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1 Introduction 

 

“Food is material culture created by technical and social acts” 

 (Miracle 2002:67) 

 

This quote by Preston Miracle pinpoints the social functionality and technological products 

that are reflected in our diet. For instance, husbandry mirrors the social and technological 

advancements that lead to domestication, but it also portray the social convention of stock 

keeping and human-animal relations (Driscoll et al. 2009; Reid 1996). Hunting and trapping 

practices reflects technological advancement in weaponry, but also understanding of terrain 

and of resource exploitation, and a social evolution of a partnership between i.e. the dog and 

the hunter (Amiot and Bastian 2015:6-7). Societies worldwide utilize animals in a variety of 

ways that bear economic and social importance for that specific society. Animals are directly 

linked to diet when slain or milked, but can also be a tool in agricultural cultivation through 

manure gathering and plough technology (Badenhorst 2010; Widgren 2012). The hide can be 

used as shelter or clothing, the bones themselves can be altered and made into tools and 

artefacts, and parts of the animal or the living animal can be used as trade commodities. 

Moreover, herding and animal housing may directly impact settlement structure and 

hinterland resource exploitation (Antonites 2012; Armstrong Oma 2007, 2010, 2013a, 2013b). 

Southern African Iron Age communities are often synonymous with agro-pastoralists, where 

animal management through husbandry of cattle and caprines, have been central to our 

current understanding of both social and economic factors connected to settlement dynamics 

(see Huffman 1996b, 2007; Phillipson 1993).  

The focal point of this thesis is human-animal relationships and hierarchical differences 

expressed through food and food procurement activities at Khami, a late Iron Age (LIA) site 

in Zimbabwe. The material culture is approached through zoo-archaeological methods and 

analysis of faunal remains from kitchen middens related to different hierarchical levels of 

settlement. Khami is a Zimbabwe culture site and described according to the model of 

Zimbabwe Pattern (ZP), a structural-spatial settlement model developed by Thomas Huffman 

(1996b, 2007, 2014). The model assumes a patrilineal and hierarchical society with class 

distinction, where the elite occupy elevated grounds, above the general population that occupy 
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the flatter areas below (Huffman 2007:25-26; Thorp 1995:58). Zimbabwe culture sites tend to 

utilize cattle and other husbandry as important economical subsidies and as luxury goods, 

tying the social hierarchy to animal management and animal economy. 

1.1 Aims and research focus 

ZP communities are traditionally classified as hierarchical settlements following an uneven 

power distribution and enacted power relations. The model assume cattle as a status and trade 

commodity (Reid 1996:52-54), furthermore, the model assume that the elite occupy the 

elevated grounds with stone walls, while the commoners reside on the flatter areas surrounded 

the palace (Huffman 1996b, 2007, 2011, 2014). However as will be shown in chapter 2-3, 

there are certain issues connected to the current settlement model, and the hierarchical 

predisposition of power distribution in Southern African Iron Age. One example is Antonites 

(2012), who in his PhD proposes that heterarchies rather than hierarchy, is better suited to 

express social complexity and hinterland management in the Shashe-Limpopo region (SLR). 

Others scholars such as Chirikure et al. (2013a), Manyanga (2007) and Badenhorst (2009a, 

2009b, 2010, 2015) question the substance strategies and faunal managements at these site. 

Accordingly, this thesis is a critical discourse into faunal subsistence strategies. 

This thesis examines the socio-political organization of Khami, through the theoretical 

perspective of human-animal relations. This perspective considers how humans and animals 

influence each other’s behaviour (Armstrong Oma 2007, 2013a; Ingold 2000a, 2000b). The 

subject for the study is faunal remains form kitchen middens associated with different social 

status. It aims to explore to what degree differences in social status are evident in 

archaeological deposits, and to what extent hierarchical differences apply to animal economy.  

The research is two parted question is as follows that faunal remains is closely linked to the 

environmental debate on the climate. Firstly the overarching research question is how and to 

what extent does utilization of animal resources reflect social hierarchy at Khami? To narrow 

the scope of investigation a secondary inquiry will be how was animal food procurement 

connected to resource exploitation? 

This thesis primarily concerns subsistence strategies through food procurement and hinterland 

resource management, animal management and settlement activities. The secondary issue to 

be addressed is the environmental conditions at Khami. This is an aspect closely connected to 

subsistence strategies and hierarchical conditions since the climatic and environmental 
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conditions would influence subsistence strategies and settlement activities (Manyanga 

2007:29-30). Some researchers also assume that the power and economical distribution and 

shifts between regional capitals are caused by unpredictable environments (Huffman 2008), 

and therefore influence the change of regional capitals and settlement dynamics.  

1.2 Human-animal relations and animal economy  

The need to separate humans from animals is an old drive in human society. We are designed 

to assert ourselves as dominant and evolved beings, as something apart from the other mere 

animals. Yet biologically we are animals, creating the ontological discourse that has puzzled 

human philosophy for centuries. This thesis examines different aspects of human-animal 

interactions and relationships, and how they shape and influence human society. In other 

words, it considers human-animal relations, that is, how human and animals interact and 

influence each other’s behaviour. I will use some aspects of the human-animal relations as it 

is formulated by Tim Ingold (1988a, 2000a, 2000b), and further elaborated by Armstrong 

Oma (2007, 2010, 2013a, 2013b); specifically, the aspects of non-human animals that are 

divided into categories based on their proximity, utility, and relationship to and with humans 

(Armstrong Oma 2007:53-56; Ingold 1988c). More precisely, I divide non-human animals 

into subgroups of domesticated, wild fauna, food articles and activity produce.  

The term animal economy refers to the social economic factors and contributions of domestic 

and wild fauna in a human society through associated activities, by which I mean how human-

animal interactions influence the socio-political structure of the settlement. Animal economy 

will be linked to the socio-political organisation at Khami by way of archaeological deposits. 

These deposits are linked to substances strategies and food procurement, based on the 

assumption that the hierarchical ladder dictates differences in resource exploitation and 

access, and that this should  be reflect in uneven consumption and distribution of resources 

throughout the site.  

In studying human-animal relations and the given animal economy in a specific society, we 

must take into account the environment in which they arise. Bourdieu’s habitus and 

Foucault’s apparatus dictates that nothing happens in a vacuum and that environmental factors 

are important to development (Meskell 1996:6-9). Thus, a small segment of this thesis will be 

linked to the environmental conditions at Khami, via isotope analysis. Animals tend to be 

more susceptive to climatic change than humans, which is another reason for the choice of 
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source material.  Isotope analysis could reveal information in connection to rainfall regimes, 

which ties to human subsistence strategies, mobility and not least animal economy and the 

socio-political issues this entail (Codron et al. 2007:1-2; Seetah 2008:135-136). 

For the purposes of this thesis then, the main topic of discussion will be the use of animals in 

an economic and social context, i.e as food producing agents, currency, resource utilization 

and bridal wealth within a social hierarchy. The spatial dimension examined in this regard is 

two kitchen middens from Khami, and their temporal strata of c. 1485-1650CE (Mukwende 

2016 pers.com.). These aspects will be viewed through distribution in the archaeological 

material, where the presumption is that there should be differences, since certain parts of the 

animal necessitate a higher social status and are reserved for the elite. Animals as currency 

and bridal wealth are tied to status and hierarchical differences. These differences should 

reflect a social viability and variable to access of resources (Badenhorst 2009a, 2010, 2011, 

2015; Huffman 2007, 2010, 2014; Reid 1996, 2004). 

1.3 Source material 

Access to faunal material at Khami was granted through the Historical Ecology Project. It is a 

project that aims to examine state formation, ecology, environmental, cultural-historical and 

technological transformations in the SLR of Southern Africa from 700-1900CE (Chirikure 

and Fredriksen 2013:4). The SLR is an important area for the understanding of the 

development of agro-pastoral societies in the Southern African Iron Age, from which Khami 

developed (see figure 1).  

Figure 1: Map of Khami in relation to other Iron Age sites in southern Africa. 
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The source material for this thesis is faunal remains from two middens, midden 2 and North 

Platform Midden, hereafter called M2 and NPM. They are located at different areas of the site 

corresponding to the presumption of hierarchical differences reflected in the elevated terrain 

and dry stone walling. NPM is from the hill top complex where there are stone architecture, 

and M2 is from the lower ground close to the river bend to the north west with no stone 

architecture 

1.4 Terminology 

This source material is centred on the trace evidence detected from faunal remains through 

methods of osteological identification, and isotope analysis. For this reason a few key terms 

will be presented below. 

The faunal remains are primarily herbivores, which biologists refer to as the family rumantia, 

and subfamily bovid. These are animals that have hollow unbranched permanently attached 

horns that usually appear in both sexes. For brevity these will be referred to as bovid or 

bovine. This includes domesticate cattle and caprines, but also wild nyala, kudu, buffalo and 

impala. The animals will in the analysis be ordered in size categories referring to bovid size 

measured in weight (kg) following the classifications by Brian (1974 see table x).  

Table 1: Bovid size according to Brian (1974). Each category relates to the average weight (kg) of different bovid species. 

Bovid size I II III VI 

Weight range (kg) 0-20 c.20-85 c.80-300 Above 300 

1.5 Structure  

This thesis could be viewed in a tripartite division. The first three chapters contextualize the 

reason for this thesis and provide research paradigms and background. Chapter 4 contain the 

theory and methodology, while chapters 5 to 8 analyse and contextualize the findings of this 

study.  

 



Chapter 2. Khami in the Shashe-Limpopo 

6 

 

2 Khami in the iron age 

This chapter will contextualize Khami within SLR and present some regional perspectives 

that are relevant for this study. Previous excavations of Khami will be presented in the latter 

half of this chapter, including the source material for this thesis.  

The settlement at Khami is dated to 1420-1820CE (Chirikure et al. 2013a:345,354), which 

means that the site thrives during the little Ice Age c.1300-1850CE (Denbow et al. 2008; 

Manyanga 2007; Woodborn et al. 2015). It has been suggested that the regional power centres 

of the Zimbabwe tradition are divided in three major sites, that of Mapungubwe, Great 

Zimbabwe and then Khami (Huffman 2007, 2015). The shift from Mapungubwe to Khami 

has arguably been caused by weather conditions; however the paleoenvironmental data from 

the region suggests favourable conditions until 1500CE. To contextualize Khami the 

developments of SLR must be considered.  

2.1 Shashe-Limpopo Region (SLR)  

The rise of socio-political complexity and state formation in the area south of the Zambezi 

River is commonly attributed to the Iron Age, and to the SLR.  It could be argued that the 

view that is currently prevalent in research is skewed, and that the SLR is overemphasised in 

its importance as the cradle of socio-political complexity and early state formation in southern 

Africa (see e.g. Chirikure et al. 2013a; Chirikure et al. 2014; Kim and Kusimba 2008; 

Manyanga et al. 2010; Pikirayi and Lindahl 2013). However, given the premise of the CCP 

and ZP models (see chapter 3.3), Huffman (2007, 2009, 2011, 2014, 2015) puts Mapungubwe 

as the first Zimbabwe culture site and major power centre in the region.  

The SLR is the area surrounding the confluence of the two rivers Shashe and Limpopo. 

Shashe is the border river running between present day Botswana and Zimbabwe. It meets the 

Limpopo at the intersection between Botswana, Zimbabwe and South Africa. The Limpopo 

River travels eastwards along the Botswana-South African border until it meets Zimbabwe 

and follows the Zimbabwe-South Africa border into Mozambique, before it reaches the Indian 

Ocean (see figure 2). The terrain is open savannah woodland dominated by granite rock, in 

the summer rainfall zone, stretching from the Zambezi River to the confluence area of the two 

rivers (Garlake 2002:146; Summers 1960:267). The confluence area is a floodplain, that is 
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ideal for agriculture, with potential for intensive agriculture without depleting the soil, due to 

annual floods that redeposit minerals preventing soil erosion (Huffman 2007:382-384).  

 

Figure 2: Iron Age settlements in relation to the convergence of the Shashe and Limpopo rivers 

The Iron Age in the SLR is marked by the change of subsistence strategies from hunter-

gatherer cultures to food production and agro-pastoralists communities (Huffman 2007:331-

338; Phillipson 1985:7; 1993:7).  

According to Antonites (2012:41) and Huffman (2008) in the early Iron Age (EIA) there are 

few settlements in the SLR due to low rainfall. Huffman’s (2007:366-367, table 20.2 ) 

chronology states that there are no farmers in the area until 900CE, when the Zhizo emerge. 

Other researchers have placed the movement of the Zhizo culture, and its period of flourish in 

the area between 600-900CE (Chirikure et al. 2014; Chirikure et al. 2013b; Denbow et al. 

2008; House 2016:11-12; Manyanga et al. 2010). The Zhizo tradition is identified by selective 

material culture, such as large drawn beads and chopped cylinders, the colouring composed of 

blue, green and yellow (Denbow et al. 2008; Huffman 2007:78). Zhizo pottery is typified by 

stamping, broad incised bands on the lower rim of a vessel and a single line on the shoulder 

(Huffman 2007:143-145, Fig 15.6a&b). Denbow (1986) demonstrates that on the western 

margins of the SLR, in eastern Botswana, the fringes of the Kalahari desert were occupied by 

the Zhizo culture before 900CE, although in this harsh environment they were primarily 

pastoral, exhibiting the same cattle-centric social order as the CCP cultures without the 

monumental architecture. Important sites in the Zhizo tradition are Toutswe and Bosutswe in 

Botswana, that are dated to 900-1500CE and 700-1700 respectfully (Denbow et al. 2008; 
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House 2016:11-12; Huffman 2007). They indicate, as Denbow (1986) argues, that the 

Botswana side of the river delta also plays an important part in the socio-political 

development of the region. 

The Zhizo culture was followed by the Leopard’s Kopje culture, which appears at the start of 

the middle Iron Age (MIA), approximately 1000CE. Leopard’s Kopje sites have been found 

all over the region, identified by the CCP settlement pattern, pottery traditions and settlement 

on top of kopjes or hills. It is believed that it spread rapidly to encompass southern 

Zimbabwe, eastern Botswana and northeast South Africa in the Limpopo region, while 

coexisting with the Zhizo culture, as pottery associated with both cultures appear side by side 

(Antonites 2012:41; Huffman 2007:361-362). Calabrese (2000) and the joint paper by Vogel 

and Calabrese (2000), suggest that the Leopard’s Kopje culture, rather than representing a 

new cultural group was actually the evolved development of culture expressions within the 

Zhizo sphere of influence. Leopard’s Kopje culture has been recognized at K2 (1000-

1220CE), in the northeast of South Africa, south of the SLR confluence area, the same basin 

as several Zhizo sites (Antonites 2012:42; Huffman 2007:371). K2 is thought to have 

accommodated up to 2000 inhabitants, living in pole and daga houses with gravel floors. 

Although not centred on a large byre, K2 has a large amount of vitrified dung west of the 

settlement centre that could be the central byre. According to Huffman (2007, 2015) the site’s 

typology, rather than a divergence from his CCP model is the cause of this acentric byre. K2 

degraded quickly, whilst occupation was settled on the neighbouring Mapungubwe Hill only a 

kilometre away. Gardner assumed in 1962 that Mapungubwe succeeded K2 and may have 

evolved from that site. However, while Huffman (2007:46) conceedes that Mapungubwe may 

have been the first state in southern Africa, he is not convinced that Mapungubwe evolved 

from K2. Rather, he identifies Mapungubwe as the first Zimbabwe culture palace. Moreover 

he implies that the move from K2 to Mapungubwe hill could be viewed as an appropriation of 

the divine, and a structural manifest of the sacral leadership, where he argues that the hill was 

a rainmaking site prior to its settlement (Huffman 1996b; 2007:46). In addition Huffman 

(2008:46), based on the suggestion by Smith (2005:192), argue that there was a dry period 

between 1200-1250CE and that this was a contributing facilitator for the move from K2 to 

Mapungubwe. Note that in the doctoral thesis by Alex Schoeman (2006:283-285), she argues 

that Mapungubwe was a K2 rainmaking hill, and that the move to Mapungubwe hill could 

have been an elite attempt to facilitate control rather than appropriation of the divine. 
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Additionally she argues that at the time of the move to Mapungubwe, political and sacred 

powers were separate entities (Schoeman 2006:285), not united as Huffman suggests.   

2.2 A regional chronology 

Mapungubwe was abandoned in the end of the 13
th

 century, some argue due to overgrazing, 

unsustainable agriculture and climatic conditions (Holmgren and Öberg 2006; Huffman 

1996a; Tyson et al. 2002; Tyson and Lindesay 1992). Smith’s (2005:192) suggestion that 

there is a dry spell in the latter half of the 13
th

 century have been used as environmental cause 

for the demise of Mapungubwe. However rainfall in after the 13
th

 century has been 

demonstrated to have been above 500mm precipitation a year (Ekblom et al. 2012; Smith 

2005; Smith et al. 2007; Smith et al. 2010; Sponheimer et al. 2003a). Further according to the 

models, Great Zimbabwe was the next epicentre that ceases political control in the region. 

Great Zimbabwe lies in south-eastern Zimbabwe; it is perhaps the most known and largest of 

the Zimbabwe sites discovered. It was this site that fuelled the political agenda of the colonial 

power in the 19
th

 and early 20
th

 century, and has received much attention ever since (Hall 

1990). Whether due to vandalism or archaeological conducts, it has been the epicentre for 

developing a history of social complexity in the region. It has been excavated several times, 

although few and poor excavation records have been kept from the early investigations. The 

site consists of several stone structures, cattle enclosures and settlement areas. It is dated to 

1300-1450CE (Huffman 2007:397). There is stonewalling on both flat and higher ground, and 

there are several cattle enclosures, in addition to daga houses (Garlake 1973; Mitchell 

2002:312-319). According to Garlake (2002:151) the stone architecture is not defensive, as 

they end in arcs and curves that are easily circumvented. The ceramics at Great Zimbabwe is 

named Great Zimbabwe facies with granite burnish, incised triangles on the shoulder, beaded 

rims and straight necks (Huffman 2007:253-257). Of course, other types of ceramics have 

been found at Great Zimbabwe such as the Mapungubwe, K2 and Khami facies. The Khami 

facies, which accompanied my faunal remains, have black and red designs (Huffman 

2007:261) on “granite burnished jars with beaded rims and vertical necks” (Huffman 

2014:73). Great Zimbabwe was a trade centre during its reign, where trade goods such as 

Ivory, glass beads, gold, copper and iron are present (Pikirayi 2001:141, 148-159). The 

transition from Great Zimbabwe to Khami has been attributed to competition in gold trade 

between 1400-1450CE (Huffman 2011:29).  
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2.3 Rainmaking and climate 

Rainmaking provided an economic implication and ritualistic dimension to Iron Age farming 

communities, and Huffman claims that rainmaking sites can be used as a cultural proxies for 

environmental drought (Huffman 2009). Though he is not thoroughly convinced that K2 

evolved into Mapungubwe, Huffman maintain that the move from K2 to Mapungubwe was an 

active choice to appropriate the rainmaking hill (Huffman 2007:46). As before mentioned  

Schoeman (2006:285), argues that the sacral and elite leaderships were separate, and states 

that although an active choice, the move was an act of power demonstration by the elite. Who 

tried to facilitate a standard rainmaking culture that they controlled, rather than different 

practices that could challenge their authority if they failed in their duties to ensure rain 

(Schoeman 2006:278-288). 

Rainmaking consists of certain cultic rituals in the CCP and ZP communities (Huffman 

2007:71-73). In an anthropological field study performed by McEdward Murimbika (2006), it 

was revealed that in current Pedi communities, rainmaking can be divided in two categories. 

There are the standard rites that are performed every year, and should be performed before 

and during the farming season. And then there are the more elaborate rites that are preformed 

to prevent drought (Murimbika 2006:86).  

The standard rites consist of the rainmaking medicine that is prepared by the rainmaking 

doctor(s), and sacrifices to the royal ancestors (Murimbika 2006:87). These sacrifices include 

the use of the chief’s senior wife, as she is the keeper of old rainmaking medicine and the jars 

used in previous rites. She gathers young girls who provide unused pottery. These pots are 

filled with water and some rain medicine, that the young girls spread across the cereal fields 

(Huffman 2007:71; Murimbika 2006:87-90). This is followed by burning of dung that select 

influential people carry home from the capital. In line with Huffman’s sources, it is said that 

all the places the smoke is presented can call the rain (Huffman 2007:71; 2009:991). It was 

important in this worldview to carry the smoke to every part of the society, to allow rain to 

fall. 

Only the rainmaker doctor or doctors know the exact content of the rain medicine, and every 

year ingredients are added to the old medicine, so as to continuously create new mixtures. 

Murimbika (2006:88-89) writes that the communities he frequented did not tell him what 

ingredients were used for the rain medicine, but he gathered that fat from black sheep of the 
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royal flock and honey from the royal hive could be used. Plus horns from sacred bulls are 

collected and involved in the making and the distribution of rain medicine (Murimbika 

2006:89, see plate 6.3). According to Huffman, rainmaking sites are identified based on a 

unique combination of archaeological deposits. This include grain bins, burnt sorghum and 

temporal small stock kraals for caprines (Huffman 2009:991) 

If rain is later than usual or there is an impending drought, the elaborate rites are put in 

motion. The first step is to figure out what is the problem, and to do this the rainmakers 

consult the royal divination dice (Murimbika 2006:92). After having consulted the divination 

dice, a sacrifice is made to the royal ancestors. Usually this is an offering of traditional beer, 

but it can also be a sacrifice of a black goat or sheep. It takes place on top of sacred hills or 

kopjes designated for rain making (Huffman 2007:71-73; 2009:991; Murimbika 2006:92). 

These hills are a part of the male domain as they are steep, resembling phalluses, yet 

accessible for cattle in case such sacrifice is required. In the ZP model rainmaking hills are 

not necessary, as it was God not nature that provided rain. Yet the royal ancestral cult was 

essential for rainmaking in ZP settlements to consolidate divine right. The elite residents 

could arguably have been placed on old rainmaking hills, such as Mapungubwe hill, and the 

Hill complex of Great Zimbabwe to appropriate the divine powers (Huffman 1996b; 2007:73; 

2015:125). Divination dice, like those used by the Pedi culture, have been found at several 

Zimbabwe culture sites, and is one of the reasons Huffman includes divination dice in the 

ancestral cult of past Iron Age communities (Huffman 2007:68 see also fig 6.10 and 6.11).  

Rainmaking is a cultural marker for the phenological belief that humans of a specific role, on 

specific locations, have power over the weather. It is a kind of magical property linked to the 

sacred rites. Its main agenda is to appease the gods or the ancestors to avoid unfavourable 

weather conditions. Huffman (1996a; 1996b:178-180; 2007:46) argues that the decline of 

Mapungubwe was due to unfavourable climate, he also advocates political reasons, but for 

now I will consider the climatic conditions. In his view, the Zimbabwe culture has a tripartite 

division beginning with Mapungubwe, followed by Great Zimbabwe and then later the Khami 

phase, named by the political prowess of these three mayor capitals in the Zimbabwe 

kingdom (LaViolette and Fleisher 2005; Sinclair 2013). Huffman (2009:995) defines drought 

as severe if it last more than three successive years and that is when the rainmaker must take 

elaborate actions, and these transitions of power coincides with increased rainmaking 

activites. However both Murimbika (2006) and Schoeman (2013) argues that rainmaking is a 
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continues cultural act that is practiced annually and regularly regardless of weather 

conditions, and that the elaborate rites also is conducted with some regularity. 

Studies like Ekblom et al. (2012), Holmgren et al. (2003), and Smith et al. (2010) have 

demonstrated that the effects of the little Ice Age does not influence the weather in SLR until 

after 1500CE. A dendrochronology study (Woodborn et al. 2015) and other 

paleoenvironmental studies suggests that the region was generally wetter in the Iron Age than 

today. Yet they also suggest low rainfall regimes after 1500CE, and especially problematic 

conditions for cultivation in the 17
th

 century (Driscoll et al. 2009; Smith 2005; Smith et al. 

2007; Smith et al. 2010; Smith et al. 2002; Stager et al. 2013; Thorp 1984a, 1995; Tyson et al. 

2002; Woodborn et al. 2015). Khami is therefore a settlement that is situated within a 

potentially stressed temporal period, and subsistence strategies or coping mechanisms utilized 

at the site could answer some questions regarding the regional responses to potential droughts. 

The source material in this thesis dates to 1500-1600CE, which falls within a period of 

possible stressed environmental conditions. It is therefore possible that the source material in 

this study can provide clues to deteriorating agricultural conditions (see 2.7). 

2.4 Agriculture and pastoral effects of iron age communities 

If the climactic conditions were favourable in the period of 800-1500CE, how then did the 

agriculture and livestock traditions develop in the Iron Age communities? 

As previously mentioned the agriculture cultivation consisted of sorghum and millet crops. 

The SLR has a dry climate and these crops are adapted to such an environment. Beyond this 

few scholarly conducts have focused on settlement areas and few have paid attention to 

hinterland exploitations of farming space. A few studies have considered aspects of farming 

within the hinterland resources, including Antonites (2012, 2014), Badenhorst (2010, 2015), 

Manyanga (2007), Pikirayi (2001) and Sinclair (1987). But studies focusing on the actual 

agriculture placement in relation to settlements in southern Africa are scant. A handful has 

considered how the technical aspects of sowing and harvest were included in different 

technologies in the cultivation process, or the placement of settlements’ cultivation areas. 

That said, there are many studies in the other regions of Africa that have focused on farming 

technologies, placements and practice, one such example is Widgren (2010a, 2010b, 2012, 

2014, 2015).  
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A part of the discussion of agriculture and not least the transition into human domesticate 

environments and ecosystems follows the debate of labour input and output; the time and 

workforce required to produce. Widgren (2012:122) emphasises that terracing and irrigation 

systems are examples of a domesticated landscape where labour output results in a larger 

gain. This larger gain or output reflects a train of thought considering consequences stretching 

into the future beyond the immediate future (Widgren 2012:112-122). Badenhorst (2010) 

argues that Iron Age farming communities where not a strictly agricultural, but rather a 

combination of horticultural and agricultural communities. Both are farming communities, but 

horticulture is defined as farming by human energy without external help from machines or 

animals and thus devoid of the plough technology, whereas agriculture includes plough 

technology. Badenhorst (2010:94-95) defines ‘extensive horticulture’ as communities 

composed of few people, a small workforce, were labour input in farming activities where 

minimal, whose lifestyle overlapped with hunter-gatherer activities, and who utilize larger 

areas for food procurement and production. An interaction and collaboration between farming 

communities and hunter-gatherers are also proposed by Schoeman (2006:280; 2013), who 

sees a link between the two in rainmaking activities. ‘Intensive horticulture’ is a larger 

community with larger settlements that restricts themselves to smaller geographical areas. The 

workforce in ‘intensive horticulture’ is large and the labour input is intensified to include 

irrigation systems and terracing to improve farming conditions, which may achieve an output 

equal to agricultural production (Badenhorst 2010:94-95). The two horticultures are also 

gender specific, where the labour in ‘extensive horticulture’ predominantly consists of 

women, and ‘intensive horticulture’ is male dominated (Badenhorst 2010:95). The input of 

workforce into agriculture landscapes can be seen at K2, Mapungubwe, Great Zimbabwe and 

Khami by the terracing features on site. Terracing equals larger output and enables “a greater 

variety of crops” (Badenhorst 2010:96), which could serve as a safety net in case of drought. 

Terracing also enables intensification of the farming and provides a certain erosion control, 

implying that it can provide support for a larger population (Antonites 2012:61-65).  

There is little evidence to support the presence of work animals at southern African Iron Age 

sites, yet storage bins are covered in burnt dung, perhaps as a way to prevent insects 

infections (Huffman 2007:8). There is also the huge quantity of dung found in kraals in 

southern Africa that implies that dung at least was gathered in one place, and could be an 

animal commodity used to line grain bins. Why not as fertilizer in the fields as well? 

Antonites (2012:249-250) notes that animal bones may have been used to make agricultural 
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tools, since there are few metal tools found outside of the major settlements, and in so doing 

animals would have been used indirectly in agricultural cultivation.  

Keeping husbandry does constitute a need for housing or control, often the response is an 

enclosure of sorts. The settlement model of CCP and ZP both constitute the need for cattle 

enclosures, and CCP is often identified by cattle kraals surrounded by settlement structures. 

Zimmerman (1998:314) outlines two important disadvantages of the byre or kraal: a byre in 

European context meant vermin in addition to flies, which could mean disease and increased 

stress on the cattle. The burnt lining of grain bins would therefore be an insect repellent 

(Huffman 2007:8). A similar concern must be taken into account in southern African contexts 

as well, as the debate on climate in the region often consists of habitable vs uninhabitable 

settlement areas, due to the prevalence of the tsetse fly (Summers 1960). The tsetse fly has 

been proven as a catalyst for disease (Summers 1960:287-290), and though we cannot assume 

that Iron Age settlers made the connection between the tsetse fly and epidemics, they did 

exhibit signs of strategic settlement by avoiding tsetse fly-infested regions. Amongst the 

advantages of husbandry enclosures, Zimmerman (1998) lists security, including protection 

against predators and theft; an advantage of particular importance in a savanna area like 

Zimbabwe, where there are more predators around to hunt the cattle than in Europe, and as 

there are several communities in the SLR theft or prevention of it, would likely be a concern. 

Another important feature of byres or dung-yards in the European context, was the means to 

an efficient and convenient collection of dung for manure and heating (Zimmerman 

1998:303-314).  In CCP settlements, the remains of kraals are identified on the basis of 

petrified dung, furthermore, there are grain bins lined with burnt dung that constitutes 

evidence for dung as a commodity to be collected in Southern African Iron Age communities 

correspondingly. Huffman (2007:33) mentions that settlers in treeless environments would 

use dung as fuel, and I would argue that if the knowledge of cattle dung as fuel is present in 

the periphery then it should follow that the settlement proper also is acquainted with the 

knowledge.  

2.5 The site of Khami 

The map below gives the relative position of Khami, and an overview of the excavated areas 

of the site which will be mentioned in terms of previous research. In addition, the two 

middens excavated and used in this study is also represented in relation to other excavated 
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areas of the site (fig x). The middens providing the source material are midden 2 (M2) and the 

North platform midden (NPM). M2 is located on the lower ground North West of the hill 

complex close to the river, while NPM is located on the north side of the hill complex, facing 

the river valley eastwards. The map also shows how the settlement stretches approximately 

two kilometres along the river. The elevation cotes are not shown here, but the stone 

architecture occupies elevated ground varying in height across the settlement. The entire 

settlement is located on the Zimbabwe plateau at 1200-1300 m.a.s.l. (Thorp 1995:fig 5.1).  

A modern alteration in terrain that is important to note, is the building of the Khami dam in 

1928 west of the Precipice. The large body of water in the Khami dam, to the south, would 

not have accumulated in the Iron Age, therefore the landscape southeast of the settlement 

would have been considerably different. Other modern alterations to consider are the two 

modern buildings directly south of the hill complex; these were Keith Robinson’s house and 

storeroom for the 1940s and 1950s excavations. There are also the more recent site museum 

and staff accommodations that receive visitors and school classes.  

The geology at Khami is dominated by granite bedrock and small hills or kopjes running 

along the river ravine. The vegetation is open savanna woodlands, botanically named acacia 

woodland. There are miambo outcrops, characteristic of shrubs and herbaceous plants and a 

variety of trees including baobab trees (Hyde et al. 2016; Summers 1960:269).  According to 

Summers (1960:269) Acacia woodland is an open country dominated by bush vegetation and 

short growing trees with low density, within a lower rainfall area, accompanied by good 

grazing vegetation with a variety of grasses.  
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Figure 3 : Detailed map of the settlement at Khami, redrawn after map by Tawanda Mukwende (2016: fig 4.8).  

2.6 Previous excavations 

Early research and examinations of Khami began with David Randal-MacIver’s (1906) 

excavation on the hill complex and the Precipice Platform in 1905. In the 1940s and 50s Keith 

Robinson (1959) undertook an investigation of the hill complex under the jurisdiction of the 

Historic Monuments Commission. He could attest to several occupation sequences apparent 

in the structure alterations, and that significant reconstruction had taken place during 

habitation. Robinson was followed by Carolyn Thorp in 1979, who targeted faunal 

assemblages in a comparative context to the Great Zimbabwe assemblage (Thorp 1984a, 

1984b, 1995). Following a forest fire in 1988 Gwilyn Hughes (1997) excavated three dhaka 

structures associated with elongated occupation and different phases of settlement. Catrin van 

Waarden (1987, 1989) examined the faunal assemblage at Khami in the late 1980s as well. 

The latest excavations at Khami have been done by the Monument Section at the Natural 

History Museum in Bulawayo, and by the Historical Ecology Project in 2015, of which this 

thesis is part. 

Museum  

Midden 2 

N 
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The above stated excavations have shown Khami as a settlement with different animal 

activities. The animal assemblage primarily shows husbandry and a lesser part as wild fauna. 

There is an absence of predators and a predominance of cattle and caprine species, the 

suggestions implied are that hunting and trapping also were part of settlement activities and 

economy (Hughes 1997; Robinson 1959; Sponheimer et al. 2003a; Thorp 1984a, 1984b, 

1995; van Waarden 1987, 1989).  

During Robinson’s excavations in 1947-1955, Dr. Bond concluded that due to a lack of a 

comparative species collection he could not decisively identify the faunal remains from these 

excavations (Robinson 1959:166), however, he did identify a variety of bovins amongst 

which where buffalo, cow , duiker, eland, goat, sheep and zebra. There was no evidence of 

carnivores, pigs or baboons (Robinson 1959:155-158, 166). A visitor today will encounter 

quite a few baboons, perhaps implying that baboons did not frequent the area during the Iron 

Age settlement, or that the settlement drove such animals away, or perhaps more likely that 

the settlers did not eat baboons and therefore baboon bones are not found in the refuse. 

Species such as buffalo, duiker, eland, goat and zebra are all browsers meaning their diet 

consists of leafs, scrubs and bush plants, in contrast to grazers, who primarily eat grass and 

forbs. Cattle and sheep are mixed feeders, both herbivores and can both graze and browse, but 

they prefer to graze, implying that an examination of diet could indicate seasonal differences 

based on the availability of grasses, this will be discussed in further detail in a later chapter 

(Chapman and Reiss 1999:304; Skinner and Chimimba 2005).  

Social interpretations at Khami have thus far centred on hierarchical and structural-spatial 

ideas. The stone platforms at Khami were considered an elite dwelling place by Robinson 

(1959:108-113), who identified the hill complex as the royal residence, while he associated 

the surrounding lower areas with low status or commoner occupation. Huffman (1984, 1996b, 

2007, 2011) has developed these ideas further and identifies activity areas such as cattle 

kraals and a court area, based on structural analysis. The settlement differences based on 

elevation of the terrain, he attributes to the expression of class distinctions.  

Relating to the sequence of settlement at Khami the architectural chronology suggests a 

similar style of that at Great Zimbabwe’s complex architecture (Hughes 1997:3-4). Hughes 

(1997) emphasises that the peripheral settlement areas are little understood and require further 

examination to reveal the chronology of occupation in greater detail. She challenges the 

hierarchical distinction of settlement areas, and proposes that it is far more complex than what 
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status alone attributes. The peripheral areas of the settlement have simple and elaborate 

structures appearing side by side. As structure 1 of her excavation exhibits, there are both elite 

and commoner features appearing side by side and on the same structures, including elite 

goods such as pottery in combination with mundane wares, underlining her cautionary 

approach to the elite-commoner distinction (Hughes 1997:5-20).  

2.7 The current study: excavations 2014 and 2015 

This thesis will contain analysis of faunal remains based on those from NPM and M2. The 

excavations of M2 took place in 2014 and NPM was done in 2015. I partook in the excavation 

of 2015, but was provided access to documentation from the 2014 excavation by Tawanda 

Mukwende (2015-2016 pers. comm.). There have been various excavations of Khami, and a 

full archaeological rapport is forthcoming in Tawanda Mukwende’s PhD due 2016. The 

faunal analysis of material from Khami was conducted in august 2015, at the Natural History 

Museum in Bulawayo, by this author in collaboration with Tawanda Mukwende and the 

resident mammologists Kith Mkwananzi and Tinashe Muzvidzwa.  

2.7.1 Midden 2 (M2) 

M2 is 790 meter northwest of the hill complex, located on lower grounds devoid of stone 

walling. The area has been defined as a commoner site because of the lack of stone 

architecture (Huffman 1996b; 2007:411), and was selected for further investigation to create a 

larger picture of the material culture on site. 

Surveying the area north west of the hill complex 

showed an abundance of Cenchrus Cilaris grass, or 

commonly called buffalo grass, a grass that is highly 

flammable and typically grows on ash deposits 

(Simmonds 1976:144). Therefore this plant can 

indicate better soil conditions for bone preservation. 

Animal borrowing also revealed subsurface deposits, 

and among the surface finds were faunal remains, 

metal and pottery fragments, a metal bead mould, 

Dhaka fragments, fragmented grinding stones and slag 

(Tawanda Mukwende 2015-2016 pers. comm.).  

Figure 4: Relative position of the two trenches dug 

through M2. Drawn by and used with kind 

permission by Tawanda Mukwende. 
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Two trenches were made through M2 (see 

fig 3). Trench 1 was shallow and yielded 

few bones. The preservation also appears to 

have been poor. Trench 2 was 150cm deep 

and characterized by soil enriched with ash 

from approximately 50-150cm. Trench 2 

yielded more material culture including a 

few well preserved bones. The stratigraphy 

of M2 is shown in fig. 2 and 4. The top 

brown humic layer of trench 1 was sterile. 

There was a brown sandy soil as top layer in 

trench 2, with few finds, followed by a dark 

humic soil.  

Both middens and trenches are all excavated 

mechanically, and material bagged for each 

10cm that was excavated. However, in the 

material analysis I will refer to the 

stratigraphical layers of each trench. Fig. 4 

show seven distinct stratigraphical layers in 

M2 trench 2, and it is these layers that will 

be referred to in the material analysis.  

There are no carbon dates from M2 trench 

2, but there are pottery that will be used in a 

relative chronology compared to NPM. 

2.7.2 North Platform Midden (NPM) 

NPM is located on the elevation of the hill complex, just outside the stone walls to the north 

east (see figure 7). Surveying the area revealed evidence of several deep middens running 

down the slope from the walls. From the accumulated masses, it appears that the midden 

accumulated by waste thrown from the wall. Due to the proximity to the wall and the hill 

complex this midden was excavate as a sample from the associated elite area.  

Figure 6: Stratigraphy of trench 2 through M2. Illustration by 

and used with permission by Tawanda Mukwende(2016: fig 

4.12). 

Figure 5: Stratigraphy of trench 1 at M2, Illustrated by and 

used with kind permission by Tawanda Mukwende 

(2016: fig 4.11). 
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Table 2: C14 dating of Charcoal from NPM 

Level Laboratory nr. Uncalibrated dates Calibrated dates 

4 Beta 426929 350+/-30 1485-1650CE 

9 Beta 426930 300+/-30 1505-1585CE 

13 Beta 426931 300+/-30 1510-1575CE 

 

The first 10 cm was dark and humic soil with dhaka 

fragments, containing faunal material, ceramics, shell 

beads and pieces of metal. From level 3 to 11 the soil contained large quantities of ash and 

well preserved bones, in addition to ceramics, metals, shell and glass beads, slag and dhaka. 

There was also several charcoal deposits, three of which were dated, indicating that the 

midden accumulated in the late 15
th

 to the early to mid-16
th

 century (see table 2). The 

stratigraphy in figure 8 also shows seven distinct layers in NPM as in M2. Level 8 to 11 

appear in the profile to be separate layers, but it was one ash enriched layer with inclusions of 

Dhaka fragments. There are no corresponding carbon dates for M2, but ceramic evidence 

from both middens show Khami facies. The Khami facies are dated between 1400-1600CE, 

which correlates with the dates in table 2 (Huffman 2007:411-412). 

   

 

 

 

 

 

 

 

Figure 8: Stratigraphy of 

NPM. Illustration by and used 

with permission by Tawanda 

Mukwende. 

Figure 7: Relative position of trench 1 

through NPM. Drawn by and used with 

kind permission by Tawanda Mukwende 
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2.8 Summary 

In this chapter, previous research and excavations at Khami have been presented, as well as 

the archeological context for my source material. Khami is located in the SLR which is 

located along the confluence are of the rivers Shashe and Limpopo, in the present states of 

Botswana, South Africa and Zimbabwe. In the SLR several Iron Age settlements have been 

excavated and identified as patrilineal agro-pastoral communities. Furthermore I have here 

presented the assumption of the tripartite division of the Zimbabwe culture where Khami is 

the third regional capital, following Mapungubwe and Great Zimbabwe. It is assumed that 

rise of Mapungubwe was an appropriation of divine powers, although it may have been an 

elite attempt at control, and to assert authority over rainmaking rituals. The decline of 

Mapungubwe, the rise and fall of Great Zimbabwe and subsequent rise of Khami is arguably 

caused by overgrazing, unsustainable agriculture and climatic turmoil.  

The issue of climate based on previous research seems to indicate that the time of 800-

1500CE were wetter then present conditions. There is a consensus in the paleoenvironmental 

data that suggests an incline of rainfall from 1500CE onwards. This is within the little ice age, 

however the effect of this period on agro-pastoral communities are not clear. My research 

may facilitate some answers since the source material is dated between 1400-1600CE. The 

stratigraphy of M2 and NPM will be used in chapter 5 for the faunal analysis, and will be 

considered in chapter 6 for the isotope analysis.  

The next chapter will give further context to Khami within scholarly conduct and discourses 

that are important for the interpretative foundation for the site. 
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3 Research Status 

In this chapter I will outline previous research and important tendencies that have shaped the 

current research paradigms and scholarly conducts.  

The Southern African Iron Age begins with the change of subsistence strategies, from hunter-

gatherers to farming and pastoral communities. Traditionally, this transformation begins in 

the first millennium BCE, followed by the southwards migration of the east-Bantu speaking 

people into the Zimbabwe plateau and the Shashe-Limpopo valley in the second century CE 

(Badenhorst 2015:41; Huffman 2007:331-335; Phillipson 1985:171; Pikirayi 2001:73-74). 

The Bantu people were agro-pastoralist communities that brought with them the knowledge of 

Iron Metallurgy (Phillipson 1985:171; 1993:190). Phillipson (1993:190-192) refers to this 

expansion as the Chifumbaze complex, which were identified and divided into different 

subgroups by their technology and their respective ceramic expressions. His chronology 

divides the period into an early era beginning around the 2
nd

 century CE, and a later period 

beginning around the year 1000CE. A middle period was introduced by Huffman (2007:361), 

when it became clear to him that early state formation could be said to appear around the year 

1000CE and that the post 1300CE settlements were established states. The Iron Age 

according to Huffman (2007:xi) begins with the EIA (200-900CE), marked by the subsistence 

change from hunter-gatherers to agro-pastoral communities. It was followed by the MIA 

(900-1300CE), a period marked by the emergence of early state formation and social 

hierarchy, where social and political ideologies begin to require cattle and other husbandries 

to ascertain status. The MIA also marks the intensification of long distance trade and 

connections between Indian Ocean Network and interior cultures on the Zimbabwe Plateau 

(Chirikure 2014; Garlake 2002:143). The LIA (1300-1840CE), as proposed by Huffman, 

followed the development of many cultures through new state formations, an added religious 

leadership to the social stratification, and cultural traditions identified on the basis of material 

typology and settlement patterns (Huffman 1996b, 2007, 2011, 2014).  

Defining properties of the Iron Age communities in the region include settled life, social 

stratification, metal- and pottery production, husbandry, and agriculture (Garlake 1973; 

Huffman 1984, 1996b, 2007). Although as Martin Hall (1990:59) points out it is perhaps not 

iron production, but agriculture that defines the period we identify as the iron age in southern 

Africa. Peter Garlake (2002:141) mentions that metallurgy is known in Nigeria by the 4
th
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century BCE, and it would take time for this technology to reach the southern part of Africa. 

Moreover he writes that iron tools allow for land clearing and farming on a larger scale in 

large quantities. Widgren (2012:123) mentions that tools such as axes and hoes were 

necessary for man-made constructions such as land clearance or irrigation, to provide farming 

space and subsistence agriculture. Not necessarily making metallurgy a prerequisite for 

agriculture, but hinting to what Hall writes that it is agriculture not iron production that is the 

main technology of the Iron Age period. Nevertheless, cultural and social changes that the 

Iron Age advocates, imply a change of subsistence and technology, that is a tedious, sporadic 

and slow transformation in some places, but rapid in others (Clark and Brandt 1984; Turner 

1977:169-172), creating a diffused archaeological record. In addition, the change from hunter-

gatherer to agro-pastoralists meant that the populations sifted between being food producers 

and hunter-gatherers depending on seasonal variations, presumably making the populations 

highly adaptable (Chirikure et al. 2013a; Chirikure et al. 2014; Chirikure et al. 2013b). 

3.1 Research paradigms  

In the 19
th

 and the first half of the 20
th

 century the prehistory of Africa was heavily influenced 

by the then current political agendas. In some states, such as Southern Rhodesia, Iron Age 

ruins in the country were believed to have been built by non-African civilisations (Hall 

1990:59-61). This was fuelled by Cecil Rhodes and others who wanted to maintain colonial 

rule. They used history to further their own political agenda, which meant that in the early 20
th

 

century the Iron Age ruins was said to be of eastern or Phoenician origin. It was even 

suggested that Great Zimbabwe was the lost gold mine of Ophir and the source of Solomon’s 

gold (Hall 1990:61). These claims were made on the basis of ‘unskilled archaeological 

vandalism’ (Hall 1990:63). The British archaeologist David Randell-McIver was sent to 

excavate the Iron Age ruins of Great Zimbabwe in 1905. He concluded that these ruins were 

indeed medieval ruins of a native African civilisation, but before he could reach his 

conclusion the general public had already adopted the theories of this being the remains of a 

non-African civilisation from the east (Randall-McIver 1906:vii-viii). His findings were not 

properly perused before Gertrude Caton-Thompsen was permitted to excavate at Great 

Zimbabwe in the 1920s and 30s. She too concluded that these ruins were African in origin, 

and that it was no evidence to suggest otherwise  (Caton-Thompson 1971).  
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As a student of Gordon Childe, G.Caton-Thompsen influenced the research thereafter to 

consider Childe’s concepts of social complexity and state formation. From this time research 

began to consider the social evolution of a native African history. Childe’s (1929) 

conceptualization of cultural change focused the influence by external forces, such as foreign 

trade, migration of one or more social groups, or warfare (Childe 1929:v-viii). For his criteria 

of state formation in Europe, he included social stratification, industries and the presence of 

monumental architecture (Childe 1950), which in Southern Africa would fixate on the dry 

stone waling of the Iron Age sites and pottery expressions.  

In the 1980s the South African anthropologist Adam Kuper (1980, 1982) employed an 

ethnographical approach to the archaeological records. He allocated ethnographies of modern 

Shona and Venda communities, back in time, to reconstruct a cognitive spatial organisation 

model for the southern Bantu settlements. He created the Bantu cattle pattern that Huffman 

latter elaborated on to form his own settlement models the Street Pattern, Central Cattle 

Pattern (CCP) and Zimbabwe Pattern (ZP) by Thomas Huffman (1996b:4-6; 2007:457-458; 

2015:112-113). The latter two applies to eastern-Bantu speaking communities, and are 

settlement models that have been frequently used since the 80s. Fredriksen (2015) recently 

noted that there was a tendency under post-processual thought in the 80s to be apolitical in 

research endeavours, which was a concern because it created the growing gap “between 

archaeology and society under apartheid” (Fredriksen 2015:156) that researchers like Martin 

Hall’s criticized in 1984. Hall (1984a, 1984b) argued that the structural and cognitive 

approach of post-processual thought, like that of the CCP and ZP models, was too fixated on 

fieldwork and classifications, not allowing room for other theoretical approaches to lend 

weight to interpretations. Fredriksen (2015) also points out that Hall reissued his criticism in 

2005, perhaps to indicate a standstill of development in the field. In another recent paper 

Fredriksen and Chirikure (2015:1) states “that the models [CCP and ZP] has restrained the 

range of themes and topics with which scholars engage”.  

There are many Iron Age sites scattered across the SLR and on the Zimbabwean plateau, but 

the majority of scholarly conduct have focused on a handful of sites such as Mapungubwe, 

Great Zimbabwe and Khami, creating a skewed picture of the social and political complexity 

of the region (Chirikure et al. 2013a:2; Chirikure et al. 2014; Manyanga et al. 2010:573-576). 

One site that underpins this oversight is the site of Mapela. If compared to Mapungubwe such 

as Chirikure et al. (2014) do in their paper, Mapela would prove more influential and a larger 
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epicentre than Mapungubwe. Chirikure et al. (2014) present evidence that indicate that 

Mapela cover a larger hill with a larger amount of stone walls than Mapungubwe. They imply 

that Mapela, first of all is earlier than Mapungubwe, flourishing in the period between 1055-

1400CE (Chirikure et al. 2014:2). In addition the large number of glass beads found at 

Mapela show that this site was an important conciliator in the Indian Ocean trade network. 

They suggest that Mapela is important in the discussion on early state formation in Southern 

Africa and perhaps more important than Mapungubwe (Chirikure et al. 2014:17). A recent 

thesis on Mapela was submitted by Michelle House (2016), who also highlights the 

importance of Mapela, and the need to re-examine the social and political development of 

complexity and state formation in the region. For as House (2016) points out in her thesis, and 

two earlier papers by Chirikure et al. (2013a) and Chirikure et al. (2014:17) also stress, Peter 

Garlake in the 60s and 70s only mapped about 1% of the entire site. Subsequently, any 

conclusions drawn on his research would not provide a complete picture of the settlement and 

the following social and cultural interpretation the site entails. 

3.2 Cognitive approaches  

The latter half of the 20
th

 century has been dominated by the models of CCP and ZP, and as 

mentioned above this has centred on the scholarly merits of Huffman, and few other scholars. 

It was Kuper (1980, 1982) who first applied cognitive spatial organisation to the southern 

Bantu settlements, via ethnographical models based on historical accounts and of modern 

Shona and Venda societies, and he created the Bantu Central Cattle Pattern. Huffman built on 

this and created the CCP and ZP through some aspects of cognitive and structuralistic 

archaeology. Before I account the present framework of the CCP and ZP models, I will 

present the aspects of cognitive and structuralist archaeology below in which these models 

were fashioned. 

Cognitive archaeology combines human thought or cognition with symbolism, aiming to 

reconstruct the inherent ideologies and symbols of past societies (Huffman 1986a:84). The 

aim is to explore the non-physical construct of past societies, through the interaction between 

mind and matter, or rather human and artefact as fluid engagements, not two separate entities 

(Huffman 1986a; Trigger 2006:491-492). Structuralism applies dualism and bilateral 

opposition after Lévi-Strauss’s principle, as intrinsic to the human brain. In other words that 

culture can be ordered into patterns (Trigger 2006:462-463). By combining cognitive and 
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structural principles, one could enable the reconstruction of human thought and behaviour 

based on archaeological remains, and add a spatial organisation to a past settlement, as is 

what Huffman argues in his paper on Cognitive Archaeology (1986). He stated that concepts 

such as economy are no more tangible than ideology and symbolism, and that cognitive 

investigations rooted in ethnographical sources can reveal the abstract attributes of a society 

just as well as the physical remains can determine their history (Huffman 1986a:85-87). Paul 

Lane (2005) following Ann Stahl’s (1984) arguments, has stated that many scholars 

influenced by Lévi-Strauss’s structuralism follow the principle that “any material thing from a 

pot to a t-shirt can operate as a sign with the potential to bear meaning” (Lane 2005:38). 

Lane’s criticism is that the social context in which an object conveys meaning is lost to us in 

time, and thus we do not inhabit the signifier that is needed to grasp the intended message 

(Lane 2005:38). In his Handbook to the Iron Age, Huffman (2007:19-30, 329) still advocates 

the use of ethnographical models through cognitive archaeology or cognitive processualism 

after Renfrew (Huffman 2007:19-30, 329). The CCP and ZP models are a combination of 

structuralist ideas of time and space as patterns determined by inert human aspects, and the 

pursuit of abstract ideologies and symbolism by cognitive archaeology, and is therefore valid, 

in Huffman (2007)’s view, as traceable aspects derived from archaeological material. 

However, as mentioned by Fredriksen (2015:164) Huffman has altered his models to some 

extent to incorporate criticisms and to answer critics. For instance in the case of agency 

Fredriksen notes that Huffman “acknowledges the reciprocity between ideal norms and daily 

action as an important social dynamic for understanding cultural continuity/ change” 

(Fredriksen 2015:164).  

3.3 Central Cattle Pattern and Zimbabwe Pattern 

The current version of the CCP is in simple terms a settlement model for agro-pastoralist 

societies, where the settlement is constructed around a central cattle kraal, hence the name. 

The physical remains of the settlement constitute the settlement pattern, which reveal the 

more abstract ideas of power distribution, gender division, and ritual ideas (Huffman 2007:24-

33). In his own words: 

“The Central Cattle Pattern is a cognitive plan about the relationship between 

settlement features. People consciously used the plan when they established and lived 
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in a settlement. It represents the relationships in terms of concepts such as status, life 

forces and kinship”(Huffman 2007:457). 

The organisational circle of a CCP settlement is based on status and gender divisions, where 

the inner areas belong to the male sphere surrounded by an outer female sphere. The rank of 

seniority follows the spatial order of first right, then second left. The public and private 

spheres of spatial organisation follows front to back directionality (Huffman 2007:23-25, see 

fig 3.3; 2015:116). The male domain includes the political arena, cattle kraals, a public 

smithy, long term grain-storage, burials of men and high status people. Whereas the female 

sphere was the married woman’s domain, divided into their residences, kitchens, grain bins, 

storage and female graves (Huffman 2007:25-30; 2015: fig 8.2, 116). The location of female 

housing in relations to the husband followed the right-first, left-second seniority and status 

wheel mentioned above. I.e. the one to the immediate right of the husband was the first wife, 

the one to the left was the second, and the third wife was housed to the second right etc. 

(Huffman 2007:25). Central to the name is also cattle, and thus husbandry. CCP settlements 

are agro-pastoralist societies, who keep domesticated animals in addition to crops. Cattle was 

central to settlement construction, dynamics, and economy, moreover it was also the preferred 

bridal wealth, and catalyst for social status in the worldview (Huffman 2007:25).  

Chronologically, ZP derives and develops from CCP and adds to the model a layer of 

religious unity. The spatial organization encompasses an addition that becomes the front 

secular public sphere, and the back sacred sphere (Huffman 1996b:5-8; 2007:25, fig3.4). The 

premise for ZP consists of a social hierarchy, where an elite and religious leadership is 

separated from the rest of the community, often on top of elevations, surrounded by dry stone 

wall fortifications. ZP no longer centres the settlement on a cattle kraal, but rather on the 

palace and associated elite areas. It is assumed that the commoners reside on the flatter areas 

below and around the palace (Chirikure et al. 2013a; Huffman 1996b, 2007, 2010, 2011, 

2014). Moreover the elite in ZP cultures exercised marriage alliances between themselves, 

and the royals married into and from the same families (Huffman 2015:121). These patterns 

are associated with different social groups and classes, which offers evidence of social 

inequality according to him. If we consider the transformation from CCP at K2 to the ZP at 

Mapungubwe, Huffman points out that at K2 the move away from a central cattle byre shows 

a new social development that leads to the move to the rainmaking hill at Mapungubwe hill, 
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manifesting the elite’s control of sacred matters (Huffman 2015:125 see Fig 8.6 for settlment 

development from K2-Mapungubwe). 

The models are linked to animal economy through the bridal wealth system of using cattle as 

bridalwealth (Huffman 1996b, 2007, 2008, 2009, 2010, 2014). However according to 

Huffman (2015:121) ZP differs from CCP in this aspect, since ZP cultures could exchange 

trade commodities as bridalwealth in addition to cattle (Huffman 2015:121), which should 

imply that cattle becomes less important in ZP-communities. However, during the shift from a 

central cattle byre at K2 to Mapungubwe, figurines and imagery of cattle emerge in the 

material culture, perhaps emphasizing the symbolic importance of cattle as Huffman (1986b) 

speculate.  

Paul Lane (1998) is sceptical of the gender division derived from ethnographical accounts that 

has been projected back in time, an aspect that Badenhorst (2009a, 2009b, 2010, 2015) and 

Brunton et al. (2013) also questions in recent papers. How is it that CCP and ZP societies are 

patrilineal, based on the presence of cattle, when many Iron Age settlements show faunal 

remains dominated by caprines, which according to Huffman (2007:28) is a matrilineal trait 

of west-Bantu speakers whom practice horticulture. Badenhorst (2009a, 2009b, 2010) is 

fundamentally opposed to the gender specifics of the models as he is sceptical towards the use 

of ideologies over functionality, at least in connection to livestock. Badenhorst (2009b) states 

that although faunal remains is not the only remains of husbandry, dung also presents trace 

evidence for husbandry, the placement of a centre kraal in the settlement could be functional 

not ideological or otherwise connected to the worldview of that settlement. The geographical 

area is after all primarily a savanna area, constituting a need for strategic and protective 

settlements (Badenhorst 2009a:152). He also notes that vitrified dung found by archaeologist 

cannot be used to accurately determine herd size, because caprines and cattle produce 

different amounts of faeces, leading him to conclude that only faunal remains are true 

indicators of herd size, as opposed to dung. Huffman’s (2010:165) answers acknowledge that 

herd size can not necessarily be deduced based on kraal size. Nevertheless he dismisses most 

of Badenhorst’s arguments because: 

“different kinds of vitrificaiton, the different fragmentation ratios [of heated dung] and 

different spatial locations show that only cattle were kraaled in the centre of 

settlements organised according to the principles of CCP”(Huffman 2010:165).  
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The third part of Huffman’s argument is constituted by the CCP spatial organisation model, 

and does not engage with the critics presented by Badenhorst. However he states that dung 

from different areas, and ash added to kraals show how cattle is ideologically and physically 

an important part of the worldview (Huffman 2010:172), demonstrating a view where 

dimensions of micro scale investigations are dwarfed by the macro scale investigations. In the 

recent paper in Theory in Africa, Africa in Theory, he does say that his primary field of 

interest is the bigger picture, thus his research focus is centred on “high-level abstractions 

such as patrilineal decent and a preference for bridewealth in cattle” (Huffman 2015:114). As 

observed by Fredriksen (2015:164), this retort to criticism and focus on the larger picture, 

seem to miss the principles of Arthur Giddens (1987), that there is a correlation between and 

an interdependent relationship between micro and macro scale investigations.  

Nevertheless, the models sketched by Huffman are applied to a variety of sites and is 

constituted through material analysis of archaeological deposits that he applies to ceramic 

typology, which is not unproblematic as Gosselain (2000) and others discuss (Clark and 

Brandt 1984; Fredriksen 2015; Fredriksen and Chirikure 2015; Lane 2005; Stahl 1984; 

Widgren 2012). Huffman’s ceramic analysis considers three classifications in his frequently 

sited ‘Handbook to the Iron Age’, that was published in 2007. These classifications are 

profile, design layout and motif categories (Huffman 2007:111). In his sequence he presume 

that “producers and users belonged to the same material-culture group”(Huffman 2007:115), 

and then constructs cultural traditions on the basis of artefact distribution in several 

settlements. In his classification the physical aspects of the vessels are considered through 

overall shape and the placement of decoration on the vessel, while also considering how the 

decoration is made (Huffman 2007:11-115). The study by Gosselain (2000) tests the relation 

between material patterning and social identity, using methods with and without chaînes 

opératoires – or an analysis of different steps in the production sequence of a vessel. His 

dataset takes case studies from African pottery production and correlated social groups, and 

tests how reliable these correlations are. Gosselain (2000) concludes that there are some valid 

archaeological correlations between pottery and social identity, but only in so far as they 

represent a common knowledgebase – be it knowledge of a specific technology or tool 

production or cultural expression through certain shapes and designs (Gosselain 2000:208). 

However, he also comments that these common knowledgebases can indeed be seen as a 

cultural identity to a certain cultural group, but the knowledge can be obtained by different 

ethnical groups belonging to different cultures, if there is sufficient contact, either of physical 
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or mental trade (Gosselain 2000:208-210). Therefore, a cultural trajectory based on pottery 

styles alone cannot be sufficient evidence to reconstruct Iron Age communities and cultural 

developments, although it can be seen as an indicator , it is still context specific (Pikirayi and 

Lindahl 2013:455). Which ties up to the concerns voiced by Lane (1998, 2005), that we do 

not possess the past’s cultural affinity, and that we cannot be apolitical or ahistorical in our 

approach to archaeology as we are constituted by the present, as both Martin Hall (1984a, 

1984b, 2005) and Simon Hall (1998, 2000) advocates. 

Fredriksen and Chirikure (2015) asked if and how the CCP and ZP models are relevant in the 

current research, they conclude that yes the models are important to our current understanding 

and undoubtedly they have contributed significantly to the research. However, they have been 

static and unchanged for three decades, and if they should continue to contribute, the models 

need to be modified to incorporate new theoretical and practical approaches within 

archaeology, or as Fredriksen and Chirikure states the models need to include:  

“context-specific levels with alternative approaches may enable us to progress beyond 

present status, by acknowledging intimate recursiveness and dialectics three-fold: 

present/past, micro/macro scales and mind/matter” (Fredriksen and Chirikure 

2015:13). 

3.4 Summary 

Although the research over the last fifty years typically have explained cultural change either 

by the migration or invasion by a cultural group, influenced by the principles of state 

formation and complexity as described by Gordon Childe (1950). Additionally close 

similarities have been drawn between linguistic and cultural developments, where cultures 

and traditions have been identified on a linear and multilinear curve on the basis of 

typological features of ceramics (See e.g. Huffman 1984, 1986a, 1996b, 2007, 2008, 2014, 

2015; Kuper 1980, 1982; Murdock 1959; Phillipson 1985, 1993). There are now several 

researchers that argue the need for renewal and inclusion of new research angles to 

incorporate the archaeological development that have spurred elsewhere in the world. 

SLR is the region in which socio-political complexity and state formation originate in 

southern Africa, and the dominant models to perceiver have been those of Huffman: the CCP 

and ZP. CCP assumes a faunal assemblage dominated by cattle and husbandry, ZP follows 
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this and adds a division between commoners and the elite, which should show differences in 

faunal consumption and distribution throughout these settlements. Huffman (2008, 2009) has 

his theory that there are cultural markers such as rainmaking sites that would suggest and 

support his arguments of droughts and climatic turmoil in transition periods between larger 

sites. Whereas, Chirikure et al (2013a) points to subsistence strategies, human adaptation, 

political and social network related developments. The rainmaking traditions entail black 

sheep or goats, which presumably could be found on the elevated ground, but the CCP and ZP 

informs us that cattle is more connected to status than caprines. There is also the aspect of 

matrilineal vs patrilineal settlements based on caprines vs cattle to consider.  
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4 Theoretical framework and approach 

In the present chapter, I present the theoretical framework and methods that are employed in 

this thesis. The approach to the faunal remains is made through human-animal relations 

theory which is used to determine animal economy. Resilience theory is used to constitute the 

ecological environment at Khami that creates social and situational context to the source 

material. These theoretical approaches are employed through a set of methods that will follow 

in the second part of this chapter.   

4.1 Theoretical framework 

Huffman’s CCP and ZP are important to our current understanding of Iron Age animal-

economy and settlement dynamics (see chapter 2). However, as discussed in the previous 

chapter, these models have been largely unchanged for the last thirty years. Some researchers, 

such as Fredriksen (2015:157) states that “its dominance has also constrained debate and 

drawn attention away from equally important research questions and agendas”. Therefore, the 

theoretical approach applied in this thesis will not rely on top-bottom approaches like that of 

cognitive and spatial theories, but rather on bottom-up approaches centred on animal 

economy and human-animal relations. The main perspective in this thesis is human-animal 

relations in a dwelling perspective, as exemplified by Ingold (1988a, 1988b, 2000a, 2000b) 

and elaborated by Armstrong Oma (2007, 2010, 2013a, 2013b), and contextualized by 

Bourdieu’s (1977, 1996) and Foucault (1980a, 1980b) social theories of power. Since social 

norm is constituted by the environment it inhabits, resilience theory will be employed to 

consider underlying ecological conditions (see Holling and Gunderson 2002; Redman 2005; 

Redman and Kinzig 2003; Rosen and Rivera-Collazo 2012).   

4.1.1 Human-animal relations 

In “What is an Animal?” edited by  Tim Ingold (1988c), several definitions of an animal is 

presented. As mentioned by Kristin Armstrong Oma (2007:54) some are “partly 

contradictory” and in some way they all present a perceived difference in definitions between 

humans and animals, even if the biological concept is the same. I concur that humans 

ultimately are animals, but for the archaeological pursuits of this thesis I too will consider the 
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perceived difference between humans and non-human animals, where humans are the 

empowered catalyst of animal events.  

Armstrong Oma pinpoints the reciprocal nature of human-animal interactions and 

relationships through this quote: 

“[People] would have faced a variety of ways to engage with animals, yielding a range 

of economic results. Different management strategies would evolve tailored to give 

specific outcomes in terms of food and subsistence” (Armstrong Oma 2007:41). 

The human-animal interactions and relations arise in a given environment as well as social 

norms both influence and dictates conditions under which the resultant expression is formed. 

The specific overall conditions contribute to the tailoring of the end results, emphasizing, that 

the human-animal relationship is influenced by both internal and external forces, resulting in a 

dynamic relationship.  Ingold (2000a) compared human-animal relationship in a hunter-

gatherer view with that of pastoralists. The first is a truly reciprocal relationship, where 

humans and animals share the same environment (Ingold 2000a:62, 69-72), while the former 

pastoral societies view animals as slaves and subjects to their control, and animals themselves 

cannot counteract the enacted power of the “human masters” (Ingold 2000a:72-74).  

Stephen Thierman (2010) applies Foucault’s principles of enacted power and apparatus to the 

slaughterhouse. Although Foucault’s principles are rarely used in human-animal discourse, I 

would argue that when seen in the slaughterhouse context, the human use of dead animals, 

Foucault adds the potential asymmetry to human-animal relation, without human/animal 

distinction. The subject issue is humans enacting power over their domesticated animals, in a 

hierarchical view, different products of this act carry different esteems. Foucault’s (1980b:85) 

definition of enacted power is “a complex strategical situation in a particular society”, 

including resistant and dominant power as two equal aspect of the resultant enactment of 

power. Foucault’s apparatus “is the system of relations that can be established between these 

elements” (Foucault 1980a:193). These elements are the situations and agents involved in an 

event. Thierman (2010:94) explains this as enacted “power relations [that] affect/involve both 

humans and other animals at the same time”. This is an important issue for this thesis as the 

source material is from kitchen middens, which primarily reveal the animals as products of 

human usage. In pastoral societies, such as Iron Age communities in southern Africa, power 

relations that affect or involve both humans and animals can be found in food production and 
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as status relations. For instance in bridal wealth of cattle, or in situations where animals are 

utilized as articles in rainmaking connecting them to essential divine offerings, animals are 

products of human use. Here humans would use parts of the animal for a desired effect. 

Foucault’s enacted power would serve as a catalyst for hierarchies within human-animal 

relations and the environment that constitute that relationship. If human-animal relations are 

supplemented by Bourdieu (1977; 1996:150-154) that states that any action has a reaction, 

and are constituted by the social norm dictated by the situation, it would serve that different 

food article would be regarded differently by social norm. Products from hunting would 

arguably have been held in higher esteem than produce from pastoral husbandry. 

Armstrong Oma (2007:53-56) approach these situations by categorising non-humans by their 

proximity, utility and relationship to and with humans. I would therefore categories this as 

four categories concerning the classification of animals as (1) domesticates, (2) wild fauna, 

(3) food articles and (4) activity produce. From this it follows that 1 and 2 are the categories 

of human proximity and domination, while 3 and 4 concerns domination and utility. 

4.1.2 Resilience Theory 

The Historical Ecology Project employs resilience theory to explore cultural change and 

social mobility over space and time on a macro – inter-settlement level. The project’s use of 

resilience theory aims to map the social dynamics between the different settlements and urban 

centres of the Zimbabwe culture in SLR (Chirikure and Fredriksen 2013:5). To evaluate the 

succession of power between the different capitals and urban centers of Zimbabwe culture, 

resilience theory does invite the perspective that the Lenard Kopje’s culture might not be 

detached from Zimbabwe culture, but rather part of the adaptive cycle, and could therefore be 

one step in the evolution or development of Zimbabwe culture (Chirikure et al. 2014; 

Chirikure et al. 2013b). This has been done in the doctoral thesis of Munyaradzi Manyanga 

(2007), who also is part of that project.  

Resilience theory considers several factors in the ambivalent relationship between stability 

and transformation. At its root the theory allows for adaptive cycles where both stability and 

change are part of the development and growth of a social evolution (Redman 2005; Redman 

and Kinzig 2003). Resilience theory explains the relationship between stability and change 

through time on the macro level inter-settlement relations, which is why the theory is 

employed on the inter-settlement dynamics of Zimbabwe culture sites. Growth, conservation, 
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release and reorganisation is part of the adaptive cycle that resilience theory employ, and each 

of these elements are connected, implying that there should be a time lag between one change 

and transformation before the next sets, yet this too could be represented in the material 

culture (Redman and Kinzig 2003:2). A political power transformation does not necessarily 

trigger a change in food procurement, animal management or culture expressions, but over 

time new impulses will be visible in the material culture, and follows after the major 

impacts/changes have taken place (Manyanga 2007:29) 

Widgren’s (2012) criticism of resilience theory concerns the issue of separating culture and 

nature. As he argues that the difficulty of separating social and ecological systems, and that 

the systems in themselves are fundamentally different, there is an issue of how the resilient 

model could depict this relationship (Widgren 2012:120). Manyanga (2007:30) points out that 

the SLR is a combination of drylands and wetlands, and that through animal management, 

communities have engaged with natural ecosystems in adaptive ways, changing their 

subsistence strategy to fit their surrounding environments and climate. These adaptive 

changes include the socio-political organisations and socio-economic systems (Manyanga 

2007:29-30; Redman and Kinzig 2003).  

For the purposes of this thesis, it is the changes of micro level examinations that are 

important. Human-animal relations theory dictates that the environmental conditions of a 

society are important in understanding the social construct it creates. Therefore, in this thesis 

resilience theory will be related to the use of hinterland resources and environmental contexts.  

4.2 Meat and food yields 

Animal species, age, body part and overall distribution at an archaeological site, are the 

aspects of the archaeological material that can potentially reflect human-animal relationship. 

Through these aspects, one should be able to reconstruct, or at least hint at, different social 

activities, herd managements and food productions in a larger social hierarchy (Armstrong 

Oma 2007:41-42; Reid 1996, 2004; Reitz and Wing 1999:178-190).  

Traces of different strategies for animal usage should be visible in the archaeological record, 

depending on preservation and waste disposal on site. For example, if the archaeological 

remains contain a large portion of juveniles among the domestic animal assemblage, such as 

cattle and caprines, this would imply milk or diary production (Armstrong Oma 2007; Seetah 
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Figure 9: The skeletal remains of the 4 categories of 

body part-status relation showed in figure 10. 

2008). Different distribution patterns could indicate different spatial-organisation of the 

settlement, as well as social differences.  According to the CCP, cattle are housed in central 

enclosures while in ZP, husbandry is still placed in enclosures, but they are no longer central 

(see Huffman 1984, 2007, 2010, 2015). Wild fauna is usually associated with hunting and 

seen in context of distribution patterns; hunting activities could bridge the issue of social 

hierarchy in different consumption (Hall 1984a, 1984b; Reid 1996; Reitz and Wing 2008). 

Evidence of culling practises can be deterred by age and distribution of the skeletal remains 

(Armstrong Oma 2007:41-44; Reitz and Wing 2008:178-184). Furthermore, animal body 

parts can also denote technology and crafts, e.g. tanning, which is tied to modern analogies 

associated with butchery practices (Armstrong Oma 2010; Lane 2013; Thierman 2010). For 

instance, a large portion of leg and foot bones are associated with tanning, while the age of 

the animal gives indication of culling practices related to diary and wool production. 

Additionally, the culling practices can give indication of meat exploitation in terms of age and 

evaluating care vs maximum meat growth (Lane 2005; Reid 1996, 2004; Seetah 2008).   

Different parts of an animal are linked to social status, as some parts are more favourable than 

others (Armstrong Oma 2007; Reid 1996, 2004). In the published doctoral thesis of 

Armstrong Oma (2007:82), the issue of food and status is correlated through the best meat 

parts of an animal. In this regard the meatiest most desirable parts of an animal are correlated 

to different skeletal remains and bone-marrow yields. This correlation is illustrated in figure 9 

and 10. However, note that the correlation between body parts, meat yield and status is not 

Figure 10: Body part and status triangle, redrawn after 

Armstrong Oma (2007:82, fig 4.) 



Food and Identity - Dyvart 

37 

 

necessarily universal across cultures. Armstrong Oma’s four categories apply to Scandinavian 

and Sicilian stock keeping, and the head category is second from the bottom. According to 

rainmaking in the ZP model, skulls from sacred bulls with attached horns are objects 

associated with high status (Murimbika 2006) and kept by the senior wife of the chief, whose 

residence should be on elevated grounds next to the chief (Huffman 2007, 2009; Murimbika 

2006). This implies that the head category, although not particularly rich in terms of meat 

yields and nourishment, would be associated with the elite in some quantities at Khami. It 

does not follow that sacral cranial parts of the bull should be present in kitchen middens, but it 

would not be unexpected, which renders the head category diffuse. Therefore, in the analysis I 

will consider the cranial bones of post maxilla as a low status indicator. Post maxilla bones 

are the teeth and parts pertaining to the mandible. Furthermore, the trunk category contains 

vertebrae-, ribs- and tail bone fragments. Since these bones are counted by fragments the 

numeric value will give skewed results and it will be difficult to determine how many 

individuals they represent. For these reasons, I will present the faunal assemblage and body 

part categories by bone mass (kg), to incorporate these fragmented bone categories.  

Hollow bones, such as most long bones, contain cavities with large quantities of protein rich 

bone marrow (Outram 2000, 2002). Extracting marrow can be done by crushing the bone or 

cutting the bone in half. Boiling would also release the nutrients of the marrow into the water 

creating a broth (Roberts et al. 2002). This is visible in the archaeological material through 

bone flakes and heated bone. Moreover, the different muscle regions on the animal provide 

different kind of meat. Some parts are stringy and tough, such as the lower legs and tend to be 

a less desirable part of the animal. Other parts such as the upper legs are associated with the 

best meat yields and most tender parts of the animal, which means that these areas are more 

desirable and hence carry a higher status (Armstrong Oma 2007:82). For a spatial reference to 

skeletal part of the animal see figure 11.   

4.3 Method of faunal identification 

Following on the human-animal perspectives at Khami and the assumed social differences, 

the source material is chosen from two household middens from elevated (NPM) and lower 

ground (M2). The chosen locations follow the assumptions of the research literature that 

advocate distribution differences between elevated and flat ground connected to social 

stratification (see chapter 2-3).  
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Table 3: Abbreviated list of species expected to be found at 

Khami. Modelled after a modern assemblage (see full list in 

appendix A.1)  and previous research after Robinson (1959), 

Thorp (1984a, 1995) and van Waarden (1989). 

This segment of the chapter presents the method of osteological identification and what 

markers are diagnostic for further discussion. Table 3 presents the animal species I expect to 

find at Khami. It is based on faunal assemblages from modern assemblages and previous 

research (see appendix A.1 for full species list, and  Hughes 1997; Robinson 1959; Thorp 

1984a, 1984b, 1995; van Waarden 1989 for previuos assablages).  

4.3.1 Comparative identification 

The osteological method is a bipartite method 

where the first part is to sort the bones 

according to Driver’s (1999) classifications of 

bone flakes, vertebrae, rib fragments, tooth 

enamel, miscellaneous fragments, cranial or 

skull fragments and identifiable bones. 

Material for each excavated level of 10 cm per 

midden will be shorted separately. Identifiable 

bones are diagnostic bones and teeth. Tooth 

enamel includes dental fragments without 

diagnostic features. The second part is to 

denote genus or species affinity to the bones 

and teeth in the identifiable bones category. 

The identification process follows the 

osteological comparative method laid out by 

Reitz and Wing (2008), where modern faunal 

remains are employed as comparatives in the 

identification process.  

The comparative skeletal remains used in the 

identification process belong to the museum 

collection of faunal remains at Bulawayo 

Natural History Museum. Note that this 

collection did not contain a specimen of either 

Bos Taurus (common cow) or a full skeleton 

of Bos Indicus (cow adapted to a hot climate). Earlier excavations unearthed several Bos 

Taurus specimens, and it would be odd if this did not continue to be the case for this source 

Latin Name English Name 

Acinonyx Jubatus Cheetah 

Aepyceros Melampus Impala 

Bos Taurus Cattle 

Civettictis Civetta African Civet 

Connochaetes Taurinus Blue Wildebeest 

Crocuta Crocuta Spotted Hyena 

Damaliscus Lunatus Tsessebe 

Equus Quagga Plain Zebra 

Galerella Sanguinea Slender Mongoose 

Genetta Genetta Small-Spotted Genet 

Heterohyrax Brucei Yellow-Spotted Rock Hyrax 

Hippotragus Niger Sable 

Lepailurus Several Several 

Lepus Saxatilis Scrub Hare 

Oreotragus Oreotragus Klipspringer 

Orycteropus Afer Aardvark 

Ovis/capra Sheep/Goat 

Panthera Pardus Leopard 

Paracynictis Selousi Selous' Mongoose 

Pedetes Capensis Springhare 

Potamocherus Larvatus Bush pig 

Procavia Capensis Rock Hyrax 

Raphicerus Campestris Steenbok 

Sylviacapra Grimma Common Duiker 

Syncerus Caffer African Buffalo 

Tragelaphus Oryx Eland 

Tragelaphus Scriptus Bushbuck 

Tragelaphus Strepsiceros Greater Kudu 

Canis Wild dog/Jackal 

 Div. birds 

 tortoise 
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material (Thorp 1995; van Waarden 1989). The museum included a full skeleton of Syncerus 

Caffer (Buffalo) and a Bos Indicus skull. Consequently, to counter this potentially erroneous 

post in the procedure the label c.f. Bos Taurus was issued when skeletal remains adhered to 

the manual of cattle bones and were similar to Syncerus Caffer in all but size, and the 

specimen did not correspond to other bovids in size class III. The Bos Indicus skull was also 

used in uncertain classification of Bos Taurus scull and dental identifications. Therefore, 

despite lacking reference material some specimens were labelled c.f. Bos Taurus in the initial 

classification. Since the reference material was unavailable, the label Bos Taurus was not 

issued without the c.f. subscript. C.f. is short for the Latin word Conferre, meaning compare, 

or in this context uncertain identification. The exception are the ten specimens that was 

brought to UCT for isotope extraction; they were compared to the UCT collection and 

determined as Bos Taurus. 

Each bone and tooth in the category “identifiable bones” are measured in length (mm), 

weighed (g), and given a museum number as they are catalogued. Each specimen was given a 

catalogue chart where skeletal part, side and orientation were recorded, in addition to age 

indications, if present. The bones were also examined for any post-mortem marks of damage 

or treatments. Diagnostic markings on bone include both biological or natural causes of 

pathology, such as decease, unfused epiphysis and dental wear, in addition to “alien” or 

applied markings by a foreign body, such as cut-, burn-, gnaw- and tool marks. These 

markings were noted and catalogued under the categories pathology, cut, chopped, rodent, 

carnivore, weathered and burnt markings. This record is housed at the Bulawayo museum (see 

appendix A.1 for detailed information on the faunal remains). 

Some bones could not be identified to species and genus level even if they had diagnostic 

features such as muscle attachments and epiphysis. If the taxonomic order could be decided as 

Ruminantia and the family bovidae (See Skinner and Chimimba 2005:616-713), they would 

be identified according to the bovid size classification as presented by Brian (1974). 

4.3.2 Skeletal part 

In the catalogue and analysis of the faunal remains I will refer to the animal skeletal part by 

either the Latin name, or grouped together under what part of the animal certain bones make 

up. For instance, the cranial group that in figure 10 is called ‘head’ contains the skull, which 

includes horns, the maxilla or the upper jaw with teeth, and the mandible, otherwise known as 
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the lower jaw, with included teeth. I have included figure 11 for reference in regard to Latin 

names and where these bones are located on the animal, as it is the Latin name and relative 

group that will be used in the analysis. To clarify terms in figure 11, the skeletal parts 

numbered 10 and 11 indicate the carpals and tarsals. This represents several bones that make 

up the ankle joints of bovines. Astragali are represented in both categories, as every bovine 

have four such bones, while the calcaneum only appear in the tarsals, as this could be 

compared to the ankle bone in humans, and bovine only have such bones in the hind limbs 

(for a full list of the individual bones in the carpal and tarsal groups consult fig 2.3 and 2.4 in 

Klein and Cruiz-Uribe’s (1984) manual for faunal identification). 

      Figure 11: Latin Names of skeletal body parts for Bovines.  

4.3.3 Faunal statistics: NISP, MNI and QSP 

In the context of a zooarchaeological approach, it is normal to generate the analytic statistics 

of NISP, MNI and QSP to categorize the bones. NISP stands for Number of Individual 

Skeletal Parts, which means that the numeric value refers to every piece of bone found. This 

entail that NISP does not give the number of individuals and cannot be used as an indicator of 

herd size (Reitz and Wing 1999:191-194). MNI is abbreviated from Minimal Number of 

Individuals, and gives an indication on the absolute minimal number of specimens present.  A 

single animal has two tibias, which means that if an archaeological assembly contains three, 

MNI deduce that there is at least two specimens of that species present in the archaeological 
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sample, while the NISP would generate three. MNI too cannot be used as an indicator of herd 

size, and both NISP and MNI are therefore arbitrary divisions to aid in the analysis of faunal 

remains. QSP means Quantitative Skeletal Part, which combines different skeletal parts to 

give a numeric value of how many animals could be present (Armstrong Oma 2007:81-82; 

Reitz and Wing 1999:194-200). There are a few issues regarded the use of these statistical 

values (e.g. Bochenski 2008; Breslawski and Byers 2015), and since they rely on numeric 

values and is applied to the identified group and not to the whole bone mass, the statistics will 

be applied in an indirect manner of referring to percentage of identified bones. 

4.3.4 Preservation 

Bone and teeth are organic material and are prone to decomposition. The deterioration of bone 

follows a set of mechanisms and could be caused by either chemical deterioration or 

biodegradation , as explained by Collins et al. (2002:385). The decomposition is influenced 

by age at the time of death, time since death, and environmental factors like water, soil pH 

and temperature. As a living tissue, bone is exposed to minor deterioration during life, thus 

increased porosity and calcification of the bone are indicators of increased age at death 

(Collins et al. 2002:387). Cultural practices such as butchery techniques, flesh/meat removal 

and cooking will modify and accelerate decomposition (Collins et al. 2002:386; Roberts et al. 

2002).  

In theory, well-drained soil is also good for preservation, but high temperatures accelerate the 

rate of decomposition and hot arid areas are considered poor conditions for bones (Collins et 

al. 2002; Weiner 2010:77-78). Khami lies in the summer rainfall zone of Zimbabwe (Sinclair 

1987:38-48), which implies wet and hot weather and poor preservative conditions. The hilltop 

deposits at Khami include several ash layers, which are associated with calcium rich mineral 

compositions (Dincauze 2000:424-425; Weiner 2010:77-78), indicating better preservation. 

M2 suffers from less favourable conditions and fewer bones were retrieved from this midden. 

4.4 Method of isotope extraction - environmental context 

The ecological context at Khami is a lesser part of this thesis, but it requires some context and 

explanation. Paleodietary reconstruction have been conducted by many archeologist in recent 

years, the main objective is to examine differences in diet, often by differentiating between 

marine and terrestrial food (i.e. Dewar et al. 2006; Eerkens et al. 2014; Pfeiffer et al. 2013; 
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Schoeninger 2014; Sealy et al. 2014; Smith 2005; Smith et al. 2007; Smith et al. 2010; Smith 

et al. 2002; Sponheimer et al. 2003a; Styring et al. 2015; Zazzo et al. 2006).  

Dietary reconstruction assumes that different kind of food should give the consumer different 

isotopic values depending on what that consumer eats. In essence, you become what you eat. 

In this thesis it is not the difference between marine and terrestrial food that is examined, but 

differences in terrestrial plants and animals eaten by the faunal remains.  The different feeding 

habits of different herbivore species expand during the year to compensate for dry seasons 

contra rain seasons, implying that dietary content has an environmental aspect (Codron et al. 

2013). Dietary reconstructions and investigations rely on nitrogen and carbon isotope values 

in the food consumed, as well as ecological research into photosynthesis to differentiate 

between different plants that give different isotope values (Balasse et al. 2001; Minagawa and 

Wada 1984). The geochemistry of stable isotope analysis is explained below. 

4.4.1 Stable isotope analysis 

Stable Isotope analysis exploits variations of an atom. An atomic element has a constant 

number of protons and electrons. It also contains neutrons in its nucleus and the number of 

these can vary. Isotopes are different variations of the same element, containing different 

numbers of neutrons in its nucleus. Isotopes are commonly denoted 
m

E, where the m is the 

mass of neutrons and protons in the nucleus, and E is the element. There are both stable and 

unstable isotopes. The unstable isotopes are radioactive and will decay to a lighter isotope or 

another element over time. Stable isotope analysis determines the different ratio between the 

different stable isotopes of the same element. The ratio value is denoted by the delta (δ) and is 

measured in unit per million (‰)(Hoefs 2009:1-3). 

For instance in this thesis, it is carbon and nitrogen isotopes that are the subject. Carbon has 

three naturally occurring isotopes; these are 
14

C,
 13

C and 
12

C. The isotopes 
13

C and 
12

C are 

considered stable isotopes of the carbon element, and in this thesis it is the relative difference 

between these two isotopes that are analysed. The standard for carbon is denoted after the 

international standard PDB (Hoefs 2009:48-54). Nitrogen has two stable isotopes, 
15

N and 

14
N, and it is the relative difference between these two that is analysed in stable isotope 

analysis of nitrogen (Hoefs 2009:54-57). The international standard for nitrogen is denoted 

AIR (Dincauze 2000:172, table 8.1).  
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Bone is composed of minerals, proteins and internal tissue which contain different variations 

of nitrogen and carbon as well as different isotopes. In this thesis the stable isotope analysis is 

conducted on the bone protein collagen. The isotopic composition of collagen reflects the 

isotopic composition of consumed proteins. Bone in living tissue contains between 20-22% 

collagen by weight (Collins et al. 2002:384; Pestle 2010:3124; Schwarcz and Schoenger 

2011:727). Tooth enamel and dentine also contain a large portion of collagen, thus making it 

suited for isotope analysis. If bone preservation is poor the collagen could be entirely 

degraded and would thusly yield no diagnostic values contributing to research. It is possible 

that the poor preservative conditions at M2 will not yield collagen. However, collagen content 

in bone as low as 1% is enough to provide valid isotope results enabling archaeological 

enquiry (Pestle 2010:3124; Schwarcz 1991; Schwarcz and Schoenger 2011).  When collagen 

content is above 1%, stable isotope analysis could give indications of dietary, migratory and 

environmental conditions based on the chemical composition of the bone. Simply put, this 

chemical composition is derived from the different ratio of the atomic isotopes of carbon 

(
13

C/
12

C) and nitrogen (
15

N/
14

N) for dietary research, as well as oxygen (
18

O/
16

O) and 

strontium (
87

Sr/
86

Sr) for environmental and migratory research. Note, however, that these are 

often combined depending on scholarly pursuit (Balasse et al. 2001; Brown et al. 2006; Pestle 

2010; Schoeninger 2014; Schwarcz 1991; Schwarcz and Schoenger 2011; Smith 2005:77; 

Sponheimer et al. 2003a). 

To be able to present valid scientific data from the samples selected, each sample must 

provide elemental content (%) that are within expected ratios. For nitrogen and carbon content 

the valid percentage of a sample can range between 11-17% for nitrogen, and 26-47% for 

carbon (Ambrose 1990; Sealy et al. 2014). The carbon to nitrogen ratio of the sample should 

likewise range from 2.9 to 3.6 to be valid (Ambrose 1990; Richards et al. 2006). Isotope 

analyses carry the risk of contamination, to ensure pure samples that are diagnostic and 

scientifically valid the isotope signature must fall within the boundaries presented above. 

Furthermore, in this study faunal remains are the subjects and only bone material with known 

species affinity will yield analytic isotopic values, and hence can be used as environmental 

proxies. This is because different kinds of animals have different feeding habits and live in 

different environments that affect the isotope values (Armstrong Oma 2007; Styring et al. 

2015).  
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4.4.2 Dietary indications of δ
13

C and δ
15

N 

Stable isotope analysis of carbon relies on our knowledge of photosynthesis to distinguish 

between vegetation and plants consumed by herbivores. Research into ecology has shown that 

different plants and vegetation conduct photosynthesis in different ways, storing the 

atmospheric CO2 differently (Schimel 2013:57-79). Specifically interesting in the context of 

southern Africa, is the relationship between C3 and C4 plants. They conduct photosynthesis 

differently and obtain different amounts of atmospheric carbon and carbon isotopes as a result 

(Balasse et al. 2001; Zazzo et al. 2006). C3 plants are more adapted to cool and moist 

climates, while C4 plants are better suited to endure hot and dry climates (Dincauze 2000:427-

428; Schwarcz and Schoenger 2011:729-730). This adaptability have changed the chemical 

composition of the plants themselves, and when animals eat different vegetation, whether it is 

exclusively one kind or a diet containing both, the animal bone and teeth tissue exhibits this 

reality in varying isotope values (Minagawa and Wada 1984). Typically the δ
13

C content of 

C3 plants are low compared to C4. In SLR δ
13

C content of C3 plants vary between -23.0‰ and 

-26.0‰, while C4 plants exhibits δ
13

C values between -9.0‰ and -17.0‰ (Smith 2005:78-

79).  The δ
13

C value is negative because it is the relative value compared to a standard sample 

(Dincauze 2000:113-117). I will note that it is not quite as simple; since there is also a third 

photosynthesis pathway in plants denoted CAM. These CAM plants conduct photosynthesis 

in both C3 and C4 similar pathways which is not detectable in the isotope signatures, since 

their δ
13

C signature range between the C3 and C4 signatures (O'Leary 1981:554-555). Thus 

CAM plants are not diagnostic, and furthermore a mixed diet of C3 and C4 plants or a diet 

containing CAM plants will give similar isotope signatures (O'Leary 1981:554). That said, the 

variation between C3 and C4 plants are diagnostic and can be analysed.  

The difference in nitrogen isotopes, δ
15

N values, in bone tissue will change in accordance to 

type of vegetation or food source consumed and on what level in the food chain, also called 

trophic level, the consumer is. For each trophic level the expected increase of δ
15

N values are 

3-5‰ (Minagawa and Wada 1984; Schoeninger and DeNiro 1984). For example, terrestrial 

plants tend to have lower δ
15

N than marine plants, while herbivores, are on a higher trophic 

level than the plants, have a higher nitrogen value than the plants they consume. Terrestrial 

herbivores tend to exhibit an average nitrogen value between 4-7 ‰ (Ambrose 1993; 

Dincauze 2000:172). However, there are variations in the δ
15

N values, given environments 

and conditions may enrich the δ
15

N values of plants and animals. In arid environments δ
15

N 
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values of plants and herbivores are elevated compared to more water rich regions (Schwarcz 

and Schoenger 2011:732). This is possibly due to soil erosion which leaves soil with a higher 

δ
15

N content, but soil type may lower the δ
15

N content. Porous sandy soils have less of the 

heavier isotope δ
15

N as oppose to clay, which contain more of the heavier δ
15

N isotope 

(Heaton 1987:240; Smith 2005:106-108). If a field is fertilized with animal manure, the δ
15

N 

values of the crops become elevated. Any animal that consumes these plants, for instance, if 

cattle were fed fertilized plants; their respective δ
15

N values would also be elevated. Milk is 

also a catalyst for elevated δ
15

N values, because the act of breastfeeding technically involves 

that the young is eating off its mother. This act puts the young on a higher trophic level than 

its mother, and will therefore exhibit higher δ
15

N values (Balasse et al. 2001; Eerkens et al. 

2014).  

Amongst the C4 plants are grasses and cereal crops, such as sorghum, millet and maize (Smith 

2005:79). If husbandry at Khami were fed grains, their isotope values would presumably 

reflect this. Note that environmental factors can affect the isotope signatures, and faunal diet 

obtained on floodplains could potentially show arid signatures (Smith 2005:117). This could 

apply to fauna which have obtained food along the Khami river. Furthermore, herbivores in 

hot arid environments tend to give higher δ
13

C  and δ
15

N values, due to a greater frequency of 

C4 vegetation and water stress (Schwarcz and Schoenger 2011:731). Modern reference data 

for vegetation in SLR provided by Smith (2005:103-108, table 3.3), has shown that grazing 

vegetation have mean values of δ
13

C  -12.8±1.0‰ and mean δ
15

N of 7.2±3.9‰, and browsing 

vegetation have mean values of δ
13

C  -26.5±2.0‰ and mean δ
15

N of 9.4±4.5‰. The δ
15

N 

values for modern taxa range between 0.3-12.0‰ for grasses and 2.0-15.4‰ for browsing 

vegetation. Note that there are considerable seasonal variations in vegetation isotope values 

and that these values are the annual mean, and that the mean values of  δ
15

N is relatively high 

due to aridity and the flood events (Smith 2005:103-106; Smith et al. 2007; Sponheimer et al. 

2003a). For modern herbivores the three dietary categories of browsers, grazers and mixed 

feeders show distinct δ
13

C values. Grazers are -10.5±1.1‰, mixed feeders are -12.9±2.8‰ 

and browsers display -20.6±0.8 mean δ
13

C value. Whilst the δ
15

N values for herbivores are on 

average 11.2±1.5‰ (Smith 2005:109, 112, table 3.4 and 3.5). 
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4.4.3 Collagen and isotope extraction: The Analytic Procedure 

After the Osteological identification, I brought 37 bones to UCT for further analysis at the 

Archaeological Isotope Laboratory. Here, I myself prepared the samples and the analysis is 

also my work. However, I received guidance and supervision by Judith Sealy, who is in 

charge of the Laboratory. Ian Newton, the resident engineer, ran the samples through the mass 

spectrometry at UCT. 

First step in the analysis is to extract the collagen from the bone. This was done in accordance 

with the procedure mapped by Ambrose (1990), and modified after the method of Eerkens, 

Berget and Bartelink(2011) and Eerkens, de Vogt, Dupras, Rose, Bartelink and 

Francigny(2014). These two last studies account for higher resolution of dental collagen in the 

teeth samples, by serial sampling the teeth. Teeth grow according to a pattern where the 

dentinal tissue forms in sedimentary layers, the oldest tissue is found on top of the crown and 

the youngest tissue in the root (Eerkens et al. 2014:473; Zazzo et al. 2006:1182-1184). Bone 

tissue is renewed throughout life and contains the nutrients consumed up to the last years of 

life depending and varying according to species and age. Bone tissue does not form in 

sedimentary layers and is renewed through life, while teeth once formed are not renewed 

(Balasse et al. 2001). I therefore chose to extract two samples from each bone, but serial 

sample the teeth. The extraction process was as follows: 

 The bone and tooth surface was removed by a handheld drill. A piece of 

approximately 1 cm bone and a small vertical line of the teeth running from root to top 

of enamel were removed. 

 The sample was demineralized in 0.2M HCL at room temperature for 1-4 days.  

 When demineralized, or when the bone was soft through. The sample was rinsed in 

distilled H2O. 

 The sample was then submerged in 0.1M NaOH for 24 hours. 

 After which the samples was placed in distilled H2O until the pH-value of the water 

was neutral at 6-7 pH. Neutral pH is 7, but the pH-value of the distilled water at UCT 

was between 6-7pH. Hence neutral water was achieved when the pH stabilized. This 

varied from 24 - 48 hours.  

 When the sample equalled the pH of the distilled water, the samples were freeze-dried, 

removing all the water in the sample. 
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 The accuracy of the mass spectrometry was set to approximately 0.50mg; therefore a 

0.45 – 0.65 mg piece of each sample was extracted and placed in tin-canisters. In 

addition to the samples, standards were placed in tin-canisters and evenly distributed 

amongst the samples. The in-house standards were chocolate, seal bone, merck gel 

and valine. The standards are used minimize errors and to maximize accuracy in the 

machine. 

4.5 Summary 

To summarize the framework for the following analysis, I am looking for animal proximity, 

utility and relationship to and with humans, through categorizing them into (1) domesticates, 

(2) wild fauna, (3) food articles and (4) activity produce. The faunal remains will be 

statistically presented though the NISP, MNI and QSP, and osteological identified to species 

or to bovine size and catalogued into the four categories of meat yields: Upper front and back 

limbs, Trunk, head and Lower front and back limbs. Moreover, possible marks and pathology 

in addition to age indicators will also be identified and used as basis for the discussion. Note 

that head or cranial bones are not necessarily status related and will be examined to this 

regard.  

The environmental context will be analysed through isotope analysis to determine rain fall 

regimes adhering to the modern and scholarly references for the elements and isotopes of 

nitrogen and carbon.  
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5 Faunal analysis 

The following subchapters will present the osteological identifications and any diagnostic 

marks on the bones from M2 and NPM. Diagnostic features can be linked to animal 

management strategies and will include skeletal part and age analysis.  

The aim of this thesis is to divulge the relationship between food practice and socio-political 

organisation at Khami. On the basis of previous research (see chapter 2 and 3) the 

assumptions are that Khami was a settlement where the elite occupied the elevated grounds 

and the commoners the lower ground. If it also follows that different animal parts are 

associated with social esteem (see 4.2), than the results in this chapter should form different 

patterns depending on the location of the remains. The variables that will be further discussed 

in chapter 7 are species, age, skeletal parts and distribution. 

5.1 Osteological identification  

The two middens yielded 6765(c.41.2kg) bones, of which 402(c.8.4kg) were osteologically 

identified to species or bovine size after Brian (1974). The identified specimens account for 

c.20.4% of the total bone mass from the two middens. There are 19 species among the faunal 

remains, where cattle (b.taurus) is the most dominant species followed by buffalo (syncerus 

caffer) and caprines (ovis/capra). The caprines sheep and goat are not yet separated for all 

samples, since the diagnostic features separating these related species were not present (see 

appendix A.1). Figure 12 -16 present the individual species identified in the respectable 

middens.  

The midden on the elevation (NPM) yielded 2986 bone pieces of which 302 bones were 

identified (see figure 12, 15 and 14). At the lower ground (M2), 100 pieces of bone out of 

1764 bones were identified to species or bovine size (see figure 13 and 14). The figures above 

illustrate that there is more faunal material found at NPM, than at M2. This is possibly due to 

better preservative conditions at elevated ground (see chapter 2.7 and 4.3.5). The figures also 

portray the distribution of identified species and genus identified bones. Genus identified 

bones are those that could be identified as the subfamily of bovids, enabling the size 

classifications to take effect. Cattle for instance, fall within size category bov III and caprines 
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Figure 13: Number of identified species from the lower ground (M2). The wild species Tragalaphus is of the genus 

Strepsiceros (see appendix A.1 for full detail and all faunal identifications). 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Number of size identified specimens from both NPM and M2. Size categories based on Brian (1974).  

 

Figure 12:  Number of identified species from the hill midden (NPM). The wild species Tragalaphus, include the genus 

Oryx, Scriptus and Strepsiceros (see appendix A.1 for full detail and all faunal identifications). 
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Figure 16: Animal assemblage and distribution by stratigraphical layers from M2. Species are here given in scientific latin 

terms. 
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are bov II, while buffalo is bov IV. Note, however, that most of the bone material recovered 

was undiagnostic bone flakes, ribs, vertebrae, skull and miscellaneous fragments. Table 4 

illustrates the divisions compared to the bone mass in both middens and the relative sample 

size of the identified bones (ID). 

Table 4: Total bone mass (kg) recovered from both middens divided into the relevant categories of bone flakes, ribs, 

vertebrae, skull, identified specimens (ID), miscellaneous. The percentage of the overall bone mass for each 

midden is given for each category. 

Weight(kg) Bone flakes Ribs Vertebrae Skull ID Miscellaneous total 

NPM 8.1(34.8%) 4.6(19.7%) 2.2(9.4%) 1.6(6.9%) 6.2(26.6%) 0.6(2.6%) 23.3 

M2 7.0(39.3%) 2.7(15.2%) 0.7(3.9%) 0.6(3.4%) 2.1(11.8%) 4.7(26.4%) 17.8 

Figure 12-16 show that the largest group of identified bones as bov III, which is in accordance 

with previous research (chapter 2.1). The category C.f.b.Taurus is uncertain identification of 

cattle, where the comparable muscle and joint attachments and surfaces were similar to 

buffalo, but smaller in size - similar to that of Tragelaphus Strepsiceros or Damaliscus 

Lunatus. I suspect that category bov III could be reduced if the animal assemblage was 

compared to a complete B.Taurus or B.Indicus skeleton (cattle), and subsequently cattle 

would grow larger as a group.  

At the lower grounds, the second largest group by a small margin is bov II and ovis/capra, a 

husbandry category that was expected given Thorp’s findings (1995). According to Thorp 

(1995) there were similarly a larger portion of caprines at the lower grounds and the dominant 

husbandry category on the elevations were cattle at Khami and Great Zimbabwe.  This is in 

accordance with my findings as the hilltop midden’s second largest group belong to bov IV 

and buffalo. This is a wild animal connected to hunting practices. Size group bov IV  

primarily contains buffalo and eland, two huge animals that tend to be aggressive and difficult 

to hunt (Skinner and Chimimba 2005:624). These differences are in accordance with the 

expected differentiations of the ZP model, but the pathology and skeletal parts should be 

considered before this is affirmed. 

5.2 Pathology, markings and age 

Another feature of the osteological analysis showed different types of post-mortem markings 

or damage to the bones. The osteological examination revealed post-mortem marks on 108 

bones, which included markings of cut, burnt, unfused, gnawed and worked bone material. 
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There was one worked bone and one gnawed bones that were found in layer 6 of NPM. Table 

1 contains the distribution of the remaining 106 bones with post-mortem marks. That means 

that there are 108 marked bones out of the 402 identified bones, which is 26.9%. Worked 

bone in particular is difficult to find, and due to the effect of heat on bone, burnt bone tends to 

deteriorate quicker than unheated bones. As a result of this markings on burnt bone can also 

be obscured by the heat  (Roberts et al. 2002:485-486).  

The distribution of post-mortem markings throughout the different stratigraphical layers of 

M2 at the lower ground, and of NPM at the elevation is portrayed in table 5. The portions of 

identified bones with post-mortem marks from the two middens are 22% at the elevation, and 

40% the lower ground. The percentage of post-mortem marks to identified bones could be 

coincidental, but it is telling that 40% of the identified bones at the lower ground exhibit post-

mortems marks considering the total bone mass distribution on site. It could signalise that 

post-mortem marks were more prominent on the faunal remains laid in M2 than on the 

elevation, and subsequently may be an indication that M2 were more associated with animal 

activities. 

Table 5: Post-mortem markings and age of bones found in the different layers of M2 and NPM 

 

 

 

 

 

The largest collection of post-mortem marks was located in layer 5-6 at the hilltop, and in 

layer 6 at M2. The preservation at site is prominent here as many bones were too deteriorated 

to show post-mortem marks. Nevertheless, the faunal assemblages show a larger portion of 

juveniles or unfused bones at the hilltop than at the lower grounds. This could be tied to 

differences in consumption and culling practices (Reid 1996:52-54; 2004:310-314). At the 

elevation the juveniles or unfused bones, at least those of husbandry, could indicate that 

maximum exploitation of meat growth was not important, and perhaps a power display, while 

at the lower grounds the lesser amounts of juveniles could suggest that cattle and caprines 

were tended and kept until maximum meat production was achieved before culling, creating 

Layers 
M2 NPM 

Burnt Cut Unfused/juvenile total Burnt Cut Unfused/juvenile total 

1 0 0 0 0 15 1 1 17 

2 3 0 1 4 0 0 3 3 

3 0 2 3 5 0 4 3 7 

4 0 0 0 0 0 1 3 4 

5 2 1 1 4 2 13 3 18 

6 6 8 8 22 1 3 13 17 

7 1 3 1 5 0 0 0 0 

Total    40(40%)    66 (22%) 
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more food, and indicating a possible need for food procurement rather than power displays 

(Reid 1996:49). This could lend support to the assumption of elite occupation of the elevation, 

but it could also be an indication of different practices, and although power display is related 

to meat exploitation, so are religious or ritualistic behaviour, which the amount of bov IV 

could be related to.  

Nevertheless, there are few burn- and cut-marks amongst the identified assemblage, and the 

few cut marks makes it difficult to reconstruct possible butchery practices and production 

activities from these limited indicators. There are more cut marks at the elevation, perhaps 

signifying that butchery practices or at least quarter practices were done at the elevation. 

These limited results from the lower ground does not imply that butchery did not take place 

on the lower grounds, but the limited indicators from either site suggests that butchery or 

quarter practices are represented on both elevations and thus present at both parts of the site. 

Burnt bones, on the other hand, could be reminiscent of forest fires. The bulk of burnt bones 

from layer 1 at NPM could indicate this. However, the assemblages in layers 5 and 6 on the 

elevation does accumulate charcoal on either side of the floor structure, even if it is 

ambiguous, this could indicate a cooking pit or hearth, since burnt bone in the combination of 

charcoal and burnt bone could indicate a hearth or cooking pit (Roberts et al. 2002). The burnt 

bones could also be indicators of rubbish disposal by intentional burning.   

5.3 Distribution and Skeletal part 

If we accept the premise that it is unlikely that production refuge from activities based on the 

lower grounds were exposed of on top of the hill and wise versa, then we should expect that 

the distribution of faunal remains with post-mortem marks, skeletal part and age are 

diagnostic towards indicating activity areas. The identified skeletal remains are from a human 

made spoil heap, which could contain traces from any number of activities. However, as my 

objective is to map possible similarities and differences between the high and lower 

elevations, a skeletal part analysis with focus on amount of different skeletal parts could 

reveal these possible differences. The activity layout of a settlement, or the traces of different 

activities throughout a settlement, is one of the most important factors in determining the 

relationship between animal economy and socio-political issues. In this regard distribution of 

skeletal parts from faunal remains could potentially communicate the activity areas, at least 
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those connected to butchery practices, tanning, dairy and food production (Reid 1996, 2004; 

Smith 2015).  

Figure 17 and 18 below, display the skeletal part distribution divided into the four categories 

of body part divisions in terms of social esteem. The categories are associated with different 

activities. The lower front and back limbs are the carpals, tarsals, metacarpals and metatarsals 

which are associated with tanning, where the feet are cut off before the hide is removed to 

provide a smoother result. The upper front and back limbs are associated with the best meat 

yields of the animal (Armstrong Oma 2007, 2010), and the cranial or head category are parts 

of the skull, although here being mostly teeth and maxillae/mandibles.   

The overall division between the two middens and the consumption is remarkably similar, 

perhaps indicating a similar food practices at both locations. The largest group of body part 

distribution in both middens are the trunk, or to be specific the ribs, vertebrae, pelvis and tail 

bones. The trunk is about half the consumption from both middens perhaps indicating that 

these are the most common food articles from the animals. Moreover, the three remaining 

categories are likewise evenly distributed. The upper front and back limbs, that Armstrong 

Oma (2007:82) categorize as the most prestigious, attributing the best meat yield, is the least 

represented group. There is a slight difference however, between the lower limbs and the head 

category. At the elevation the head category is relatively larger than the lower limbs category. 

In addition the relationship is reversed at M2. These are neglectable differences, but there is a 

change that these differences in distribution between body part groups, signify that more of 

the production connected to the lower limbs occurred at M2 compared to NPM, and that the 

Figure 17: Body part distribution in NPM, in percentage given 

for body mass (kg) 
Figure 18: Body part distribution in M2, in percentage given 

for body mass (kg) 
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cranial group is affected by rainmaking to increase the group by proximity to the elite 

settlements. 

If the data is rearranged to only include the faunal remains that could be identified to genus 

and species, the lower back limbs is the largest category present. This could indicate tanning 

and butchery practices throughout the site, however, there is a slightly larger portion of lower 

limbs present in M2. Surprisingly, the Upper front and Back limbs are also slightly larger at 

M2 then at NPM when we exclude the non-identified bones. 

 

  

Figure 19: Status indicating categories 

excluding all non-identified specimens 

for NPM 

 

 

 

 

 

 

 

 

 

 

Figure 20: Status indicating 

categories excluding all non-

identified specimens for M2 
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The upper front and back limbs are where the best meat parts of the animal is located in 

modern thought, by the criteria of less sinewy and most tender meat. It is also where the best 

meat is located in associated hierarchical discussions (Reid 1996, huff 1996/8 and kudu jakt 

paper). The cranial category, composted of is second largest at NPM but the least prominent 

at M2. This could suggest that culling and tanning activities actually took place on the 

elevation in a larger degree than on the ground. According to the hierarchical discussions on 

what activities should occur where, the spatial model of ZP suggests that culling and tanning 

should occur away from the elite areas unless connected to power display and the religious 

leadership. Now then the assumption based on ZP would suggest that the elite or ritualistic 

behaviours are associated with the lower ground not the elevated areas.  

5.4 Summary 

To summarize the findings from the osteological analysis there are 19 different species 

identified, where 17 are present at the hilltop midden, NPM, and at the lower ground only 9 

species where identified. These findings supporting the theory of taxonomy discussed in 

chapter 4.3.4. Both middens contained many fragments of long bones, implying consumption 

of bone marrow. Differentiation between the two middens show that bovid size II is more 

common relative to the overall faunal assemblage in M2 than relative assemblage in NPM, 

and the second largest group at NPM of faunal assemblage is bov IV. Size category IV 

consisting of primarily of Syncerus Caffer (Buffalo) and Eland, wild animals that are difficult 

to hunt. The age determination does suggest that meat exploitation was less common on the 

higher ground than on the lower ground. However, there are suggestions of butchery and 

quarter practices on both elevations, the identification of a possible heart or cooking pit on the 

elevation suggesting food preparation.  

Skeletal part distribution between the two middens also suggests different activities, as a large 

percentage of identified bone from both middens contained foot bones: a category that 

supposedly would not be found at the hill top complex. Foot bones could be an indication of 

tanning activities. Incidentally, NPM the hill top material contains a larger portion of unfused 

and young individuals than M2, which could be an indicator of culling practices, and perhaps 

dairy practices. What these faunal remains suggests are then that there could be diary 

production on the hilltop complex. In addition the presence of foot bones does not differ much 

between the elevations, indicating that the tanning activities were not spatially determined. 
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6 Rainfall regimes by isotopes and contextualizing 

the environment 

6.1 Synopsis and parameters 

The isotope analysis was conducted on 27 individual specimens from both NPM and M2; 

among these were teeth and bone from seven species. Each bone tissue sample was duplicated 

and teeth were serial sampled
1
. The total number of isotope samples was 410. The validity 

parameters presented under subchapter 4.4.1. rendered 10 samples invalid, as their nitrogen 

and carbon content (%) fell outside the respectably ranges of N11-17%, and C26-47% 

(Ambrose 1990; Sealy et al. 2014). Furthermore one sample disintegrated during the 

treatment of NaHO and collagen could therefore not be extracted from that sample. That 

leaves 399 isotope samples, for brevity I will only present the average value for teeth and 

bone tissue samples with the standard deviation range, since the objective is to contextualize 

the environmental conditions of the faunal remains and their dietary habits (see appendix 

A.2).  

Table 6: Isotope signatures and standard deviation of standards. 

All samples were run through the 

mass spectrometer by Ian Newton. It 

took seven turns in the machine for 

all samples to be extracted. The in-house-standards used in the extractions were seal bone, 

valine, chocolate and merck gel corresponding to the international standard for nitrogen, 

δ
15

NAIR, and the international standard for carbon, δ
13

CV-PDB (Hoefs 2009:27-29). To ensure 

reliable results these standards should form a linier trajectory in the formula r
2
≈1. The 

standards were evenly distributed among the samples and they gave r
2
=0,999. View table 5 

for the mean values and standard deviation of the standards. 

6.2 Results 

The standard deviation and mean isotope values for each specimen are shown in Table 7. 

Note that the museum numbers reflect the catalogue number of each specimen in the 

Bulawayo Museum of Natural History registry, where KNPM are the samples from the 

                                                 
1
 The teeth samples were serial samples and each tooth belonged to the same isotope sample number but the 

individual parts were given the notation a-z to signify their location from root to enamel. See appendix A.2.     

 Chocolate Merck Gel Seal Bone Valine 

δ
13

C -17.71±0.12 -20.34±0.14 -11.88±0.14 -26.66±0.09 

δ
15

N 4.28±0.04 7.51±0.06 15.78±0.04 12.22±0.04 
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elevation, NPM, and KM1 is from the lower ground, M2. The isotope sample numbers are the 

UCT laboratory numbers, these are 17070-17108.  

The nitrogen and carbon contents in table 7 range from 14.50-16.17%, and 40.9-44.92% 

respectfully. The C:N ranges are within 2.9-3.6. This is indicative of good collagen 

preservation and within the validity parameters (Ambrose 1990; Sealy et al. 2014).  

Table 7: Stable isotope results, the mean δ15NAIR and δ13CV-PDB values for each sample is presented with standard deviation 

(STD). The samples are sorted by species, and note that KNPM denotes specimens from NPM and KM1 are specimens from 

M2.  C:N ratio adhere to 2.9-3.6 as proposed by Richards et al. (2006) and Schwarcz and Schoenger (2011). 

Species 
Museum 

number 

Isotope 

sample 

nr. 

Skeletal part 

Nitrogen 

content 

(%) 

δ15N

AIR 

(‰) 

Std. 

 δ15N 

Carbon 

content 

(%) 

δ13CV-

PDB 

(‰) 

Std.  

δ13C 

C:N ratio 

elemental 

Bos Taurus KNPM052 17088 M1 15,54 6,02 0,398 42,67 -6,85 0,540 3,20 

 KNPM121  17089 M2 15,72 4,48 1,039 43,21 -5,31 0,267 3,21 

 KNPM224 17093 M2 15,19 6,40 0,476 42,00 -6,66 0,606 3,32 

 KNPM268  17086 Left mandible 14,84 4,40 0,105 42,07 -5,89 0,037 3,31 

 KNPM273 17087 M2 15,29 5,28 0,728 42,19 -5,70 0,332 3,22 

 KNPM274 17094 M2 15,90 5,49 0,438 44,13 -6,17 0,850 3,24 

 KM1055     17090 Lunate radial 14,58 6,46 0,095 41,80 -8,14 0,102 3,35 

 KM1098     17076 Right mandible 14,90 5,52 0,248 42,69 -6,71 0,294 3,34 

  17077 M2 15,28 6,39 0,634 42,44 -6,08 0,580 3,24 

Ovis/Capra KNPM110 17101 Right mandible 14,59 6,57 n/a 41,06 -16,27 n/a 3,28 

  17102 M1 15,66 8,98 0,552 43,30 -16,80 1,099 3,23 

  17103 M2 15,76 9,13 0,425 43,39 -17,50 0,360 3,21 

  17104 M3 15,66 9,02 0,311 43,12 -17,57 0,316 3,21 

 KNPM222  17072 Right mandible 14,83 5,95 0,012 42,22 -14,83 0,192 3,32 

  17073 M3 15,23 7,29 0,501 42,09 -14,63 1,147 3,22 

 KM1013    17092 Left calcaneum 15,04 5,48 0,110 41,69 -17,23 0,124 3,23 

 KM1095 17105 Left mandible 14,54 6,03 1,051 40,90 -11,97 6,655 3,28 

  17106 M1 15,47 6,78 0,761 42,65 -7,89 1,239 3,22 

  17107 M2 15,73 7,81 0,296 43,04 -8,51 0,831 3,19 

  17108 M3 15,65 6,06 0,686 43,14 -8,11 0,938 3,22 

 KM1096 17096 Right maxilla 14,81 6,04 0,082 42,19 -11,14 0,129 3,32 

  17095 M2 15,45 7,57 0,457 42,43 -13,49 0,713 3,20 

 KM1097 17097 Right maxilla 15,32 6,38 0,303 43,74 -10,73 0,814 3,34 

  17098 M1 15,94 7,83 0,501 43,83 -12,32 0,920 3,21 

Trastagelaphus  KNPM028 17079 P4 15,42 6,00 0,577 42,41 -6,24 0,200 3,21 

strepsicerus KNPM091 17080 M2 n/a n/a n/a n/a n/a n/a n/a 

 KM1068 17084 Left astralgalus 14,74 5,59 0,154 41,73 -7,45 0,183 3,30 

 KM1091 17085 Left astralgalus 14,71 7,45 0,079 40,99 -7,99 0,234 3,25 

Damoliscus  KNPM153 17081 M2 15,39 7,10 0,370 42,47 -6,30 0,885 3,22 

Lunatus KM1051 17088 Metacarpal 16,17 5,50 0,430 44,92 -6,80 0,930 3,24 

Syncerus Caffer KNPM027 17074 Left mandible 16,01 4,06 n/a 44,12 -4,84 n/a 3,21 

  17075 M3 15,21 4,84 0,537 42,03 -5,59 0,489 3,22 

 KNPM151 17070 Left maxilla 14,50 3,72 0,085 42,33 -5,67 0,071 3,41 
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Considering the average values of the isotope, the δ
15

N values are remarkably consistent, with 

a mean value of 6.303‰. The δ
13

C values range from -4.84 to -17.57 ‰, which is expected as 

different species graze, browse or are mixed eaters, but it does show a large variability in the 

results and a signature more commonly associated with C4 plants. But the δ
13

C also shows a 

remarkable correspondence in the larger herbivores to the expected values for C4-plant 

consumption as proposed by several researches (see Balasse et al. 2001; Sponheimer et al. 

2003a; Sponheimer et al. 2003b; Zazzo et al. 2006).  

A study that provides a framework for the isotope values extracted in this thesis, is 

Sponheimer et al. (2003a). They conducted analysis of tooth enamel, bone collagen and hair 

from 27 species and 312 individual animals. They demonstrate that the percentage of C4 

fodder in bovine diet is proportional to animal size. Small bovine show a greater need to 

browse, maintaining a higher-quality diet composed of more C3 plants and thus exhibiting a 

lower δ
13

C signature. Similarly large bovine such as cattle, buffalo and wildebeest are 

primarily grazers, and their diet is dominated by C4 grasses (Sponheimer et al. 2003a:475). 

Table 7 suggests that the grazers (B.taurus, Damoliscus Lunatus, Connochaetes Taurinus and 

Syncrus caffer) are bovine size III and IV, thus large bovines and their collective values are 

high. The caprines, which are bov II, exhibits lower δ
13

C signature, which is as expected by 

Sponheimer et al (2003). The δ
15

N values of C3 and C4 are similar and does not influence 

isotopic compositions from diet (Heaton 1987:241). However there seem to be an inverse 

relationship between δ
15

N and precipitation (Heaton 1987:238-240). The next two sub-

chapters will elaborate on implications of these values. 

6.3 Grazers, mixed-feeders and browsers  

In a previous study by Jeanette Marie Smith (2005:109, table 3.4) the mean δ
13

C value of 

vegetation and the basis for the three different diet patterns among herbivores were -

10.5±1.1‰ for grazers, -12.9±2.8‰ for mixed feeders and -20.6±0.8‰ for browsers. This 

study was based on materials from the South African side of the SLR. Another study by 

  17071 M1 15,22 5,25 0,539 41,88 -5,26 0,269 3,21 

 KNPM221 17078 Right mandible 15,29 3,88 0,107 42,31 -5,24 0,032 3,23 

 KNPM270 17091 Right mandible 15,93 8,87 0,670 43,80 -7,32 0,446 3,21 

Sylvicapra  KNPM057 17100 Left mandible 15,08 5,40 0,250 42,33 -10,10 0,950 3,27 

Grimma KNPM086 17099 Left mandible 15,12 7,50 0,190 41,95 -16,50 0,090 3,24 

Connochaetes 

Taurinus 

KNPM055 
17082 M2 15,76 7,00 0,323 43,20 -5,94 0,402 3,20 
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Jeannette Marie Smith, Julia Lee-Thorp and Simon Hall (2007) also provide modern 

reference material from the SLR in regard to δ
15

N  values. They tested modern cattle, caprines 

and other wild animals. The modern cattle δ
15

N values varied between 6.1-10.3‰, while 

caprine signatures between 6.6-10.6 ‰. However to contextualize the samples, the study by 

Woodborn et al. (2015) showed that from 1000CE until today the average precipitation in 

SLR has slowly decreased, and the study by Smith et al (2007) showed that these decreases in 

annual rain do not occur until after 1500CE. This would suggest that if it was more rain 

during the period represented by the samples in table 7, they would presumably have lower 

δ
15

N values compared to the modern counterparts. Table 7 does seem to confirm relatively 

low δ
15

N signatures, except for a few caprines were the value is around 9‰. 

Among the samples presented here, the species that are determined grazers by their known 

feeding habits are B.taurus, D. Lunatus, C. Taurinus and S. Caffer (Skinner and Chimimba 

2005), their diets should according to modern studies adhere to grasses and in this region that 

is predominantly C4 plants, but some C3 grasses are present. The modern mean values for all 

grasses in the region are δ
15

N 7.2±3.9‰ and δ
13

C -12.8±1.0‰ (Smith 2005:104). The 

grazers’ signatures in Table 7 display collectively δ
15

N (5.59±1.75‰) and δ
13

C (-

6.14±0.83‰) are low compared to the modern grass values. For δ
15

N it is within the lower 

range of the modern grasses, but this does not allow for the expected δ
15

N enrichments 

between trophic levels. The δ
13

C is outside the expected range. C4 grasses have a high δ
13

C 

signature, and in the Smith study a herbivore whose food intake consists of 100% C4 would 

be expected to approximately -7.3‰ (Smith 2005:108). Therefore it is possible that the grazer 

signatures in table 7 indicate a high C4 food intake. In 2002 Smith et al conducted a study to 

map carbon and oxygen isotopes in C3 and C4 grasses in the area. Their study showed that C3 

grass rarely grow below 2000m.a.s.l. and C4 grass rarely grow above 3000m.a.s.l. 

Furthermore they found that mean δ
13

C content in grasses at 1600m.a.s.l. was -12.4±0.7‰ 

(Smith et al. 2002:684). Khami is located at 1200-1350m.a.s.l. and is closer to the equator 

than this study by Smith et al, which implies higher average temperatures. Smith et al 

(2002:684) mentioned that C4 grass thrive at average temperatures between 25-8°C, and C3 

grasses below this. It is therefore reasonable to assume that there will be a larger amount of C4 

grass at Khami in comparison to C3, as the data seems to suggest. 

Balasse et al. (2001) and Zazzo et al. (2006) have conducted experiments on modern cattle to 

examine dietary yield of isotope analysis, when diet was known and controlled. Their aim was 
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to map the correspondence or discrepancies between diet, isotope indications and how abrupt 

diet change becomes visible in isotope signatures in bone and dentine. Balasse et al. (2001) 

demonstrate that the isotope values do not reflect abrupt changes in diet, because the 

metabolic pool has a turnover rate that causes the change of diet to appear gradual in serial 

sampled teeth (Balasse et al. 2001:238). Zazzo et al. (2006) demonstrated that there is a 
13

C 

enrichment of 11-12‰ when cattle is switch over to a combined C3 and C4 diet. Although, 

they also demonstrate that the larger the portion of C4 plant fodder, the larger 
13

C enrichment. 

Implying that cattle feed on cereal such as sorghum and millet will have relatively high 
13

C 

values. There is the possibility that the cattle at Khami were feed cereal crops and that is why 

their signatures are relatively high. 

The mixed-feeders in this study are ovis/capra, bov size II. The caprine mean values for δ
15

N 

are 7.13±1.22‰ and -13.27±3.48‰ for δ
13

C. This is within the range of mixed feeders in 

Smith’s samples, and δ
15

N seem to adhere closely with the grazer vegetation perhaps an 

indication of predominance of sheep amongst this sample. Sheep has a preference to graze, 

while goats to browse, even though caprines in general will eat what they have at hand. Note 

that the samples KNPM110 and KM1013 have δ13C signature at a proximately -17, which is 

similar to capra samples from Schoeninger and DeNiro (1984:630, table 1). This could 

indicate that these specimins may be capra (goats). According to Smith’s (2005:165-166) 

study her caprine species from the two Khami phase site vary from 8.3±1.2‰ to 9.0±1.6‰ 

for δ
15

N and -12.1±3.1‰ to -11.0±3.8‰  for δ
13

C. This is within range of my caprine samples 

and Smith (2005:166) stipulates that this meant a 60-80% C4 plant intake in their diet. 

Regardless of a species divide, the KNPM110 and KM1013 samples show signatures 

indicative of a higher C3 content in their diet, than the other caprine samples, which show 

dietary differences between the samples.   

The browsers in this study are T. Strepsicierus, and S. Grimma, two species that are 

particularly picky eaters that rarely or never graze (Skinner and Chimimba 2005:628-629, 

674), which means we can expect low δ
13

C signatures. The browser δ
15

N values in table 7 are 

remarkably consistent (6.39±1.02‰), but their δ
13

C signatures are not. T. Strepsicierus 

display δ
13

C signatures between -6.24‰ and -7.99‰, and S.grimma range between -10.10 

and -16.50. This could suggest that S.Grimma have a high C3 dietary component, as compared 

to T. Strepsicierus values that are more coherent to C4 signatures. This is unexpected as T. 

Strepsicierus should portray isotope signatures corresponding to browse vegetation, as this 
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species rarely graze. Their diet consists of up to 148 brower-plant species. It has been shown 

in modern specimens that they will expand their diet during the dry season, to include 

“evergreen and unpalatable deciduous woody species but this alone is inadequate to satisfy 

their daily energy requirements”(Skinner and Chimimba 2005:629). However I do not think 

this adequately explains the isotope signatures. In a recent study extracting isotope signatures 

from faeces and hair on specimens from the Kruger National Park, T. Strepsicierus isotope 

signatures were -23±1.2‰ for δ
13

C and 5.8±2.1‰ for the δ
15

N values (Codron et al. 2007:3-4, 

table 1). This suggests to me that the species determinations based on the osteological 

identification may be incorrect. The astragali of sample KM1068 and KM1091, may easily 

have been confused as the bones were worn and in poor conditions. However the P4 tooth 

corresponded to the comparative T. Strepsicierus skull with full dentition. Furthermore the 

tooth sample has the oddest signature, with the highest δ
13

C values. The isotope signatures 

correspond to the herbivores in the grazers-category, and are especially similar to B.Taurus. If 

these specimens are not T. Strepsicierus then it is a real possibility that they are grazers, 

possibly B.Taurus, which would be strange considering their dentition, is distinctly different. 

Nevertheless without re-examining the skeletal remains it is impossible to assign species 

based on the isotopic signature alone. But I will note that if the osteological identification is 

correct, then these samples are an anomaly that should be examined further. However this is 

not relevant for the discourse in this thesis. 

South of the SLR there are large seasonal variations in isotope signatures in the area adhering 

to the dry and rain seasons(Smith 2005:104-105), which could explain why the samples in 

table 7 display a discrepancy between expected data and the samples. Furthermore there are 

the presents of CAM plants that could confuse the δ
13

C signature (O'Leary 1981:554-555). 

And the relative high δ
13

C signatures could be a product of the ashy soil in the middens (see 

2.7), that the ash somehow has enriched the δ
13

C content of the bones. However there is the 

possibility that these dietary components in the samples for cattle and caprines reflect human-

animal relations and animal managements. It is possible that caprine and cattle constituted 

different management strategies, and that the dietary indications based on the δ
13

C signatures 

reveal a transhumance herding practice for cattle. Or perhaps crops fodder which could be one 

explanation for elevated δ
13

C signatures. The management strategies for caprines could have 

been a more free range management, where these animals were not kept in enclosures but free 

to roam the settlement area. Therefore these signatures suggest different animal management 

activities associated with cattle and caprines.  
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6.4 Environmental indications  

During the last couple of years several studies have voiced how δ
15

N signatures can be 

affected and influenced by the surrounding environment and inputs, which may give false or 

misleading signatures. Although it is commonly assumed that elevated δ
15

N signatures 

suggests arid or water stressed environments, herbivores in floodplains could display a false 

arid signature (Smith 2005:117). The entirety of the isotope samples presented above have 

δ
15

N signatures below 9.5‰. The soil composition at Khami is composed primarily of 

densely packed soil with high sand content (Smith 2005:106-108). Porous sandy soils have 

less of the heavier isotope δ
15

N as oppose to clay which contain more of the heavier δ
15

N 

isotope (Heaton 1987:240). This may be a contributing factor to the relatively low δ
15

N 

signatures. 

The study by Heaton (1987:236) conclude that expected δ
15

N values among the plants in 

Southern Africa range between -1 to +6‰, but as we have seen the study by Smith (2005) 

show mean values considerably higher for different taxa. If we add the trophic level 

enrichment of 3-5‰, then expected herbivore values should range from 2-9 and 4-11‰. 

Smith based on Ambrose expected approximately 5‰ δ
15

N enrichments for the larger free-

range herbivores in her study in SLR(Ambrose 1993:99; Smith 2005:108). My samples are 

within this first 3‰ enrichment range, with signatures between 3.72 to 9.13‰. According to 

Heaton (1987:238-239, figure 3) a δ
15

N range of 3.72 to 9.13‰ would indicate annual 

precipitation between 400-800mm, if I read the figure correctly. Compared to Smith’s 

archeological samples that are dated to 1475-1685CE and demonstrated annual precipitation 

between 350-500mm, it is possible to suggest that my samples could fall within these rainfall 

regimes. My overall δ
15

N range is slightly lower then Smith’s and it is a possibility that my 

samples portray a slightly greater annual rainfall. Furthermore she notes that her cattle 

samples exhibit approximately 90-100% C4 signatures. This implies that cattle did not have to 

alter their diet during this time period (Smith 2005:166). My samples have slightly lower δ
15

N 

values, and the samples in table 7 denoted KNPM, from the hill midden, is dated between 

1485-1650CE (see Table 2), which is within the temporal period of Smith’s archeological 

samples. I would therefore argue that the nitrogen isotope signature in my samples cohere to 

Smiths data. If we also consider a high percentage of C4 grasses indicated by the carbon 

isotopes from cattle, my data exhibits values that suggest annual rainfall that are equal to or 

greater than her data of 350-500 mm.  
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These environmental conditions are connected to resource exploitation and to animal 

management based on different subsistence strategies and human ability to adapt to different 

climates. Some studies who question the cattle centric settlement models of ZP have shown 

that different climates provide different animal managements and cultivation strategies 

(Brunton et al. 2013; Manyanga et al. 2010; Manyanga et al. 2000), and that the utilization in 

any direction is rooted in the ability to change as subsistence strategies (Redman 2005:74; 

Redman and Kinzig 2003). 

6.5 Summary 

In sum, the isotope data suggests different dietary intake for the different dietary categories of 

grazers, browsers and mixed feeders. For husbandry the data suggests different management 

practices between cattle and caprines. The data further suggests that cattle could graze all year 

round, since the cattle sample δ
13

C signature as a whole were indicative of high C4 fodder in 

their diet. It is possible that cattle were fed crops since this also would correspond with the 

δ
13

C signature. And if this is the case, perhaps the large enclosures in ZP settlements reflect 

stationary cattle that are kept in in these enclosures for all or parts of the year. It is possible 

that the δ
13

C signatures could be due to transhumance practices. The animal management 

strategies could have involved moving the cattle to pastures or grazing areas, outside the 

settlement.  

The environmental data based on the samples are not as diagnostic as the dietary components. 

My samples have consistent δ
15

N values that correlate to expected results based on previous 

research. The indication for rainfall regimes are not conclusive, but are comparable to the 

2005 Smith study, were the δ
15

N values suggests an annual rainfall regime of 350-500mm. 

This is a rainfall that although not optimal for crop cultivation, is still sufficient for a good 

yield as mentioned in 2.3. 
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7 Faunal accounts of socio-political complexity 

The research questions for this thesis are how and to what extent does utilization of animal 

resources reflect social hierarchy at Khami? And how was animal food procurement 

connected to resource exploitation? I would argue that this thesis has answered in part the 

issue of hierarchical connections, and that the animal produce in resource exploitations has 

been hinted at through the faunal remains. In the pages below I will discuss the results of this 

thesis before I make my conclusions in the next chapter. The work of this thesis has 

encountered new questions and future research agendas, which will be mentioned below and 

given in the conclusion. 

7.1 ZP at Khami 

The settlement model ZP assumes that the social and ruling elite inhabit walled elevations, 

while the commoners inhabit the lower ground around the elite palace (Huffman 1984, 1996b, 

2007, 2014, 2015). The model expects a spatial organizations from right to left seniority, 

while back to front orientation mediates between the secular public and the back sacral 

spheres (Huffman 1996b:5-8; 2007:23-30). Thirdly the model also expects stock-keeping and 

a larger amount of husbandry than wild animals in food procurement. 

This thesis has selected faunal material from NPM on the elevation, and M2 on the lower 

ground, so to examine the assumptions made by the ZP model, and to examine indications of 

different consumption between elite and commoners. The distribution of faunal remains 

presented in chapter 5, showed that a larger amount of fauna was recovered from NPM due to 

preservation. Nevertheless, the material is congruent with the overall presumed preference for 

domesticate (63%) to wild animal (37%) consumption. At NPM domesticates (57%) and wild 

fauna (43%) is more evenly distributed, than at M2 where the portion of husbandry (69%) is 

considerably larger against wild animals (31%). This distribution of wild fauna indicates that, 

in addition to husbandry, the animal economy was fueled by hunting practices.  

Huffman (2007:28) lists hunting and fishing activities amongst the bridal wealth practices 

associated with west-bantu matrilineal social costumes. Although he does not elaborate on the 

explicit practice of hunting in ZP communities I would argue in accordance with Badenhorst 

(2010, 2015), that hunting large game could be a status indicator or an adaptation an arid 

climate (Manyanga et al. 2000), rather than a matrilineal-patrilineal divide. Manyanga et al. 
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(2000:75) suggests that subsistence strategies that favor wild rescources could do so to adapt 

to arid climates, and that animal economy in the Zimbabwe culture is not as black and white 

as the ZP model depict. By hunting, humans are in theory enacting their power over the wild 

and untamed animals. In addition to provide food this practice could be seen as the 

engagement with nature, and the perceived ‘other’ domain (Tapper 1988:50). Therefore, when 

a hunt is successful ‘our’ domination over the ‘other’ domain could be seen as an act of power 

enactment, and hence tied to social esteem. The more difficult the act the larger the prestige 

gained (Tapper 1988:49-51). In this regard the large quantities of S.Caffer (buffalo) at NPM, 

and the few specimens of larger game at M2, may be a sign of social stratifications through 

consummation of hunted food products. Consequently, I would argue that wild animals at 

Khami suggests hunting practices at both levels of settlement, but the amount of large wile 

bovines at NPM could be attributed to social stratification. 

7.2 Meat  and food exploitation 

The four status categories of body parts presented by Armstrong Oma (2007:82), are based on 

best meat yield from different anatomical parts of an animal. The faunal analysis in chapter 5 

showed that bone flakes was the largest component among the relative bone mass recovered. 

However, figure 17-20 depicted the relative dispersal of the four status groups amongst the 

thesis material. These figures showed that the trunk category, which contained rib-, vertebrae- 

and skull-fragments in addition to pelves, were the largest category by weight (kg). NISP was 

unattainable as the fragments would have created a skewed picture. However in Armstrong 

Oma’s (2007) study the best meat part connected to the highest status was the upper limbs, 

followed by the trunk, head and lower limbs. In chapter 5, I showed that the material analysed 

in this thesis gave trunk as the most abundant, followed by the lower limbs, head and then the 

upper limbs. That means that he most desirable meat category was also the smallest group. 

The distribution of the status categories in both middens were simular.  

A concern in relation to this method of organizing the remains, is how reliable and applicable 

the method of meat yields are as status indicators of consumption. Important voices in this 

regard are the opinions of Hall (1986) and Reid (1996, 2004), who demonstrate that there are 

certain issues with this method of determining social stratification based on faunal remains. 

Hall (1986) demonstrates that the same animal and the same body parts may exhibit both 

allocative and authoritative resource exploitation. Allocative resources are animal products 
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such as milk, hide and meat, while authoritative resources are the socio-political use of e.g. 

cattle as bridal wealth (Hall 1986:84). He does not dismiss the importance of faunal 

assemblages as a source to social stratification, but he emphasizes the difficulty in 

determining status and power solely on faunal remains, and further that status derived through 

animal parts are culturally conditioned (Hall 1986:84-86).  Reid (1996) too advocates caution 

in combining zooarchaeological meat yields to status, but in the later paper from 2004 he 

embraces the use as an addition to material analysis. He points to culling practices of young 

male bulls as indicative for elite practice (Reid 1996:49-52), but notes that meat yield division 

and faunal assemblages are useful tools to catalogue and sort the faunal remains (Reid 

1996:55). 

The study by Cynthia Mooketsi (1999), and later Andrew Reid (2004), both describe animal 

body part to status. In Botswana and South Africa status is not necessarily derived from the 

meatiest part of the animal. These two scholars operate with three categories of high, medium 

and low status, based on patrilineal ethnographical accounts and faunal remains distribution 

(Mooketsi 1999:117-118; Reid 2004:317-320). They operated with the three categories of 

head and neck as high status; upper limbs as medium status; and lower limbs as low status. 

The most prestigious body parts were head and neck, in one part due to the connection to 

rainmaking, but also body parts associated with men’s meeting places (Mooketsi 1999:118; 

Reid 2004:319). If I rearrange the faunal assemblages to fit with Mooketsi and Reid’s models 

the status and body part distribution is as seen in figure 21. Figure 21 gives a significantly 

different result then the meat yield categories deduced by Armstrong Oma (2007). Note, 

however, that regardless of which model is used, both middens show similar distribution 

patterns between the categories, an indication that in terms of animal exploitation both 

Figure 21: Body part distribution based on NISP for both middens. NPM left, M2 right.  
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settlement areas follow similar patterns. From both models it becomes explicitly clear that the 

lower limbs are in abundance at Khami as a whole, although there are larger amounts of the 

low status refuge at M2, as opposed to NPM. Furthermore, the head and neck category show a 

greater divide in faunal distribution. Both Mooketsi (1999) and Reid (2004) assign lower 

limbs to low status, but also as production waste that in general should not be present on elite 

grounds in large quantities according to ZP. Therefore, I would conclude that the amount of 

lower limbs at NPM suggests production activity and a similar faunal consumption. Given the 

meat yields/status models and the species distributions it appears that the fauna, in this thesis, 

portray similar animal consumption patterns, except from the large bovines indicative of 

hunting. The faunal material in this study is small and although they give indications to 

further interpretations, the amount analysed is not a representation of the faunal assumable as 

a whole at Khami. To properly conclude on the relationship between fauna and status, the 

faunal material from the site as a whole should be seen in context and analysed accordingly. 

Nevertheless, the indications from the faunal analysis are that the animal economy was 

dominated by husbandry, but hunting practices were also common. Although consumption of 

hunting produce appear in a larger quantities on the elevation, and could therefore be 

indicative of an elite/commoner difference in consumption. But activity refuge such as lower 

limbs from tanning should not be present in large quantities on elite associated areas. The 

lower limbs could, therefore, indicate that a) NPM is not an elite area or b) that there were no 

differences between social ranks in terms of production activities, or c) as proposed by 

Antonites (2012) that there is not a social hierarchy at Khami, at least not a hierarchy as the 

ZP model suggests. 

7.3 Animal management 

Hunting practices are a possible food procurement strategy that favoured the elite. Wild fauna 

is not influenced by human management strategies. The presence of S.Caffer, could in 

addition to status, be an indicator of drought since it must drink regularly trough out the day 

(Skinner and Chimimba 2005:623). Khami is near a river, and the Khami River rarely runs 

dry. Therefore, an assemblage of S.Caffer could be indicative of drought. It is also possible 

that S.Caffer is present because the animal frequents the vicinity of the settlement, and from 

because of that, hunters choose to hunt this animal in larger quantities due to its proximity to 

the settlement. Note, however, that results of the isotope analysis showed consistently low 

δ
15

N signatures, with the exception of KNPM270. Low δ
15

N signatures are not associated 
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with drought (Murphy and Bowman 2006:1064-1065). The presence of wild species and 

especially large bovines would thusly be connected to different hunting practices rather than 

drought indicators. They were primarily found on elevated ground except, for a few in layers 

6 of M2. S.Caffer is huge animal and tends to be aggressive. Any hunt will contain huge risks 

and will require a stratagem, organisation and collaboration (Skinner and Chimimba 2005). 

Combine this with the distribution in my samples and there is the possibility that S.Caffer 

hunting was associated with elite practices or at the very least indicates high social esteem 

among hunters or food procurers. 

In regards to pastoral activities, there are several examples in other cultures of animals as a 

supplement to agriculture. Although a world apart, Scandinavian archaeology has several case 

studies that show animals used to maximize crops yields, a necessity in arid landscapes 

(Petersson 2006; Zimmerman 1998). The Scandinavian climate suffers from short summers 

and hard winters, which provides a short period for crop cultivation. Husbandry like oxen, 

cows and horses were used to plough and prepare the earth before sowing. Later, their manure 

was used as fertilizer to maximize the yield. When the time came to harvest the crops, animals 

were used to help carry the yield to storage (Zimmerman 1998:302-307). In SLR several 

settlements have dung lined grain bins. This use of animal dung and the possibility of dung as 

fuel (Huffman 2010:165), provide the possibility that the animal enclosures at Zimbabwe 

culture sites are an economic instrument kept to collect dung to use as a commodity. 

Badenhorst’s (2009a:152) argument towards Huffman’s (2010) models, is that dung cannot be 

used to determine herd size, even if a large amount of vitrified dung is identified. I would 

concur with Badenhorst that evidence of vitrified dung is not indicative of herd size. I do 

believe it affirms the presence of cattle, but I would suggest that the central enclosures that are 

common in the SLR could be a revenue to collect dung as a commodity, to use as fuel and bin 

lining through burning. If the societies in SLR first collected dung for use as a commodity, 

could it not be possible that they collected faeces for manure and fertilization of agricultural 

land?  

The isotope values of cattle and caprines indicate different dietary inputs, which in turn could 

reflect different management strategies between the two species. The δ
13

C signatures are 

higher in cattle than caprines, and could be due to transhumance practices of herding the cattle 

in periphery areas away from the settlement proper. The caprine signatures seem to be 

compatible with free range herding (Smith 2005:175-184). If the cattle were kept in 
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enclosures and were not led out to pastures to graze, farmers must have provided fodder for 

the cattle. From my data I cannot decisively state that cattle were fed cultivated crops. But the 

isotope signature from carbon would be about the same if this was the case. However, if the 

crops fed to cattle, were fertilized, than the nitrogen isotope signatures from cattle would be 

elevated and portray significantly higher signatures, then what was present in the isotope 

samples. The consistently low δ
15

N signatures in the isotope samples disparate the possibility 

that husbandry was fed crops that had been fertilized (see chapter 6). However, the use of 

animal dung to line grain containers and utilization as fuel does constitute the possibility that 

the cattle enclosures, at the centre of settlements, were an intended collection device. 

Although this is speculation on my part, I would also state that Khami and many other 

Zimbabwe culture sites are situated in areas with several predators. It could follow that the 

enclosures were a  means of protection for the cattle as Zimmerman (1998:302) suggests, 

rather than an embodiment of cattle centric ideology.  

7.4 Rainfall and crops 

In terms of the environmental conditions at Khami, Huffman suggests that the archaeological 

deposits of burnt grain bins, with traces of another directly above, are indicators of the 

rainmaking practice in severe drought situations. The rainmaker would burn the temporary 

grain bin and immediately build another on top; if the first burning was not successful the 

second would also be burnt (Huffman 2009:996). In his paper from 2009, he correlates 

several rainmaking sites with isotope values, with the aim to determine rain-regimes. He 

concludes that sites in the Mapungubwe area show indications of several droughts that 

correlate to the shifts of major political power centres. He links multiple burnt grain bins 

located on top of hills, with isotope dates, to suggest that there was a drought at the end of the 

K2 reign (Huffman 2009:1000). Similarly he states that there were two droughts in the 

initiating phase of settlement at Mapungubwe, which he connects to two burnt daga floors. He 

argues that these could have been burnt down because the settlement needed cleansing to 

obtain rain (Huffman 2009:996). Several sites dated to around 1300CE, show contemporary 

successively burnt grain bins in the immediate vicinity of Mapungubwe, which Huffman 

identifies as an increase in rainmaking deposits (Huffman 2009:1000-1004). These deposits, 

Huffman deduced, can create a cultural proxy for drought. He also presented the possibility 

that climatic change caused the transition of political power centres from K2 to Mapungubwe, 

and Great Zimbabwe to Khami, on the basis of rainmaking sites and deposits. He concludes 
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that “burnt daga structures are the result of cleansing rituals for drought and are therefore 

another cultural proxy”(Huffman 2009:1003). In terms of fauna, rainmaking could involve 

sacrifice of black caprines, horns and cranial bones from sacred bulls and sacrifices 

(Murimbika 2006:89, see plate 6.3). These rituals would be stored at elite settlement areas 

(Huffman 2007:71; Murimbika 2006:87-90). At Khami, NPM is the midden associated with 

the walled elevation of the hill complex, while M2 is on the lower ground associated with the 

commoners. NPM is located north-east, facing the river, and the midden is facing downslope 

from settlement areas. It could follow that this area was considered part of the sacred back 

space in the spatial organization of the ZP model. If that is the case, then the head category 

presented in figure 17-21, could reflect rainmaking rites at NPM, and the social hierarchy. 

At this point we should note that new calibrations of radiocarbon dates and new investigations 

into isotope studies do not support Huffman’s theories. The paleoenvironmental records show 

a continuum of wetter than normal climactic conditions in the SLR. Furthermore, operating 

without calibrated radiocarbon dates, Summers (1960) produced evidence from several sites 

on the Zimbabwe plateau in the 60s that suggested that the Iron Age period was wetter than 

the modern records advocates. The evidence indicates that the area might have been more 

suited for agricultural crops than the modern soils (Mitchell 2002:303; Summers 1960). 

Huffman bases much of his isotope values on the doctoral thesis of Jeannette Marie Smith 

(2005), who concludes that the climatic conditions do show arid environments, but nothing 

more than can be expected in a savanna area. Furthermore the crops cultivated, Sorghum and 

Millet, have adapted to arid environments with low rainfall (Simmonds 1976:91-93, 112-116).  

A more recent study by Smith et al (2007) show that the climatic conditions between 800-

1500CE are constant, with an average annual precipitation of 500mm, with occasional dips to 

350mm (Smith 2005; Smith et al. 2007; Smith et al. 2010). Smith et al (2007:84) state that 

500mm perspiration annually would produce the maximum yield of crops, while 350mm is 

scant, but would provide “reasonable but lower crop yields”(Smith, J.M. et al 2007:84). They 

further state that the onset of the little Ice Age does not create cooler and dryer weather until 

after 1500CE, which implies that in the period of 800-1500CE, when the transition from K2 

to Mapungubwe to Great Zimbabwe and then Khami occurred, agricultural conditions were 

favourable in the SLR. Iron Age society would rarely suffer from drought. Khami, on the 

other hand, is dated to 1420-1820CE (Chirikure et al. 2013a:345,354). On a global scale this 

puts the occupation at Khami within the Little Ice Age (Denbow et al. 2008; Manyanga 2007; 
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Woodborn et al. 2015). From the isotope study pertained in this thesis, the values of δ
15

 N are 

considerably low, and underline the assumption that Khami in the 15-16
th

 century was wetter 

then modern data suggest. Furthermore, the isotope values also suggest rainfall regimes of 

400-800mm per annum (Heaton 1987:237) Implying one of two things, firstly that the isotope 

signatures does not show a dry climate in the initiating phase of Khami, and secondly that the 

impact of the little Ice Age was within the coping mechanisms of Iron Age pastoral 

communities that could utilize both crops and animals.  
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8 Concluding remarks 

This thesis has shown that animal exploitation at Khami is remarkably similar in expressions 

from the two middens examined, although some features may be indicative of hierarchical 

social conditions. Following the interpretations of the ZP model, the largest surprise or 

anomaly from expected results, was the large amount of foot bones at elevated grounds. 

Typically this signifies tanning, or hide production, which is a process that involve bad smells 

and would presumably be placed in the peripheries of the settlements, so that predators would 

not be lured close to the settlement, and that the settlement proper would not be 

inconvenienced by the smell. The faunal remains examined in this research further suggest a 

more complex animal management system and norms than what the overarching model of ZP 

suggests. It could be as Hall (1986) and Reid Reid (1996, 2004) argue, that there is similar 

usage of animals on elite and commoner areas and that there are status indicatives in the 

culling of male bulls rather than over all animal management. 

The assumption that the political power of the Zimbabwe tradition is centralized by a tripartite 

division of the settlements Mapungubwe, Great Zimbabwe and Khami, as major capitals, is in 

part based on the claim that the move from one to the other was due to climatic change. The 

isotope analysis from Khami in this work does not support any claim of droughts. The 

geochemistry at Khami indicates faunal remains from a savanna environment, that is semi-

arid, but there are no indications of an unusual water stress.  Moreover, the previous research 

into climatic conditions has concluded that a period of less rains does not begin until after 

1500CE, and that the Iron Age periods in general were wetter than present conditions. My 

samples are dated to the first half of the 16
th

 century, yet they show no indications of water 

stress. If a series of droughts constituted the move from Great Zimbabwe to Khami, this is not 

evident in my data. 

Another issue that manifested itself during the course of this thesis was that agricultural 

subsistence strategy and capacity are important factors to indicate the presence of coping 

mechanisms in case of drought. Few scholars have examined where farming land was located. 

Fewer still have considered the possibility of irrigation systems in the southern-African 

region.  Of course one cannot answer the question of irrigation before farming land has been 

identified and thoroughly examined, an endeavour I would suggest for future study. 

Agricultural cultivation and practice can also be linked to the animal management, and 
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another issue is the usage of animals in cultivation. There is an assumption that animals were 

not used in agricultural cultivation in SLR, but it is not demonstrated or sufficiently 

documented that animals were not used. I would argue that an issue in animal management 

should regard how exactly animals were utilized in the agricultural context, or as a product 

compared to agricultural produces. Did animals contribute with manure? If not, why did they 

not fertilize their fields when they used faeces as fuel and bin lining? From the isotopic values 

I was able to ascertain husbandry fodder did not contain fertilized crops, from this however, it 

does not follow that the agriculture did not use fertilizers, the husbandry fodder only suggests 

that husbandry was not fed fertilized plants. 

To explore the climate debate and the question of drought, the human factor in agriculture 

have to be explored - did the farmers have irrigation systems and water management? If so 

how did this affect the lower limit of water needed for crop production, and how much labour 

would have been allocated from settlement workforce and animal management? Where 

husbandry used for fertilizers and not fed crops, but allowed to graze on pastures, if so, was 

animals used to clear land? 

I will suggest as Manyanga (2007) before me, that the environment of Zimbabwe should be 

targeted for further research. As there are many questions in terms of agricultural and pastoral 

managements we have yet to answer. I finish this work with more questions for further 

research, because I believe that the faunal remains analysed in this thesis do not wholly 

concur with the ZP model, furthermore they indicate that food procurement was more 

complex then what the current model suggest. In addition, scholars assume that the Zimbabwe 

culture sites were agro-pastoral communities, but where are the agricultural elements, and 

how did agricultural activities correspond to animal management?  
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Appendix 
The appendix consists of several tables and additional information related to the fieldwork 

and research presented in this thesis. The raw data of the osteological and isotopic method are 

also presented here, in addition to a list of modern species. 

A. 1. Osteological data and statistics 

This segment of the appendix is dedicated to the result of the osteological identifications.  

First a full modern species assemblage at Khami based on Skinners and Chimimba 2005. 

Then appendix table A.2 presents the summery of bovine skeletal parts in both middens. 

Thirdly, the age determination tables follow the general requirements by A. Von der Driech 

and C.K. Brian 1974 ‘General Measurements and Methods in Faunal Analysis’. The last part 

of appendix A.1. is a detailed table of the osteological data used in this thesis and figures 

portraying the relevant difference between the two middens. 

 
Appendix table A. 1: Modern mammal species in the vicinity of Khami based on Skinners and Chimimba 2005, with 

number of presence at NPM, M2 and in Thorp's (1995) study. 

Latin name English name colloquial class NPM M2 Thorp (1995) 

Orycteropus Afer Aardvark African ant-eater   1 

 Div Bat species Bat    

Aepyceros Melampus Impala Bovid 4 1  

Aepyceros Melampus Petersi Black-Faced Impala Bovid    

Bos Taurus Cattle Bovid 70 8 66 

Connochaetes Taurinus Blue Wildebeest Bovid 1   

Damaliscus Lunatus Tsessebe Bovid 4 1  

Hippotragus Niger Sable Bovid 1   

Kobus Ellipsiprymnus Waterbuck Bovid    

Oreotragus Oreotragus Klipspringer Bovid   2 

Oryx Gazella Gemsbok Bovid    

Ovis/capra Sheep/Goat Bovid 12 7 15 

Raphicerus Campestris Steenbok Bovid 1 1 3 

Redunca Arundinum Southern Reedbuck Bovid    

Sylviacapra Grimma Common Duikier Bovid 4  5 

Syncerus Caffer African Buffalo Bovid 38 1  

Tragelaphus Oryx Eland Bovid 2   

Tragelaphus Scriptus Bushbuck Bovid 1   

Tragelaphus Strepsiceros Greater Kudu Bovid 10 2  

Acinonyx Jubatus Cheetah Carnivore/Cat   1 

Caracal Caracal Caracal Carnivore/Cat    

Civettictis Civetta African Civet Carnivore/Cat   1 

Felis Silvestris  African Wild Cat Carnivore/Cat    

Genetta Genetta Small-Spotted Genet Carnivore/Cat   4 

Genetta Tigrina South African Large-spotted Genet Carnivore/Cat    

Lepailurus Several Several Carnivore/Cat   1 

Panthera Pardus Leopard Carnivore/Cat   2 

Canis Adustus Sundevall Side-Striped Jackal Carnivore/Dog   2 

Canis Mesomelas Black-Backed Jackal Carnivore/Dog    

Crocuta Crocuta Spotted Hyaena Carnivore/Dog   1 

Parahyaena Brunnea Brown Hyaena Carnivore/Dog    

Proteles Cristatus Aardwoolf Carnivore/Dog    

Atilax Paudibosus Mash Mongoose Carnivore/Mongoose    

Galerella Sanguinea Slender Mongoose Carnivore/Mongoose   1 

Ichneumia Albicauda White-Tailed Mongoose Carnivore/Mongoose    

Paracynictis Selousi Selous' Mongoose Carnivore/Mongoose 1   

Equus Quagga Plain Zebra Equus   1 

Atelerix Frontalis Southern African Hedgehog Hedgehog    

Phacochoerus Africanus Common Warthog Pig    

Potamocherus Larvatus Bushpig Pig   1 
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Cercopithecus Pygerythrus Vervet Monkey Primate    

Galago Moholi Southern African Galago Primate    

Otolemur Crassicaudatus Greater Galago Primate    

Papio Hamadryas Chacma Baboon Primate    

Acomys Spinosissimus Spiny Mouse rodent    

Aethmys Chrysophilus Red Veld Rat rodent    

Crocidura Cyanea Reddish-Grey Musk Shrew rodent    

Crocidura Fuscomuria Tiny Musk Shrew rodent    

Crocidura Hirta  Lesser Red Musk Skrew rodent    

Cyptomys Hottentotus African mole-rat rodent    

Dendromus Melantis Grey Climbing Mouse rodent    

Dendromus Mystacalis Chestnut Climbing Mouse rodent    

Elephantulus Brachyrhynchus Short-snouted elephant shrew rodent    

Elephantulus Myurus Eastern Rock Elephant-Shrew rodent    

Graphiurus Murinus Woodland Dormouse rodent    

Graphiurus Platyons Rock Dormouse rodent    

Heterohyrax Brucei Yellow-Spotted Rock Hyrax rodent 1   

Hystrix Africaeaustralis Cape Porcupine rodent    

Leminiscomys Rosalia Single-Striped grass mouse rodent    

Lepus Saxatilis Scrub Hare rodent 1  15 

Mastomy Natalensis Natal Multimammate Mouse rodent    

Mastomys Coucha Southern Multimammate Mouse rodent    

Micaelamys Namaquensis Namaqua Rock mouse rodent    

Mus Minutoides Pygmy Mouse rodent    

Otomys Angoniensis Angoni Vlei Rat rodent    

Paraxerus Cepapi Tree Squirrel rodent    

Pedetes Capensis Springhare rodent   1 

Procavia Capensis Rock Hyrax rodent 3  13 

Pronolagus Randenis Jameson's Red Rock Rabbit rodent    

Saccostomus Campestris Pouched Mouse rodent    

Steatomys Pratensis Fat Mouse rodent    

Tatera Leucogaster Bushveld Gerbil rodent    

Thallmys Nigricauda Black-tailed Tree rat rodent    

Thallmys Paedulucus Acacia Rat rodent    

Thryonomys Swinderianus Greater Canerat rodent    

Diceros Bicornis Black Rhinoceros Ungulates    

Aonyx Capensis African Clawless Otter     

Mellivora Capensis Honney Badger     

Poecilogale Albonucha African Striped Weasel     

 Div birds  2 1 8 

 tortoise  1  3 

 

A.1.1. Summary of osteological skeletal parts 

 
Appendix table A. 2: Osteological summary of fauna according to Brian’s 1974bovid sizes, and skeletal parts from both 

middens. Note that the 402 specimens in the identifiable category. 

Skeletal part 

North Platform Midden (NPM) Midden 2 (M2) 

BOV 

I 

BOV 

II 

BOV 

III 

BOV 

IV 

NPM 

total 

BOVI BOV 

II 

BOV 

III 

BOV 

IV 

M2 

total 

Pre-maxillae       
 

           

Occipital       
 

      1  1 

Os petrosum       
 

           

Hyoid       
 

           

Mandible ramus/condyle   2 7 2 11   1 1  2 

Mandible diastema     3 1 4          

I1     4 4 8          

I2     2 3 5       1 1 

I3       
 

           

I4 or canine       
 

           



Appendix A.1 Osteological data and statistics 

93 

 

Skeletal part 

North Platform Midden (NPM) Midden 2 (M2) 

BOV 

I 

BOV 

II 

BOV 

III 

BOV 

IV 

NPM 

total 

BOVI BOV 

II 

BOV 

III 

BOV 

IV 

M2 

total 

P1/dP1 upper and lower       
 

           

P2/dP2 upper and lower 1 1 4 1 7   1    1 

P3/dP3 upper and lower 2 2 3 1 8   1    1 

P4/dP4 upper and lower 1 1 6 5 13   2    2 

M1 upper and lower 1 2 12 2 17   2    2 

M2 upper and lower   6 29 10 45   3 3  6 

M3 upper and lower   3 1 9 13   3 1  4 

Atlas       
 

           

Axis       
 

           

Cervical vertebrae     4 
 

4     1 2 3 

Scapula glenoid   1 3 
 

4     7  7 

Scapula blade     4 1 5     2  2 

Shoulder girdle       
 

      2  2 

Humerus proximal 1     
 

1     1  1 

Humerus distal   1 2 
 

3          

Radius proximal 1   4 1 6   1 2  3 

Radius distal       
 

           

Ulna proximal 1     
 

1   1 1  2 

Radial carpal (scaphoid)     3 1 4     1  1 

Intermediate carpal (lunate)     3 
 

3     2  2 

Ulnar carpal (cuneiform)     4 2 6   2 3  5 

Accessory carpal (pisiform)     2 
 

2     2 1 3 

1st carpal     1 
 

1          

2nd carpal     1 
 

1          

3rd carpal       
 

           

2nd and 3rd carpal (magnum)     1 
 

1     2 1 3 

4th carpal (unciform)     2   2     1   1 

Metacarpal proximal     8   8     5   5 

Metacarpal distal   1 8 
 

9     2  2 

Metacarpal 2 proximal       
 

           

Metacarpal 3 proximal       
 

           

Metacarpal 4 proximal       
 

           

Metacarpal 5 proximal       
 

           

Pelvis ischium       
 

           

Pelvis ilium       
 

      1  1 

Pelvis pubis   1   1 2          

Pelvis girdle     1 
 

1          

Femur proximal   1 10 
 

11     5  5 

Femur distal       
 

           

Patella       
 

           

Tibia proximal   1 2 
 

3     1  1 

Tibia distal   3   
 

3          

Lateral malleolus     1 
 

1     1  1 
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Skeletal part 

North Platform Midden (NPM) Midden 2 (M2) 

BOV 

I 

BOV 

II 

BOV 

III 

BOV 

IV 

NPM 

total 

BOVI BOV 

II 

BOV 

III 

BOV 

IV 

M2 

total 

Calcaneum   1 7 
 

8   1    1 

Astragalus 2   3 
 

5     4  4 

1st tarsal       
 

           

1st and 2nd tarsal       
 

           

2nd tarsal     2 
 

2          

3rd tarsal       
 

           

2nd and 3rd tarsal     1 
 

1          

4th tarsal       
 

           

Central tarsal       
 

           

Central and 4th tarsal (Os 

centroquartale) 
    7 

 
7          

Metatarsal proximal     1 
 

1 1 1 2  4 

Metatarsal distal     1 
 

1          

Metatarsal 2 proximal       
 

           

Metatarsal 3 proximal       
 

           

Metatarsal 4 proximal       
 

           

Metatarsal 5 proximal       
 

           

Phalanx 1   1 17 1 19 1 2 11  14 

Phalanx 2   1 32 2 35     9  9 

Phalanx 3     13 1 14 1 1 4  6 

Carapace       
 

           

Plastron                     

Total 10 29 219 48 306 3 22 78 5 108 

A.1.2. Age determinations 

First there are the three tables of age determination that correlated to age of a bovid in 

different circumstances. Table A.2.1 is applicable to cattle and other bov III when dentition is 

sufficiently comparable. Followed by Table A.2.2 relates to ovis/capra and bov II when 

dentition is comparable. Table A.2.3 is related to all bovid when there is no reliable 

comparison availed. 

Appendix table A. 3: Relative age categories used when reliable info is not available (ink. Bos taurus)  

Age 

Class Months Eruption sequences 

I 0-6 Dedicous teeth erupted and in wear 

II 6-15 M1 erupted 

III 15-18 M2 erupted 

IV 18-24 M3 and I1 erupting, loss of decidious premolars 

V 24-30 P2, P3 and I2 erupting 

VI 30-42 P4 and I3 erupting 

VII ≤ 42 I4 and cainine erupting 

VIII 

 

Full adult dentition, heavy wear on M1 and M2 

IX   Heavy wear in all teeth, central islands dissapparing 
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Appendix table A. 4: Relative age classes for ovid/capra using teeth eruption sequences 

Age 

Class Months Eruption sequences 

I 0-3 Decidious teeth erupted and in wear 

II 3-10 M1 and I1 erupted 

III 10-16 M2 erupted and in wear 

IV 16-30 M3 and I2 erupted, decidious premolars lost and replaced by permanent teeth 

V 30-60 Full permanent dentition and in wear 

VI ≤ 60 Heavy wear on all teeth, central islands disappear 

Appendix table A. 5: Relative age categories used when reliable info is not available 

Age 

Class 

Relative 

Age Eruption sequences 

I Foetal Dedicous teeth not erupted, proximal radius and metapodial unfused 

II Noenate Dedicous teeth not in wear 

III Juvenile M1 in wear, M2 erupting 

IV Sub adult Loss of decidious incisor and premolars, M3 erupting 

V Adult Full permanent dentition present and in wear 

VI Mature Central islanda disappearing on M1 and M2 

VII Aged Central islanda disappearing on all teeth, M1 and M2 worn to gum line 

A.1.3. Detailed Osteological statistics 

Appendix table A.5 shows detailed information about each bone osteological identified bones 

in the category identifiable bones from NPM. Whilst appendix table A.6 show detail 

information about the bones derived from M2.  

Description of appendix table A.5 and A.6: M.nr is the museum number given in the 

registry at the Bulawayo Museum of Natural History. We excavated 10 c,m at a time, and 

‘lev’ is the excavated levels each bone belongs to. Rand L is the side of the body the skeletal 

part belongs to. Ori. is the orientation of the bone. W(g) is the weight in grams. 

Appendix table A. 6: This is the Osteological identification of faunal remains from the North Platform Midden (NPM) 

M.Nr Lev. Species Skeletal Part Tooth R L Ori. Age W(g) Lenght 

(MM) 

Marks Note 

KNPM001 1 Ovis/Capra Tibia  x  Mid - 20,00 72,00 -  

KNPM002 1 Ovis/Capra Tibia   x Dist - 10,00 30,00 Unfused Condyle 

KNPM003 1 Bov III Mandible  x  Prox - 20,00 60,42 - Condyle + neck 

KNPM004 1 C.F. Bos Taurus Femur  x  Dist - 100,00 94,42 - Head 

KNPM005 1 C.F. Bos Taurus Philanx 2  x  Intact - 20,00 31,36 -  

KNPM006 1 Bov III Philanx 2  x  Intact - 20,00 32,86 - wild 

KNPM007 1 Bov II Philanx 1  x   - 30,00 53,28 -  

KNPM008 1 Bov III Metacarpal   x Dist - 10,00 28,77 - head 

KNPM009 1 C.F. Bos Taurus Tarsal   x  - 50,40 56,15 - Os centroqartale 

KNPM010 1 Bov III Metacarpal  x  Mid - 40,20 77,00 Unfused metacarpal head 

is missing. 

KNPM011 1 Bov III Maxilla M2  x Upper - 45,00 62,00 -  

KNPM012 1 Bov III Maxilla M2  x Upper - 30,00 57,00 -  

KNPM013 1 Bov II Maxilla M2 x  Upper - 5,40 3,10 -  

KNPM014 1 C.F. Aepyceros 

Melampus 

Maxilla M2  x Upper - 5,10 30,60 -  

KNPM015 1 Bov III Maxilla M2 x  Upper - 16,60 40,72 -  

KNPM016 1 Bov III Maxilla M2 x  Upper - 15,40 48,46 -  
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KNPM017 1 Bov II Tooth P2   Lower  1,10 19,45 -  

KNPM018 1 Bov II Tooth P3   Lower  0,10 14,97 -  

KNPM019 1 Bov I Tarsal    Intact - 0,18 15,52 - Astragalus 

KNPM020 1 Bov II Magnium    Intact - 0,50 23,50 -  

KNPM021 2 Damaliscus 

Lunatus 

Coccygeal 

vertebrae 

   Dist - 9,90 40,06 -  

KNPM022 2 Bov II Philanx 2   x Intact - 3,60 33,90 - fragmented, 

posterior side 

preserved 
KNPM023 2 Bov III Femur    Dist - 10,60 28,01 Unfused head 

KNPM024 2 C.F. Bos Taurus Philanx 3  x  Intact - 16,70 65,01 -  

KNPM025 2 Bov III Metacarpal  x  Dist - 6,70 45,01 - head 

KNPM026 2 Bov III Humerus  x  Dist - 4,50 35,82 Unfused head 

KNPM027 2 Syncerus Caffer Mandible M3  x Lower VII 39,80 82,55 - Isotope sample 

bone nr. 17074, 

Tooth : 17075 
KNPM028 2 Tragelaphus 

Strepsiceros 

Tooth P4  x Lower VI 7,30 37,69 - Isotope sample 

nr.:17079 
KNPM029 2 Syncerus Caffer Tooth I2 x  Lower - 4,10 38,15 -  

KNPM030 2 Bov III Tooth P4   Lower VI 7,00 32,46 -  

KNPM031 3 Med.Bird Humerus  x  Intact - 1,40 22,43 -  

KNPM032 3 Med.Bird Humerus    Intact - 3,90 54,21 -  

KNPM033 3 Procavis 

Capensis 

Mandible P4, 

M1-3 

 x Lower - 50,96 32,67 -  

KNPM034 3 Bov III Metacarpal   x Prox - 15,20 61,71 - medial portia of 
proximal 

articulation 

KNPM035 3 Raphicerus 
Campestis 

Tarsal   x Intact - 3,80 24,93 - Astragalus 

KNPM036 3 Bov I Radius/Ulna  x  Mid - 7,60 64,29 -  

KNPM037 3 Sylviacapra 

Grimma 

Radius  x  Prox - 4,60 37,16 -  

KNPM038 3 Bov III Mandible   x Lower - 62,40 116,84 - ascending 

ramus 
KNPM039 3 Bov III Scapula  x  Dist - 40,90 73,15 - head 

KNPM040 3 Bov III Scapula   x Dist - 11,80 27,81 - head 

KNPM041 3 Bov III Tibia   x Dist - 15,50 52,16 - head 

KNPM042 3 C.F. Bos Taurus Philanx 1   x  - 31,50 59,27 -  

KNPM043 3 Bov III Coccygeal 

vertebrae 

    - 23,40 64,23 -  

KNPM044 3 Bov III Philanx 3  x   - 9,60 52,76 -  

KNPM045 3 Bov III Philanx 2   x  - 7,00 31,05 -  

KNPM046 3 Bov III Philanx 2    Prox - 0,30 28,93 -  

KNPM047 3 Bov III Tarsal     - 12,20 34,17 - cuneiform 2nd 

and 3rd tarsal 
KNPM048 3 Bov III Tarsal     - 6,80 39,75 - Os centroqartale 

KNPM049 3 Bov III Maxilla M2  x  - 48,60 66,12 -  

KNPM050 3 Paracynictis 

Selousi 

Mandible M1-3, 

C 

x  Lower - 2,60 55,69 -  

KNPM051 3 Bov III Mandible P2 x  Lower - 8,10 39,39 - fragmented 

KNPM052 3 C.F. Bos Taurus Maxilla M1-3, 

C 

x  Upper - 27,10 46,49 - Isotope sample 

nr.: 17088 
KNPM053 3 Syncerus Caffer Tooth M3  x Upper - 29,90 57,11 - fragmented 

KNPM054 3 C.F. Bos Taurus Tooth M3  x Upper - 7,90 26,02 - fragmented 

KNPM055 3 C.F. 
Connochaetes 

Taurinus 

Tooth M2 x  Lower - 22,10 48,91 - Isotope sample 
nr.: 17082 

KNPM056 3 Bov III Tooth M2 x  Upper VIII 14,10 42,59 Aged,  central islands 
disappearing 

KNPM057 3 Sylviacapra 

Grimma 

Mandible P2-3, 

M1 

 x Lower III 12,40 61,75 Juvenile 

decideous 
teeth 

Isotope sample 

nr. 17100 

KNPM058 4 C.F. Bos Taurus Humerus  x  Dist - 237,10 129,89 -  

KNPM059 4 C.F. Tragelapus 
Oryx 

Radius  x  Prox - 137,50 209,90 -  

KNPM060 4 Bov III Metatarsal   x Prox - 47,60 147,79 -  

KNPM061 4 C.F. Bos Taurus Carpal  x   - 26,80 56,85 - Cuniform, 

assessory carpal 
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KNPM062 4 C.F. Bos Taurus Philanx 3   x  - 16,60 58,24 -  

KNPM063 4 C.F. Bos Taurus Philanx 1   x  - 12,80 55,36 -  

KNPM064 4 Bov III Carpal     - 7,90 35,95 - Intermediate 

scaphoid 
KNPM065 4 C.F. Syncerus 

Caffer 

Philanx 3  x   - 19,90 38,66 -  

KNPM066 4 Bov III Tarsal     - 5,50 22,24 - Internal 
Cuneiform 

KNPM067 4 C.F. Syncerus 

Caffer 

Tooth I2 x  Lower - 2,80 34,74 -  

KNPM068 4 C.F. Bos Taurus Tooth M1-3, 

C 

x  Upper - 8,50 36,04 -  

KNPM069 4 C.F. Bos Taurus Tooth P4  x Lower VI 8,20 37,91 -  

KNPM070 4 C.F. Bos Taurus Tooth M1  x Lower - 12,10 38,14 -  

KNPM071 4 Tragelaphus 

Strepsiceros 

Tooth M1 x  Upper - 30,00 60,46 -  

KNPM072 4 Tragelaphus 
Strepsiceros 

Tooth M1 x  Upper - 3,60 33,20 - Fragmented 

KNPM073 4 Tragelaphus 

Strepsiceros 

Tooth M1 x  Upper - 28,50 53,69 - Broken, but 

both halves 
were excavated 

KNPM074 4 Tragelaphus 

Strepsiceros 

Tooth M2 x  Upper - 9,60 42,28 - Fragmented 

KNPM075 4 C.F. Bos Taurus Mandible   x Lower - 60,00 130,24 -  

KNPM076 4 Bov II Femur    Mid - 14,90 85,70 Cut  

KNPM077 4 Bov III Metacarpal  x  Prox - 49,20 62,93 -  

KNPM078 4 C.F. Bos Taurus Radius  x  Prox - 11,90 57,52 Unfused  

KNPM079 4 Bov III Coccygeal 

vertebrae 

    - 14,30 46,07 -  

KNPM080 4 Bov III Metatarsal   x Prox - 11,10 38,10 -  

KNPM081 4 Bov III Scapula   x  - 28,30 90,86 -  

KNPM082 4 Bov III Radius  x  Prox - 10,40 48,88 Unfused  

KNPM083 4 Bov III Tarsal  x   - 18,70 54,24 - Calcaneum 

KNPM084 4 C.F. Bos Taurus Tooth M2  x Lower - 22,10 61,26 - Fragmented 

KNPM085 4 C.F. Bos Taurus Tooth P4 x  Lower - 10,70 45,45 -  

KNPM086 4 Sylviacapra 

Grimma 

Mandible P3  x Lower III 2,90 55,88 - Isotope sample 

nr.: 17099 
KNPM087 4 C.F. Bos Taurus Tooth I1  x Lower - 2,30 35,08 -  

KNPM088 4 Syncerus Caffer Tooth I1   Lower I 2,30 24,93 Decidous  

KNPM089 4 C.F. Bos Taurus Tooth I1 x  Lower - 1,40 29,16 -  

KNPM090 4 Syncerus Caffer Tooth M2 x  Lower - 2,50 35,76 -  

KNPM091 4 Tragelaphus 

Strepsiceros 

Tooth M2  x Lower - 29,70 71,99 - Isotope sample 

nr.:17080 

KNPM092 5 Syncerus Caffer Carpal     - 25,70 40,79 - Internal 
scaphoid 

KNPM093 5 C.F. Bos Taurus Carpal     - 19,50 34,16 - Lunate radial 

KNPM094 5 Bov III Philanx 1  x   - 26,70 54,96 -  

KNPM095 5 Syncerus Caffer Philanx 2     - 36,50 59,34 -  

KNPM096 5 C.F. Bos Taurus Tarsal     - 20,00 46,80 - Os centroqartale 

KNPM097 5 Bov III Philanx 1   x  - 18,50 50,88 -  

KNPM098 5 C.F. Bos Taurus Tarsal   x Dist - 69,50 114,02 Unfused 
juvenile 

Calcaneum 

KNPM099 5 C.F. Bos Taurus Mandible  x  Lower - 69,10 186,86 Cut  

KNPM100 5 Bov III Metatarsal   x Dist - 23,80 29,55 - head 

KNPM101 5 Bov III Metatarsal    Dist - 12,40 28,56 -  

KNPM102 5 Bov III Philanx 2   x  - 16,60 35,19 -  

KNPM103 5 Bov III Philanx 3   x  - 6,60 37,08 -  

KNPM104 5 Bov III Philanx 1  x  Prox - 5,10 24,01 -  

KNPM105 5 C.F. Bos Taurus Metatarsal   x Dist - 35,80 99,92 -  

KNPM106 5 Bov III Metatarsal    Dist - 15,70 52,50 - head 

KNPM107 5 Bov III Mandible   x Mid - 41,50 106,04 -  

KNPM108 5 Bov III Mandible  x  Lower - 10,70 77,64 -  

KNPM109 5 Bov III Philanx 3     - 14,40 56,23 -  

KNPM110 5 Ovis/Capra Mandible P3-4, 

M1-3 

x  Lower V 48,20 137,05 - Isotope sample 

17101-17104 

KNPM111 5 Bov III Tarsal     - 24,20 57,69 - Calcaneum 

KNPM112 5 Bov III Tarsal     - 16,50 38,29 - Os Malare 



Appendix A.1.3 Detailed Osteological information 

 

M.Nr Lev. Species Skeletal Part Tooth R L Ori. Age W(g) Lenght 

(MM) 

Marks Note 

 

98 

 

KNPM113 5 C.F. Bos Taurus Scapular     - 46,20 95,03 -  

KNPM114 5 Bov III Philanx 1   x  - 8,50 47,87 - fragmented 

KNPM115 5 Bov III Tibia    Prox - 66,20 131,23 Cut  

KNPM116 5 Bov III Tarsal     - 19,30 36,82 - Astragalus 

KNPM117 5 Bov III Philanx 3     - 9,60 31,88 -  

KNPM118 5 Bov III Tarsal     - 17,88 51,69 - Calcaneum 

KNPM119 5 Bov III Metacarpal  x   - 56,40 83,78 -  

KNPM120 5 C.F. Bos Taurus Tooth M3   Lower - 17,40 47,94 -  

KNPM121 5 C.F. Bos Taurus Tooth M2 x  Lower - 24,90 53,84 - Isotope sample 

17089 
KNPM122 5 Syncerus Caffer Tooth M3   Lower - 10,00 40,04 - fragmented 

KNPM123 5 Syncerus Caffer Tooth M3   Lower - 18,20 30,09 - fragmented 

KNPM124 5 Syncerus Caffer Tooth M3    - 8,70 35,01 - fragmented 

KNPM125 5 C.F. Bos Taurus Tooth M2  x Lower - 10,40 45,08 - fragmented 

KNPM126 5 C.F. Bos Taurus Tooth M2  x Lower - 11,40 49,25 - fragmented 

KNPM127 5 C.F. Bos Taurus Tooth M1 x  Upper - 5,70 27,90 -  

KNPM128 5 Hippotragus 
Niger 

Tooth M2  x Upper - 16,20 35,00 -  

KNPM129 5 C.F. Bos Taurus Tooth M1 x  Lower - 20,80 55,88 -  

KNPM130 5 C.F. Bos Taurus Tooth Iiv x  Lower - 1,40 25,24 -  

KNPM131 5 C.F. Bos Taurus Tooth I2 x  Lower - 2,50 30,72 -  

KNPM132 6 C.F. Bos Taurus Philanx 2   x  - 16,20 35,70 -  

KNPM133 6 C.F. Bos Taurus Philanx 2   x  - 11,70 34,26 -  

KNPM134 6 Bov III Carpal     - 22,90 42,13 - Intermediate 
Scaphoid 

KNPM135 6 Bov III Carpal     - 17,50 36,47 - Magnum 

KNPM136 6 C.F. Bos Taurus Tarsal     - 68,30 58,05 - Os 

centraquartale 
KNPM137 6 Ovis/Capra Tibia     - 23,10 107,30 Unfused  

KNPM138 6 C.F. Bos Taurus Philanx 3  x   - 15,40 60,63 -  

KNPM139 6 C.F. Bos Taurus Philanx 3  x   - 17,80 57,96 -  

KNPM140 6 Bov III Carpal     - 9,10 28,10 Cut Cuniform 

KNPM141 6 Bov III Philanx 1    Dist - 5,90 44,67 -  

KNPM142 6 Bov III Femur    Dist - 16,40 42,36 - head 

KNPM143 6 Bov III Tarsal   x  - 30,00 62,77 - Calcaneum 

KNPM144 6 Testudinidae Plaston     - 6,30 45,08 -  

KNPM145 6 Bov III Philanx 1   x Prox - 4,20 26,06 Unfused  

KNPM146 6 Bov III Philanx 2  x  Dist - 4,00 28,87 -  

KNPM147 6 Bov III Philanx 2   x  - 7,30 35,01 -  

KNPM148 6 Bov III Carpal     - 23,40 43,83 - Sesamoid 

KNPM149 6 Syncerus Caffer Mandible M3    - 33,80 69,87 -  

KNPM150 6 Syncerus Caffer Mandible P4 x  Lower I 27,10 51,43 Unerupted  teeth inside 

bone 
KNPM151 6 Syncerus Caffer Maxilla P4, M1  x Upper VII 44,30 60,43 - Isotope sample: 

17070-17071 

KNPM152 6 C.F. Bos Taurus Maxilla P4 x  Upper - 9,10 37,72 -  

KNPM153 6 Damaliscus 

Lunatus 

Maxilla M2 x  Upper - 34,10 43,50 - Isotope sample 

17081 

KNPM154 6 Syncerus Caffer Tooth I1 x  Lower - 2,70 35,70 -  

KNPM155 6 Bov III Philanx 2   x  - 9,57 35,89 -  

KNPM156 6 Bov III Philanx 2  x   - 9,00 35,83 -  

KNPM157 6 Bov III Philanx 2  x   - 11,50 40,52 -  

KNPM158 6 Bov III Humerus   x  - 90,40 123,74 -  

KNPM159 6 Procabia 

capensia 

Mandible   x Lower - 2,40 38,10 -  

KNPM160 6 Hyrax bruceii Mandible  x  Lower - 1,30 23,75 -  

KNPM161 7 Bov III Tarsal     - 12,50 14,08 - External and 

middle 

cuneiform 
KNPM162 7 Syncerus Caffer Carpal     - 29,10 37,94 - Ulnare carpal 

cuneiform 

KNPM163 7 Bov III Carpal     - 22,20 1,96 - Sesamoid 

KNPM164 7 Bov III Philanx 3  x   - 23,60 44,50 Weathered  

KNPM165 7 Tragelaphus 

Strepsiceros 

Tooth P4 x  Lower - 11,50 20,53 -  
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KNPM166 7 C.F. Bos Taurus Tooth M2  x Lower - 17,90 13,30 -  

KNPM167 7 C.F. Bos Taurus Tooth P2   Lower - 12,40 20,29 -  

KNPM168 7 C.F. Bos Taurus Tooth P3 x  Lower - 7,00 22,86 -  

KNPM169 7 Syncerus Caffer Tooth M2   Lower - 8,80 20,36 - Fragmented 

KNPM170 7 C.F. Bos Taurus Tooth M2   Lower - 17,00 41,81 - Fragmented 

KNPM171 7 C.F. Bos Taurus Tooth M2  x Lower - 8,00 21,16 - Fragmented 

KNPM172 8 C.F. Bos Taurus Philanx 1     - 33,20 55,52 -  

KNPM173 8 C.F. Bos Taurus Philanx 2   x  - 8,50 31,67 -  

KNPM174 8 Sylviacapra 
Grimma 

Humerus   x Dist - 13,60 80,48 -  

KNPM175 8 C.F. Bos Taurus Philanx 1   x  - 37,20 65,06 -  

KNPM176 8 Capra Scapula     - 10,00 73,65 -  

KNPM177 8 Bov III Philanx 1   x  - 29,10 55,21 -  

KNPM178 8 Bov III Metatarsal   x  - 10,00 34,10 -  

KNPM179 8 Bov III Philanx 2  x   - 13,10 34,77 -  

KNPM180 8 Bov III tarsal     - 3,10 20,89 - Internal 
cuneiform 

KNPM181 8 Bov III Metatarsal    dist - 87,90 113,09 -  

KNPM182 8 Bov III Philanx 1   x  - 16,90 54,42 - Fragmented 

KNPM183 8 Bov III Radius   x  - 91,40 134,75 -  

KNPM184 8 Damaliscus 

Lunatus 

Metacarpal  x  Prox - 14,20 141,20 Juvenile, 

unfused 

distal end 

 

KNPM185 8 Bov III Tail bone     - 2,80 36,30 -  

KNPM186 8 Aepyceros 

Melampus 

Tooth M1  x Upper - 8,00 30,29 -  

KNPM187 8 Syncerus Caffer Tooth M3 x  Lower - 8,30 36,64 -  

KNPM188 8 C.F. Bos Taurus Tooth M2  x Lower - 10,60 31,15 -  

KNPM189 8 Tragelaphus 

Scriptus 

Tooth M2  x Lower - 4,50 31,56 -  

KNPM190 8 C.F. Syncerus 

Caffer 

Tooth M2 x  Upper - 11,10 24,17 -  

KNPM191 9 C.F. Bos Taurus Tarsal     - 39,60 60,98 - Astragalus 

KNPM192 9 C.F. Bos Taurus Tarsal     - 38,20 66,11 - Astragalus 

KNPM193 9 Bov III Femur    Prox - 124,20 104,01 Unfused  

KNPM194 9 Bov III Philanx 1     - 11,20 16,10 - fragmented 

KNPM195 9 Bov III Femur    Prox - 11,60 23,01 Unfused  

KNPM196 9 Bov III Femur    Prox - 15,60 27,02 Unfused  

KNPM197 9 Bov III Femur    Prox - 11,60 27,29 Unfused  

KNPM198 9 Bov III Femur    Prox - 15,30 27,24 Unfused  

KNPM199 9 Bov III Femur    Prow - 11,00 22,84 Unfused  

KNPM200 9 Capra Humerus   x Dist - 16,00 65,77 -  

KNPM201 9 Bov III Metatarsal   x  - 11,00 17,45 -  

KNPM202 9 Bov III Metatarsal  x   - 17,70 16,90 -  

KNPM203 9 Bov III Metacarpal    Dist - 19,50 27,20 -  

KNPM204 9 Tragelaphus 

Oryx 

Tarsal     - 2,10 10,40 - Internal 

cuneiform 

KNPM205 9 Bov III Carpal   x  - 6,50 23,51 - Pisifrom 
sesemoid 

KNPM206 9 Bov III Carpal   x  - 11,20 22,33 - Ulnare carpal 

KNPM207 9 Syncerus Caffer Philanx 2   x  - 36,50 37,90 -  

KNPM208 9 Bov III Philanx 3   x  - 12,30 59,05 -  

KNPM209 9 Bov III Philanx 1  x   - 20,00 53,64 -  

KNPM210 9 Bov III Philanx 1  x   - 26,90 61,97 -  

KNPM211 9 Ovis/Capra Philanx 1   x  - 3,00 35,27 -  

KNPM212 9 Bov III tarsal     - 48,50 98,73 - Calcaneum 

KNPM213 9 Bov III Philanx 2  x   - 16,20 37,50 -  

KNPM214 9 Bov III Philanx 2  x   - 13,90 35,49 -  

KNPM215 9 Bov III Philanx 2  x   - 12,60 36,76 -  

KNPM216 9 Bov III Philanx 2   x  - 12,70 38,07 -  

KNPM217 9 Syncerus Caffer Pelvis  x  mid - 164,20 180,04 - Pubis , broken 

in two atriculate 
pieces 

KNPM218 9 Syncerus Caffer Scapula   x  - 65,60 77,28 -  

KNPM219 9 Bov III Pelvis  x   - 16,10 61,42 - fragmented 
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KNPM220 9 Bov III Carpal  x   - 10,40 25,43 - Lunate radial 

KNPM221 9 Syncerus Caffer Mandible M3 x  Lower IV 76,50 61,07 M3 is 
erupting 

Isotope sample 
17078 

KNPM222 9 Ovis/Capra Mandible M2-3 x  Lower V 27,00 66,06 - Isotope sample 

17072-17073 
KNPM223 9 C.F. Bos Taurus Mandible P2 x  Lower VI 26,90 91,18 -  

KNPM224 9 C.F. Bos Taurus Mandible M2 x  Lower V 18,50 59,87 - Isotope sample 

17093 
KNPM225 9 Syncerus Caffer Tooth I2  x Lower - 3,10 32,20 -  

KNPM226 9 C.F. Bos Taurus Tooth P3  x Lower - 6,60 35,23 - Broken in two 

pieces 
KNPM227 9 C.F. Bos Taurus Tooth M1 x  Lower IX 6,70 30,74 - very worn 

KNPM228 9 Ovis/Capra Tooth M2 x  Lower III 2,50 29,69 Juvenile  

KNPM229 10 Bov III Philanx 2     - 12,70 36,16 -  

KNPM230 10 Bov III Philanx 1     - 16,00 38,39 -  

KNPM231 10 Bov III Philanx 2     - 11,90 36,18 -  

KNPM232 10 Bov III Philanx 2     - 11,60 38,26 -  

KNPM233 10 Bov III Philanx 2     - 12,40 36,04 -  

KNPM234 10 Bov III Philanx 2     - 11,50 35,26 -  

KNPM235 10 Bov III Philanx 2     - 15,10 38,94 -  

KNPM236 10 Bov III Philanx 2     - 11,00 35,50 -  

KNPM237 10 Bov III Philanx 2     - 23,60 52,27 -  

KNPM238 10 Bov III Philanx 2     - 18,40 55,04 -  

KNPM239 10 Bov III Philanx 2     - 14,50 41,59 -  

KNPM240 10 Bov III Philanx 2     - 7,40 46,38 -  

KNPM241 10 Lepus Saxatilis Pelvis  x   - 1,90 38,73 -  

KNPM242 10 Bov III Philanx 3     - 11,20 61,17 -  

KNPM243 10 Capra Metacarpal  x  Dist - 5,00 18,32 -  

KNPM244 10 Bov III Carpal     - 12,80 37,02 - Intermediate 

scaphoid 
KNPM245 10 C.F. Bos Taurus Mandible   x Lower - 61,90 131,00 -  

KNPM246 10 Bov III Philanx 1     - 8,00 36,62 -  

KNPM247 10 Bov III Philanx 2     - 6,80 40,32 -  

KNPM248 10 Capra Tibia   x  - 17,10 68,14 -  

KNPM249 10 Tragelaphus 

Strepsiceros 

Radius   x Prox - 42,40 107,00 -  

KNPM250 10 Bov III Femur    Prox - 21,20 25,00 -  

KNPM251 10 Bov III Femur     - 18,90 23,00 -  

KNPM252 10 Bov III Metatarsal  x  Dist - 23,40 31,00 -  

KNPM253 10 Bov III Scapula     - 23,80 82,50 -  

KNPM254 10 Bov III Metatarsal  x   - 7,00 32,50 -  

KNPM255 10 Bov III Tarsal     - 39,90 110,00 - Calcaneum 

KNPM256 10 Bov III Tarsal     - 38,10 65,00 - Calcaneum 

KNPM257 10 Bov III Tarsal   x  - 43,60 54,00 - Astragukus 

KNPM258 10 Bov II Pelvis     - 15,10 82,50 Cut  

KNPM259 10 Bov III Scapula     - 43,70 15,20 -  

KNPM260 10 Bov III Philanx 1     - 9,10 34,50 -  

KNPM261 10 Bov III Tarsal     - 17,80 32,00 - Os centroqartale 

KNPM262 10 Bov III Tarsal     - 14,50 3,60 - Os centroqartale 

KNPM263 10 Bov III Philanx 1     - 10,20 32,20 -  

KNPM264 10 Bov III Philanx 1     - 9,30 20,10 -  

KNPM265 10 Heterohyrax 

brucei 

Mandible P3-4, 

M1-3 

x  Lower - 5,00 48,00 -  

KNPM266 10 Aepyceros 

Melampus 

Tooth M3  x Lower - 9,20 32,50 -  

KNPM267 10 C.F. Bos Taurus Mandible PM2 x  Lower III 2,70 33,00 -  

KNPM268 10 C.F. Bos Taurus Tooth M2  x Lower - 31,90 62,03 - Isotope sample 

17086 

KNPM269 10 Syncerus Caffer Tooth M2 x  Lower - 24,10 53,43 -  

KNPM270 10 Syncerus Caffer Tooth M2 x  Lower - 21,80 55,49 - Isotope sample 
17091 

KNPM271 10 C.F. Bos Taurus Tooth M1  x Upper - 14,90 39,69 -  

KNPM272 10 C.F. Bos Taurus Tooth M1  x Upper - 27,60 49,59 -  

KNPM273 10 C.F. Bos Taurus Tooth M2 x  Lower - 22,70 60,70 - Isotope sample 

17087 
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KNPM274 10 C.F. Bos Taurus Tooth M2  x Lower - 40,10 62,30 - Isotope sample 

17094 

KNPM275 10 C.F. Bos Taurus Tooth P3  x Upper - 17,90 28,05 -  

KNPM276 10 Ovis/Capra Tooth M2 x  Upper - 7,40 31,00 -  

KNPM277 10 Aepyceros 

Melampus 

Tooth M2  x Lower - 3,10 19,60 -  

KNPM278 10 C.F. Bos Taurus Tooth M2 x  Upper - 13,20 40,45 - Fragmented 

KNPM279 10 C.F. Bos Taurus Tooth M2  x Upper - 14,90 37,35 - Fragmented 

KNPM280 10 Syncerus Caffer Tooth M2 x  Lower - 37,10 56,65 -  

KNPM281 10 Syncerus Caffer Tooth M2  x Lower - 9,70 34,40 - Fragmented 

KNPM282 10 Tragelaphus 
Strepsiceros 

Tooth M1  x Lower - 3,90 35,00 -  

KNPM283 10 Damaliscus 

Lunatus 

Tooth PM4  x Lower - 3,70 36,75 - fragmented 

KNPM284 10 Syncerus Caffer Tooth I2  x Lower - 2,30 22,70 - fragmented 

KNPM285 10 Tragelaphus 

Strepsiceros 

Tooth P4  x Upper - 8,20 3,10 - fragmented 

KNPM286 10 C.F. Bos Taurus Tooth I2  x Lower - 4,10 4,70 -  

KNPM287 10 Syncerus Caffer Tooth M2 x  Upper - 8,60 2,90 -  

KNPM288 10 Syncerus Caffer Tooth M2 x  Upper - 13,50 4,20 -  

KNPM289 10 C.F. Bos Taurus Tooth M2 x  Lower - 8,00 4,80 -  

KNPM290 10 Syncerus Caffer Tooth I1  x Lower - 3,10 1,10 -  

KNPM291 10 C.F. Bos Taurus Tooth I1  x Lower - 2,60 2,30 -  

KNPM292 10 C.F. Syncerus 

Caffer 

Tooth I1 x  Lower - 2,20 2,80 -  

KNPM293 11 C.F. Bos Taurus Tarsal     - 20,90 20,00 - Os centroqartale 

KNPM294 11 Bov III Scapula     - 13,50 27,00 -  

KNPM295 11 C.F. Bos Taurus Philanx 2     - 12,50 34,00 -  

KNPM296 11 Syncerus Caffer Tooth P3 x  Upper - 8,40 1,90 -  

KNPM297 11 Syncerus Caffer Tooth P4  x Upper - 9,50 4,90 -  

KNPM298 11 C.F. Bos Taurus Tooth M2  x Upper - 18,20 4,70 -  

KNPM299 11 Syncerus Caffer Tooth M1 x  Lower - 26,20 4,70 -  

KNPM300 12 Syncerus Caffer Tooth M2 x  Lower - 36,40 2,50 -  

KNPM301 12 Syncerus Caffer Philanx 1  x   - 37,20 5,10 - broken at the 

proximal end 

KNPM302 12 Bov III     Prox - 8,20 3,20 -  

End of detailed information of faunal remains from NPM 

Appendix table A. 7: This is the result of the osteological identification of faunal remains from midden 2 (M2), both 

trenches. Faunal remains form trench 2 is KM1001-095, and tranch 1 is KM1096-100 

M.nr Lev. Species Skeletal part R L Ori Age W (g) Length 

(mm) 

Marks notes 

KM1001 2 Bov III Scapula   x Dist - 64,6 73,32     

KM1002 2 Bov III Tarsal x     - 23,7 40,7   Astragalus 

KM1003 2 Bov III Tarsal       - 14,9 38,05   Astragalus 

KM1004 2 Bov III Metatarsal   x   - 9,3 16,44     

KM1005 2 Bov III Tarsal       - 6,1 12,53   External and middle 

cuneiform 
KM1006 2 C.F. Bos 

Taurus 

Scapula x     - 21 60,36     

KM1007 2 Ovis/Capra Tarsal       - 1,9 9,97   internal cuneiform 

KM1008 2 Bov III Radius   x   - 22,7 65,89     

KM1009 2 Bov III Philanx 2       - 9,5 35,2     

KM1010 2 Bov III Philanx 2       - 10,01 36,07     

KM1011 2 Bov III Philanx 1       - 12,2 53,14 unfused   

KM1012 2 Bov III Philanx 3       - 9,1 47,21     

KM1013 2 Ovis/Capra Tarsal x     - 9 60,2   Calcaneum, Isotope 

sample 17092 
KM1014 2 Guineafowl Humerus       - 2,6 30,1 cut 

marks 

  

KM1015 2 Bov III Philanx 2       - 10,9 30,1     

KM1016 2 Bov III Carpal       - 4,9 13     

KM1017 2 Bov III Philanx 1       - 17,4 51     
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KM1018 2 Bov III Philanx 1       - 15,5 53     

KM1019 2 Bov III Scapula       - 40 95     

KM1020 2 Bov III Tarsal   x   - 4,3 20,1   Os Malare 

KM1021 2 Bov IV Tailbone       - 1,6 26     

KM1022 2 Bov III Tailbone       - 1 18     

KM1023 2 Bov III Carpal       - 8,1 22   Intermediate 
Scaphoid 

KM1024 4 Bov III Ulna       - 7,1 63     

KM1025 4 Bov III Philanx 1       - 21,5 57     

KM1026 4 Bov III Philanx 2       - 9,4 34,5     

KM1027 4 Bov III Metacarpal       - 3,1 22     

KM1028 4 Bov III Philanx 1       - 7,7 39 unfused   

KM1029 4 Bov III Metatarsal       - 75,3 101,2     

KM1030 4 Bov III Metatarsal       - 60 91     

KM1031 4 Bov III Pelvis x     - 12,6 71     

KM1032 4 Bov IV Carpal       - 2,2 9   Magnum 

KM1033 4 Bov III Carpal       - 0,5 1,3   Magnum 

KM1034 4 Bov III Metatarsal       - 85,6 13,6     

KM1035 4 Bov III Femur   x   - 12,3 1,4 Unfused   

KM1036 4 Bov III Femur     Prox - 8,7 42,9 Unfused   

KM1037 4 Bov II Metatarsal     Prox - 22,1 69,75     

KM1038 4 Bov II Tarsal       - 1,8 13   Internal cuneiform 

KM1039 4 Bov III Metacarpal       - 19,7 59,75     

KM1040 6 Bov III Philanx 2       - 22,1 39,6     

KM1041 6 Bov III Femur     Prox - 11,9 40,4     

KM1042 6 Bov III Femur     Prox - 8,1 34,2 Unfused   

KM1043 6 Bov IV Tailbone       - 6,7 40,9     

KM1044 6 C.F. Bos 

Taurus 

Philanx 1 x     - 8,7 48,5     

KM1045 6 Bov III Philanx 3 x     - 12,5 42,4     

KM1046 6 Ovis/Capra Ulna   x Dist - 4 48,18     

KM1047 6 Bov III Femur     prox - 8,1 39,33     

KM1048 6 Bov III Humerus x   Prox - 11,4 39,4     

KM1049 7 Bov III Carpal x     - 9,7 31   2nd and 3 carpal 

magnun 

KM1050 7 Bov III Scapula x   Dist - 44,5 99,5     

KM1051 7 Damaliscus 

Lunatus 

Metacarpal x   Dist - 95,8 145   Isotope samoke 

17083 

KM1052 7 C.F. Bos 
Taurus 

Metacarpal x   Dist - 20,8 32 Unfused Condyle, broken in 
two articulat piecses 

KM1053 7 Bov III Scapula x   Prox - 25,9 74,23     

KM1054 7 Bov I Philanx 3 x     - 1 19,65     

KM1055 7 C.F. Bos 

Taurus 

Carpal x     V 13,3 41,26 subadult Lunate Radial, 

Isotope sample 

17090 
KM1056 7 Bov III Carpal       - 7,2 30,17   Ulnare carpal 

cuneiform 

KM1057 7 Bov III Orbital socket       - 6,6 60,04     

KM1058 8 Bov III Metatarsal     Prox - 30,9 110,46     

KM1059 8 Bov III Scapula x   Prox - 12,5 74     

KM1060 8 Bov III Scapula   x Prox - 9,4 23     

KM1061 8 Syncerus 
Caffer 

I2 x   Lower - 1,5 17,74     

KM1062 8 Ovis/Capra Philanx 3 x     - 23 28,14     

KM1063 8 Bov III Tarsal x     - 4,9 22,22   Os malare 

KM1064 9 Bov III Scapula x   Mid - 42 123,77 cut 
marks 

  

KM1065 9 Tragelaphus 

Strepsiceros 

Scapula x   Mid - 42,2 154,75 cut 

marks 

  

KM1066 9 Bov III Carpal       - 2,3 9,75   Sesamoid 

KM1067 9 Bov III Philanx 3       - 13,3 56,84     

KM1068 10 Tragelaphus 
Strepsiceros 

Tarsal   x   - 65,2 66,8   Astragalus, Isotope 
sample 17084 

KM1069 10 Aepyceros 

Melapus 

Philanx 1   x   - 1 16,37 Unfused   
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End of faunal remains from M2

 

 

 

 

 

 

KM1070 10 Bov III Metacarpal x   Prox - 64,8 98,1     

KM1071 11 Bov III Philanx 1   x Prox - 9,1 47,74     

KM1072 12 Bov II Radius x     - 19,1 100,21     

KM1073 12 Bov III Philanx 1       - 33,4 60,74     

KM1074 12 Bov III Philanx 2       - 12,2 35,7     

KM1075 12 Bov III Scapula       - 32,8 47,06     

KM1076 13 Bov II Philanx 1       - 3,2 32,71     

KM1077 13 Bov IV Carpal       - 4,5 25,09   Sesamoid 

KM1078 13 Bov III Carpal       - 5,5 11,46   Lunate radial 

KM1079 13 C.F. Bos 

Taurus 

Tibia x   Prox - 14,6 35,97     

KM1080 13 Bov III Carpal       - 9,1 33,08   Ulnare carpal 
cuneiform 

KM1081 14 Bov III Philanx 1       - 23 52,9     

KM1082 14 Bov III Philanx 1       - 17,6 60,53     

KM1083 14 Bov III Philanx 1       - 18,5 56,89     

KM1084 14 Bov III Philanx 2       - 16,5 41,47     

KM1085 14 Bov III Philanx 2       - 15,4 36,84     

KM1086 14 Bov III Philanx 2       - 11,1 37,87     

KM1087 14 Bov III Tarsal       - 4,1 18,2   Internal cuneiform 

KM1088 14 raphicerus 

Campestis 

Metatarsal   x   - 15,6 91,16     

KM1089 14 Bov III Radius x   Prox - 43,5 72,55     

KM1090 15 Bov III Philanx 3   x   - 16,5 59,23     

KM1091 15 Ovis/Capra Tarsal x     - 46,5 67,08   Astragalus Isotope 

sample 17085 
KM1092 15 Bov III Philanx 1 x     - 16,9 54,76     

KM1093 15 Bov I Philanx 1 x     - 1,8 16,84     

KM1094 15 Bov III Scapula x     - 62,8 71,27     

KM1095 15 Ovis/Capra Mandible, P2-
4, M1-3 

  x Lower - 74,2 153,87   Isotope sample 
17104-17108 

Trench 1 , midden 2 

KM1096 4 Capra Maxilla, p4, 
M1-2 

x   Upper II 20,1 55,69 P4 
erupting 

Isotope sample 
17095-17096 

KM1097 3 Capra Maxilla, M1-2 x   Upper - 19,8 36,87   Isotope sample 

17097-17098 
KM1098 3 C.F. Bos 

Taurus 

Mandible, M2-

3 

x   Lower - 200,2 135,68   Isotope sample 

17076-17077 

KM1099 3 C.F. Bos 
Taurus 

M2   x Upper - 32,2 47,93     

KM1100 3 C.F. Bos 

Taurus 

M2 x   Lower - 13,1 28,67   fragmented 
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middens. Appendix figure 1 show the bones by count and Appednix figure 2 show bones by 

mass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix figure 1: Animal assemblage by number of identified specimens for each species/ species distribution for both middens 

Appendix figure 2: Animal assemblage by weight (g) of identified species for both middens 
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A.2. Isotope data and statistics  

The isotope data will be given according to their isotope samples numbers. In the text the 

average values and standard deviations are given in table 7 under chapter 6.2. In table 7, and 

appendix table 5-6 give the isotope sample numbers of the relevant faunal samples.    

Appendix table A.7 is the data for collagen from bone tissue, while appendix table A.8-24 

contain collagen from dentine extractions.  

Appendix table A. 8: Isotope samples from bone tissue collagen, samples a and b are duplicate samples from the same 

specimen.  The δ15N and  δ13C are standard corrected after values based on the standards.  

* Bone tissue samples with corresponding teeth tissue samples from the same individual, conferee with appendix tables …. 

 

 

Sample   Sample weight (mg) %N Std.corr. δ15N %C Std.corr. δ13C C:N ratio elemental 

*17070 a 0.643 14.77 3.66 42.47 -5.62 3.35 

  b 0.507 14.23 3.78 42.20 -5.72 3.46 

*17072 a 0.607 14.92 5.94 42.44 -14.97 3.32 

  b 0.495 14.73 5.96 42.01 -14.70 3.33 

*17074 a 0.602 16.01 4.06 44.12 -4.84 3.21 

  b 0.500 17.19 3.18 47.49 -4.21 3.22 

*17076 a 0.604 14.96 5.35 42.21 -6.50 3.29 

  b 0.496 14.83 5.70 43.17 -6.91 3.40 

17078 a 0.588 15.48 3.80 42.85 -5.27 3.23 

  b 0.664 15.11 3.95 41.78 -5.22 3.23 

17083 a 0.574 16.26 5.84 44.82 -7.49 3.22 

  b 0.533 16.07 5.23 45.02 -6.18 3.27 

17084 a 0.469 14.24 5.70 41.20 -7.69 3.38 

  b 0.459 15.25 5.48 42.27 -7.43 3.23 

17085 a 0.488 14.39 7.40 40.22 -8.15 3.26 

  b 0.556 15.03 7.51 41.76 -7.82 3.24 

17086 a 0.481 14.84 4.32 42.20 -5.87 3.32 

  b 0.533 14.77 4.47 41.93 -5.92 3.31 

17090 a 0.466 14.31 6.53 41.29 -8.21 3.37 

  b 0.621 14.85 6.40 42.32 -8.07 3.33 

17092 a 0.508 14.67 5.40 40.56 -17.32 3.23 

  b 0.606 15.42 5.56 42.82 -17.14 3.24 

*17096 a 0.542 14.85 6.10 42.18 -11.23 3.31 

  b 0.593 14.77 5.98 42.21 -11.05 3.33 

*17097 a 0.490 15.62 6.17 44.48 -11.31 3.32 

  b 0.513 15.02 6.60 43.11 -10.16 3.35 

*17099 a 0.629 15.13 7.67 42.00 -16.52 3.24 

  b 0.496 15.11 7.40 41.90 -16.39 3.23 

17100 a 0.488 14.88 5.27 41.98 -10.73 3.29 

  b 0.546 15.28 5.62 42.67 -9.39 3.26 

*17101 a 0.484 14.59 6.57 41.06 -16.27 3.28 

  b 0.572 14.64 5.20 41.43 -7.32 3.30 

*17105 a 0.479 14.96 6.77 41.74 -16.67 3.26 

  b 0.554 14.13 5.28 40.07 -7.26 3.31 
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Appendix table A. 9:  Isotope signatures of M1 left maxilla from Buffalo KNPM 151, same individual as 17070 

Sample 

17071 

Weight 

(mg) 

%N d 

15N/14N  

Std corrctd 

d 15N/14N 

%C  d 

13C/12C  

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.490 15.10 4.56 4.74 41.79 -7.06 -6.08 2.77 3.23 

b 0.489 15.18 4.35 4.52 42.23 -6.55 -5.56 2.78 3.25 

c 0.477 14.89 4.24 4.41 40.97 -6.06 -5.07 2.75 3.21 

d 0.488 14.88 4.21 4.38 41.00 -5.92 -4.93 2.76 3.21 

*e 0.482 15.06 13.65 14.05 41.65 -15.36 -14.41 2.77 3.23 

f 0.503 16.55 4.56 4.74 45.71 -6.00 -5.01 2.76 3.22 

g 0.506 15.17 4.64 4.82 41.53 -5.94 -4.95 2.74 3.19 

h 0.499 15.00 4.90 5.09 41.36 -6.23 -5.24 2.76 3.22 

i 0.521 14.59 5.06 5.25 40.37 -6.10 -5.11 2.77 3.23 

j 0.651 15.28 5.18 5.37 42.07 -6.27 -5.28 2.75 3.21 

k 0.585 14.66 5.37 5.57 40.69 -6.02 -5.03 2.78 3.24 

l 0.584 15.28 5.34 5.54 42.16 -6.52 -5.53 2.76 3.22 

m 0.603 15.20 5.74 5.95 41.73 -6.34 -5.35 2.75 3.20 

n 0.586 15.13 5.75 5.95 41.72 -6.49 -5.50 2.76 3.22 

o 0.581 15.33 5.18 5.37 41.74 -5.99 -5.00 2.72 3.18 

p 0.502 15.29 5.53 5.73 42.00 -6.14 -5.15 2.75 3.21 

q 0.471 15.47 5.18 5.37 42.18 -6.28 -5.29 2.73 3.18 

r 0.571 15.27 5.82 6.02 41.80 -6.05 -5.06 2.74 3.19 

s 0.462 15.28 5.29 5.48 42.09 -6.18 -5.19 2.76 3.21 

t 0.495 15.23 5.51 5.72 41.54 -6.39 -5.40 2.73 3.18 

u 0.479 15.40 5.49 5.69 42.32 -6.34 -5.35 2.75 3.21 

v 0.503 15.43 4.32 4.50 42.41 -6.35 -5.36 2.75 3.21 

     * Note that e is invalid 

Appendix table A. 10: Isotope signatures of M3 right mandible from sheep/goat KNPM 222, same individual as 17072 

Sample 

17073 

Weight 

(mg) 

%N d 15N/14N  Std corrctd 

d 15N/14N 

%C  d 13C/12C  Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.511 15.24 7.12 7.36 42.31 -13.80 -12.85 2.78 3.24 

b 0.567 15.37 6.89 7.13 42.36 -14.58 -13.63 2.76 3.21 

*c 0.502 15.26 4.36 4.53 42.08 -6.06 -5.07 2.76 3.22 

d 0.526 15.28 7.34 7.58 41.78 -15.56 -14.61 2.73 3.19 

e 0.502 15.13 7.44 7.69 41.42 -15.57 -14.62 2.74 3.19 

f 0.601 15.11 7.34 7.58 41.48 -15.75 -14.80 2.75 3.20 

g 0.580 15.36 6.29 6.52 42.25 -12.96 -12.00 2.75 3.21 

i 0.646 15.04 7.30 7.54 41.26 -16.04 -15.09 2.74 3.20 

j 0.566 15.15 7.34 7.58 41.48 -15.79 -14.84 2.74 3.19 

k 0.605 15.07 7.20 7.44 41.63 -16.12 -15.18 2.76 3.22 

l 0.631 14.89 7.39 7.64 40.87 -15.81 -14.86 2.74 3.20 

m 0.654 15.23 7.43 7.74 41.93 -16.21 -15.46 2.75 3.21 

n 0.577 15.39 7.06 7.36 42.44 -16.57 -15.82 2.76 3.22 

o 0.474 15.47 7.57 7.89 44.65 -17.01 -16.25 2.89 3.37 

p 0.567 15.73 7.50 7.82 43.27 -16.54 -15.79 2.75 3.21 

q 0.494 15.23 7.06 7.37 41.84 -16.57 -15.81 2.75 3.21 

r 0.549 15.40 7.47 7.78 42.18 -16.17 -15.42 2.74 3.20 

s 0.483 15.61 7.40 7.71 42.82 -16.15 -15.40 2.74 3.20 

t 0.450 13.75 7.57 7.89 37.94 -15.90 -15.15 2.76 3.22 

u 0.645 15.36 7.43 7.74 42.19 -15.71 -14.96 2.75 3.21 

v 0.591 15.48 7.12 7.43 42.82 -15.61 -14.87 2.77 3.23 

w 0.578 15.55 7.05 7.36 43.04 -15.20 -14.46 2.77 3.23 

x 0.611 15.11 5.60 5.88 42.75 -17.88 -17.12 2.83 3.30 
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**enamal 0.456 15.24 6.12 6.41 43.38 -17.80 -17.04 2.85 3.32 

* C is invalid 

**The enamel sample was a piece that broke off from the other samples and which were demineralized earlier than the other samples of this 

same individual. 

Appendix table A. 11:  Isotope signatures of M3 left mandible from buffalo KNPM 027, same individual as 17074 

Sample 

17075 

Weight 

(mg) 

%N  d 

15N/14N 

Std corrctd 

d 15N/14N 

%C  d 

13C/12C  

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.578 14.93 4.51 4.78 41.68 -6.14 -5.95 2.79 3.26 

b 0.496 15.15 4.17 4.44 41.93 -5.89 -5.70 2.77 3.23 

c 0.450 15.24 4.19 4.46 42.25 -5.86 -5.67 2.77 3.23 

d 0.600 15.27 4.49 4.76 42.23 -5.79 -5.60 2.77 3.23 

e 0.565 15.28 4.65 4.92 42.06 -5.92 -5.73 2.75 3.21 

f 0.530 15.14 4.67 4.94 41.64 -5.86 -5.68 2.75 3.21 

g 0.473 15.34 4.63 4.90 42.28 -5.78 -5.59 2.76 3.21 

h 0.486 15.35 4.52 4.78 42.37 -5.81 -5.63 2.76 3.22 

i 0.630 15.39 4.43 4.70 42.26 -5.55 -5.37 2.75 3.20 

j 0.560 15.33 4.19 4.45 42.09 -5.45 -5.27 2.75 3.20 

k 0.590 15.21 4.43 4.70 41.91 -5.61 -5.42 2.76 3.21 

l 0.475 15.19 4.42 4.69 41.63 -5.64 -5.46 2.74 3.20 

m 0.574 15.14 4.42 4.68 41.55 -5.54 -5.36 2.74 3.20 

n 0.548 15.38 4.59 4.86 42.34 -5.50 -5.32 2.75 3.21 

o 0.593 15.41 4.07 4.33 42.27 -5.39 -5.21 2.74 3.20 

p 0.553 15.34 4.62 4.89 42.18 -5.80 -5.62 2.75 3.21 

q 0.490 15.35 4.11 4.37 42.40 -5.79 -5.60 2.76 3.22 

r 0.565 15.36 4.85 5.12 42.14 -6.10 -5.91 2.74 3.20 

s 0.642 15.06 5.93 6.22 43.06 -6.95 -6.75 2.86 3.34 

t 0.576 15.45 5.42 5.70 42.24 -6.16 -5.97 2.73 3.19 

u 0.450 15.05 5.72 6.01 43.00 -6.85 -6.65 2.86 3.33 

v 0.516 15.12 5.47 5.75 42.38 -6.73 -6.53 2.80 3.27 

w 0.547 15.08 5.19 5.47 42.21 -6.54 -6.35 2.80 3.27 

x 0.560 15.26 5.09 5.37 42.27 -6.26 -6.07 2.77 3.23 

z 0.558 15.43 4.92 5.20 42.64 -6.08 -5.89 2.76 3.22 

y 0.580 15.55 5.34 5.62 42.49 -6.16 -5.97 2.73 3.19 

aa 0.475 15.35 4.43 4.70 42.15 -5.65 -5.47 2.75 3.20 

bb 0.547 15.26 4.10 4.36 41.89 -5.54 -5.35 2.74 3.20 

cc 0.644 15.31 4.02 4.28 41.93 -5.23 -5.05 2.74 3.20 

dd 0.530 15.17 3.98 4.24 41.84 -5.19 -5.01 2.76 3.22 

ee 0.558 15.29 3.89 4.15 42.26 -5.13 -4.95 2.76 3.22 

ff 0.690 14.01 3.92 4.17 38.58 -5.08 -4.90 2.75 3.21 

gg 0.496 15.06 4.02 4.28 41.94 -5.23 -5.05 2.78 3.25 

hh 0.643 15.25 4.22 4.49 42.10 -5.04 -4.86 2.76 3.22 

ii 0.461 14.75 4.26 4.53 40.73 -5.10 -4.92 2.76 3.22 

 

Appendix table A. 12: Isotope signatures of M2 right mandible from Bos taurus KM1 098, same individual as 17076 

Sample 

17077 

Weight 

(mg) 

%N d 

15N/14N  

Std corrctd 

d 15N/14N 

%C  d 

13C/12C  

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.616 15.76 5.89 6.15 43.54 -7.94 -7.15 2.76 3.22 

b 0.558 15.84 5.82 6.08 43.57 -7.35 -6.56 2.75 3.21 

c 0.552 16.17 4.83 5.07 44.37 -6.29 -5.50 2.74 3.20 

d 0.615 15.70 5.74 6.07 43.34 -6.88 -6.52 2.76 3.22 

e 0.570 15.76 5.26 5.59 43.63 -6.92 -6.56 2.77 3.23 

f 0.551 15.37 5.92 6.26 43.11 -7.13 -6.76 2.80 3.27 
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g 0.559 15.06 5.87 6.21 42.66 -6.55 -6.19 2.83 3.30 

h 0.474 15.59 5.57 5.90 43.24 -6.61 -6.25 2.77 3.24 

i 0.647 15.12 5.77 6.11 42.31 -6.91 -6.55 2.80 3.26 

j 0.551 15.17 6.05 6.40 42.04 -5.81 -5.45 2.77 3.23 

k 0.535 15.41 5.96 6.30 42.71 -6.35 -5.99 2.77 3.23 

l 0.575 14.37 5.87 6.21 40.89 -7.16 -6.80 2.84 3.32 

m 0.546 15.39 6.26 6.60 42.63 -5.96 -5.60 2.77 3.23 

n 0.531 15.27 6.43 6.77 42.23 -5.94 -5.58 2.77 3.23 

o 0.610 14.59 6.96 7.32 40.42 -5.91 -5.56 2.77 3.23 

p 0.602 14.75 7.11 7.47 40.64 -5.71 -5.35 2.75 3.21 

q 0.576 14.64 7.17 7.53 40.53 -5.74 -5.38 2.77 3.23 

r 0.513 15.14 6.57 6.92 42.07 -6.05 -5.69 2.78 3.24 

 

Appendix table A. 13: Isotope signature from P4 from left mandible Kudu KNPM028 

Sample 

17079 

Weight 

(mg) 

%N d 

15N/14N  

Std corrctd d 

15N/14N 

 %C d 

13C/12C  

Std corrctd d 

13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.561 15.45 5.02 5.34 42.84 -6.58 -6.22 2.77 3.23 

b 0.645 15.49 6.17 6.51 42.67 -6.61 -6.25 2.75 3.21 

c 0.519 15.51 6.58 6.93 42.50 -6.92 -6.56 2.74 3.20 

d 0.525 15.40 5.62 5.95 42.27 -6.45 -6.10 2.74 3.20 

e 0.526 15.37 5.81 6.15 42.33 -6.70 -6.34 2.75 3.21 

f 0.578 15.38 6.57 6.92 42.19 -6.90 -6.54 2.74 3.20 

g 0.558 15.49 5.83 6.17 42.63 -6.76 -6.40 2.75 3.21 

h 0.471 15.15 5.22 5.55 42.12 -6.64 -6.28 2.78 3.24 

i 0.651 15.47 6.08 6.43 42.50 -6.70 -6.34 2.75 3.21 

j 0.601 15.56 5.24 5.57 42.49 -6.42 -6.06 2.73 3.18 

k 0.641 15.38 4.81 5.13 41.97 -6.54 -6.18 2.73 3.18 

l 0.621 15.47 5.26 5.59 42.38 -6.29 -5.94 2.74 3.20 

m 0.526 15.27 5.44 5.77 42.38 -6.29 -5.94 2.77 3.24 

 

Appendix table A. 14: Isotope signature from M2 right maxilla Tsessebe, KNPM 153 

Sample 

17081 

Weight 

(mg) 

%N d 

15N/14N  

Std corrctd 

d 15N/14N 

 %C d 

13C/12C  

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.451 15.15 6.19 6.53 42.20 -8.89 -8.52 2.79 3.25 

b 0.510 15.28 6.52 6.87 42.56 -8.30 -7.94 2.79 3.25 

c 0.646 15.57 6.29 6.64 43.02 -6.02 -5.66 2.76 3.22 

d 0.573 15.38 6.45 6.80 42.46 -6.48 -6.12 2.76 3.22 

e 0.575 15.39 6.31 6.66 42.50 -6.72 -6.36 2.76 3.22 

f 0.606 15.66 6.87 7.23 43.25 -7.27 -6.90 2.76 3.22 

g 0.552 15.56 6.72 7.08 42.80 -7.05 -6.69 2.75 3.21 

h 0.530 15.28 6.81 7.16 41.94 -6.43 -6.07 2.74 3.20 

i 0.521 15.38 6.73 7.08 42.45 -6.06 -5.71 2.76 3.22 

j 0.627 15.45 6.71 7.07 42.41 -5.85 -5.49 2.75 3.20 

k 0.540 15.34 6.74 7.10 42.21 -5.89 -5.53 2.75 3.21 

l 0.487 15.47 7.00 7.36 42.93 -6.15 -5.79 2.78 3.24 

m 0.625 15.30 7.28 7.64 42.21 -6.19 -5.83 2.76 3.22 

n 0.640 15.32 7.22 7.59 42.16 -6.20 -5.84 2.75 3.21 

o 0.601 15.27 7.39 7.75 41.99 -6.47 -6.11 2.75 3.21 
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Appendix table A. 15: Isotope signature from M2 right mandible Wildebeest, KNPM 055 

Sample 

17082 

Weight 

(mg) 

%N d 

15N/14N  

Std corrctd 

d 15N/14N 

%C   d 

13C/12C 

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.588 15.74 6.99 7.27 43.32 -6.75 -5.97 2.75 3.21 

b 0.563 15.75 6.96 7.24 43.35 -6.69 -5.90 2.75 3.21 

c 0.480 15.82 6.84 7.12 43.39 -6.81 -6.03 2.74 3.20 

d 0.544 15.92 6.79 7.07 43.57 -6.80 -6.01 2.74 3.19 

*e 0.516 12.43 15.40 15.83 33.74 -12.76 -11.97 2.72 3.17 

f 0.619 15.92 6.96 7.24 43.54 -6.35 -5.57 2.73 3.19 

g 0.607 15.80 6.82 7.09 43.21 -6.35 -5.57 2.73 3.19 

*h 0.646 6.56 6.28 6.55 18.48 -6.59 -5.80 2.82 3.29 

i 0.556 16.05 6.36 6.63 44.05 -6.34 -5.55 2.74 3.20 

j 0.499 15.62 6.13 6.40 42.81 -6.25 -5.46 2.74 3.20 

k 0.474 15.89 6.49 6.76 43.67 -6.89 -6.10 2.75 3.21 

l 0.639 15.76 6.56 6.83 43.19 -7.15 -6.37 2.74 3.20 

m 0.504 15.73 6.67 6.94 42.81 -6.79 -6.01 2.72 3.17 

n 0.528 15.51 6.50 6.77 42.42 -7.00 -6.21 2.74 3.19 

o 0.551 15.68 6.56 6.83 42.89 -6.94 -6.16 2.74 3.19 

p 0.473 15.73 6.89 7.17 43.15 -6.97 -6.19 2.74 3.20 

q 0.454 15.56 7.58 7.87 42.70 -7.61 -6.82 2.74 3.20 

r 0.589 15.76 6.54 6.81 43.08 -5.97 -5.18 2.73 3.19 

* H is invalid and e looks suspiciously high 

Appendix table A. 16: Isotope signature of M2 right mandible bos taurus, KNPM273 

Sample 

17087 

Weight 

(mg) 

%N  d 

15N/14N 

Std corrctd 

d 15N/14N 

 %C  d 

13C/12C 

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.564 15.17 3.72 4.02 42.05 -6.19 -5.83 2.77 3.23 

b 0.632 15.61 3.96 4.27 43.16 -5.88 -5.53 2.77 3.23 

c 0.621 15.47 4.11 4.42 42.72 -5.72 -5.36 2.76 3.22 

d 0.626 15.62 4.27 4.58 42.96 -5.55 -5.19 2.75 3.21 

e 0.572 15.60 4.58 4.90 42.98 -5.49 -5.13 2.76 3.21 

f 0.585 14.97 4.54 4.85 41.45 -5.61 -5.26 2.77 3.23 

g 0.556 15.66 4.82 5.15 43.20 -6.03 -5.67 2.76 3.22 

h 0.517 15.95 4.92 5.24 43.78 -5.89 -5.54 2.74 3.20 

i 0.641 15.80 5.24 5.57 43.49 -6.46 -6.10 2.75 3.21 

j 0.534 13.55 5.44 5.77 37.51 -6.60 -6.24 2.77 3.23 

k 0.468 14.93 4.93 5.25 41.62 -6.16 -5.80 2.79 3.25 

l 0.616 15.07 5.35 5.68 41.44 -6.31 -5.95 2.75 3.21 

m 0.520 15.43 5.94 6.28 42.40 -6.31 -5.95 2.75 3.21 

n 0.525 15.21 5.83 6.17 41.81 -6.22 -5.86 2.75 3.21 

o 0.637 15.69 5.83 6.17 42.96 -6.20 -5.84 2.74 3.19 

p 0.459 14.98 5.78 6.12 41.53 -6.31 -5.95 2.77 3.23 

 

Appendix table A. 17: Isotope signature of M1 right maxilla bos Taurus, KNPM052 

Sample 

17088 

Weight 

(mg) 

%N d 

15N/14N  

Std corrctd 

d 15N/14N 

 %C d 

13C/12C  

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.580 15.54 5.01 5.33 42.92 -8.20 -7.84 2.76 3.22 

b 0.609 15.49 5.18 5.51 42.34 -7.23 -6.87 2.73 3.19 

c 0.458 15.57 5.03 5.35 42.73 -6.27 -5.91 2.74 3.20 

d 0.523 15.63 5.34 5.63 42.91 -6.80 -6.61 2.74 3.20 

e 0.566 15.40 5.62 5.90 42.53 -7.46 -7.25 2.76 3.22 

f 0.471 15.48 5.80 6.10 42.66 -7.90 -7.69 2.76 3.21 

g 0.479 15.43 6.06 6.35 42.47 -7.73 -7.52 2.75 3.21 
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h 0.487 15.78 5.62 5.91 43.19 -6.97 -6.77 2.74 3.19 

i 0.595 15.54 5.80 6.09 42.67 -7.27 -7.07 2.75 3.20 

j 0.535 15.55 5.92 6.21 42.55 -7.03 -6.82 2.74 3.19 

k 0.471 15.50 6.03 6.33 42.37 -6.85 -6.65 2.73 3.19 

l 0.492 15.51 6.09 6.39 42.42 -6.73 -6.54 2.74 3.19 

m 0.566 15.55 6.17 6.47 42.62 -6.55 -6.35 2.74 3.20 

n 0.460 15.72 6.08 6.38 43.21 -6.59 -6.39 2.75 3.21 

o 0.596 15.45 6.11 6.40 42.49 -6.59 -6.40 2.75 3.21 

 

Appendix table A. 18: Isotope signature of M2 right mandible bos taurus, KNPM121 

Sample 

17089 

Weight 

(mg) 

%N  d 

15N/14N 

Std corrctd 

d 15N/14N 

 %C  d 

13C/12C 

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.584 15.49 3.74 3.96 43.23 -6.28 -5.49 2.79 3.26 

b 0.572 15.71 2.98 3.19 43.37 -6.39 -5.60 2.76 3.22 

c 0.499 15.58 3.09 3.29 43.12 -6.48 -5.70 2.77 3.23 

d 0.579 15.72 3.20 3.41 43.20 -6.25 -5.46 2.75 3.21 

e 0.497 15.73 3.35 3.56 43.13 -5.97 -5.19 2.74 3.20 

f 0.460 15.85 3.35 3.57 43.41 -6.10 -5.32 2.74 3.19 

*g 0.502 9.20 3.34 3.56 55.36 -18.28 -17.48 6.02 7.02 

h 0.542 15.60 3.46 3.68 42.89 -5.81 -5.03 2.75 3.21 

i 0.579 15.64 3.41 3.63 43.06 -5.81 -5.03 2.75 3.21 

j 0.543 15.77 3.61 3.83 43.31 -5.80 -5.01 2.75 3.20 

k 0.575 15.81 3.80 4.02 43.22 -5.69 -4.91 2.73 3.19 

l 0.625 15.72 4.17 4.40 43.09 -5.89 -5.10 2.74 3.20 

m 0.502 15.68 4.20 4.43 43.14 -6.45 -5.66 2.75 3.21 

n 0.642 15.75 4.99 5.24 42.98 -5.92 -5.13 2.73 3.18 

o 0.538 15.66 4.36 4.59 43.29 -6.27 -5.48 2.76 3.22 

p 0.555 15.77 5.27 5.52 43.28 -6.07 -5.29 2.74 3.20 

q 0.584 15.81 5.59 5.85 43.17 -5.91 -5.13 2.73 3.18 

r 0.543 15.85 4.69 4.92 43.64 -5.79 -5.00 2.75 3.21 

s 0.505 15.71 6.19 6.45 43.21 -6.23 -5.44 2.75 3.21 

*t 0.456 20.34 5.58 5.83 62.26 -8.47 -7.68 3.06 3.57 

u 0.608 15.68 5.97 6.23 42.96 -6.54 -5.76 2.74 3.20 

v 0.612 15.86 5.52 5.78 43.48 -6.34 -5.56 2.74 3.20 

* G and T are invalid 

Appendix table A. 19: Isotope Signature of M2 right mandible buffalo, KNPM270 

Sample 

17091 

Weight 

(mg) 

%N  d 

15N/14N 

Std corrctd 

d 15N/14N 

 %C d 

13C/12C  

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.504 16.14 7.52 7.80 44.41 -8.67 -7.88 2.75 3.21 

b 0.582 15.51 7.70 7.99 43.38 -8.56 -7.77 2.80 3.26 

c 0.489 16.07 7.81 8.10 44.38 -8.40 -7.61 2.76 3.22 

d 0.458 16.01 7.81 8.10 44.02 -7.98 -7.20 2.75 3.21 

e 0.560 15.91 7.65 7.95 43.70 -7.47 -6.68 2.75 3.20 

f 0.528 16.01 7.90 8.19 43.95 -7.73 -6.94 2.75 3.20 

g 0.635 15.97 7.97 8.26 43.84 -7.26 -6.47 2.75 3.20 

h 0.522 15.76 8.60 8.91 43.24 -7.83 -7.04 2.74 3.20 

i 0.651 15.97 8.36 8.66 43.69 -7.88 -7.09 2.74 3.19 

j 0.564 16.08 8.21 8.51 44.11 -7.64 -6.85 2.74 3.20 

k 0.502 15.74 8.64 8.95 43.32 -7.95 -7.16 2.75 3.21 

l 0.521 16.09 8.83 9.14 44.34 -7.82 -7.03 2.76 3.21 

m 0.494 15.87 9.14 9.46 43.67 -8.35 -7.56 2.75 3.21 

n 0.512 15.95 9.32 9.65 43.66 -8.52 -7.74 2.74 3.19 
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o 0.620 15.97 9.15 9.47 43.91 -8.49 -7.70 2.75 3.21 

p 0.498 15.79 9.36 9.68 43.30 -8.65 -7.86 2.74 3.20 

q 0.456 15.89 9.33 9.65 43.58 -8.74 -7.96 2.74 3.20 

r 0.474 15.77 9.18 9.50 43.48 -8.32 -7.53 2.76 3.22 

s 0.475 16.16 9.23 9.55 44.55 -8.44 -7.65 2.76 3.22 

t 0.630 15.96 9.00 9.32 43.73 -7.48 -6.69 2.74 3.20 

u 0.646 15.89 9.11 9.43 43.79 -8.05 -7.26 2.76 3.21 

 

Appendix table A. 20: isotope signatures from M2 right mandible bos taurus, KNPM224 

Sample 

17093 

Weight 

(mg) 

%N  d 

15N/14N 

Std corrctd 

d 15N/14N 

 %C d 

13C/12C  

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.617 14.18 5.27 5.54 39.38 -6.98 -6.30 2.78 3.24 

b 0.649 15.36 5.80 6.09 42.58 -7.26 -6.57 2.77 3.23 

c 0.604 15.31 5.62 5.90 42.52 -6.69 -6.01 2.78 3.24 

d 0.485 15.49 5.33 5.61 42.67 -6.73 -6.05 2.75 3.21 

e 0.519 15.47 5.57 5.85 42.78 -6.69 -6.01 2.77 3.23 

f 0.652 15.70 6.21 6.50 43.24 -6.81 -6.12 2.75 3.21 

g 0.565 15.24 5.69 5.97 41.83 -6.75 -6.06 2.74 3.20 

h 0.518 15.30 5.95 6.24 42.28 -7.19 -6.50 2.76 3.22 

i 0.598 15.02 6.50 6.79 41.54 -7.60 -6.91 2.77 3.23 

j 0.573 15.63 6.46 6.75 43.14 -7.19 -6.50 2.76 3.22 

k 0.464 15.53 6.37 6.67 43.06 -7.30 -6.61 2.77 3.23 

l 0.618 15.40 6.50 6.80 42.88 -7.38 -6.70 2.78 3.25 

m 0.537 15.27 6.48 6.77 42.10 -7.63 -6.94 2.76 3.22 

n 0.574 13.67 6.46 6.76 37.80 -7.91 -7.22 2.77 3.23 

o 0.480 15.30 6.44 6.73 42.35 -7.80 -7.11 2.77 3.23 

p 0.450 15.26 6.54 6.84 42.00 -7.88 -7.19 2.75 3.21 

q 0.614 15.04 6.65 6.95 41.89 -9.06 -8.36 2.79 3.25 

 

Appendix table A. 21: M2 left mandible bos taurus, KNPM 274 

Sample 

17094 

Weight 

(mg) 

%N d 

15N/14N 

Std corrctd 

d 15N/14N 

%C d 

13C/12C 

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.582 15.91 5.32 5.65 43.69 -6.98 -6.70 2.75 3.20 

b 0.599 15.85 5.29 5.61 43.64 -6.70 -6.42 2.75 3.21 

c 0.604 15.73 5.24 5.56 43.48 -7.29 -7.00 2.76 3.23 

d 0.634 15.90 5.37 5.70 43.57 -6.77 -6.49 2.74 3.20 

e 0.621 16.15 5.15 5.47 44.38 -6.44 -6.16 2.75 3.21 

f 0.521 15.72 5.10 5.42 43.29 -6.62 -6.34 2.75 3.21 

g 0.604 15.61 4.26 4.57 42.60 -6.17 -5.89 2.73 3.18 

h 0.448 16.20 4.36 4.58 45.87 -7.19 -6.47 2.83 3.30 

i 0.450 16.08 4.69 4.91 44.44 -6.71 -5.99 2.76 3.22 

j 0.449 16.11 4.68 4.91 44.55 -6.65 -5.93 2.77 3.23 

k 0.459 15.96 5.69 5.93 44.10 -7.53 -6.81 2.76 3.22 

l 0.451 16.13 4.81 5.04 44.27 -6.48 -5.76 2.74 3.20 

m 0.455 16.06 4.99 5.22 44.05 -6.45 -5.73 2.74 3.20 

n 0.448 16.15 5.03 5.26 44.18 -6.33 -5.61 2.74 3.19 

o 0.449 16.00 5.33 5.57 44.12 -6.95 -6.23 2.76 3.22 

p 0.456 16.04 5.53 5.77 44.13 -6.79 -6.07 2.75 3.21 

q 0.455 16.12 5.47 5.71 44.23 -6.31 -5.59 2.74 3.20 

r 0.448 14.07 5.54 5.78 46.63 -10.14 -9.42 3.31 3.87 

s 0.466 16.14 5.54 5.78 44.21 -6.10 -5.38 2.74 3.20 

t 0.454 15.99 5.61 5.85 43.98 -6.27 -5.55 2.75 3.21 
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u 0.453 16.08 5.79 6.03 44.26 -6.19 -5.47 2.75 3.21 

v 0.447 15.82 5.71 5.95 43.60 -6.14 -5.42 2.76 3.21 

w 0.466 15.89 5.80 6.05 43.82 -6.24 -5.52 2.76 3.22 

 

Appendix table A. 22: Isotope signature from M2 right maxilla goat/sheep, KM1 096 

Sample 

17095 

Weight 

(mg) 

%N d 

15N/14N  

Std corrctd 

d 15N/14N 

 %C  d 

13C/12C 

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.633 15.63 6.66 6.95 42.62 -12.88 -12.15 2.73 3.18 

b 0.484 15.45 7.08 7.39 42.54 -14.17 -13.44 2.75 3.21 

c 0.513 15.32 7.21 7.51 42.03 -14.24 -13.50 2.74 3.20 

d 0.563 15.73 6.99 7.29 42.96 -14.84 -14.10 2.73 3.19 

e 0.499 15.39 7.88 8.19 42.08 -14.27 -13.53 2.73 3.19 

f 0.561 15.44 7.73 8.05 42.25 -14.43 -13.69 2.74 3.19 

g 0.519 15.37 7.73 8.05 42.13 -14.48 -13.74 2.74 3.20 

h 0.486 15.72 7.53 7.84 42.89 -14.68 -13.95 2.73 3.18 

i 0.505 15.77 7.57 7.88 43.20 -14.53 -13.79 2.74 3.20 

j 0.482 15.60 6.74 7.04 42.88 -15.06 -14.32 2.75 3.21 

k 0.480 14.51 6.73 7.03 41.11 -12.87 -12.15 2.83 3.31 

 

Appendix table A. 23: Isotope signatures from M2 right maxilla goat/sheep, KM1 097 

Sample 

17098 

Weight (mg) %N d 

15N/14N  

Std corrctd 

d 15N/14N 

 %C d 

13C/12C  

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.459 16.14 7.45 7.72 44.65 -12.64 -11.92 2.77 3.23 

b 0.457 15.83 8.43 8.72 43.64 -12.43 -11.71 2.76 3.22 

c 0.451 16.03 8.27 8.56 43.97 -12.90 -12.18 2.74 3.20 

d 0.453 16.07 8.13 8.42 44.18 -12.80 -12.08 2.75 3.21 

e 0.467 16.01 8.06 8.35 44.03 -12.67 -11.95 2.75 3.21 

f 0.465 16.08 7.52 7.80 44.27 -11.76 -11.04 2.75 3.21 

g 0.457 15.89 6.73 6.99 43.55 -11.31 -10.59 2.74 3.20 

h 0.465 15.91 7.41 7.69 43.84 -12.74 -12.02 2.76 3.21 

i 0.450 16.03 7.49 7.76 44.14 -13.46 -12.74 2.75 3.21 

j 0.458 15.97 7.18 7.45 43.83 -13.77 -13.05 2.74 3.20 

k 0.464 15.96 7.26 7.53 43.87 -13.82 -13.10 2.75 3.21 

l 0.451 15.95 7.49 7.77 43.82 -13.53 -12.81 2.75 3.20 

m 0.452 15.55 7.06 7.33 42.93 -14.83 -14.11 2.76 3.22 

n 0.447 15.80 7.29 7.56 43.31 -13.93 -13.21 2.74 3.20 

 

Appendix table A. 24: Isotope signatures from M1, M2 and M2 of sheep/goat, KNPM110, same individual as sample 17101 

Sample 

17102 M1 

Weight 

(mg) 

%N d 

15N/14N 

Std corrctd 

d 15N/14N 

%C d 

13C/12C 

Std corrctd 

d 13C/12C 

C:N ratio 

(by wt) 

C:N ratio 

elemental 

a 0.545 15.53 7.81 8.14 43.71 -18.26 -17.92 2.81 3.28 

b 0.650 15.61 8.05 8.38 43.65 -17.34 -17.01 2.80 3.26 

c 0.482 15.63 9.12 9.47 43.46 -17.78 -17.44 2.78 3.24 

d 0.491 15.62 9.05 9.39 43.34 -17.09 -16.77 2.78 3.24 

e 0.517 15.60 8.99 9.34 43.33 -17.23 -16.90 2.78 3.24 

f 0.494 15.84 8.83 9.17 43.68 -17.29 -16.96 2.76 3.22 

g 0.573 15.88 8.26 8.60 43.42 -16.64 -16.32 2.73 3.19 

h 0.555 15.72 8.64 8.98 43.18 -17.07 -16.75 2.75 3.20 

i 0.589 15.47 7.61 7.93 42.95 -13.73 -13.44 2.78 3.24 

j 0.618 15.75 8.62 8.96 43.20 -17.26 -16.93 2.74 3.20 

k 0.523 15.69 9.21 9.56 43.07 -17.57 -17.23 2.75 3.20 

l 0.576 15.56 8.92 9.26 42.81 -17.32 -16.99 2.75 3.21 
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m 0.540 15.67 9.22 9.57 43.09 -18.15 -17.81 2.75 3.21 

17103 M2          

a 0.550 15.86 7.96 8.25 44.15 -18.55 -17.83 2.78 3.25 

b 0.534 15.84 8.72 9.02 43.75 -18.87 -18.15 2.76 3.22 

c 0.505 16.14 9.16 9.46 44.48 -18.17 -17.45 2.76 3.21 

d 0.507 16.02 9.11 9.42 44.07 -18.50 -17.77 2.75 3.21 

e 0.524 15.78 9.38 9.69 43.33 -18.11 -17.39 2.75 3.20 

f 0.467 15.82 8.97 9.27 43.49 -18.53 -17.81 2.75 3.21 

g 0.640 15.83 9.17 9.48 43.40 -18.47 -17.74 2.74 3.20 

h 0.604 15.80 9.36 9.67 43.39 -18.46 -17.74 2.75 3.20 

i 0.499 15.77 8.97 9.27 43.32 -18.27 -17.55 2.75 3.21 

j 0.544 15.78 8.84 9.15 43.28 -18.00 -17.28 2.74 3.20 

k 0.509 15.20 8.68 8.98 41.64 -17.76 -17.04 2.74 3.20 

l 0.452 15.65 8.28 8.57 43.38 -17.62 -16.89 2.77 3.23 

m 0.613 15.38 8.35 8.64 42.49 -17.85 -17.13 2.76 3.22 

*n 0.532 11.11 7.80 8.08 31.27 -17.45 -16.73 2.81 3.28 

*o 0.459 2.33 7.77 8.05 7.64 -17.79 -17.07 3.27 3.82 

p 0.451 15.82 8.69 8.99 43.33 -17.93 -17.21 2.74 3.20 

17104 M3          

a 0.607 15.58 8.69 9.06 43.20 -17.69 -17.37 2.77 3.23 

b 0.613 15.84 8.73 9.11 43.61 -18.42 -18.09 2.75 3.21 

c 0.613 15.92 8.78 9.16 43.77 -18.52 -18.19 2.75 3.21 

d 0.451 15.64 8.80 9.18 42.92 -18.55 -18.22 2.74 3.20 

e 0.631 15.71 8.61 8.98 43.29 -18.16 -17.83 2.76 3.21 

f 0.654 15.67 8.62 9.00 43.08 -17.97 -17.64 2.75 3.21 

g 0.561 15.71 8.62 9.00 43.07 -17.73 -17.40 2.74 3.20 

h 0.614 15.64 8.48 8.85 43.12 -17.71 -17.39 2.76 3.22 

i 0.528 15.59 8.55 8.92 42.83 -17.89 -17.57 2.75 3.21 

j 0.625 15.25 8.53 8.90 42.05 -17.81 -17.48 2.76 3.22 

k 0.543 15.60 8.63 9.00 43.04 -18.09 -17.77 2.76 3.22 

l 0.493 15.61 8.55 8.93 43.01 -17.73 -17.40 2.76 3.22 

m 0.457 15.71 8.68 9.06 43.23 -18.03 -17.71 2.75 3.21 

n 0.584 16.11 8.49 8.86 44.23 -17.59 -17.27 2.75 3.20 

o 0.488 15.80 8.43 8.80 43.63 -17.59 -17.27 2.76 3.22 

p 0.634 15.70 8.93 9.31 43.07 -17.70 -17.38 2.74 3.20 

q 0.600 15.75 8.91 9.28 43.31 -17.85 -17.53 2.75 3.21 

r 0.490 15.79 9.16 9.55 43.38 -17.90 -17.57 2.75 3.20 

s 0.654 15.58 8.92 9.30 42.77 -17.76 -17.43 2.75 3.20 

t 0.508 15.61 8.90 9.28 42.84 -17.82 -17.49 2.75 3.20 

u 0.506 15.12 7.58 7.94 42.06 -17.26 -16.94 2.78 3.25 

*17103 N and O are invalid 

Appendix table A. 25: Isotope signatures from M1, M2 and M2 of sheep/goat, KM1 095, same individual as sample 17105 

Sample 

17106 

M1 

Weight 

(mg) 

%N d 

15N/14N 

Std 

corrctd d 

15N/14N 

%C d 

13C/12C 

Std 

corrctd d 

13C/12C 

C:N 

ratio (by 

wt) 

C:N ratio 

elemental 

a 0.491 15.38 4.81 5.08 42.20 -9.16 -8.46 2.74 3.20 

b 0.650 15.42 5.10 5.37 42.60 -7.49 -6.80 2.76 3.22 

c 0.562 15.50 5.64 5.92 42.50 -7.80 -7.11 2.74 3.20 

d 0.492 14.49 7.38 7.69 46.02 -12.39 -11.67 3.18 3.71 

e 0.591 15.45 6.81 7.12 42.30 -9.02 -8.32 2.74 3.19 

f 0.554 15.52 6.99 7.30 42.38 -9.85 -9.15 2.73 3.19 

g 0.522 15.65 7.29 7.60 42.66 -9.64 -8.93 2.73 3.18 
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h 0.582 15.62 7.18 7.48 42.37 -10.04 -9.33 2.71 3.16 

*i 0.517 3.25 6.17 6.46 9.18 -8.25 -7.56 2.83 3.30 

j 0.527 15.67 7.04 7.34 42.80 -9.15 -8.45 2.73 3.19 

k 0.554 15.55 7.02 7.32 42.27 -8.82 -8.12 2.72 3.17 

l 0.504 15.67 6.86 7.16 42.98 -8.20 -7.51 2.74 3.20 

m 0.578 15.40 7.02 7.32 42.13 -8.46 -7.77 2.73 3.19 

n 0.449 15.41 6.87 7.18 42.13 -8.42 -7.73 2.73 3.19 

o 0.538 15.64 6.54 6.84 42.50 -7.52 -6.83 2.72 3.17 

p 0.554 15.60 6.86 7.16 42.45 -8.13 -7.44 2.72 3.18 

q 0.513 15.49 7.17 7.47 42.33 -9.00 -8.30 2.73 3.19 

r 0.569 15.36 6.09 6.37 42.05 -7.14 -6.45 2.74 3.19 

s 0.495 15.73 6.09 6.38 42.86 -6.95 -6.26 2.72 3.18 

t 0.588 15.54 5.83 6.11 42.60 -7.68 -6.99 2.74 3.20 

u 0.517 15.48 5.90 6.18 43.23 -8.03 -7.34 2.79 3.26 

v 0.552 15.43 5.70 5.98 42.35 -7.36 -6.68 2.75 3.20 

17107 

M2 

         

a 0.460 15.30 6.21 6.55 41.91 -8.55 -8.26 2.74 3.20 

b 0.530 15.73 6.28 6.62 43.07 -7.66 -7.37 2.74 3.19 

c 0.561 15.83 6.45 6.79 43.34 -7.53 -7.24 2.74 3.19 

d 0.576 15.63 6.80 7.15 42.86 -7.67 -7.39 2.74 3.20 

e 0.638 15.78 6.91 7.25 43.12 -7.99 -7.70 2.73 3.19 

f 0.550 15.69 7.04 7.39 42.84 -8.95 -8.66 2.73 3.18 

g 0.549 15.75 7.23 7.58 43.06 -9.46 -9.17 2.73 3.19 

h 0.534 15.80 7.02 7.37 43.31 -9.92 -9.62 2.74 3.20 

i 0.498 15.10 6.98 7.33 41.29 -10.33 -10.04 2.73 3.19 

j 0.567 15.78 6.95 7.30 43.19 -9.71 -9.41 2.74 3.19 

k 0.584 15.96 6.83 7.18 43.54 -9.65 -9.36 2.73 3.18 

l 0.623 15.78 6.96 7.30 43.18 -9.15 -8.86 2.74 3.19 

m 0.649 15.83 6.73 7.07 43.41 -8.96 -8.67 2.74 3.20 

n 0.551 16.14 7.08 7.43 44.17 -8.57 -8.28 2.74 3.19 

o 0.452 15.92 6.63 6.97 43.49 -8.58 -8.29 2.73 3.19 

p 0.450 15.49 7.19 7.54 42.40 -8.71 -8.42 2.74 3.19 

q 0.628 15.97 6.88 7.23 43.54 -8.20 -7.91 2.73 3.18 

17108 

M3 

         

a 0.461 15.48 6.83 7.18 44.40 -8.84 -8.55 2.87 3.35 

b 0.453 15.54 6.65 6.99 42.61 -8.67 -8.38 2.74 3.20 

c 0.460 15.78 6.83 7.18 43.33 -9.24 -8.95 2.75 3.20 

d 0.454 16.42 6.41 6.75 44.85 -9.67 -9.38 2.73 3.19 

e 0.448 15.68 5.53 5.86 42.91 -9.34 -9.05 2.74 3.19 

f 0.456 15.58 5.75 6.08 42.73 -9.97 -9.68 2.74 3.20 

g 0.448 15.62 5.42 5.75 42.90 -8.83 -8.54 2.75 3.20 

h 0.463 14.50 5.35 5.67 39.90 -7.92 -7.63 2.75 3.21 

*i 0.465 17.26 5.01 5.33 47.25 -8.26 -7.98 2.74 3.19 

j 0.453 16.16 5.26 5.58 44.36 -8.56 -8.27 2.74 3.20 

k 0.460 15.61 5.32 5.64 42.52 -7.50 -7.22 2.72 3.18 

l 0.465 15.76 5.62 5.95 43.44 -7.79 -7.51 2.76 3.22 

m 0.455 15.29 5.74 6.07 41.95 -6.91 -6.63 2.74 3.20 

n 0.452 15.49 4.50 4.81 43.28 -8.79 -8.51 2.79 3.26 

o 0.459 16.50 5.81 6.14 45.22 -7.01 -6.73 2.74 3.20 

p 0.454 15.39 4.78 5.09 42.95 -8.11 -7.82 2.79 3.26 

q 0.456 15.62 5.86 6.19 42.86 -7.23 -6.95 2.74 3.20 

*invalid samples 
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A.2.1 Standard values 

These are the statistics for the standards Merck gel, Chocolate, Valine and Seal bone. 

Appendix table A. 26: Isotope readings of the standards 

Standard Wt(mg) %N δ15N 
Std.corr. 

δ15N 
%C δ13C 

Std.corr. 

δ13C 
C:N 

C:N 

elemental 

Merck Gel 0,415 15,39 7,26 7,50 42,83 -21,40 -20,47 2,78 3,25 
 0,469 15,29 7,30 7,55 42,22 -21,39 -20,46 2,76 3,22 
 0,565 14,63 7,34 7,59 40,94 -21,37 -20,45 2,80 3,26 
 0,648 15,42 7,19 7,43 42,92 -21,56 -20,64 2,78 3,25 
 0,460 15,97 7,21 7,45 44,44 -21,50 -20,58 2,78 3,25 
 0,534 14,83 7,24 7,49 41,33 -21,47 -20,54 2,79 3,25 
 0,480 15,19 7,16 7,40 42,35 -21,08 -20,15 2,79 3,25 
 0,501 15,39 7,19 7,43 42,86 -21,03 -20,53 2,79 3,25 
 0,596 15,30 7,16 7,41 42,71 -20,77 -20,27 2,79 3,26 
 0,534 14,87 7,23 7,47 41,41 -20,76 -20,27 2,79 3,25 
 0,648 15,19 7,17 7,42 42,30 -20,72 -20,22 2,79 3,25 
 0,539 15,37 7,25 7,49 42,76 -20,72 -20,23 2,78 3,25 
 0,470 15,27 7,18 7,42 42,31 -20,76 -20,27 2,77 3,23 
 0,469 15,56 7,26 7,57 43,25 -21,10 -20,32 2,78 3,24 
 0,452 15,51 7,24 7,55 43,33 -21,18 -20,39 2,79 3,26 
 0,460 15,58 7,17 7,47 43,66 -21,21 -20,43 2,80 3,27 
 0,458 15,48 7,20 7,51 43,04 -21,38 -20,59 2,78 3,24 
 0,460 15,26 7,23 7,54 42,19 -21,15 -20,37 2,77 3,23 
 0,550 15,03 7,25 7,56 41,89 -21,17 -20,39 2,79 3,25 
 0,549 15,50 7,20 7,51 43,18 -20,98 -20,20 2,79 3,25 
 0,509 15,51 7,13 7,43 42,99 -20,95 -20,16 2,77 3,23 
 0,473 15,62 7,17 7,48 43,48 -21,00 -20,22 2,78 3,25 
 0,635 11,33 7,15 7,45 31,50 -21,00 -20,22 2,78 3,24 
 0,507 16,51 7,39 7,67 46,49 -21,68 -20,87 2,82 3,29 
 0,631 16,01 7,30 7,58 44,63 -21,51 -20,70 2,79 3,25 
 0,566 15,73 7,22 7,51 43,59 -21,25 -20,44 2,77 3,23 
 0,526 13,23 7,26 7,54 37,01 -21,51 -20,71 2,80 3,26 
 0,538 14,48 7,24 7,52 40,03 -21,11 -20,31 2,76 3,23 
 0,575 11,35 7,24 7,52 31,36 -21,20 -20,39 2,76 3,22 
 0,441 15,76 7,22 7,51 43,46 -21,22 -20,42 2,76 3,22 
 0,542 15,77 7,26 7,54 43,81 -20,90 -20,10 2,78 3,24 
 0,483 14,23 7,17 7,45 39,51 -21,02 -20,21 2,78 3,24 
 0,571 15,81 7,22 7,51 43,80 -21,05 -20,24 2,77 3,23 
 0,454 17,27 7,25 7,54 47,67 -21,02 -20,22 2,76 3,22 
 0,513 15,33 7,24 7,52 42,43 -21,01 -20,20 2,77 3,23 
 0,450 14,31 7,19 7,55 40,14 -20,87 -20,49 2,80 3,27 
 0,615 15,35 7,21 7,58 42,74 -20,77 -20,39 2,78 3,25 
 0,537 15,11 7,25 7,62 42,03 -20,77 -20,39 2,78 3,25 
 0,643 12,63 7,18 7,54 35,13 -20,80 -20,42 2,78 3,24 
 0,519 15,33 7,11 7,47 42,69 -20,57 -20,19 2,79 3,25 
 0,601 15,11 7,14 7,50 42,07 -20,63 -20,25 2,78 3,25 
 0,521 15,35 7,17 7,53 42,77 -20,64 -20,26 2,79 3,25 
 0,466 15,15 7,10 7,46 42,52 -20,57 -20,19 2,81 3,27 
 0,507 15,07 7,09 7,45 42,05 -20,71 -20,33 2,79 3,25 
 0,475 15,10 7,12 7,48 42,22 -20,73 -20,35 2,80 3,26 
 0,565 15,23 7,12 7,48 42,40 -20,54 -20,16 2,78 3,25 
 0,504 14,39 7,17 7,48 39,94 -20,54 -20,17 2,77 3,24 
 0,531 15,16 7,23 7,55 42,07 -20,69 -20,31 2,78 3,24 
 0,509 15,21 7,20 7,51 42,28 -20,71 -20,34 2,78 3,24 
 0,491 15,21 7,24 7,55 42,39 -20,79 -20,41 2,79 3,25 
 0,606 15,23 7,18 7,50 42,37 -20,62 -20,25 2,78 3,25 

Merck gel 0,620 15,42 7,12 7,43 43,03 -20,62 -20,25 2,79 3,26 
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Standard Wt(mg) %N δ15N 
Std.corr. 

δ15N 
%C δ13C 

Std.corr. 

δ13C 
C:N 

C:N 

elemental 

Merck gel 0,534 15,36 7,26 7,58 42,62 -20,69 -20,32 2,78 3,24 
 0,456 15,04 7,20 7,51 41,68 -20,67 -20,30 2,77 3,23 
 0,520 13,06 7,23 7,54 36,50 -20,74 -20,37 2,80 3,26 
 0,632 15,35 7,18 7,50 42,51 -20,61 -20,23 2,77 3,23 
 0,458 14,29 7,26 7,57 39,77 -20,77 -20,40 2,78 3,25 
 0,530 15,40 7,27 7,62 42,98 -20,73 -20,40 2,79 3,26 
 0,498 15,04 7,22 7,57 41,93 -20,66 -20,32 2,79 3,25 
 0,485 15,06 7,21 7,56 42,14 -20,70 -20,36 2,80 3,27 
 0,490 13,63 7,18 7,53 38,08 -20,65 -20,32 2,79 3,26 
 0,540 16,46 7,19 7,54 46,02 -20,66 -20,33 2,80 3,26 
 0,470 15,22 7,15 7,50 42,44 -20,64 -20,31 2,79 3,25 
 0,622 15,15 7,15 7,50 42,34 -20,67 -20,33 2,79 3,26 
 0,460 15,15 7,15 7,50 42,37 -20,59 -20,25 2,80 3,26 
 0,469 15,41 7,13 7,48 42,92 -20,71 -20,37 2,78 3,25 
 0,617 15,05 7,21 7,49 42,09 -20,90 -20,18 2,80 3,26 
 0,463 15,64 7,30 7,57 43,54 -20,85 -20,13 2,78 3,25 
 0,634 15,47 7,29 7,56 43,07 -20,86 -20,14 2,78 3,25 
 0,456 15,59 7,32 7,59 43,43 -20,98 -20,26 2,79 3,25 
 0,593 15,54 7,17 7,44 43,30 -20,93 -20,20 2,79 3,25 
 0,464 15,37 7,16 7,43 42,84 -20,94 -20,22 2,79 3,25 
 0,554 15,09 7,22 7,50 42,02 -20,91 -20,19 2,79 3,25 
 0,489 14,81 7,19 7,46 41,38 -21,28 -20,56 2,79 3,26 
 0,472 15,43 7,13 7,40 43,07 -21,27 -20,55 2,79 3,26 
 0,480 15,59 7,20 7,47 43,59 -20,94 -20,22 2,80 3,26 

Merck gel 0,432 15,65 7,20 7,47 43,16 -21,00 -20,28 2,76 3,22 
Chocolate 0,720 11,73 4,16 4,37 44,71 -18,52 -17,80 3,81 4,45 

 0,739 12,29 4,09 4,30 46,18 -18,39 -17,67 3,76 4,38 
 0,734 12,00 4,12 4,34 45,22 -18,40 -17,68 3,77 4,40 
 0,630 10,88 4,12 4,34 41,07 -18,22 -17,50 3,78 4,41 
 0,678 12,09 4,03 4,24 46,36 -18,69 -17,97 3,83 4,47 
 0,664 11,74 4,00 4,22 44,39 -18,72 -18,00 3,78 4,41 
 0,669 11,81 4,07 4,29 45,45 -18,63 -17,91 3,85 4,49 
 0,688 12,15 4,02 4,24 46,04 -18,38 -17,66 3,79 4,42 
 0,754 11,92 3,97 4,27 45,23 -18,02 -17,69 3,79 4,43 
 0,654 11,38 3,99 4,29 43,22 -18,09 -17,77 3,80 4,43 
 0,608 11,97 3,99 4,29 45,49 -18,08 -17,75 3,80 4,43 
 0,618 11,95 3,96 4,26 45,22 -17,98 -17,66 3,78 4,41 
 0,693 11,86 3,96 4,27 45,04 -18,01 -17,69 3,80 4,43 
 0,709 11,90 3,96 4,26 45,37 -18,00 -17,67 3,81 4,45 
 0,672 11,93 3,94 4,25 45,29 -17,93 -17,60 3,80 4,43 
 0,686 11,80 3,94 4,24 44,79 -18,01 -17,69 3,79 4,43 
 0,677 12,02 4,00 4,31 45,45 -17,97 -17,64 3,78 4,41 
 0,639 11,87 3,94 4,25 45,00 -17,92 -17,59 3,79 4,42 
 0,553 12,11 4,03 4,29 45,65 -18,10 -17,76 3,77 4,40 
 0,688 11,87 4,05 4,31 44,89 -18,01 -17,67 3,78 4,41 
 0,711 11,86 4,11 4,37 45,61 -18,04 -17,70 3,85 4,49 
 0,666 11,86 4,01 4,27 45,18 -18,13 -17,79 3,81 4,44 
 0,620 11,66 4,03 4,29 44,73 -17,93 -17,59 3,84 4,48 
 0,592 11,98 4,01 4,27 45,10 -18,01 -17,67 3,76 4,39 
 0,650 12,08 3,97 4,23 45,71 -17,89 -17,55 3,78 4,42 
 0,653 11,95 3,96 4,22 45,48 -17,92 -17,58 3,81 4,44 
 0,612 11,88 4,00 4,26 44,76 -18,08 -17,74 3,77 4,40 
 0,636 11,97 3,98 4,24 45,09 -18,02 -17,68 3,77 4,39 
 0,695 12,07 3,94 4,25 45,52 -18,26 -17,89 3,77 4,40 
 0,750 12,20 4,03 4,34 46,34 -18,07 -17,69 3,80 4,43 
 0,572 12,14 4,03 4,34 45,98 -18,05 -17,67 3,79 4,42 
 0,711 12,12 3,91 4,22 45,94 -18,05 -17,67 3,79 4,42 

Chocolate 0,528 11,96 3,93 4,23 45,52 -18,25 -17,87 3,81 4,44 
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Standard Wt(mg) %N δ15N 
Std.corr. 

δ15N 
%C δ13C 

Std.corr. 

δ13C 
C:N 

C:N 

elemental 

Chocolate 0,595 11,89 3,93 4,23 45,09 -18,09 -17,71 3,79 4,42 
 0,593 12,00 3,94 4,25 45,33 -18,01 -17,64 3,78 4,41 
 0,728 11,92 4,02 4,33 45,36 -18,22 -17,84 3,80 4,44 
 0,608 12,02 3,97 4,28 45,46 -18,06 -17,69 3,78 4,41 
 0,681 10,46 4,00 4,30 39,65 -18,14 -17,76 3,79 4,42 
 0,746 11,98 4,06 4,28 45,44 -18,51 -17,71 3,79 4,43 
 0,680 12,56 4,07 4,29 47,65 -18,44 -17,64 3,79 4,42 
 0,491 12,43 3,99 4,21 46,63 -18,54 -17,74 3,75 4,38 
 0,676 12,12 4,03 4,25 45,59 -18,46 -17,66 3,76 4,39 
 0,609 12,30 4,12 4,34 46,64 -18,56 -17,76 3,79 4,42 
 0,687 12,36 4,04 4,27 46,82 -18,27 -17,47 3,79 4,42 
 0,714 12,14 3,99 4,21 45,90 -18,42 -17,62 3,78 4,41 
 0,646 10,72 4,11 4,33 40,87 -18,51 -17,71 3,81 4,45 
 0,700 12,24 3,96 4,18 46,46 -18,34 -17,53 3,79 4,43 
 0,615 12,09 4,06 4,32 45,97 -18,66 -17,89 3,80 4,43 
 0,640 11,84 4,07 4,32 45,00 -18,65 -17,88 3,80 4,44 
 0,650 12,36 4,02 4,28 46,81 -18,67 -17,90 3,79 4,42 
 0,754 11,80 4,01 4,26 44,47 -18,25 -17,49 3,77 4,40 
 0,645 11,88 4,00 4,26 44,81 -18,38 -17,62 3,77 4,40 

Chocolate 0,685 11,58 3,99 4,24 44,01 -18,47 -17,70 3,80 4,43 
Seal 0,629 11,74 15,30 15,74 32,24 -12,71 -11,74 2,75 3,20 

 0,587 11,26 15,38 15,82 30,92 -12,85 -11,88 2,74 3,20 
 0,578 11,72 15,39 15,84 31,94 -12,37 -11,89 2,72 3,18 
 0,553 11,70 15,40 15,84 32,01 -12,33 -11,84 2,74 3,19 
 0,540 11,64 15,38 15,83 31,72 -12,29 -11,81 2,73 3,18 
 0,605 11,10 15,23 15,66 30,34 -12,54 -12,05 2,73 3,19 
 0,625 11,83 15,39 15,83 32,18 -12,30 -11,82 2,72 3,17 
 0,614 11,98 15,41 15,85 32,77 -12,77 -12,05 2,74 3,19 
 0,488 11,65 15,28 15,72 32,02 -12,56 -11,84 2,75 3,21 
 0,652 11,07 15,31 15,75 30,08 -12,61 -11,89 2,72 3,17 
 0,461 11,37 15,34 15,78 31,09 -12,48 -11,76 2,73 3,19 
 0,636 11,29 15,39 15,83 30,66 -12,42 -11,70 2,72 3,17 
 0,651 11,70 15,32 15,76 31,68 -12,50 -11,77 2,71 3,16 
 0,510 11,88 15,33 15,77 32,32 -12,70 -11,97 2,72 3,17 
 0,535 15,40 7,18 7,46 42,62 -21,18 -20,37 2,77 3,23 
 0,448 11,02 15,33 15,76 30,07 -12,85 -12,06 2,73 3,18 
 0,613 12,07 15,39 15,82 32,75 -12,34 -11,55 2,71 3,16 
 0,600 10,35 15,34 15,77 28,04 -12,52 -11,73 2,71 3,16 
 0,463 11,80 15,37 15,80 32,03 -12,55 -11,75 2,71 3,17 
 0,591 11,65 15,28 15,71 31,93 -12,90 -12,11 2,74 3,20 
 0,533 12,04 15,36 15,79 33,38 -12,91 -12,11 2,77 3,23 
 0,612 11,83 15,28 15,78 32,34 -12,17 -11,80 2,73 3,19 
 0,490 11,52 15,25 15,75 31,58 -12,17 -11,81 2,74 3,20 
 0,541 11,72 15,29 15,79 32,02 -12,25 -11,88 2,73 3,19 
 0,521 11,26 15,27 15,77 30,99 -12,23 -11,86 2,75 3,21 
 0,644 11,64 15,30 15,79 31,92 -12,17 -11,81 2,74 3,20 
 0,635 11,60 15,35 15,84 31,51 -12,04 -11,67 2,72 3,17 
 0,552 12,03 15,27 15,77 32,86 -12,58 -12,21 2,73 3,19 
 0,564 11,69 15,38 15,83 31,88 -12,14 -11,87 2,73 3,18 
 0,552 11,70 15,29 15,75 32,04 -12,28 -12,01 2,74 3,20 
 0,454 12,65 15,31 15,77 34,53 -12,16 -11,90 2,73 3,18 
 0,492 11,95 15,34 15,80 32,46 -12,12 -11,86 2,72 3,17 
 0,488 11,23 15,32 15,78 30,61 -12,30 -12,03 2,73 3,18 
 0,545 11,65 15,37 15,82 31,62 -12,11 -11,84 2,71 3,17 
 0,628 11,76 15,32 15,77 31,94 -12,11 -11,84 2,72 3,17 
 0,550 11,50 15,35 15,83 31,26 -12,18 -11,88 2,72 3,17 
 0,461 11,67 15,26 15,73 31,87 -12,22 -11,92 2,73 3,19 

Seal 0,485 11,51 15,32 15,79 31,32 -12,17 -11,87 2,72 3,17 
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Standard Wt(mg) %N δ15N 
Std.corr. 

δ15N 
%C δ13C 

Std.corr. 

δ13C 
C:N 

C:N 

elemental 

Seal 0,537 11,53 15,30 15,77 31,40 -12,12 -11,82 2,72 3,18 
 0,515 11,63 15,31 15,78 31,65 -12,07 -11,76 2,72 3,18 
 0,577 11,74 15,28 15,76 31,88 -12,16 -11,86 2,72 3,17 
 0,654 11,60 15,30 15,77 32,36 -12,47 -12,17 2,79 3,25 
 0,576 11,42 15,48 15,90 30,91 -12,50 -11,78 2,71 3,16 
 0,479 11,78 15,39 15,81 32,01 -12,48 -11,76 2,72 3,17 
 0,474 11,95 15,40 15,82 32,43 -12,53 -11,81 2,71 3,17 
 0,622 11,62 15,38 15,80 31,70 -12,88 -12,16 2,73 3,18 
 0,479 11,53 15,31 15,73 31,32 -12,72 -12,00 2,72 3,17 
 0,525 10,95 15,27 15,69 29,86 -12,48 -11,76 2,73 3,18 

Seal 0,414 12,13 15,36 15,78 32,87 -12,48 -11,76 2,71 3,16 
Valine 0,605 13,06 11,93 12,29 55,76 -27,37 -26,65 4,27 4,98 

 0,635 11,74 11,87 12,23 50,40 -27,26 -26,54 4,29 5,01 
 0,603 11,94 11,83 12,18 51,13 -27,55 -26,82 4,28 4,99 
 0,588 11,99 11,83 12,18 51,47 -27,41 -26,69 4,29 5,01 
 0,418 12,27 11,84 12,20 52,45 -27,35 -26,63 4,27 4,99 
 0,579 11,87 11,81 12,23 51,05 -27,00 -26,64 4,30 5,02 
 0,518 11,96 11,76 12,18 51,26 -27,08 -26,71 4,28 5,00 
 0,538 12,00 11,81 12,23 51,21 -27,09 -26,72 4,27 4,98 
 0,625 12,01 11,83 12,25 51,50 -26,97 -26,61 4,29 5,00 
 0,583 12,03 11,86 12,25 51,75 -27,15 -26,69 4,30 5,02 
 0,641 11,82 11,81 12,20 50,59 -27,14 -26,69 4,28 4,99 
 0,615 12,03 11,79 12,18 51,53 -27,09 -26,64 4,29 5,00 
 0,508 11,97 11,80 12,19 51,21 -27,18 -26,73 4,28 4,99 
 0,537 12,02 11,83 12,27 51,33 -27,16 -26,77 4,27 4,98 
 0,491 11,77 11,78 12,22 50,47 -26,99 -26,60 4,29 5,00 
 0,478 11,99 11,70 12,14 51,63 -27,06 -26,67 4,31 5,02 
 0,551 12,05 11,80 12,24 51,58 -26,97 -26,58 4,28 5,00 
 0,457 11,70 11,93 12,30 50,02 -27,62 -26,80 4,28 4,99 
 0,643 11,91 11,91 12,27 50,96 -27,50 -26,69 4,28 4,99 
 0,613 12,20 11,77 12,14 52,28 -27,41 -26,60 4,28 5,00 
 0,629 11,97 11,82 12,18 51,47 -27,28 -26,47 4,30 5,02 
 0,453 12,53 11,90 12,28 53,55 -27,69 -26,86 4,27 4,98 
 0,505 8,87 11,81 12,19 38,24 -27,58 -26,75 4,31 5,03 
 0,457 11,68 11,79 12,17 50,07 -27,48 -26,65 4,29 5,00 
 0,620 12,18 11,83 12,21 52,10 -27,40 -26,57 4,28 4,99 
 0,650 11,86 11,85 12,23 50,90 -27,31 -26,48 4,29 5,01 
 0,654 11,41 11,83 12,21 48,96 -27,40 -26,57 4,29 5,01 
 0,507 12,27 11,87 12,26 52,70 -27,44 -26,61 4,29 5,01 
 0,479 11,77 11,91 12,27 50,51 -27,54 -26,64 4,29 5,00 
 0,537 11,76 11,94 12,29 50,26 -27,42 -26,52 4,27 4,98 
 0,650 12,04 11,84 12,20 51,61 -27,18 -26,67 4,29 5,00 
 0,460 12,09 11,87 12,23 51,82 -27,14 -26,64 4,29 5,00 
 0,600 12,13 11,84 12,19 52,01 -27,12 -26,61 4,29 5,00 
 0,614 12,16 11,83 12,19 52,18 -27,19 -26,68 4,29 5,01 

Valine 0,462 11,65 11,82 12,17 49,95 -27,34 -26,84 4,29 5,00 

 

 

 


