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Chapter 1. General introduction 

ñOur evidence for the past, whether recent or distant, is 

constantly being diminished by the unremitting processes 

of decay and destruction. The forces of destruction and 

deterioration range in scale from the wholesale 

obliteration of landscapes [...] to the more subtle agencies 

of transformation and disintegration that steadily erode 

manôs remains in the buried environment. Often the loss is 

so great that it seems impossible to reconstruct with 

confidence manôs activities in the past. Despair is, 

however, unwarranted. [...] When the mechanisms of 

reduction and the decayed fragments of evidence are 

examined systematically a wealth of information is 

revealed...ò 

Preface of Death, Decay, and Reconstruction: Approaches 

to Archaeology and Forensic Sciences by Boddington et 

al. (1987). 

1. HOMININ FOSSILS FROM SOUTH AFRICAN CAVE DEPOSITS 

 Fossil-bearing cave deposits of South Africa have produced one of the most 

abundant collections of early hominins and associated fauna for the Plio-Pleistocene. The 

caves have accumulated and preserved the bones of several different genera and species 

of early hominins (Australopithecus africanus, Australopithecus άǎŜŎƻƴŘ ǎǇŜŎƛŜǎέ, 

Australopithecus sediba, Paranthropus robustus, early Homo, and Homo ergaster) and 

modern humans (Homo sapiens sapiens), contributing to enrich our general 

understanding of hominin evolution (Dart, 1925; Broom, 1938; Robinson, 1953, 1961; 

Clarke, 1985; Berger et al., 2010). South African cave deposits cover a period that begins in 

the early Pliocene ό²ŀȅ tƻƛƴǘ мсл ŀǘ .ƻƭǘΩǎ CŀǊƳΤ {ŞƴŞƎŀǎ and Avery, 1998) to the present 

(de Ruiter and Berger, 2000). To date, 17 Plio-Pleistocene fossil-bearing localities from 



2 
 

cave deposits ƘŀǾŜ ǳƴŘŜǊƎƻƴŜ ŜȄŎŀǾŀǘƛƻƴǎ ό.ƻƭǘΩǎ CŀǊƳΣ .ǳŦŦŀƭƻ /ŀǾŜΣ /ƻƻǇŜǊΩǎΣ 5ǊƛƳƻƭŜƴΣ 

Gladysvale, Gondolin, Haasgat, Kromdraai, Luleche, Makapansgat, Malapa, Minnaars, 

Motsetse, Plovers Lake, Sterkfontein, Swartkrans and Taung) (Eitzman, 1958; Brain, 1981, 

1993; Hendey, 1981; Keyser and Martini, 1990; Keyser, 1991; Berger et al., 1993; McKee 

and Tobias, 1994; Keyser et al., 2000; Berger and Lacruz, 2003; Berger et al., 2003; Brophy, 

2004; Hilton-Barber and Berger, 2004; Adams, 2006; Adams et al., 2007a, 2007b; 

Thackeray et al., 2008; de Ruiter et al., 2009; Dirks et al., 2010; Gommery et al., 2012). 

Most of these cave sites are composed of several distinct layers or deposits with different 

genesis and ages, such as Sterkfontein (13 deposits: Members 1Σ нΣ оΣ пΣ р ά{ǘ² роέΣ р 

ά9ŀǎǘ LƴŦƛƭƭέΣ р ά²Ŝǎǘ LƴŦƛƭƭέΣ р άhƭŘƻǿŀƴ LƴŦƛƭƭέ, 6, Lincoln Cave North and Lincoln Cave 

South, Name Chamber, Silberberg Grotto and Jacovec Cavern; Brain, 1981; Kuman and 

Clarke, 2000; Kibii, 2004; Reynolds and Kibii, 2011), Swartkrans (six deposits: Member 1 

άLower Bankέ, Member 1 άHanging Remnantέ, Members 2 to 5; Brain, 1981, 1993), 

/ƻƻǇŜǊΩǎ όǘƘǊŜŜ ŘŜǇƻǎƛǘǎΥ !Σ . ŀƴŘ 5Τ ŘŜ wǳƛǘŜǊ et al., 2009), Kromdraai (two deposits: A 

and B; Brain, 1981), Gondolin (three deposits: 1, 2 and A; Adams, 2006), Gladysvale (two 

deposits: the internal roofed section, GVID, Gladysvale Internal Deposits; and the external 

de-roofed section , GVED, Gladysvale External Deposits; Lacruz, 2002; Lacruz et al., 2002; 

Pickering, 2005; Pickering et alΦΣ нллтύΣ .ƻƭǘΩǎ CŀǊƳ όно ŘŜǇƻǎƛǘǎΤ ¢ƘŀŎƪŜǊŀȅ et al., 2008), 

Taung (ten deposits, inŎƭǳŘƛƴƎ ŦƛǾŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ά5ŀǊǘ ŘŜǇƻǎƛǘǎέΣ 5-A to D-E; and five in 

ǘƘŜ άIǊŘƭƛőƪŀ ŘŜǇƻǎƛǘǎέΣ I-A to H-E; Peabody, 1954; McKee, 1993; McKee and Tobias, 

1994), and Makapansgat (five Plio-Pleistocene deposits from the Limeworks 

Australopithecine site, namely Members 1A, 1B, 2, 3 and 4; and the archaeological 

deposits from the Cave of Hearths, Historic Cave, and Rainbow Cave; Latham et al., 1999; 

Latham and Herries, 2004). A recent campaign of prospecting in the Cradle of Humankind 

has revealed the presence of 96 other fossil-bearing sites yet to be excavated, including 15 

sites containing hominin or archaeological remains (Dirks and Berger, 2012). The 

abundance of fossil hominins and associated fauna (ungulates, carnivores, rodents, 

microfauna, reptiles and birds) has allowed an extremely rich and diverse field of 
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palaeontological studies to develop. Numerous aspects of past life and landscapes can be 

explored (e.g. environment, habitat, ecology, behaviour, diet, biomechanics and 

locomotion) and numerous questions regarding the evolutionary pattern of our ancestors, 

such as understanding the mechanisms of speciation and extinction events, as well as 

their adaptation skills and responses to their changing environment, may be addressed. 

2. TAPHONOMIC ISSUES 

 The preservation of such an important fossil record can be explained by the way 

bones accumulated in the deposits, promoted by the existence of complex sub-surface 

and underground dolomitic cave systems, which collected skeletons of hominins and 

other animals, as well as the geochemical processes associated with the dissolution and 

precipitation of limestone, which enhanced the preservation of the fossils. Hence, the 

fossil assemblages recovered in cave deposits offer snapshots of the environment and 

living fauna through time. However, they may literally represent snapshots of single 

events, or they may be the result of long term accumulation processes, which took place 

over hundreds or thousands of years. Because of the nature of bone accumulation within 

caves, the question of the representativeness of these fossil assemblages as indicative of 

once living ecosystems needs to be addressed. Different biological and physical agents 

participate in the formation of fossil deposits in caves, such as carnivores, birds of prey, 

rodents, hominins, flooding, collapse, and rainfall. Each of these agents accumulates and 

modifies bones in a selective way. Furthermore, they occur alternatively and/or in 

combination with one another (in other words, it is extremely seldom to find an 

assemblage exclusively accumulated by leopards for instance, or an assemblage exclusively 

accumulated by the action of water transporting bones inside a cave). Timing of bone 

accumulation in caves is also difficult to estimate, since these processes tend to be gradual 

and can take place for years rather than as a single quick event. Consequently, 

understanding the taphonomy of a fossil assemblage, or, as first defined by the 

palaeontologist Efremov, understanding the study of the transition of once living elements 
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from the biosphere to the lithosphere (Efremov, 1940), is a necessary prerequisite to any 

palaeontological analysis. Taphonomic agents have various effects on a bone assemblage 

and condition a lot of aspects of the assemblage itself, such as the composition of the 

faunal spectrum, frequencies of different body parts, type of mortality profile, spatial 

distribution of the remains within the deposit and modifications observed on the bones. 

All these elements constitute the bases of palaeoenvironment and palaeohabitat 

reconstructions; they also contribute to ongoing debates on past ecology and behaviour of 

early hominins and other taxa. 

 For these reasons, important research on taphonomy in South African cave 

deposits has been conducted and a reasonably abundant literature on the question is 

available (Hughes, 1954; Brain, 1973, 1975, 1976, 1981, 1993; Maguire et al., 1980; 

Pickering, 1999; de Ruiter and Berger, 2000; Pickering et al., 2000, 2004a, 2004b, 2004c; 

Kibii, 2004, 2007; Adams, 2006, Adams et al., 2007a, 2007b; de Ruiter et al., 2009; Val et 

al., submitted). Most of the existing studies follow in the footsteps of the pioneering work 

of C.K. Brain, who was the first to conduct detailed and complete taphonomic analyses of 

some of the most renowned fossil deposits from South Africa (Sterkfontein, Swartkrans 

and Kromdraai), all presented in his book The Hunters or the Hunted? An Introduction to 

South African Cave Taphonomy, and in previous studies (Brain, 1958, 1973, 1975, 1976). 

Various hypotheses have been put forward to explain the presence of early 

hominin remains within cave deposits, especially for deposits containing a high proportion 

of hominins and other large-bodied primates. The most widely accepted explanation 

ƳŜƴǘƛƻƴŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ άŎŀǊƴƛǾƻǊŜ-ŎƻƭƭŜŎǘƛƴƎ ƘȅǇƻǘƘŜǎƛǎέΣ ǿƘƛŎƘ ǿŀǎ 

first proposed by C.K. Brain (1981) and later tested and confirmed by others (de Ruiter, 

2001; Carlson and Pickering, 2003; Kibii, 2004, 2007; Pickering et al., 2004a, 2004b, 2004c; 

Clarke, 2007). According to this hypothesis, a predator occupying caves, or areas near cave 

entrances, and specialized in preying upon primates would have been responsible for the 

presence of, at least, some of the primate remains in cave deposits. Extant large 



5 
 

carnivores, such as leopards and hyaenids, and, to a lesser degree, extinct large 

carnivores, such as sabre tooth cats and hunting hyaenas, would have been primary 

accumulators of primate bones in caves. The carnivores would either bring back their 

complete or partial carcasses to the cave or, especially in the case of leopards, consume 

them in trees overhanging cave openings (the remaining bones would then fall inside the 

ŎŀǾŜύ ό.ǊŀƛƴΣ мфумύΦ ¢Ƙƛǎ ŎƻǳƭŘΣ ƛƴ ǎƻƳŜ ŎŀǎŜǎΣ ōŜ ŎƻƳōƛƴŜŘ ǿƛǘƘ ŀ άǎƭŜŜǇƛƴƎ ǎƛǘŜ ǎŎŜƴŀǊƛƻέΣ 

whereby hominins and other primates using cave entrances as a sleeping refuge would be 

preyed upon by carnivores directly inside the cave, as has been mentioned by some 

authors (Brain, 1981, 1993; Pickering et al., 2004a; Val et al., submitted). The involvement 

of large carnivores in the accumulation of hominin and non-hominin primate bones has 

been proposed for most of the cave deposits containing abundant primate remains. 

Leopards are considered the primary accumulators of the primate remains at Swartkrans 

Member 1 άHanging Remnantέ, Swartkrans Members 2 and 3, Sterkfontein Member 4 and 

Kromdraai B (Brain, 1981, 1993; de Ruiter, 2001; Carlson and Pickering, 2003; Pickering et 

al., 2004a, 2004c), while spotted hyaenas have contributed to accumulate some primate 

bones at Swartkrans Member 1 άHanging Remnantέ, Sterkfontein Member 4, Swartkrans 

Member 3 and Kromdraai A (Brain, 1973, 1981; Carlson and Pickering, 2003; Pickering et 

al., 2004a, 2004c). These assemblages are characterised by fragmentary and carnivore-

damaged primate remains (i.e. presence of carnivore tooth marks and digested bones, 

and breakage patterns associated with carnivore action) and, in some cases, by specific 

skeletal part representation amongst the primate remains, consistent with carnivore 

accumulation (Carlson and Pickering, 2003; Pickering and Carlson, 2004). 

 A natural death trap scenario is another taphonomic hypothesis mentioned in the 

literature. In this case, animals, including primates, would have fallen or climbed inside 

the cave without been able to exit. However, concerning hominin-bearing deposits, this 

scenario has been proposed as the main accumulation process in one case only: at 

Sterkfontein Member 2, to explain the origin of the fossil assemblage associated with StW 

573, a near-ŎƻƳǇƭŜǘŜ ǎƪŜƭŜǘƻƴ ƻŦ ŀƴ ŀǳǎǘǊŀƭƻǇƛǘƘŜŎƛƴŜ όά[ƛǘǘƭŜ Cƻƻǘέύ ό/ƭŀǊƪŜΣ мффу, 1999; 
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2007; Pickering et al., 2004a). This assemblage has specific characteristics such as the 

abundance in the faunal spectrum of animals with good climbing proclivities (primates 

and carnivores), the presence of antimeric sets of bones and partial skeletons, and the 

very low impact of carnivore damage on the bones (Pickering et al., 2004a; Clarke, 2007). 

3. RESEARCH QUESTIONS FOR THE MALAPA ASSEMBLAGE AND OBJECTIVES OF THIS 

STUDY 

 The Malapa hominin assemblage represents a very peculiar case within the context 

of Plio-Pleistocene South African cave deposits, and therefore offers challenging new 

questions regarding early hominin taphonomy. The hominins recovered at Malapa not 

only represent a completely new species, Australopithecus sediba (Berger et al., 2010), 

combining primitive and derived characters, which places the species in a crucial position 

for the understanding of the emergence of the genus Homo (Berger et al., 2010; Carlson 

et al., 2011; Kibii et al., 2010; Zipfel et al., 2011; Berger, 2012), but the taphonomy of the 

fossils is also remarkable. The exceptional quality and abundance of bone preserved for 

the Malapa hominins has never been observed in any of the fossil sites in South Africa, 

and as such places the Malapa assemblage in a class of its own relative to the other fossil 

assemblages from the Cradle of Humankind. The assemblage is composed of a high 

number of hominin bones (n. >256), belonging to a minimum of six individuals, amongst 

which two are nearly complete (Malapa Hominin 1 - MH1 -, a juvenile male and Malapa 

Hominin 2 - MH2 -, an adult female). These two individuals are represented by many 

complete and near complete bones, in an excellent state of preservation (i.e. bone surface 

perfectly preserved). Some elements are still in articulation and most of the body parts 

have been recovered, including very small elements, such as hand and foot bones. 

Furthermore, the sedimentary unit (Facies D) containing the hominins has been dated 

accurately to 1.977-1.8 Ma (Pickering et al., 2011), offering one of the most precise ages 

for a cave deposit yielding early hominins in the Cradle of Humankind. In terms of 

preservation, the hominin assemblage at Malapa does not resemble any of other cave 
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deposits with early hominin assemblages, with the possible exception of Member 2 at 

Sterkfontein. It therefore challenges previous interpretations of hominin accumulation, 

ǎǳŎƘ ŀǎ ǘƘŜ άŎŀǊƴƛǾƻǊŜ-ŎƻƭƭŜŎǘƛƴƎ ƘȅǇƻǘƘŜǎƛǎέ ŀƴŘ ǘƘŜ ƴŀǘǳǊŀƭ ŘŜŀǘƘ ǘǊŀǇ ǎŎŜƴŀǊƛƻΦ ¢ƘŜ 

specific taphonomic signatures observed at Malapa motivate for the need to question the 

origin of at least some hominin bones in caves and suggest that a different taphonomic 

scenario or, rather, a different combination of taphonomic processes, unobserved to date, 

may be present at Malapa. Based on preliminary observations and study of geological 

features of the deposit, a first hypothesis was proposed to explain the accumulation of the 

hominin remains at Malapa (Dirks et al., 2010). This hypothesis (Figure 1.1) focuses on the 

taphonomy of the two near-complete skeletons (MH1 and MH2): 

ά!ǎ ŀ ǘŀǇƘƻƴƻƳƛŎ ƘȅǇƻǘƘŜǎƛǎΣ ǿŜ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ōǳǊƛŀƭ ƻŦ ǘƘŜ ƘƻƳƛƴƛƴǎΣ 

the complex cave system near Malapa had opened along deep vertical shafts that 

operated as death traps to animals on the surface. In addition to being inconspicuous 

drops into which animals accidentally wandered, the cave openings may have been loci of 

animal activity, enhancing their operation as natural traps. Animals might have been 

attracted to the smell of water coming from the shaft, and carnivores might have been 

attracted to the smell of decomposing bodies. These factors could have operated to 

accumulate a diverse assemblage of carcasses in the chamber below, away from carnivore 

activity. The sediments imply that subsequent high-volume water inflow, perhaps the 

result of a large storm, caused a debris flow that carried the still partially articulated 

ōƻŘƛŜǎ ŘŜŜǇŜǊ ƛƴǘƻ ǘƘŜ ŎŀǾŜΣ ǘƻ ŘŜǇƻǎƛǘ ǘƘŜƳ ŀƭƻƴƎ ŀ ǎǳōǘŜǊǊŀƴŜŀƴ ǎǘǊŜŀƳέ (Dirks et al., 

2010, p.207; Figure 1.1). 
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Figure 1.1. Cartoon illustrating the proposed hypothesis for the mode of accumulation of MH1 and MH2 
(after Dirks et al., 2010). 

Different elements, essential for the accumulation of the hominins, are proposed 

in this hypothesis, notably the absence of post-mortem carnivore modification and the 

effect of a debris flow happening shortly after the death of the hominins inside the cave. 

The hypothesis of a single event, or catastrophic accumulation, happening in a short 

period of time, rather than a slow attritional process, has been mentioned elsewhere to 

explain the high degree of preservation of the fossils (Berger, 2012). These hypotheses 

were proposed at an early stage of study. Since then, more hominin remains belonging to 

MH1 and MH2 have been prepared and recovered, together with fossils belonging to 

other hominin (MH3, MH4, MH5 and MH6) and non-hominin individuals. A complete, 

detailed analysis of the fossil assemblage is required to test and verify certain aspects of 

the preliminary hypothesis, such as the near absence of carnivore damage, and the role 

played by the debris flow. The question of the homogeneity of the hominin assemblage, 

as well as of the whole faunal assemblage, also needs to be addressed. 

The Malapa faunal assemblage contains a high number of hominin fossils that 

would, a priori, suggest that one of the most commonly occuring scenarios (natural death 

trap or carnivore-collected assemblage) could be proposed as a logical explanation for 
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their presence in the deposit. On the one hand, the relatively good state of preservation 

observed for the Malapa hominins (e.g. partially articulated skeletons, antimeric sets of 

bones, presence of complete bones and extremely well-preserved bone surfaces), seems 

to be in favour of a natural death trap hypothesis. The remarkable state of preservation of 

the hominins is combined with the near (or perhaps even total) absence of carnivore 

damage, which is consistent with the very limited or non-participation by carnivores in the 

formation of the assemblage. Hence, the carnivore collecting hypothesis does not seem to 

be pertinent to Malapa. However, several observations are in contradiction with a 

straightforward application of the natural death trap hypothesis: (1) such a high number 

of hominin individuals has not been previously recorded in an assemblage that is known 

to have accumulated through a natural death trap; (2), in the case of a proven natural 

death trap scenario, all primates, including hominins and non-hominins are abundant, 

while at Malapa the ratio hominin to non-hominin primates is completely 

disproportionate (256 hominin specimens have been recovered and only one non-hominin 

primate specimen). 

The aim of this PhD is to test the validity of the preliminary taphonomic hypothesis 

(i.e. natural death trap followed by a debris flow leading to a rapid burial of the hominins) 

and provide further insights into the different taphonomic processes that have 

contributed to the accumulation of the Malapa hominin bones. This requires a more 

detailed understanding of the formation of the faunal assemblage that has been 

recovered to date. 

 Testing taphonomic hypotheses is not always easy because it relies on the 

methods employed and information recorded during the excavation, preparation and 

analysis of the fossil remains. The majority of South African fossil-bearing caves have been 

discovered through mining, leading to the destruction of some fossils and to the loss of 

spatial and stratigraphic information. Hence, fossils from many sites were recovered from 

ex situ blocks of calcified clastic sediment. In the case of fossils recovered in situ during 
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earlier excavations, the record of the coordinates was not always systematic and in most 

cases the provenance, position, and orientation of the remains in the deposit are not 

known. A complete taphonomic analysis of a fossil faunal assemblage should ideally be 

based on the combination of three different approaches in order to collect as much 

evidence as possible to understand the full depositional history. The two classical ones 

commonly used in taphonomy are: a palaeontological approach (study of the faunal 

spectrum composition, estimation and interpretation of skeletal part representation and 

mortality profiles) and a physical approach (analysis of bone surface modifications and 

identification of the modifying agents) (see Domínguez-Rodrigo et al., 2007). A third 

approach, the spatial approach, has been underused in the field of taphonomy of cave 

deposits given the lack of useful information, as mentioned above, (i.e. no record of the 

coordinates, no data about the position and orientation of the fossils when found in situ, 

and fossils recovered from ex situ blocks). In more recently excavated cave sites, the use 

of a laser theodolite allows for the systematic and accurate recording of the coordinates 

and, in the future, more spatial studies should be conducted. So far, only one spatial study 

of a Plio-Pleistocene cave deposit in South Africa has been published (Nigro et al., 2003), 

which developed and applied a Geographical Information System (GIS) for mapping and 

analysing the distribution pattern of the fossils at Swartkrans. 

At Malapa, while some remains were recovered from ex situ blocks, others have 

been recovered in situ. All the specimens have been given coordinates, and in some cases, 

the position and orientation of the fossils in the deposit is known, preventing the loss of 

any spatial information. In this research project, I employed virtual techniques, namely 

Computed Tomography (CT) and micro-CT scanning facilities as well as 3D rendering 

software (Avizo 6.3) to conduct a spatial analysis of the in situ fossils inside the cave. 

Scanning and 3D reconstruction techniques are nowadays frequently used in different 

fields of palaeoanthropology, such as morphometry, biomechanics, study of bone density, 

reconstruction of distorted fossils and virtual exploration of fragile fossils and/or 

inaccessible parts of the fossils (Conroy and Vannier, 1984; Wind, 1984; Luo and Ketten, 
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1991; Zollikofer et al., 1998, 2002, 2005; Maisey, 2001; Carlson and Pickering, 2003; 

Novecosky and Popkin, 2005; Zollikofer and Marcia Ponce de León, 2005; Lordkipanidze et 

al., 2006; Carlson et al., 2011; Val et alΦΣ нлммΤ DǳȅƻƳŀǊŎΩƘ et al., 2012; Colombo et al., 

2012). However, these techniques have never been applied to address taphonomic 

questions. 

At Malapa, the spatial analysis of the hominin remains aims to reconstruct the 

burial position of MH1 and MH2 inside the deposit, in three dimensions. Until now, there 

has been no attempt to reconstruct and analyse the burial posture of an early hominin. 

Analysing burial posture for early hominin fossils is exceedingly difficult, given their typical 

preservation in cave deposits or open air contexts, where they are vulnerable to a 

plethora of destructive taphonomic agents and processes. These processes commonly 

transform the skeletons into fragmented, parautochtonous remains. 

On the other hand, in palaeontological (e.g. Smith, 1987, 1993, 1995; Weigelt, 

1989; Ochev, 1995; Smith and Evans, 1996; Smith and Ward, 2001; Damiani et al., 2003; 

Adbala et al., 2006; Botha-Brink and Modesto, 2007; Faux and Padian, 2007; Stanford et 

al., 2011; Fordyce et al., 2012), archaeological (e.g. Binford, 1968; Harrold, 1980; Gargett, 

1989, 1999; Koojmans et al., 1989; Smirnov, 1989; Belfer-Cohen and Hovers, 2002; Kimbel 

et al., 1995; Duday, 2009) and modern historical sites (e.g. Mastrolorenzo et al., 2001, 

2010; Roksandic, 2002; Luongo et al., 2003; Duday, 2009), the burial posture of vertebrate 

skeletons, including humans, when complete or near complete and found in situ, is 

generally described and studied. It can provide a wealth of information about the timing 

and the conditions of burial, and, in the case of modern funeral contexts, about the 

mortuary behaviours of past populations. When complete burial happens simultaneously 

or soon after death, the death pose can be preserved, and provides direct information 

about the site of death, the factors that influenced death, as well as factors that have an 

impact on preservation. At Malapa, the high level of preservation of the hominins and the 

existence of accurate information regarding the origin of the fossils in the deposit, 
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combined with the application of virtual reconstruction techniques, allow for the first time 

the reconstruction and analysis of the burial position of the two hominins (MH1 and 

MH2). This research will (1) provide information about the mode and timing of burial of 

the hominins, and the conditions under which it took place, (2) allow an estimation of the 

state of decay and disarticuation of the hominins when burial occurred, and therefore 

permit an evaluation of the chances of survival of soft tissue, and (3) open the possibility 

to put forward hypotheses regarding the location of missing elements inside the deposit. 

To summarize, this project is the first of its kind to combine three research 

approaches: palaeontological, physical and spatial, and to apply modern investigation 

methods, such as CT-scanning and 3D modelling techniques to address taphonomic 

questions about early hominins. The taphonomy of the hominins is approached and 

analysed as a forensic case, combining all available types of evidence to precisely 

reconstruct the conditions and timing of burial of MH1 and MH2. The Malapa hominin 

assemblage is used as a case study, remarkable for its various characteristics in terms of 

bone preservation. Ultimately, this research aims specifically to increase our 

understanding of the formation of the fossil assemblage at Malapa, and more generally to 

expand our knowledge of the processes of bone accumulation, modification and 

preservation in caves. From a research perspective it seeks to develop a new 

multidisciplinary approach to better understand the taphonomy of hominin remains, 

combining classical taphonomical methods with virtual techniques and modern forensic 

methods of investigation. 

4. THESIS OUTLINE 

A general literature review of the state of knowledge regarding hominin taphonomy in 

South African caves and fluvial contexts (palaeoriverine and palaeolake deposits from 

Central and Eastern Africa) is presented in Chapter 2. The fossil material analysed for this 

research project (hominin as well as non-hominin faunal specimens) is described in 

Chapter 3. The different methods employed to investigate the taphonomy of the 
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assemblage are explained in Chapter 4. The three types of approaches followed, namely 

palaeontological, physical and spatial, together with the corresponding methods used, 

especially the CT scanning and virtual reconstruction techniques are described. The 

concept of άpalaeoforensic taphonomyέ is proposed as research practice. The Malapa 

fossil locality is presented in Chapter 5, including geographical, geomorphological and 

geological aspects of the site, as well as preliminary hypotheses for the taphonomy history 

of the hominins. A general description of the available faunal assemblage associated with 

the hominins is included in this chapter and comprises information regarding the 

composition of the faunal spectrum in terms of species and body parts, the state of 

preservation and articulation of the faunal remains, as well as the types of bone surface 

modifications observed. Chapter 6 presents the results of a detailed taphonomic analysis 

of the hominin remains, and the results of the palaeontological and physical approaches. 

The skeletal part survival, state of articulation of MH1 and MH2, the level of 

completeness, breakage patterns and bone surface modifications, together with the 

identification of the agents responsible, are assembled in this chapter. Chapter 7 presents 

the results of the spatial approach, including the origin of the hominin remains in the 

deposit, estimation of the transport and movement affecting the fossil remains, refitting 

hypotheses for the ex situ hominin specimens in the deposit, and creation of the 3D 

reconstruction model presenting the hominins in their burial posture in the deposit. 

Chapter 8 integrates the results into a comprehensive reconstruction of the taphonomic 

history of the hominins. A step-by-step account of the sequence of events that affected 

the hominins is described, including the mode of entry into the site, configuration of the 

site at the time of death, nature and timing of decay and disarticulation, conditions of 

transportation, context and modalities of burial. Various questions are addressed, such as 

the possibility of natural mummification, the role played by insects, and the occurrence 

and effects of a debris flow. The implications of the results and the research perspectives 

offered by this thesis are presented in Chapter 9. Different hypotheses concerning the 

location of some missing hominin remains and the reassignement of some hominin 
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specimens are proposed. There is discussion about the advantages offered by the virtual 

reconstruction techniques and the forensic approach. In conclusion, reflections on this 

research are made and advice about future excavations is offered. 
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Chapter 2. Early hominin taphonomy from African deposits 

A unifying feature of modern humans is their fascination with their ancient past. While 

societies all over the globe have developed creation myths to explain the origination of 

our species, the scientific evidence points to Africa as the origin site for early hominins. 

Only three small regions in Africa preserve the remains of early humans and their 

ancestors, namely hominins: Eastern, Central and Southern Africa, with a slim corridor of 

remains in between. Eastern and Central African fossils are typically in sediments 

deposited along ancient lake margins or river floodplains, while South African hominin 

remains are typically preserved in dolomitic cave systems. This chapter explores how and 

why early hominins are recorded in a handful of caves in an area of South Africa known as 

the Cradle of Humankind, as well as in the palaeolake and palaeoriver deposits of Central 

Africa and along the Rift Valley in East Africa. 

1. HOMININ TAPHONOMY IN CAVE DEPOSITS OF SOUTH AFRICA 

1.1. Presentation of the region 

1.1.1. Fossil-bearing sites in the Cradle of Humankind 

The Cradle of Humankind World Heritage Site is composed of 15 excavated fossil 

ƭƻŎŀƭƛǘƛŜǎ ό.ƻƭǘΩǎ CŀǊƳΣ .ǳŦŦŀƭƻ /ŀǾŜΣ /ƻƻǇŜǊΩǎΣ 5ǊƛƳƻƭŜƴΣ DƭŀŘȅǎǾŀƭŜΣ DƻƴŘƻƭƛƴΣ IŀŀǎƎŀǘΣ 

Kromdraai, Luleche , Malapa, Minnaars, Motsetse, Plovers Lake, Sterkfontein, and 

Swartkrans; Figure 2.1), distributed in two provinces. The majority of them are located in 

ǘƘŜ DŀǳǘŜƴƎ tǊƻǾƛƴŎŜ ό.ƻƭǘΩǎ CŀǊƳΣ .ǳŦŦŀƭƻ /ŀǾŜΣ /ƻƻǇŜǊΩǎΣ 5ǊƛƳƻƭŜƴΣ DƭŀŘȅǎǾŀƭŜΣ 

Kromdraai, Malapa, Minnaars, Motsetse, Plovers Lake, Sterkfontein and Swartkrans) and 

three of them are north of this region, in the Northwest Province (Gondolin, Haasgat, and 

LulecheύΦ ¢ƘŜ ƻƭŘŜǎǘ ŘŜǇƻǎƛǘ ƛƴ ǘƘŜ /ǊŀŘƭŜ ƛǎ ǇǊƻōŀōƭȅ ²ŀȅ tƻƛƴǘ мсл ŀǘ .ƻƭǘΩǎ CŀǊƳΣ ǿƘŜǊŜ 

biochronological dating based on the microfauna provided an age between 4.0 to 4.5 Ma 

years (Sénégas and Avery, 1998). The cave sites of the Cradle occur in the dolomitic rocks 
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of the Transvaal Supergroup, which formed 2.6 to 2.8 billion years ago (Eriksson and 

Truswell, 1974; Martin et al., 1998). 

 

Figure 2.1. Location of important fossil deposits in South Africa, including localities in the Cradle of 
Humankind (CoH)Υ .ƻƭǘΩǎ CŀǊƳ ό.CύΣ /ƻƻǇŜǊΩǎ ό/ύΣ 5ǊƛƳƻƭŜƴ ό5ύΣ DƭŀŘȅǎǾŀƭŜ όDƭύΣ DƻƴŘƻƭƛƴ όDƻύΣ IŀŀǎƎŀǘ όIύΣ 
Luleche (L), Kromdraai (K), Minnaars (M), Malapa (Mal), Motsetse (Mo), Plovers Lake (PL), Sterkfontein (S), 
Swartkrans (Sw); and outside of it: Buffalo Cave (B), Makapansgat (Ma), and Taung (T) (modified after 
Kuman and Clarke, 2000; Berger and Lacruz, 2003; Adams et al., 2007b; Dirks and Berger, 2012). 
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The majority of the sites were subjected to limestone mining from the late 19th 

century to the middle of the 20th century, which exposed the fossil-rich breccias (Brain, 

1981; Wilkinson, 1983; Hilton Barber and Berger, 2002; Pickering, 2005; Adams, 2006). 

1.1.2. Hominin discoveries 

Amongst the different fossil localities known in the Cradle of Humankind, eight of 

ǘƘŜƳ όƛΦŜΦ {ǘŜǊƪŦƻƴǘŜƛƴΣ {ǿŀǊǘƪǊŀƴǎΣ YǊƻƳŘǊŀŀƛ .Σ /ƻƻǇŜǊΩǎ 5Σ DƭŀŘȅǎǾŀƭŜΣ DƻƴŘƻƭƛƴ !Σ 

Drimolen, and Malapa) have yielded hominin remains in Gauteng Province, attributed to 

at least seven species (Table 2.1). Outside of the Cradle of Humankind, hominin remains 

have also been recovered in Taung in the Northwest Province and in Makapansgat in 

Limpopo Province (Dart, 1925, 1948a). The first early hominin was identified by Dart in 

1925 at Taung. The skull of a child discovered in the deposit was described as the holotype 

of a new species, namely Australopithecus africanus (Dart, 1925). In 1936, Broom 

identified the first hominin specimen at Sterkfontein, from Member 4. The adult hominin 

specimen (a fragmentary skull) was first named Plesianthropus transvaalensis, and was 

later subsumed into the species africanus (Broom, 1936, 1947; Brain, 1981). Another 

species, Australopithecus prometheus, was identified at Makapansgat (Dart, 1948a, 1948b, 

1949) and later subsumed into africanus as well (Clarke, 2008). Clarke (1985, 1986, 1988) 

has argued in favour of the attribution of some hominin remains found in Sterkfontein to 

a different australopithecine species. This other species has to date not been given a 

taxonomic name and is referred as Australopithecus άsecond ǎǇŜŎƛŜǎέ ό/ƭŀǊƪŜΣ мфурΣ мфусΣ 

1988). The near-ŎƻƳǇƭŜǘŜ ǎƪŜƭŜǘƻƴ ƻŦ {ǘ² рто όƴƛŎƪƴŀƳŜŘ ά[ƛǘǘƭŜ Cƻƻǘέύ ŘƛǎŎƻǾŜǊŜŘ ƛƴ ǘƘŜ 

{ƛƭōŜǊōŜǊƎ DǊƻǘǘƻ ό{ǘŜǊƪŦƻƴǘŜƛƴ aŜƳōŜǊ нύ Ƙŀǎ ōŜŜƴ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘƘƛǎ άǎŜŎƻƴŘ ǎǇŜŎƛŜǎέ 

(Clarke, 2008). The remains of two nearly complete skeletons belonging to a gracile 

australopithecine species were discovered at Malapa in 2008 by Berger and attributed to a 

new species, Australopithecus sediba (Berger et al., 2010; Table 2.1). 
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Table 2.1. Age ranges of the different hominin taxa identified in the Cradle of Humankind and Taung, 
together with the localities where they were found. 

Taxon First appearance Last appearance Fossil sites References 

Au. africanus 2.8/2.6 Ma 0.6 Ma Taung, Sterkfontein 
Member 4; Gladysvale 

Dart, 1925; Broom, 
1936, 1947; Berger 
et al., 1993; Berger 
and Tobias, 1994; 
Lacruz et al., 2002 

!Φ άǎŜŎƻƴŘ 
ǎǇŜŎƛŜǎέ 

3.3 Ma 2.0 Ma Sterkfontein Member 4  
and Member 2 of the 
{ƛƭōŜǊōŜǊƎ DǊƻǘǘƻ όά[ƛǘǘƭŜ 
Cƻƻǘέύ 

Clarke, 1988, 1998, 
1999, 2008 

P. robustus 2.0 Ma 1.0-0.6 Ma Kromdraai B; Swartkrans 
Members 1-3, Drimolen, 
Sterkfontein Member 5 
ό9ŀǎǘ ƛƴŦƛƭƭύΤ /ƻƻǇŜǊǎΩ 5Τ 
Gondolin A 

Broom, 1938 ; 
Brain, 1981, 1993; 
Grine, 1993; Berger 
and Tobias, 1994; 
Menter et al., 
1999 ; Keyser, 
2000 ; Keyser et al., 
2000 ; Kuman and 
Clarke, 2000; 
Berger et al., 2003; 
de Ruiter et al., 
2009 ; Herries et 
al., 2009 

Au. sediba 1.977 Ma 1.977 Ma Malapa Berger et al., 2010 ; 
Dirks et al., 2010 ; 
Pickering et al., 
2011 

early Homo ~2.0 Ma 1.0-0.6 Ma Sterkfontein StW 53 infill, 
Swartkrans Members 1-2, 
Drimolen, Kromdraai B 

Hughes and Tobias, 
1977; Brain, 1981, 
1993; Grine, 1989, 
1993, 2005; Keyser, 
2000; Keyser et al., 
2000; Braga and 
Thackeray, 2003; 
Herries et al., 2009 

H. ergaster 1.7-1.4 Ma 253-115 ky Sterkfontein (Member 5 
West infill and Lincoln 
Cave South) 

Kuman and Clarke, 
2000; Reynolds et 
al., 2003, 2007 

H. sapiens 0.5-0.3 Ma - Sterkfontein Post-
Member 6; Swartkrans 
Member 5 

Watson, 1993; 
Kuman and Clarke, 
2000; Herries and 
Shaw, 2011 



19 
 

A more robust taxon, Paranthropus/Australopithecus robustus, was identified for 

the first time by Broom at Kromdraai B in 1938 (Broom, 1938) and the remains of this 

species were subsequently recovered in various other sites of the Sterkfontein Valley 

(Table 2.1).In 1953, Robinson identified, for the first time, remains of early Homo at 

Swartkrans (firstly classified as Telanthropus capensis and then attributed to the genus 

Homo; Robinson, 1953, 1961). Shortly thereafter, in 1976, the remains of Homo habilis 

were recovered at Sterkfontein Member 5 by Hughes (specimen StW 53) and described by 

various authors (Hughes and Tobias, 1977; Brain, 1981; Robinson, 1953, 1961; Clarke, 

2012). The assignement of these remains to the genus Homo is not accepted by some 

workers and is currently under discussion (see for instance Curnoe and Tobias, 2006; 

Curnoe, 2010; Pickering et al., 2011; Berger, 2012). Specimens of Homo ergaster have 

been found during the course of excavations in the Sterkfontein Member 5 East infill and 

Lincoln Cave (Reynolds et al., 2003; Reynolds and Kibii, 2011; Clarke, 2012). Finally, 

remains of modern humans were recovered at Sterkfontein Post Member 6 (Kuman and 

Clarke, 2000; Reynolds and Kibii, 2011) and Swartkrans Member 5 (Watson, 1993). 

1.2. Hominin taphonomy 

1.2.1. Introduction 

 More than a thousand early hominin specimens have been recovered in the 

different cave deposits of the Cradle of Humankind (Hilton Barber and Berger, 2002). The 

state of preservation of these remains is highly variable, from near complete skeletons 

such as άLittle Footέ at Sterkfontein and the two individuals from Malapa, to bone and 

tooth fragments. Some sites have yielded hundreds of specimens whereas others have 

produced only a handful. The extreme variability between deposits from the same period 

and the same region can partly find an explanation in the variability of bone accumulating 

agents, taphonomic and site formation processes active in the dolomitic caves as well as 

patterns of exploration and excavation. 
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1.2.2. Geomorphology and formation of the fossil deposits in dolomitic caves 

Brain (1958, 1981) has defined a 6-stage process to explain the formation of the 

fossil-bearing cave deposits in the dolomitic region of the Cradle of Humankind. In the first 

stage, a cavity forms in the dolomite due to the action of underground water in the 

phreatic zone dissolving the rock. As the watertable drop this cavity enlarges and is then 

filled with air (stage 2). Some speleothems can appear and avens start forming in the 

dolomite roof above the cavern (stage 3) until the cavern eventually opens to the surface 

to form a cave, which is then progressively filled with sediments, rocks and bones (stage 4) 

that accumulate on a talus cone. This talus cone is commonly calcified due to lime-bearing 

solutiƻƴǎ ŘǊƛǇǇƛƴƎ ŦǊƻƳ ǘƘŜ ǊƻƻŦ ŀƴŘ ōŜŎƻƳŜǎ άŎŀƭŎƛŦƛŜŘ ŎƭŀǎǘƛŎ ǎŜŘƛƳŜƴǘέ ƻǊ ǎƻ-called 

άōǊŜŎŎƛŀǎέ όǎǘŀƎŜ рύΦ Lƴ ǎǘŀƎŜ сΣ ǘƘŜ ǊƻƻŦ ƛǎ ŜǊƻŘŜŘ ŀƴŘ ǘƘŜ ŎŀƭŎƛŦƛŜŘ ŎƭŀǎǘƛŎ ǎŜŘƛƳŜƴǘ ƛǎ 

exposed to surface weathering (Brain, 1981). 

The first type of taphonomic agents leading to bone accumulation in caves are 

abiotic, such as gravity, flood, wind/rain washing carcasses, bones and bone fragments 

from the surface into the cave (Maguire et al., 1980; Brain, 1981; Texier, 2000). Included 

in this category is animal death, whether naturally occurring by inhabitants of caves, or 

unintentionally, from falling into death trap situations. The second category of 

taphonomic agents leading to bone accumulation are biotic agents that occupy the caves 

and their surroundings (e.g. overhanging trees, roofs) and accumulate bones. Predators 

and scavengers introduce animal bones to their lairs in caves while feeding, defecating, 

and/or regurgitating (Sutcliffe, 1970; Mills and Mills, 1977; Maguire et al., 1980; Binford, 

1981; Brain, 1981; Skinner and van Aarde, 1991; Berger and Tobias, 1994; de Ruiter and 

Berger, 2000, Lacruz and Maude, 2005; Berger, 2006; Kuhn, 2006). Rodents, such as 

porcupines, collect bones in their cave dens in order to gnaw on them to wear down their 

incisors (Maguire et al., 1980; Binford, 1981; Brain, 1981; Kibii, 2009). 

Early hominins and other large-bodied primates are accumulated in cave deposits 

by similar agents, whether by predators or through a natural death scenario. Hominin and 
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non-hominin primate taphonomy will be discussed together below, before considering the 

case of cave occupation and use by hominins, which differs from other primates. A brief 

review is given of which, and how, different taphonomic agents have contributed to the 

accumulation of early hominin bones in southern African dolomitic caves. 

1.2.3. Primate bones in cave deposits: causes of accumulation 

Abiotic agents: debris flow, rain and gravity 

 The action of rain, wind and gravity contributes to the formation of a talus cone 

below cave roof openings (Brain, 1981; Texier, 2000; Adams et al., 2007a), containing not 

only bones and bone fragments but also anything that is on the surface near the opening 

(e.g. rocks, artefacts, leaves, tree trunks, and fine sediments). This process has contributed 

to a greater or lesser degree to bone accumulation in all the cave deposits from the Cradle 

of Humankind, including fragmentary hominin bones (Brain, 1981). The state of 

fragmentation and the stage of weathering of bone fragments can be a good indicator of 

the time of exposure on the surface before the bones were finally and completely buried 

in the cave deposit (Miller, 1975; Behrensmeyer, 1978). 

Falling accidents 

 Natural openings in the rooftop of caves are usually surrounded by clusters of 

trees, since trees thrive in the presence of underground water. This would make their 

visibility poor and it is therefore not surprising that larger animals walking on the surface 

could easily fall into them by accident (Brain, 1981). Some of these shafts or άnatural 

death trapsέ were several tens of metres high during the Plio-Pleistocene (Brain, 1975, 

1981; de Ruiter et al., 2009; Dirks et al., 2010; Pickering et al., 2011). Some species with 

good climbing proclivities such as primates and carnivores could also have deliberately 

entered the caves along these steep openings and in some cases found it impossible to 

return to the surface. A natural death trap scenario has been invoked to explain the bone 

accumulation process in Sterkfontein Member 2, including the remains of StW 573 or 
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ά[ƛǘǘƭŜ Cƻƻǘέ όtƛŎƪŜǊƛƴƎ et al., 2004a; Clarke, 2007), as well as to explain the presence of 

numerous articulated elements in the Kromdraai A faunal assemblage (Brain, 1973, 1981). 

The preservation of articulated elements and antimeric sets of bones, good 

representation of the different skeletal parts, and the absence of carnivore and rodent 

damage, are considered as good indicators of a natural death trap scenario (Costamagno, 

1999; Pickering et al., 2004a; Clarke, 2007; Coumont, 2009). 

Biotic agents: mammalian carnivores 

tǊƛƳŀǘŜ ōƻƴŜ ŀǎǎŜƳōƭŀƎŜǎ ŀƴŘ ǘƘŜ άŎŀǊƴƛǾƻǊŜ-ŎƻƭƭŜŎǘƛƴƎ ƘȅǇƻǘƘŜǎƛǎέ 

Large carnivores, and especially leopards and hyaenas, have contributed to the 

accumulation of faunal assemblages in the different fossil sites from the Cradle of 

Humankind (Table 2.2). 

Table 2.2. Accumulating carnivore agents proposed for the primate remains in some cave sites from the 
Cradle of Humankind. 

Cave deposit Member Origin of the primate remains References 

Sterkfontein    4 leopard & hyaena Brain, 1981; Pickering et al., 
2004b 

Swartkrans    1 (Hanging Remnant) leopard & hyaena Brain, 1981, 1993; de Ruiter, 
2001; Carlson and Pickering, 
2003 

   2 leopard Brain, 1981, 1993; Carlson and 
Pickering, 2003 

   3 leopard & hyaena Brain, 1981, 1993; Pickering et 
al., 2004c 

Kromdraai    A hyaena Brain, 1973, 1981 
   B leopard Brain, 1981 

To explain the abundance of primate remains in some of the assemblages, Brain 

Ƙŀǎ ŜƭŀōƻǊŀǘŜŘ ǘƘŜ άŎŀǊƴƛǾƻǊŜ-ŎƻƭƭŜŎǘƛƴƎ ƘȅǇƻǘƘŜǎƛǎέ ό.ǊŀƛƴΣ мфумύΣ ǿƘŜǊŜōȅ ŀ ǇǊŜŘŀǘƻǊ 

specialized in preying upon primates, such as leopards and to a lesser degree hyaenas, 

would have contributed greatly to the accumulation of primate bones. Several 

taphonomic studies of fossil localities in the Cradle of Humankind have confirmed the 

preponderant role of felids and hyaenids in the formation of primate assemblages. Hence, 

their impact has been identified in the accumulation of the primate remains at Swartkrans 
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Member 1 Hanging Remnant, Members 2 and 3, Sterkfontein Member 4, and Kromdraai A 

and B (de Ruiter, 2001; Carlson and Pickering, 2003; Pickering et al., 2004b, 2004c; Clarke, 

2007; Kibii, 2007) (Table 2.2). 

Processes of bone accumulation/modification by large carnivores in cave deposits 

Two types of accumulation of carnivore-damaged bones in caves are recognised. The 

first type is consistent with primary deposition of bones within the cave as a consequence 

of carnivores bringing carcasses inside. Some species of carnivores occupy caves for 

various purposes such as breeding dens, places to store food and retreat for shelter 

(Kruuk, 1972; Brain, 1981; de Ruiter and Berger, 2000; Skinner and Chimimba, 2005; Kuhn, 

2006). They can consequently introduce carcasses or elements of carcasses to feed on 

and/or feed their offspring inside the cave. The second type is a secondary accumulation, 

whereby the bones remaining after a carnivore has fed on them, are brought inside the 

cave through another biotic or abiotic process (e.g. collected by porcupines, washed inside 

the cave, accumulated by natural gravity). This happens in the case of leopards in 

particular, when bones fall from the tree where the predator stores a carcass. To avoid 

competition with other carnivores, leopards stash and eat their prey in trees, and since 

trees commonly grow above cave openings, the remainder of the carcass commonly falls 

down into the cave and contributes to the formation of the talus cone (Simons, 1966; 

Sutcliffe, 1973; Brain, 1981; de Ruiter and Berger, 2000; Skinner and Chimimba, 2005). 

It is important to distinguish between these two modes of accumulation since they 

correspond to two clearly different patterns, especially when we need to distinguish 

between carnivore and human occupation of a site. In other words, the occurrence of 

carnivore chewing marks on bone specimens does not necessarily mean that carnivores 

have occupied the site. It could simply reflect bone fragments bearing tooth marks coming 

from the surface and brought into the caves by another process. Therefore, the 

consideration of different lines of evidence is required to distinguish between carnivore 

occupation of the site and falling in or washing in of carnivore-modified bones. This 
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evidence concerns not only carnivore tooth-mark abundance, but also the faunal 

composition, skeletal part representation, mortality profiles, breakage pattern of long 

bones and the occurrence of other indicators, such as digested bones, carnivore 

deciduous teeth, and coprolites (Brain, 1981; Pickering, 1999, 2002; Kuhn et al. 2010). 

Felids 

Extant leopards (Panthera pardus) are considered the primary accumulators of 

primates in caves of Southern African regions (Brain, 1968, 1969, 1981, 1993). The 

arguments for this theory are the following: (1) modern leopards include primates in their 

diet, (2) they frequently use caves in the southern African regions, (3) they have the habit 

of eating their prey in trees overhanging the dolomitic cave openings (Simons, 1966; 

Sutcliffe, 1973; Brain, 1981, 1993; de Ruiter and Berger, 2000; Skinner and Chimimba, 

2005), and (4) fossil bones of leopards are recovered in the faunal assemblages (Brain, 

1968, 1969, 1981; Watson, 1993; Reynolds, 2010). There is no record in the literature of 

other extant medium or large-sized felid species (i.e. Acinonyx jubatus and Panthera leo) 

transporting skeletal elements far from the kill site (Shaller, 1972). These species are also 

not known to occupy nor accumulate bones within caves (Skinner and Chimimba, 2005). 

Extinct large felids such as the false sabre-tooth cats (Dinofelis barlowi and Dinofelis 

piveteaui) and the true sabre-tooth cats (Megantereon barlowi, Megantereon cultridens 

and Homotherium latidens) are present in the Plio-Pleistocene fossil assemblages of the 

Sterkfontein Valley (Brain, 1981; Turner, 1987a, 1987b, 1997, 2004; Cooke, 1991; Watson, 

1993; de Ruiter, 2003; Kibii, 2004; Pickering et al., 2004a; Lacruz et al., 2006; Hartstone-

Rose et al., 2007; Gommery et al., 2008, 2012; de Ruiter et al., 2009; Reynolds, 2010; Kuhn 

et al., 2011) (Table 2.3). These extinct felid species would have competed with leopards 

ŀƴŘ ƘȅŀŜƴƛŘǎ ŦƻǊ ǘƘŜ ǎŀƳŜ ǇǊŜȅ όhΩwŜƎŀƴ ŀƴŘ wŜȅƴƻƭŘǎΣ нллфύΦ ¦ǎƛƴƎ ŀǎ ǘƘŜ Ƴŀƛƴ 

argument the abundance of extinct sabre-tooth cat remains in the Plio-Pleistocene cave 

deposits of the Sterkfontein Valley, Brain (1981) has suggested that these taxa could have 

frequently occupied caves and would have therefore been important bone collecting 
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agents. However, there is to date no mention in the literature concerning bone-collecting 

behaviour by Megantereon or Dinofelis (Pickering, 1999; Pickering et al., 2004b; Lacruz et 

al., 2006; Hartstone-Rose et al., 2007; Reynolds, 2010). There is only one published 

example of cave occupation by an extinct species of large felid: the late Pleistocene 

Friesenhahn Cave (Texas, USA), where the American subspecies Homotherium serum is 

regarded as the main agent in the accumulation of the juvenile mammoth bones within 

the deposit (Marean and Ehrhardt, 1995). Different arguments have been proposed to 

defend the theory of cave use by this carnivore as a breeding den and feeding retreat: the 

abundance of Homotherium remains within the assemblage (most abundant carnivore 

and second most abundant large mammal), the occurrence of articulated juvenile 

Homotherium individuals, the catastrophic mortality profile amongst Homotheriums and 

the abundance of juvenile mammoth remains, interpreted as an evidence of specialized-

hunting by Homotherium (Marean and Ehrhardt, 1995). 

Hyaenids 

The two southern African extant hyaenid species (Crocuta crocuta, the spotted hyaena 

and Parahyaena brunnea, the brown hyaena) occupy caves and collect bones (Kruuk, 

1972; Mills and Mills, 1977; Maguire et al., 1980; Binford, 1981; Brain, 1981; Hill, 1989; 

Skinner and van Aarde, 1991; Lam, 1992; Lacruz and Maude, 2005; Kuhn, 2006). By 

extension, it has been proposed that the extinct long legged hunting hyaenas 

(Chasmaporthetes nitidula and Chasmaporthetes silberbergi), together with the short-

faced hyaena (Pachycrocuta brevirostris) present in the Cradle of Humankind caves (Brain, 

1981; Keyser, 1991; Keyser and Martini, 1991; Watson, 1993; Turner, 1997; Pickering, 

1999; Mutter et al., 2001; de Ruiter, 2003; Kibii, 2004; Pickering et al., 2004a; Gommery et 

al., 2008, 2012; Reynolds, 2010) (Table 2.3) were also occupying caves and collecting 

bones. 

Hyaenas use caves as resting places, retreats, breeding dens and lairs. They also 

occasionally hide their food in water, and since the dolomitic caves of the Cradle 
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sometimes have small water pools, those might be used by the spotted hyaena as a cache. 

In the lairs, the adult hyaenas will bring carcasses or parts of carcasses to feed the cubs. 

The uneaten parts and the leftover bony parts of the prey will therefore accumulate in 

caves, together with regurgitated bone fragments and their faeces, which can fossilize 

(Backwell et al., 2009; Berger et al., 2009). Hyaenas have jaws powerful enough to carry 

heavy carcasses or skeletal parts inside caves. As scavengers (and effective hunters in the 

case of C. crocuta) their prey spectrum is very diverse, from small antelopes with a live 

weight of 0-23 kg, where the upper limit is represented by a large female duiker 

(Silvicapra sp.), to Class III antelopes in the range 84-296 kg, where the upper limit is 

represented by a blue wildebeest (Connochaetes gnou), and even Class IV, reflecting 

animals weighing more than 296 kg, including eland (Taurotragus oryx) or buffalo 

(Syncerus caffer) (following Brain, 1974). They are also able to carry parts of very large 

animals, such as elephants (Kuhn, 2006). Therefore, the range of their diet is broad and 

results in abundant bone remains in the lair (Brain, 1981; Skinner and van Aarde, 1981, 

1991; Lacruz and Maude, 2005; Skinner and Chimimba, 2005; Kuhn, 2006). 

For hyaenids, Pickering (2002) maintains that the following criteria, when found 

together, are indisputable evidence of a hyaena-generated assemblage in a cave: bone 

modification (tooth pits and punctures), occurrence of cylindrical shafts (either whole 

cylinders or splintered shaft fragments) and high carnivore/ungulate ratio. Kuhn et al. 

(2010) argue that none of these criteria, when taken alone, can constitute direct evidence 

of a hyaena-generated assemblage; it is rather the combination of several lines of 

evidence, which can prove that hyaenids have accumulated the bones. The presence of 

juvenile hyaenids (Cruz-Uribe, 1991; Klein et al., 1991; Brugal et al., 1997; Pickering, 1999; 

Kuhn et al., 2010), coprolites and digested remains (Pickering, 2002) constitute direct 

evidence of cave occupation by hyaenas. 
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Table 2.3. Extinct species of large carnivores present in Plio-Pleistocene sites from the Cradle of Humankind. 

Family Species Sites References 

HYAENIDAE Chasmaporthetes silberbergi aƛƴƴŀŀǊΩǎΤ {ǘŜǊƪŦƻƴǘŜƛƴ 
Silberberg Grotto and 
Member 4 

Turner, 1997; Pickering et 
al., 2004a; Gommery et al. 
2012 

 Chasmaporthetes nitidula Swartkrans Members 1-3; 
Sterkfontein Member 2, 
Member 4, Member 5 and 
Jacovec Cave; Haasgat; 
Drimolen 

Keyser, 1991; Keyser and 
Martini, 1991; Watson, 
1993; Turner, 1997; 
Pickering, 1999; de Ruiter, 
2003; Kibii, 2004; Pickering 
et alΦΣ нллпŀΤ hΩwŜƎŀƴ ŀƴŘ 
Menter, 2009 

 Pachycrocuta brevirostris YǊƻƳŘǊŀŀƛ !Σ .ƻƭǘΩǎ CŀǊƳ 
Femur Dump, Sterkfontein 
Member 4 and Member 5, 
Gladysvale 

Turner, 1997; Mutter et al., 
2001; Gommery et al., 
2008; Reynolds, 2010 

FELIDAE Dinofelis barlowi Sterkfontein Member 4, 
Member 5 and Silberberg 
DǊƻǘǘƻΤ aƛƴƴŀŀǊΩǎΣ aŀƭŀǇŀΣ 
.ƻƭǘΩǎ CŀǊƳ 

Brain, 1981; Cooke, 1991; 
Turner, 1997; Pickering et 
al., 2004a; Lacruz et al., 
2006; Gommery et al., 
2008, 2012; Kuhn et al., 
2011 

 Dinofelis piveteaui Gladysvale, Motsetse, 
Kromdraai A, Drimolen 

Berger and Lacruz, 2003; 
Lacruz et alΦΣ нллсΤ hΩwŜƎŀƴ 
and Menter, 2009 

 Megantereon whitei Sterkfontein (Silberberg 
Grotto, Member 4), 
Swartkrans (Member 1 
Hanging Remnant and 
Member 3), Kromdraai A 

Turner, 1987, 2004; de 
Ruiter et al., 2009 

 Megantereon cultridens Swartkrans Member 1 
Hanging Remnant and 
Member 3; Sterkfontein 
Silberberg Grotto, Members 
4 and 5 

Watson, 1993; Turner, 
1997; de Ruiter, 2003; 
Pickering et al., 2004a 

 Homotherium latidens Sterkfontein (Jacovec 
Cavern, Members 4 and 5), 
Swartkrans Member 2 

Kibii, 2004; Turner, 1997; 
Reynolds, 2010 

Avian biotic agents: birds of prey 

Owls accumulate bones in caves and cave entrances but do not prey upon large 

animals. Hominins and other large-bodied primates fall outside of their diet range. On the 

other hand, eagles are known to prey upon animals much larger than themselves, up to 

the size of a bushbuck (Maclean, 1985; Sanders et al., 2003). 
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Eagles do not occupy caves, but they may select trees or rocky outcrops above 

cave openings to build their nest. They bring back animal carcasses to their nest where 

they consume them. Hence, the uneaten and the regurgitated remains can accumulate in 

the cave located below the nest and contribute to the bone accumulation process within 

the cave system (Brain, 1981; Andrews, 1990). Various species of eagle are well-known 

predators of monkeys, such as red-tailed monkeys (Cercopithecus ascaniusύΣ [ΩƘƻŜǎǘ 

monkeys (Cercopithecus lhoesti), red colobus (Piliocolobus badius), black and white 

colobus (Colobus guereza), grey-cheeked mangabeys (Lophocebus albigena) and olive 

baboons (Papio anubis) (Maclean, 1985; Sanders et al., 2003; McGraw et al., 2006; Trapani 

et al., 2006). The contribution of large-bodied eagles to the accumulation of primate 

remains in fossil assemblages has been proposed by Berger and colleagues (Berger and 

Clarke, 1995; Berger, 2006; Berger and McGraw, 2007) who interpret modifications on the 

Taung child skull as evidence of predation by a large bird of prey, possibly an African 

crowned hawk eagle (Stephanoaetus coronatus). 

Other biotic agents 

Porcupines 

Porcupines collect bones and occupy caves. They have contributed to some extent 

to the accumulation of some faunal remains in most Plio-Pleistocene fossil assemblages, 

but they are not regarded as a major taphonomic agent (Maguire et al., 1980; Brain, 1981, 

1993). 

Small carnivores 

A large variety of small carnivores including canids, small felids, mustelids, viverrids 

and herpestids can occupy or occasionally frequent caves and cave entrances (Skinner and 

Chimimba, 2005; Bountalis, 2011; C. Steininger, pers. comm.). Their remains are found in 

the southern African Plio-Pleistocene assemblages (Brain, 1981; Watson, 1993; Pickering, 

1999; de Ruiter, 2003; de Ruiter et al., 2009; Kuhn et al., 2011; Hartstone-Rose et al., 
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2013; see Table 2.4), but whether they have contributed to the bone accumulation 

process is difficult to establish. They can definitely not hunt hominins nor carry large 

skeletal elements inside caves (Pickering, 1999), but can probably scavenge on animal 

carcasses and therefore theoretically leave some chewing and breakage marks on bones. 

Nevertheless, the bone collecting behaviour and the taphonomic signature of small 

carnivores is very poorly documented (Andrews, 1990). Their contribution is never 

mentioned in the literature as an important cause of primate bone accumulation in a fossil 

deposit. The only case published where a small-size carnivore has been identified as a 

possible taphonomic agent in caǾŜ ŘŜǇƻǎƛǘǎΣ ƛǎ ŀǘ /ƻƻǇŜǊΩǎ 5 ǿƘŜǊŜ ǘƻƻǘƘ ƳŀǊƪǎ ƻōǎŜǊǾŜŘ 

on a fragmentary mandible of Paranthropus robustus have been attributed to a small 

canid such as a jackal (de Ruiter et al., 2009). 

Table 2.4. Small carnivore species whose remains have been recovered in the Plio-Pleistocene cave deposits 
of the Cradle of Humankind. 

Family Species Common name 

CANIDAE Canis mesomelas Black-backed jackal 
Vulpes chacma Cape fox 
Vulpes skinneri extinct fox 

FELIDAE Felis serval Serval 
Felis caracal Caracal 
Felis lybica African wild cat 
Felis nigripes Black-footed cat 

HERPESTIDAE Atilax paludinosus Marsh mongoose 
Suricata suricatta Suricate/Meerkat 
Cynictis penicillata Yellow mongoose 
Paracynictis selousi {ŜƭƻǳǎΩ ƳƻƴƎƻƻǎŜ 
Herpestes ichneumon Large grey mongoose 
Herpestes sanguineus Slender mongoose/Black-tipped mongoose 
Ichneumia albicauda White-tailed mongoose 
Galerella sanguinea Slender mongoose 
Mungos mungo Banded mongoose 

VIVERRIDAE Genetta tigrina South African large-spotted genet 
Civettictis sp. African civet 

MUSTELIDAE Aonyx capensis African clawless otter 
Mellivora sivalensis Extinct badger 
Mellivora capensis Honey badger 
Poecilogale sp. Weasel 
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Suids 

Bushpigs (Potamochoerus larvatus) and warthogs (Phacochoerus africanus) are 

omnivorous, scavenge meat and can even in some cases hunt small prey such as chicken 

(Skinner and Chimimba, 2005). The reasons why African suids occupy caves are not well 

understood, but cases have been reported of warthogs going inside caves (Brain, 1981; 

Bountalis, 2011), most likely for protection and thermoregulation. There are even some 

cases of cohabitation in the same cave between warthogs and spotted hyaenas (Brain, 

1981). Even though there is no published data concerning the taphonomic impact of suids 

in South African cave deposits, their role as potential bone accumulating and modifying 

agents should be taken into account, and warrants further investigation. 

Occupation of caves by hominin and non-hominin primates 

.Ǌŀƛƴ Ƙŀǎ ǇǊƻǇƻǎŜŘ ǘƘŜ ƛŘŜŀ ƻŦ ŀ άǎƭŜŜping-ǎƛǘŜ ǎŎŜƴŀǊƛƻέ ŦƻǊ ǇǊƛƳŀǘŜǎΣ ƛƴŎƭǳŘƛƴƎ 

early hominins, which could contribute to explaining the abundance of their remains in 

some of the Plio-Pleistocene sites of the Cradle of Humankind, especially Sterkfontein and 

Swartkrans (Brain, 1975, 1981, 1993). If primates occupy caves, natural death occurring 

inside could lead to the presence of their bones within fossil assemblages. Studies on 

modern baboons (Altmann and Altmann, 1970; Gow, 1973; Busse, 1980; Brain, 1981; 

Hamilton, 1982; Mc Grew et al., 2003) document the selection by these animals of specific 

sleeping sites such as tall trees, cliff edges or narrow cave entrances, inaccessible to 

predators. A recent study (Barrett et al., 2004) on modern chacma baboons (Papio 

hamadryas ursinus) reveals that this species commonly occupies caves because it provides 

access to a source of water. They also use caves to regulate their body temperature as 

well as to obtain some nutrients from the soil of the cave (geophagy) (Barrett et al., 2004). 

Chimpanzees (Pan troglodytes verus) are also known to occasionally frequent caves for 

the same reasons (Pruetz, 2007). It is therefore conceivable that Plio-Pleistocene primates 

were using the cave openings for the same purposes. This has been suggested by Brain 

(1981, 1993) and others (Pickering et al., 2004b; Reynolds et al., 2011; Val et al., 
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submitted) as a possible explanation for the presence of hominins and other primates 

within the South African cave deposits, in particular to explain the high number of non-

hominin primates at Swartkrans Member 1 (Hanging Remnant and Lower Bank; Brain, 

1981, 1993) and to some extaƴǘ ŀǘ /ƻƻǇŜǊΩǎ 5 ό±ŀƭ et al., submitted). Like hominins, they 

would occupy the entrance of the cave to sleep. The less agile individuals might venture 

inside the cave and fall in a vertical shaft or not find their way out. This would lead to an 

attritional mortality profile. In the case that the cave was already occupied by a carnivore, 

it is also possible that the primates were preyed upon inside the cave. 

The earliest direct evidence of cave occupation by hominins dates back to about 

1.0 to 1.5 Ma. It consists of evidence of butchery practices conducted inside the cave, 

associated with defleshing, cooking or consumption. At Wonderwerk Cave, indications of 

cave use by hominins take the form of burnt bones and ashed plant remains found in situ 

in the deposit, constituting the earliest evidence of the controlled use of fire (Berna et al., 

2012). At Swartkrans, cut marks on bone fragments (Members 2 and 3; Brain, 1981; 

Pickering et al., 2004d), as well as burnt bones (Member 3; Brain and Sillen, 1988) and the 

ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ 9ŀǊƭȅ {ǘƻƴŜ !ƎŜ ǘƻƻƭǎ ό/ƭŀǊƪΣ мффоΤ .ŀŎƪǿŜƭƭ ŀƴŘ ŘΩ9ǊǊƛŎƻΣ нллоύ ƘŀǾŜ ōŜŜƴ 

identified and interpreted as indications of hominin presence in the cave. All three 

deposits are contemporaneous and have been dated at about 1.0 Ma. The Wonderwerk 

Cave evidence of fire control is found in the Acheulean deposit, associated with Early 

Stone Age lithic tools (Berna et al., 2012). At Swartkrans Member 2, the cut-marked bones 

are associated with early Homo (possibly H. erectus) and Paranthropus (Brain, 1981; Grine, 

1989, 1993) while at Swartkrans Member 3, cut marks and burnt bones are associated 

with P. robustus remains (Brain, 1981; Grine, 1989, 1993). The occurrence of bone tools 

inside cave deposits (Sterkfontein, Swartkrans Member 1 Lower Bank, Members 2 and 3 

and Drimolen), is always associated with P. robustus remains (Brain and Shipman, 1993; 

.ŀŎƪǿŜƭƭ ŀƴŘ ŘΩ9ǊǊƛŎƻΣ нллмΣ нллоΣ нллуΤ ŘΩ9ǊǊƛŎƻ et al., нллмύΦ .ŀŎƪǿŜƭƭ ŀƴŘ ŘΩ9ǊǊƛŎƻ 

(2003) concluded that hominins introduced bone tools inside the cave when Swartkrans 

Member 3 was deposited, where a consistent amount of burnt bones, a number of faunal 
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remains with clear cut marks, and evidence suggesting the presence of a flattened area 

were found (Brain, 1993; Brain and Sillen, 1988). 

When these forms of evidence are absent, the occurrence of hominin remains in cave 

deposits is interpreted as the result of carnivore predation, accidental falling inside a 

shaŦǘΣ ƻǊ ǿŀǎƘƛƴƎ ƛƴ ŦǊƻƳ ǘƘŜ ǎǳǊŦŀŎŜΦ ¢ƘŜ άǎƘƛŦǘ ƛƴ ǘƘŜ ōŀƭŀƴŎŜ ƻŦ ǇƻǿŜǊ ƘȅǇƻǘƘŜǎƛǎέ ŦƛǊǎǘ 

proposed by Brain (1981, 1993) suggests a long evolutionary pattern explaining the 

presence of hominin remains in cave deposits, from prey whose bones were accumulated 

in caves by carnivores to active hunters occupying the caves and conducting inside 

different social and technological activities, including butchery. 

2. HOMININ TAPHONOMY IN PALAEOLAKE AND FLUVIAL CONTEXTS 

2.1. Actualistic data on bone transport in water 

2.1.1. Introduction 

Many studies have approached the question of bone transport in a fluvial context 

(Voorhies, 1966, 1969; Dodson, 1973; Hanson, 1980; Behrensmeyer, 1975, 1982, 1988; 

Boaz and Behrensmeyer, 1976; Smith, 1980, 1993; Boaz, 1994; Coard and Dennell, 1995; 

Coard, 1999), but a review of the literature reveals that no experimental study has been 

conducted on bones in a stagnant pool of water or in a closed space imitating a cave 

environment. However, the available studies offer elements for discussion, such as 

transport potential, and orientation of the bones in water that can be useful to 

understand the behaviour of skeletal remains within a liquid environment. As such, a 

literature review on the transport potential of bones in fluvial contexts is presented. 

2.1.2. The experiments 

Experimental studies conducted on bone transport in water (Voorhies, 1966; Boaz 

and Behrensmeyer, 1976; Hanson, 1980; Coard and Dennell, 1995; Coard, 1999) have used 

both modern human (Boaz and Behrensemeyer, 1976) and other mammal bones: sheep 

(Ovis aries) and coyote (Canis latrans) (Voorhies, 1966), dog (Canis familiaris), mouflon 
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sheep (Ovis musimon) and pig-tailed macaque (Macaca nemestrina) (Coard and Dennell, 

1995; Coard, 1999). All these studies were conducted using modern bones in a 

recirculating flume positioned horizontally, with different dimensions and flow velocity 

(Table 2.5). 

Table 2.5. Dimensions and flow velocity of the recirculating flumes used in the experimental bone transport 
in water studies. 

Experiment Width (m) Length (m) Depth (m) Flow velocity 

Voorhies, 1969 1.21 13.72 ND 1.52 m/s 
Boaz and Behrensmeyer, 1976 0.31 12.2 0.152 0.31 cm/s 
Coard and Dennell, 1995 0.31 7.5 0.26 0.30 m/s 
Coard, 1999 0.31 7.5 ND ND 

ND: not documented. 

Factors influencing bone transport potential 

The results of these studies show that different types of bones have different 

transport potential. The factors that seem to influence the transportability of bones are 

described below. 

Shape 

The shape of the skeletal elements was proposed theoretically as an important factor 

conditioning bone transport potential in water by Hill and Walker (1972), and has been 

experimentally proved to influence the transport potential of bones in water (Boaz and 

Behrensmeyer, 1976; Hanson, 1980; Shipman, 1981). Bones presenting a rounded shape 

and/or some cavities (i.e. cranium, sacrum, vertebrae) have a better transport potential 

than elongated and/or solid bones (i.e. long bones, clavicles, tarsals, patellae, teeth). The 

human crania have the higheǎǘ ǘǊŀƴǎǇƻǊǘ ǇƻǘŜƴǘƛŀƭ ƛƴ .ƻŀȊ ŀƴŘ .ŜƘǊŜƴǎƳŜȅŜǊΩǎ 

experiment. This is mostly due to the shape of this element, which does not offer any 

resistance to the current and is transported in a rolling motion, as fast as the current 

moves. The variations in shape between the different crania tested in the various studies 

could explain the different results obtained; from the coyote and sheep crania remaining 
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ƛƴ ǘƘŜ ƭŀƎ ƎǊƻǳǇ ƛƴ ±ƻƻǊƘƛŜǎΩǎ ŜȄǇŜǊƛƳŜƴǘ ǘƻ ǘƘŜ ƘǳƳŀƴ ŎǊŀƴƛŀ ōŜƛƴƎ ǘƘŜ ŦŀǎǘŜǎǘ ŜƭŜƳŜƴǘ ƛƴ 

Boaz and BehrensmŜȅŜǊΩǎ ŜȄǇŜǊƛƳŜƴǘΦ 

Density 

Density has also been shown to have an impact on the transport potential of bones 

(Voorhies, 1969; Behrensmeyer, 1975; Boaz and Behrensmeyer, 1976; Coard and Dennell, 

1995; Coard, 1999). Elements with a low density (i.e. with spongy bone more 

volumetrically abundant than compact bone, such as the sacrum and vertebrae) present a 

better transport potential (Group I of Voorhies and the cranium) than the more compact 

and dense bones (i.e. long bones, mandibles, tarsals and teeth) (Groups II and III of 

Voorhies minus the cranium). Coard and Dennell (1995) and Coard (1999) show that 

density is an important factor that influences the transport potential (supported by 

statistical analysis of the results), especially of articulated elements. 

Disarticulated versus partially or fully articulated skeletal elements 

The experiments conducted by Coard and Dennell (1995) show that for the three 

species tested (dog, mouflon sheep and pig-tailed macaque), the articulated parts are 

easily transported and even present a higher transport potential than the disarticulated 

skeletal elements. For instance, in the case of the dog, when disarticulated, neither the 

cranium nor the mandible is transported, whereas the articulated cranium-mandible is. 

The same is observed for the scapula. While the scapula alone remains in the lag group, 

the combined scapula-ŦƻǊŜƭƛƳō ǇǊŜǎŜƴǘǎ ŀ ƎƻƻŘ ǘǊŀƴǎǇƻǊǘ ǇƻǘŜƴǘƛŀƭΦ Lƴ /ƻŀǊŘΩǎ όмфффύ 

experiment, the same is observed, with disarticulated bones showing a lesser transport 

potential than the articulated parts. 

Surface area 

The surface area (linked to the higher transport potential of articulated parts) also 

influences the transport potential of bones (Coard and Dennell, 1995; Coard, 1999). The 
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larger the surface, the higher the transport potential; a large surface means more area on 

which the water can exert pressure and therefore move the bones. 

Nature of the substrate 

The different substrates used by Voorhies (fine-grained sand) and Boaz and 

Behrensmeyer (coarse-grained sand) influenced the transport potential of the bones. The 

crania used by Voorhies filled with fine sand and therefore became immobile. Hanson 

(1980) argues that if the cohesion between the substrate and the bone is strong, then the 

bone is less likely to move and vice-and-versa. In other words bones tend to get easily 

embedded in silt and mud, and be more mobile on sand or rock. 

Dry versus wet bones 

Dry bones have a better transport potential than wet ones (Coard, 1999), partly 

because they can be transported by floating and therefore travel as fast as the water 

current, whereas wet bones tend to sink more easily and remain on the bed of the flow. 

Boaz and Behrensmeyer (1976) note that statistically speaking the weight in water and the 

volume of the considered skeletal parts is not significantly linked to the velocity. However, 

Coard (1999) demonstrates that both wet and dry volume have a positive coefficient with 

velocity. 

Review of transport potential per anatomical element 

Tables 2.6, 2.7 and 2.8 summarise literature about the transport potential for each 

disarticulated body part. 
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Table 2.6. Transport potential of skeletal elements considered in the literature. 

Skeletal part Voorhies 
1969 

Boaz & 
Behrensmeyer 

1976 

Coard & 
Dennell 

1995 
(dog) 

Coard & 
Dennell 

1995 
(sheep) 

Coard & 
Dennell 

1995 
(macaque) 

Coard 1999 

Cranium (complete) 0 + 0 + + + 
Skull fragments ND 0 ND ND ND ND 
Mandibles  0 0 0 0 0 0 
Isolated teeth ND 0 ND ND ND ND 
Vertebrae Atlas + 0 + + + 0 

Axis + ND 0 + + 0 
Cervical + ND + + + + 
Thoracic + + + + + + 
Lumbar + ND 0 + + + 

Ribs + 0 0 0 + + or 0 
Sacrum + + + + + + 
Clavicles ND 0 ND ND ND ND 
Sternum + + ND ND ND ND 
Scapulae Complete + or 0/+ ND 0 0 0 + or 0 

Acromion ND 0 ND ND ND ND 
Humeri Complete 0/+ ND 0 + 0 + or 0 

Proximal ND + ND ND ND ND 
Distal ND 0 ND ND ND ND 

Ulnae Complete + or 0/+ ND 0 0 0 + or 0 
Proximal ND + ND ND ND ND 

Radii Complete 0/+ ND 0 ND 0 ND 
Proximal ND + or 0 ND ND ND ND 

Pelvises Complete 0/+ ND 0 + 0 + or 0 
Acetabulum ND + ND ND ND ND 

Patellae ND 0 ND ND ND ND 
Femurs Complete 0/+ ND 0 + 0 0 

Head ND 0 ND ND ND ND 
Tibiae Complete 0/+ ND 0 0 0 0 

Proximal ND + ND ND ND ND 
Fibulae ND ND 0 ND 0 ND 
Calcanei ND + 0 + 0 0 
Astragali ND + 0 + 0 0 
Naviculars ND ND 0 0 + 0 
Cuboids ND + ND ND ND ND 
Metapodials 0/+ + + + + 0 
Phalanges 1

st
 + or 0/+ ND 0 + 0 0 

2
nd

 + or 0/+ ND 0 + 0 0 
3

rd
 + or 0/+ ND + + 0 0 

0: no transport potential; 0/+: low transport potential; +: good transport potential; ND: not documented. 
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Table 2.7. Velocity (cm/s) recorded in the literature for each skeletal element. 

Skeletal part Boaz & 
Behrensmeyer 1976 

Coard & Dennell 
1995 (dog) 

Coard & Dennell 
1995 (sheep) 

Coard & Dennell 1995 
(macaque) 

Cranium complete 19.61 0 15.79 15.41 
Skull fragments 0 ND ND ND 
Mandibles  0 0 0 0 
Isolated teeth 0 ND ND ND 
Vertebrae Atlas 0 11.28 17.51 8.77 

Axis ND 0 16.73 15.68 
Cervical ND 8.59 15.57 13.20 
Thoracic 9.14 10.54 14.80 13.51 
Lumbar ND 0 20.83 12.82 

Ribs 0 0 0 15.15 
Sacrum 14.33 9.89 17.24 14.56 
Clavicles 0 ND ND ND 
Scapulae Complete ND 0 0 0 

Acromion 0 ND ND ND 
Humeri Complete ND 0 7.28 0 

Proximal 8.84 ND ND ND 
Distal 0 ND ND ND 

Ulnae Complete ND 0 0 0 
Proximal 5.18 ND ND ND 

Radii Complete ND 0 ND 0 
Proximal 1.68 ND ND ND 

Pelvises Complete ND 0 16.98 0 
Acetabulum 9.15 ND ND ND 

Patellae 0 ND ND ND 
Femurs Complete ND 0 5.64 0 

Head 0 ND ND ND 
Tibiae Complete ND 0 0 0 

Proximal 2.44 ND ND ND 
Fibulae ND 0 ND 0 
Calcanei 11.59 0 9.87 0 
Astragali 7.32 0 7.41 0 
Naviculars ND 0 0 16.85 
Cuboids 12.50 ND ND ND 
Metapodials 7.01 12.00 6.07 13.98 
Phalanges 1

st
 ND 0 11.98 0 

2
nd

 ND 0 19.32 0 
3

rd
 ND 11.90 11.16 0 

ND: not documented. 
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Table 2.8. Transport potential and mean velocity (cm/s) for each complete, disarticulated skeletal element 
(after Voorhies, 1969; Boaz and Behrensmeyer, 1976; Coard and Dennell, 1995). 

Skeletal element Transport potential Mean velocity 

Sacrum ++ 14.00 
Cervical ++ 12.45 
Thoracic ++ 12.00 
Sternum ++ ND 
Cranium + 16.94 
Lumbar + 16.82 
Atlas + 12.52 
Metapodials + 9.76 
Pelvis 0/+ 16.98 
Axis 0/+ 16.20 
Third phalanges 0/+ 11.53 
Calcaneum 0/+ 10.73 
Astragalus 0/+ 7.36 
Humerus 0/+ 7.28 
Second phalanges 0+ 19.32 
Ribs 0+ 15.15 
First phalanges 0+ 11.98 
Radius 0+ ND 
Ulna 0+ ND 
Femur 0+ 5.64 
Tibia 0+ ND 
Navicular 0+ 0 
Fibula 0 0 
Patella 0 0 
Scapula 0 0 
Clavicle 0 0 
Isolated tooth 0 0 
Mandible 0 0 

++: transportable in all the cases considered; +: transportable in the majority of the cases (one or two 
exceptions); 0/+: low transport potential (half +, half 0); 0+: in the lag group in the majority of the cases (one 
exception); 0: always in the lag group. 

These theoretical results do not explain everything. For instance, metapodials 

present the same characteristics (in terms of density and shape) as long bones and yet 

they belong to the transportable group. Some differences between the same type of 

experiments (same protocol, same fluid used) are difficult to explain based only on the 

criteria of shape and density. For instance, the mouflon sheep, macaque and human 

crania are in the transportable group, whereas the dog cranium is in the lag one (Coard 

and Dennell, 1995). However, as already mentioned by Coard and Dennell (1995), the 

shape of a dog skull, as well as the density, present the same general characteristics as any 
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of the other skulls, especially the sheep. In the experiment conducted by Voorhies (1969), 

the cranium of the sheep is in the lag group, but not in the experiment conducted by 

Coard and Dennell (1995). 

Transport in water and orientation of the bones 

Within flowing water all bones and bone fragments become aligned and come to 

rest in a horizontal plane, even at high current velocities (maximum of 1.52 m/s; Voorhies, 

1966). Only in cases of torrential turbulent currents, the long bones might come to rest in 

a subhorizontal or vertical orientation (Voorhies, 1966), but this has never been tested 

experimentally. The orientation of the elongated bone fragments and long bones parallel 

to the direction of the current is often cited as evidence of a fluvial channel setting for 

fossil assemblages (Behrensmeyer, 1975; Shipman, 1981a). This is also demonstrated by 

experimental studies (Voorhies, 1966, 1969; Boaz and Behrensmeyer, 1976; Coard and 

Dennell, 1995). Regardless of the initial orientation of the bones when arriving in the fluid, 

the elongated bones (complete or partial long bones and ribs) tend to orientate parallel to 

the current (Voorhies, 1969; Boaz and Behrensmeyer, 1976; Coard and Dennell, 1995; 

Coard, 1999), with the largest end pointing downstream (Voorhies, 1966; Boaz and 

Behrensmeyer, 1976). This is especially true when the water is deep enough to completely 

cover the bones. Voorhies (1966) has registered cases when long bones orientate 

perpendicular to the current when the water flow is shallow and the bones are 

consequently partly emerged. The innominate bone is a good indicator of water direction, 

since it invariably orientates parallel to the current with the ilium pointing downstream 

(Voorhies, 1966; Coard and Dennell, 1995). According to Voorhies (1966) this bone tends 

to rest upside down, but this was not noted by Coard and Dennell (1995). The scapula is 

also a good indicator of flow direction and orientates parallel to it (Coard, 1999). Both the 

pelvis and the scapula loose their preferred orientation when still articulated (Coard, 

1999). However articulated vertebrae tend to align with the current. The lower jaw, when 

rotated by the current, can also orientate according to the flow direction (Voorhies, 1966), 
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although with a lesser degree of regularity than long bones, due to the less regular shape 

of mandibles. In deep water, mandibles tend to orientate parallel to the current, whereas 

in shallow water, they orientate transverse to the current. The attitude of the jaw bone is 

influenced by the strength of the current; in medium to fast velocities, jaws become stable 

in a convex-up position (Voorhies, 1966). The crania do not show any downstream 

alignement since they are either in the lag group (Voorhies, 1966) or rolling (Boaz and 

Behrensmeyer, 1976). The small and flat bones remain stable and do not show any 

preferential orientation according to the water flow (Voorhies, 1966; Boaz and 

Behrensmeyer, 1976). 

2.2. Hominin taphonomy in lacustrine and fluvial context 

2.2.1. Introduction 

 The majority of the hominins and associated fauna from Central and East Africa 

were preserved in fluvial and lacustrine environments (Behrensmeyer, 1975, 2008; 

Johanson et al., 1982; Walker, 1993; White et al., 1995; Pickford and Senut, 2001; Vignaud 

et al., 2002; Egeland et al., 2007). A brief literature review of early hominin taphonomy in 

different fossil localities from Central and East Africa is provided below. 

2.2.2. Case studies 

Sahelanthropus tchadensis (Toumaï) and associated fauna 

The remains of the earliest known representative of the hominin lineage, S. 

tchadensis (Brunet et al., 2002), were recovered together with abundant fauna 

(constituting the TM266 assemblage) in the Djurab Desert, northern Chad (Figure 2.2). The 

hominin remains include six specimens (one complete cranium, a fragmentary right 

mandible, a symphyseal fragment and three isolated teeth), representing a minimum 

number of one individual (Brunet et al., 2002). The assemblage is dated between 6 and 7 

Ma, and is composed of numerous aquatic taxa, such as fish, crocodiles, amphibians and 
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hippopotamids (Vignaud et al., 2002), all indicative of the proximity of a lake. On the other 

hand, the occurrence of primates, rodents, elephants, equids and bovids also show the 

existence of gallery forests and savannah in the vicinity (Vignaud et al., 2002). The 

assemblage formed over a short period of time and has an autochthonous origin. There is 

no evidence of water polishing and no sorting, which shows limited (Le Fur et al., 2009) or 

no fluvial transport (Vignaud et al., 2002). The accumulation of the assemblage could 

either be the result of a catastrophic event, as indicated by the presence of some 

specimens still in articulation and the variety in the bone and tooth wear, or an attritional 

process, or a combination of both (Le Fur et al., 2009). The state of preservation of the 

hominin specimens is variable. The skull is near complete but very crushed, while the 

other remains are undistorted and the bone surfaces generally well preserved (Brunet et 

al., 2002). There is no mention of carnivore or other biotic damage on the hominin 

remains. 

Orrorin tugenensis and associated fauna 

The fragmentary remains of O. tugenensis and associated animals were found in 

2001 in the Miocene Lukeino Formation, Tugen Hills, Kenya (Senut et al., 2001) (Figure 

2.2) and have been dated around 6 Ma (Sawada et al., 2002). They were recovered in 

fluvial and shallow lake deposits (Pickford and Senut, 2001). The hominins are represented 

by 13 fossils, belonging to a minimum of five individuals (Senut et al., 2001). The 

palaeoenvironmental reconstructions indicate a landscape composed of open woodland, 

with denser strands of trees in the vicinity, possibly fringing the lake margin and streams 

that drained into the lake (Pickford and Senut, 2001). Concerning the taphonomy of the 

assemblage, it seems that different events led to the preservation of the bones. Some 

fossils show evidence of carnivore damage, including the hominin femurs. Numerous 

fossils are covered with a thin pellicle of bacterial or algal origin, indicating that they fell 

into the water and were covered with algae before being buried in the sediment. On the 
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other hand, some fossils, including some hominin specimens, are highly weathered, 

indicating a long time of exposure before burial (Pickford and Senut, 2001). 

Ardipithecus ramidus and associated fauna 

 Ar. ramidus, whose remains were first identified in 1992 in Aramis, Middle Awash, 

in the Ethiopian Afar rift (White et al., 1994) (Figure 2.2), is now represented by 109 

specimens, belonging to a minimum of 36 individuals, including a near complete female 

individual, ARA-VP-6/500 (White et al., 2009a). The specimens were dated around 4.4 My 

(White et al., 1994) and were recovered in alluvial silty clay of the Lower Aramis Member. 

The palaeoenvironmental reconstruction suggests the presence of woodland environment 

with small patches of forest (Louchart et al., 2009; White et al., 2009b). Taphonomic 

analysis shows the absence of any damage associated with transport or sorting by water. 

The rarity of advanced stages of weathering in the fossil assemblage suggests that the 

time of exposure before burial was short. It also suggests a rapid deposition of the unit. 

The faunal assemblage is composed of small to large mammals, with some bones showing 

evidence of carnivore chewing, rodent gnawing and termite damage, as well as fracture 

and decalcification resulting from exposure to erosion (Louchart et al., 2009; White et al., 

2009a). Based on the tooth marks and body part representation (an overrepresentation of 

teeth, jaws and limb bone shafts on one hand, and underrepresentation of skull and limb 

bone epiphyses on the other), hyaenas and other medium to large size carnivores have 

been identified as important taphonomic agents in the formation of the faunal 

assemblage. The abundance of small mammal and small bird remains, as well as the type 

of damage observed on their bones, is interpreted as the result of owl predation and 

accumulation of regurgitated pellets. The near complete Ar. ramidus female individual 

ARA-VP-6/500 seems to have a slightly different taphonomic history. The remains 

(MNE=86) include numerous complete or near complete bones characterised by an 

absence of carnivore damage and weathering. The degree of preservation of the bone 

surface is very poor, and while the small bones are undistorted, the long bones are 
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variably crushed (White et al., 2009a). The skull is broken into several pieces that were 

ŦƻǳƴŘ ǊŜƭŀǘƛǾŜƭȅ ŘƛǎǇŜǊǎŜŘΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ άōƻƴŜǎ ƻŦ ǘƘŜ Ŏŀrcass came to rest in a 

ǎƘŀƭƭƻǿ ǎǿŀƭŜ ƻƴ ǘƘŜ ŦƭƻƻŘ Ǉƭŀƛƴέ ŀƴŘ ǿŜǊŜ ǘǊŀƳǇƭŜŘΣ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ǾƛǎƛōƭŜ ƛƴ ǘƘŜ ǿŀȅ ǎƻƳŜ 

larger bones are fragmented and scattered (White et al., 2009a). 

Kenyanthropus platyops and associated fauna 

The remains of K. platyops (a near complete skull and a partial left maxilla) and 

associated fauna were recovered in a mudstone level deposited along the margin of a 

shallow lake, West Lake Turkana, Kenya, 3.5 Mya (Leakey et al., 2001) (Figure 2.2). The 

vault has been heavily distorted by compression and the bone surface is poorly preserved. 

Australopithecus afarensis (Lucy) 

The near complete skeleton of Lucy (AL-288-1) was recovered in 1974 in the Hadar 

Formation, Afar Region, Ethiopia (Figure 2.2), and attributed to what was then a new 

species, namely Australopithecus afarensis (Johanson and Taieb, 1976; Johanson et al., 

1978; Johanson and White, 1979; Johanson and Edey, 1982). The skeleton preserves 

broken, but also complete or near complete bones, with all the body parts represented 

(the minimum number of elements preserved, including the teeth, is 42; Johanson and 

Taieb, 1976). The bone surface is also well preserved and shows no evidence of pre-

fossilisation weathering (Johanson and White, 1979; Johanson et al., 1982). As with the 

other hominins and associated fauna recovered from the Hadar Formation, the remains of 

Lucy were recovered in sediments consistent with lacustrine and lake margin deposits 

(Johanson et alΦΣ мфунύΦ Lǘ Ƙŀǎ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǘƘŀǘ [ǳŎȅΩǎ ǊŜƳŀƛƴǎ ǿŜǊŜ collected from 

secondary deposit, after having been eroded out of a palaeochannel sandstone, and 

transported by a modern stream (Johanson et al., 1982; Radosevich et al., 1992). 
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Australopithecus afarensis individuals from AL-333 locality 

 The locality AL-333 in the Hadar Formation, Afar Region, Ethiopia (4 km northwest 

of the junction of the Kada Hadar and the Awash River; Figure 2.2), is an excavated area of 

33 m2, which has yielded more than 200 fossil bones, including 18 recovered in situ. These 

fossils constitute the remains of a minimum of 13 individuals, including two infants, two 

juveniles, and nine adults (Johanson et al., 1982; Radosevich et al., 1992). They have all 

been attributed to Au. afarensis and dated to 3.2 My (Brown, 1982; Sarna-Wojcicki et al., 

1985). The fossils are preserved in a primary deposit (palaeosols), and do not show any 

evidence of any fluvial transport. For instance, a partial articulated food and hand have 

been recovered, and the body part frequencies show the absence of fluvial sorting of the 

bones. The weathering state of the assemblage is consistent with stage 1 of Behrensmeyer 

(1978), and there is no indication of scavenging or predation by carnivores (Radosevich et 

al., 1992). Furthermore, the faunal assemblage is exclusively composed of hominin 

remains, with the exception of a few fish, reptile and rodent bones (Johanson et al., 1982). 

The taphonomic hypothesis proposed to explain the accumulation of the hominins is a 

catastrophic event, such as a flood, leading to the simultaneous death of a group of 

australopithecines. The death would have been followed by a short period (a couple of 

months) of exposure during which decay and disarticulation took place before the final 

burial of the skeletons occurred (Johanson et al., 1982; Radosevich et al., 1992). 

Selam (DIK 1-1): a juvenile Au. afarensis skull and associated skeleton from Dikika, Ethiopia 

The skull and associated skeleton of a juvenile Au. afarensis (specimen DIK1/1, 

nick-ƴŀƳŜŘ ά{ŜƭŀƳέύ ǿŜǊŜ ǊŜŎƻǾŜǊŜŘ ōŜǘǿŜŜƴ нллл ŀƴŘ нлло ƛƴ ǘƘŜ Ŧƭuvial sediments of 

the Sidi Hakoma Member of the Hadar Formation, Ethiopia (Figure 2.2) (Alemseged et al., 

2006), which date to 3.31-3.35 My (Wynn et al., 2006). Based mostly on bone and teeth 

morphology, DIK 1/1 is considered to be a three year old female australopithecine 

(Alemseged et al., 2006). The near complete skull and articulated mandible were 

recovered in a block of sandstone matrix, in articulation with the right and left scapulae, 
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clavicles, cervical, thoracic and first two lumbar vertebrae, many ribs and the first known 

hyoid in early hominin fossil record (Alemseged et al., 2006). The hominin assemblage also 

includes post-cranial material: left scapula fragment and ribs, manual phalanges, left 

proximal tibia, a left articulated foot, including the distal fibula and tibia, the talus, 

calcaneum, tarsals and metatarsals, a right distal femur, associated with patella and 

proximal tibia, a right humerus, a left distal femur and patella, a left tibia fragment, a left 

femur fragment, and many rib fragments. Most bones are complete or near complete 

except for the long bones; they are relatively well preserved, even though they have 

suffered slight distorsion from sediment pressure (Alemseged et al., 2006). The associated 

non-hominin faunal material recovered in sandstone is dominated by ungulates, with a 

few carnivore and primate remains. The faunal spectrum is consistent with a mosaic of 

mesic habitats, including a woody component as well as evidence of open grasslands 

(Wynn et al., 2006). Many non-hominin faunal elements were recovered in articulation 

and show no evidence of pre-burial weathering (Alemseged et al., 2006). The proposed 

taphonomic scenario for the australopithecine is a quick burial shortly after death (i.e. 

corpse still intact), probably during a major flood event (Alemseged et al., 2006). 

Other gracile and robust australopithecines and Homo habilis specimens from East Africa 

 Several hundreds of specimens belonging to gracile (Australopithecus garhi and 

Australopithecus anamensis) and robust (Paranthropus boisei and Paranthropus 

aethiopicus) australopithecines, and Homo habilis have been recovered from various 

localities in the eastern part of the African continent: Hadar Formation, Middle Awash, 

Omo Valley (Ethiopia), Turkana Basin, Koobi Fora (Kenya), and Olduvai Gorge (Tanzania) 

(Figure 2.2). These specimens are represented by fragmentary isolated skull and post-

cranial elements, very rarely by complete bones and never by complete or near-complete 

skeletons. There are only a few cases of articulated bones preserved, such as an 

articulated right hand of a juvenile hominin, namely the holotype of H. habilis (specimen 

OH7; Leakey et al., 1964) and an articulated foot, the paratype of H. Habilis (specimen 
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OH8; Leakey et al., 1964, Susman and Stern, 1982). The majority of these specimens was 

recovered in lacustrine, floodplain or old riverbed environments and have undergone 

different taphonomic destructive processes, such as weathering, trampling, carnivore 

activity and dispersal by water (Behrensmeyer, 1975, 2008; Johanson et al., 1982; Potts, 

1988; Egeland et al., 2007). 

The Nariokotome H. erectus skeleton (KNM-WT 15000) 

KNM-WT 15000 is a near complete skeleton of H. erectus, recovered in the 

Turkana Basin, near the Nariokotome Sand River, northern Kenya (Figure 2.2). Its remains, 

found in an ancient floodplain environment within lowland swamp, have been dated to 

1.5 Ma (Brown and McDougall, 1993; Fiebel and Brown, 1993). Most of the bones are 

broken, possibly due to trampling by large mammals. There is no articulation preserved, 

even though there is some anatomical proximity, such as the left scapula and humerus, 

and the left ilium and femur. The bones appear to have been dispersed by a gentle current 

(several metres wide). The presence of a periodontal lesion on the right side of the 

mandible indicates that the individual could have died because of an infection of the tooth 

and gum. The absence of carnivore damage as well as weathering argues in favour of 

burial of the skeleton soon after death, either because it fell into the swamp or because it 

was washed into it by a minor flood. After disarticulation, trampling by large mammals 

and dispersal by water, the different bones eventually became embedded in the swamp 

mud where they fossilised (Walker, 1993). 
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Figure 2.2. Early hominin fossil localities in Central and East Africa (after Egeland et al., 2007, modified). The 
localities mentioned in the text are highlighted in red. 

2.2.3. Fossil hominins in lacustrine and fluvial contexts: summary 

 A certain number of similarities amongst the different examples mentioned above 

can be highlighted (Table 2.9). 
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Table 2.9. Summary of the preservation of some early hominins recovered in Central and East Africa. 

Species MNI Fragmentation Completeness Elements in 
articulation 

Taphonomy References 

S. tchadensis 1 fragmentary remains, 
except the near 
complete skull 

one skull, 12 teeth, a right hemi-
mandible = (14/183)*100 = 
7.65%  

no no specific 
agent 
identified 

Brunet et al., 
2002; Vignaud 
et al., 2002; Le 
Fur et al., 
2009 

O. tugenensis 5 no complete bone 
preserved 

[(13*5)/(183*5)]*100 =7.10% no carnivores, 
weathering, 

Pickford and 
Senut, 2001 

Ar. ramidus 1 all the bones are 
complete or near 
complete for ARA-VP-
6/500; fragmentary 
isolated bone remains 
for the other individuals 

(ARA-VP-6/500 skeleton):86 
elements  
%survival: (86/183)*100 = 47% 
For the whole hominin 
assemblage: 
[109/(36*183)]*100= 1.65% 

no trampling White et al., 
2009a; 
Louchart et 
al., 2009 

K. platyops 2 skull near complete; 
left maxilla very 
fragmentary 

2 remains 
% survival= (2/183)*100 =1.1% 

no no specific 
agent 
identified 

Leakey et al., 
2001 

Lucy (Au. 
afarensis) 

 all bones are broken 
but the majority are 
complete or near 
complete 

MNE = 48 
% survival = (48/183)*100 = 
26.2% 

no no 
weathering, 
one puncture 
possibly 
produced by 
a carnivore 

Johanson and 
Taieb, 1976; 
Johanson and 
Edey, 1982; 
Johanson et 
al., 1982 

Au. afarensis 
individuals 
from AL-333 
locality 

 majority of fragmentary 
and isolated remains 

MNI=13; MNE = 200 
%survival = 
[200/(13*183)]*100=8.4% 

one partial 
foot and one 
partial hand 

weathering 
stage 1, no 
evidence of 
carnivore 
damage 

Johanson et 
al., 1982; 
Radosevich et 
al., 1992 

Selam (DIK-1/1) 
Au. afarensis 

 all bones are complete 
and near complete, 
except for the long 
bones 

Most elements preserved 
MNI = 1; MNE = 67 
%survival 
[67/(1*171)]*100]=39.2% 

one partial 
foot and 
skull 
articulated 
with 
mandible 
and upper 
body 
(clavicles, 
scapulae, 
vertebrae 
and ribs) 

no 
weathering, 
no evidence 
of carnivore 
damage 

Alemseged et 
al., 2006; 
Wynn et al., 
2006 

KNM-WT 15000 
(H. erectus) 

1 most of the bones are 
broken 

- no trampling Walker, 1993 
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The hominin specimens recovered are almost always disarticulated. Complete 

bones are rare. A common trait is the rapidity of burial, which has protected the hominin 

specimens from being intensively damaged by taphonomic agents. Hence, carnivore, 

rodent and weathering damages are rare on these skeletons (Table 2.9). It is noteworthy 

to remember that the examples mentioned above represent exceptions within the fossil 

record rather than the rule. Amongst the hundreds of specimens recovered in East Africa, 

specimens AL-288-м όά[ǳŎȅέΣ Au. afarensis), ARA-VP-6/500 (Ar. ramidus), DIK-мκм όά{ŜƭŀƳέΣ 

Au. afarensis), and KNM-WT 15000 (ά¢ǳǊƪŀƴŀ ōƻȅέΣ H. erectus) are the only individuals 

represented by near-complete skeletons. 
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Chapter 3. Materials 

1. HOMININ REMAINS 

1.1. Individuals 

 The hominin specimens used in this study comprise a collection of 256 fossil bones 

and teeth (for a complete list of specimens, see Appendix 1). The minimum number of 

individuals (MNI) is estimated at six. Two individuals (MH1 and MH2) are near complete, 

whereas the other four individuals are each represented by only a few fragments. 

Malapa Hominin 1 (MH1) from Facies E and D was the first individual discovered. It 

is a juvenile male represented by 101 bones, bone fragments and teeth. The specimens 

that have been prepared so far include most of the body parts; the skull and the mandible, 

elements from the upper and the lower limbs, mostly from the right side (scapula and long 

bone fragments, as well as a few metacarpals, metatarsals, and one phalanx), elements 

from the axial skeleton (clavicle, vertebrae, ribs, and sacrum) and parts of the pelvis. A 

block of calcified sediment (UW88-B051) contains hominin bones that are attributed to 

MH1. This block has not been prepared yet (virtual segmentation in progress) and the 

bones have so far only been identified using CT scanning images. The quality of the 

scanning images allows preliminary identification of the bones present inside, which 

include the left hemi-mandible with the three lower molars (the first two ones erupted 

and the third one in crypt), the complete left femur, a fibula shaft, the distal part of the 

right ulna, the left clavicle, at least four complete or near complete ribs, a possible 

fragment of a radius or rib, the shaft of a long bone (possibly the left humerus), another 

near complete long bone (a tibia or the distal right femur), a possible distal part of a 

humerus, and five foot or hand bones. 

Malapa Hominin 2 (MH2) is an adult female, represented by 119 bones, bone 

fragments and teeth. All of the body parts are present, except for the skull. MH2 
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comprises more articulated specimens than MH1, and a large number of the skeletal 

elements are complete. 

Two remains, namely a distal right humerus (UW88-81) and an associated proximal 

right ulna (UW88-82) belong to the same individual, possibly an infant. It referred to as 

MH3. Its remains were recovered from Facies E, just above Facies D, west of it, near to 

where the Dinofelis remains have been recovered. 

Malapa Hominin 4 (MH4) is an adult (sex indeterminate) and is composed of a near 

complete right tibia (UW88-21, the distal tibia fusing with UW88-40, the proximal tibia). 

Malapa Hominin 5 (MH5) is a possible other infant (sex indeterminate) and 

comprises two bones, including a right femur (UW88-175) and an associated 

unidentifiable bone fragment (UW88-176). 

Malapa Hominin 6 (MH6) is an adult represented by a mandible with teeth. These 

remains are still in situ in Pit 2 (Facies F), embedded in the matrix, and have therefore not 

been issued specimen numbers yet. 

Twenty-six other elements do not at present refit with any of the previously 

mentioned individuals. Two of them were recovered in situ in Facies D, while the other 20 

are fragmentary bone remains that were recovered during the manual preparation of ex 

situ breccias blocks. They include long bone fragments, elements from the innominate and 

the mandible, phalanges and metapodials, and rib fragments. For a complete list of the 

hominin specimens recovered so far, see Appendix 1. 

1.2. Taxonomic attribution 

 The remains of the two well-preserved individuals (MH1 and MH2) constitute the 

Holotype and Paratype of a new hominin species, described by Berger et al. (2010). This 

new species was named sediba afteǊ ǘƘŜ ǎŜ{ƻǘƘƻ ǿƻǊŘ ŦƻǊ άǎǇǊƛƴƎέ. It has been placed in 

the genus Australopithecus, but presents a combination of primitive and derived 
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characters not observed in any of the other australopithecine species (Berger et al., 2010; 

Berger, 2012). The adherence to the genus Australopithecus is based on the persistence of 

primitive characters, such as a small brain-size, long upper arms, gracile morphology of 

the calcaneum and body dimensions in general (Berger et al., 2010; Carlson et al., 2011; 

Kibii et al., 2011; Kivell et al., 2011; Zipfel et al., 2011; Berger, 2012). However, several 

modern features such as the morphology of the pelvis (Berger et al., 2010; Kibii et al., 

2011), the reduced size of the canines (Berger et al., 2010), the development of some 

human-like parts of the brain (Carlson et al., 2011), and the ankle joint (Zipfel et al., 2011) 

show that Au. sediba also shares a number of characters with early Homo. Au. sediba is 

thus potentially a key-species to understanding the ancestry of the genus Homo and the 

transition from australopithecines to early Homo, whether Homo habilis or Homo ergaster 

(Berger et al., 2010; Berger, 2012). 

1.3. Stratigraphic provenance of the hominin remains 

Subsequent to the discovery of the first hominin remains, fieldwork at the site 

between 2008 and 2010 focused on collecting all the ex situ blocks removed by the 

miners, which were lying next to the main opening of the site (Figure 3.1). To date, a few 

in situ blocks of calcified sediment have been extracted from the site, and the in situ 

decalcified sediment has undergone excavation and sieving. The majority of the hominin 

remains (n. 205) were found in the ex situ blocks (see Appendix 1). However, a significant 

number of remains (n. 51) were still embedded in the matrix within the cave deposit. All 

of the MH2 in situ remains come from Facies D, dated to 1.977 Million years (Figure 3.1.; 

Dirks et al. 2010; Pickering et al., 2011), while the in situ MH1 remains come from the 

bottom of Facies E, just above Facies D (P.Dirks, pers. comm.). The MH3 remains were 

recovered in Facies E, just above Facies D (Figure 3.1). The remains of another individual 

(MH6, a mandible together with some teeth) are still embedded in Pit 2 in Facies F. The 

isolated bones of MH4 and MH5 were found in a separate ex situ blocks removed by the 

miners. It is at present difficult to confidently determine their facies of origin. 
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Figure 3.1. 3D reconstruction of Pit 1 at the Malapa site showing the mined area and the provenance of the 
hominin in situ remains (image: courtesy of D. Conforti, Optech company, modified). 

2. NON-HOMININ FAUNAL REMAINS 

To date, the total number of identified non-hominin faunal remains is 1061. 

Preliminary results on the faunal remains have been published (Table 3.1.; Dirks et al., 

2010; Kuhn et al., 2011; Val et al., 2011; Hartstone-Rose et al., 2013), but the analysis of 

the whole assemblage is currently in progress. The majority of the remains (n. 957) come 

from ex situ blocks of clastic calcified sediments, while 104 remains were recovered in situ 

or during sieving of decalcified sediment. 
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Table 3.1. Identifiable fauna from Malapa (after Dirks et al., 2010 ; Kuhn et al., 2011 ; Val et al., 2011 ; 
Hartstone-Rose et al., 2013). 

Order Family Species MNI 

CARNIVORA Felidae Dinofelis sp. 1 
  Dinofelis barlowi 1 
  Panthera pardus 1 
  Panthera cf. P. pardus 1 
  cf. Panthera sp. 2 
  Felis nigripes 1 
  Felidae indet.  
 Hyaenidae Parahyaena brunnea 2 
  cf. Parahyaena brunnea 1 
  Hyaenidae indet.  
 Canidae Large canidae indet. 1 
  Vulpes skinneri 1 
 Herpestidae Atilax cf. A. mesotes 1 
  cf. Herpestidae 1 
 Viverridae cf. Genetta sp.  
PERISSODACTYLA  Equus sp. 1 
ARTIODACTYLA  Suidae indet. 1 
  Oreotragus sp. 1 
  Megalotragus sp. 1 
  Large-sized alcelaphine 1 
  Tragelaphus cf. scriptus 1 
  Tragelaphus cf. strepsiceros 1 
  Lepus sp. 1 
PRIMATES  Papio sp. 1 
TESTUDINES  Chelonia sp. 1 
MICROFAUNA  Elephantulus sp. 1 

3. OTHER TYPES OF REMAINS 

3.1. Coprolites 

 Only one coprolite has been recovered and prepared so far. It was found in an ex 

situ block of calcified sediment (UW88-B020) and tentatively identified as carnivore in 

origin, and has been used for pollen analysis and palaeoecological assessment (Bamford et 

al., 2010). A few other possible coprolites have been identified in blocks through virtual 

exploration using Avizo 6.3 software but the preparation of these blocks is still to be done. 

3.2. Millipedes 

 One almost complete pill millipede was recovered and given a specimen number 

(UW88-763). 
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3.3. Insect pupae 

 Abundant insect pupae were observed outside and inside (i.e. during virtual 

exploration) blocks of calcified sediment. 

3.4. Molluscs 

 One small terrestrial snail is recorded and has been given a specimen number 

(UW88-1117). It was found in an ex situ block (UW88-B999). Two other shells of Gulella 

sp. and one Achatina sp. have been identified during the preparation of breccias blocks. 

They have not been assigned specimen numbers. Numerous other mollusc shells have 

been observed and await a specimen number. 

3.5. Seeds 

 Seeds have been identified in the block that contained the MH2 scapula fragment. 

They have been virtually extracted using Avizo 6.3 and their identification is currently in 

progress (Tea Jashashvili, pers.comm.). 

3.6. Organic residues 

Organic material, possibly related to soft tissues, has been identified on some bone 

remains (Keeling et al., in prep.) and is currently under study, to determine its exact origin. 
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Chapter 4. Methods 

This chapter presents the methods and techniques that were applied during the 

collection, excavation, preparation, and taphonomic analysis of the fossil remains. The 

first half of this chapter concerns the methodology followed prior to the study described, 

which was established by various members of the scientific team responsible for the 

Malapa site and faunal material. If focuses on how the remains were collected at the site, 

how they were prepared, both physically and manually, and how they were catalogued. In 

the second half of the chapter, I describe the methods that I have used for the 

taphonomic study of the hominin remains. I chose a combination of classical taphonomic 

methods and modern CT scanning and 3D reconstruction techniques, in order to 

reconstruct the sequence of events that led to the preservation of MH1 and MH2, from 

death and decay to burial and recovery. This represents a new multidisciplinary approach 

that may be dubbed palaeoforensic taphonomy. It applies modern forensic methods of 

enquiry to the άŎƻƭŘ caseέ of 1.977 million year old hominins in the same way taphonomy 

is applied to modern forensic cases, with the goal of understanding the causes of death 

and conditions surrounding burial. The traditional taphonomic methods used include a 

palaeontological approach, which looks at the context and the general characteristics of 

the faunal assemblage; a physical approach which, through a microscopic anlaysis, 

analyses bone surface modifications and identifies agents causing them; and a spatial 

approach, which for the first time, applies modern CT scanning and virtual technologies to 

reconstruct the original burial posture of the hominins into the deposit. Finally, I propose 

a definition of the new concept of palaeoforensic taphonomy, a discipline drawn from the 

fields of forensic anthropology, archaeology and taphonomy, before considering the 

various implications of burial and death postures in the palaeontological, archaeological 

and historical records, which form the core of this new concept and practice. 
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1. EXCAVATIONS, PREPARATION AND RECORDING 

1.1. Excavation methods 

Because the Malapa site underwent some limestone mining at the beginning of the 

20th century (Dirks et al., 2010; Berger, 2012), the priority of the first field campaigns in 

2008/2009 was to collect ex situ blocks that had been removed by the miners. These 

blocks were located on the surface, a few metres away from the main opening (Pit 1), 

mostly on the northern path that runs along the site. The ex situ blocks were taken to the 

Institute for Human Evolution (University of the Witwatersrand, Johannesburg) in order to 

be manually and/or virtually prepared. 

During the first field season, some in situ remains were also collected from the 

deposit in Pits 1 and 2. These remains were of two types: some were recovered from 

decalcified sediment (Pit 1 and Pit 2) and therefore easily extractable using only a brush; 

others were embedded in the calcified sediment (only from Pit 1). The latter (mainly 

hominin remains) were removed, together with the calcified sediment that contained 

them, using a small axe for the small-sized blocks (J.M. Kibii, pers. comm.). In the case of 

the block containing MH2 bones, wedges, bars, as well as hydraulics were placed along 

natural cracks to free the block (L.R. Berger, pers. comm.). These blocks were later 

prepared in the laboratory. Systematic sieving of the excavated decalcified sediment was 

conducted using a 1 mm mesh-screen sieve (J.M. Kibii, pers. comm.). 

A total station and laser theodolite (Nikon NPR 352) were set up in order to record 

the GPS coordinates of all the in situ remains and blocks containing bone specimens. The 

position of the ex situ blocks was also recorded. The X coordinate corresponds to the 

west-east position, the Y coordinate to the north-south position and the Z coordinate 

indicates the depth of the bones below the datum within the deposit. Figure 4.1 and Table 

4.1 show the location in the site and the coordinates of the four points (Base, A1, B1 and 

C1) used as references during the setting up of the total station. 
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Figure 4.1. Position of the reference points used for the total station. 

Table 4.1. X,Y and Z coordinates of the reference points. 

Point East North Height 

BASE -80312.004 2865453.500 1417.200 
A1 -80320.233 2865464.176 1417.378 
B1 -80321.179 2865442.448 1415.389 
C1 -80295.765 2865446.855 1415.278 

Two important points have to be borne in mind, as they have a great influence on the 

actual composition of the faunal assemblage. Firstly, the major part of the first field 

campaigns consisted of collecting all the blocks of calcified sediment removed by the 

miners and located around the pit, as well as fossils that were visible inside the deposits 

and present in loose decalcified sediment that did not require great investment in terms 

of excavations. The in situ deposits, together with the fossils they contain are therefore to 

date almost untouched. Secondly, priority was given to the recovery and collection of 

hominin remains, which means that the extremely high number of hominin remains 

present in the faunal assemblage might be, at least partly, explained by collectors bias. 
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This was true for both the in situ remains and the remains recovered from ex situ blocks. 

The order of preparation of blocks was organized according to their level of importance; 

with the ones containing potential hominin/primate remains first. CT scanning and virtual 

exploration techniques were applied to pre-identify possible hominin remains inside 

calcified blocks of sediment and prioritize the preparation of these blocks (see Smilg, 2012 

and below). 

1.2. Laboratory preparation methods 

Acid preparation techniques using hydrochloric, acetic, and formic or thioglycollic 

acids to remove vertebrate fossil bones from calcified matrix were established almost a 

century ago and are still in use today (White, 1946; Toombs, 1948; Rixon, 1949; Toombs 

and Rixon, 1959; Rudner, 1972; Howie, 1974; Whybrow, 1985; Adams, 2006). Chemical 

preparation methods are usually preferred to physical methods due to the time 

investment, since manual removal of the matrix requires much more time than chemical 

dissolution. Chemical methods usually consist of solutions containing acid (concentration 

usually between 6 and 10%) dissolving the CaCO3 component of the calcified sediment 

(Adams, 2006). However, acid preparation is a risky technique that, in some cases, can 

damage the fossils, produce cracks and render the bone surface friable (Toombs and 

Rixon, 1959; Rudner, 1972). Some authors recommend using it only on resistant bones 

ŀƴŘ ŀǎ ŀ ƭŀǎǘ ǊŜǎƻǊǘ ōŜŎŀǳǎŜ άǘƘŜǊŜ ǿƛƭƭ ŀƭǿŀȅǎ ōŜ ǎƻƳŜ ǿŜŀƪŜƴƛƴƎ of the bone when using 

ŀŎƛŘΣ ŀƴŘ ǘƘŜ ǇǊŜǇŀǊŜŘ ǎǇŜŎƛƳŜƴ ǿƛƭƭ ōŜ ǾŜǊȅ ŦǊŀƎƛƭŜέ όwǳŘƴŜǊΣ мфтн, p.121). In order to 

avoid any risk, and given the remarkable level of preservation of the bone surfaces of the 

Malapa fossils, it was decided to opt for physical preparation methods rather than 

chemical dissolution. The physical preparation is conducted under a microscope using an 

air-drill tipped with a small diamond head, allowing a high degree of precision during the 

removal of the calcified sediment. The physical preparation was conducted by the 

following people: C. Dube, S. Jirah, M. Kgasi, R. Languza, J. Malaza, G. Mokoma, P. 

Mukanela, T. Nemvhundi, M. Ngcamphalala, S. Tshabalala and C. Yates. In some cases, the 



60 
 

matrix was not removed completely, for instance when it was holding the bones together 

and/or because of potential preservation of organic material between the calcified 

sediment and the bones. 

1.3. Virtual exploration of blocks of calcified sediment 

Several hundreds of blocks were brought back from the site to the laboratory 

(Institute for Human Evolution, University of the Witwatersrand, Johannesburg). Given the 

time investment required by physical preparation, L.R. Berger and J.M. Kibii, the permit 

holders of the site, decided to apply Computed-Tomography (CT) scanning coupled with 

3D exploration techniques, in order to conduct a preliminary sorting between blocks 

containing fossils and those with none, as well as to facilitate and guide manual 

preparation (see Smilg, 2012 for more details about the virtual preparation techniques 

applied at Malapa). One hundred and forty-two blocks were scanned at the Charlotte 

Maxeke Hospital of Johannesburg at the Radiography Service (co-supervised by J. Smilg 

and K.J. Carlson) using two CT-scanners, a Philips Brilliance 16 slice CT and a Siemens 40 

slice CT; the protocol applied was a Head routine (Smilg, 2012). 

The images obtained with the scanner were then processed using Avizo 6.2 computer 

software, in order to produce 3D volume renderings of the blocks (see below for more 

details about the virtual imaging techniques). For each block, the CT-scanner produces a 

ǎǘŀŎƪ ƻŦ ƛƳŀƎŜǎ ƻǊ ά5ƛƎƛǘŀƭ LƳŀƎƛƴƎ ŀƴŘ /ƻƳƳǳƴƛŎŀǘƛƻƴ ƛƴ aŜŘƛŎƛƴŜέ ό5L/haύ ǎǘŀŎƪ όƻƴŜ 

image every centimetre or every two centimetres). This stack of images is used by the 

Avizo software to produce an isosurface of the block, as well as an orthoslice, that allows 

accessing the internal part of the block. A virtual exploration of the blocks for fossil bones 

was subsequently conducted to preliminarily identify any bone, tooth and other fossil 

remains (e.g. coprolites, artifacts, insect pupae). Different variables, such as the size and 

geometry of the block, and the parametres chosen during the scan (e.g. field of view, 

section thickness and algorithms), affected the readability of the scanned images (Smilg, 

2012). Depending on the quality of these data, it was in some cases possible to identify 
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the bones to Order (Primates, Artiodactyla, Perissodactyla or Carnivora). Each block was 

assigned a colour according to the level of priority for further physical preparation: red for 

άƘƛƎƘ ǇǊƛƻǊƛǘȅέ όōƭƻŎƪǎ ŎƻƴǘŀƛƴƛƴƎ ǇǊƻōŀōƭŜ ǇǊƛƳŀǘŜκƘƻƳƛƴƛƴ ǊŜƳŀƛƴǎύΣ ǿƘƛǘŜ ŦƻǊ άƳŜŘƛǳƳ 

ǇǊƛƻǊƛǘȅέ όōƭƻŎƪǎ ŎƻƴǘŀƛƴƛƴƎ ƴƻƴ-primate identifiable faunal remains), and ȅŜƭƭƻǿ ŦƻǊ άƭƻǿ 

ǇǊƛƻǊƛǘȅέ όōƭƻŎƪǎ Ŏƻƴǘaining non identifiable bone remains) (Smilg, 2012). Feedback was 

provided to the laboratory technicians concerning the location of the fossils within blocks 

and the types of fossil remains (when known) present inside blocks. This technique 

eliminated empty blocks from the physical preparation queue (see Smilg, 2012). 

Identifiable fossils too small and/or fragile to be physically removed from the 

surrounding matrix were virtually extracted using Avizo. This was the case for a small 

mammal hemi-mandible (Val et al., 2011) and some hominin remains (e.g. MH1 skull, 

MH2 first rib, scapula, manubrium, and patella). For the hominin remains, renderings were 

used to generate a 3D printout. 

1.4. Digital record of the excavation and preparation 

Images were taken at each step of the excavation and fossil preparation processes, 

constituting a large database of several thousand digital and printed pictures. The 

preparation of blocks containing the hominin remains forms the large majority of the 

digital record, but pictures were also taken during the preparation of blocks containing 

non-hominin faunal remains. Numerous pictures taken during the collection of the blocks 

from the site are also on file. 

1.5. Taxonomic attribution and cataloguing of the fossil remains 

1.5.1. Taxonomic identification 

Taxonomic attribution and anatomical identification were conducted by different 

members of the Malapa team studying hominin and non-hominin faunal material (L.R. 

Berger, J.M. Kibii, D.J. de Ruiter, B.F. Kuhn and C.M. Steininger). 
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1.5.2. Cataloguing of the faunal remains 

All faunal remains were given a catalogue number (prefix U.W. 88-...) consistent 

with the general indexing that was established by Zipfel and Berger (2009) for all fossils 

belonging or related in any way to the University of the Witwatersrand (housed in the 

collections of Wits and/or under the responsibility of someone linked to Wits). The 

number 88 refers to the Malapa site, which is the 88th site that falls under the 

responsibility of the University of the Witwatersrand (Zipfel and Berger, 2009). 

Information concerning the hominin and non-hominin faunal remains (specimen number, 

taxonomic and anatomical attribution) is entered in a Microsoft Access Database, and two 

separate Microsoft Word catalogues for the hominin and carnivore remains have also 

been established. 

1.5.3. Creation of the database 

I have created a comprehensive Microsoft Excel Database that consists of 70 

different fields for all the faunal material (hominin and non-hominin). In this database, 

information about the stratigraphic origin (in situ/ex situ, block and coordinates), taxon 

(family, genus and species) and anatomy (element, portion and side) is recorded, as well 

as about the type of bone breakage and surface modifications observed. For each field of 

information, I have used abbreviations commonly used by zooarchaeologists (Gifford and 

Crader, 1977; Costamagno, 1999a; see Appendix 3). 

Eight anatomical regions have been defined in order to classify the different types 

of bones, inspired by the classification proposed by Fosse (1994) with some modifications 

(Table 4.2). The following bone categories are considered: 
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Table 4.2. Bone categories used in the database for faunal remains. 

BODY REGION BONES 

CRA (cranium) calvarium, mandible and hyoid 
TTH (teeth) teeth 
LBN (Long bones) humeri, radii, ulnae, femurs, tibiae and fibulae 
FBN (flat bones) scapulae, pelvises 
RACHIS ribs, sternebrae, manubrium and clavicles 
VER (vertebral column) vertebrae and sacrum 
META (metapodials) metacarpals and metatarsals 
SHBN (short bones) carpals, tarsals, phalanges, patellae 

A complete list of abbreviations is provided in the explanation of the different fields of 

the database in Appendix 3. 

2. CLASSICAL VERTEBRATE TAPHONOMY: THE TRIPLE APPROACH 

2.1. Introduction 

The first two approaches, namely palaeontological and physical, have been well 

ŘŜǎŎǊƛōŜŘ ŀƴŘ ǳǎŜŘ ōȅ ǊŜǎŜŀǊŎƘŜǊǎ ƛƴ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜǎΦ ¢ƘŜ άǇŀƭŀŜƻƴǘƻƭƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘέΣ 

as described by Domínguez-Rodrigo et al. (2007), looks at the general aspects of the 

complete faunal assemblage and proposes interpretations based on the composition of 

ǘƘŜ Ŧŀǳƴŀƭ ǎǇŜŎǘǊǳƳΣ ǎƪŜƭŜǘŀƭ ǇŀǊǘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ǇǊƻŦƛƭŜǎΦ ¢ƘŜ άǇƘȅǎƛŎŀƭ 

ŀǇǇǊƻŀŎƘέ ŎƻƴŎŜǊƴǎ ǘƘŜ ōƻƴŜ ǎǳǊŦŀŎŜ ŀƴŘ άŎƻƴŎŜƴǘǊŀǘŜǎ ƻƴ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǇƘȅǎƛŎŀƭ 

attributes of bones throughout their taphonomiŎ ƘƛǎǘƻǊȅέ ό5ƻƳƝƴƎǳŜȊ-Rodrigo et al., 

2007, p.23). In other words, the physical approach aims at identifying all types of bone 

damage and the different agents that caused them, whether biotic or abiotic, based on 

modifications of the bone surface, both macro- and microscopically visible. I have chosen 

to use ŀ ǘƘƛǊŘ ŀǇǇǊƻŀŎƘΣ ǘƘŜ άǎǇŀǘƛŀƭ ŀǇǇǊƻŀŎƘέΦ ¢ǊŀŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ǎǇŀǘƛŀƭ ŀǇǇǊƻŀŎƘ ƛǎ 

limited to the study of bone distribution in a deposit, and proceeds in two dimensions only 

(analysis of the bone distribution in the horizontal and vertical planes). Here, I combine 

new technologies (Computed-Tomography, micro-Computed-Tomography scanning 

methods and 3D rendering software) with more traditional techniques (study of 

orientation and direction of the bones in the deposit) to propose an innovative 3D model 
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of the spatial distribution of the hominin fossils within the deposit, and analyse its 

implications in terms of taphonomy of the assemblage (accumulation, site formation, 

fossilisation processes and original position of the hominin remains in the deposit). 

2.2. Palaeontological approach 

2.2.1. Quantitative units: definitions 

I refer to different quantitative units commonly used in zooarchaeology and 

taphonomy (Lyman, 1994a). These units serve to estimate the abundance of remains and 

identifiable specimens (NR, NISP and MNE), the number of individuals for each taxon 

(MNI) and to analyse the skeletal element representation and the degree of bone 

preservation (NR, NISP, MNE, MAU and percentage survival). A list of these units together 

with their definitions is provided below. 

The total number of bone and tooth fragments recovered in the assemblage, 

including identified, identifiable and unidentifiable ones, is called NR (Number of 

Remains). 

The NISP represents the total Number of Identified Specimens (Payne, 1975). The 

ǘŜǊƳ άǎǇŜŎƛƳŜƴέ ǊŜŦŜǊǎ ǘƻ ŀƴȅ ōƻƴŜ ƻǊ ǘƻƻǘƘ ŦǊŀƎƳŜƴǘ ƛŘŜƴǘƛŦƛŜŘ ǘƻ ǘƘŜ ŀƴŀǘƻƳƛŎŀƭ ƭŜǾŜƭ 

(Lyman, 1984) and/or the taxonomic level (Klein and Cruz-Uribe, 1984; Davis, 1987). The 

latter implies in most cases the former since taxonomic identification cannot be 

ŎƻƴŘǳŎǘŜŘ ǿƛǘƘƻǳǘ ŀƴŀǘƻƳƛŎŀƭ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ό[ȅƳŀƴΣ мффпōύΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ άƛŘŜƴǘƛŦƛŜŘέ 

means a bone that was given either an anatomical and taxonomic attribution or only an 

anatomical attribution. 

The MNE (Minimum Number of Elements; Bunn, 1982) is used to estimate the 

frequency of each skeletal element (Lyman, 1994b). In my estimation of the MNE, I have 

followed a manual overlap method as advocated by Bunn et al. (1986), taking into account 

criteria such as size and morphology. The criterion of age (infant, juvenile, adult, old) is 

also considered. 
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The MNIΣ ƻǊ άaƛƴƛƳǳƳ bǳƳōŜǊ ƻŦ LƴŘƛǾƛŘǳŀƭǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ŀƭƭ ǘƘŜ 

ƪƛƴŘǎ ƻŦ ǎƪŜƭŜǘŀƭ ŜƭŜƳŜƴǘǎ ŦƻǳƴŘ ƛƴ ǘƘŜ ǎƪŜƭŜǘƻƴ ƻŦ ŀ ǘŀȄƻƴέ ό[ȅƳŀƴΣ 1994b, p.100), is 

calculated in order to estimate the abundance of different taxa within the assemblage 

(Plug and Plug, 1990). The MNI is estimated using the highest MNE value for each taxon 

and, as for the MNE, combines different criteria, such as age, size and morphology. 

The percentage survival is used to calculate the degree of bone preservation in the 

faunal assemblage and to obtain information about body part frequencies. I refer to 

.ǊŀƛƴΩǎ ŘŜŦƛƴƛǘƛƻƴ όмфсфΣ мфтсύΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǿƘƻƳ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ǎǳǊǾƛǾŀƭ ƛǎ ǘƘŜ 

άƻōǎŜǊǾŜŘ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŜŀŎƘ ŀƴŀǘƻƳƛŎŀƭ ǇŀǊǘ ǘƘŀǘ ǎǳǊǾƛǾŜŘ ŀǘǘǊƛǘƛƻƴŀƭ ǇǊƻŎŜǎǎŜǎέ ό.ǊŀƛƴΣ 

1969, 1976 in Lyman, 1994a, p.46). It is calculated as follows: 

(100 x MNEe) / (MNI x number of times e occurs in one skeleton) 

2.2.2. Fragmentation 

The intensity of bone fragmentation is informative in terms of the origin of the 

bone accumulation and diagenetic processes that have affected the bone assemblage 

(Binford, 1981; Brain, 1981; Lyman, 1994b). For instance, different carnivores (felids 

versus hyaenids) tend to produce different fragmentation ratios (Richardson, 1980) and 

several geological processes can lead to bone fragmentation (e.g. rockfalls, sedimentary 

compaction and movement; Brain, 1981; Texier, 2000). In order to estimate the degree of 

fragmentation, I compare two different ratios: the ratio complete/fragmentary bones and 

the ratio NISP/MNE (Richardson, 1980; Klein and Cruz-Uribe, 1984). 

2.2.3. Breakage pattern 

It is possible to estimate whether a bone was broken while dry or fresh. This has 

taphonomic implications and can help the identification of the agent(s) responsible for the 

breakage of the bones (e.g. carnivores, percussion by a hammerstone, trampling or 

sedimentary pressure). Different studies have focused on describing green bone fractures 

(Myers et al., 1980; Binford, 1981; Bunn, 1981b, 1983; Haynes, 1983b; Johnson, 1985; 
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Lyman, 1987; Blumenschine, 1988; Blumenschine and Selvaggio, 1988) and different 

criteria have been proposed to describe the morphology of the breakage (Shipman et al., 

1981; Villa and Mahieu, 1991). Here I refer to the criteria proposed by Villa and Mahieu 

(1991) for human long bones to differentiate between green and dry bone breakage 

patterns. Since these criteria have been established on long bones, I do not attribute a 

type of breakage to any other bone category. The fracture angle, outline and edge are 

considered, as well as the intensity of the fragmentation (i.e. shaft circumference, shaft 

fragmentation, lengths of the shaft fragments and breadth/length ratio). Fractures on dry 

bones are typically characterised by a right angle, a transverse outline and a jagged edge, 

whereas green bone fractures are associated with an oblique angle, curved outline and 

smooth edge (Villa and Mahieu, 1991). 

2.2.4. Joints, articulations and disarticulation sequence 

A few definitions 

The analysis of disarticulation pattern in a fossil assemblage can provide useful 

palaeoecological and taphonomic information, such as the length of time between death 

and burial, the impact and intensity of scavenging activities and the type of transport of 

the bones (Hill and Behrensmeyer, 1984; Smith, 1980, 1993). In forensic context, the 

degree of disarticulation can be influenced by the action of scavengers, such as canids, 

and can be used to estimate the postmortem interval (Haglund et al., 1989). 

¢ƘŜ ǘŜǊƳ άŀǊǘƛŎǳƭŀǘƛƻƴέ ǊŜŦŜǊǎ ǘƻ ŀƴȅ ŘƛǊŜŎǘ ŎƻƴǘŀŎǘ ƛƴ ǘƘŜ ōƻŘȅ ōŜǘǿŜŜƴ ǘǿƻ 

ōƻƴŜǎΦ {ŜǾŜǊŀƭ ŀǊǘƛŎǳƭŀǘƛƻƴǎ Ŏŀƴ ŦƻǊƳ ŀ άƧƻƛƴǘέ ǎǳŎƘ ŀǎ ǘƘŜ Ŝƭōƻǿ ƧƻƛƴǘΣ ǘƘŜ ƘƛǇ Ƨƻƛƴǘ ƻǊ ǘƘŜ 

knee joint, only to mention a few, which are themselves composed of several 

articulations. There are three different types of articulation, according to the type of 

movements they allow. The diarthrosis, or synovial articulation, is a mobile articulation 

that permits free movement, such as the articulations between the humerus and the 

scapula and between the femur and the pelvis. The amphiarthrosis is a semi-mobile 

articulation that allows limited movement and is connected with ligaments or elastic 
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cartilage (e.g. articulations between the vertebrae). The synarthrosis is an immobile 

articulation lacking a synovial cavity, which does not allow for any movement (e.g. 

articulations between the skull bones, also called sutures) 

(http://www .thefreedictionary.com). 

In a natural environment, an undisturbed skeleton will normally disarticulate 

following a certain order, starting with the weakest joints and ending with the strongest 

ones (Table 4.3). The type of environment (dry versus wet) might modify slightly the 

sequence of passive disarticulation (see Hill, 1979a) but as a general rule, the resistance 

and strength of joints and articulations are related to the weight they are supporting 

(Duday, 2009). For instance, in humans, which are bipedal, the articulation between the 

skull and the mandible is weak, since it only supports the weight of the mandible, whereas 

the articulation between the sacrum and ilium is very resistant because it corresponds to 

the point where the lower body supports the weight of the upper body (Duday et al., 

1990; Maureille and Sellier, 1996; Duday, 2009). The disarticulation order presents some 

variations between humans and quadruped mammals; they are presented here 

separately. 

Persistent joints and articulations in the human skeleton 

The persistent joints and articulations (Table 4.3) are the ones consistent with 

body parts subjected to high mechanical pressure, such as the atlas/occipital articulation, 

articulations between the lumbar vertebrae, between the sacrum and the last lumbar 

vertebra, the sacrum/ilium articulation, the femur/tibia articulation, and the joints of the 

ankles and tarsals (Duday et al., 1990; Maureille and Sellier, 1996). They mostly concern 

large-sized bones. Under undisturbed conditions, they can stay articulated for several 

months or even several years (Duday et al., 1990) and only disarticulate a long time after 

death and after decomposition (Maureille and Sellier, 1996). The articulations between 

the pelvic bone and the femur, and between the scapula and the humerus are called 

http://www/
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άŦŀƭǎŜ ǇŜǊǎƛǎǘŜƴǘέ ŀǊǘƛŎǳƭŀǘƛƻƴǎΤ ǘƘey are in fact interlocking fragile articulations (see Adam 

et al., 1992 in Maureille and Sellier, 1996). 

Unstable joints and articulations in the human skeleton 

They concern fragile elements of the skeleton and/or small sized-elements (Table 

4.3), such as the joints of the hands and the distal part of the feet (between metatarsals 

and phalanges), the articulations between the cervical vertebrae, the femur and the 

patella, the scapula and the thoracic cage, the ribs and the sternum and the temporal 

bone and the mandible (Duday et al., 1990, Maureille and Sellier, 1996; Duday, 2009). 

Under normal temperate conditions, it takes less than a few weeks for them to 

disarticulate (Duday et al., 1990; Duday, 2009). 

Table 4.3. List of persistent, unstable and interlocking unstable joints and articulations in the human 
skeleton (after Duday et al., 1990; Maureille and Sellier, 1996; Duday, 2009). 

Persistent occipital/atlas 
lumbar vertebrae 
last lumbar vertebra/sacrum 
sacrum/ilium 
femur/tibia 
distal tibia/calcaneum/talus (ankle joint) 
tarsals (calcaneum, talus, navicular) 

Unstable temporal bone/mandible 
cervical vertebrae 
hands (carpals, metacarpals and phalanges) 
distal part of the feet (metatarsals and phalanges) 
scapula/thoracic cage 
patella/femur 
sternum/ribs 
radius/ulna/humerus (elbow joint) 

Interlocking unstable pelvis (acetabulum)/femur 
scapula/humerus 

Disarticulation order in quadruped mammals 

Different studies have been published regarding the disarticulation order in non-

human quadruped mammals in various environmental conditions (Müller, 1951; Schäfer, 

1962, 1972; Toots, 1975; Hill, 1979a, 1979b; Hill and Behrensmeyer, 1984; Andrews and 

Cook, 1985; Weigelt, 1989; Allison et al., 1991). Undisturbed, the disarticulation is 
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complete after about five years (Hill and Behrensmeyer, 1984). The disarticulation pattern 

follows the same general order amongst the various species observed, even though some 

small differences have been noticed (Hill and Behrensmeyer, 1984). As an analogy for 

African conditions, I report here the results of observations conducted by Hill (1979a, 

1979b) on Topi (Damaliscus korrigum) skeletons in the semi-desert region of east of Lake 

Turkana, in northern Kenya. 

The first elements to disarticulate are the same as in humans (i.e. articulations 

consistent with low mechanical pressure and/or articulations not interlocking): scapula/rib 

cage articulation, caudal vertebrae, scapula/humerus articulation and mandible/temporal 

bone articulation (Figure 4.2). The more persistent articulations are the same as in the 

human disarticulation pattern: lumbar vertebrae/sacrum and vertebral column (Figure 

4.2). The major difference concerns the cervical vertebrae that are unstable in the human 

skeleton whereas in herbivore skeletons they belong to the category of more resistant 

articulations. This might partly be due to the difference of mechanical pressure inflicted 

on the neck between biped and quadruped mammals. 

 

Figure 4.2. Disarticulation order observed amongst Topi carcasses, illustrated on a cow skeleton, from 1 
(first elements to disarticulate) to 21 (last elements to disarticulate) (from Hill, 1979a). 
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Some observations conducted on disarticulation order of marine mammals (i.e. 

seals, dolphins and whales) show a similar pattern: again, the disarticulation starts around 

the extremities (mandible and skull, neck area and phalanges), whereas the vertebral 

column takes more time to disarticulate (Shäfer, 1972; Allison et al., 1991). 

¢ƘŜ aŀƭŀǇŀ ŦƻǎǎƛƭǎΥ άǘǊǳŜ ŀǊǘƛŎǳƭŀǘƛƻƴέ ŀƴŘ άŀƴŀǘƻƳƛŎŀƭ ǇǊƻȄƛƳƛǘȅέ 

I define two levels of articulation for the Malapa ŦƻǎǎƛƭǎΥ ŀ άǘǊǳŜ ŀǊǘƛŎǳƭŀǘƛƻƴέ ǊŜŦŜǊǎ ǘƻ 

bones that are still directly associated with one another (direct contact, with no sediment 

ōŜǘǿŜŜƴ ǘƘŜ ōƻƴŜǎύΣ ƛƴ ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ ŀƴŀǘƻƳƛŎŀƭ ǇƻǎƛǘƛƻƴΦ ¢ƘŜ ǘŜǊƳ άŀƴŀǘƻƳƛŎŀƭ 

proxƛƳƛǘȅέ ǊŜŦŜǊǎ ǘƻ ōƻƴŜǎ ǘƘŀǘ ŀǊŜ ŀǊǘƛŎǳƭŀǘŜŘ ƛƴ ǘƘŜ ǎƪŜƭŜǘƻƴ ŀƴŘ ǇǊŜǎŜǊǾŜŘ ŎƭƻǎŜ ǘƻ ƻƴŜ 

another in the calcified sediment, but not fully articulated anymore. In other words, they 

are consistent with bones that are in anatomical position, with little displacement, but 

with some sediment infiltrated between the bones. 

2.3. Physical approach 

2.3.1. Introduction 

The different taphonomic agents that damage bones can be classified in two 

groups: biotic (e.g. mammalian and avian carnivores, hominin and non-hominin primates, 

suids and rodents) and abiotic agents (e.g. weathering, root etching, trampling, fluvial and 

sedimentary abrasion). These agents produce different types of damage on the bone 

surface. In Chapter 2, I have reviewed the different taphonomic agents present in 

southern African caves that could lead to bone accumulation and bone modification. In 

this chapter, I present a literature review on the taphonomic signature (characteristics of 

the bone damage) left by each of these agents. 

2.3.2. Methods used for the analysis of bone surface modification 

The identification and the description of the bone surface modifications on the 

Malapa fossils was conducted using the naked eye as well as a systematic microscopic 
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analysis using an Olympus SZX 16 Multifocus microscope fitted with a digital camera at 

magnifications between 7 and 115 times. The only exception concerns two hominin 

remains (UW88-172, the manubrium of MH2 and UW88-198, the right first rib of MH2) 

considered too fragile to be removed from the matrix. A virtual extraction was conducted 

and the bone surface analysis made directly with 3D reconstruction software (Avizo 6.3) 

on the 3D rendering. A modern reference collection composed of various bones modified 

by a wide range of geological and biological agents, including hyaena, dog, leopard, 

cheetah, rodent, insect, river gravel, flood plain, trampling and stone tools, was also used. 

2.3.3. Hominin damage 

Different stages of the butchery process (sensu Lyman, 1987a) conducted by 

hominins, including skinning, defleshing, bone breakage, marrow/brain extraction, 

cooking and consumption, can produce different types of bone modification, namely cut 

marks, percussion marks, tooth marks and burning. These types of modifications 

constitute clear and indisputable evidence of hominin action on a carcass (Binford, 1981; 

Lyman, 1994c). However, anthropogenic marks can be confused with modifications 

caused by other agents also contributing to the accumulation of the bone assemblage. 

Crocodiles (Njau and Blumenschine, 2006) and mammalian carnivores (Bonnischen 1973; 

Haynes 1980; Potts and Shipman 1981; Shipman and Rose, 1983a, 1983b; Eickhoff and 

Herrman, 1985; Cook, 1986; Blumenschine, 1988, 1995; Capaldo and Blumenschine, 1994; 

Oliver 1994; Selvaggio, 1994a, 1994b, 1998), as well as rodents (Pei, 1938; Binford, 1981; 

Potts and Shipman, 1981; Shipman and Rose, 1983; Cook, 1986), suids (Galdikas, 1978; 

Greenfield, 1988; Domínguez-Solera and Domínguez-Rodrigo, 2008) and chimpanzees 

(Pickering and Wallis, 1997; Tappen and Wanghram, 2000; Pobiner et al., 2007) can in 

some cases produce tooth marks that mimic anthropogenic cut marks, percussion and 

scrape marks. Trampling marks can also be confused with cut marks (Haynes and Stanford, 

1984; Oliver 1984; Andrews, 1985; Behrensmeyer et al., 1986; Olsen and Shipman, 1988; 

Fiorillo, 1989; Nicholson, 1992; Domínguez-Rodrigo et al., 2009). Roots exploiting the 
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bone can leave furrows and grooves on the surface that can resemble anthropogenic 

stone tool marks (Binford, 1981; Shipman and Rose, 1983; Andrews and Cook, 1985; Cook, 

1986). The natural bone surface morphology sometimes presents features that can be 

mistaken for cut marks (Binford, 1981; aƻǊƭŀƴΣ мфупΤ CƛǎŎƘŜǊΣ мффрΤ ŘΩ9ǊǊƛŎƻ ŀƴŘ ±ƛƭƭŀΣ 

1997; Mallye and Laroulandie, 2004). Finally, modern anthropogenic marks created during 

excavation, preparation and analysis of the fossils share some of the characteristics of 

ancient butchery marks, such as the V-shape cross section and the straight trajectory 

(Shipman, 1981; White and Toth, 1989). 

Various studies have sought to establish criteria to distinguish between anthropogenic 

marks and other types of marks. These studies were motivated by two of the main 

questions tackled by palaeoanthropologists and zooarchaeologists: the emergence of 

meat acquisition and consumption in early hominin subsistence strategies (Bunn, 1981a; 

Crader, 1983; Bunn et al., 1986; Lupo, 1994; Selvaggio, 1994, 1998; Capaldo, 1995, 1997) 

and the practice of cannibalism by early humans (Trinkaus, 1985; Villa et al., 1986; White, 

1986; Villa, 1992; Defleur et al., 1999; Fernández-Jalvo et al., 1999; Pickering et al., 2000). 

Different criteria have been proposed to describe the exact morphology of cut marks and 

to distinguish them from other types of marks (Potts and Shipman, 1981; Shipman, 1981b; 

Shipman and Rose, 1983a, 1983b; Cook, 1986; Olsen and Shipman, 1988; Fiorillo, 1989). 

They were established using microscopic technology (optical microscope and scanning 

electron microscope). The criteria identifying anthropogenic cut marks are the following: 

- the main groove presents a V-shaped cross section, 

- the main groove has a straight trajectory, 

- numerous micro-striations are present inside the cut mark, parallel to the main 

groove, 

- the edges of the mark are parallel to each other, 

- there is, in some cŀǎŜǎΣ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŀ άǎƘƻǳƭŘŜǊ ŜŦŦŜŎǘέ όƛΦŜΦ ƳƛŎǊƻ-striations 

forming on one or the two edges of the main groove), 
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- ǘƘŜǊŜ ƛǎΣ ƛƴ ǎƻƳŜ ŎŀǎŜǎΣ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŀ άōŀǊō ŜŦŦŜŎǘέ όƛΦŜΦ ǎƳŀƭƭ ƎǊƻǳǇ ƻŦ ƳƛŎǊƻ-

striations forming at the beginning and/or at the end of the main groove and running 

at a 45 degree angle opposite to the direction of the main groove). 

Humans can also leave tooth marks on the bones during meat consumption (White, 

1992). Recent studies describe human tooth marks produced experimentally (Saladié, 

2009; Fernández-Jalvo and Andrews, 2011). Some ethnoarchaeological observations on 

tooth marks produced by modern hunter-gatherers on bones have also been published 

(Maguire et al., 1980; Andrews and Fernández-Jalvo, 1997; Landt, 2004, 2007; Martínez, 

2009). Like other carnivores, humans can produce pits, punctures, notches, crenulated 

edges as well as shallow scores on the bones while chewing (Landt, 2007; Martínez, 2009; 

Saladié, 2009; Fernández-Jalvo and Andrews, 2011). Peeling, which is a type of fracture 

occurring on fresh bones chewed by human teeth, and characterised ōȅ άŀ ǊƻǳƎƘŜƴŜŘ 

ǎǳǊŦŀŎŜ ǿƛǘƘ ǇŀǊŀƭƭŜƭ ƎǊƻƻǾŜǎ ƻǊ ŦƛōǊƻǳǎ ǘŜȄǘǳǊŜέ (Fernández-Jalvo and Andrews, 2011), is 

also observed in the experimental (Fernández-Jalvo and Andrews, 2011) and fossil record 

(White, 1992). Based only on their size and morphology, tooth marks produced by humans 

are likely to be confused with those created by small carnivores such as jackals (Landt, 

2007). Consequently, only a combination of contextual information about the deposit and 

occurrence of exclusively human teeth-inflicted typŜǎ ƻŦ ŘŀƳŀƎŜ ǎǳŎƘ ŀǎ άōŜƴǘ ŜƴŘǎέ 

(fraying)Σ άŎǳǊǾŜŘ ǎƘŀǇŜ ŀǘ ǘƘŜ ǾŜǊȅ ŜƴŘ ƻŦ ǘƘƛƴ ōƻƴŜǎέ ŀƴŘ άŘƻǳōƭŜ ŀǊŎƘ ǇǳƴŎǘǳǊes on 

ōǊƻƪŜƴ ŜŘƎŜǎέ όCŜǊƴłƴŘŜȊ-Jalvo and Andrews, 2011) should allow the distinction between 

human and carnivore tooth marks. 

2.3.4. Carnivore damage 

Carnivores of all sizes can potentially produce tooth marks on bones while feeding on 

animal carcasses, whether small carnivores such as foxes or badgers (Stallibrass, 1984; 

Castel, 1999; Mallye, 2007), medium-sized carnivores such as dogs, wolves, jackals, 

cheetahs and leopards (Haynes, 1980, 1983a; Brain, 1981; Morey and Klippel, 1991; 
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Selvaggio and Wilder, 2001; Domínguez-Rodrigo and Piqueras, 2003; Pickering et al., 

2004c; Campmas and Beauval, 2008) or large carnivores such as lions and spotted hyaenas 

(Sutcliffe, 1970; Shipman and Phillips-Conroy, 1976, 1977; Binford, 1978, 1981; Maguire et 

al., 1980; Brain, 1981; Haynes, 1983a; Blumenschine, 1988, 1995; Blumenschine and 

Selvaggio, 1991; Capaldo and Blumenschine, 1994; Selvaggio, 1994a, 1994b, 1998; 

Capaldo, 1995; Andrews and Fernandez-Jalvo, 1997; Domínguez-Rodrigo, 1999; Selvaggio 

and Wilder, 2001; Domínguez-Rodrigo and Piqueras, 2003; Pickering et al., 2004b, 2004c; 

Pinto and Andrews, 2004; Domínguez-Rodrigo and Pickering, 2010). Different categories 

of bone modification have been observed, according to the location (on spongy versus 

compact bones) and the type of action performed by the carnivores. Table 4.4 provides a 

list of the different modifications produced by carnivores, together with their definitions. 

Table 4.4. Different types of carnivore damage on bone. 

Category Definition References 

Pits Depressions with compact bone on the bottom, 
occurring as discrete, roughly circular markings, which 
scar the bone surface without any inward crushing of 
the bone cortex; they tend to have a localized 
distribution, typically adjacent to end chewing. 

Maguire et al., 1980; 
Binford, 1981; Pickering 
and Wallis, 1997 

Punctures 
(Tooth crushes) 

Depressions with spongy bone on the bottom; they are 
depressed, roughly circular holes produced by a 
carnivore tooth cusp, often a canine, which travels 
ǘƘǊƻǳƎƘ ǘƘŜ ŜƴǘƛǊŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ōƻƴŜΩǎ ŎƻǊǘŜȄ ŀƴŘ 
shows inward crushing. 

Binford, 1981; Shipman, 
1981a; Cook, 1986; 
Newman, 1993; Pickering 
and Wallis, 1997 

Crenulated edge Surface of an edge removed by the teeth as an effect 
of intense punctures on very thin bone or ragged edge 
chewing, characterised by irregular jagged edges, 
which result from intense, sustained premolar/molar 
chewing. 

Bonnischen, 1973; Shipman 
and Phillips-Conroy, 1976; 
Binford, 1981; Brain, 1981; 
Newman, 1993; Pickering 
and Wallis, 1997 

Scores Parallel grooves resulting from the bone being turned 
or dragged against the teeth by the carnivore; with a 
length about three times longer than their width. They 
are produced by carnassials pressing on green bone 
and characterised by relatively shallow furrows, with 
smooth internal grooves that vary from V-shaped to U-
shaped in cross-section depending on the morphology 
of the tooth cusp. 

Haynes, 1980; Binford, 
1981; Bunn, 1981; Potts 
and Shipman, 1981; 
Shipman, 1981a, 1989; 
Cook, 1986; Marshall, 
1989; Newman, 1993; 
Selvaggio, 1994a; 
Blumenschine, 1995, 1996 
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Furrows Grooves produced by the cusps of either the canines or 
the carnassials, as an effect of the repeated action of 
the jaw on cancellous bone. 

Haynes, 1980; Binford, 
1981 

Scooping out Extreme result of furrowing. Sutcliffe, 1970; Bonnischen, 
1973; Binford, 1981 

Digestion Polished aspect given to bone fragments that have 
been regurgitated by a carnivore. Attributes include 
widespread etching, erosion, perforation, smoothing, 
polish or thin edge termination and are most typically 
manifested as combinations of the above features on 
pieces less than 60 mm in length. Regurgitate bones 
are generally presented in two forms: the corroded, 
grossly striated form with thin sharp edges and 
perforations; and the rounded, more dense form which 
is smooth, polished and finely pitted. 

Sutcliffe, 1970; Maguire et 
al., 1980; Behrensmeyer et 
al., 1989; Hill, 1989; Fisher, 
1995; Villa and Bartram, 
мффсΤ ŘΩ9ǊǊƛŎƻ ŀƴŘ ±ƛƭƭŀΣ 
1997 

2.3.5. Rodent damage 

Rodents were identified early on by zooarchaeologists as potential bone 

accumulation and modification agents. In forensic contexts, rodents such as rats and 

squirrels are known scavengers, which can feed on human cadavers in an advanced state 

of skeletonization, producing gnawing marks on bones and leading to scattering of bone 

remains (Haglund, 1992; Klippel and Synstelien, 2009). Amongst rodents, porcupine 

species (Hystrix africaeaustralis, Hystrix cristata and Atherurus) are well-known agents 

that accumulate and modify bones (Pei, 1938; Maguire et al., 1980; Binford, 1981; Brain, 

1981; Shipman and Rose, 1983a; Cook, 1986). Porcupines tend to gnaw on dry and 

weathered rather than fresh bones, in order to wear down the incisors that grow 

throughout their life and not for nutritional reasons (Brain, 1981; Kibii, 2009). They 

ǇǊƻŘǳŎŜ ǇŀǊŀƭƭŜƭΣ άōǊƻŀŘΣ ŎƻƴǘƛƎǳƻǳǎ ǎƘŀƭƭƻǿ ǎŎǊŀǇŜ ƳŀǊƪǎέ ŎŀǳǎŜŘ ōȅ ǘƘŜ ƎƴŀǿƛƴƎ ƻŦ ǘƘŜ 

ƭƻǿŜǊ ŀƴŘ ǳǇǇŜǊ ƛƴŎƛǎƻǊǎ ŀƴŘ άǎŎƻƻǇƛƴƎ ƻǊ ƘƻƭƭƻǿƛƴƎ ƻǳǘ ƻŦ ŎŀƴŎŜƭƭƻǳǎ ōƻƴŜέ όaŀƎǳƛǊŜ et 

al., 1980). Other rodents, such as brown rats, attack bones in the search of nutrients and 

preferably chew on the marrow-rich cancellous bone present on long bones extremities 

(Klippel and Synstelien, 2009). All rodents (e.g. squirrels, rats, mice) tend to produce the 

same types of marks in shape and morphology, owing to the fact that they gnaw bones in 

the same way, using their incisors. Only the size of the marks will differ from one species 
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to another (Binford, 1981; Shipman and Rose, 1983a; Cook, 1986). In some cases, rodent 

teeth can produce small parallel striations inside the main grooves (Shipman and Rose, 

1983a). The repetition of the shallow scrape marks occurring next to each other forms 

what Shipman and Rose (1983a) call ŀ άŦŀƴ-ǎƘŀǇŜŘέ ǇŀǘǘŜǊƴΤ ǘƘƛǎ ǇŀǘǘŜǊƴ ƛǎ ŘǳŜ ǘƻ ŀ 

specific way of chewing when the rodent uses its upper incisors as a pivot, and therefore 

scrapes repeatedly the bone surface with its lower incisors (Shipman and Rose, 1983a; 

Klippel and Synstelien, 2009). Another pattern has been described by the same authors 

ŀƴŘ ŎŀƭƭŜŘ άŎƘŀƻǘƛŎέΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŀ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜ ƻŦ ƎƴŀǿƛƴƎ ǿƘŜǊŜ ōƻǘƘ ǘƘŜ ǳǇǇŜǊ 

and lƻǿŜǊ ƛƴŎƛǎƻǊǎ ŀǊŜ ŘǊŀǿƴ ŀŎǊƻǎǎ ǘƘŜ ōƻƴŜ ǎǳǊŦŀŎŜΦ ¢Ƙƛǎ ǊŜǎǳƭǘǎ ƛƴ ŀ άōǊƻŀŘΣ ŘŜǇǊŜǎǎŜŘ 

ŀǊŜŀ ǘǊŀǾŜǊǎŜŘ ōȅ Ƴŀƴȅ ƛƴǘŜǊǎŜŎǘƛƴƎ ƻǊ ƻǾŜǊƭŀǇǇƛƴƎ ƳŀǊƪǎέ ό{ƘƛǇƳŀƴ ŀƴŘ wƻǎŜΣ мфуоŀύΦ 

wƻŘŜƴǘ ǘƻƻǘƘ ƳŀǊƪǎ ŀǊŜ άŦƭŀǘ ōƻǘǘƻƳ ¦-ǎƘŀǇŜŘέΣ ǿƘƛŎƘ ŘƛǎǘƛƴƎǳƛǎƘŜǎ ǘƘŜƳ Ŝŀǎƛƭȅ ŦǊƻƳ 

carnivore tooth marks and human cut marks (Cook, 1986). 

2.3.6. Other mammalian species damage 

Even though the literature is very scarce on this matter, a few studies have shown 

that other occasionally carnivorous mammals (e.g. omnivorous species such as primates 

and suids) can inflict damage to bones (Pickering and Wallis, 1997; Tappen and 

Wrangham, 2000; Pobiner et al., 2007, for the chimpanzees; Greenfield, 1988; 

Domínguez-Solera and Domínguez-Rodrigo, 2009, for the suids). 

Chimpanzee damage to bone 

Chimpanzees (Pan troglodytes) consume meat and can hunt small prey, including 

colobus monkeys, bushpigs and antelopes such as blue duikers and bushbucks, even 

though meat consumption represents only a small percentage of their diet (Kawabe, 1966; 

Teleki, 1973a, 1973b; Goodall, 1986; Boesch and Boesch, 1989; Uehara, 1997; Mitani and 

Watts, 1999, 2001; Boesch and Boesch-Achermann, 2000; Newton-Fisher et al., 2002; 

Pobiner et al., 2007). They can therefore accidentally leave chewing marks on the bone 

surface while feeding on carcasses. Experiments on captive chimpanzees feeding on bovid 
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ŀƴŘ ŎŜǊǾƛŘ ōƻƴŜǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ŎŀǇŀōƭŜ ƻŦ ƛƴŦƭƛŎǘƛƴƎ ǘƘŜ άǎŀƳŜ ǊŀƴƎŜ ŀƴŘ ŘŜƎǊŜŜ ƻŦ 

ŘŀƳŀƎŜ ǘƻ ōƻƴŜǎ ŀǎ ŦŜŜŘƛƴƎ ŎŀǊƴƛǾƻǊŜǎέ όtƛŎƪŜǊƛƴƎ ŀƴŘ ²ŀƭƭƛǎΣ мффтύΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǿŜǊŜ 

confirmed by observations on wild chimpanzees from the Kibale Forest in Uganda (Tappen 

and Wrangham, 2000; Pobiner et al., 2007). While chewing, chimpanzees can inflict pits, 

punctures, scores, notches and crenulated edges; they can produce peeling on the surface 

of cortical bone; they can also regurgitate and/or digest and consequently polish bone 

fragments (Pickering and Wallis, 1997; Tappen and Wrangham, 2000; Pobiner et al., 

2007). Chimpanzee mastication damages are similar in shape and morphology to medium 

and large carnivore damage and both types can easily be confused, if based only on the 

analysis of bone surface modification (Pickering and Wallis, 1997; Tappen and Wrangham, 

2000). Differences exist in terms of prey species, distribution of the damage on the 

skeleton, skeletal part frequencies in the scat assemblage, and degree of corrosion of the 

bones. Together with consideration of the context of the bone assemblage, these 

differences may allow researchers to distinguish between mammalian carnivore and 

chimpanzee damage (Pickering and Wallis, 1997; Tappen and Wrangham, 2000; Pobiner et 

al., 2007). 

Suid damage to bone 

 Suids are omnivorous and feed on animal flesh when available, whether by 

scavenging on dead animal carcasses or by opportunistic hunting of weak prey such as 

young, old or ill individuals (Milstein, 1971; Cumming, 1975; Wilson, 1975; Grigson, 1982; 

Jones, 1984; Seydack, 1990; Herrero Cortés, 2001; Rosell et al., 2001). In Borneo, where 

Bornean bearded pigs (Sus barbatus) are well known to be very effective scavengers, a 

case of pigs feeding on ill/old orang-utans carcasses (found dead or killed by the pigs 

themselves) has been reported (Galdikas, 1976). Experimental studies and modern 

observations show that European pigs (domestic pigs, Sus domesticus, wild boars, Sus 

scrofa and hybrid boars) are very capable of producing bone damage similar in intensity to 

those inflicted by canids and hyaenids (Greenfield, 1988; Domínguez-Solera and 
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Domínguez-Rodrigo, 2009). They break long bones and create an assemblage with a high 

degree of fragmentation; they produce tooth marks in a similar fashion to carnivores (pits, 

punctures, scores and furrows). However, pigs tend to use their incisors much more 

prominently than carnivores, leading to the creation of scores and furrows different from 

carnivore-ƛƴŦƭƛŎǘŜŘ ƳƻŘƛŦƛŎŀǘƛƻƴǎΦ tƛƎǎ ǇǊƻŘǳŎŜ άƭƻƴƎ ŀƴŘ Ŧƭŀǘ ǘƻƻǘƘ ǎŎƻǊŜǎέ ŀƴŘ ŦǳǊǊƻǿ ǘƘŜ 

bones in a specific way by removing the spongy tissue horizontally. The tooth marks 

created are broad and shallow compared to carnivore tooth marks (Domínguez-Solera and 

Domínguez-Rodrigo, 2009). 

 No study has yet been carried out on the impact of African suids (bushpig, 

Potamochoerus larvatus, and common warthog, Phacocheorus africanus) on bones. 

Nevertheless, given the similarities in diet and behaviour between the different suid 

species, it is reasonable to argue that results obtained on Eurasian pigs can be applied to 

their African cousins, considering that African species are also omnivorous, can feed on 

animal carrion and hunt small prey in some cases (Milstein, 1971; Cumming, 1975; Wilson, 

1975; Jones, 1984; Seydack, 1990; Skinner and Chimimba, 2005). 

2.3.7. Bird of prey damage 

Birds of prey consume at least parts of micro, small and medium-sized mammals 

and can produce different types of damage whether during the capture, consumption or 

digestion of the carcass (Brain, 1981; Andrews, 1990; Sanders et al., 2003; McGraw et al., 

2006; Trapani et al., 2006). Different extant species of birds of prey (see Table 4.5), 

namely owls (Brain, 1981; Andrews, 1990), various species of eagles (Andrews, 1990; 

Berger and Clarke, 1995; Berger, 2006) and vultures (Andrews, 1990; Robert and Vigne, 

2002a, 2002b; Costamagno et al., 2008; Marín Arroyo et al., 2009) have been identified as 

bone accumulation and modification agents in modern and fossil assemblages. Actualistic 

observations (Andrews, 1990 for owls, eagles and vultures; Robert and Vigne, 2002a, 

2002b for the bearded vultures; Sanders et al., 2003; McGraw et al., 2006; Trapani et al., 
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2006 for eagles) have allowed the description of their taphonomic signature on bone 

remains, which can be distinguished from other types of predators. 

Table 4.5. Birds of prey for which information exist in terms of bone accumulation and damage. 

Family Common name Scientific name Geographical location Reference 

STRIGIDAE  Spotted eagle owl Bubo africanus Europe, Africa Brain, 1981; 
Andrews, 1990 

Cape eagle owl Bubo capensis Africa Brain, 1981 
Giant eagle owl or 
Verreaux eagle owl 

Bubo lacteus Africa Brain, 1981; 
Andrews, 1990 

Barn owl Tyto alba Europe, Africa Brain, 1981; 
Andrews, 1990 

Snowy owl Bubo scandiacus Europe, Asia, North 
America 

Andrews, 1990 

Long-eared owl Asio otus Europe, Asia, North 
America 

Andrews, 1990 

European eagle owl Bubo bubo Europe, Asia Andrews, 1990 
Great grey owl Strix nebulosa Asia, North America Andrews, 1990 
Tawny owl Strix aluco Europe, Asia Andrews, 1990 
Little owl Athena noctua Europe Andrews, 1990 
Short-eared owl Asio flammeus Europe Andrews, 1990 

FALCONIDAE Kestrel Falco tinnunculus Europe, Asia, North 
Africa 

Andrews, 1990 

Peregrine Falco peregrinus All continents Andrews, 1990 
Gyrfalcon Falco rusticolus Europe, Asia, North 

America 
Andrews, 1990 

PANDIONIDAE Osprey Pandion haliaetus Europe, Asia, Africa, 
America 

Andrews, 1990 

STERCORARIIDAE Arctic skua Stercorarius 
parasiticus 

Europe, Asia, North 
America 

Andrews, 1990 

ACCIPITRIDAE Crowned hawk-eagle Stephanoaetus 
coronatus 

Africa Andrews, 1990 ; 
Sanders et al., 
2003 ; Berger, 
2006 ; McGraw et 
al., 2006 ; Trapani 
et al., 2006 

±ŜǊǊŜŀǳȄΩǎ ŜŀƎƭŜ ƻǊ 
black eagle 

Aquila verreauxii Africa Berger and 
Clarke, 1995 

.ƻƴŜƭƭƛΩǎ Ŝagle Aquila fasciata Europe, Asia, Africa Andrews, 1990 
Martial eagle Polemaetus bellicosus Africa Andrews, 1990 
Hen harrier Circus cyaneus Europe, Asia, North 

America 
Andrews, 1990 

Common buzzard Buteo buteo Europe, Asia Andrews, 1990 
Red kite Milvus milvus Europe Andrews, 1990 
Bearded vulture Gypaetus barbatus Europe Robert and Vigne, 

2002a, 2002b 
White headed vulture Trigonoceps occipitalis Africa Andrews, 1990 

 Griffon vulture Gyps fulvus  Domínguez-Solera 
& Domínguez-
Rodrigo, 2011 

CATHARTIDAE Andean condor Vultur gryphus South America Andrews, 1990 
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In terms of bone surface modification, two categories can be distinguished: 

digestion marks due to gastric acid of the bird stomach and punctures/scores due to the 

action of beak and talons. 

Owls tend to take prey smaller than themselves and consume them without 

dismembering them. They produce less breakage than diurnal birds (e.g. falcons, buzzards, 

eagles) (Andrews, 1990), even though Brain (1981) mentions a particular destruction 

pattern of the nasal and the calvaria of small mammals caused by the Cape eagle owl. The 

main type of damage caused by owls seems to be digestion marks due to the action of the 

gastric acid on bones regurgitated in a pellet (Andrews, 1990). 

Diurnal birds on the other hand can take bigger prey and dismember the carcass 

during consumption (Andrews, 1990), producing marks on the bones. Several studies have 

looked at bone damage caused by the Crowned hawk-eagle (Stephanoaetus coronatus) on 

monkey skeletons (Berger and Clarke, 1995; Sanders et al., 2003; Berger, 2006; McGraw et 

al., 2006; Trapani et al., 2006; Berger and McGraw, 2007). The action of the beak and 

talons during the feeding process produces modifications occurring predominantly on thin 

ōƻƴŜǎ ǎǳŎƘ ŀǎ ǎƪǳƭƭǎ ŀƴŘ ƛƴƴƻƳƛƴŀǘŜǎ όƛΦŜΦ άŎŀƴ-ƻǇŜƴŜǊέ ǇŜǊŦƻǊŀǘƛƻƴǎ ǇǊƻŘǳŎƛƴƎ ōƻƴy flap, 

punctures and nicks on the pelvis and the cranium, especially around the orbits, maxillae, 

sphenoid and parietals). It also causes the scapulae to be very raked and shattered as a 

result of the bird opening the thoracic cavity to extract the heart and lungs. The long 

bones usually remain intact or show only a few punctures (Sanders et al., 2003; McGraw 

et al., 2006; Trapani et al., 2006). 

The only observations on bone damage inflicted by vultures have been conducted 

on European species (i.e. Gypaetus barbatus and Gyps fulvus) (Robert and Vigne, 2002a, 

2002b; Domínguez-Solera and Domínguez-Rodrigo, 2011). These species modify bones in 

the form of digestion marks due to gastric acid (Robert and Vigne, 2002a, 2002b), shallow 

ǎŎƻǊŜǎΣ ǇǳƴŎǘǳǊŜǎ ŀƴŘ άǊƻǳƎƘƭȅ ŎƛǊŎǳƭŀǊ ǘƻ ƻǾŀƭ Ǉƛǘǎέ ǇǊƻŘǳŎŜŘ ƻƴ ŀƭƭ ŀƴŀǘƻƳƛŎŀƭ ǇŀǊǘǎ 
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except radio-ulnae, phalanges, metapodials and carpals (Domínguez-Solera and 

Domínguez-Rodrigo, 2011). 

2.3.8. Insect damage 

Introduction 

Though insect damage on fossil bones from Pleistocene assemblages is not 

described as being commonly preserved or recognized and rarely described in the 

literature (Tobien, 1965; Kitching, 1980; Martin and West, 1995; Dominato et al., 2009; 

Huchet et al., 2011; Pomi and Tonni, 2011; Backwell et al., 2012), compared to other biotic 

agents, such as mammalian carnivores, rodents and birds of prey, the impact of insects on 

carcasses is well known by forensic anthropologists (Derry, 1911; Byrd and Castner, 2010; 

Huchet et al., 2011), as well as in museum preparation, where insects and especially 

dermestid beetles are used to clean skeletons (Hefti et al., 1980; Weichbrod, 1987). Insect 

damage on the bones of dinosaurs (Hasiotis et al., 1999; Roberts et al., 2002; Hasiotis, 

2004; Britt et al., 2008; Bader et al., 2009; Saneyoshi et al., 2011), Oligocene (Fejfar and 

Kaiser, 2005), Miocene (Tobien, 1965) and Pliocene mammals (Martin and West, 1995; 

Kaiser, 2000; Kaiser and Katterwe, 2001) has been abundantly described in the literature 

and used for taphonomic inferences. A large variety of insects feed on carrion, from the 

beginning to the end of the decomposition process (Bornemissza, 1957; Payne, 1965; 

Payne and King, 1970, 1972; Thorne and Kimsey, 1983; Smith, 1986; Weigelt, 1989; Byrd 

and Castner, 2010). Forensic entomologists have extensively studied the successive 

colonization by various insect species on a corpse. It follows a specific order and depends 

on environmental and external conditions well described in the literature (Payne et al., 

1968; Payne and King, 1972; Leclerc, 1978; Rodriguez and Bass, 1985; Smith, 1986; 

Weigelt, 1989; Kulshresta and Satpathy, 2001; Marchenko, 2001; Amendt et al., 2004; 

Byrd and Castner, 2010). In forensic anthropology, the identification and analysis of insect 

damage allows the calculation of the postmortem interval (PMI) and provides information 

concerning the conditions of the death and, if it is the case, of the burial (Kulshresta and 
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Satpathy, 2001; Marchenko, 2001; Amendt et al., 2004; Byrd and Castner, 2010; Huchet et 

al., 2011). In archaeology and palaeontology, the identification of insect damage on fossil 

bones, together with the identification of the insect species responsible for the damage, 

can provide interesting ecological, climatic (e.g. temperature and humidity conditions 

during the decomposition process) and taphonomic data (e.g. presence/absence of 

carnivore scavenging, timing of death and burial processes, state of the carcass when the 

insect fed on it, season of death) (Martin and West, 1995; Hasiotis et al., 1999; West and 

Martin, 2002; Britt et al., 2008; Bader et al., 2009; Saneyoshi et al., 2011). 

Species that modify bones 

Several insect families belonging to three distinct groups have been identified as 

modifying agents of bone and horn corn surfaces: termites (Termitidae, Mastotermitidae 

and Rhinotermitidae) (Derry, 1911; Behrensmeyer, 1978; Watson and Abbey, 1986; Kaiser, 

2000; Kaiser and Katterwe, 2001; Huchet et al., 2011; Pomi and Tonni, 2011; Backwell et 

al., 2012), beetles (Dermestidae, Tenebrionidae and Scarabaeoidae) (Tobien, 1965; Hefti 

et al., 1980; Kitching, 1980; Martin and West, 1995; Hasiotis et al., 1999; Hasiotis, 2004; 

Roberts et al., 2007; Britt et al., 2008; Bader et al., 2009; Dominato et al., 2009) and moths 

(Tineidae) (Behrensmeyer, 1978; Hill, 1987). 

Types of damage 

The description of bone damage caused by insects and the attribution of this 

damage to a specific insect group is in most cases based on the observation of fossil and 

modern bones bearing marks interpreted as insect damage (Behrensmeyer, 1978; 

Kitching, 1980; Hill, 1987; Martin and West, 1995; Hasiotis et al., 1999; Kaiser, 2000; 

Hasiotis, 2004; Fejfar and Kaiser, 2005; Britt et al., 2008; Bader et al., 2009; Dominato et 

al., 2009; Pomi and Tonni, 2011), combined with actualistic inferences about the 

behaviour of extant insect species. Experimental studies have permitted a more accurate 
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description of the types of bone damage caused by termites (Watson and Abbey, 1986; 

Backwell et al., 2012) and dermestid beetles (West and Hasiotis, 2007). 

 Two separate causes leading to bone surface modification are distinguished in the 

literature. The first type of modification is due to the habit of some insects to bore their 

pupation chambers into the bone surface. This has only been mentioned for beetles 

(Order Coleoptera) and especially dermestid beetles (Tobien, 1965; Kitching, 1980; 

Hasiotis et al., 1999; Hasiotis, 2004; Roberts et al., 2007; Bader et al., 2009; Dominato et 

al., 2009). The pupating structures (pupation chambers per se and associated borings) are 

excavated by adults using their mandibles (Martin and West, 1995). The dimensions of the 

pupation chambers are consistent with the size of the larvae. Table 4.6 regroups the 

different characteristics of marks observed on fossil bones associated with dermestid 

beetle pupation activities. 

Table 4.6. Description of insect damage associated with pupation chambers of dermestid beetles. 

Description of the modification Reference 

άƘƻƭŜǎ ŀƴŘ ōǳǊǊƻǿǎέ ǇŜƴŜǘǊŀǘƛƴƎ ƛƴǘƻ ǘƘŜ ǎƘŀŦǘ ƻŦ ƭƻƴƎ ōƻƴŜǎ όп-5 mm and 
sometimes even into the marrow cavity) 

Kitching, 1980 

άŎƛǊŎǳƭŀǊ ǘƻ ŜƭƭƛǇǘƛŎŀƭ-ǎƘŀǇŜŘ ōƻǊƛƴƎǎέ ŦǊƻƳ лΦ5 to 5.0 mm in diameter and that 
do not penetrate deeply the bone surface 

Hasiotis et al., 1999 

άƘƻƭƭƻǿΣ ƻǾŀƭ chambers with concave flanks bored into inner spongy and outer 
cortical bone surfacesέ 

Roberts et al., 2007 

άŎƛǊŎǳƭŀǊ ǘƻ ŜƭƭƛǇǘƛŎŀƭ ōƻǊƛƴƎǎέ Hasiotis, 2004 
shallow pits, rosettes and hemispherical pits Bader et al., 2009 
άƘƻƭƭƻǿ ƻǾŀƭ-ǎƘŀǇŜŘ ǎǘǊǳŎǘǳǊŜǎ όǿƛǘƘƻǳǘ ŦƛƭƭƛƴƎύ ŜȄŎŀǾŀǘŜŘ ƛƴ ǘƘŜ ǎǇƻƴƎȅ ōƻƴŜέ Dominato et al., 2009 

Another type of modification is caused by the action of feeding on the 

carcass/bones by insects. It can be insects feeding either on the bone itself or on dry 

matter left on the carcass such as skin, ligaments and tendons. Because the insects are 

using their mandible for this purpose, the shape and morphology of the traces are 

consistent with the shape and morphology of the insect mandibles. Different marks on 

bones produced by insect mandibles have been described. Termites produce scratches 

(Watson and Abbey, 1986; Fejfar and Kaiser, 2005; Pomi and Tonni, 2011), shallow 

grooves with a U-shaped profile (Kaiser, 2000; Kaiser and Katterwe, 2001), star-shaped 
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pits and grooves showing a radial morphology and sometimes present in clusters (Kaiser, 

2000; Fejfar and Kaiser, 2005; Pomi and Tonni, 2011). Huchet et al. (2011) have observed 

sub-cortical cavities, superficial pits, bores, large furrows and sub-circular perforations in 

human bones attacked by termites. In a recent experiment, Backwell and colleagues 

(2012) illustrate eight types of damage produced by termites (Trinervitermes trinervoides) 

on bones: destruction of the bone, bore holes, etched surface texture, surface pits, star-

shaped marks, cluster of sub-parallel striations, parallel striations and the presence of 

ǎǳǊŦŀŎŜ ǊŜǎƛŘǳŜΦ .ŜŜǘƭŜǎ ǇǊƻŘǳŎŜ άǎƘŀƭƭƻǿΣ ƳŜŀƴŘŜǊƛƴƎ ǎǳǊŦŀŎŜ ǘǊŀils, composed of 

ŀŎǘǳŀǘŜ ƎǊƻƻǾŜǎ ƻǊ ǎŎǊŀǘŎƘŜǎΣ ōƻǊŜŘ ƛƴǘƻ ŎƻƳǇŀŎǘ ōƻƴŜǎ ǎǳǊŦŀŎŜǎέ όwƻōŜǊǘǎ et al., 2007, 

p.201) as well as elliptical to round pits occurring in clusters and shallow bores, both 

occurring on cortical bone, opposite sets of parallel grooves, bores penetrating deep into 

the bone (in some cases leading to the destruction of the bone) and sinuous furrows 

located on articular surfaces (Britt et al., 2008). The damage caused by moths is produced 

by the larvae feeding on the organic components of the carcass and have been described 

as grooving marks (Behrensmeyer, 1978). 

Invertebrate damage to bones: experimental approach 

 Research in progress by Backwell and colleagues, including myself, concerns 

controlled experiments with a number of arthropods and molluscs, selected on the basis 

of their mouth parts, and in the case of Achatina land snails and millipedes, because they 

are present in the Malapa fossil assemblage. Table 4.7 lists the various invertebrate taxa 

involved in the laboratory experiment. Each taxon was offered a range of bone types 

(spongy, compact, thick and thin cortical) in different states of preservation (fresh, dry, 

fossil) for the duration of one summer season, when they are all active. 
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Table 4.7. List of insects and gastropods used in the experiment. 

Common name Parktown prawn (male) Toktokkie Trogidae hide beetle 
Phylum Arthropoda Arthropoda Arthropoda 
Class Insecta Insecta Insecta 
Order Orthoptera Coleoptera Coleoptera 
Family Anostostomatidae Tenebrionidae Trogidae 
Genus Libanasidus - Omorgus 
Species vittatus - squalidus 
Number of animals 2 20 5 

 

Common name Woodlice Millipede large Garden snail Achatina 
Phylum Arthropoda Arthropoda Mollusca Mollusca 
Class Malacostraca Diplopoda Gastropoda Gastropoda 
Order Isopoda - - - 
Family - - Helicidae Achatinidae 
Genus - Archispirostreptus Helix Achatina 
Species - gigas aspersa - 
Number of animals - 10 20 3 

2.3.9. Trampling 

Sedimentary abrasion of bone surface, breakage and dispersion of bones due to 

animal (including human) trampling has been identified and described as a potential biotic 

taphonomic process in palaeontological and archaeological assemblages (Brain, 1967; 

Myers et al., 1980; Agenbroad, 1984; Fiorillo, 1984; Oliver, 1984, 1986; Behrensmeyer et 

al., 1986). The effects of trampling have been well studied experimentally (Andrews and 

Cook, 1985; Behrensmeyer et al., 1986; Domínguez-Rodrigo et al., 2009). Trample marks 

Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άǎƘŀƭƭƻǿΣ ǎǳō-ǇŀǊŀƭƭŜƭ ǎŜǘǎ ƻŦ ǎŎǊŀǘŎƘ ƳŀǊƪǎέ όCƛƻǊƛƭƭƻΣ мфуп, p.47); they 

present a V-shape or a rounded basal cross-section with the outer edges generally 

rounded, with sometimes an internal grooving in experimentally-produced marks 

(Behrensemeyer et al., 1986). Trample marks can easily be differentiated from rodent and 

carnivore tooth marks (Fiorillo, 1984; Andrews and Cook, 1985), but their distinction from 

anthropogenic butchery marks can be difficult (Andrews and Cook, 1985; Behrensmeyer 

et al., 1986; Olsen and Shipman, 1988; Domínguez-Rodrigo et al., 2009). The consideration 

of other criteria (e.g. frequency of the marks, orientation on the bones, location on the 

skeleton, and general context of the bone assemblage) can permit the differentiation 
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between trample and butchery marks (Andrews and Cook, 1985; Behrensmeyer et al., 

1986; Domínguez-Rodrigo et al., 2009). 

2.3.10. Damage caused by abiotic agents 

Weathering 

Weathering refers to the chemical and mechanical deterioration of animal 

carcasses, due to environmental factors (e.g. temperature, humidity level, sunlight). 

Together with a global understanding of the taphonomic and geological context, the 

evaluation of the degree of weathering affecting a fossil assemblage can provide 

important information concerning the local environmental conditions in which the animals 

have decomposed and, in some cases, the time of exposure of the bones (between death 

and burial) (Behrensmeyer, 1978; Lyman and Fox, 1989). For the analysis of the Malapa 

faunal assemblage, I refer to the last five stages of weathering established by 

Behrensmeyer (1978), from 1 to 5 (stage 0 is consistent with fresh bones and therefore 

never occurring in a fossil assemblage). Table 4.8 summarises the characteristics for each 

weathering stage. 

Table 4.8. Different weathering stages affecting bones (from Behrensmeyer, 1978). 

Stage Characteristics 

0 The bone is fresh and usually greasy with some soft tissue (skin, flesh, marrow) still 
preserved; there is no sign of cracking or flaking. 

1 Cracks start appearing; some soft tissue can still be present. 
2 The flaking begins on the outermost surface of the bone; some tissue can still be present 

(but not always). 
3 The external part of the bone is removed; the presence of rough patches of weathered 

bone can be noticed; there is usually no tissue preserved at this stage. 
4 The bone surface is coarsely fibrous; the cracks are open; occurrence of large and small 

splinters that can fall away from the main bone. 
5 The bone is completely falling apart as a result of the intense flaking. 

Root etching 

 In some cases, roots can attack the bone surface, producing a complex network of 

άǘƘƛƴΣ ŎǳǊǾƛƭƛƴŜŀǊ ōǊŀƴŎƘŜŘ ƎǊƻƻǾŜǎέ ǿƛǘƘ ŀ ¦-shaped cross section and sometimes linear 
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arrangements of pits (Binford, 1981; Bader et al., 2009, p.140). The damage is due to roots 

and rootlets growing on the bone surface and secreting acids that dissolve the bone 

matrix (Shipman, 1981b). The observation of root etching on fossils can provide 

information about the context in which the bones were preserved, namely the presence 

of vegetation in the vicinity (Shipman, 1981b). 

Water abrasion 

In the case of isolated bones transported by flowing water, the abrasion due to 

impacts by sediment load contained in the water promotes rounding and polishing of the 

bone surface (Shipman and Rose, 1988; Fernández-Jalvo and Andrews, 2003) and can 

remove it altogether. Water abrasion can in some cases obliterate the detailed 

morphology of the bone surface, erasing previous modifications such as cut marks 

ό{ƘƛǇƳŀƴ ŀƴŘ wƻǎŜΣ мфууύΦ ¢ƘŜ άŀōǊŀǎƛƻƴ ƻŦ ŎƻƳǇŀŎǘ ōƻƴŜ Ƴŀȅ ƻǇŜƴ ǳǇ ǾŀǎŎǳƭŀǊ ŎƘŀƴƴŜƭǎ 

lying just beneath the surface and push fragments of bone into ǘƘŜƳέ ό{ƘƛǇƳŀƴΣ мфумō, 

p.381). Experimental study on the effect of water abrasion on bones show that the type of 

sediment (coarse versus fine) present in the water, as well as the weathering stage of 

bones (fresh, dry, weathered or fossil), influence the degree of abrasion. The fossil bones 

(from a Middle Pleistocene cave deposit in Fernández-Jalvo and AndrewsΩǎ ŜȄǇŜǊƛƳŜƴǘΤ ƴƻ 

precision concerning the stage of fossilization in Shipman and RoseΩǎ Ŝxperiment) are 

more rapidly and more intensively damaged than the other types of bones; and the 

coarser the sediment is, the more intensive the degree of abrasion (Shipman and Rose, 

1988; Fernández-Jalvo and Andrews, 2003). 

2.4. Spatial approach 

2.4.1. Introduction: background 

Analysing the distribution of bone remains in a palaeontological or archaeological 

site provides useful information in terms of site formation process and taphonomic agents 

that have affected the assemblage (Rigaud and Simek, 1991; Smith, 1993; Lyman, 1994b; 
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Marean and Bertino, 1994; Nigro et al., 2003; Jennings et al., 2006; Mallye, 2007, 2011). In 

palaeontological assemblages, fluvial dispersal can be identified based on the way bones 

are concentrated, distributed and orientated in the deposit (Voorhies, 1966, 1969; 

Behrensmeyer, 1975, 1982; Boaz and Behrensmeyer, 1976; Hanson, 1980; Smith, 1980, 

1993; Boaz, 1994). Spatial data help the identification of perturbations due to biological 

agents such as carnivores, which can cause significant bone dispersal while feeding on 

carcasses (Brain, 1981; Binford et al., 1988; Marean and Spencer, 1991; Stiner, 1991; 

Lyman, 1994; Marean et al., 1992; Marean and Bertino, 1994; Kjorlien et al., 2009), as well 

as burrowing animals, such as badgers and earthworms, which can modify the spatial 

arrangement of bone remains in a deposit (Wood and Johnson, 1978; Armour-Chelu, 

1994; Mallye, 2007, 2011). Conducting a spatial analysis requires that the X-Y-Z 

coordinates of the remains were recorded, which is not always the case with assemblages 

that were excavated a long time ago. Hence, only a few studies (Nigro et al., 2003; 

Jennings and Hasiotis, 2006; Mallye, 2011) have applied spatial analysis, namely 

Geographical Information System (GIS), to a palaeontological/archaeological assemblage 

in order to understand its taphonomic history and the formation process of the site. 

Spatial analyses have mostly been conducted in 2D, but the development of a 3D 

extension to the Arc View GIS software allows researchers to now conduct their spatial 

analysis in three dimensions (Nigro et al., 2003; Jennings and Hasiotis, 2006). 

2.4.2. Medical CT and microfocus CT scanning of hominin bones 

General introduction: principles and applications of the method 

Medical Computed-Tomography (CT) and microfocus CT scanning methods, 

coupled with 3D rendering software (e.g. AMIRA, Avizo, VG Studio Max, Treatment and 

Increased Vision for Medical Imaging or TIVMI) constitute very powerful non-invasive 

tools for the analysis of fossils. They have been increasingly used by palaeontologists and 

palaeoanthropologists in the past two decades for a large range of purposes (Zollikofer et 

al., 1998; Zollikofer and Marcia Ponce de León, 2005). Once original fossils have been 
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scanned, these technologies allow accurate qualitative and quantitative studies on 3D 

replicas without any risk of damaging the originals (Zollikofer et al., 1998; Zollikofer and 

Marcia Ponce de León, 2005). Figure 4.3 presents a flow diagram that illustrates the 

principles and applications of computer-assisted technology to the fossil record. 

 

Figure 4.3. Principles of computer-assisted technology applied to palaeontology and palaeoanthropology 
(from Zollikofer et al., 1998). 

Combining computed tomography and 3D reconstruction techniques offers the 

possibility to virtually restore the original shape and morphology of fossil specimens that 

have been distorted (e.g. because of sedimentary pressure), as well as to reconstruct 

fragmentary fossil specimens (Zollikofer et al., 1998, 2005; Wu and Schepartz, 2009). The 

combined technologies also permit (1) virtual and non-invasive exploration of internal 

parts of a fossil that are invisible on the original specimens and/or (2) virtual preparation 




