

degree to which these variables ultimately impact our ability to tease out larger patterns 

relating to human hunting behavior.  I turn next to an evaluation of the degree of density-

mediated attrition in the assemblage; this is of particular importance to later 

considerations of the skeletal part data, as it must be demonstrated that the patterns in the 

data are not simply a factor of differential preservation caused by the destruction of less
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dense skeletal elements.  The chapter closes with a summary of the taphonomic data and 

an evaluation of the degree to which the three assemblages appear to have been 

differentially affected by attritional processes. 

Surface modifications and the identification of assemblage accumulators 
 
 While data on burning intensity was recorded for most of the analyzed material, a 

smaller subset of the assemblage was subjected to more detailed taphonomic analysis.  

This smaller sample consisted of all of the identified bone (with the exception of a small 

number of bones initially analyzed by Plug which could not be relocated) and a sample of 

the non-identified bone larger than 2 cm (long bone shafts, ribs, vertebrae, and skull 

fragments from one quadrant per level from B5 and B6).  These bones were measured to 

within a centimeter (< 2 cm, 2-3 cm , 3-4 cm, etc.) and were examined under a Zeiss 

Stemi 2000 binocular microscope at 8-40 x magnification in order to assess cortical 

preservation and to identify surface modifications. Cortical preservation was coded as 

either good (surface well preserved), fair (surface shows some light cracking or peeling 

or is partially obscured) or poor (little to no preservation of the original bone surface).  

Classic signatures of weathering as defined by Behrensmeyer (1978) were largely absent, 

and thus I did not systematically code for this attribute. 

 Data were collected on the presence and orientation of cut/chop marks, percussion 

damage, rodent gnawing, and carnivore damage.  In recording human- and carnivore-

induced damage, I followed the diagnostic criteria outlined by Binford (1981), 

Blumenschine and Selvaggio (1991), Blumenschine et al. (1996), Milo (1994), and 

Pickering and Egeland (2006).  Percussion damage was defined based only on the 

presence of percussion pits with striae, impact flakes with bulbs of percussion, or  
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  Identified bone Non-ID bone 

Surface modifications post-HP 
MSA 1 

post-HP 
MSA 2 HP post-HP 

MSA 1 
post-HP 
MSA 2 HP 

Cut/Chop marks 1.1% 0.2% 1.2% 0.4% 0.1% 2.3% 
Percussion damage 1.1% 0.2% 0.4% 3.4% 1.3% 1.0% 
Carnivore damage - - 0.2% 0.3% 0.4% 0.8% 
Rodent gnawing - - 0.1% - 0.1% - 
Digested? - - 0.6% - - - 
Chemical weathering? 0.1% - 0.2% 0.5% 2.3% 3.1% 
Crystal growth - - - 2.0% 6.5% - 
Root damage 0.1% - 0.1% 0.4% - 0.3% 
Total analyzed  723 503 3368 1578 794 611 
% of total with poor 
cortical preservation 27.8% 40.2% 15.3% 44.0% 45.3% 23.9% 

 
Table 6.1: Summary data on surface modifications 

 

negative flake scars.  The presence of chemical weathering (described in more detail 

below), gypsum crystal growth, and root damage was also noted; data on these variables 

are presented in Table 6.1 along with the data on human- and animal-produced damage. 

While I was conservative in my analysis, recording only unambiguous marks, the 

low frequencies of surface modifications presented in Table 6.1 are no doubt also a 

reflection of the relatively poor surface preservation evidenced across the assemblage 

(but particularly in the post-HP MSA 2).  It is interesting to note that damage was 

identified more frequently on the non-identified bone than on the identified bone; this is 

likely related to the fact that long bone shafts comprised a majority of the non-identified 

sample subject to analysis, but comprised only a minority of the NISP, and limbs are 

major meat- and marrow-bearing bones.  Carnivore damage was low throughout, never 

accounting for more than 1% of the sample, and rodent damage was also incredibly rare.  

Given that some scholars have argued that raptors were responsible for accumulating  
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Figure 6.1: Potentially digested blue duiker talus from layer GS (HP) 

 
 

small bovid remains at other MSA sites (Marean et al., 2000), it is relevant to add that no 

surface modifications attributable to birds of prey were identified. 

Also of note was the presence of a handful of bones whose appearance was 

consistent with having been digested (n=20, HP only; see Figure 6.1).  A majority of the 

potentially digested remains belonged to the blue duiker and comprised tarsals and 

phalanges.  While these may have been digested by scavenging carnivores, it is also 

within the realm of possibility that they were consumed and digested by humans; 

Reinhard et al. (2007) found the remains of many different species of small mammals in 

coprolites from the Southwest US; while many of the species were smaller than the blue 

duiker (average mass of ~4 kg), the remains of mammals of comparable size, such as the 

raccoon (~6 kg) and fox (~5 kg), were also present.   

The most frequently identified forms of surface damage appears to be the result of 

diagenetic processes—more specifically, chemical weathering and crystal growth 

associated with gypsum formation.  Chemical weathering generally took the form of  
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Figure 6.2: Bone with pitting caused by chemical weathering?  (layer GS, HP) 

 

pitting on bone surfaces (see Figure 6.2); the pits generally had irregular edges and were 

distinguishable from tooth pits by a lack of evidence for crushing and for their 

sharp/delicate edges.  The damage surface inside the pits often appeared fresh.  In the 

post-HP MSA, some of these pits were clearly caused by gypsum crystal formation; some 

specimens had nodules of gypsum on the bone surface, when light pressure was applied, 

a small “ball” of gypsum popped out of the bone, leaving a pit like those described above 

(Figure 6.3).  Given the lack of evidence for gypsum growth on bones from the HP 

deposits (and the fact that sedimentological analyses indicated that gypsum is absent in 

the HP deposits), the cause of the pitting in the HP is unclear.  Some of the damage 

classified as chemical weathering consisted of smaller, shallower, and distinctly flat- 

 

 
 
Figure 6.3: Bone shaft with crystalline mass, before/after removal (layer BP, post-
HP MSA 1) 
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bottomed pits.  It is possible that this is actually insect damage, but I had no comparative 

material available and thus could not identify it as such with any degree of certainty. 

Identifying the assemblage accumulators 
 

 There are a number of reasons to believe that the HP and post-HP MSA fauna at 

Sibudu was predominantly accumulated by human activity.  First, although the number of 

specimens preserving surface modifications is low, human-produced damage is more 

common than carnivore damage in all contexts.  Very few carnivore remains were 

recovered, accounting for less than 1% of the total NISP in the post-HP MSA, and less 

than 2.5% in the HP, and the carnivores in the HP are predominately small species such 

as mongoose, which would not be significantly contributing to the ungulate assemblage.  

Furthermore, Lyman (1994c) has argued that small, structurally dense bones such as the 

carpals/tarsals and sesamoids will be abundant in human accumulated faunas but not in 

hyena-accumulated assemblages, as hyenas swallow and digestively destroy these 

elements; these small/compact bones are common in the Sibudu assemblage.  As 

discussed, the fauna is also heavily burned and fragmented, and it is associated with 

hearths and a rich lithic assemblage—in combination, these lines of evidence are 

consistent with humans being the primary accumulator of the macromammalian fauna.  

That said, it is now important to turn to other taphonomic variables in order to determine 

the extent and nature of bone disturbance and loss. 

Burned bone 
 
 The identification of burned bone is important for a number of reasons. The 

distribution of burning damage on identifiable remains can provide information about 

cooking practices; for example, if burning is greater on epiphyses than on shafts, then the 
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damage may have occurred during roasting, as the joints would have been more directly 

exposed to heat, not being encased in meat (e.g., Speth and Tchernov, 2001).  The 

opposite pattern (more burning on shafts than epiphyses) would indicate bones were 

exposed to fire after the meat was removed, perhaps as a result of warming marrow bones 

prior to marrow extraction (e.g., Speth and Clark, 2006). Bone can also be burned after 

consumption; it can be discarded into a fire after consumption, perhaps as a means of 

reducing its attractiveness to carnivores (Gifford-Gonzalez, 1989), and it can also be used 

as fuel (see Théry-Parisot, 2002 and references therein).  Bone can, of course, also be 

burned naturally, as a result of natural fires or as a result of the proximity of discarded 

bone to a hearth.  In determining what burned bone indicates about human behavior, it is 

therefore important to attempt to ascertain whether the bone was naturally or intentionally 

burnt, and whether it was burned pre- or post-consumption.     

 A consideration of burning is also relevant when reconstructing the taphonomic 

history of a given assemblage.  There are two important reasons for this.  First, it has 

been demonstrated experimentally that burned bones are more fragile/brittle than 

unburned bones, and it has also been proposed that the mechanical strength of bone 

varies as a function of the extent to which it is burned (Stiner, 2005; Stiner et al., 1995).  

Differences in the presence and/or intensity of burning across archaeological horizons 

may thus result in differential fragmentation, potentially affecting the interpretation of 

patterning identified in the faunal record.  Burning also has a negative impact on the 

preservation of bone surfaces—even low levels of burning can cause cracking and 

peeling of the cortical surface, while highly burned/calcined bone often becomes chalky 

in texture, with no preservation of the original cortical surface (Nicholson, 1993; Schmidt 
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and Symes, 2008).  This can obviously negatively impact the preservation of surface 

damage, including evidence for human processing or carnivore/rodent activity.   

Identifying burned bone at Sibudu 
 
 Experimental studies have demonstrated that thermally altered bone displays a 

predictable range of surface color and texture changes, such that the color of a bone can 

be used to judge the degree of burning intensity (e.g., Bennett 1999; Nicholson, 1993; 

Shipman et al., 1984).  Because the intensity of burning damage is related to both the 

temperature and the duration of heating, color is a poor indicator of the precise 

temperature to which a bone was heated, but can provide an indication of the range of 

temperatures to which the bone was heated.  Lightly heated bones (< 400° C) tend to be 

yellow to reddish-brown in color; bone exposed to higher temperatures (~400-500° C) 

carbonizes and turns black, and intensively heated bones (> 600° C) eventually become 

calcined and are typically blue-grey to white in color (Lyman, 1994c; Shipman et al., 

1984).   

 Given this, bone was initially sorted into a number of burning categories based on 

color.  The non-identified bone (all material greater than 2 cm in length, all of the small-

fraction non-identifiable bone from B5 and B6, and the small-fraction non-identified 

bone from one quadrant per layer for unit C5) was sorted into four categories: not burned 

(NB), lightly burned (LB, <50% black/carbonized), moderately burned (MB, >50% 

black/carbonized), and highly burned (HB, >50% grey-white/calcined).  Because it was 

often difficult to ascertain whether the small fragments were lightly burned or oxide 

stained (see below), the NB/LB categories were combined after the first season of 

analysis.  Identified bone was assigned to one of the seven burning categories defined by  
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Burning 

Code Description 
0 Not burned (typically cream/tan in color) 
1 Localized burning (<50% black) 
2 Moderate burning (>50% black) 
3 Carbonized (100% black) 
4 Localized calcination (<50% white) 
5 Moderate calcination (>50% white) 
6 Calcined (typically white or blue/grey) 

 
Table 6.2  Burning categories (modified from Stiner et al., 1995)  

 

Stiner et al. (1995).  These categories are defined in Table 6.2.  In order to make the data 

for the identified bones comparable to that available for the non-identified bones, for this 

analysis, the identified bones were assigned to the same three categories utilized for the 

non-identified bone: NB/LB (burning codes 0-1), MB (burning codes 2-4), and HB 

(burning codes 5-6). 

However, it is important to note that the use of color categories for the 

identification of burned bone in the archaeological record is not necessarily as straight-

forward as it may seem, as organic and mineral staining can mimic the color changes 

caused by burning (see Hanson and Cain, 2007; Karkanas et al., 2007; Michel et al., 

1996; Shahack-Gross et al. 1997).  For example, a blackened bone may have been 

carbonized by exposure to heat, but the color may also be due to staining by manganese 

or iron oxides.  As a result, researchers have developed a variety of methods for 

ascertaining whether or not color is an appropriate indicator of burning intensity in a 

particular assemblage; these methods include chemical analyses (e.g., Shahack-Gross et 

al., 1997), microscopic studies of bone histology (Hanson and Cain, 2007), and 

microscopic analyses focusing on the optical properties of the bone matrix, including 

reflectance and fluorescence (Ligouis et al., in prep).  Because these methods are 
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generally quite costly and time-consuming, they are typically only undertaken on a 

sample of material from a given assemblage. 

 Based on coloration alone, the HP and post-HP MSA fauna from Sibudu appeared 

to be highly burned (greater than 95% of the bone in some layers shows at least some 

degree of burning).  However, oxide staining is also common.  While this staining is 

often distinct from burning damage (for example, some of the stains have a metallic 

sheen, see Figure 6.4), this was not always the case.  Thus, in order to confirm that the 

color changes evidenced in the assemblage actually reflect exposure to heat rather than 

organic or mineral staining, a sample of 11 bones from the HP and post-HP MSA was 

sent to Dr. Bertrand Ligouis at the Laboratory for Applied Organic Petrology (University 

of Tübingen) for more detailed analysis.  The sample submitted for analysis included 

bones that appeared to be lightly, moderately, and heavily burned, those that appeared to 

be stained, and four bones that were representative of the coloration of a large number of 

bones but for which the burning status was ambiguous (ranging from deep orange to  

 

 

Figure 6.4 Blackened bone with oxide staining (staining was black but camera flash 
brought out the metallic sheen)  
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maroon in color). 

 Ligouis produced highly polished thin sections of each sample and examined 

these using a Leitz DMRX-MPVSP microscope photometer in both incident white-light 

and UV + violet-light illumination (fluorescence mode).  Data were recorded on the color 

of the bone in reflected light, the preservation of bone structure, the fluorescence 

properties of the bone matrix, and the reflectance of the bone matrix. Results were 

compared with samples from multiple fire experiments and from other Paleolithic 

contexts (both bone and micromorphology samples from Sibudu, Kebara, Hohle Fels, and 

Pech de l’Aze) in order to ascertain whether the bone was burned, to provide an estimate 

of the temperature to which the bone had been heated, and to judge whether or not oxides 

were present.  A description of each sample, along with the results of Ligouis’ analysis 

can be found in Table 6.3. 

 As indicated in the table, with the exception of two bones for which the burning 

status was unclear, all of the bones that were visually identified as being burned were also 

classified as such by Ligouis.  Ligouis noted that the two ambiguous samples (from 

SPCA and Chestnut) were difficult to classify because in each case, the color in reflected 

light and reflectance of the bone matrix indicated burning at high temperatures, while the 

preservation of the bone structure and fluorescence correlated more with an unburned 

state.  It is interesting to note that some of the bones visually classified as lightly burned 

because of their reddish-orange coloration were identified as being burned at potentially 

higher temperatures than some of the blackened or even grayish-white bone— this goes 

against expectations and may indicate that the duration of heating played more of a role 

in determining the intensity of burning damage than the maximum temperature to which 
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  Visual Classification Microscopic Analysis 

Layer Unit Color (naked 
eye) 

Burning 
status Oxides Burning Status Oxides 

SPCA B5a orangey 

Lightly 
burned 
(<50% 

carbonized) 

Yes 

Unburned or 
burned at high 
temperatures 

(>600°C) 

Yes, prob. Mn 
oxides 

Midnight 
(Hearth) B5a/b greyish yellow 

Heavily 
burned 
(>50% 

calcined) 

Yes 
Burned at high 
temperatures 

(≥600°C) 

Yes, prob. Mn 
oxides 

Chestnut B5b greyish brown 

Heavily 
burned? 
(>50 % 

calcined) 

Maybe? 

Unburned or 
burned at high 
temperatures 

(>600°C) 

Yes, prob. Mn 
oxides 

Pox B6a 
mottled 

black/orange/ 
greyish-brown 

Moderately 
burned 
(>50% 

carbonized) 

Yes 

Burned, probably 
at very high 
temperatures 

(≥800°C) 

Yes, prob. Mn 
oxides 

Brown 
Pox B6b black/brown 

Moderately 
burned 
(>50% 

carbonized) 

No 

Burned, probably 
at low 

temperatures 
(~300°C) 

None 

Grey 
Rocky I B5a black exterior/ 

orangey interior 

Lightly 
burned 
(<50% 

carbonized) 

Yes 

Burned, probably 
at moderate 
temperatures 
(~300-600°C) 

Yes, prob. Mn 
oxides and Fe 

oxides 

Grey 
Rocky I 
(Hearth 

E) 

B5a 
greyish white 
with black and 
brown mottling 

Heavily 
burned 
(>50% 

calcined) 

Maybe? 

Burned, probably 
at low 

temperatures 
(~300°C) 

Yes, prob. Mn 
oxides and Fe 

oxides 

Grey 
Rocky II B5c yellow Not burned Yes Probably 

unburned 
Yes, prob. Mn 

oxides 

Grey 
Sand I B5d 

maroon 
exterior/ 

orangey interior 

Lightly 
burned? 
(<50% 

carbonized) 

Yes 

Burned, probably 
at moderate 
temperatures 
(~300-600°C) 

Yes, prob. Mn 
oxides 

Grey 
Sand I C5b black Carbonized? Yes 

Burned, probably 
at low 

temperatures 
(~300°C) 

Yes, prob. Mn 
oxides 

Pinkish 
Grey 
Sand 

B5d 
mottled 

maroon/orange/ 
brown 

Lightly 
burned? 
(<50% 

carbonized) 

Yes 

Burned, probably 
at moderate 
temperatures 
(~300-600°C) 

Yes, prob. Mn 
oxides 

 
Table 6.3 Results from Ligouis’ study of a sample of burned bone from HP and 
post-HP MSA contexts 
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the bone was exposed.  In any case, it would appear that as a rule, color is a valid 

indicator of burning for the HP and post-HP MSA fauna from Sibudu. 

Burned bone in the HP and post-HP MSA 
 
 Figure 6.5 summarizes the burning data by period—the data presented here 

includes all bone sorted into burning categories, both identified and non-identified. More 

than half the bone in all three assemblages is at least moderately burned (> 50% 

carbonized), demonstrating the remarkably high levels of burning in the sample.  

Although burning is prevalent in all three periods, the post-HP MSA 2 shows a much 

larger proportion of highly burned bone than does the HP or the post-HP MSA 1. While 

there does not appear to be a straightforward relationship between the intensity of 

burning and the overall proportion of identifiable bone (the post-HP MSA 1 actually 

preserved the lowest proportion of identifiable bone), the higher frequency of intensely 

 

 
Figure 6.5 Burning data by phase (identified and non-identified bone)  
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burned bone in the post-HP MSA 2 has potentially important implications relating to 

variability in fragmentation and in the preservation of surface damage; these issues will 

be discussed in more detail below.  

 The Sibudu fauna is also unusual because the high frequencies of burning are not 

limited to the small fraction non-identified bone.  As can be seen in Figure 6.6, the 

frequency of burned bone is also high among the larger non-identified fragments and the 

identified bones.  The fact that the identified bone is also heavily burnt is of particular 

note, as many other Paleolithic assemblages showing high frequencies of burning among 

the non-identified bone show markedly lower proportions of burned bone among the 

identified sample—Table 6.4 compares the results from Sibudu to several of  

 
 
Figure 6.6 Frequency of burning by bone type and phase  (cont’d on next page) 
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Figure 6.6 (cont’d) Frequency of burning by bone type and phase  
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Site 
Non-ID 
bones 

% Non-ID 
burned NISP 

% NISP 
burned Source 

Castanet Auriganian 47454 79.52% 748 3.21% Villa et al., 2004 

Combe Sauniere IV 6378 32.42% 532 1.50% Villa et al., 2004 

Cuzoul layer 23 18554 34.85% 2798 14.87% Villa et al., 2004 

Cuzoul layer 17 4411 32.35% 577 8.84% Villa et al., 2004 

Saint Cesaire Aurignacian I (5) 34202 38.77% 4102 3.66% Morin, 2004 

Saint Cesaire Chatelperronian (8) 27045 27.79% 966 0.21% Morin, 2004 

Saint Cesaire Mousterian (10) 19569 36.22% 867 1.85% Morin, 2004 

Sibudu post-HP MSA 1 145959 59.68%* 723 62.38%* this study 

Sibudu post-HP MSA 2 66668 72.49%* 503 81.71%* this study 

Sibudu HP 118678 59.19%* 3370 38.13%* this study 

*Note: the percentage of burned bone presented for the Sibudu assemblages includes only the moderate 
and highly burned classes, and thus the true frequency of burning is even higher than the numbers 
suggest. 

 
Table 6.4 The proportion of burned bone among identified and non-identified bones 
from several Paleolithic contexts 
 
 
these other sites. The reasons for this discrepancy are not immediately clear, but it could 

be due in part to the effort taken to identify the small burned fragments at Sibudu, as 

these fragments may be more apt to be overlooked when there is a substantial sample of 

unburned identifiable bones. 

Burned bone at Sibudu: identifying the timing and agent of burning  
 
 Bone can be burned by a number of processes, both intentional (cooking, disposal 

of food waste, fuel) and natural/unintentional (brush fires, burned due to proximity to fire 

structures).  There are a number of reasons to think that the burning at Sibudu was not 

primarily a result of natural (i.e., brush) fires.  First and foremost is the association of 

burned bone with hearths.  While burning features were more common in the post-HP 

MSA, the HP deposits also preserve a number of well-defined hearths.  Second is the 

intensity of the burning; experimental work undertaken by David (1990) indicated that 
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bones exposed to brush fires are often carbonized but rarely calcined, leading him to 

argue that when bones are calcined over much of their surface area, the presence of 

anthropogenic fires can be “safely inferred.”  Finally, the rockshelter is located high on a 

sandstone cliff and it seems unlikely that brush fires would easily spread within the 

shelter itself.   

 Yet, it seems undeniable that at least some of the burning was unintentional.  

Given the number of burning features, particularly in the post-HP MSA, it seems likely 

that some bone must have been exposed to heat from overlying hearths after deposition.  

Work by Stiner et al. (1995) and Bennett (1999) has demonstrated that bone buried in 

sediment underneath a hearth can be burned; the intensity of the burning damage (ranging 

from light burning to calcination) depends on the temperature of the fire, the duration of 

heat exposure and the nature of the surrounding sediments.  Cain (2005) argued that 

incidental burning of this type would cause patchy distributions of burned bone, 

presumably because it would be expected to occur in direct association with hearth 

features, and yet burned bone is found throughout the layers.  However, 

geoarchaeological work by Schiegl and colleagues (Schiegl and Conard, 2006; Schiegl et 

al., 2004) did indicate that the sedimentary composition and phytolith content was similar 

between hearths/ash dumps and the surrounding sediments, indicating that there was 

more fire use at Sibudu than indicated by the preserved hearth remains. 

 Identifying whether bone was burned dry or green may speak to this issue, as one 

might expect bone burned as a result of post-depositional exposure to heat to be burned 

dry, while bone burned during cooking, as fuel, or as a means of disposing of food waste 

would presumably be burned green.  Buikstra and Sweagle (1989) found that only 
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defleshed green bone became uniformly “smoked” (i.e., blackened), arguing that dry 

bone had insufficient organic substance to be uniformly smoked.  However, Nicholson 

(1993) found that mottling was common even among green bone, so it is not clear that 

this is an appropriate criterion.  As a result, I agree with Cain (2005), who, in an analysis 

of burning in the later MSA layers at Sibudu, argued that it was not possible to 

differentiate between green and dry burned bone for the Sibudu material.  Despite this, I 

would argue that the sheer quantity of burned bone (again, upwards of 95% in some 

layers) indicates at least some degree of intentionality. 

 The distribution of burning damage across bone surfaces has been used as yet 

another source of information on the timing and mechanism of burning.  As previously 

discussed, scholars have used the distribution of burning on epiphyses vs. shafts to draw 

inferences about cooking practices (e.g., Speth and Clark, 2006; Speth and Tchernov, 

2001).  Unfortunately, the nature of the burning at Sibudu, in which material is often 

burned on all surfaces, precludes this type of analysis.  While some burning probably was 

related to food preparation, those signatures appear to have been overprinted by 

subsequent heat exposure.   

It has also been demonstrated that the distribution of burning damage can indicate 

whether a bone was broken before or after heat exposure (giving some indication of 

processing strategies), in that bones that were burned after fragmentation are more likely 

to be burned on both the interior and the exterior surfaces of the bone, while a bone 

burned complete will show more intensive burning on the exterior surface and lesser 

degrees of burning on the interior surface (Johnson, 1989 and Knight, 1985, cited in 

Lyman, 1994c).  While I did not record quantitative data on the intensity of burning on 
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each bone surface, the type of banding discussed by Knight (1985) was rare, and, as 

mentioned above, many fragments were completely burned.  This may suggest that the 

bone was fragmented to some degree prior to exposure to heat; however, it is possible 

that this type of signature also could have been overprinted by later heat exposure. 

  Given that much of the burning appears to have occurred after consumption, and 

that some of the burning likely occurred before the bone ultimately became part of the 

sedimentary matrix, there remain at least two possibilities to account for the high 

frequencies of burning damage: bone could have been deliberately used as a source of 

fuel, or it may have been discarded into the fire as a means of disposing of food waste.  

Experimental work by Théry-Parisot and colleagues (Costamagno et al., 2005; Théry-

Parisot, 2002, Théry-Parisot et al., 2005) has demonstrated that bone can serve as an 

effective fuel.  They found that although the high kindling temperature of bone means 

that an initial supply of wood is necessary to set bone on fire (but see Kedrowski et al., 

2008, who state that bone fires can be built and sustained using only dry grass as 

kindling), the use of bone as an additional fuel source serves to increase the duration of a 

fire relative to the use of wood alone.  All bone (cancellous vs. cortical, green vs. dry) 

was shown to have this effect; however, the duration of the fire was longest when spongy 

bone was used, likely because of the fat contained within trabecular bone (Théry-Parisot 

et al., 2005). 

 Based on these results, Costamagno et al. (2005) argued that a preponderance of 

burned spongy bone (particularly as compared to compact bone) in an archaeological 

assemblage is strong evidence in favor of the use of bone as fuel.  Paleolithic sites such as 

Abri Pataud and Cuzoul de Vers (both in France) preserve horizons with large quantities 
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of burned spongy bone relative to coritical bone, and preserve relatively small samples of 

wood charcoal (Théry-Parisot, 2002; Villa et al., 2004).  In each of these cases, the 

authors argued that bone was intentionally used as a fuel source.  In making the argument 

that bone served as a fuel at Cuzoul de Vers, Villa et al. (2004) demonstrated via a chi-

squared test that spongy bone was significantly more likely to be burned than cortical 

bone.  While I cannot directly replicate their analysis because my data are not amenable 

to being divided into “burned” vs. “unburned” categories, I can compare the proportion 

of ribs/vertebrae (spongy) and long bone shaft fragments (cortical) that were unburned or 

lightly burned to those that were moderately/highly burned (Table 6.5; data is from the 

non-identified fraction and includes the less than and greater than 2 cm bone).  The 

difference is highly significant (χ2= 379.725; p < 0.0001), but in this case, it is the 

cortical elements that are burned to a greater degree.  

 Théry-Parisot et al. (2005) argued that if bone were  thrown in a hearth as a means 

of eliminating food waste, all skeletal tissue—both cortical and spongy bone—should be 

burned.  This is in fact the pattern we see at Sibudu, where a majority of all bone 

fragments are burned to some degree.  It is important to keep in mind, however, that 

spongy elements such as the ribs and vertebrae may be more susceptible to post-

depositional destruction as a result of their lower density, particularly after burning, and 

 

 NB/LB MB/HB Total 
Ribs/Vertebrae 1983 2021 4004 
Shaft fragments 13102 25386 38488 

Total 15085 27407 42492 
  

Table 6.5 Data on the intensity of burning for spongy (ribs/vertebrae) vs. cortical 
bone (long bone shaft fragments); HP and post-HP MSA combined 
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 thus the recovery of these elements may be diminished.  However, the sheer quantity of 

burned cortical bone, combined with the fact that charcoal is abundant throughout the 

sample (Allott, 2005, 2006a, b), suggests that the preferential selection of spongy bone 

for fuel is not a sufficient explanation for the heavy burning evidenced in the assemblage.  

I would thus agree with Cain (2005) that the disposal of food waste in fire seems to be an 

appropriate interpretation of the burning evidenced at Sibudu; however, even if bone 

were being discarded in the fire primarily as a means of waste disposal, once in the fire, it 

would also have acted as a fuel source—and it seems likely that Sibudu’s inhabitants 

would have been aware of this useful secondary function.  

Burned bone at Sibudu: taphonomic issues 
 
 As previously discussed, several studies have documented that the act of 

combustion, in and of itself, results in high degrees of fragmentation (Costamagno et al., 

1998; Costamagno et al., 2005; Knight, 1985; Stiner et al., 1995).  In their bone-as-fuel 

experiments, Costamagno et al. (2005) demonstrated the degree to which this was the 

case—on average, whole humeri that were placed into a fire fragmented into 182 pieces, 

56.9% of which were less than 2 cm in length.  While the severity of fragmentation 

varied based on whether the bone was burned whole or fragmentary, fresh or dry, all of 

the bones fragmented to some degree during combustion.  

 Experimental work by Stiner et al. (1995) also indicated that burned bones are 

more fragile (and thus more prone to post-depositional destruction) than unburned bones.  

They went on to propose that the mechanical strength of the burned bone varied as a 

function of the intensity of burning, with calcined bone being the most fragile.  While 

fragmentation will be discussed in much more detail in the next section of the chapter, the 
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data at hand should allow us to evaluate, at least in part, the hypothesis that more 

intensely burned bone is more fragile—if this were the case, one would expect the 

average fragment size to be smaller for the heavily burned material than for the other 

burning categories.  

 Table 6.6 provides data on the average fragment size for each burning class, 

divided by archaeological phase.  As you can see, the highly burned fragments do have 

the smallest average weight for each phase, which lends support to Stiner et al.’s 

hypothesis.  However, for reasons that are not immediately clear, in both of the post-HP 

MSA assemblages, the moderately burned fragments are actually larger than the 

unburned or lightly burned fragments, which is counter to Stiner et al.’s expectations.  

Given that the most intensively burned material does seem to be more heavily 

fragmented, one might then expect that the fauna from the post-HP MSA 2 will be more 

fragmentary than that from the HP or post-HP MSA 1, since that phase preserves a higher 

frequency of intensely burned material. I will return to this issue in the next section of the 

chapter, but, as discussed earlier, the potentially higher degree of fragmentation does not 

 

Phase 
Burning 
Category Count Weight (g) 

Average 
Weight (g) per 

Fragment 

NB/LB 58843 18606.9 0.316212634 
MB 47724 16430.1 0.344273322 post-HP MSA 1 

HB 39392 11845.7 0.300713343 

NB/LB 18342 4346.4 0.236964344 
MB 15479 4050.7 0.261690032 

post-HP MSA 2 

HB 32847 7457.8 0.227046610 

NB/LB 48429 11167.1 0.230587045 
MB 48821 9960.7 0.204024907 

HP 

HB 21428 3579.8 0.167061788 
 
Table 6.6: Average fragment weight by phase/burning category 
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seem to directly relate to the percent of identifiable bone, as the post-HP MSA 2 did not 

have lowest proportion of identifiable bone.  

Burning can also negatively impact cortical preservation, causing cracking and 

peeling of the cortical surface and eventually the total loss of the original bone surface 

(Nicholson, 1993; Schmidt and Symes, 2008).  That this was a factor for the current 

assemblage is clearly demonstrated by a consideration of burning status versus cortical 

preservation (Figure 6.7).  Bones with “fair” cortical preservation frequently showed 

some degree of cortical cracking and/or flaking, but this damage was often only 

superficial.  The damage was very similar to the type of heat damage described by 

Schmidt and Symes (2008:42) as “[appearing] as a fine mesh of patterned cracks similar 

to those seen in old china or an aged painting…”  Nicholson (1993) described a similar  

 
 
Figure 6.7  Relationship between burning intensity and cortical preservation 
(identified bone only) 
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form of damage which she referred to as “peeling surface films,” which occurred among 

bones heated to ~300-500° C.  While this type of damage may not reduce the 

visibility of surface modifications such as deep tooth punctures and chop marks, lighter 

forms of damage such as cut marks and tooth scores are unlikely to preserve.  Bones with 

poor cortical preservation often did not preserve any of the original cortical surface, 

either because it had completely flaked away, or, in the case of the highly burned bone, 

because the bone had become chalky in texture.  In these cases, most forms of surface 

damage would not be expected to preserve.  Again, given that the post-HP MSA 2 

showed a much higher proportion of calcined bone, it is not unexpected that surface 

damage was  less common during that period, and thus a consideration of variation in 

processing behavior based on signatures of human activity such as cutmarks and 

percussion damage must take this into account.    

Burned bone: summary 
 
 The ubiquitous presence of burned bone (more than half of the assemblage shows 

at least moderate burning) is one of the defining characteristics of the HP and post-HP 

MSA fauna from Sibudu.  To date, I have yet to find evidence for another assemblage 

that shows the same degree and intensity of burning among all fragments, be they the 

small, non-identified fragments or the identified bones.  The association of the burned 

bone with hearths and other indicators of human activity, the intensity of burning, and the 

sheer quantity of burned bone suggest that the bone was not burned as a result of brush 

fires and that it is not explainable solely as the result of unintentional processes.  Instead, 

the evidence appears to indicate that bones were being discarded into fires, perhaps as a 

means of disposing of food waste (this conclusion was also reached by Cain (2005), who 
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analyzed a small sample of burned bones from the post-HP and late MSA at Sibudu).  

Although the post-HP MSA 2 showed the highest proportion of calcined bones, this 

explanation is consistent with the data from all three units under consideration and may 

thus provide evidence for some degree of behavioral continuity between the HP and post-

HP MSA.   

 Turning to the larger taphonomic implications of the high frequencies of burning; 

because the combustion of bone does result in fragmentation (Costamagno et al., 1998; 

Costamagno et al., 2005), it is therefore not surprising that the assemblages are also very 

heavily fragmented.  Given that calcined bone appears to be the most fragile, it is 

expected that the fauna from post-HP MSA 2 may be more fragmented than that from the 

HP or the post-HP MSA 1, as the post-HP MSA 2 showed the highest frequency of 

heavily burned bone.  I will explore this possibility in detail in the next section of the 

chapter.  Finally, because heat damage negatively impacts cortical surface preservation, it 

would appear that the very low occurrence of surface damage in the assemblage as a 

whole, and especially in the post-HP MSA 2, is, at least in part, a consequence of the 

heavy burning.   

Fragmentation 
 
 While the results presented above suggest that much of the fragmentation 

evidenced in the HP and post-HP MSA fauna may be related to the high incidence of 

burning, the degree and nature of fragmentation in a given faunal assemblage can provide 

information on a variety of other processes, both natural (post-depositional destruction) 

and cultural (variability in processing intensity/techniques).  While I focus on processing 

behavior in greater detail in Chapter 8, in this chapter I explore evidence for variability in 
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fragmentation over time using several basic measures of fragmentation, followed by a 

specific consideration of the degree of post-depositional destruction.  

  As discussed by Marean (1991), evaluating the degree of post-depositional 

destruction is of particular importance for a number of reasons.  After faunal material has 

been deposited, it is subject to a number of chemical and/or mechanical processes that 

can fragment bone and enamel, lowering its identifiability.  These processes can 

particularly impact the interpretation of patterns in relative element abundances, as less 

dense bones are more easily fragmented by these processes.  As a result, an assemblage 

with a greater degree of post-depositional destruction should show higher fragmentation 

among less dense elements (and perhaps a bias against these elements) than an 

assemblage with a lesser degree of post-depositional destruction (Marean, 1991).   

 Therefore, prior to addressing higher-order levels of inference about change over 

time in archaeological faunal assemblages, the relative extent of post-depositional 

destruction must be compared.  If the degree of post-depositional destruction is similar, 

then comparative analyses are warranted; if it is different, the analyst must recognize that 

at least some of the patterning evidenced is likely a result of differential post-depositional 

attrition and thus must be more cautious in interpreting those patterns as reflecting 

variation in human behavior.   

Evaluating the degree/intensity of fragmentation in the HP and post-HP MSA 

 In Chapter 4, I demonstrated that the percentage of identifiable bones was very 

low across the three assemblages, indicating a high degree of fragmentation.  Table 6.7 

provides summary data on the volume of excavated deposits, count and weight of non-

identifiable fragments, density of bones per cubic meter of deposit, and percentage of  
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Non-Identified Fragments Density 
(Non-ID) Identified Bones 

Phase 

Excavated 
volume 

(m3) Count Wt. (g) % < 2cm Wt./m3 NISP %ID NISP/m3 
post-HP 
MSA 1 1.664 133530 26144.8 88.92% 15712.0 462 0.34% 277.6 

post-HP 
MSA 2 0.7385 56843 18636.0 93.57% 25234.9 305 0.53% 413.0 

HP 0.553* 109788 40391.9 95.14% 73041.4 2438 2.20% 4408.7 

*Volumetric data for layer GS2 was estimated 
 
Table 6.7: Summary of fragmentation data (units B5 and B6 only) 
 
 
identifiable remains for each unit.  Because volumetric data was only available for units 

B5 and B6, the data in Table 6.7 was limited to material from those units. 

 The table makes a number of points clear: first, despite the fact that the 

percentage of identifiable bone is very low, the assemblage is still remarkably rich, with a 

very high density of remains.  The table also highlights the fact that the larger number of 

identified bones in the HP is not simply a factor of the relative volume of excavated 

sediment, as the HP actually had the lowest volume of deposits.  The HP actually showed 

the highest density of both identified and non-identified bone, but while the post-HP 

MSA 2 had the second highest density of identified bone, it showed a lower density of 

non-identified remains than did the post-HP MSA 1. 

 One way of describing the level of fragmentation in an assemblage is to simply 

chart the frequency of fragments of different sizes.  This provides an “instant visual 

impression of the nature of fragmentation” and of variation in the degree of 

fragmentation between different assemblages (Outram, 2001:404).  This strategy is not 

designed to identify the agent of  fragmentation, but simply to explore similarities or 

differences in the degree of fragmentation across different assemblages.  I first compared 

the length of the non-identified fragments from each phases (Figure 6.8).  Because I  
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Figure 6.8 Length distribution for non-identified bone subjected to full taphonomic 
analysis (long bone shaft fragments, ribs, vertebrae and skull fragments) 
 
 

only measured the greater-than-2 cm bones which were subjected to full taphonomic 

analysis, the sample is limited to long bone shaft fragments, ribs, vertebrae and skull 

fragments. 

 Villa et al. (2004) constructed a similar chart, summed the percentages for the 

first three size categories, and used the resulting data as a means of comparing the degree 

of fragmentation between a number of Paleolithic-era assemblages from France (both 

human- and carnivore-produced).  Because all three sites showed similar percentage of 

small fragments, they concluded that the degree of fragmentation was similar for all sites.  

The results of the same analysis (conducted using the data presented in Figure 6.8) are  

presented in Table 6.8.  

 Chi-squared tests indicate that the proportion of fragments less than 4 cm in size  

is significantly different in the post-HP MSA 1 as compared to either the post-HP MSA 2  
 
or HP, while there was no significant difference between the HP and the post-HP MSA 2  
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Fragment Size post-HP MSA 1 post-HP MSA 2 HP 
0-4 cm 2706 1961 1906 
> 4 cm 239 57 53 

Total 2945 2018 1959 
% < 4 cm 91.89% 97.81% 97.29% 
 
Table 6.8 Comparative data on the frequency of small (< 4 cm) fragments (non-
identified bone only) 
 
 

(post-HP MSA 1 vs. post-HP MSA 2; χ2 = 59.769; p < 0.0001; post-HP MSA 1 vs. HP;  

χ2 = 61.488; p < 0.0001; post-HP MSA 2 vs. HP; χ2 = 0.052; p=0.8196).  While all of the 

assemblages are clearly highly fragmentary, these numbers may suggest that HP and the 

early post-HP MSA are more heavily fragmented than the post-HP MSA 1; however, the 

differences may also be linked to the fact that the post-HP MSA 1 contains a much higher 

proportion of large game than the other two.  This possibility will be explored in more 

detail below.  

 When the length of  identified bones was compared, Villa et al. (2004) found that 

the hyena den showed a wider distribution of bone lengths than did the human sites in 

their sample.  They found this to be an important distinction, and argued that the 

generally smaller and more restricted range of length measurements from the human 

assemblage may have been a result of human activity, such as marrow processing, grease 

rendering, or the use of bone as fuel.  However, the authors did note that size differences 

between taxa represented at the different sites (i.e., mostly size III/IV ungulates at the 

hyena site and mostly size II ungulates at the human sites) could affect this type of 

analysis. 
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Figure 6.9  Length distribution for identified bone only 
 
  
 Looking at the distribution of length measurements for the identified bone (Figure 

6.9), the post-HP MSA 1 shows a broader distribution of NISP lengths than either the 

post-HP MSA 2 or the HP, while concurrently showing a much lower proportion of 

specimens in the less-than-2-cm category.  I would argue that this is almost entirely an 

artifact of the size differences of the taxa represented in the three horizons.  As 

demonstrated in Figure 6.10, the post-HP MSA 1 contains a much higher proportion of 

large ungulates (Bov III or larger, including equids).  Obviously, a higher proportion of 

large game in the assemblage means a greater opportunity for the preservation of large 

fragments.  It is perhaps worth noting that although the post-HP MSA 2 does contain a 

significantly higher proportion of large game than does the HP (χ2=64.935; p < 0.0001), 

the distribution of fragment lengths is nearly equal for the two units; this may indicate  

that the post-HP MSA 2 is more heavily fragmented than the HP.   
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Figure 6.10 Distribution of large (Bov III + equids) and small (Bov I/II and suids) 
ungulates by phase 
 

 Given that the apparent variability in fragmentation presented in the above 

analyses could be a factor of size differences in the taxa represented in the three phases, I 

have employed two alternative methods for comparing the intensity/degree of 

fragmentation. The first involves a consideration of the length of long bones shaft 

fragments within a given taxon. For the second, I return to the non-identified sample, 

exploring differences in average fragment weight among the large-fraction (> 2 cm) non-

identified bone.  

 The mean length of long bone shaft fragments within a given taxon has been cited 

as a good measure for comparing the intensity of fragmentation across assemblages 

(Lyman, 1994c).  While Villa et al. (2004) were able to focus on the remains of particular 

species (Equus caballus), the Sibudu sample does not preserve a sufficient sample of long 



 145 

bone shaft fragments for any given species.  I can, however, use data from a given bovid 

size class. While I recognize that there is variation in body size within a size class, given 

the nature of the sample, this was the best available data for this type of analysis.  Long 

bones considered here include the humerus, radius, femur, tibia, metacarpal and 

metatarsal.  

 Because measurements were only taken to within a centimeter (i.e., 2-3, 3-4, etc.), 

in order to calculate average fragment lengths, I used the middle point of the range (i.e., 

2.5, 3.5, etc.), with the exception of the less than 2 cm bone, for which I used a value of 

1.5.  I chose this value because field sorting was primarily aimed at recovering all 

fragments larger than 1 cm in size, and thus the majority of the fragments in the less than 

2 cm category should actually be between 1-2 cm.  Sample sizes were sufficient for only 

the Bov II and Bov III remains; data are presented in Table 6.9. There are a number of 

reasons for which statistical comparison of the means is not particularly appropriate, 

including the manipulation of the length data, the fact that the data is not normally 

distributed, and the presence of unequal sample size and variances.  On a qualitative 

level, the values are quite similar, which may indicate a similar degree of fragmentation 

across the assemblages. 

 

 
Bov II Bov III Phase 

n Mean n Mean 

post-HP MSA 1 40 3.450 57 5.196 

post-HP MSA 2 10 3.000 9 5.267 

HP 72 3.528 41 4.866 

 
Table 6.9 Mean length (in cm) of long bone shaft fragments, identified bone only  
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If the degree of fragmentation was significantly different across the three 

assemblages, then one would expect variability in the mean fragment weight, here 

defined as count vs. weight.   For the non-identifiable material, there are essentially three 

ways in which this could be explored: by looking at the average fragment size for the 

bone that is less than 2 cm, by comparing the average fragment size for only the greater- 

than-2-cm bone, and by looking at the total non-identifiable assemblage.  I have chosen 

to use the large-fraction non-identified bone, as the restricted range of possible lengths 

and masses for the less-than-2-cm bone limits its potential use as an indicator of 

fragmentation.  Furthermore, because the post-HP MSA 1 preserves a much higher 

proportion of large game, using the entire non-identifiable assemblage is also potentially 

problematic, as we might expect the post-HP MSA 1 to have a higher ratio of large to 

small fragments (again, more large animals equals a greater opportunity for large 

fragments), which would skew the results.  Another factor that could skew the results is 

differential fossilization; however, the degree of fossilization appears to be comparable in 

all layers. 

 Although some of the non-identifiable bones larger than 2 cm in maximum 

dimension may come from small-bodied prey, by removing the small fragments from 

consideration, the analysis should be less biased by the size differences in the prey 

animals present in the three assemblages than the comparisons presented earlier.  Count 

and weight data for the greater than 2 cm non-identifiable bone (from units B5, B6 and 

C5) is presented in Table 6.10 (the n in the table is the number of layers in each unit). 

 Because fragments were not weighed individually, statistical comparison of the 

means requires a comparison of the average fragment weights for each layer.  A Kruskal- 
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Phase n Count Weight (g) Avg. Wt. 
post-HP MSA 1 22 24058 35096.2 1.4588 
post-HP MSA 2 12 7420 9916.5 1.3365 
HP 7 9438 14467.8 1.5329 

 

Table 6.10: Count/weight data for the > 2 cm non-identified bone 

 

Wallis test did indicate a statistically significant difference in mean fragment weight 

(H=8.49; p=.0153).  Interestingly, while the HP contained the smallest proportion of 

large game (by a fairly significant margin), the average fragment weight was actually the 

highest in this phase.  If a lower average weight reflects a greater intensity of 

fragmentation, then the post-HP MSA 2 appears to be more heavily fragmented than the 

other two units—given the fact that this unit preserved the highest frequency of intensely 

burned bone, this is perhaps not surprising.  In fact, the average fragment weights 

correlates well with the proportion of highly burned bone among the greater-than-2-cm 

sample, with the HP showing the lowest proportion of calcined bone and also the highest 

average fragment size.  

 While the non-identified material is obviously providing a somewhat gross 

measure of fragmentation intensity, particularly since I cannot entirely control for the 

differences in prey size, when the data are broken down by layer, a potentially interesting 

pattern is revealed.  Figure 6.11 presents a scatter-plot of count vs. weight for each layer.  

While a positive relationship between count and weight is expected (as each fragment 

will obviously have some mass), the extremely high and consistent correlations (post-HP 

MSA 1: r2=.9665; post-HP MSA 2: r2=.9630; HP: r2= .9725) and similarities in slope 

(shown on the figure) were not.  If the degree/intensity of fragmentation was different for 

each of the three units, the slope of the line, in particular, would be expected to vary.  I  
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Figure 6.11 Count/weight data for > 2 cm non-identified bone 

Figure 6.12: Count/weight plot for hypothetical assemblages 

 

have attempted to illustrate why this would be the case in Figure 6.12, which shows a 

hypothetical distribution of count/weight data for 3 assemblages of 10 layers each. 
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 Each of the hypothetical assemblages initially contained the same number of 

complete bones of a single bone type; this bone weighs 30 grams when complete.  In 

Series 1, the bones were always complete.  In Series 2, each of those bones was broken in 

half.  As a result, the total weights were the same as in Series 1, but the relationship 

between count and weight is different, and thus so is the slope.  In Series 3, each bone 

was broken into 10 pieces.  Again, the weights remained the same, but the counts were 

different, and so again is the slope.   While this is obviously a gross simplification, I think 

the point raised is a valid one, and the similarities in correlation coefficient and slope for 

the HP and post-HP MSA assemblages presented in Figure 6.11 suggest that the nature of 

fragmentation within and between the three assemblages is similar.  Of course, these 

analyses do not provide an indication as to whether the fragmentation was primarily pre- 

or post-depositional; I will turn to this issue in the next section. 

Evaluating the degree of post-depositional destruction: Marean’s Completion Index for 
compact bones 
  
 As discussed in the beginning of this section, the relative extent of post-

depositional destruction must be compared across the assemblages prior to conducting 

higher order analyses, particularly those dealing with element frequency data.  Because 

experimental studies have indicated that carpals and tarsals (excluding the calcaneus) are 

unlikely to be fragmented during human processing or carnivore ravaging, Marean (1991) 

argued that the degree of fragmentation among these bones provides insight into the 

degree of post-depositional destruction. As such, he developed a “Completeness Index” 

(CI) for evaluating the degree of post-depositional destruction.  As defined by Marean, 

calculating the CI requires data on the percentage of the total bone represented by each 

carpal/tarsal fragment.  Because I did not record data in this way, I follow Villa et al. 
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(2004), who relied on a less precise but more easily calculated index, in which the 

number of complete and almost complete bones are added together and then divided by 

the total number of fragments.  

 Given that the goal in calculating the CI is to judge the degree of post-

depositional destruction, carpals and tarsals showing possible evidence for pre-

depositional fragmentation in the form of human processing (percussion damage) or 

carnivore damage (gnaw marks, tooth punctures) are typically removed prior to analysis; 

in this case, none of the compact bones preserved such damage.  Villa et al. (2004) also 

excluded bones showing evidence for burning, arguing that burned bones were 

fragmented pre-depositionally.  While I have already discussed how burning can promote 

fragmentation, it is not clear that one can automatically equate the burning of small, 

compact bones with pre-depositional fragmentation; and, in any case, given that the vast 

majority of the assemblage at Sibudu is burned to some degree, removing burned bones 

was not an option.  As a result, I recognize that some fragmentation may have occurred 

during burning, but feel that the CI should still provide some indication of the degree of 

post-depositional fragmentation for the assemblages under consideration.  

 In addition to the carpals and tarsals (with the exception of the calcaneus), I also 

included sesamoids in my analysis.  While sesamoids were not addressed in Marean’s 

1991 experimental study, they are also small, compact bones that are unlikely to be 

fragmented as a result of human or carnivore processing.  Table 6.11 presents the data by 

phase and by bovid size class  (note: bones belonging to fetal/neonates or young juveniles 

were removed from the sample prior to analysis).  The smallest and largest bovids (Bov I 

and Bov V, respectively) were not included because the sample sizes were so small— 
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  Carpals/Tarsals Sesamoids only All compact bones 

  
CO+
ACO Frag. CI* 

CO+
ACO Frag CI* 

CO+
ACO Frag CI* 

Bov II             
post-HP MSA 1 6 15 0.2857 12 5 0.7059 18 20 0.4737 
post-HP MSA 2 10 19 0.3448 33 6 0.8462 43 25 0.6324 
HP 20 33 0.3774 63 25 0.7159 83 58 0.5887 
Bov III             
post-HP MSA 1 1 10 0.0909 20 16 0.5556 21 26 0.4468 
post-HP MSA 2 2 6 0.2500 3 11 0.2143 5 17 0.2273 
HP 0 13 0.0000 14 19 0.4242 14 32 0.3043 
Bov IV             
post-HP MSA 1 0 0 0.0000 12 8 0.6000 12 8 0.6000 
post-HP MSA 2 0 2 0.0000 4 2 0.6667 4 4 0.5000 
HP 0 2 0.0000 13 3 0.8125 13 5 0.7222 

 

Table 6.11 Completion Indices for the small, compact bones (CO+ACO= complete 
and almost complete specimens; Frag.= fragmentary specimens) 
  

while the HP had over 200 compact bones from Bov I, the sample from post-HP MSA 2 

comprised only nine bones, and the post-HP MSA 1 had only three; only one Bov V 

carpal or tarsal was identified in the entire assemblage. 

 Looking first at the CI values for the total sample of compact bones, it seems that 

all of the assemblages have been affected by post-depositional destruction.  A chi-

squared test was conducted for each bovid size class to test the null hypothesis that the 

proportion of complete bones was no difference across the three horizons.  In each case, 

there was no significant difference (at α = .05) between the three values (Bov II: χ2 = 

2.568; p = 0.2769; Bov III: χ2 = 3.823; p = 0.1479; Bov IV: χ2 = 1.315; p = 0.5181).  The 

same tests were also conducted using the carpals/tarsals and sesamoids independently 

(the Bov IV carpals/tarsals were excluded from analysis because of the small sample 

size), again, no differences were significant at the α = 0.05 level.  Taken as a whole, then, 

these data suggest that the degree of post-depositional fragmentation was not 

significantly different between the three horizons under consideration.  Given the 
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relationship between heavy burning/fragmentation identified in the previous section of 

the chapter, this result is perhaps surprising.  For example, although greater than 50% of 

the compact bones from the Bov II size class from both post-HP MSA assemblages were 

highly burned (compared to 17% for the HP), the CI values were not significantly 

different.  This suggests that the post-HP MSA 2 did not  necessarily suffer from a 

greater degree of post-depositional fragmentation, despite the fact that a larger percentage 

of the material from that horizon was calcined. 

 The data presented in Table 1 raise two additional points.  First, the CI values 

indicate that the sesamoids were less fragmentary than the carpals/tarsals.  Samples from 

all three archaeological phases were pooled to test whether this was the case; the small 

number of Bov IV carpals/tarsals again precluded their use.   The results for both the Bov 

II and Bov III remains were highly significant (Bov II: χ2 = 39.616; p < 0.0001; Bov III: 

χ2 = 12.617; p = 0.0004); it would thus appear that the sesamoids were less fragmented.  

If post-depositional destruction has a greater affect on less dense bones, it may be the 

case that the carpals/tarsals are simply less dense than the sesamoids; unfortunately, I 

could not find any density studies in which measurements were provided for sesamoids.  

A more detailed consideration of the potential effects of post-depositional destruction, 

particularly as related to density mediated attrition, will be discussed later in the chapter.  

 The second additional point raised by Table 6.11 relates to an issue discussed in 

Chapter 4— the possibility that large animals are more prone to post-depositional 

fragmentation than smaller game (c.f., Yeshurun et al. 2007).  When the proportion of 

complete/almost complete compact bones is compared between size classes (again, 

limited to Bov II and III), there is a significant difference when the samples from all three 
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assemblages are pooled (χ2= 17.363; p < 0.0001).  When the same comparison is made 

within each period, the differences are still significant for the HP and the post-HP MSA 2 

(HP: χ2=11.230; p = 0.0008; post-HP MSA 2: χ2=10.959; p = 0.0009), but there is no 

significant difference for the post-HP MSA 1 (χ2=0.061; p = 0.8049).  The reason why 

the post-HP MSA 1 shows a different pattern is not immediately clear and perhaps 

deserves future attention.  

Assessing the degree of post-depositional fragmentation: fracture patterns 

 Protocol developed by Villa and Mahieu (1991) allows for the distinction of fresh 

from post-depositional breaks through the analysis of fracture patterns on long bone 

shafts.  Although their methodology was originally developed for use on human remains, 

it has been shown to be valid for archaeofaunal assemblages (Assefa, 2002; Marean et al., 

2000; Pickering et al., 2005).  The most commonly utilized measures focus on the 

characterization of fracture angles (defined as the angle formed by the fracture surface 

and the inner table of the bone) and the fracture outline (the shape of the fracture).  Green 

bone fractures are commonly associated with obtuse or acute fracture angles and curved 

or v-shaped fracture outlines (both of these types would be classified as oblique fracture 

planes by Pickering et al. 2005); while dry bone fractures are associated with right angles 

and transverse fracture outlines.  It is important to keep in mind that Villa and Mahieu’s 

(1991) results showed that these attributes have diagnostic value at the assemblage level 

only, not at the level of individual bones.   

 Because it can be incredibly time-consuming and difficult to define the 

boundaries of the various fracture planes on highly fragmentary long bone shafts of 

incomplete diameter in any replicable way (see Pickering et al., 2005, Figure 2, for a 
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photograph of a specimen with six fracture planes), many scholars choose to restrict this 

type of analysis to shaft fragments with epiphyses attached (c.f., Munro and Bar-Oz, 

2005).  I had initially planned on including an analysis of fracture patterns as part of the 

assessment as to whether bones were primarily fragmented pre- or post-depositionally; 

however, the available sample of shaft fragments with attached epiphyses was 

remarkably low (the sample for the post-HP MSA 1 comprised only 4 bones; the post-HP 

MSA 2 preserved only 7).  Furthermore, given that the assemblage is so highly burned, 

and that burned bone, even when only lightly heated, displays fracture patterns associated 

with dry bones (Cáceres et al., 2002), this line of evidence was unlikely to be particularly 

informative, as “fresh” fracture patterns would have been overprinted by fragmentation 

related to burning. 

Causes of post-depositional destruction 

It should be kept in mind that the apparent similarity in the degree of post-

depositional fragmentation across the three assemblages does not necessarily mean the 

same processes were responsible for that fragmentation.  In fact, we know that to some 

degree, different factors account for the post-depositional fragmentation in the HP and 

post-HP MSA, as bone in the post-HP MSA was fragmented at least in part by gypsum 

growth—this was demonstrated by micromorphological studies (Schiegl and Conard 

2006) and in the analysis of surface damage reported earlier in the chapter, in which 

bones from the post-HP MSA showed damage related to gypsum crystal growth.  Why 

then does the HP show a similar degree of post-depositional fragmentation?   Studies of 

the sediments in the lower deposits at the site (including the HP) suggest that these 

horizons may have been more heavily trampled than the later deposits (Wadley, personal 
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communication).  The fact that different means have resulted in similar fragmentation 

patterns may suggest that once bone is weakened due to heat exposure, it is apt to fracture 

in similar ways, even in the face of different proximal causes of that fragmentation. 

Fragmentation data: summary 
 

I began this section of the chapter by revisiting the data on the percent of 

identifiable remains, demonstrating that while the fauna is highly fragmentary, the HP 

and post-HP MSA deposits are still remarkably rich, with a very high density of both 

identifiable and non-identifiable remains.  When basic descriptive measures for 

comparing degree of fragmentation were utilized, the post-HP MSA 1 initially appeared 

to be less fragmentary than the other two units.  However, this was found to be largely an 

artifact of the differential representation of large ungulates, which were much more 

common in the post-HP MSA 1 than in the HP or in the lower post-HP MSA.   

Alternative methods for comparing the degree of fragmentation that attempted to correct 

for the differences in prey size—one using long bone shaft fragments within a given 

taxon, and the other using the non-identified bone—indicated that the intensity of 

fragmentation was fairly similar across the assemblages.  There did seem to be some 

correlation between the intensity of burning and the degree of fragmentation, with the 

post-HP MSA 2, which had the greatest proportion of highly burned bone, appearing 

somewhat more fragmentary than the other units.    

However, these potential differences did not appear to significantly impact the 

degree of post-depositional destruction.  While the degree of fragmentation among the 

small, compact bones indicated that all of the assemblages suffered from some degree of 

post-depositional fragmentation, there were no significant differences in the Completion 
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Indices between the three units under consideration.   Because post-depositional 

destruction often results in density-mediated attrition, I turn next to a consideration of 

density-mediated attrition in the HP and post-HP MSA at Sibudu. 

Density-mediated attrition 
 
 Experimental and ethnoarchaeological data have indicated that several 

taphonomic processes are mediated by the structural density of bones (e.g., 

Behrensmeyer, 1975; Brain, 1981; Marean and Spencer, 1991).  Lyman (1994c: 239-258) 

provides an excellent discussion of this phenomenon; to summarize, bones (or portions of 

bones) with the lowest bulk density also have the highest porosity (i.e., spongy bone), 

which also means that they have greater surface area to volume rations.  As a result, 

mechanical and chemical attrition have a greater impact on these bones.  A consideration 

of the relationship between element representation and bone mineral density thus 

provides a frame of reference for assessing skeletal part frequencies in a given 

assemblage; this is of particular importance because these data provide one of the 

primary means of studying variation in transport and processing behaviors, topics 

covered in Chapter 8.   

 While some have used analyses of density-mediated attrition primarily as a way 

of assessing the degree of in situ attrition (e.g., Stiner, 2005), it is important to keep in 

mind that a variety of other processes, both natural (consumption of low density parts by 

carnivores) and cultural (grease rendering) can also favor the removal/destruction of less 

dense bones (Lyman, 1994c; Miracle, 1995).  As a result, if there is a significant 

correlation between element frequency and structural density, these results must be 

considered alongside other classes of data on carnivore activity, post-depositional 
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fragmentation, and processing behaviors in order to tease out the processes responsible 

for the density mediated attrition. 

Density-mediated attrition: methodology 
 
  Density data have now been published for a wide range of species, from bison 

(Kreutzer, 1992) to marmot (Lyman et al., 1992); for this analysis, I have chosen to use 

the bone mineral density (BMD2) values provided by Lam et al. (1999) for the blue 

wildebeest, as the species is present in our assemblage, and because I could not locate 

density data for any other African bovid species.  Bov I remains were excluded from this 

analysis because the blue duiker, the most common small bovid in the assemblage, is 

nearly two orders of magnitude smaller than the wildebeest, and, as such, I was uncertain 

as to whether wildebeest served as an appropriate analog.  Because of their lesser density, 

juvenile and fetal/neonate remains were also removed from study.  Given the small 

sample sizes for the largest bovid size classes, I have combined all of the Bov III or larger 

remains into one group and thus data will be presented for two size categories, Bov II and 

Bov III+.     

Because most bones are not of uniform density, elements are typically divided 

into a number of different scan sites; the data presented are based on the representation of 

these scan sites.  The portion-of-element codes that I used were aligned to the scan sites 

as closely as possible; the utilized portions, their associated scan sites, and the density 

measurements for each scan site are presented in Table 6.12.  For some elements, the 

coding system I employed was not directly comparable to a scan site—for example, 

during the first season of analysis, I did not code the specific portion for talus fragments 

(I simply used “indeterminate talus fragment”), and thus I calculated the average density  
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Element Portion Scan Site BMD 

Mandible Incisivum DN1 0.52 
 Diasthema DN2 1.09 
 Corpus (horizonal ramus) Avg. of DN3, 4, 5, 6 0.9925 
 Ascending ramus and/or condyle DN7 0.97 

Hyoid Any fragment  0.26 

Atlas Anterior articulation AT3 0.66 

Axis Collar/Dens AX1 0.87 

Rib Proximal complete RI1, RI2 0.48, 0.47 

Sacrum Proximal (or subset thereof) SC1 0.35 

Innominate Acetabulum (or fragment thereof) AC1 0.64 
 Acetabulum + Ilium AC1, IL2 0.64, 0.96 
 Acetabulum + Ischium AC1, IS1 0.64, 0.92 
 Acetabulum + Pubis AC1, PU1 0.64, 0.40 
 Iliac blade IL1 0.39 
 Ischium IS2 0.31 
 Pubis PU2 0.56 

Scapula Glenoid SP1 1.02 
 Neck SP2 1.01 
 Spine SP3 0.74 
 Cranial Edge SP3 0.74 
 Caudal Edge  SP4 0.98 
 Blade* SP5 0.5 

Humerus Proximal end (or subset thereof) HU1 0.32 
 Proximal shaft HU2 0.49 
 Shaft HU3 1.1 
 Distal shaft (flare) HU4 1.03 
 Distal end (or subset thereof) HU5 0.51 

Radius Proximal end (or subset thereof) RA1 0.51 
 Shaft- ulnar scar RA2 1.02 
 Shaft RA3 1.07 
 Distal shaft RA4 0.96 
 Distal end (or subset thereof) RA5 0.47 

Ulna Olecranon UL1 0.46 
 Anconaeus UL2 0.85 

Femur Head or Head/Neck FE1 0.41 
 Major Trochanter FE7 0.31 
 Minor Trochanter FE3 0.92 
 Shaft FE4 1.16 
 Distal shaft FE5 0.66 
 Distal end (or subset thereof) FE6 0.38 

    

Table 6.12 Portion codes, scan sites and density measurements (density 
measurements from Lam et al., 1999) 
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Element Portion Scan Site BMD 

Patella Any fragment PA1 0.44 
Tibia Proximal end (or subset thereof) TI1 0.42 
 Proximal shaft/crest TI2 0.91 
 Shaft TI3 1.12 
 Distal shaft TI4 1.09 
 Distal end (or subset thereof) TI5 0.59 

2nd/3rd Carpal Any fragment  0.67 

4th Carpal Any fragment  0.77 

Intermediate Carpal Any fragment  0.70 

Radial Carpal Any fragment  0.76 

Ulnar Carpal Any fragment  0.79 

Calcaneum Tuberculum CA1 0.57 
 Corpus CA2 0.92 
 Sustenaculum CA3 0.67 
 Distal Projection CA4 0.75 

Talus Any fragment Avg. of AS1, 2, 3 0.717 

2nd/3rd Tarsal Any fragment  0.84 

Metacarpal III/IV Proximal end (or subset thereof) MC1 0.72 
 Proximal shaft MC2 1.12 
 Shaft MC3 1.15 
 Distal shaft MC4 0.83 
 Complete distal end MC5, MC6 0.56, 0.62 
 Isolated Distal Condyle MC6 0.62 

Metatarsal III/IV Proximal end (or subset thereof) MR1 0.83 
 Proximal shaft MR2 1.11 
 Shaft MR3 1.14 
 Distal shaft MR4 0.84 
 Complete distal end MR5, MR6 0.54, 0.65 
 Isolated Distal Condyle MR6 0.65 

MC/MT Shaft Avg. of MC3, MR3 1.115 
 Isolated Distal Condyle Avg. of MC6, MR6 0.635 

First Phalanx Proximal end (or subset thereof) P11 0.54 
 Shaft P12 1.02 
 Distal end (or subset thereof) P13 0.80 

Second Phalanx Proximal end (or subset thereof) P21 0.47 
 Distal end (or subset thereof) P22 0.56 

Phalanx 1 or 2 Distal fragment Avg. of P13, P22 0.68 

Third Phalanx Any fragment  0.53 

*Scapula blade fragments not used in nNISP calculations (see text for details) 
 

Table 6.12: (cont’d) Portion codes, scan sites, and density measurements (density 
measurements from Lam et al., 1999.) 
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for all three talus scan sites and used that value for the fragments.  Along similar lines, 

because I generally did not specify where exactly a fragment from the border of the 

mandibular corpus derived, I used an average of the measurements from the scan sites 

located along the length of the corpus for these fragments. Shaft fragments were often 

identified based on particular landmarks (nutrient foramina, the deltoid tuberosity, etc.).  

These features are often located near the center of a shaft, and thus I utilized the scan site 

at the center of the shaft in these cases.  Since I am working at the level of element 

portions, if a fragment was complete enough that it incorporated multiple scan sites, that 

fragment would count as one NISP for each scan site present.  As mentioned in the 

previous section, density measurements were not available for the sesamoids and thus 

they could not be included. 

Analyses of density mediated attrition typically depend upon some sort of derived 

counting measure as a means of accounting for the fact that elements are not present in 

the skeleton in equal frequency.  Some analysts use MAU (e.g., Miracle, 1995; 2005; 

Yeshurun et al., 2007), while others use %MAU (e.g., Niven, 2007).  %MAU was 

originally defined by Binford (1981) as the MAU of a given element divided by the 

maximum MAU for the assemblage, times 100.   Still others use %Survivorship (e.g., 

Munro and Bar-Oz, 2005).   I want to first note that using MAU and %MAU will give the 

same results, as the frequency of all of the elements relative to each other is the same in 

either case.  %Survivorship is a different measure, and is calculated for a given taxon as 

below (from Lyman, 1994c): 

    (MNE for a given element) * 100    
  MNI * (the number of times that element occurs in a skeleton) 
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 Basically, %Survivorship is aimed at discovering how many elements survived 

versus the number that would have originally been present, given the total MNI for that 

taxon.  Inherent in this calculation is the assumption that whole carcasses were 

transported to the site, but ethnographic and ethnoarchaeological work indicates that this 

is unlikely to be a safe assumption, particularly for large game (e.g., Monahan, 1998; 

O’Connell et al., 1990).  Furthermore, I have already discussed why MNI counts are 

unlikely to be representative for the given assemblage.  I am thus more apt to follow the 

example of scholars who instead use a measure like MAU—although in this case, given 

the problems inherent in using minimum number counts, I use nNISP (again, calculated 

by dividing NISP values by the number of times a given part occurs in the skeleton).  As 

discussed in Chapter 4, nNISP has been found to provide results consistent with those 

provided by MN counts (Grayson and Frey, 2004).   

 Because I am working at the level of scan sites, nNISP values were based on the 

number of times any given portion of an element would occur in a complete skeleton (so, 

2 proximal humeri, 2 distal humeri, 8 proximal first phalanges, etc).  While there is a 

possibility that some of the shaft fragments may overlap, because I attempted to identify 

shafts on the basis of distinctive landmarks, I make the assumption that each shaft 

fragment is from a unique element, and thus shaft scan sites are also divided by 2, with 

the exception of generic MC/MT shaft fragments, which are divided by 4.   Scapula blade 

fragments were excluded because they are difficult to refit and I was not comfortable 

simply dividing the number of these fragments by 2.  Once the calculations were made, 

nNISP values were compared against BMD using Spearman’s rank correlation coefficent. 

Figure 6.13 shows the plots of nNISP vs. BMD for each period/size class, while Table 
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6.13 shows the results of the statistical testing.  

 As demonstrated in Table 6.13, only one case showed a statistically significant 

result (at α=.05), and in this case, there was actually a negative correlation—in other 

words, the less dense bone was actually more frequent than the dense bone.  The cases in  

which there were no significant results seem to suggest that the patterns in element 

frequency data are not primarily a factor of density-mediated attrition.  Given that post-

depositional destruction is expected to result in density-mediated attrition, this was 

unexpected, as the results presented earlier indicated that post-depositional fragmentation 

did affect the assemblages under consideration.  Lyman (1994) briefly mentioned a study 

in which no significant correlation was found between MAU and bone density (Grayson, 

1989; an assemblage of marmot bones); he pointed out that Grayson’s marmot bones 

were highly fragmentary, and proposed that the degree of fragmentation may have 

influenced the results.  Lyman did not address why heavy fragmentation would result in a 

lack of correlation between MAU and bone density, but it may have something to do with  

the fact that when highly fragmented, dense shaft fragments are less likely to be 

identifiable to skeletal element than epiphyses, which generally have more distinctive  

 

Phase 
Bovid Size 

Class n* Spearman's ρ 
p value   

(2-tailed) 
post-HP MSA 1 Bov II 47 0.0547 0.7131 
 Bov III+ 41 0.2881 0.0676 
post-HP MSA 2 Bov II 33 -0.3531 0.0440 
 Bov III+ 32 0.2385 0.1871 
HP Bov II 63 0.0678 0.5980 
 Bov III+ 54 0.0605 0.6690 
*n is the number of portion types with nNISP greater than 0 

 
Table 6.13 Spearman’s correlation statistics  
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morphologies. 

 The one significant (negative) correlation also deserves explanation. While this 

does not appear to be a common pattern in Paleolithic faunal assemblages, if bones were 

being intensely processed for marrow and yet the epiphyses were not being fragmented 

(i.e., no grease rendering), limb bone shafts may be more heavily fragmented and thus 

less identifiable.  

Density mediated attrition: summary  

  Given the apparent evidence for post-depositional fragmentation, the lack of 

correlation between element frequencies and bone mineral density is a bit perplexing.  

This is because the mechanical/chemical processes that result in post-depositional 

destruction should have a greater impact on less dense bones, particularly if those less 

dense bones are burned, making them even more susceptible to in situ attrition.  While I 

do not have an explanation for this phenomenon at present, the lack of correlation 

between element frequency and bone density, combined with the evidence for a similar 

degree of post-depositional fragmentation across the three assemblages under 

consideration, suggests that any patterning in the element frequency data will not solely 

be a result of variability in post-depositional destruction but may reflect real differences 

in transport and processing behaviors.  

Taphonomic data: summary 
 

Reconstructing the taphonomic history of the assemblage is of critical importance 

in evaluating whether or not patterning in the faunal record is a product of human 

behavior or is an artifact of other processes such as carnivore activity or post-depositional 

decay.  In this chapter, I have explored the taphonomic history of the HP and post-HP 
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MSA assemblages in detail, demonstrating first that the assemblages do appear to have 

been primarily accumulated by human activity.  Looking to the variables that have most 

directly impacted the assemblage, I first explored the data on burning—the remarkably 

high frequencies and intensity of burning in the Sibudu assemblage make it unique 

among similarly dated sites.  Evidence suggests that while some of the burning likely 

occurred post-depositionally (due to exposure to heat from overlying fire structures), the 

bone was likely discarded into fire as a means of disposing of food waste; this would 

account for the very high frequencies of calcined bone, in particular.  Because 

combustion promotes fragmentation, and given that as bone becomes more fragile as it is 

more intensively burned, the heavy burning is no doubt partly responsible for the high 

degrees of fragmentation evidenced in the assemblage.  As burning also negatively 

impacts surface preservation, the burning likely also played a role in the relatively low 

frequency of surface modifications, particularly in the post-HP MSA 2. 

Analyses relating to the degree and intensity of fragmentation indicated that while 

post-HP MSA 2 may be slightly more fragmentary than the HP and post-HP MSA 1, 

likely because of its high frequency of calcined bone, as a whole, the degree of 

fragmentation seemed quite similar across the three units.  This similarity extended to the 

consideration of post-depositional destruction—Completion Indices for the small, 

compact bones indicated that while all three assemblages were affected by post-

depositional fragmentation, there were no significant differences between the units in 

terms of the degree of post-depositional destruction.   

Post-depositional fragmentation often results in a bias against less dense skeletal 

parts, which can skew interpretations of skeletal element frequencies.  As such, the 
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relationship between element frequencies and bone mineral density was explored; 

however, there were no significant positive correlations between the two, which seems to 

indicate that density mediated attrition has not significantly biased the skeletal part data. 

As a whole, the fact that the assemblages appear to be fragmented to a fairly similar 

degree, both in a general sense and as it relates to in situ attrition, and because evidence 

for density mediated attrition was absent, it would seem that patterning in the element 

frequency data are in fact real patterns that are potentially informative about variability in 

human behavior, rather than reflecting variation in the taphonomic history of the 

assemblages.   



Figure 6.13 Plots of nNISP vs. BMD 
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6.13 shows the results of the statistical testing.  

 As demonstrated in Table 6.13, only one case showed a statistically significant 

result (at α=.05), and in this case, there was actually a negative correlation—in other 

words, the less dense bone was actually more frequent than the dense bone.  The cases in  

which there were no significant results seem to suggest that the patterns in element 

frequency data are not primarily a factor of density-mediated attrition.  Given that post-

depositional destruction is expected to result in density-mediated attrition, this was 

unexpected, as the results presented earlier indicated that post-depositional fragmentation 

did affect the assemblages under consideration.  Lyman (1994) briefly mentioned a study 

in which no significant correlation was found between MAU and bone density (Grayson, 

1989; an assemblage of marmot bones); he pointed out that Grayson’s marmot bones 

were highly fragmentary, and proposed that the degree of fragmentation may have 

influenced the results.  Lyman did not address why heavy fragmentation would result in a 

lack of correlation between MAU and bone density, but it may have something to do with  

the fact that when highly fragmented, dense shaft fragments are less likely to be 

identifiable to skeletal element than epiphyses, which generally have more distinctive  

 

Phase 
Bovid Size 

Class n* Spearman's ρ 
p value   

(2-tailed) 
post-HP MSA 1 Bov II 47 0.0547 0.7131 
 Bov III+ 41 0.2881 0.0676 
post-HP MSA 2 Bov II 33 -0.3531 0.0440 
 Bov III+ 32 0.2385 0.1871 
HP Bov II 63 0.0678 0.5980 
 Bov III+ 54 0.0605 0.6690 
*n is the number of portion types with nNISP greater than 0 

 
Table 6.13 Spearman’s correlation statistics  
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morphologies. 

 The one significant (negative) correlation also deserves explanation. While this 

does not appear to be a common pattern in Paleolithic faunal assemblages, if bones were 

being intensely processed for marrow and yet the epiphyses were not being fragmented 

(i.e., no grease rendering), limb bone shafts may be more heavily fragmented and thus 

less identifiable.  

Density mediated attrition: summary  

  Given the apparent evidence for post-depositional fragmentation, the lack of 

correlation between element frequencies and bone mineral density is a bit perplexing.  

This is because the mechanical/chemical processes that result in post-depositional 

destruction should have a greater impact on less dense bones, particularly if those less 

dense bones are burned, making them even more susceptible to in situ attrition.  While I 

do not have an explanation for this phenomenon at present, the lack of correlation 

between element frequency and bone density, combined with the evidence for a similar 

degree of post-depositional fragmentation across the three assemblages under 

consideration, suggests that any patterning in the element frequency data will not solely 

be a result of variability in post-depositional destruction but may reflect real differences 

in transport and processing behaviors.  

Taphonomic data: summary 
 

Reconstructing the taphonomic history of the assemblage is of critical importance 

in evaluating whether or not patterning in the faunal record is a product of human 

behavior or is an artifact of other processes such as carnivore activity or post-depositional 

decay.  In this chapter, I have explored the taphonomic history of the HP and post-HP 



 165 

MSA assemblages in detail, demonstrating first that the assemblages do appear to have 

been primarily accumulated by human activity.  Looking to the variables that have most 

directly impacted the assemblage, I first explored the data on burning—the remarkably 

high frequencies and intensity of burning in the Sibudu assemblage make it unique 

among similarly dated sites.  Evidence suggests that while some of the burning likely 

occurred post-depositionally (due to exposure to heat from overlying fire structures), the 

bone was likely discarded into fire as a means of disposing of food waste; this would 

account for the very high frequencies of calcined bone, in particular.  Because 

combustion promotes fragmentation, and given that as bone becomes more fragile as it is 

more intensively burned, the heavy burning is no doubt partly responsible for the high 

degrees of fragmentation evidenced in the assemblage.  As burning also negatively 

impacts surface preservation, the burning likely also played a role in the relatively low 

frequency of surface modifications, particularly in the post-HP MSA 2. 

Analyses relating to the degree and intensity of fragmentation indicated that while 

post-HP MSA 2 may be slightly more fragmentary than the HP and post-HP MSA 1, 

likely because of its high frequency of calcined bone, as a whole, the degree of 

fragmentation seemed quite similar across the three units.  This similarity extended to the 

consideration of post-depositional destruction—Completion Indices for the small, 

compact bones indicated that while all three assemblages were affected by post-

depositional fragmentation, there were no significant differences between the units in 

terms of the degree of post-depositional destruction.   

Post-depositional fragmentation often results in a bias against less dense skeletal 

parts, which can skew interpretations of skeletal element frequencies.  As such, the 
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relationship between element frequencies and bone mineral density was explored; 

however, there were no significant positive correlations between the two, which seems to 

indicate that density mediated attrition has not significantly biased the skeletal part data. 

As a whole, the fact that the assemblages appear to be fragmented to a fairly similar 

degree, both in a general sense and as it relates to in situ attrition, and because evidence 

for density mediated attrition was absent, it would seem that patterning in the element 

frequency data are in fact real patterns that are potentially informative about variability in 

human behavior, rather than reflecting variation in the taphonomic history of the 

assemblages.   
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Chapter 7 
 

Animal Procurement and Processing: Prey Selection/Diet Breadth 
 

 

 In Chapter 2, I introduced the expectations for the resource stress model, focusing 

on the ways in which resource intensification can be identified in the faunal record.  In 

the next two chapters, I will turn to the archaeological record in order to explore the 

evidence for variability in animal procurement and processing behaviors—in this chapter, 

I will provide an analysis of prey selection during the HP and post-HP MSA, focusing in 

particular on evidence for changes in dietary breadth, while in the following chapter I 

will look at evidence relating to transport and processing strategies.   If the HP was in 

some way a response to resource stress, then that phase should show evidence for wider 

dietary breadth, reflected through any or all of the following: greater taxonomic 

diversification; greater evenness in the relative abundance of high- vs. low-ranking game; 

more frequency exploitation of small game; the inclusion of species with higher handling 

costs within a give size class; or an increased proportion of juveniles.  I begin the chapter 

with a brief recap of the logic behind these expectations, followed by a discussion of the 

specific methods zooarchaeologists have used to measure changes in dietary breadth over 

time (and possible problems in the application of these methods to the Sibudu fauna).  I 

then turn to the record at Sibudu in order to evaluate whether the evidence indicates any 

changes in dietary breadth over time.  
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Prey selection: diet breadth 

 As discussed in Chapter 2, models of foraging behavior developed in evolutionary 

ecology provide a framework for identifying resource intensification.  Under the prey 

choice model (Kaplan and Hill, 1992; Pianka, 1978; Stephens and Krebs, 1986), high-

ranking prey (those that will provide a higher energetic yield relative to search, pursuit 

and handling costs) will always be taken on encounter.  An abundance of high-ranking 

prey thus fosters a narrow diet focused upon a few select resources.  As the encounter 

rate with high-ranking prey declines, the model predicts that prey will be sequentially 

added to the diet in order of decreasing rank (Broughton, 1994). 

  Ethnographic and empirical data have demonstrated that when prey are acquired 

individually, larger-sized animals are generally higher ranked than smaller ones 

(Broughton and Grayson, 1993; Hawkes et al., 1982; Kelly, 1995; Lupo and Schmitt, 

2005).  This makes sense, as the energetic value provided by an animal is more or less 

proportional to its weight—larger prey provide greater returns with respect to nutritional 

variables (energy, protein, fat) and have the added benefit of providing more raw 

materials for tools/clothing (hides, fur, bones) (Broughton, 1994).  It must be kept in 

mind, however, that there is a point of diminishing returns, with the very largest prey 

(e.g., elephants, whales) generally having handling costs that outweigh their returns 

(Nagaoka, 2001).  These species aside, when given the opportunity, hunters should focus 

exclusively on large animals, and, as the abundance of large game declines, they should 

broaden their diet by either taking previously unexploited smaller game or by exploiting 

smaller animals with greater regularity (Ugan, 2005).  
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 However, several scholars have argued that focusing on body size alone 

potentially overlooks important differences in prey handling costs between animals of 

similar body size (Lupo and Schmitt, 2005; Stiner, 2003; Stiner and Munro, 2002; Stiner 

et al. 1999; 2000).  This research has primarily focused on variation in defense and 

escape mechanisms and the way these affect pursuit costs and thus relative prey rank.   

As discussed in Chapter 2, Stiner and colleagues (Stiner and Munro 2002; Stiner et al. 

1999; 2000) were able to document a shift in small game exploitation from a focus on 

slow reproducing, sessile game such as tortoise and shellfish during the Middle 

Paleolithic to a focus on quick flight, difficult to capture game such as hares and game 

birds during the Upper Paleolithic.  The latter would have been more costly to procure 

and therefore lower ranked; as such, it was argued that increasing frequencies of these 

species indicated a significant expansion in dietary breadth.  While Sibudu does not have 

a rich small game assemblage, a consideration of handling costs among larger game is 

also potentially meaningful (c.f., Hill et al., 1987).  For example, capturing aggressive 

large game such as the buffalo  and/or the smaller but fierce suids would potentially incur 

a higher risk (and thus higher costs) than the pursuit of more docile game such as the 

eland or the impala.   

 It has also been argued that increased focus on the exploitation of juveniles and 

young adults can indicate an expansion of dietary breadth in response to resource stress 

(Miracle, 1995; Munro, 2004; Speth, 2004a; Speth and Clark, 2006).  The small size and 

relatively limited body fat of juveniles means that these animals should be comparatively 

low-ranked resources.  Again, under optimal foraging models, the incorporation of low-

ranking resources into the diet should occur not when the numbers of low-ranked prey 
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increase, but rather when the abundance of high-ranking prey declines.  Thus, Speth and 

Clark (2006) argued that an increase in the number of juveniles does not necessarily 

reflect a seasonal indicator of their abundance on the landscape, but rather a possible sign 

of resource intensification.    

Measuring changes in diet breadth over time 
 
Taxonomic Diversity/Richness 
 
 On a broad level, evidence of increased dietary breadth is expected to take the 

form of a larger number of species in the diet (increasing taxonomic richness) and/or a 

greater proportional evenness between high- and low- ranked prey items in response to 

the declining availability of preferred types (Stiner, 2003; 2005).  Taxonomic richness is 

often explored through a comparison of the number of taxa (NTAXA) identified in 

assemblages under consideration (Grayson and Delpech, 1998; Lyman, 2008).   

However, there are a number of potential difficulties with using NTAXA as a means of 

comparing diet breadth across archaeological assemblages (see Grayson and Delpech, 

1998 for a detailed discussion).   

 Because archaeological faunal assemblages are generally comprised of a number 

indistinguishable collecting events, NTAXA reflects the maximum diet breadth over a 

given time period, rather than the average dietary breadth.  Differential time sampling can 

thus affect NTAXA values, as the longer an assemblage takes to accumulate, the greater 

the chances are that it will incorporate a low probability dietary event.  Along similar 

lines, taxonomically richer faunas are often larger than less taxonomically rich faunas, 

and thus the relationship between sample size and NTAXA must be explored before 

interpreting the results.  Changes in climate and technology can also cause the numbers 
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and kinds of taxa that enter the diet to change.  The ways in which these factors 

potentially impact the Sibudu assemblages will be discussed below.  

 In any case, it is also important to pay attention to the composition of the 

assemblages, as two faunal samples could have the same NTAXA but be comprised of 

completely different species.   Following Lyman (2008), I will use the Sorenson index 

(S), as a means of comparing the degree of similarity between two assemblages. The 

index (S) is calculated as: 

S= 100(2c)/(a+b) 
 
where a is the total number of taxa in fauna A, b is the total number of taxa in fauna B, 

and c is the number of taxa common to both A and B.  If all taxa are shared, the value of 

the index would be 100, if no taxa were held in common, the value would be 0.  The 

composition of two or more faunal assemblages can also be compared through a 

consideration of the degree of nestedness; this concept will be discussed in more detail 

later in this section. 

  Even if two assemblages are found to share the same taxa, there may still be 

significant differences in proportional abundances of low- and high- ranked taxa.  It is 

thus critical to combine measures of taxonomic richness with other measures of dietary 

breadth such as evenness.  It is this type of combined analysis that is most likely to 

provide real information on changes in dietary breadth over time (see Grayson and 

Delpech, 1998 for one such study). 

Evenness 

 The relative frequency with which high- and low- ranked prey are selected can 

provide an index of foraging efficiency, and thus measures of taxonomic evenness have  
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Figure 7.1 Predicted difference in evenness when highly ranked prey is abundant 
(Condition A), and when the availability of that prey has declined (Condition B) 
(based on Stiner 2005) 
 

also been employed in analyses of variation in diet breadth (Broughton, 1994).  To use 

Stiner’s (2005) example, a predator can afford to ignore low-ranked prey when more 

highly ranked prey are abundant on the landscape, fostering a narrow diet that 

emphasizes preferred prey types (Condition A in Figure 7.1).  As the supply of preferred 

prey declines, the predator’s returns are maximized by broadening the diet to include 

common but lower-yield resources.  This results in a more diverse diet in the sense that 

the predator’s focus is now spread more evenly between two or more prey types  

(Condition B in Figure 7.1).  Because of the general relationship between body size and 

prey rank, I will explore potential variation in evenness using body size as the 

determining factor of prey rank. 

 Zooarchaeologists have primarily employed two measures of evenness. The first  

is known as the Shannon index of evenness (Magurran, 1988) and is calculated as 

follows: 
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-∑ Pi (ln Pi) 
__________ 

ln S 
 
where P is the proportion of taxon i in the assemblage and S is the number of types.  The 

Shannon index is constrained to fall between 0 and 1, with a value of 1 indicating that all 

taxa are equally abundant.  Another frequently used measure of evenness is known as the 

reciprocal of Simpson’s index.  This is often calculated using the formula: 

 
1/∑ pi

2 
 
with p again denoting the proportion of taxon i in the assemblage.  However, this formula 

is based on the assumption that the population is infinitely large, and because the sample 

of remains in an archaeological deposit is finite, I follow Jones (2004) and Lyman (2008) 

in calculating Simpson’s index as follows: 
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where n is the number of specimens of the ith taxon and N is the total number of 

specimens of all taxa.  Simpson’s index is known as D because it is more sensitive to the 

dominance of a single taxon than is the Shannon index.  The lower the value of the index, 

the more the assemblage is dominated by a single taxon; thus, 1/D increases as evenness 

increases.   

 As was the case with measures of richness, measures of evenness can also be 

influenced by sample size, and, as such, the relationship between evenness and sample 

size must be explored.  Nagaoka (2001) highlighted another potential issue with evenness 

values—the indices do not take into account the position of prey in a rank order set.  As a 

result, the evenness of an assemblage can remain unchanged even when the diet itself is 
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changing.  To use her example, during one period 80% of the assemblage may be 

comprised of Prey A, a high-ranked resource, with the remaining 20% from Prey B, a 

low-ranking source.  Later, Prey #2 may increase to 80% of the assemblage while Prey 

#1 declines to 20%.  The evenness value will be the same in either case, even though the 

diet is markedly different.  Thus, it is also important to take into consideration the 

composition of the fauna when comparing evenness values. 

Nestedness 

 Both Jones (2004) and Lyman (2008) also advocate a consideration of nestedness 

when exploring evidence for variation in diet breadth, although they propose using it in 

slightly different ways.  Lyman (2008:167-170) provides a detailed discussion of the 

concept of nestedness; to summarize briefly, in a perfectly nested faunal assemblage, taxa 

which are absent from a large sample are also expected to be absent from all smaller 

samples, while taxa present in a small faunal assemblage are expected to be present in all 

larger samples.  In poorly or weakly nested faunal assemblages, some taxa may occur 

unexpectedly in small or large samples but not in midsized assemblages, and other taxa 

which occur in midsized or small assemblages may not occur in large ones.  If a series of 

fauna are strongly nested, then it is probable that the samples derive from the same 

population, but if they are weakly nested, it is more likely that they derive from different 

populations. 

 Lyman (2008) focuses primarily on the value of the nestedness concept as a 

means of looking at sample size effects.  If a small faunal sample should approximate a 

random sample of a larger assemblage, then when two or more assemblages of differing 

size are compared, they should be nested (if they derive from the same population). If 
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they are nested, rarefaction analyses can then be conducted as a means of comparing 

samples of different sizes.  If they are not nested (and thus do not appear to be from the 

same population), Lyman (2008) argues that rarefaction analysis is no longer appropriate.  

 Jones (2004) turned to nestedness as a means of looking for evidence of 

increasing dietary breadth over time.  If encounter rates with high-ranked prey were 

declining, one would expect earlier assemblages to be nested subsets of later ones (in 

other words, while high-ranked taxa would be present throughout, later assemblages 

would show an increasing number of species as taxa were added to the diet in order of 

decreasing rank).  Keep in mind, however, that this assumes that the samples were 

derived from the same population.   

 In looking at the degree of nestedness of the HP and post-HP MSA fauna at 

Sibudu, I will follow Jones (2004) and Lyman (2008) in using Atmar and Patterson’s 

Nestedness Calculator (1995; see Atmar and Patterson, 1993 for a discussion of the 

theory behind the program), which provides a measure of the degree of nestedness using 

a presence-absence matrix.  The Calculator provides a system “temperature,” with 0 

degrees indicating a perfectly nested subset (also known as a “cold” system), and 100 

degrees indicating a completely random order, or a “hot” system.  In addition, the 

Calculator includes a Monte Carlo simulation that provides a measure of the probability 

that the assemblages would be drawn randomly.  

Measuring changes in diet breadth at Sibudu: complicating factors 
 
 When exploring evidence for changes in dietary breadth in the HP and post-HP 

MSA, a number of the aforementioned caveats must be taken into account.  First, the 

number of identified remains is much higher in the HP than in post-HP MSA (HP= 3380; 
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post-HP MSA 2= 503; post-HP MSA 1= 796).   OSL dating also indicates that the HP 

may have accumulated over a slightly longer period of time than did the post-HP MSA 

(~7,000 years for the HP vs. ~6,000 years for the post-HP MSA; Jacobs et al., 2008a; 

2008c).  This is particularly relevant to comparisons of taxonomic richness, as both 

factors may result in a higher NTAXA in the HP.  Thus, increased richness in the HP will 

not necessarily indicate an expansion in diet breadth—this is why using other measures 

of dietary breadth is so important.   

  In many parts of the world, changes in the abundance and distribution of  

mammalian prey are correlated with climate change; shifts in habitat types can increase 

or decrease the breadth of resources that are potentially exploitable (Grayson and 

Cannon, 1999).  This is important because the botanical and faunal data both provide 

fairly strong evidence for climate change between the HP and the post-HP MSA.  This 

could also negatively impact the utility of taxonomic richness as a measure of diet 

breadth, as the use of such measures presumes that the same populations were being 

exploited—an assumption that will not be met if the available taxa varied due to climate 

change.   

 It is relevant to mention that variability in the relative frequency with which high- 

and low-ranked prey are selected (evenness) may also be linked to changes in climate 

(Lupo, 2007).  For instance, large grazing animals will occur more commonly in open 

environments than in forested habitats.  While this does not detract from the ultimate 

utility of evenness as a means of identifying variability in diet breadth over time, the 

impact of climate on the measure should be kept in mind, and I will come back to this 

issue later in the chapter. 
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 Variability in procurement technology can also affect prey rankings (Nagaoka, 

2002).  With more efficient technology, the handling costs related to the pursuit and 

capture of a given species may decline; the resulting improvement in net returns for that 

prey may increase its relative rank.  For example, nets may allow small prey that were 

previously taken individually to be taken en masse, which can increase their return rates 

dramatically (Grayson and Cannon, 1999).  The possibility that snares, nets, or traps were 

used in the HP has been raised (Wadley, 2006; Clark and Plug, 2008); however, these are 

made of perishable materials and thus direct evidence for such technology is lacking. In 

any case, the technological innovations necessary to reduce the handling costs of small 

prey often result in an increased investment of time and labor in tool production (Stiner, 

2005), leading some to argue that changes in technology associated with the more 

intensive exploitation of low-ranked prey are in and of themselves a reflection of 

increased dietary breadth (Ugan, 2005).   

 Projectile technology such as the bow and arrow may reduce costs associated with 

the pursuit of dangerous prey.  As discussed in Chapter 3, the HP assemblage lacks 

traditional MSA stone points but does include backed microliths and finely made bone 

points—Wadley and Mohapi (2008) and Backwell et al. (2008) have proposed that each 

of these tool classes were used to tip arrows.  The post-HP MSA, on the other hand, is 

dominated by traditional MSA stone points; metric data indicate that these were used to 

tip spears that were either thrust or hand-cast (Villa and Lenoir, 2006).   

 Hypothetically speaking, if the HP inhabitants of Sibudu were using the bow and 

arrow, while the post-HP MSA populations were using primarily hand-thrust spears, this 

would potentially create problems with the use of prey handling costs as a means of 
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exploring evidence for increased dietary breadth, as the bow and arrow would 

presumably reduce the costs associated with the pursuit of dangerous game by increasing 

the kill distance.  In this case, an increased frequency of this game would thus not 

necessarily indicate a wider dietary breadth.  However, the presence of the bow and 

arrow in the HP is still speculative, and the spears utilized in the post-HP MSA may have 

been used as projectile (rather than thrusting) weapons.  Thus while it is important to 

keep in mind the potential impact of differences in hunting technology, we cannot at 

present take these differences as a given.  

 As a whole, I think it is fairly clear that the application of measures of diet 

breadth to the Sibudu assemblage is by no means straightforward.  However, I do not 

believe that the measures are therefore useless; I think they can be informative about 

changes in subsistence behaviors as long as the aforementioned caveats are taken into 

account.  Furthermore, as is so often the case, an argument in favor of increased dietary 

breadth will be strongest when several different lines of evidence point to a similar 

conclusion.  In the following section, I will turn to the record from the HP and post-HP 

MSA in order to evaluate whether the HP shows evidence of wider diet breadth than does 

the post-HP MSA.   

Diet breadth in the HP and post-HP MSA 
 
Richness 
 
 In exploring evidence for variation in diet breadth during the HP and post-HP 

MSA, I first look at taxonomic richness, expressed as NTAXA.  I chose to focus on the 

ungulate remains because while  it seems clear that the ungulate fauna were accumulated 

predominantly by human activity (see Chapter 6), the agents responsible for the  
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  post-HP MSA 1 post-HP MSA 2 HP 
  n % total n % total n % total 
Ungulates 780 97.99% 478 95.03% 2989 88.43% 
Non-Ungulates 16 2.01% 25 4.97% 391 11.57% 

Total 796 100% 503 100% 3380 100% 
 
Table 7.1: Relative frequency of ungulate vs. non-ungulate macrofauna 
 

accumulation of the remainder of the macrofauna is less clear.  The sample of non-

ungulate fauna (comprised of rare medium/large carnivore remains and a variety of small 

game) was relatively small (Table 7.1), and none of these remains preserved cutmarks or 

percussion damage, although an ulna belonging to a vervet monkey was clearly worked 

(submitted to L. Backwell for analysis).  The percentage of moderately to highly burned 

bone is comparable to that for the total identified sample, which may indicate human  

involvement, but, as discussed in Chapter 6, at least some of the burning appears to be 

post-depositional.  Based on the avian fauna, Plug and Clark (2008) proposed that the HP 

deposits may have preserved more episodes of less intensive human occupation than did 

the later MSA deposits.  If this were the case, it may partially account for the increased 

frequency of non-ungulate fauna in the HP, as most of the species represented have been 

known to occur in rockshelters.  For the present purposes, because the accumulating 

agent of this fauna is ambiguous, it makes more sense to focus on the ungulate remains. 

 Ungulate data are presented in Table 7.2.  Following Grayson and Delpech (1998) 

“cf.” material was included.  Species are listed in order of body size, from largest to 

smallest.  I included the “other ungulate” category, which comprises all of the ungulate 

remains not identifiable to species, because the total number of analyzed ungulate bones 

is relevant when looking for potential sample size effects.  The table raises several points 

of note.  First, there is not a straightforward relationship between sample size and  
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  Avg. weight (kg) 
Ungulate Species F M 

post-HP 
MSA 1 

post-HP 
MSA 2 HP 

cf. Giraffa camelopardalis 828 1192 4 1 - 
cf. Pelorovis antiquus extinct 6 - - 
Megalotragus priscus extinct 3 - 4 
Syncerus caffer 433 631 18 2 19 
Tragelaphus oryx 460 650 1 3 6 
Equus quagga 302 313 22 - 6 
cf. Equus capensis extinct 3 1 - 
Hippotragus equinus 230* 270* - - 5 
Kobus ellipsyprimnus 180* 260* 2 - - 
Connochaetes taurinus 183 250 9 2 1 
Tragelaphus strepsiceros 152 287 11 - - 
cf. Alcelaphus buselaphus 120 152 1 - - 
Potamochoerus larvatus 70 72 - 13 299 
Damaliscus pygargus 65* 75* 1 - - 
Phacocoerus africanus 57 80 5 4 - 
Aepyceros melampus 41* 60* 1 1 4 
Tragelaphus scriptus 36* 60* 4 2 7 
Redunca fulvorufula 31 27 1 - - 
Pelea capreolus 25^ 25^ - - 5 
Sylviacapra grimmia 17 16 - - 2 
Cephalophus natalensis 12 12 - - 4 
Oreotragus oreotragus 13 11 - 3 - 
Raphicerus campestris 11 11 - - 20 
Philantomba monticola 5 4 2 14 1208 
Other ungulate remains n/a n/a 686 432 1399 

    
Total 
NISP 780 478 2989 

NTAXA (not including "other") 17 11 14 
*weight data from Bothma (2002)    
^data on avg. weight for both sexes, from Estes (1992)   

 
Table 7.2 Ungulate data from HP and post-HP MSA (unless otherwise specified, 
weight data from Skinner and Chimimba, 2005)  
 
 
NTAXA.  Despite the fact that the HP had the largest sample and was accumulated over a 

longer period of time, it does not have the largest number of taxa—the post-HP MSA 1 

does.  If the “cf.” material were to be removed, the HP would have the highest NTAXA, 

but only by one (14 vs. 13 in the post-HP MSA 1)—considering that the HP sample is 

nearly four times larger than the post-HP MSA 1, these data still suggests that sample 

size is not the primary factor in determining NTAXA. 
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 post-HP MSA 1 post-HP MSA 2 HP 
post-HP MSA 1 - 64.29 51.61 
post-HP MSA 2 - - 56.00 
HP - - - 

 
Table 7.3 Sorenson Index values of similarity  
 

 The second point raised by Table 7.2 relates to the composition of the fauna.  As 

discussed above, climate change can cause both the number and kind of taxa that enter 

the diet to vary—under these circumstances, NTAXA may not be a valid indicator of 

dietary breadth.  Because the botanical and faunal data strongly indicated that an 

environmental shift occurred during the period under consideration, it was expected that 

the composition of the fauna would not necessarily be the same in all three assemblages.  

I used the Sorenson index as a means of exploring the degree of similarity between each 

of the assemblages; results of the pair-wise comparisons are presented in Table 7.3.  

Remembering that the value of the index will be 100 if all taxa are shared, it is clear from 

Table 7.3 that none of the faunal assemblages are particularly similar to each other.  As 

expected given the environmental data, the HP and the post-HP MSA 1 assemblage were 

the least similar.  Note that the analysis included all species listed in Table 7.2, including 

the “cf.” identifications.  However, the results remain largely unchanged if the “cf.” 

material is excluded—the values changed slightly, but the relative order remained the 

same (HP/post-HP MSA 1 the least similar, the two post-HP MSA assemblages the most 

similar).  

 A consideration of the degree of nestedness can also serve as a means of 

evaluating whether the samples were likely to have derived from the same population.  

Once the presence-absence data are entered into Atmar and Patterson’s Nestedness 
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Figure 7.2 Nestedness matrix for the HP and post-HP MSA assemblages 
 

 
Calculator, the matrix is maximally packed (based on NTAXA and degree of similarity) 

and then the degree of nestedness is calculated.  The matrix for the three assemblages is 

presented in Figure 7.2; because the assemblages are ordered by NTAXA, the order of 

the assemblages, from top to bottom, is post-HP MSA 1, HP, post-HP MSA 2.  The 

figure highlights the fact that a relatively small number of taxa are shared between the 

three assemblages—half of the taxa appear in only one of the three units.   The nested  

temperature is 35.83 degrees, indicating a relatively low degree of nestedness.  The 

Monte Carlo derived probability that the matrix was randomly generated is .788, and thus 

the degree of nestedness is not significantly different (at α=.05) than that which would be 

expected given random chance. (for comparison, see Lyman, 2008: 170,  Figure 4.12 for 

a matrix derived from a series of assemblages that are significantly nested).   

 In short, these analyses indicate that the three assemblages under consideration  

do not appear to have derived from the same population.  Again, given the evidence for 

environmental change in the vicinity of Sibudu, this is not particularly surprising.  What 

it does mean, however, is that NTAXA does not serve as good indicator of diet breadth, 

and thus we must turn to other measures, such as the degree of evenness in the 

representation of high- vs. low-ranked game.   

Evenness 
 
 As discussed above, archaeologists have used increasing evenness in the  
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representation of high- and low-ranked prey as a sign of expanded dietary breadth.  Since 

I am using body size as a proxy for rank, I will explore evidence for changes in evenness 

in terms of the representation of large vs. small game.  Table 7.4 presents the size class 

data (including between-class remains) for the HP and post-HP MSA; Figure 7.3 presents 

the same data in graphical form.  For this analysis, the species-level identifications have 

been combined with those remains identifiable only to size class—this is why the 

numbers are different from the species list presented in Chapter 4.   

 Note that although the size classes are based on the categories derived for bovid 

remains, the remaining ungulates have been added as well.  Suids were added to the Bov 

II size class, and the giraffe falls within the Bov V category.  The equids were a bit more 

difficult to assign to size class.  The average body weight for the plains zebra (Equus 

quagga) is just above 295 kg, and thus the species would technically fit within the Bov 

IV category.  However, other equids occurring in southern Africa have an average weight 

of less than 295 kg, and, in other analyses (e.g., Wadley et al., 2008), all zebra species are 

grouped with the Bov III remains.  Because it is not clear to which species all of the 

equid remains belong, I decided to add all of the equids to the Bov III/IV size class. 

 
 post-HP MSA 1 post-HP MSA 2 HP 
Bov I 34 77 1608 
Bov I/II 3 22 23 
Bov II (+ suids) 225 231 909 
Bov II/III 11 12 24 
Bov III 311 74 282 
Bov III/IV (+ equids) 86 30 58 
Bov IV 80 29 79 
Bov IV/V 13 2 2 
Bov V (+ cf. giraffe) 17 1 4 

Grand Total 780 478 2989 
 
Table 7.4 Size class data (NISP) 
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Figure 7.3  Size class data in graphical form 
 

 As evidenced in Figure 7.3 (and as first discussed in the previous chapter), there is 

a marked change in the representation of large vs. small game over time, with the post-

HP MSA showing a much higher frequency of medium and large game.  Given that 

larger ungulates of the type that dominate the post-HP MSA 1 assemblage tend to occur 

more frequently in open habitats, this pattern is no doubt at least partly a reflection of the 

changes in the local environment.  

 In comparing the evenness in the representation of high- and low-ranked game, I 

divided the remains into three classes: small game (Bov I)/low-ranked, medium game 

(Bov II and suids)/medium-ranked, and large game (Bov III+, including equids)/high-

ranked.  Data on the NISP and the relative abundance of each class are presented in Table 

7.5, which also provides measures of the evenness of each assemblage, using both the 

Shannon index and the Reciprocal of Simpson’s index.  Note that for this analysis, while  
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  post-HP MSA 1 post-HP MSA 2 HP 
Body Size/Relative Prey Rank n p n p n p 
Small (Bov I)/Low 34 0.0444 77 0.1734 1608 0.5466 
Medium (Bov II, incl. suids)/ 
Medium 225 0.2937 231 0.5203 909 0.3090 
Large (Bov III+, incl. equids)/ 
High 507 0.6619 136 0.3063 425 0.1445 

Evenness             
Shannon Index 0.7020 0.9159 0.8853 
Reciprocal of Simpson's Index 1.90 2.54 2.41 

 
Table 7.5 Relative abundance data by size class/prey rank, with evenness values 
 
 

The remains identifiable as only Bov III/IV and IV/V were subsumed within the large 

size class, the Bov I/II and Bov II/III remains were not included. 

 The results indicate that while the HP and post-HP MSA 2 display a similar (and 

high) degree of evenness, the post-HP MSA 1 assemblage is distinctly less even, 

indicating a reduction in dietary breadth over time.  Given that the post-HP MSA 1 is 

more heavily dominated by large game, which presumably would have been the highest 

ranking prey, the relationship between evenness and dietary breadth for this period seems 

straightforward.  On the other hand, while the HP and post-HP MSA 2 show a similar 

degree of evenness, a consideration of the composition of the two assemblages indicates 

that this measure may be obscuring variability in diet breadth in just the way Nagaoka 

(2001; 2002) warned of.  The evenness values ended up being very similar because the 

three relative abundance values on which the indices are calculated are roughly the same.  

However, in the HP, ~85% of the remains come from small or medium game, while in 

the post-HP MSA ~83% of the remains come from medium or large game.  This suggests 

that if prey size is a valid proxy for prey rank, diet breadth was actually widest in the HP. 
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 Another way of getting at this issue is to use the relative abundance index (AI), 

originally introduced by Bayham (1979, cited in Ugan, 2005), which is simply calculated 

as the ratio of large bodied animals to the sum of the large and small ones 

(Large/(Large+Small)).  Again, given the general correspondence between body size and 

return rates, declines in this index imply reduced foraging returns  (Ugan, 2005).  In the 

North American literature, this index often takes the form of the “Artiodactyl Index,” in 

which the relative proportion of artiodactyls (large game) and lagomorphs (small game) 

is compared (c.f., Byers and Broughton, 2004).  In this case, I would argue that the 

smallest bovids (Bov I) are suitable for use as the “small game” in the index, particularly 

since the most common small bovid, the blue duiker, has an average mass of only ~4 kg 

(which is comparable to many lagomorphs—for example, the Natal red rock rabbit has an 

average mass of 2.6 kg, data from Skinner and Chimimba, 2005).  The “large game” in  

the index would thus be all ungulate remains larger than Bov I.  As evidenced in Table  
 
7.6, the index is lowest in the HP and rises steadily over time, suggesting an increase in  
 
foraging efficiency (and a reduction in diet breath) in the post-HP MSA.  
 
Prey characteristics 
 
 Earlier, I proposed that an increased focus on aggressive/dangerous game may 

serve as a potential indicator of expanded dietary breadth, as the procurement costs 

associated with these species should be higher than those associated with the pursuit of 

 

 Abundance Index 
post-HP MSA 1 0.9564 
post-HP MSA 2 0.8389 
HP 0.5771 

 
Table 7.6 Results of abundance index (large/(large+small)), where small=Bov I 
remains 
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more docile game. I turned to Skinner and Chimimba (2005) and Estes (1992) for 

information on the defense and escape strategies of the identified species (refer back to 

Table 7.2 for species and NISP counts, analysis included “cf.” identifications).  In terms 

of the “fight or flight” dichotomy, most of the identified species employ some variation 

of the “flight” strategy—some will freeze and flee, while others (particularly those that 

inhabit closed environments) will first hide and then flee if the perceived source of 

danger comes too close. Three species are well known to be aggressive/confrontational: 

the African buffalo, the warthog, and the bushpig.  An additional four species will 

generally flee but can be aggressive and dangerous: giraffe (size/speed/good vision make 

these difficult to track and kill in any case, but they are known to kick in defense), 

waterbuck (males are known to confront predators), roan antelope (while these are often 

cited as being aggressive, Estes (1992) claims that evidence is mostly anecdotal), and 

bushbuck (cornered/wounded males are said to be incredibly aggressive and dangerous).  

 In exploring potential evidence for changes in the representation of these species 

over time, there are two factors that must be taken into consideration.  Certain species 

(particularly the bushbuck) have rather specific habitat requirements, and thus variation 

in the presence of these species is likely to have more to do with environmental change 

than variation in diet breadth.  The sample sizes for roan antelope, waterbuck, and giraffe 

are incredibly small (the highest NISP for any of these is 5), negating any real 

comparison of their frequency of occurrence over time.   

 Sample sizes are slightly larger for the African buffalo, and while the species does 

prefer more open habitats, the other species in the same size class (the relatively more 

docile eland) also prefers open environments, and thus the relative proportion of buffalo  
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 post-HP MSA 1 post-HP MSA 2 HP 
Syncerus caffer 
(African buffalo) 18 2 19 

Tragelaphus oryx 
(Eland) 4 2 7 

% Buffalo 81.81% 50.00% 73.07% 

 
Table 7.7 Data on the relative representation of African buffalo and eland (NISP) 
 
 

to eland may be informative.  These data are presented in Table 7.7.  A chi-squared 

analysis finds no significant difference in this ratio between the three assemblages 

(χ2=1.93, p = 0.3810), although these results are potentially problematic given that more 

than 20% of the expected frequencies are less than 5.  If we remove the post-HP MSA 2 

because of its small sample size, the difference between the HP and the post-HP MSA 1 

remains insignificant (χ2= 0.515, p = 0.4730).   

 The other two species known to be highly aggressive are suids.  Suid remains are 

very distinctive, particularly when compared to bovids, with species-level identification 

for bovids generally requiring a complete or nearly complete tooth (the blue duiker being 

a notable exception, as the species was identifiable based on its very small size).  It is 

thus perhaps most appropriate to look at the proportion of suid remains (including the 

generic “suid” category) as compared to the other medium-sized game (in this case, Bov 

II).   As demonstrated in Table 7.8, suids are best represented in the HP and show a clear 

decline in frequency over time; the difference is highly significant (χ2=37.601,   

p < 0.0001).  

 Because the warthog and the bushpig frequent different habitats (open vs. closed), 

changes in the frequency of occurrence should not primarily be a factor of environmental  
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 post-HP MSA 1 post-HP MSA 2 HP 
Suids 25 44 318 
Other similar sized ungulates 
(Bov II) 225 231 909 

% Suid 11.11% 19.05% 34.98% 

 
Table 7.8 Data on the representation of suids vs. other similar sized ungulates 
(NISP) 
 

 
change.  The difference may thus indicate the diet breadth was relatively wider during the 

HP, as predicted by the stress models.  However, there are two things to keep in mind.  

First, while the two species do occur in different habitats, their density on the landscape 

may have varied.  It is possible that the bushpig (only identified in the HP and the post-

HP MSA 2) may have been present at higher densities than the warthog (only identified 

in the two post-HP MSA assemblages). 

 It is also relevant to keep in mind that the degree of danger involved in the  
 
procurement of these species will be (at least in part) a factor of the hunting technology 

employed.  While dangerous to hunt at close distances (such as those required by use of a 

hand-thrust spear), the increased striking distance afforded by projectile weaponry, 

whether that be the bow and arrow, a spear thrower, or even a hand-cast spear, should  

mitigate the danger, as would remote capture technology such as traps or snares.  Again, 

while there is some evidence suggesting that more advanced projectile technology may 

have been present during the HP (Backwell et al., 2008; Wadley and Mohapi, 2008), the 

presence of that technology remains speculative. 

Presence of juveniles 
 
 The final line of evidence dealing with prey selection relates to the presence of 

juveniles in the assemblage.  As discussed above, some scholars (e.g., Speth 2004; Speth 
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and Clark, 2006) have argued that a decline in the mean age at capture may indicate an 

expansion of diet breadth.  Calculating the mean age of prey at capture would require a 

sufficient sample of ageable teeth, which the Sibudu assemblages do not have.  Instead, I 

can look for changes in the relative frequency of young animals.  Table 7.9 provides data 

on the number of fetal/neonate, juvenile, and aged remains for the ungulate assemblage. 

Keep in mind that the number of juvenile remains must be taken as minimums, as some 

mid-shaft fragments may actually belong to juveniles (the same can be argued for the 

aged remains). 

 For the present purposes, we are interested in variation in the frequency of the 

juvenile remains—fetal/neonate remains will not be considered because these likely 

reflect the taking of pregnant females rather than the targeting of newly born infants.  If 

the percentage of juveniles in the total ungulate assemblage is compared across the three 

units using chi-squared analysis, the difference is not significant at α=0.05 (χ2=4.836; 

p=0.0891).  When the data is broken down by animal type, however, some interesting 

 

 post-HP MSA 1 post-HP MSA 2 HP 
 F/N Juv Aged F/N Juv Aged F/N Juv Aged 
Bov I 0 1 0 0 3 0 10 175 11 
Bov I/II 0 0 0 0 0 0 0 2 0 
Bov II 1 11 0 0 9 0 15 29 1 
Bov II/III 0 2 0 0 0 0 1 1 0 
Bov III 2 29 2 0 5 0 9 20 1 
Bov III/IV 0 7 0 0 0 0 0 2 0 
Bov IV 2 10 0 0 1 0 2 4 2 
Bov IV/V 0 0 0 0 0 0 1 1 0 
Bov V 0 0 0 0 0 0 0 4 0 
Suid 0 6 0 1 5 0 12 26 7 
Equid 0 3 0 0 5 0 0 0 0 
Total 5 69 2 1 28 0 50 264 22 
% of total ungulate 
assemblage 0.64% 8.85% 0.26% 0.21% 5.86% 0.00% 1.67% 8.83% 0.74% 

 
Table 7.9 Age data for HP and post-HP MSA (in NISP) 
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Figure 7.4 Proportion of juvenile remains by phase 
 

 
patterns emerge. Figure 7.4 plots the percentage of juveniles as compared to the total 

number of remains for the major bovid sizes classes (due to small samples, the largest 

size classes (Bov IV+) were combined for analysis) and suids (equids are not included on 

the chart because of the extremely low sample sizes for the HP and the post-HP MSA 2).   

 The first and most obvious difference lies in the proportion of juvenile suid 

remains, which rises steadily over time (the difference is significant, with χ2=6.861 and     

p = 0.0088, however, there is again a potential issue because 20% of the expected 

frequencies are less than 5).  Juvenile suids were also taken more frequently than juvenile 

bovids in the post-HP MSA—this difference is especially marked in the post-HP MSA 1.  

While this pattern would appear to be opposite from what would be expected if resource 

stress were more common in the HP, it may be that the increase in suid remains in the 
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post-HP MSA is actually related to changes in procurement technology.  As discussed in 

the previous section, if the HP inhabitants of Sibudu did have the bow and arrow, or 

perhaps some form of remote capture technology, procuring adult suids would have been 

relatively less dangerous.  If the post-HP MSA inhabitants of Sibudu no longer had this 

technology, the focus may have shifted to juvenile suids, which are much more 

susceptible to predation than the adults (Skinner and Chimimba, 2005). 

 Another potentially interesting pattern relates to the proportion of juvenile 

remains in the various bovid size classes.  In general, the relative frequency of juvenile 

remains increases in tandem with body size.  There are only two deviations from this 

pattern—the lower than expected representation of Bov IV juveniles in the post-HP MSA 

2, and higher than expected representation of Bov I juveniles in the HP.  The broader 

pattern makes logical sense; juveniles of larger bodied animals will provide more 

resources and thus should be higher ranked than juveniles of small-bodied animals.  It 

may be that this is a taphonomic signature, with the bones of small-bodied juveniles 

being more fragile and thus less likely to survive, and yet in both the HP and the post-HP 

MSA 2, Bov I juveniles are more common than Bov IV juveniles.  It will be interesting to 

see whether this pattern will hold as the sample sizes are increased. 

 As far as the deviations from this general pattern are concerned, there is a marked 

drop in the representation of juveniles of the largest bovids in the post-HP MSA 2; 

however, the small sample of juveniles for this phase (see Table 7.9) makes interpretation 

of this pattern difficult.  Given the much larger sample sizes in the HP, the higher than 

expected representation of Bov I juveniles in the HP is more likely to reflect a real 

pattern.  There are at least two possible explanations for this.  First, the increased focus 
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on juveniles of even the smallest bovids may reflect a real expansion in dietary breadth, 

as a juvenile blue duiker (again, the most common Bov I species in the HP) would 

provide very little nutritional value.  However, the pattern may also be a reflection of the 

procurement technology employed by the HP inhabitants of Sibudu.   

 Studies of modern foraging populations from central Africa who regularly prey on 

blue duiker have demonstrated that the age profile of capture duikers varies depending on 

the procurement method employed, with immature duikers more likely to be taken in nets 

than when traps or snares are employed (Lupo and Schmitt, 2002).   Unfortunately, I 

could locate no data on the proportion of juveniles taken when spears are used, although 

optimal foraging theory would say that, when taken individually, adults should be 

preferentially targeted due to their larger body size.  In the absence of nets, however, the 

higher frequency of small bodied juveniles in the HP assemblage may serve as an 

indication of resource stress during that period. 

Diet breadth in the HP and post-HP MSA: summary 
 
 In this chapter, I have explored the evidence for variation in diet breadth during 

the HP and post-HP MSA.  In so doing, I discovered that taxonomic diversification, as 

measured by NTAXA, was not an appropriate measure of diet breadth at Sibudu.  This is 

because analyses of similarity and nestedness indicated that the faunal assemblages from 

the HP and post-HP MSA were not derived from the same population—not surprising 

given the fairly strong evidence for climate change presented in Chapter 5.   

 A consideration of variation in evenness in the representation of high- and low-

ranked prey (here defined by body size) was more useful.  Both measures of evenness 

employed for this analysis (the Shannon index and the reciprocal of Simpson’s index) 
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indicated that the post-HP MSA 1 assemblage was the least even.  Given that this 

assemblage was dominated by highly-ranked large game, these results suggest that diet 

breadth was narrowest during this phase.  The HP and post-HP MSA 2 showed similar 

evenness values, but this measure was found to be slightly misleading; while relative 

abundance values on which the evenness was calculated were similar, the composition of 

the prey was different, with the HP dominated by small and medium game and the post-

HP MSA 2 dominated by medium and large game.  This suggests that diet breadth was 

actually widest during the HP.  I also calculated the Abundance Index, which is based on 

the ratio of large to small game.  The index increased over time, again indicating an 

increase in foraging returns (and a reduction of dietary breadth) after the HP.  The 

increase in large, highly-ranked prey in the post-HP MSA may be linked to the apparent 

changes in the local environment, as these species tend to occur more frequently in open 

environments than in forested habitats.  

 Because a focus on body size alone can obscure important differences in prey 

handling costs among animals within a given size class, I also looked for variation in the 

presence of dangerous game, which would have been more costly to procure and thus 

lower-ranked.  Of the seven species that can potentially be aggressive/dangerous, only 

three were appropriate for consideration: the African buffalo, warthog, and the bushpig, 

which are, in any case, the three most aggressive species represented in the Sibudu 

ungulate fauna.  There was no clear change over time in the representation of buffalo vs. 

other similar-sized game (eland), but there was a statistically significant reduction in the 

exploitation of suids over time.  If this is not a reflection of technological changes that 

would have lowered the risk (and thus the cost) associated with the procurement of this 
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game, then these data mesh with the earlier results and suggest that diet breadth was 

widest during the HP and declined steadily over time. 

 I last looked at evidence for the changes in the relative abundance of juvenile 

remains.  While there was no significant difference in terms of the frequency of juveniles 

at the level of the total ungulate assemblage, breaking the data down revealed some 

particularly interesting patterns.  The frequency of juvenile suids actually increased in the 

post-HP MSA—so, not only did the total proportion of suids decline over time, but the 

focus also shifted to increased capture  of juveniles, which are much more susceptible to 

predation than adults—this could be related to the changes in procurement technology.  

The HP also showed a greater than expected focus on  juveniles from the smallest bovids, 

both as compared to the post-HP MSA, and as compared to other bovid size classes.  

While larger sample sizes will be necessary for establishing the validity of this pattern, it 

may be a further indicator of increased dietary breadth during the HP. 

 As a whole, then, the various lines of evidence that speak to diet breadth appear to 

correlate well with each other, and indicate that, as predicted by the resource stress 

model, dietary breadth was widest during the HP and narrowed throughout the post-HP 

MSA.  In the next chapter I will turn to the data on carcass transport and processing 

strategies to evaluate whether these lines of evidence provide similar results as those 

presented here. 
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Chapter 8 
 

Animal Procurement and Processing: Carcass Transport and Processing Strategies  
 

 

 In the previous chapter, I explored evidence for temporal changes in dietary 

breadth, concluding that signs of expanded dietary breadth did appear to be more 

common in the HP, as was predicted by the resource stress models.  In this chapter, I turn 

to evidence on carcass transport and processing strategies.  Beyond measures of 

subsistence diversification, more intensive carcass use and processing should be 

evidenced during periods of stress.  Signs of subsistence stress can include increased 

transport of low utility parts, greater transport distance for high-ranked prey, the 

exploitation of parts with lower marrow utility, the processing of small game for marrow, 

and the development (or use) of grease rendering.  I will first look to the evidence on part 

selection and transport strategies, followed by a consideration of evidence for intensified 

processing.  

Part selection and transport 
 
 While data on transport patterns can provide valuable information on resource 

intensification, this data set can be difficult to work with for a variety of reasons.  

Because these analyses are based on relative element frequencies, taphonomic factors 

(particularly those that result in the destruction of less dense elements) that can bias 

element frequency data are a real problem.  As such, a number of scholars have argued 
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that analyses should focus only on the more dense elements which are less susceptible to 

taphonomic processes (see Cleghorn and Marean, 2004; Marean and Cleghorn, 2003).  In 

cases in which there is no clear evidence for density-mediated attrition, analyses of part 

selection and transport that include all elements should complement the results of those 

conducted using only the high density remains. 

 Beyond this, a number of variables can play a role in decision making about 

element transport, including the number in the hunting party and/or available to help with 

transport, the distance from the kill site to the consumption site, the condition of the 

animal, and even the time of day (Lupo, 2006; Miracle, 1995).  Unfortunately, many of 

these factors cannot be well accounted for archaeologically.  In general, though, when 

carcasses require butchery before transport, archaeologists work from the assumption that 

people will discriminate between parts for transport/processing on the basis of food utility 

(c.f., Binford, 1978; Munro and Bar-Oz, 2004).  As such, if all else can be held equal, an 

increase in the transport of low utility elements has been cited as evidence for resource 

stress.  However, if transport distances varied, prey choice models predict that the greater 

the transport distance, the more likely it is that low utility elements will be discarded at 

the kill site (Bird and O’Connell, 2006; Ugan, 2005).  If HP populations had to travel 

larger distances to procure large, open dwelling species, one may thus expect a greater 

focus on high utility elements among the larger bovids during the HP. 

 Given that ethnoarchaeological research among hunter-gatherer populations such 

as the Hadza has demonstrated that smaller prey (Bov I and II size) are usually 

transported whole (Oliver, 1993),  one may expect there to be little change over time in 

the transport of these animals.  For the larger animals, interpretation of transport 
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strategies will be more difficult.  As discussed above, if HP populations had to travel 

longer distances to procure high-ranked prey, we may expect a greater focus on high 

utility elements from these animals during the HP, and yet, if populations were under 

sufficient stress, an effort may have been made to transport relatively complete carcasses 

even at long distances.  A variety of methods have been developed to study transport 

strategies and transport distance, which, in combination, should allow for an evaluation 

of whether animals were introduced to the site relatively complete, whether they traveled 

long or short distance to the site, and how transport strategies may have changed over 

time. 

Methods for studying transport strategies 
 
Characterizing transport strategies using “high survival” elements  
 
 Using data collected from the Nunamiut, Binford (1978) proposed that a number 

of distinct transport strategies could be identified based on the patterning evidenced on 

scatterplots of element frequency versus utility (Figure 8.1).  Binford defined these as: 1) 

bulk strategy, in which the quantity of high and moderate utility bones is maximized, 

with only the lowest utility parts abandoned at the kill site; 2) the gourmet strategy, in 

which quality is maximized, with low and moderate utility parts abandoned at the kill 

site; and 3) the unbiased strategy, in which elements are selected for transport in direct 

proportion to their utility.  To this list, Faith and Gordon (2007) added the “unconstrained 

strategy,” in which skeletal elements are transported in relation to their abundance in a 

complete animal, regardless of economic utility. 

 Faith and Gordon (2007) recently developed a quantitative method for 

distinguishing between these transport strategies.  Their method, which is based on the  
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Figure 8.1 Hypothetical utility curves for three transport strategies (based on 
Binford, 1978) 
 
representation of a selection of “high survival” elements (dense elements which are less 

sensitive to taphonomic processes), involves a consideration of both the correlation 

between element frequency and utility (using Spearman’s rank correlation coefficient) 

and the degree of evenness in the representation of high and low utility parts (using the 

Shannon index).  Faith and Gordon were able to demonstrate that, at sufficient sample 

sizes, a combination of the evenness value and Spearman’s rho could effectively separate 

simulated assemblages drawn from populations characterized by the four hypothetical 

transport strategies.  For example, the gourmet strategy is characterized by high 

correlation but low evenness, while the unconstrained strategy will have the highest 

evenness but virtually no correlation between element frequency and utility.  Based on 

their similar evenness values, the bulk and unconstrained strategies are most likely to be 

mistaken for each other, but the two strategies produce different correlation coefficients, 
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with high positive values for the bulk strategy and range of negative and positive values, 

centering around zero, for the unconstrained strategy.  To aid in the application of their 

method, Faith and Gordon provided the mean values and middle 95% range of values for 

each strategy for a variety of sample sizes (Table 4 in Faith and Gordon, 2007). 

Exploring evidence for changing transport strategies using all elements 

 Given that taphonomic analyses indicated that density-mediated attrition was not 

a significant factor in the assemblages under consideration, I expanded the analysis of 

part selection/transport to include all major elements, with the exception of  the ribs and 

vertebrae, which are exceptionally difficult to assign to size class when highly 

fragmentary.  In analyses of element frequencies that use the complete skeleton, the 

skeleton is usually divided into a number of distinct anatomical units.  One of the more 

commonly cited systems is that of Stiner (2002), who advocated the use of nine distinct 

anatomical regions: horn/antler, head, neck (cervical vertebrae), axial (thoracic/lumbar 

vertebrae, ribs, pelvis and sacrum), upper front limb (scapula and humerus), lower front 

limb (radius, ulna, carpals and metacarpals), upper and lower hind limb (femur only; 

tibia, tarsals and metatarsals), and feet (phalanges and sesamoids).  This particular system 

has been critiqued because it combines relatively high ranking elements with low ranked 

ones  (particularly for the lower limbs), which can potentially skew behavioral 

interpretations based on these data (Pickering et al., 2003).  For my analysis, I chose to 

divide the skeleton into five anatomical units: skull (cranium, mandible, and hyoid, no 

teeth/horn), forelimb (scapula, humerus, radius, and ulna), hindlimb (pelvis, femur, 

patella, and tibia), distal limb (carpals, tarsals, and metapodials), and feet (phalanges, 

sesamoids).  Using this scheme, the hindlimb and forelimb will be the highest utility,  
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followed by the distal limbs and the skull and feet.   

Methods for studying transport distance 
 
 Element frequency data have also been used to evaluate transport distance.  

Miracle (1995) proposed using the representation of feet (as compared to the rest of the 

carcass) as a means of studying variability in transport distance. This method is based on 

the assumption that feet, as low utility elements, are likely to be discarded at the kill site.  

In working with the Nunamiut, Binford (1978) found that there was a strong negative 

relationship between the frequency of phalanges at hunting stands and the distance 

between the initial kill site and the hunting stand.  Miracle (1995) thus argued that a 

consideration of the relative representation of foot elements can provide a rough indicator 

of transport distance.  He chose to divide the MAU for the feet (based on the first 

phalanx) by the maximum MAU for the carcass to arrive at a %MAU value for the feet, 

with a decline in this index indicating increasing transport distance.  I will use a more 

simplified index, in which I compare the proportion of foot elements relative to the rest of 

the skeleton (using NISP) for each size class, looking for evidence of change over time 

using a chi-squared analysis.   It is worth noting again here that this index, along with 

those discussed below, is more likely to be useful for studying variation in transport 

distance among larger game, as small/medium game is more likely to be transported 

complete. 

 The proportion of heads that are transported to habitation sites is also known to 

decline with increasing body size and with increasing distance (e.g., O’Connell et al., 

1988).  This makes sense, as heads have relatively low utility and are quite bulky.  As a 

result, the relative frequency of heads to post-crania can provide another rough indicator 
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of transport distance.  Others have looked at the proportion of crania to mandibles 

(including dental remains), as the mandible can be removed from the cranium fairly 

easily and may be transported for the marrow it contains, while the head is left behind 

(Speth and Clark, 2006; Speth and Tchernov, 2007).  In both cases, as transport distance 

increases, one would expect the relative frequency of heads to decline. 

 Of course, as alluded to at the beginning of the chapter, these measures are not 

necessarily as straightforward as they may seem, as the head and the feet are also among 

those parts that are more likely to be exploited during periods of stress.  Heads can 

provide an important starvation food because of the relatively high fat content of the 

brains and tongue, and thus crania may be more likely to be transported during periods of 

resource scarcity (Miracle, 1995; Stiner and Kuhn, 1992).  Along a similar vein, the 

phalanges provide small packages of marrow, and that marrow is relatively labor 

intensive to extract, yet it is also high in fat and may have been an important source of 

additional nutrients during times of stress (Binford, 1978; Miracle, 1995; Morin, 2007).   

Thus, while these measures may provide information on variability in transport distance, 

if the HP inhabitants of Sibudu were under sufficient stress, they may have made an 

effort to transport low utility elements even if they had to travel farther in order to 

procure large game.  In any case, these measures are still useful in evaluating whether 

low utility elements are in fact more common in the HP. 

Studying transport strategies at Sibudu: some additional points of note 
 
 Before turning to the evidence for part selection and transport during the HP and 

post-HP MSA, there are two methodological points that need to be raised.  First, in 

considering the transport strategies practiced by the Hadza, Lupo (2006) pointed out that 
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grouping material into size classes can obscure important taxonomic differences in 

carcass treatment—she found particular differences in the treatment of equids as 

compared to similar-sized bovids.  For this reason, I will limit my analysis to the bovid 

remains, which should help to mitigate this problem.   The second issue relates to sample 

size.  Once the samples are broken down into size classes and then into specific 

elements/body sections, sample sizes for the post-HP MSA assemblages often became 

quite small, making statistical manipulation of the data difficult.  For this reason, the two 

post-HP MSA assemblages were combined for these analyses.  

Part selection/transport during the HP and post-HP MSA 
 
Using “high survival” elements 
 
 I began my analysis of part selection and transport strategies by applying the 

methodology of Faith and Gordon (2007), with a couple of notable exceptions.   

Following Cleghorn and Marean (2004), Faith and Gordon defined the high survival 

elements as the cranium, mandible, humerus, radius, metacarpal, femur, tibia, and 

metatarsal (note: teeth and horns were not included in counts for the cranium and 

mandible).  They excluded the ulna, perhaps because measures of general utility tend to 

provide a single value for the “radius/ulna” (see Emerson, 1993; Metcalfe and Jones, 

1988).  Because the radius and ulna are unlikely to be disarticulated during butchery, and 

because small sample sizes make me unwilling to discard any potentially informative 

data, I chose to include the ulna in my analysis, assigning it the same utility value as the 

radius.   

 While Faith and Gordon initially advocated the use of MNE/MAU counts, in a 

later application, Faith (2007) utilized NISP/nNISP counts; I follow the latter method 
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here.  In calculating nNISP values, Faith (2007) chose to divide the number of cranial 

elements by 1, presumably because there is only one cranium.  However, virtually every 

cranial part identified in my assemblage is paired—even when fragments came from an 

unpaired cranial element such as the frontal or the occipital, the particular fragments 

identified are in fact paired (left vs. right orbital fragments, occipital condyles).  Thus, I 

also corrected for the number of cranial parts by dividing by 2.  This means that all 

elements under consideration are converted to nNISP values by dividing by 2, and thus 

whether NISP or nNISP are used, the relative frequencies will be the same.  

 It is also worth making a note here about the utility model employed by Faith and 

Gordon (2007).   They used Metcalfe and Jones’ (1988) standardized food utility index 

(SFUI), a simplified alternative to Binford’s modified general utility index (MGUI; 

Binford, 1978).  The SFUI was calculated using Binford’s data on the meat, marrow and 

bone grease content of single caribou.  Because there is variation in meat/marrow/bone 

grease content by species, age, sex, and even season of death, the application of a model 

based on a single individual to a wide variety of different species has been criticized (e.g., 

Lupo, 2006); despite this, derivatives of Binford’s model have been successfully applied 

to a variety of archaeological assemblages (e.g., Enloe, 2004; Speth, 1983).  While Faith 

(2007) recognizes potential difficulties in using this model for bovid remains, Faith and 

Gordon (2007) nonetheless applied the SFUI in their consideration of a series of African 

MSA assemblages and were able to identify variation in transport strategies.  Although 

they do not specify the reason for their choice, it may be because the most accessible 

comparable data from a bovid species (Emerson, 1993) does not provide separate values 

for the cranium and mandible, but rather provides a “skull” value which may or may not 
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include the brain and tongue.  In any case, in applying Faith and Gordon’s methodology, 

I chose to use the SFUI; however, in a later consideration of transport in which the 

frequency of limb elements is compared to their marrow utility, I will use data derived 

from bovid species.  

 Table 8.1 data on the representation of the high survival elements.  It also 

provides evenness values and the Spearman’s rank correlation coefficient for SFUI vs. 

element frequency, followed by the most likely transport strategy given those values.  

Figure 8.2 provides scatterplots of frequency vs. utility for the Bov I, II and III remains; 

the very large bovids (Bov IV+) were not included because of the small sample sizes for 

this class.  The first thing to note is that there was a statistically significant relationship 

(at α = .05) between element frequency and SFUI in only one case—for the Bov III size 

class in the HP.  This may indicate a greater focus on higher utility elements during the 

HP, as would be expected if hunters had to travel longer distances to procure large game.   

 

Table 8.1  Data on SFUI and NISP counts for the “high survival” elements, with 
measures of evenness, Spearman’s rho values, and possible transport strategies  

    Bov I Bov II Bov III Bov IV+ 

Element SFUI 
post-HP 

MSA HP 
post-HP 

MSA HP 
post-HP 

MSA HP 
post-HP 

MSA HP 
Cranium 9.1 2 56 6 11 18 8 6 3 
Mandible 11.5 8 68 10 7 14 5 5 1 
Humerus 36.8 7 58 13 23 10 9 6 4 
Radius 25.8 5 58 9 25 13 9 0 0 
Ulna 25.8 4 47 10 18 8 12 0 2 
Metacarpal 5.2 8.5 97.5 21.5 31 20.5 8 7 4 
Femur 100 10 73 14 17 12 15 2 1 
Tibia 62.8 3 54 15 17 29 14 3 0 
Metatarsal 37 15.5 146.5 27.5 41 22.5 15 10 0 

Total 63 658 126 190 147 95 39 15 
Evenness 0.9304 0.9682 0.9654 0.9516 0.9665 0.9761 n/a n/a 

Spearman's rho 0.2427 0.0126 0.3908 0.0420 -0.0251 0.8772* -0.2447 -0.5409 
Transport Strategy U? U? U? U? U? B n/a n/a 

B= Bulk transport; U= Unconstrained transport; *Significant at p < 0.005 
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Figure 8.2 Element frequency vs. standardized food utility (cont’d on next page)
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Figure 8.2 (cont’d) Element frequency vs. standardized food utility  
 

 In all cases, the assemblages were highly even.  As discussed earlier, it can be 

remarkably difficult to distinguish between bulk and unconstrained transport strategies 

using evenness values alone; however, bulk transport strategies generally have high and 

significant positive correlations between utility and element frequency, as was the case 

for the large bovids from the HP.  It would thus appear that in both the HP and post-HP 

MSA, the small and medium bovids were brought to the site relatively intact (as 

expected), and that even large bovids were transported as complete or nearly complete 

carcasses during the post-HP MSA.  While the transport strategy appears to have been 

somewhat different for the large bovids during the HP, the bulk strategy is still one in 

which the quantity of elements is maximized (as opposed to gourmet and unbiased 
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strategies, where quality is maximized), and, as such, bulk strategies have also been 

associated with the transport of relatively complete carcasses.  I now turn to two 

alternative methods of exploring variation in transport strategies—a consideration of  the 

relationship between limb bone frequency and marrow utility, and a comparison based on 

all elements—in order to evaluate whether these lines of evidence show the same patterns 

as do the high survival elements. 

Exploring transport strategies using alternative utility indices: limb frequency vs. 
marrow rank 
 
 As discussed above, the SFUI was calculated using data on from a caribou (a 

cervid), and while Faith and Gordon (2007) applied the measure to bovid assemblages, 

there do appear to be some differences in the relative utility of cervid and bovid remains 

(compare Binford, 1978 with Emerson, 1993; see Miracle, 1995: 390-391 for a 

discussion).  As a result, I compared the relative frequency of limb bones to their marrow 

utility as another means of exploring variation in transport strategies. Scholars have 

calculated a variety of marrow utility indices, based on everything from the number of 

kilocalories provided by a given element, to the marrow cavity volume, to the content of 

unsaturated fatty acids (e.g., Binford, 1978; Emerson, 1993; Metcalfe and Jones, 1988).  

The relative rank of the limb elements using a variety of utility measures is indicated in 

Table 8.2 (1=highest rank, 6=lowest rank); the first two measures are based on cervid 

remains (in this case, caribou), and the remainder are based on a variety of bovid species.  

Note that in this case, the ulna is not included since it does not contain a marrow cavity.  

 The table raises two interesting points.  First, while the relative ranking of caribou 

parts varied slightly using two different measures of utility, the rankings for three 

different bovids, using three different methods, were consistent and unchanging.  Second,  
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 Humerus Radius Metacarpal Femur Tibia Metatarsal Source 
Caribou- 
based on 
marrow 
cavity volume 

4 5 6 2 1 3 

Metcalfe and 
Jones, 1988, 
data from 
Binford, 1978 

Caribou- 
Unsaturated 
Marrow 
Index 

5 4 6 3 1 2 Morin, 2007 

Bison- 
Marrow Fat 
Model 

3 4 6 2 1 5 Emerson, 1993 

Gazelle- 
based on kCal 3 4 6 2 1 5 Bar-Oz and 

Munro, 2007 

Wildebeest- 
based on 
return rates 

3 4 6 2 1 5 Lupo, 1998 

 
Table 8.2 Limb bone rankings by marrow utility, using different indices of utility 
 

there do appear to be some real differences in the rank order of the cervid and bovid 

remains—while the highest (tibia) and lowest (metacarpal) elements are the same for 

both taxa, the metatarsal is lower ranked for the bovids than for caribou, while the 

humerus and radius are generally higher ranked among bovids than among caribou.

 Figure 8.3 plots the relative frequency of the various limb bones (using the data 

presented in Table 8.2) versus their marrow rank by size class and time period.  Again, 

there was generally a lack of correlation between utility and frequency; only one case 

showed a statistically significant correlation (Table 8.3)—the Bov II remains from the 

HP—and in that case, the correlation was actually negative.  The significance of this 

negative correlation is unclear.  Within each size class, the relative frequency of the 

various elements was actually quite similar in the HP and post-HP MSA, although this 

similarity was most marked among the small and medium bovids.  The results indicate 

that elements were not selected for transport on the basis of their marrow utility, and  

 



 210 

 
Figure 8.3 Element frequency vs. marrow utility (limb bones only)  
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Figure 8.3 (cont’d) Element frequency vs. marrow utility (limb bones only)  
 
 
 
again suggest that transport patterns were quite similar in the HP and the post-HP MSA, 

for both large and small bovids. 

Exploring transport strategies using all elements 
 
 Given that taphonomic analyses indicated that density mediated attrition was not a 

significant factor in the assemblages under consideration, I expanded the analysis of part 

selection and transport to include all major elements, with the exception of  the ribs and  

 

  Spearman's rho 
  Bov I Bov II Bov III 
post-HP MSA -0.4857 -0.3714 -0.0286 
HP -0.7537 -0.9276* 0.4414 
*significant at p <  .05   

 
Table 8.3 Spearman’s rank correlation coefficient values for marrow utility vs. 
element frequency 
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Body Section Elements Included 
Skull Cranium, mandible, hyoid (no teeth/horn) 
Forelimb Scapula, humerus, radius, ulna 
Hindlimb Pelvis, femur, patella, tibia 
Distal Limb Carpals, tarsals, metapodials 
Feet Phalanges, sesamoids 

 
Table 8.4 Anatomical units utilized for analysis of part selection/transport  
 

vertebrae, which are exceptionally difficult to assign to size class when highly 

fragmentary.  The skeleton was divided into five anatomical units: skull, forelimb, 

hindlimb, distal limb, and feet (refer to Table 8.4 for elements contained within each 

group).  Because I am interested in comparing transport strategies within each size class 

across time, data for each size class are presented independently in Figure 8.4.  Keep in 

mind that these figures are based on raw NISP counts (included in the data tables)—they 

Figure 8.4 Data on anatomical part frequencies by size class and period 
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Figure 8.4 (cont’d) Data on anatomical part frequencies by size class and period 
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Figure 8.4 (cont’d) Data on anatomical part frequencies by size class and period 
 

have not been corrected based on the number of times a given part occurs in the skeleton 

or for the number of elements within each anatomical unit.  Given that change over time 

is the primary interest, these corrections are not necessary. 

 When the distribution of the various anatomical units was compared using a chi-

squared analysis, no differences were significant at the α = .05 level (Table 8.5), although  

Size Class χ2 value p 
Bov I 0.35 0.9864 
Bov II 8.82 0.0658 
Bov III 7.1 0.1307 
Bov IV+  7.72*  0.1024* 
*at least 20% of expected frequencies less than 5 

 
Table 8.5 Chi-squared results for anatomical unit comparison  
 



 215 

the results for the largest bovids (Bov IV+) must be taken cautiously, as at least 20% of  

the expected frequencies were less than 5, meaning the use of chi-squared may not be 

appropriate in that case. The potential variation in transport strategies for the large bovids 

that was identified using Faith and Gordon’s methodology is not apparent in this data set, 

as the lower utility elements (head, feet, distal limbs) are present in similar frequencies in 

both the HP and the post-HP MSA.  The lack of any significant differences across the 

two time periods again suggests remarkably similar transport strategies over time—this is 

true for both the small and large bovids.   

Evidence for variation in transport distance 
 
 A variety of methods have been used for exploring variation in transport distance, 

many of which involve comparisons of the relative frequencies of certain low utility 

elements.  Because low utility elements are more likely to be transported during times of 

resource stress, in this case these indices may not serve as valid indicators of changes in 

transport distance; however, they do provide another means of evaluating whether lower 

utility elements were in fact more commonly transported during the HP.  The first 

measure looks at the representation of foot bones relative to the rest of the body.   Given 

the data presented in Figure  8.4, it was not surprising to find that there was no significant 

variation in the proportion of foot elements between the HP and post-HP MSA for the 

Bov I, II and III size classes (Table 8.6).  The only significant difference was among the 

largest bovids (Bov IV+), with the HP showing a higher incidence of foot elements. This 

may indicate that hunters were actually traveling longer distances to procure the largest 

prey during the post-HP MSA, which would seem to be counter to the expectations of the 

stress models.  Alternatively, it could indicate that the post-HP MSA hunters were under  
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Table 8.6 Foot elements vs. remainder of body, in NISP, with chi-squared results, 
using data from Figure 8.4  
 
 
less stress and thus could afford to be more selective, choosing to leave the low-utility 

foot remains behind.  Given the relatively small sample sizes, I cannot at present 

determine which interpretation is more likely to be correct. 

 The remaining two methods explore variation in the relative frequency of heads.  

The first looks at the proportion of heads (crania and mandibles, teeth and horns 

excluded) versus postcrania.  Using chi-squared analysis, there proved to be no 

significant difference in the relative frequency of heads over time (Table 8.7), this was 

true for all size classes.  The final method looked at the relative frequency of cranial vs. 

mandible fragments (teeth and horns included); again, there were no significant 

differences in the occurrence of cranial parts over time for any size class (Table 8.8).  

These results imply that even if the HP populations at Sibudu had to travel longer 

distances to procure high-ranked prey than did hunters who occupied the shelter during 

the post-HP MSA, transport strategies remained relatively stable over time.  

 

 

  Bov I Bov II Bov III Bov IV+ 

  
post-HP 

MSA  HP 
post-HP 

MSA HP 
post-HP 

MSA HP 
post-HP 

MSA HP 
Foot 
elements 22 282 140 232 117 100 58 48 

Other 75 1051 205 310 177 130 49 21 
% Feet 22.68% 21.16% 40.58% 42.80% 39.80% 43.48% 54.21% 69.57% 
χ2 0.126 0.428 0.721 4.131 
p-value 0.7226 0.513 0.3958 0.0421 
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  Bov I Bov II Bov III Bov IV+ 

  
post-HP 

MSA  HP 
post-HP 

MSA HP 
post-HP 

MSA HP 
post-HP 

MSA HP 
Heads 9 130 19 21 31 16 12 4 
Postcrania 92 1203 326 521 263 214 95 65 
% Heads 9.28% 9.75% 5.51% 3.87% 10.54% 6.96% 11.21% 5.80% 
χ2 0.134 1.305 2.034 1.49 
p-value 0.7143 0.2533 0.1538 0.2222 

 
Table 8.7 Head elements vs. post-cranial elements, in NISP, with chi-squared 
results, using data from Figure 8.4  
 
 
 

  Bov I Bov II Bov III Bov IV+ 

  
post-HP 

MSA  HP 
post-HP 

MSA HP 
post-HP 

MSA HP 
post-HP 

MSA HP 
Cranium 4 163 9 19 37 16 16 8 
Mandible 11 181 14 17 31 18 15 2 
% Cranial 26.67% 47.38% 39.13% 52.78% 54.41% 47.06% 51.61% 80.00% 
χ2 2.48 1.048 0.491 2.51* 
p-value 0.1153 0.3060 0.4835 0.1131* 
*at least 20% of expected frequencies less than 5     

 
Table 8.8 Cranial fragments vs. mandibular fragments (including horns/teeth), in 
NISP, with chi-squared results 
 
 
Part selection/transport during the HP and post-HP MSA: summary 
 
 Several different methods for studying variation in transport strategies were 

discussed.  Although an analysis based only on the “high survival” elements indicated 

some variability in transport strategies among the large bovids (Bov III), when the 

analysis was expanded to include all elements, I could not identify any significant 

differences in part selection and transport over time.  In part because the environmental 

data suggested that HP populations may have had to travel longer distances to procure 

large, open dwelling prey, several methods aimed at discerning change in transport 

distance were also applied.  However, these methods typically rely on exploring changes 
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in the representation of low utility elements, which are the same elements that would be 

exploited more frequently during times of resource stress.  In any case, there was once 

again no significant variation in the occurrence of these parts over time, which indicates 

that either transport distances remained relatively stable over time, or that HP populations 

made an effort to transport even the low utility elements despite longer transport times 

(and thus higher transport costs), which could indicate resource stress.  As sample sizes 

are enlarged, I should be better able to choose between these alternatives.  

Processing strategies as indicators of resource intensification 
 
Extraction of marrow from low utility parts 
 
 More intensive carcass use and processing may also be expected during periods of 

resource stress.  Evidence for more intensive processing might include marrow extraction 

from parts with low marrow utility, the processing of small game for marrow, and the 

development of grease rendering.  Just as it has been argued that people will make 

decisions about transport on the basis of food utility, so too has it been argued that people 

will choose elements for processing on the basis of their food utility (Binford, 1978; 

Grayson, 1989).  A primary method of maximizing the nutritional return of an animal is 

to incorporate body parts with lower meat/marrow utility into the diet.  Among the 

marrow bearing bones, the phalanges, the pelvis and the mandible contain relatively 

small marrow deposits.  Given the low returns relative to the effort required to extract 

marrow from these bones, the exploitation of marrow from these elements has been 

considered a sign of subsistence stress (Miracle, 1995).  For the same reasons, evidence 

that the bones of small prey were processed for marrow should also serve as an indicator 

of resource stress. 
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 Miracle (1995) employed a relatively basic means of exploring variability in the 

exploitation of marrow from the first and second phalanges—he simply compared 

completion indices across assemblages, as complete phalanges were obviously not 

processed for marrow.  Because phalanges are relatively small/dense elements, they are 

more suited to this method than the mandible or the pelvis, which are often fragmented. 

Evidence for percussion damage (particularly in the form of percussion pits with striae) 

on these elements can indicate marrow exploitation, and thus the relative frequency of 

this damage can be compared over time, with the expectation being that evidence for 

marrow processing should be more common in the HP than the post-HP MSA.  The same 

criteria can be applied to the bones of small prey.   

Development of grease rendering 
 
  Bone grease, which is stored within cancellous bone, provides an additional 

source of fat, but its extraction is both time and labor intensive as compared to the 

exploitation of meat or marrow.  Extracting grease generally requires bones to be broken 

up and then boiled, with the fatty components skimmed off the top and stored (Binford, 

1978; Leechman, 1951; Stiner, 2003).  Given the relatively low nutritional yield of bone 

grease relative to its extraction costs, it has been argued that grease rendering represents a 

significant form of resource intensification (Church and Lyman, 2003; Lupo and Schmitt, 

1997; but see Prince, 2007, who argues that grease rendering is not always linked to 

stress). Because bone grease is stored primarily in cancellous tissue, highly 

fragmented/pulverized spongy bone is a key signature of grease processing; 

unfortunately, as discussed by Munro and Bar Oz (2005), a plethora of taphonomic 

processes are known to cause the fragmentation of cancellous bone.  Stiner (2003, 2005) 
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argued that in addition to highly comminuted spongy bone, the presence of large 

quantities of heat fractured/heat scarred stone, and large, pitted stone anvils are 

characteristic of grease processing, and thus that when occurring in concert, these things 

serve as good evidence for grease rendering.   

Evaluating the degree of processing intensity during the HP and post-HP MSA 
 
 Unfortunately, due to the nature of fragmentation and the heavy burning present 

in the Sibudu assemblage, it is not possible to adequately address questions relating to 

processing intensity using the current sample.  For example, virtually all the phalanges in 

the assemblage are fragmented (among the bovid remains larger than Bov I size, there 

were only three complete phalanges in the entire assemblage), meaning that completion 

indices cannot be compared.  As discussed in Chapter 6, the heavy burning has negatively 

impacted surface preservation, and thus evidence for surface damage is sparse.  As such, 

comparing the number of low utility bones (or bones of small bovids) preserving 

percussion damage is not possible (again, to illustrate, only four low-utility bones and 

two Bov I bones preserve direct evidence of percussion damage).  Along similar lines, it 

is not currently possible to judge whether bones were processed for grease at Sibudu.  

While spongy bone may be underrepresented (see Chapter 6 for discussion), the cause of 

the destruction of this bone cannot be attributed to grease processing—it may have more 

to do with the intensity of burning.  However, fire-cracked rock of the type that would be 

expected if hot-stone boiling were being practiced is largely absent, as are large anvil 

stones, which may indicate that grease rendering, at least in the form evidenced among 

later Upper Paleolithic and historic foragers, was not practiced at Sibudu. 
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Carcass transport and processing: summary 
 
 In this chapter, I focused on evidence for resource stress in terms of carcass 

transport and processing strategies.  Under the stress models, it was expected that the HP 

would show signs of more intensive carcass use and processing than evidenced during the 

post-HP MSA.  Keeping in mind the relatively small sample sizes (particularly for the 

post-HP MSA) and the potentially confounding variables, the available data seem to 

indicate a remarkable degree of consistency in decision making about element transport 

between the HP and post-HP MSA, which appears to go against the predictions of the 

resource stress model.  Because ethnographic data have indicated that small and medium 

bovids are often transported whole, the apparent lack of change in the treatment of the 

small and medium bovids was not unexpected.  However, during both periods, it also 

appears as though even the large bovids may have been introduced to the site relatively 

complete.  If the HP inhabitants of Sibudu were required to travel longer distances to 

procure high-ranked large game, this may indicate resource intensification, as transport 

costs would have significantly increased; however, with the current data set it is not 

possible to adequately address the issue of transport distance.  Unfortunately, due to the 

nature of fragmentation and burning in the assemblage, it was also not possible to 

evaluate whether more intensive processing strategies were being practiced during the 

HP.  Thus, while data on prey selection and diet breadth provided support for the 

resource stress model, data on transport and processing during the HP and post-HP MSA 

at Sibudu are much more equivocal.  In the final chapter, I will pull the faunal data 

together in order to more fully evaluate the resource stress model and to address the 

implications of the variability evidenced in the Sibudu assemblage.   
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Chapter 9 

Testing the Stress Model: Summary and Conclusions 

 

 
 In this chapter, I summarize the results of my work, followed by an evaluation of 

the stress model.  I conclude with a discussion of the implications of the current study to 

our understanding of the HP and to our understanding of the evolution of modern human 

culture. 

 A growing body of evidence has suggested that the evolution of a fully modern 

cultural system was not a revolutionary event, nor was it part of a unidirectional process.  

In particular, the patchy expression of modern traits during the MSA—which includes 

discontinuous evidence for symbolically mediated behavior (universally considered to be 

a signature of modern cognition)—implies that the emergence of such behaviors is not 

solely attributable to changes in cognitive capacity.  The question has thus become, what 

were the factors that rendered modern behaviors advantageous in some contexts but not 

in others?  A small but growing number of scholars have proposed that the emergence of 

these behaviors may be linked to ecological or demographic factors.  These new models 

have taken three forms—1) those that link the emergence of modern behaviors to 

environmental degradation, 2) those that point to population pressure as a prime mover, 

and 3) those which cite demographic growth as a prime factor (without requiring 

pressure). 
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 Under the first two of these models, modern behaviors represent a form of social 

and economic intensification in response to stress caused by an imbalance between 

population and resources.   Because subsistence strategies should be particularly sensitive 

indicators of periods of stress, I sought to test these models through a comparative 

analysis of HP and post-HP MSA fauna from Sibudu Cave (KwaZulu-Natal, South 

Africa).  If the innovations present in the HP reflect a form of social and/or economic 

intensification in response to stress, then signs of subsistence intensification, including 

expanded dietary breadth and more intensive processing strategies, should be restricted to 

or more common in the HP than in the post-HP MSA. 

 Sibudu was ideally suited to such an analysis because of its meticulous excavation 

and good faunal preservation; furthermore, OSL dating indicates that it is one of the few 

known sites to have been occupied during the transition from the HP to the post-HP MSA 

(Wadley and Jacobs, 2006; Wadley, 2006).  Sibudu has also been the focus of a 

remarkable amount of multidisciplinary work, and thus the faunal data can be considered 

within a rich context.  Previous work has raised two points, in particular, which are 

relevant to a consideration of variability in subsistence behavior in the HP and post-HP 

MSA.  The first relates to procurement technology—the HP lithic assemblage is unique 

as compared to the remainder of the MSA sequence in that stone points are almost 

entirely absent; instead, the retouched assemblage consists primarily of geometric backed 

tools such as segments and trapezes (Wadley, 2006).  This appears to reflect a focus on a 

different type of hunting technology, with metric analyses indicating that some of the 

backed segments may have functioned as arrow points (Wadley and Mohapi, 2008; 

Wadley, 2008).  A bone point recovered from the HP layers was found to be virtually 
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indistinguishable from prehistoric and ethnographically documented arrow points, 

providing an additional line of evidence that the bow and arrow may have been employed 

during the HP (Backwell et al., 2008).  In contrast, the post-HP MSA assemblage is 

dominated by traditional MSA stone points; metric data indicate that these were used to 

tip spears that were thrust or perhaps hand-cast (Villa and Lenoir, 2006). It was expected 

that the variation in technology evidenced between the HP and post-HP MSA may also 

be reflected in the faunal remains, perhaps relating to a shift to the exploitation of a 

different suite of prey in the post-HP  MSA. 

 The age of the HP and post-HP MSA deposits is consistent with the dating of the 

transition from OIS 4 (a glacial) to OIS 3 (an interstadial) from the Vostok ice core, and 

archaeomagnetic data indicated that this transition may have been captured within the 

post-HP MSA, with the lower deposits having characteristics consistent with those 

expected during a glacial period (Herries, 2006).  Because the timing of this transition 

coincided with a shift in raw material usage and with the disappearance of some unusual 

tool types, the decision was made to split the post-HP MSA into an upper and lower unit.  

Given that the post-HP MSA sequence appears to preserve the transition from OIS 4 to 

OIS 3, at least some variability in the faunal assemblage was expected purely as a 

function of shifting habitat types.  In order to evaluate to what degree variability in the 

faunal assemblage could be attributed to environmental change, I integrated botanical and 

faunal data in order to reconstruct the paleoecology of the Sibudu region during the HP 

and post-HP.   

 As a whole, the two data sets complemented each other quite well, with both 

indicating that a marked shift in the local environment had occurred by the end of the 
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post-HP MSA.  The flora and fauna indicated the presence a strong evergreen forest 

component during the HP, with several lines of evidence also suggesting that conditions 

were humid during this phase (Allott 2006a, b; Clark and Plug, 2008; Hall et al., 2008).  

Unfortunately, data speaking to conditions during the phase immediately post-dating the 

HP were incredibly limited, although the available sample may indicate the beginnings of 

a shift towards more open conditions.  The botanical data from the post-HP MSA 1 

suggested a trend toward drier conditions and a clear shift towards more deciduous/open 

vegetation. The size of the evergreen forest surrounding the site appears to have declined 

significantly—by the end of the phase, the vegetation may have been characterized by a 

small patch of evergreen forest along the river with larger patches of well-grassed 

savanna on the surrounding slopes  (Allott, 2005; 2006b; Hall et al., 2008; Wadley, 

2006).  The faunal sample from the post-HP MSA 1 was also quite distinct from the HP, 

with a vast majority of the remains now coming from species that preferentially inhabit 

more open environments.  Future work on the charcoal assemblage and an expanded 

faunal sample from the post-HP MSA 2 is planned so as to allow for an evaluation of 

whether the changes in climate were more gradual or abrupt; in any case, given the 

magnitude of change, it is clear at least some variability in hunting behavior will be 

attributable to shifts in the local environment.  

 Before exploring the evidence for variability in human hunting behavior over 

time, it was first necessary to reconstruct the taphonomic history of the site in order to 

demonstrate that patterning in the faunal record was a product of human behavior rather 

being an artifact of carnivore activity or post-depositional decay.  Although the incidence 

of surface damage was low, signs of human involvement (cut/chop marks and percussion 
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damage) were more frequent than carnivore/rodent damage; furthermore, carnivore 

remains were rare and the faunal remains were associated with hearths and a rich lithic 

assemblage.  All of these lines of evidence indicate that the fauna was accumulated 

predominantly by human activity.  Two additional characteristics indicating human 

involvement were the high degree of burning and fragmentation.  Detailed analysis aimed 

at identifying the nature and extent of burning indicated that much of the burning was 

probably the result of bones being discarded into fire as a means of disposing of food 

waste—this was true for both the HP and post-HP MSA.  All three assemblages were 

highly fragmentary; since burning promotes fragmentation, this was not surprising.  A 

variety of methods were used to characterize the nature of the fragmentation, from which 

I found that the extent of fragmentation was quite similar across the three units.  

 After faunal material has been deposited, it can be fragmented by a variety of 

chemical and/or mechanical processes.  These processes can impact the interpretation of 

patterns in relative element abundances, as less dense bones are more susceptible to post-

depositional attrition—if the degree of post-depositional destruction varies across 

assemblages, changes in the element  frequency data may reflect taphonomic processes 

rather than variation in human behavior.  Two stages were involved in this analysis; first, 

I applied a modified version of Marean’s (1991) Completion Index in order to compare 

the degree of post-depositional fragmentation across the three assemblages.  In so doing, 

I found that while all of the assemblages appear to have suffered from some post-

depositional fragmentation, there were no significant differences in the degree of that 

fragmentation. Next, I turned to a standard series of density measures (provided by Lam 

et al., 1999) in order to evaluate the relative impact of density-mediated attrition on the 
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assemblage.  I found that there were no significant positive correlations between element 

frequency and density for any size class or time period, indicating that the assemblages 

were not significantly biased by density-mediated attrition. This implies that patterning in 

the element frequency data should be reflecting variability in human transport and/or 

processing behaviors. 

 Having established that the faunal assemblages were accumulated primarily by 

human activity, and because there did not appear to be any significant differences in the 

degree of fragmentation or post-depositional attrition, I turned next to the data on animal 

procurement and processing.  Under the resource stress model, it was expected that signs 

of expanded dietary breadth, including greater taxonomic diversity, increased evenness in 

the representation of high- and low- ranked prey, and a greater focus on dangerous game, 

would be more common in the HP than in the post-HP MSA.   

 While taxonomic diversification was not found to be an appropriate measure of 

diet breadth at Sibudu, a consideration of variation in evenness in the representation of 

high- and low- ranked prey (here defined by body size) was more  useful.  Two different 

measures of evenness indicated that the post-HP MSA 1 was the least even (indicating 

the narrowest diet), which is the expected condition when high-ranking prey are 

abundant.  Evenness values for the HP and post-HP MSA were quite similar; however, 

this was in large part because the measures of evenness employed consider only relative 

abundance values and not the prey rank.  In fact, the HP was dominated by small and 

medium game, while the post-HP was dominated by medium and large game—this 

suggests that diet breadth was in fact widest during the HP.  The Abundance Index, 

which is based on the relative proportion of large vs. small game (in this case “small” 
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being defined as the smallest bovids), also indicated a steady increase in foraging returns 

after the HP.  While these results do meet the expectations of the stress models, it is 

relevant to note that the shift from small to large game may well be a reflection of the 

changes in the local environment, as larger bovids of the type that dominate the post-HP 

MSA 1 assemblage also tend to be those occurring in more open habitats. 

 Because a focus on body size alone can obscure important differences in prey 

handling costs among animals within a given size class, I also looked at variation in the 

presence of dangerous game, as this prey would have been more costly to procure and 

thus lower-ranked than more docile game.  Three species identified in the assemblage are 

widely known to be aggressive/confrontational—the African buffalo, the warthog, and 

the bushpig.  While there was no clear change over time in the representation of the 

buffalo (as compared to other similar sized game), suids were most common in the HP, 

and there was a statistically significant reduction in the exploitation of suids (relative to 

similar sized bovids) over time.  If the higher occurrence of suids in the HP is not a 

reflection of technological changes that would have lowered the risk (and thus the costs) 

associated with the procurement of these species, then these data also suggest that diet 

breadth was widest during the HP and narrowed over time. 

 Because of their small size and limited body fat, juveniles should be comparative 

low-ranked resources, and, as such, should be more commonly exploited during times of 

stress.  At the level of the total ungulate assemblage, there was no statistically significant 

difference in the relative abundance of juveniles over time.  However, breaking down the 

data by animal type revealed some potentially meaningful patterns.  There was actually 

an increase in the frequency of juvenile suids over time, which means that not only were 
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fewer suids exploited in the post-HP MSA, but the focus shifted to juveniles, which are 

much more susceptible to predation.  This could actually be a reflection of the changes in 

hunting technology—if the risks associated with the capture of suids were higher during 

the post-HP MSA, the decision to focus on the least dangerous individuals (the juveniles) 

makes sense.  More relevant to our consideration of diet breadth, the HP also showed a 

greater than expected focus on juveniles from the smallest bovids, both as compared to 

the post-HP MSA and as compared to other bovid size classes.  This could be an 

additional sign of subsistence intensification during the HP, although larger sample sizes 

will be necessary to confirm the validity of this pattern.       

 I next turned to evidence for resource stress in terms of carcass transport and 

processing strategies.  Decision making on transport depends upon a number of 

independent variables, many of which cannot be adequately addressed archaeologically; 

however, archaeologists generally work from the assumption that people will 

discriminate between parts for transport on the basis of utility.  Following from this, if all 

else can be held equal, the increased transport of low-utility skeletal parts has been 

considered to be evidence of resource stress.  However, if HP populations were required 

to travel longer distances in order to procure large, open dwelling game (resulting in 

increased transport costs), prey choice models actually predict that there should be a 

greater focus on high-utility elements among those species during the HP.     

 As a result of the relatively small sample sizes, in exploring variation in transport 

strategies over time, the post-HP MSA 1 and 2 were combined into a single unit.  While 

this may obscure some temporal trends, the available data indicated a remarkable degree 

of consistency in decision making about element transport between the HP and post-HP 
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MSA, counter to the expectations of the stress model.  During both periods, it also 

appears as though even the large bovids may have been introduced to the site relatively 

complete.  If large game was being transported over greater distances during the HP, this 

may indicate the presence of resource intensification, as transport costs would have 

increased hand in hand with transport distance. At present, however, the available data do 

not allow me to judge whether (or how much) transport distances varied over time.  

 I turned last to evidence relating to processing strategies; under the stress model, 

it was expected that signs of intensified processing would be more common in the HP 

than in the post-HP MSA.  Classic signs of subsistence intensification include the 

extraction of marrow from low utility elements (such as the phalanges) and from small 

game, as well as the development of grease rendering.  Unfortunately, the highly burned 

and fragmented nature of the assemblage made it impossible to evaluate the degree of 

processing intensity during either the HP or post-HP MSA.   

Testing the stress model 

 Table 9.1 summarizes the results of the test of the stress model.  While measures 

of diet breadth generally agreed in indicating the presence of resource intensification 

during the HP, the transport data are more equivocal and suggested no difference between 

the two periods, which was counter to the expectations.  Unfortunately, the current 

dataset was not appropriate for addressing questions relating to variability in processing 

intensity.  Although all of the expectations were not met, when present, signs of 

subsistence intensification were more common in the HP—the faunal data thus provide 

tentative support for the stress models.  
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Lines of Evidence Expectations Results Expectations 
Met? 

Diet Breadth    
Taxonomic 
Diversity Higher in HP  N/A N/A 

Evenness Higher in HP  Higher in HP Yes 
Small Game More common in HP  Most common in HP Yes 
Dangerous Game More common in HP  Suids more common in HP Possibly? 

Juveniles More common in HP 
No difference overall, but 
Bov I juveniles over-
represented in HP? 

Possibly?   

Part Selection/Transport 
Transport of Low 
Utility Parts? More common in HP? No difference  No 

Transport 
Distance? 

Greater for high 
ranked prey in HP? No difference No 

Processing 
Marrow 
Processing 

More processing of 
low utility parts in HP N/A N/A 

Grease Processing More common in HP N/A N/A 
 
Table 9.1 Results of the test of the stress model 
 

 It is worth noting here that the lithic assemblage may provide an additional data 

set against which the stress model can be evaluated, as the development of complex 

weaponry has also been viewed as an indicator of expanded dietary breadth (e.g., Hawkes 

and O’Connell, 1992; Kuhn and Stiner, 2001; O’Connell, personal communication; 

Ugan, 2005).  There are a variety of reasons for this.  As technological complexity 

increases, the amount of time and energy expended in making and maintaining artifacts 

also increases (Kuhn and Stiner, 2001).  As a result, a large animal taken with a relatively 

low-cost weapon (such as a single component spear) would be of higher rank than the 

same animal taken with a more expensive system (such as the bow and arrow).  On the 

basis of the available evidence, the technology evidenced in the HP would appear to be 
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much higher cost than that evidenced in the post-HP MSA.  Not only is the production of 

bone points much more time- and labor-intensive than the manufacture of stone points 

(Knecht, 1997), but it has also been documented that projectile weapons equipped with 

microlithic inserts are significantly more expensive to produce than same weapons using 

other stone or simple organic points (Bird and O’Connell, 2006; Elston and Brantingham, 

2002).  The lithic data thus provide an additional line of evidence for wider diet breadth 

in the HP, suggesting again that the stress models do have merit. 

 Following from this line of reasoning, as average return rates fall, the payoffs 

from more efficient handling begin to increase, such that broader diets should be 

accompanied by greater investments in handling technology (see Bird and O’Connell, 

2006 and O’Connell, 2006 for a discussion)—this seems to have been the case during the 

HP at Sibudu.  As high-ranked prey became more abundant during the post-HP MSA, the 

payoffs provided by the more costly weaponry system may have declined, promoting the 

return to a simpler and more cost-effective hunting technology.  Could this really explain 

why a seemingly more efficient technology such as the bow and arrow may have been 

abandoned?  Here I quote Bird and O’Connell (2006:153): 

It is often said that the adoption of more expensive subsistence technology 
marks an improvement in this aspect of food procurement: better tools 
make the process more efficient. This is true in the sense that such 
technology often enables its users to extract more nutrients per unit weight 
of resource processed or area of land harvested. If, on the other hand, the 
key criterion is the cost/benefit ratio, the rate of nutrient gained relative to 
the effort needed to acquire it, then the use of more expensive tools will 
often be associated with declines in subsistence efficiency. Increased 
investment in handling associated with the use of high-cost projectile 
weapons, in plant foods that require extensive tech-related processing, and 
in more intensive agriculture all illustrate this point. (emphasis added) 
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 If Bird and O’Connell (2006) are correct, then there is no need to invoke a model 

of a population crash (e.g., Cochrane, 2008) or a population extinction (e.g., Bar-Yosef, 

2002) to explain the loss of the more advanced, but also more costly, technology of the 

HP.  This is not to say that population instability could not also have played a role in the 

reversion to a more typical MSA pattern—we do not have sufficient data available to 

judge whether or not this was the case—but simply to say that other factors could also 

explain the evidenced patterning. 

 As a whole, the data from the HP and post-HP MSA at Sibudu indicate that the 

same stress models that have been invoked to explain the emergence of classical 

signatures of modern behavior among much later populations whom we know to have 

been fully modern (e.g., late Pleistocene populations in Australia and  North America; see 

O’Connell and Allen, 2007; Speth, 2004b) may also apply to the much earlier emergence 

of these traits in the late Pleistocene.  If, as seems to be the case, the cognitive capacity 

for modern behavior was already in place in the HP, the implication is that this capacity 

was also present during the post-HP MSA—and, as such, that the absence of traditional 

signatures of modern behavior in that period cannot serve as evidence that such 

capabilities were lacking (the old “absence of evidence is not evidence of absence” 

adage).    

 What does this mean for our understanding of behavioral and cultural evolution? 

It may mean that the absolute origins of modern human capabilities will be impossible to 

track archaeologically (O’Connell and Allen, 2007).  But it may also be the case that we 

need to find new ways of defining what it is to be modern—and how these traits can be 

identified in the archaeological record.  Work by Stiner and Kuhn (2001), who have 
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attempted to characterize the limits of variation among recent hunter-gatherers, and then 

to use those observations as a baseline of assessing behavioral variation in the past, seems 

like a step in the right direction. 

Future directions and food for thought 

 Although the present test was designed for a general stress model, in this case, the 

advanced behaviors associated with the HP do appear to be linked to a period of lowered 

environmental productivity—the material culture associated with the HP may thus reflect 

an adaptation to a specific set of environmental circumstances. Data that speaks to 

conditions during the HP and post-HP MSA at other sites will be necessary in 

determining whether this model applies further afield; it is interesting to note that 

preliminary results from Diepkloof (located in the Western Cape) show a similar pattern, 

with small game such as molerat, hyrax and hare occurring more commonly in the HP 

while large grazing animals are more frequent in the post-HP MSA (Parkington et al., 

2005).  Of course, while the environment seems to be an important factor in this case, I 

am certainly not proposing it as a universal model.  The factors influencing the 

appearance (and disappearance) of “modern” behaviors likely varied, and population 

growth was no doubt important in the longer term.   

 In thinking about the implications of this work to our understanding of the HP to 

post-HP MSA transition, I would argue that the variability in diet and technology at 

Sibudu reflects an ability to successfully adapt to long term changes in the environment. 

The data clearly indicate that both the HP and post-HP MSA inhabitants of Sibudu were 

capable hunters who focused on a wide variety of game, both dangerous and docile, large 

and small.  Despite the variation in hunting technology and subsistence behaviors, there 
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are some striking incidences of behavioral continuity. In both periods, it appears as 

though bone was systematically discarded into fire as a means of disposing of waste, a 

practice that is by no means universal among modern hunter-gatherer populations.  Even 

more striking was the apparent consistency in decision making relating to part selection 

and transport.  Recognizing this continuity is important, as some have argued that the HP 

disappeared because its makers suffered a population extinction (Bar-Yosef, 2002), while 

others have proposed that it was the makers of the HP who migrated out of Africa 

(Mellars, 2006b)—both of these models imply discontinuity between the HP and post-HP 

MSA inhabitants of southern Africa. 

 In moving forward, it is clear that we still have much to learn about the nature and 

extent of variability in human behavior during the periods immediately preceding the 

emergence of a fully modern cultural system—this is true for both the African Middle 

Stone Age and the Eurasian Middle Paleolithic.  It is my hope that this study has made a 

contribution to a deeper understanding of this variation, and its potential significance to 

larger questions about cultural evolution.   

 

 



Notes:
CO/ACO = Complete or Almost Complete
(#) = the number of juvenile or fetal/neonate remains

Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Orcyterops afer Phalanx, Type Unknown Distal end (or subset thereof) 1
Procavia capensis Os Petrosum 1

Upper Molar 1 3
Mandible w/ teeth Corpus 1
Mandible w/o teeth Ascending ramus 1
Lower P4 1
Lower M1 1
Lower M2 1
Molar 1
Molar/Premolar 1
Premolar 1
Scapula Glenoid + Neck + Blade 1
Humerus Distal shaft (1)

Distal end (or subset thereof) 5
Radius Proximal end (or subset thereof) 2

Shaft 1
Distal end (or subset thereof) 1

Ulna Anconaeus 1 1
Tibia Proximal end (or subset thereof) (1)

Distal end (or subset thereof) 1
Calcaneum Indet Fragment 1
Talus CO/ACO 1
Phalanx, Type Unknown CO/ACO 1

Proximal end (or subset thereof) 1
Lepus cf. saxatilis Radius Shaft 1

Ulna Olecranon + Anconaeus (1)
Tibia Proximal end (or subset thereof) 1

Pronolagus crassicaudatus Radius Distal end (or subset thereof) 1
Femur Shaft 1

Pronolagus sp. Scapula Glenoid 1
Ulna Olecranon + Anconaeus 1
Innominate Acetabulum + Ilium 1
Femur Shaft 1
Tibia Proximal end (or subset thereof) (1)

Lepus/Pronolagus Scapula Caudal Edge 1
Humerus Distal end (or subset thereof) 1

Distal shaft 1
Ulna Anconaeus 1

Shaft 1
Innominate Acetabulum + Pubis 1
Femur Head or head/neck 1

Shaft 1
Distal end (or subset thereof) 1

Tibia Proximal shaft/crest 1
Distal shaft 1

Metatarsal, Type Unknown Shaft 2

Appendix 

Element Frequency Data
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Hystrix africaeaustralis Molar 1
Innominate Indet Fragment 1
MC/MT (generic metapod) CO/ACO 1
Phalanx, Type Unknown Distal end (or subset thereof) 1

Thryonomys swinderianus Upper Incisor 1 1
Incisor 1
Molar 1
Phalanx, Type Unknown Distal end (or subset thereof) 1

cf. Thryonomys swinderianus Radius Proximal end (or subset thereof) 1
Cricetomys gambianus Maxilla w/ teeth 1

Upper M1 1
Upper M2 2
Upper M3 2
Mandible w/ teeth Corpus 2
Lower M1 3
Lower M2 3
Lower M3 1
Incisor 2
Axis 2
Scapula Glenoid 1
Humerus Proximal end (or subset thereof) 1
Radius Proximal end (or subset thereof) 3

Distal end (or subset thereof) 2
Ulna Olecranon + Anconaeus 1 3

Anconaeus 1
Tibia Proximal end (or subset thereof) 1

Proximal shaft/crest 1
Distal end (or subset thereof) 3

Talus CO/ACO 1
Tarsal, Type Unknown 2
Metatarsal, Type Unknown Proximal end (or subset thereof) 1
MC/MT (generic metapod) Complete distal end 1
First Phalanx CO/ACO 1
Phalanx, Type Unknown CO/ACO 4

Distal end (or subset thereof) 1
Proximal end (or subset thereof) 4

Rodent large Maxilla w/ teeth 1
Upper Incisor 1
Incisor 2
Enamel Fragment 2
Scapula Glenoid 2
Ulna Olecranon + Anconaeus (1)

Papio hamadryas Upper Canine 1
Upper P3 1
Upper Premolar 1
Fibula Distal end (or subset thereof) 1

Proximal end (or subset thereof) 2
Calcaneum Tuberculum and Corpus 1
Talus CO/ACO 1

Indet Fragment 1
Tarsal, Type Unknown 1
First Phalanx Distal end (or subset thereof) 1
Second Phalanx Proximal end (or subset thereof) 2
Phalanx, Type Unknown Distal end (or subset thereof) 1

Proximal end (or subset thereof) 1
Cercopithecus pygerythrus Upper Premolar 1 1

Upper Molar 1
Mandible w/ teeth Corpus 1
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Cercopithecus pygerythrus Lower I1 1
Lower Canine 1
Lower M1 1
Lower M3 2
Lower P3 1
Lower P4 2
Incisor 1
Premolar 2
M2 1
M3 1
Molar 2
Deciduous Molar (1)
Deciduous Premolar (1)
Clavicle 1
Humerus Distal shaft 1

Distal end (or subset thereof) 1
Radius Proximal end (or subset thereof) 1
Ulna Shaft 1
Patella 2
Talus Indet Fragment 1
Tarsal, Type Unknown 1
Metacarpal V Complete distal end 1
Metacarpal, No. Unknown Proximal end (or subset thereof) 2
Metatarsal, Type Unknown Proximal end (or subset thereof) 2
MC/MT (generic metapod) Isolated distal condyle 1
First Phalanx CO/ACO 1

Proximal end (or subset thereof) 1
Distal end (or subset thereof) 1 5

Second Phalanx Distal end (or subset thereof) 2
Third Phalanx CO/ACO 1 3
Phalanx, Type Unknown Proximal end (or subset thereof) 5

Distal end (or subset thereof) 13
cf. Cercopithecus pygerythrus Cranial 1
Cercopithecus albogularis Basicranium 1

Os Petrosum 1
Maxilla w/o teeth 1
Upper Canine 1
Upper M3 1
Mandible w/ teeth Corpus 1
Lower P4 1
Lower M1 1
Lower M2 1
Ulna Olecranon + Anconaeus 1
Patella 3
Fibula Distal end (or subset thereof) 1
Cuboid 1
Metacarpal, No. Unknown Proximal end (or subset thereof) 1
Metatarsal, Type Unknown CO/ACO 1

Proximal end (or subset thereof) 1
First Phalanx CO/ACO 1

Proximal end (or subset thereof) 1
Distal end (or subset thereof) 1

Second Phalanx CO/ACO 1
Phalanx, Type Unknown Shaft 1
Upper dm1 (1)
Lower Molar 1
Molar 1
Ulna Olecranon + Anconaeus 1

Primate: Vervet or Sykes' 
monkey
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Tibia Distal shaft 1
Metacarpal, No. Unknown CO/ACO 1

Proximal end (or subset thereof) 1
Metatarsal, Type Unknown Proximal end (or subset thereof) 2
First Phalanx Distal end (or subset thereof) 1
Second Phalanx Distal end (or subset thereof) 1
Third Phalanx CO/ACO 3
Phalanx, Type Unknown Shaft 1

Distal end (or subset thereof) 2
Upper P3 1
Upper P4 1
Mandible w/ teeth Corpus 1
Lower P4 1
Tibia Distal end (or subset thereof) 1
First Phalanx Proximal end (or subset thereof) 1
Second Phalanx Proximal end (or subset thereof) 1
Third Phalanx CO/ACO 1
Phalanx, Type Unknown Distal end (or subset thereof) 2

cf. Genetta tigrina Scapula Glenoid 1
Felid small (serval/wild cat) I2 1

Patella 1
Carpal, Type Unknown 1
Calcaneum Tuberculum and Corpus 1
MC/MT (generic metapod) Complete distal end 1

Felid small-medium (caracal/ 
serval) Lower P3 1

Felid large (cheetah/leopard) Carpal, Type Unknown 2
Viverrid large Mandible w/o teeth Condyle 1

Fibula Proximal end (or subset thereof) 1
MC/MT (generic metapod) Complete distal end 1

Viverrid/Mustelid Metacarpal, No. Unknown CO/ACO 1
Galerella sanguinea Radius Distal end (or subset thereof) 1

Metatarsal, Type Unknown CO/ACO 1
Galerella sp. Humerus Proximal end (or subset thereof) 1 (1)
Atliax palundinous Incisor (1)

Ulna Shaft (1)
Innominate Acetabulum + Ischium (1)

Mongoose Maxilla w/o teeth 1
Lower Premolar 1
Humerus Distal end (or subset thereof) 1
Femur Distal end (or subset thereof) 1
Tibia Proximal end (or subset thereof) 1
Calcaneum CO/ACO 1

Tuberculum and Corpus 1
Talus CO/ACO 1

Indet Fragment 1
Tarsal, Type Unknown 1
Metacarpal III/IV Proximal end (or subset thereof) 1
Metatarsal, Type Unknown CO/ACO 1

Proximal end (or subset thereof) 1
Mongoose small Mandible w/o teeth Ascending ramus 1

Scapula Glenoid 1
Humerus Proximal end (or subset thereof) 1
Radius Proximal end (or subset thereof) 3
Ulna Distal end (or subset thereof) 1
Carpal, Type Unknown 1
Innominate Acetabulum + Pubis 1
Tarsal, Type Unknown 1

Primate: Sykes' monkey or 
Baboon

Primate: Vervet or Sykes' 
monkey
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Mongoose small MC/MT (generic metapod) Isolated distal condyle 1
Metatarsal, Type Unknown CO/ACO 1

Mongoose medium Radius Shaft 1
Femur Shaft 1

Mongoose large Maxilla w/o teeth 2
Radius Proximal end (or subset thereof) 3
Metacarpal, No. Unknown CO/ACO 1
Phalanx, Type Unknown CO/ACO 1

Canid small MC/MT (generic metapod) Complete distal end 1
Canid small-medium Upper P1 (1)
Canid medium (jackal size) P1 1

Patella 1
MC/MT (generic metapod) Isolated distal condyle 1

Canid large Ulna Anconaeus 1
cf. Ictonyx striatus Metacarpal, No. Unknown CO/ACO 1

MC/MT (generic metapod) Complete distal end 1
Tarsal, Type Unknown 1
First Phalanx CO/ACO 1
Phalanx, Type Unknown CO/ACO 1

Mustelid MC/MT (generic metapod) Complete distal end 1
Carnivore small Premolar 1

Molar/Premolar 1
Carpal, Type Unknown 1
Talus Indet Fragment 1
Tarsal, Type Unknown 1
Metacarpal, No. Unknown Proximal end (or subset thereof) 1
Metatarsal, Type Unknown Proximal end (or subset thereof) 1

Carnivore medium Canine 2
Upper I3 1
Sacrum 1
Ulna Anconaeus 1
Fibula Distal end (or subset thereof) 1
Cervical Vertebra (1)
Scapula Blade 1 1
Carpal, Type Unknown 1
MC/MT (generic metapod) Isolated distal condyle 1
Second Phalanx Distal end (or subset thereof) 1

Carnivore large Canine 1
Radius Shaft 1
Innominate Indet Fragment (1)

Equus quagga Upper M2 1
Upper M3 1
Upper Premolar 1
Upper tooth 2
Mandible w/o teeth Corpus (1)
dp2 (1)
Molar/Premolar 3 1
Enamel Fragment 6 5
Innominate Iliac blade 1
Femur Shaft 1
Tibia Shaft 1
MC/MT (generic metapod) Proximal end (or subset thereof) 1

Shaft 2
cf. Equus capensis Canine 1

Distal Sesamoid 1
First Phalanx Distal end (or subset thereof) 1
Second Phalanx Distal end (or subset thereof) 1

Equus sp. Os Petrosum 1

Carnivore medium-large 
(hyena size)
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Equus sp. Upper M1 (1)
Mandible w/o teeth Corpus 1
Lower Deciduous Premolar (3)
Incisor (1)
Deciduous Premolar (1)
Molar/Premolar 1
Enamel Fragment 2 1
Os Centroquartale 1
Innominate Iliac blade 1
Femur Shaft 3
MC/MT (generic metapod) Proximal end (or subset thereof) 1
Proximal Sesamoid 1
Second Phalanx Distal end (or subset thereof) 1

Potamochoerus larvatus Cranial 2
Maxilla w/o teeth 1
Upper P4 1
Upper Molar 1
Mandible w/ teeth Corpus 1
Mandible w/o teeth Corpus 1
Lower dp4 (1)
M2 1
Incisor 2
Tusk Fragment 15
Premolar 2
Molar 1 35 (2)
Molar/Premolar 2 7
Deciduous Premolar (2)
Deciduous tooth (2)
Enamel Fragment 7 (2)
Scapula Glenoid + Neck + Blade (1)

Blade 2
Humerus Distal shaft 1

Distal end (or subset thereof) 2 (1)
Radius Proximal end (or subset thereof) 3
Ulna Anconaeus 2 (1)

Shaft (2)
Radial Carpal 6
Intermediate Carpal 2 (1)
4th carpal 1
Accessory Carpal 5
Carpal, Type Unknown 5
Innominate Acetabulum + Ischium 1
Femur Major trochanter 1
Patella (2)
Tibia Proximal end (or subset thereof) 1

Distal end (or subset thereof) 1
Fibula Shaft 2
Calcaneum CO/ACO (1)

Tuberculum and Corpus 1
Tarsal, Type Unknown 6
Metacarpal III/IV Proximal end (or subset thereof) 1
Metacarpal V Proximal end (or subset thereof) 1
Metacarpal, No. Unknown CO/ACO 2

Proximal end (or subset thereof) 2
Shaft 1

Metatarsal III Proximal end (or subset thereof) 1
Metatarsal IV Proximal end (or subset thereof) 1
Metatarsal V CO/ACO 2
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Potamochoerus larvatus Metatarsal V Proximal end (or subset thereof) 2
Distal end (or subset thereof) (1)

Metatarsal, Type Unknown Proximal end (or subset thereof) 2
MC/MT (generic metapod) Proximal end (or subset thereof) 1 2

Shaft 1 (9)
Complete distal end 2
Isolated distal condyle 1 12

Proximal Sesamoid 9
First Phalanx CO/ACO 2

Half 2
Proximal end (or subset thereof) 1 12 (3)
Shaft 1
Distal end (or subset thereof) 2 16

Second Phalanx CO/ACO 1 19 (3)
Half 2
Proximal end (or subset thereof) 12 (1)
Shaft 4 (1)
Distal end (or subset thereof) 3

Third Phalanx CO/ACO 1 10
Proximal end (or subset thereof) 2 12
Plantar (1)

Phalanx 1 or 2 Proximal end (or subset thereof) 1
Distal end (or subset thereof) 3

Phalanx, Type Unknown CO/ACO 1
cf. Potamochoerus larvatus Radius Proximal end (or subset thereof) 1

Fibula Proximal end (or subset thereof) 1
First Phalanx Distal end (or subset thereof) 2

Phacochoerus africanus Lower Molar 1
Molar 1
Enamel Fragment 4 2 (1)

Suid Os Petrosum 2
Cranial 1
Tusk Fragment 1
Enamel Fragment (1)
Humerus Proximal end (or subset thereof) 1

Distal end (or subset thereof) 2 1
Ulna Shaft 1
Accessory Carpal 1
Carpal, Type Unknown 1
Femur Head or head/neck 1
Patella (1)
Fibula Proximal end (or subset thereof) 1

Shaft 1
Distal end (or subset thereof) 1

Metacarpal, No. Unknown Proximal end (or subset thereof) 1
MC/MT (generic metapod) CO/ACO (1)

Distal shaft (1)
Complete distal end (1)
Isolated distal condyle 3

Proximal Sesamoid 1 2 9
First Phalanx CO/ACO 1 (2) 1

Proximal end (or subset thereof) (1)
Shaft 1 (1)
Distal end (or subset thereof) 1 3 2

Second Phalanx CO/ACO 1 1 1
Proximal end (or subset thereof) 2 (1) 1 (2) 1
Distal end (or subset thereof) 1

Third Phalanx CO/ACO 1 1
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Suid Third Phalanx Proximal end (or subset thereof) 1 1 1
Phalanx 1 or 2 Proximal end (or subset thereof) 1

cf. Giraffa camelopardalis Enamel Fragment 1
Vertebra spine or Rib 1
Long Bone Shaft 1
Proximal Sesamoid 1
First Phalanx Distal end (or subset thereof) 1

cf. Pelorovis antiquus Mandible w/ teeth Corpus 1
Lower P3 1
Lower M2 1
Patella 1
Metatarsal III/IV Shaft 1
Proximal Sesamoid 1

Syncerus caffer Horn 1
Upper P2 1
Upper P3 1
Upper P3/P4 1
Upper M1 1
Upper M2 1 1
Upper M2/M3 (1)
Upper Molar (1)
Lower M1/M2 (1)
Lower M2 1
Lower Molar 1
Premolar 1
Molar 1
2nd and 3rd carpal 1
Proximal Sesamoid 2
First Phalanx Proximal end (or subset thereof) (1)

Distal end (or subset thereof) 1
Second Phalanx Proximal end (or subset thereof) 2

Half 2
Distal end (or subset thereof) 1

Third Phalanx Plantar 1
Distal end (or subset thereof) 2

cf. Syncerus caffer Os Petrosum 1
Upper I2 1
Lower P3/P4 2
Incisor 1 1
Molar/Premolar 1 (1)
Metatarsal III/IV Shaft 1
MC/MT (generic metapod) Isolated distal condyle 1
Distal Sesamoid 1
First Phalanx Distal end (or subset thereof) 1

Syncerus/Pelorovis Lower P4 1
First Phalanx Proximal end (or subset thereof) 1

Tragelaphus strepsiceros Lower I2 1
Lower M1/M2 (1)
Lower Molar 1
Molar 1 (1)
Molar/Premolar 1
Proximal Sesamoid 1
Distal Sesamoid 1

cf. Tragelaphus strepsiceros Upper P4 1
Lower P3 1
Lower dp4 (1)

Tragelaphus scriptus Upper Deciduous Premolar (1)
Talus CO/ACO 1
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Tragelaphus scriptus Third Phalanx CO/ACO 5
Distal end (or subset thereof) 1

cf. Tragelaphus scriptus Molar/Premolar 1
Os Malleolare 1
Third Phalanx CO/ACO 1

Proximal end (or subset thereof) 1
Distal end (or subset thereof) 1

Tragelaphus oryx Upper Molar 1
First Phalanx Proximal end (or subset thereof) 1

Distal end (or subset thereof) 1
Second Phalanx Half 2

Distal end (or subset thereof) 1
cf. Tragelaphus oryx Lower P3/P4 1

Molar/Premolar 1
MC/MT (generic metapod) Isolated distal condyle 1
Second Phalanx Distal end (or subset thereof) 1

Tragelaphus sp. Upper Molar 1
Cranial base (1)
Occipital Condyle (1)
Lower Molar 1

Megalotragus priscus Os Petrosum (1)
Sphenoid (1)
Femur Head or head/neck (1)
Second Phalanx Proximal end (or subset thereof) (1)

cf. Megalotragus priscus Upper M2/M3 1
Lower M3 1
Molar 1

Connochaetes taurinus Horn 1
Upper M2 1
Upper Molar 1
Lower P3 1
Lower P3/P4 1
Molar (1)
Third Phalanx CO/ACO 1

cf. Connochaetes taurinus Upper M1 1 1
Upper M2 1
Upper M2/M3 1
Tibia Shaft 1

cf. Alcelaphus buselaphus Upper P2 1
Damaliscus pygargus Upper M2 1
Alcelaphine medium-large Third Phalanx CO/ACO 1
Alcelaphine large Upper M2 1

Upper Molar 1 1
Upper Molar/Premolar 1
Lower dp4 (1)
Molar 3 2 (1)
Molar/Premolar 2 (2)
First Phalanx Distal end (or subset thereof) 1

Hippotragus equinus Mandible w/ teeth Corpus 1
Lower M1 1
Lower M2 1
Lower M3 2

Hippotragus sp. Lower M1 1
First Phalanx Distal end (or subset thereof) 2
Second Phalanx Half 1

Distal end (or subset thereof) 1
Philantomba monticola Horn 16

Os Petrosum 3

Tragelaphine large: kudu or 
eland

Hippotragus sp. / 
Tragelaphus oryx

244



Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Philantomba monticola Occipital Condyle 10
Basicranium 1
Maxilla w/ teeth 4 (1)
Maxilla w/o teeth 3
Upper P2 1 5
Upper P3 4
Upper P3/P4 1
Upper P4 4
Upper M1 10 (1)
Upper M1/M2 1 3
Upper M2 7 (1)
Upper M3 7
Upper dp2 (6)
Upper dp3 (5)
Upper dp4 (9)
Upper Premolar 1
Upper Molar 9
Upper Molar/Premolar 1
Mandible w/ teeth Corpus 6 (4)

Diasthema 1
Mandible w/o teeth Corpus 9

Diasthema 1 5
Ascending ramus 2
Condyle 1 14

Lower P2 2
Lower P3 2 9
Lower P3/P4 3
Lower P4 4
Lower M1 17 (4)
Lower M2 8 (4)
Lower M3 9
Lower dp2 (4)
Lower dp3 (9)
Lower dp4 (11)
Incisor 2
Lower Premolar 1
Lower Molar 10
M2/M3 1
M3 3
dp4 (1)
Premolar 1
Molar 13 (1)
Molar/Premolar 1
Deciduous Premolar (1)
Hyoid 4
Axis 11
Thoracic Vertebra 1
Scapula Glenoid 8

Glenoid + Neck + Blade 5 (1)
Spine 6
Caudal Edge 2

Humerus Proximal end (or subset thereof) 17
Proximal shaft (1)
Distal shaft 1 1
Distal end (or subset thereof) 17 (1)

Radius Proximal end (or subset thereof) 1 28 (1)
Proximal shaft (1)
Shaft 3

245



Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Philantomba monticola Radius Distal shaft (1)
Distal end (or subset thereof) 1 10 (2)

Ulna Olecranon 1 3 (1)
Olecranon + Anconaeus 6
Anconaeus 16
Shaft 1 (1)

Radial Carpal 22 (1)
Intermediate Carpal 13
Ulnar Carpal 5
2nd and 3rd carpal 26 (1)
4th carpal 13 (1)
Innominate Acetabulum 22

Acetabulum + Ilium 4
Acetabulum + Pubis 3
Ischium 1 (1)
Pubis (1)

Femur Head or head/neck 17 (1)
Major trochanter 1
Shaft 1 16
Distal end (or subset thereof) 10 (1)

Patella 17 (2)
Tibia Proximal end (or subset thereof) (1) 5 (2)

Proximal shaft/crest 3
Shaft 4
Distal shaft (5)
Distal end (or subset thereof) 18 (3)

Os Malleolare 8
Calcaneum CO/ACO 8

Tuberculum 7 (4)
Tuberculum and Corpus 12
Sustenaculum 6
Susteanculum and Corpus 1
Corpus and Distal Projection 1
Distal Projection 3

Talus CO/ACO 22 (1)
Half 2
Proximal end (or subset thereof) 1 6
Distal end (or subset thereof) 8 (1)
Indet Fragment 20 (1)

Cuneiform 2
2nd and 3rd tarsal 7
Os Centroquartale 31 (2)
Metacarpal III/IV Proximal end (or subset thereof) 20

Shaft 5
Distal shaft 1
Complete distal end 4
Isolated distal condyle 2 (1)

Metatarsal III/IV Proximal end (or subset thereof) 25
Proximal shaft 1
Shaft 1 1 40
Complete distal end 3 (2)
Isolated distal condyle 3

MC/MT (generic metapod) Proximal end (or subset thereof) 1
Shaft 6
Distal shaft (1)
Paired condyles 3 (1)
Isolated distal condyle 70 (7)

First Phalanx CO/ACO 16  (3)
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Philantomba monticola First Phalanx Proximal end (or subset thereof) 19 (2)
Shaft 6
Distal end (or subset thereof) 36 (5)

Second Phalanx CO/ACO 30 (1)
Half 2 (1)
Proximal end (or subset thereof) 4 (1)
Shaft (5)
Distal end (or subset thereof) 28

Third Phalanx CO/ACO 1 41 (3)
Proximal end (or subset thereof) 12
Distal end (or subset thereof) 2

Dew Claw 2
Cephalophus natalensis Mandible w/ teeth Corpus 1

Lower P4 1
Lower M1 1

cf. Cephalophus natalensis 2nd and 3rd carpal 1
Sylvicapra grimmia Upper M1 1

Upper dp3 (1)
Cephalophus/Sylvicapra Maxilla w/ teeth 1

Upper M2 1
Upper M3 1
Lower M1 1
Lower M3 1

Redunca fulvorufula Second Phalanx CO/ACO 1
Redunca sp. Lower P4 1

First Phalanx Proximal end (or subset thereof) (1)
Second Phalanx CO/ACO 1

Kobus ellipsiprymnus Lower M1 1
cf. Kobus ellipsiprymnus Upper M1 (1)
Pelea capreolus Horn 1

Lower M1 1
MC/MT (generic metapod) Isolated distal condyle (1)

cf. Pelea capreolus Mandible w/o teeth Corpus 1
First Phalanx Proximal end (or subset thereof) 1

Pelea/Redunca Second Phalanx Proximal end (or subset thereof) 1
Raphicerus campestris Horn 1

Upper P2 1
Upper P3 1
Mandible w/ teeth Corpus (2)
Lower P4 (1)
Lower M1 (2)
Lower M2 1
Lower dp2 (2)
Lower dp3 (2)
Lower dp4 (3)
Axis 1
Second Phalanx Proximal end (or subset thereof) 1

cf. Raphicerus campestris Upper P3 1
Upper Molar 1

Raphicerus sp. Third Phalanx CO/ACO 1
Raphicerus/Oreotragus Upper M1 1

Lower M2/M3 1
Aepyceros melampus Horn 1

Lower M2 1
Lower M2/M3 1
Radial Carpal 1
Third Phalanx CO/ACO 1

cf. Aepyceros melampus Upper P2 1
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Oreotragus oreotragus MC/MT (generic metapod) Paired condyles 1
Third Phalanx Proximal end (or subset thereof) 1

cf. Oreotragus oreotragus Metatarsal III/IV Proximal end (or subset thereof) 1
Bov I Horn 3

Orbital 1
Occipital Condyle 7 (2)
Os Petrosum 1 23
Cranial 1
Upper P3 1
Upper Molar 3
Mandible w/o teeth Corpus 2

Diasthema 1 4
Ascending ramus 2 5
Condyle 1 10 (3)

Incisor 1
Lower M3 1
Lower Molar 1 1
Molar 1 4
Molar/Premolar 1 1
Hyoid 2
Atlas 2
Axis 2 8
Sternum 1
Scapula Glenoid 5 (1)

Glenoid + Neck + Blade (1)
Spine 4
Caudal Edge 7 (1)
Blade 2

Humerus Proximal end (or subset thereof) 1 5 (1)
Proximal shaft (1)
Shaft 1 1 3 (1)
Distal shaft 1 5 (3)
Distal end (or subset thereof) 1 1 2

Radius Proximal end (or subset thereof) 2 1 4
Shaft 1
Distal end (or subset thereof) 7

Ulna Olecranon 1 9
Anconaeus 2 5
Shaft 2 (1)
Distal end (or subset thereof) 1 (1)

Radial Carpal 1
Intermediate Carpal 4 (1)
Ulnar Carpal 1
2nd and 3rd carpal 1
4th carpal 1 (1)
Accessory Carpal 1
Innominate Acetabulum 9 (1)

Acetabulum + Ilium 3 (1)
Iliac blade 1 (2)
Ischium 2
Pubis 1
Indet Fragment 1

Femur Head or head/neck (1) (1) 5 (2)
Major trochanter 1
Minor trochanter 3
Shaft 2 1 6
Distal shaft 1 2
Distal end (or subset thereof) 2 8 (1)
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Bov I Patella 1 2
Tibia Proximal end (or subset thereof) 3 (2)

Proximal shaft/crest 1 5
Shaft 1 1
Distal shaft 1
Distal end (or subset thereof) 2

Os Malleolare 2
Calcaneum Tuberculum 1 1 5 (1)

Tuberculum and Corpus 1
Sustenaculum 2
Distal Projection 1 2

Talus Half 1
Proximal end (or subset thereof) 1 1
Indet Fragment 1 1 3

Cuneiform 2
2nd and 3rd tarsal 1 2 (1)
Os Centroquartale 4
Metacarpal III/IV Proximal end (or subset thereof) 1 3 3

Shaft 2 3 (1)
Isolated distal condyle 1

Metatarsal III/IV Proximal end (or subset thereof) 1 5
Proximal shaft 2
Shaft 1 8 9

Metapod II or V CO/ACO 2
MC/MT (generic metapod) Proximal end (or subset thereof) 2

Proximal shaft 1
Shaft 2 (1)
Distal shaft (1) 1 (1)
Isolated distal condyle 1 2 16

Proximal Sesamoid 1 8
Distal Sesamoid 2 5
First Phalanx Proximal end (or subset thereof) 1 4 (3)

Shaft 1 (2)
Distal end (or subset thereof) 1 5 17

Second Phalanx CO/ACO 1
Proximal end (or subset thereof) 2 6
Shaft 2 (1)
Distal end (or subset thereof) 1 1 6

Third Phalanx Proximal end (or subset thereof) 1 2 8
Distal end (or subset thereof) 1 (1)

Dew Claw 2
Sesamoid, Carpal/Tarsal Region? 1

Bov I/II Horn 2
Orbital 1
Os Petrosum 2
Upper Molar 1
Mandible w/o teeth Condyle 1
Lower Molar 1
Molar 1
Scapula Glenoid (1)
Ulna Shaft 1
Intermediate Carpal (1)
Femur Head or head/neck 1

Shaft 2
Distal end (or subset thereof) 1

Talus Proximal end (or subset thereof) 1
Cuneiform 1
Metacarpal III/IV Proximal end (or subset thereof) 1
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Bov I/II Metatarsal III/IV Shaft 1 2
Metapod II or V CO/ACO 1 1
MC/MT (generic metapod) Isolated distal condyle 4
Proximal Sesamoid 2 4
Distal Sesamoid 3 2
First Phalanx Distal end (or subset thereof) 2 2
Third Phalanx CO/ACO 1

Distal end (or subset thereof) 1
Proximal end (or subset thereof) 1 1

Dew Claw 1
Bov II Horn 5

Orbital 1 2
Occipital Condyle 1
Os Petrosum 2 3 6
Premaxilla 1
Maxilla w/o teeth 1
Upper P3/P4 1
Mandible w/o teeth Corpus 6 1 2

Diasthema 1 1
Incisivum 1
Ascending ramus 1
Condyle 1 2

I1 1
I2 1
Lower M3 1
Lower dp3 (1)
Lower dp4 (1)
Incisor 2
Lower Molar 1 1 4
Lower Premolar 1
P3/P4 1
Molar 2 1 2 (1)
Molar/Premolar 1 1 (1)
Deciduous Premolar (1)
Hyoid 3 3
Atlas 1
Axis 5
Scapula Glenoid 1 2 9

Neck (1)
Spine 1 2
Caudal Edge 3 (1) 3
Cranial Edge 2
Blade 4 1 20

Humerus Proximal end (or subset thereof) 1 (2) (1)
Shaft 2 5
Distal shaft 3 9 (1)
Distal end (or subset thereof) 3 2 5 (2)

Radius Proximal end (or subset thereof) 2 (1) 3 10 (1)
Shaft-ulnar scar 2
Shaft 1 4
Distal shaft 2
Distal end (or subset thereof) 1 (1) 4 (2)

Ulna Olecranon 4
Olecranon + Anconaeus (1)
Anconaeus 1 2
Shaft 4 3 6
Distal end (or subset thereof) 1 1 5

Radial Carpal 1 (1) 2
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Bov II Intermediate Carpal 1 (1) 4 (1)
Ulnar Carpal 2 3
2nd and 3rd carpal 1 2 (1) 2
4th carpal 1 3 (1) 4
Accessory Carpal 2 1 4
Innominate Acetabulum 1 1 3 (1)

Acetabulum + Ischium 1 (1)
Iliac blade 1 1 (1)
Ischium 2 (1)

Femur Head or head/neck (1) 2
Minor trochanter 1
Shaft 4 (1) 1 5 (3)
Distal shaft 1 (2)
Distal end (or subset thereof) 5 5

Patella 1 (3)
Tibia Proximal end (or subset thereof) 1 (1) 1

Proximal shaft/crest 2 1
Shaft 6 1 9
Distal shaft 1 (1)
Distal end (or subset thereof) 3 5

Os Malleolare 2 3 (1)
Calcaneum CO/ACO 1

Tuberculum 1 6
Tuberculum and Corpus 1
Corpus 1 1
Susteanculum and Corpus 1
Distal Projection 2

Talus Half 1
Proximal end (or subset thereof) 6
Distal end (or subset thereof) 1 1 1
Indet Fragment 4 6 8

Cuneiform 2 1 1
2nd and 3rd tarsal 2 5 (1) 7
Os Centroquartale 6 5 5
Metacarpal III/IV Proximal end (or subset thereof) 1 2 7

Shaft 4 1 7 (2)
Metatarsal III/IV Proximal end (or subset thereof) 3 2 14

Shaft 6 3 11
Isolated distal condyle 1

Metapod II or V CO/ACO 1
MC/MT (generic metapod) Shaft 8 1 (1)

Distal shaft (1)
Paired condyles 1 2 (3)
Isolated distal condyle 8 10 20 (1)

Proximal Sesamoid 9 25 53 (1)
Distal Sesamoid 3 (1) 9 33
First Phalanx CO/ACO (1)

Half 1
Proximal end (or subset thereof) 10 (2) 10 (1) 12
Shaft 1 1 (1)
Distal end (or subset thereof) 7 7 44

Second Phalanx Half 1
Proximal end (or subset thereof) 1 (1) 9 20 (1)
Shaft 5 (1)
Distal end (or subset thereof) 3 14 36

Third Phalanx Proximal end (or subset thereof) 3 8 12
Plantar 2
Distal end (or subset thereof) 1 3

251



Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Bov II Phalanx 1 or 2 Shaft (1)
Distal end (or subset thereof) 1 2

Dew Claw 8 6 15
Humerus OR Femur Shaft 1
Carpal/Tarsal (1)
Sesamoid, Carpal/Tarsal Region? 5 4 1
Sesamoid, Type Unknown 1 1

Bov II/III Horn 1 1 1
Os Petrosum 1 1
Upper Molar/Premolar 1
Molar/Premolar 1
Axis 1
Humerus Distal shaft 2 1
2nd and 3rd carpal 1
4th carpal 1
Innominate Ischium (1)
Femur Shaft 1
Tibia Shaft 2 1
Talus Distal end (or subset thereof) 1

Indet Fragment 1
2nd and 3rd tarsal (1)
Os Centroquartale (1)
Metatarsal III/IV Proximal end (or subset thereof) 1

Shaft 1
MC/MT (generic metapod) Isolated distal condyle 2
Proximal Sesamoid 6
Distal Sesamoid 1 1
First Phalanx Distal end (or subset thereof) 1 1
Second Phalanx CO/ACO (1)

Distal end (or subset thereof) 1
Third Phalanx Distal end (or subset thereof) 1 1
Dew Claw 1 4

Bov III Horn 1 1 1
Nasal 1
Orbital 3
Occipital Condyle 1
Os Petrosum 4 5 5
Cranial base (1)
Cranial 2
Maxilla w/o teeth (blank) 2 2
Upper P2 2
Upper P3 1
Upper P4 1
Upper Molar 2 2
Upper Molar/Premolar 1 1
Mandible w/o teeth Corpus 7 1

Diasthema 1
Ascending ramus 3 (2) 1
Coronid process (1)
Condyle (1) 1

Lower P3 1
Lower P3/P4 1 (1)
Lower P4 1
Lower M3 1
Lower dp4 (1)
Canine 1
Incisor 5
Lower Premolar 2 4
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Bov III Lower Molar 2 1
Premolar 1
Molar 9 (1) 2 5 (2)
Molar/Premolar 5 (1) (1)
Deciduous incisor (1)
Hyoid 1 3
Atlas 2
Axis 1
Scapula Glenoid 1 2

Cranial Edge 2
Blade 1 7

Humerus Proximal end (or subset thereof) (1) (1) 3
Proximal shaft 1
Shaft 5 1
Distal shaft 1 1 3
Distal end (or subset thereof) 1 (1)

Radius Proximal end (or subset thereof) 3 2 (1)
Shaft-ulnar scar 1 1 1
Shaft 3 3
Distal shaft (1)
Distal end (or subset thereof) 4 2

Ulna Olecranon 1 6
Olecranon + Anconaeus (1)
Anconaeus (1)
Shaft 4 (1) 1 4
Distal end (or subset thereof) 1

Radial Carpal 1
Intermediate Carpal 3
2nd and 3rd carpal (1) 2 3 (1)
Accessory Carpal 1 1
Carpal, Type Unknown 1
Innominate Acetabulum 4

Iliac blade 1
Ischium (1)

Femur Head or head/neck 1 (3)
Major trochanter 2
Minor trochanter 3
Shaft 10 2 (1)
Distal end (or subset thereof) 2 3

Patella 1 2
Tibia Proximal end (or subset thereof) 1 (1)

Proximal shaft/crest 1 1
Shaft 20 2 11
Distal end (or subset thereof) 2 1 2

Os Malleolare (1) 1
Calcaneum Tuberculum 1 1

Corpus 1
Distal Projection 1

Talus Distal end (or subset thereof) 1 (1) 1
Indet Fragment 1 2 3

Cuneiform 1 (1)
2nd and 3rd tarsal 1 2 1
Os Centroquartale 5 2
Metacarpal III/IV Proximal end (or subset thereof) 2 1 3

Proximal shaft 1
Shaft 8 1

Metatarsal III/IV Proximal end (or subset thereof) 5 1 4
Proximal shaft (1)

253



Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Bov III Metatarsal III/IV Shaft 7 1 6
Metapod II or V CO/ACO 1
MC/MT (generic metapod) Proximal end (or subset thereof) 1

Shaft 1 3
Isolated distal condyle 10 5 5

Proximal Sesamoid 13 5 15 (2)
Distal Sesamoid 15 7 (2) 18 ( 3)
First Phalanx Proximal end (or subset thereof) 6 (1) 1 6 (3)

Shaft 1 (1)
Distal end (or subset thereof) 12 (1) 4 13 (2)

Second Phalanx Half 1
Proximal end (or subset thereof) 6 (2) 2 7 (1)
Shaft 1 (1) 1
Distal end (or subset thereof) 12 (1) 2 9 (2)

Third Phalanx Proximal end (or subset thereof) 6 3 9
Plantar 2 (1) 1
Distal end (or subset thereof) 2 3

Phalanx 1 or 2 Distal end (or subset thereof) 2 1 3
Dew Claw 9 4 10
Long Bone Shaft 1 1
Sesamoid, Carpal/Tarsal Region? 6 2

Bov III/IV Horn 4
Os Petrosum 2 1 1
Maxilla w/o teeth 2
Upper Molar 1
Upper Molar/Premolar 1
Lower Molar 1
Lower Premolar (1)
Incisor 1 1 2
Molar 2 (2) 1 1
Molar/Premolar 8 1
Hyoid 1
Rib 1
Humerus Proximal end (or subset thereof) 1

Shaft 1
Distal end (or subset thereof) 3

Radius Proximal shaft 1
Ulna Anconaeus 1

Shaft 1
Radial Carpal 1
2nd and 3rd carpal 1
Innominate Acetabulum 1

Ischium 1
Femur Shaft 1 1 2
Tibia Shaft 2
Talus Distal end (or subset thereof) 1

Indet Fragment 2
Cuneiform 1
Os Centroquartale 1
Metacarpal III/IV Shaft 1
Metatarsal III/IV Proximal end (or subset thereof) (1) 1

Shaft 1 1
Metapod II or V CO/ACO 2
MC/MT (generic metapod) Proximal shaft (1)

Shaft 2
Distal shaft (1)
Isolated distal condyle 2 3

Proximal Sesamoid 2 2 4
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Bov III/IV Distal Sesamoid 10 (1) 4 5
First Phalanx Distal end (or subset thereof) 2 2
Second Phalanx Proximal end (or subset thereof) 2
Third Phalanx Plantar 2

Distal end (or subset thereof) 1
Dew Claw 1 2

Bov IV Occipital Condyle (1)
Os Petrosum 1
Cranial (1)
Maxilla w/o teeth 1
Upper Molar 1
Upper Molar/Premolar 1
Mandible w/o teeth Ascending ramus 1

Corpus 3 1
Lower dp4 (1)
Incisor 2 3
Premolar 1
Molar 1
Molar/Premolar 1
Hyoid 1 1
Scapula Glenoid 1

Blade 1
Humerus Shaft 1 4

Distal shaft 1
Distal end (or subset thereof) 1

Ulna Anconaeus 1
Ulnar Carpal 1
2nd and 3rd carpal (1) (1)
Innominate Iliac blade 1
Femur Shaft 1
Tibia Proximal shaft/crest 1

Shaft 1
Calcaneum Corpus (1)

Distal Projection 1 1
Talus Indet Fragment (1)
2nd and 3rd tarsal 1
Os Centroquartale 1
Metacarpal III/IV Proximal end (or subset thereof) 1 2

Shaft 2 (1) 1
Distal shaft 1

Metatarsal III/IV Proximal end (or subset thereof) 1
Shaft 3 1

MC/MT (generic metapod) Shaft 1 1
Isolated distal condyle 2

Proximal Sesamoid 9 4 11
Distal Sesamoid 10 (1) 2 3
First Phalanx Proximal end (or subset thereof) 1 (1) 1 (1) 1

Distal end (or subset thereof) 4 1 7
Second Phalanx Proximal end (or subset thereof) 2 (1)

Shaft (2)
Distal end (or subset thereof) 3 3

Third Phalanx Proximal end (or subset thereof) 1 1 1
Plantar 2

Dew Claw 1
Humerus OR Femur Shaft 2
Long Bone Shaft 1

Bov IV/V Os Petrosum 2
Ulna Anconaeus (1)
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Taxon Element Portion
post-HP 
MSA 1

post-HP 
MSA 2 HP

Bov IV/V Femur Shaft 1
Os Centroquartale (1)
Proximal Sesamoid 3 1
Distal Sesamoid 3
First Phalanx Proximal end (or subset thereof) 1

Distal end (or subset thereof) 1
Third Phalanx Proximal end (or subset thereof) 1

Bov V Humerus Distal shaft 1
Shaft 2

Tibia Shaft 1
Large Ungulate Humerus Distal end (or subset thereof) 1
Mammal small Maxilla w/o teeth 1

Mandible w/o teeth Corpus 2
Sternum 2
Humerus Proximal end (or subset thereof) 3

Distal shaft 1
Radius CO/ACO 1

Proximal end (or subset thereof) 1 5
Distal shaft (1)

Mammal small Ulna Olecranon + Anconaeus 1
Anconaeus 1
Shaft 1 1

Carpal, Type Unknown 1
Femur CO/ACO (1)

Head or head/neck 4
Major trochanter 1
Shaft 1
Distal end (or subset thereof) 2

Patella 1 1
Talus CO/ACO 2
Tarsal, Type Unknown 2
Metacarpal, No. Unknown Proximal end (or subset thereof) 2
Metatarsal, Type Unknown Proximal end (or subset thereof) 4
MC/MT (generic metapod) Proximal end (or subset thereof) 2 1 (1)

Complete distal end 4 (1)
Isolated distal condyle 2 (1)

Phalanx, Type Unknown CO/ACO 1 2
Proximal end (or subset thereof) 1
Shaft (1)
Distal end (or subset thereof) 2 1

Carpal/Tarsal 2
Mammal medium Cranial 1

Incisor 1
Carpal, Type Unknown 1 (1)
Patella 1
Proximal Sesamoid 1 8
Distal Sesamoid 1 (1)
Second Phalanx CO/ACO 1
Dew Claw 1
Carpal/Tarsal 1
Sesamoid, Type Unknown (1)

Grand Total 796 (77) 471 (32) 3048 (332)
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