Chapter 1.General ntroduction

iour evidence for the past, whe
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

mands remains in the buried envi
so great that it seems impossible to reconstruct with
confidence ma ntbhes pash dDespairiit, i e s i n
however, unwarranted. [..] When the mechanisms of

reduction and the decayed fragments of evidence are

examined systematically a wealth of information is

revealed. .. 0

Preface oDeath, Decay, and Reconstruction: Approaches
to Archaetogy and Forensic Sciencdsy Boddingtonet
al. (1987).

1. HOMININ FOSSILS FROM SOUTH AFRICAN CAVE DEPOSITS

Fossibearing cave deposits of South Africa have produced one of the most
abundant collections of early hominins and associated fauna for thePRlistocene. The
caves havaccumulatedand preserved the bones of several different genera and species
of early hominins Australopithecus africanysAustralopithecusd 8 SO2y R , a LJISOA S
Australopithecus sedihaParanthropus robustysearly Homq and Homo er@stern and
modern humans Homo sapiens sapieps contributing to enrich our general
understanding of hominin evolution (Dart, 29; Broom, 1938; Robinson, 1958961;
Clarke, 1985; Berget al.,, 2010). South African cave deposits cover a period that begin
the earlyPliocened 2 & t 2Ay G wmcn | @&and Ay, 980 ti@lpiede® { Sy S3 |

(de Ruite and Berger, 2000). To date, Plio-Pleistocene fosshearing localitiedfrom



cave depositK S dzy RSNH2y S SEOI Ol (A2¢BISHNEE ( REA TR N\
Gladysvale Gondolin, Haasgat, Kromdradiuleche, Makapansgat, Malapa, Minnaars,

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

1993; Hendey, 1981; Keyser and Martini, 1990; Keyser, 1991; Bsrgkr 1993; McKee

and Tobias, 1994; Keysetral.,, 2000; Berger and Lacruz, 2003; Bergaal., 2003; Brophy,

2004; HiltonBarber and Berger, 2004; Adams, 2006; Adashsal, 2007a, 2007b;

Thackerayet al., 2008; de Ruiteet al, 2009; Dirkset al., 20L0; Gommeryet al., 2012).

Most of thesecavesites are composed of several distitayers ordepositswith different

genesis and agesuch as Sterkfuein (13deposits: MembersdI HX 03X nX p af b°
G9Fad LYyFAf{g Zalpt R2 S hinctlyyGFavetiNorh and Lincoln Cave

South, Name Chamber, Silberberg Grotto and Jacovec Cavern; Brain, 1981; Kuman and
Clarke, 2000; Kihi2004; Reynolds and Kibii, 2Q;1Bwartkrans (six deposits: Member 1

dLower Bang Member 1dHanging Remnafat Members 2 to 5; Brain, 1981, 1993),

/| 22 LISND& o0GKNBS RSLI2étali2809), Kraindraai (tvy depositd A RS w dz
and B; Brain, 1981), Gondolin (three deposits: 1, 2 and A; Adams, 2006), Gladysvale (two
deposits: the internal roofed seoin, GVID Gladysvale Internal Depositeyd the external

de-roofed sectim , GVEDGladysvad External Depositd.acruz, 2002; Lacrez al., 2002;

Pickering, 2005; Pickerig alb> HnannT 0> . 2f 1 Q& CleNa,h 2608)0 RSLI2 a
Taung (ten deposits, df dzZRAYy 3 FA GBS 2 O0F G SRto BB and #/&in & 5 | N
0KS @IlNRRS\LI2AtA BB P&abody, 1954; McKee, 1993; McKee and Tobias,

1994), and Makapansgat (five PRteistocene deposits from the Limeworks
Australopithecine site, namely Members 1A, 1B, 2, 3 and 4; and the archaeological
deposits from the Cave ofddrths, Historic Cave, and Rainbow Cave; Latbah, 1999;

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

has revealed the presence of 96 other fosshring sites yet to be excavated, including 15

sites contaimig 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



palaeontological studeto 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 understandinthe 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 @cumulated in the depositromoted by the existence of complesub-surface
and underground dolomitic cave systems, which collectaletons ofhominins and
other animals, as well as the geochemical processes associated withsgwution and
precipitaion of limestone, whichenhancedthe preservation of the fossils. Hence, the
fossil assemblages recovered in cave deposits offer snapshdtse adnvironment and
living faunathrough time However, they may literally represent snapshots sofgle
events,or they maybe the result of long term accumulation processes, whak place
over hundreds or thousands of years. Because of the nature of bone accumulation within
caves, the question dhe representativeness of thedessil assemblages as indicativie o
once living ecosystemseeds to be addressed. Different biological gptuysical agents
participate in the formation of fossil deposits in caves, such as carnivores, birds of prey,
rodents, homininsflooding, collapse, and rainfalEach of theseagentsaccumulatesand
modifies bones in a selective way. Furthermore, they occur alternatively/anth
combination with one another (in other words, it is extremedgldom to find an
assemblagexclusiveljaccumulated by leopards for instance, or an assembéa@éusively
accumulated by the action of watdransporting bones inside a cave). Timing of bone
accumulation in caves is also difficult to estimate, since these processes tendjtachsl
and can take place for years rather than as a single quick eveélwnsequently,
understanding the taphonomy of a fossil assemblage, or, as first defined by the

palaeontologist Efremov, understanding teidy ofthe transition of once living elements



from the biosphere to the lithospheréEfremov, 1940)is a necessargrerequisite 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, typenaortality 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 debategast 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 reasonadibyindant literature on the question is
available (Hughes, 1954; Brain, 192375, 1976, 1981, 1993; Maguiet al, 1980;
Pickering, 1999; de Ruiter and Berger, 20@@ékeringet al., 2000, 2004a, 2004b, 2004c;
Kibii, 2004, 2007Adams, 2006, Adanet al., 2007a, 2007b; de Ruitet al, 2009; Vakt
al., submitted). Most of theexisting studies follow in thiootstepsof 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 bookhe Hunters or the Hunted? An Introduction to

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

Various hypotheses have been put forward to explain the presence of early
hominin remains withircave deposits, especially for deposits containing a high proportion
of hominins and other largbodied primates. The most widely accepted explanation
YSYGA2ySR Ay GKS A G SNI-QGINGS GEA yoI aKSERLI220yK Sk S
first proposed byC.K. Brain (1981) and later tested and confirmed by others (de Ruiter,
2001; Carlson and Pickering, 2003; Kibii, 2004, 2007; Picletrahg2004a, 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



carnivores, such as leopards and hyaenids, and, to a lesser degree, extinct large
camivores, 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
OF @S0 6. NIAYZI MpymOd ¢KAAa O2dz R Ay &az2yYS Ol a
whereby hominins and other primates using cave entrances as a sleeping vedudpkbe
preyed upon by carnivores directly inside the cave, as has been mentioned by some
authors (Brain, 1981, 1993; Pickerietgal., 2004a; Vakt al., submitted. The involvement

of large carnivores in the accumulation of hominin and 4h@minin primate bones has

been proposed for most of the cave deposits containalgundant primate remains.
Leopards areconsidered the primary accumulaof the primate remains at Swartkrans
Member 1dHanging Remnagt Swartkrans Members 2 and 3, Sterkfontein Memébeand
Kromdraai B (Brain, 1981, 1993; de Ruiter, 2001; Carlson and Pickering, 2003; Petkering
al., 2004a, 2004c), while spotted hyaeanhavecontributed to accumulate some primate
bones at Swartkrans Memberddanging Remnagt Sterkfontein Member 4,V@artkrans
Member 3 and Kromdraai A (Brain, 1973, 1981; Carlson and Pickering, 2003; Piekering
al., 2004a, 2004c). These assemblageschi@acterisedby fragmentary and carnivore
damaged primate remains (i.e. presence of carnivore tooth marks and daydxines,

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 hombbearing deposits, tisi
scenario has been proposed as the main accumulation procesmarncase only. at
Sterkfontein Member 2, to explain the origin of the fossil assemblage associated with StW
573,anea02 YL SGS a1StSi2y 2F Iy I dza G NJ1992;LIA G KSOA



2007; Pickeringet 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 partiadteke| and the

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

3. RESEARCH QUESTIONS HAR MALAPA ASSEMBLAGND OBJECTIVES OF THIS
STUDY

The Malapa hominin assemblage represents a very peculiar case within ttexicon
of PlioPleistocene 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 specigsystralopithecus sedibéBergeret al., 2010),
combining primitive and derived characters, which places the species in a crucial position
for the understanding of the emergence of the gertdemo(Bergeret al., 2010; Carlson
et al, 2011; Kibiet al., 2010; Zipfeét al,, 2011; Berger, 2012), bthe taphonomy of the
fossils is also remarkable. The exceptional quality abundance of bone preservéor
the Malapa hominins has never been observed in any of the fossil sites in South Africa,
and as suclplaces the Malapa assemblage iclass of itown relative to the other fossil
assemblages from the Cradle of Humankind. The assemblage is composed of a high
number of homininbones(n. >256, belonging to a minimum of six individuals, amongst
which two arenearlycomplete (Malapa Hominin 4MH1 -, 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 atdton and most of the body parts
have been recovered, including very small elements, such as haddfoot bones.
Furthermore, the sedimentary unit (Facies D) containing the hominins has been dated
accurately to 1.97-1.8 Ma (Pickeringt al., 2011), offeing one of the most precise ages
for a cavedeposit yielding early hominins in the Cradle of Humankind. In terms of

preservation, the hominin assemblage at Malapa does not resemble any of other cave



deposits with early hominin assemblages, with the pdss#xception of Member 2 at

Sterkfontein. It therefore challenges previous interpretations of hominin accumulation,

ddzO0K |a (KR{dEGIONUAN@Z2 KR LR 1 KSaAaé yR GKS vyl
specifictaphonomicsignaturesobserved at Malapa matate for the needo questionthe

origin of at leastsomehominin 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 prelimmjnabservations and study of geological

features of he deposit, a first hypothesis wasoposed to explain the accumulation of the

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

taphonomy of the two neacomplde skeletons (MH1 and MH2):

alta I GlrLK2y2YAO0 KelLRGKSaArazr ¢S adaA3asSada
the complex cave system near Malapa had opened along deep vertical shafts that
operated as death traps to animals on the surface. In additiobeimg 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, andreaores 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 higlume wate inflow, perhaps the
result of a large storm, caused a debris flow that carried the still partially articulated
02RASAa RSSLISNI Ayid2 (GKS OF @S>y (2 (W®ealaAd GKS
201Q p.207 Figure 1.1).
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Figure 1.1.Cartoon illustating the proposed hypothesis for the mode of accumulation of MH1 and MH2
(after Dirkset al., 2010).

Different elements, essential for theccumulationof the hominins, are proposed
in this hypothesis, notably the absence pdstmortem 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 beegntioned 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, togetheh viassils belonging to
other hominin (MH3, MH4, MH5 and MH6) and HAHoominin individuals. A complete,
detailed analysis of the fossil assemblage is required to test and verify certain aspects of
the preliminary hypadtesis, such as the near abserafecarnvore damageand the role
played by the debris flowThe 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 fosails th
would, a priori, suggest that one of thenost commonly occuringcenarios (natural death

trap or carnivorecollected assemblage) could be proposed as a logical explanation for



their presence in the deposit. On the one hand, tledativelygood state ofpreservation
observed for the Malapa hominins (e.g. partially articulated skeletons, antimeric sets of
bones, presence of complete bones and extremely ywrdkerved bone surfaces), seems
to be in favour of a natural death trap hypothesis. The remarkatale ®f preservation of

the hominins is combined with the nedor perhaps even totalpbsence of carnivore
damage, which is consistent with the very limitednon-participation by carnivores in the
formation of the assemblage. Hence, the carnivore ctlhgchypothesis does not seem to

be pertinent to Malapa. However, severabservationsare in contradiction with a
straightforward application of the natural death trap hypothesis: (1) such a high number
of homininindividuak has not been previouslsecorded in an assemblagiat is know

to haveaccumulated through a natural death trap; (2), in the case pfaven natural
death trap scenario, all primates, including hominins and-hominins are abundant,
while at Malapa the ratio hominin to nehominin primates is completely
disproportionate (25 hominin specimens have been recovered and only onehaminin

primate specimen).

The aim of thifhDisto test the validity otthe preliminary taphonomic hypothesis
(i.e. natural death trap followed by a delsrflow leading to a rapid burial of the hominins)
and provide further insights into the different taphonomic processes that have
contributed to the accumulation of thé/lalapa hominin bones. This requires a more
detailed understanding of the formation of # faunal assemblagéhat has been

recovered to date

Testing taphonomic hypotheses is not always easy because it relietheon
methods employed and information recorded during the excavation, preparation and
analysis of the fossil remains. The majoritysoluth African fosslbearing 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 situblocks of calcified cidic sediment. In the case of fossils recoveneditu during



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 completegaphonomic 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 histomg o classicabnes
commonly usedin 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 DomingtRadrigoet al., 2007). A third
approach, the spatial approach, has been underused in the fieldpsfonomy of cave
depositsgiven the lack ofisefulinformation, as mentioned abovédi.e. no record of the
coordinates, no data about theposition and orientation of the fossils when foumdsity,

and fossils recovered fronex situblockg. In more recently excavated cave sites, the use
of a laser theodolite allows for the systemaéind accurataecording of the coordiates

and, in the future, more spatial studies should be conducted. So far, only one spatial study
of a PliePleistocene cave deposit in South Africa has been published (&ligidg 2003),
which developed and applied Geographical Information System $&for mapping and

analysing the distribution patta of the fossils at Swartkrans

At Malapa, while some remains were recovered fremsitublocks, others have
been recoveredn 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, | employed virtual techniques, namely
Computed Tomography (CT) and mi&@®d scanning facilities as well as 3D remdgri
software (Avizo 6.3) to conduct a spatial analysis of ithaitu fossils inside the cave
Scanning and 3D reconstruction techniques are nowadays frequently used in different
fields of palaeoanthropology, such as morphometry, biomechanics, study of dersity,
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; Zollikoferet al, 1998, 2002, 2005; Maisey, 2001; Carlson am#eing, 2003;
Novecosky and Popkin, 2005; Zollikofer and Marcia Ponce de Leon, 2005; Lordkipainidze
al., 2006; Carlsoet al,, 2011; Vakt alds H A MMT eDalz2@1Y Cabivé al,
2012. However, these techniques have never been applied ddress taphonomic

questions.

At Malapa, the spatial analigsof the hominin remains aimi® reconstruct the
burial postion of MH1 and MH2nside the deposit, in three dimensiondntil now, there
has been no attempt to reconstruct and analyse the bur@dtpre of an early hominin.
Analysing burial pasre for early hominin fossils exceedingly difficultgiven ther typical
preservation in cave deposits or open air contexts, where they\aleerable to a
plethora of destructive taphonomic agents andopesses. Thesprocessescommonly

transformthe skeletonsnto fragmented, parautochtonous remains

On the other had, in palaeontologicale.g. Smith, 1987, 1993, 1993 eigelt,
1989; Ochev, 1995Smith and Evans, 1996; Smith and Ward, 2001; Darataali, 2003;
Adbalaet al.,, 2006; BotheBrink and Modesto, 2007; Faux and Padian, 2007; Staseford
al., 2011; Fordycet al., 2012), archaeologicat.g.Binford, 1968; Harrold, 1980; Gargett,
1989, 1999; Koojmaret al., 1989; Smirnov, 1989; Belf@ohen andHovers, 2002; Kimbel
et al, 1995; Duday, 2009) and modern historical sites (e.g. Mastrolorehzh, 2001,
2010;Roksandic, 2002;uongoet al., 2003; Duday, 2009), the burial posture of vertebrate
skeletons, including humans, when complete or near plete and foundin sity is
generally described and studied. It can provide a wealth of informatlmwut the timing
and the conditions of burial, andn the case of modern funeral contextabout the
mortuary behaviours of past populations. Wheampleteburial happenssimultaneously
or soonafter death, the dath po® can be preservedand provides direct information
about thesite of death, the factors that influenced death, as well as factors that have an
impact on preservationAt Malapa, the high leaf of preservation of the hominins and the

existence of accurate information regarding the origin of the fessil the deposit,

11



combined with the application of virtual reconstruction techniques, alfomthe first time
the reconstruction and analysis difie burial position of the two hominingMH1 and
MH2). Thisresearchwill (1) provide informationabout the modeand timing of burial of
the hominins andthe conditionsunderwhich it took place(2) allow an estimation of the
state of decay and disartiation of the hominins wherburial occurred,and therefore
permit an evaluation of thehances of survivalf soft tissug and (3 open the possibility

to put forward hypotheses regarding the location of missslgmentsinside the deposit.

To summarize, his project is the first of its kind to combine three research
approaches: palaeontological, physical and spatial, and to apply modern investigation
methods, such as &Eanning and 3D modelling techniques to addrésghonomic
questions aboutearly hominns. 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 studgarkable for its various characteristics in terms of
bone preservation. Ultimately, this research ainspecifically to increaseour
understanding of the formation of the fossil assemblage at Malapd, more generally to
expand our knowledge ofthe proceses of bone accumulatipnmodification and
preservation in caves. From a research perspective it seeks to develapnew
multidisciplinary approach tobetter understand the taphonomy of hominin remains,
combiningclassical taphonomical methods with virtuaichniqgues and moderiorensic

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 &stern Africa) ipresentedin Chapter 2. The fossil material analysed for this
research project (hominin as well as nbaminin faunal specimens) is described in

Chapter 3. The different methods employed to investigate the taphonomy of the

12



assemblage arexplainedin Chapter 4. fie three types of approaches followed, namely
palaeontological, physical and spatial, together with the correspandiethods used,
especially the CT scanning and virtual reconstruction technicquesdescribed The
concept of gpalaeoforensic taphonondyis proposedas research practiceThe Malapa
fossil locality is presented in Chaptey iBcludinggeographical, geomorphological and
geological aspectsf the site as well as preliminary hypotheses for the taphondmstory

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 speatm in terms of species and bogyarts, the state of
preservaton and articulation of the faunal remainas well aghe types of bone surface
modifications observed. Chapterpdesentsthe results ofa detailedtaphonomicanalysis

of the hominin remainsand the results of thealaeontological anghhysical approaats.

The skeletal part survival,state of articulation of MH1 and MH2, the level of
completeness, breakage patterns and bone surfacedifications together with the
identification of the agentsesponsible are assembled in this chapté&hapter 7presents

the results of the spatial approach, including tbegin of the hominin remains in the
deposit, estimation of the transport and movement affecting the fossil remains, refitting
hypotheses for theex situhominin specimensn the deposit, and creation ofhe 3D
reconstruction modelpresenting the hominins in their burial postuia the deposit
Chapter 8 integrates the results ineocomprehensivaeconstruction of the taphonomic
history of the hominins. A stepy-step accountof the sequence of events thaffected

the homininsis 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 buridfariousquestiors are addressed, such as
the possibility ofnatural mummification, the role played by insectnd the occurrerce

and effects of a debris flowThe implications of the resulend the research perspectives
offered by this thesis are presented in ChapterDfferent hypotheses concerninipe

location of some missing hominin remaiasd the reassignemendof some hominin

13



specimensare proposedThere isdiscussiorabout the advantages offered by the virtual
reconstruction techniques and the forensic approatin.conclusion reflections on this

research are made amablvice about future excavations offered

14



Chapter 2 Early lominin taphonomy from African deposits

A unifying feature of modern humans is their fascination with their angoast. While
societies all over the globe have developed creation myths to explain the atr@iof
our species, the scientific evidence points to Africa as the origin site for early hominins.
Only three small regions in Africa preserve the remains ofyeAumans and their
ancestors, namely hominins: Eastern, Central and Southern Africa, with a slim corridor of
remains in between. Eastern and Central African fosaibs typically in sediments
depositedalong ancient lake margins or rivdtoodplains while South African hominin
remains are typically preserved in dolomitic caystems 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 palaeokai@ 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. Fossibearing sites in the Cradle of Humankind

The Cradle of Humankind Worldkeritage Site is composed of Excavated fossil
f20FtAGASa 6.2t03Qa CIN¥YIT .dzFFlrt2 /[ @S5% [ 22LX
Kromdraai, Luleche , Malapa, Minnaars, Motsetse, Plovers Lakekf@itein, and
Swartkrans Figure 2.1), distributedhitwo provinces. The majority of them are located in
0KS DIdziSy3d tNRGAYOS o.2f0Qa CIFN¥Yszx . dzFFl €2
Kromdraai, Malapa, Minnaars, Motsetse, Plovers Lake, Sterkfontein and Swartkrans) and
three of them are norh of this regon, in the Northvest Province (Goradin, Haasgat, and
Luleché @ ¢ KS 2t RSad RSLIRairAd Ay GKS / NYrRES Aa LN
biochronological dating based on the microfauna provided an age between 4.0 to 4.5 Ma

years (Sénégas and Aveh@98). 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; Martirt al., 1998).

ik 25°50" |

‘L

*H
;/ R512
‘-——"/—\1-/7-/ e e Mal
e Mo
‘ 27°52'

—Skm Krugersdorp ! | Johannesburg

Figure 2.1.Location ofimportant fossil depositsin South Africa including localities irthe Cradle of

Humankind (Co®) . 2f 1 Q& CIN)Y o0.C03X /22LISNR& 6/03 5NAY2f Sy 051
Luleche (L), Kromdraai (K), Minnaars (M), Malapa (Mal), Motsetse (Mo), Plovers Lake (PL), Ste(8jontein

Swartkrans (Sw); and outgidof it: Buffalo Cave (B), Makapansgat (Ma), and Taung (T) (modified after

Kuman and Clarke, 2000; Berger and Lacruz, 2003; Aetaaths2007b; Dirks and Berger, 2012).
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The majority of the sites were subjected to limestone minfrom the late 19
century to the middle of the 20 century, which exposed the fossith breccias (Brain,

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

1.1.2. Hominin discoveries

Amongst the different fossil ladities known in the Cradle of Humankind, eight of
GKSY O0A®PSd {GSNYF2yGSAYZT {46 NOGINIFyasz VYNRYRN.
Drimolen, and Malapa) have yielded hominin remains in Gauteng Province, attributed to
at least seven species (Table )2.Qutside ofthe Cradle of Humankindhominin remains
have also beenecovered in Taung in the Nortlest 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 laild discovered in the deposit was described as the holotype
of a new species, namelAustralopithecus africanugDart, 1925). In 1936, Broom
identified the first hominin specimen at Sterkfontein, from Member 4. The adult hominin
specimen (a fragmentary sk) was first namedPlesianthropus transvaalensiand was
later subsumed into the specieafricanus (Broom, 1936, 1947; Brain, 1981). Another
speciesAustralopithecus prometheus/as identified at Makapansgat (Dart, 1948a, 1948Db,
1949) and later subsundeinto africanusas 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 nane and is referred adustralopithecussecondd LISOA Sa¢ o6/ ft I NJ SZ wm
1988). Thenea®2 YLJ SGS &1 St S22y 2F {02 pt1o O0yAOlYylY.
{AfO0SNDSNH DNRGG2 O6{UGSNJF2yGSAYy aSYOoSNI HO KI
(Clake, 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 speciesAustralopithecus sedib@ergeret al., 201Q Table 2.1
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Table 2.1 Ag ranges of the different hominin taxa identified in the Cradle of Humankind 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, Sterkfonteir Dart, 1925; Broom,
Member 4; Gladysvale 1936, 1947; Berge
et al, 1993; Berget
and Tobias, 1994
Lacruzt al., 2002

() aa 3.3 Ma 2.0 Ma Sterkfontein Member 4 Clarke, 1988, 1998
aLISOASaE and Member 2 of the 1999,2008
{Af 0SNDSNH
cz220¢0
P. robustus 2.0 Ma 1.00.6 Ma Kromdraai B; Swartkran Broom, 1938
Members 13, Drimolen, Brain, 1981, 1993
Sterkfontein Member 5 Grine, 1993Berger
09 &G AYyTFTAf and Tobias, 1994
Gondolin A Menter et al,
1999; Keyser,
2000; Keyseet al.,
2000; Kuman and
Clarke, 2000
Bergeret al., 2003;
de Ruiter et al,
2009; Herries et
al., 2009
Au. sediba 1.977 Ma 1.977 Ma Malapa Bergeret al., 2010;
Dirks et al., 2010;
Pickering et al,
2011
early Homo ~2.0 Ma 1.00.6 Ma Sterkfontein 8V 53 infill, Hughes and Tobias
Swartkrans Members-2, 1977; Brain, 1981
Drimolen, Kromdraai B 1993; Grine, 1989
1993, 2005; Keyset
2000; Keyseet al.,
2000; Braga anc
Thackeray, 2003
Herrieset al., 2009
H. ergaster 1.7-1.4 Ma 253115 ky Sterkfonein (Member 5 Kuman and Clarke
West infill and Lincolr 2000; Reynoldset
Cave South) al., 2003, 2007
H. sapiens 0.50.3 Ma - Sterkfontein Post Watson, 1993;
Member 6; Swartkrans Kuman and Clarke
Member 5 2000; Herries anc
Shaw, 2011
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A more robust taxonParanthropus/Australopithecus robustusas identified for
the first time by Broom at Kromdraai B in 1938 (Broom, 1938) and the remains of this
species weresubsequentlyrecovered in various other sites of the Sterkfontein Valley
(Table 2.1).In 1953, Rmson identified for the first timeg remains of earlyHomo at
Swartkrans (firstly classified d®lanthropuscapensisand then attributed to the genus
Homg Robinson, 1953, 1961). Shortly thereafter, in 1976, the remairtdonfio habilis
were recovered aBterkfontein Member 5 by Hughes (specimen StW 53) and described by
various authors (Hughes and Tobias, 1977; Brain, 1981; Robih868, 1961; Clarke,
2012). The assignementf these remaindo the genusHomois not acceptedby some
workers and is curreny under discussion (see for instance Curnoe and Tobias, 2006;
Curnoe, 2010; Pickeringt al, 2011; Berger, 2012). SpecimensHmo ergastethave
been found during the course of excavations in the Sterkfontein Member 5 East infill and
Lincoln Cave (Reyhs et al, 2003; Reynolds and Kibii, 201Tlarke 2019. Finally,
remains of modern humans were recovered at Sterkfontein Post Member 6 (Kuman and

Clarke 2000; Reynolds and Kibii, 2QEhd Swartkrans Member 5 (Watson, 1993).

1.2. Hominin taphonomy
1.21. 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 complatketons
such asdiLittle Foot 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 angesperiod
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 arfdrmation of the fossil deposits in dolomitic caves

Brain (1958, 1981) has defined astage process to explain the formation of the
fossitbearing cave deposits in the dolomitic region of the Cradle of Humankind. In the first
stage, a cavity forms in thdolomite due to the action of underground water in the
phreatic zone dissolving the rocks the watertable drophis cavityenlarges ands then
filled with air (stage 2). Some speleothems can appear and avens start forming in the
dolomite roof above thecavern (stage 3) until the caweeventually opens to the surface
to form a cave, which is theprogressively filled with sediments, rocks arahbs (stage 4)
that accumulate o a talus cone. This talus corsecommonly calcified due tame-bearing
solu2 Y& RNALILIAY3I FNRY (GKS NR2F |FyR @©aBec02YSa ac
GONBOOAI&a¢ oaitl3asS pod Ly aidl3asS cxX GKS Ne2F

exposed to surfaceveathering(Brain, 1981).

The first type of taphonomic agents iag 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 (Maguiget al., 1980; Brain, 1981; Texier, 2000). Included
in this category is animal death, whethnaturallyoccurringby 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. overhang trees, roofs) and accumulate bones. Predators
and scavengers introduce animal bones to their lairs in caves while featkfigcating,
and/or regurgitating (Sutcliffe, 1970; Mills and Mills, 1977; Magairal., 1980; Binford,

1981; Brain, 1981; Skienand 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 thaavedens in order to gnaw on them to wear down their

incisors (Maguiret a., 1980; Binford, 1981; Brain, 1981, Kibii, 2009).

Early hominins and other larg®odied 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 wilbe discussetbgetherbelow, 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 hominibones in southern African dolomitic caves.
1.2.3. Primate bones in cave depostimusef accumulation

Abiotic agents: debris flow, rain and gravity

The action of rain, wind and gravity contributes to the formation of a talus cone
below caveroof openings (Brain, 1981; Texier, 2000; Adashsl., 2007a), containing not
only bones and bone fragments but also anything that is on the surfaae the opening
(e.g. rocks, artefacts, leaveesge trunks, and finessediments). This process has contributed
to agreater 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 wknally and completelyuried

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 treg thrive in the presence of underground water. This would make their
visibility poor and it is therefore not surprising thlargeranimals walking on theurface
could easily fall intahem by accident (Brain, 1981). Some of these shaftsnatural
death trapst were several tens of metres high during the FRieistocene (Brain, 1975,
1981; de Ruiteet al., 2009; Dirkst al., 2010; Pickeringt al., 2011). Some species with
good climbing proclivities such as primates and carnivores could alsod®iberately
entered the caves along these steep openiagsl 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 remainStf 573 or
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G AGGE S C2eadl 2004atCla®e, O, wsIvell 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 ands, 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; Pickeringt al., 2004a; Clarke, 2007; Coumont, 2009).

Biotic a@yents: mammalian carnivores

t NAYFGS 0602yS aaSYoOrHSGSSOUYRITKELIADKSFA D& NS

Large carnivores, and especially leopards and hyaenas, have contributed to the
accumulation of faunal assemblages in the different fossil sites from the Crddle o
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 Pickeringet al,
2004b
Swartkrans 1 (Hanging Remnant) leopard & hyaena Brain, 1981, 1993; de Ruite
2001; Carlson and Pickerin
2003
2 leopard Brain, 1981, 1993; Carlson ar
Pickering, 2003
3 leopard & hyaena Brain, 1981, 1993; Pickerira}
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
KIa St o2NF(dS®2 {GfKSO IMGNIINYKREAINBK SaAaé 6. NI Ay S
specialzed 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
preponderantrole 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 (@& Ruiter, 2001; Carlson and Pickering, 2003; Picketiaf, 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 carnivedamaged bones in gas 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 dtwé 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 thar offspringinside the cave. The sead type isa secondaryaccumulation
whereby the bonesemainingafter 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 gravitylhis happens in the case of leopards in
particular, when bones fall from the tree where the predasioresa carcass. To avoid
competition with other carnivores, leopardgash andeat their prey in trees, and since
trees commonly grow aboveave openigs, the remainder of the carcasesmmonlyfalls
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 betwaen these two modes of accumulation since they
correspond to two clearly different patterns, especially whee needto distinguish
between carnivore and human occupation of a site. In other words, the occurrence of
carnivore chewing marks on bone specimelz®s not necessarily mean that carnivores
have occupied the site. It could simply reflect bone fragments beaoioiny markscoming
from the surface and brought into the caves by another process. Therefore, the
consideration of different lines of evideneg required to distinguish between carnivore

occupation of the site andalling in orwashing in of carnivorenodified bones. This
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evidence concerns not only carnivore toetmark abundance, but alsdhe faunal
composition, skeletal part representation, miality 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;eahr2010).

Felids

Extant leopards Ranthera pardug are considered the primary accumulators of
primates in cavef Southern African regiongBrain, 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 teeuthern 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 lewds 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 largsized felid species (i.Acinonyx jubatusnd Panthera led
transporting skeletal @ments far from thekill site (Shaller, 1972).h€se species are also
not known to occupy nor accumulate bones within caves (Skinner and Chimimba, 2005).
Extinct large felids such as the false satm@th cats Dinofelis barlowiand Dinofelis
piveteau) and the true sabretooth cats Megantereon barlowi, Megantereon cultridens
and Homotherium latidensare present in the Pli@leistocene fossil assemblages of the
Sterkfontein Valley (Brain, 1981; Turner, 1987a, 1987b, 1997, 2004; Cooke, 1991; Watson,
1993;de Ruiter, 2003; Kibii, 2004; Pickerietgal., 2004a; Lacruet al., 2006; Hartstone
Roseet al,, 2007; Gommergt al.,, 2008, 2012; de Ruitet al., 2009; Reynolds, 2010; Kuhn
et al, 2011) (Table 2.3). These extinct felid species would have competedewmfards
YR Keél SyARAa F2NJ GKS &lYS LINBe& ohQwS3aly
argument the abundance of extinct sabi@oth cat remains in the Pl®leistocene cave
deposits of the Sterkfontein Valley, Brain (1981) has suggested that thesedalhhave

frequently occupied caves and would have therefore been important bone collecting
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agents. However, there is to date no mentionthe literature concerningpone-collecting
behaviour byMegantereonor Dinofelis(Pickering, 1999; Pickerirgg al., 2004b; Lacruet

al., 2006; Hartstondroseet 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 subsplecresherium serumis
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 adth{eeetreat: the
abundance ofHomotheriumremains within the assemblage (most abundant carnivore
and second most abundant large mammal), the occurrence of articulated juvenile
Homotheriumindividuals, the catastrophic mortality profile amondgsbmotheriuns and

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

hunting byHomotherium(Marean and Ehrhardt, 1995).

Hyaenids

The two southern African extant hyaenid speci€socuta crocutathe spotted hyaena
and Parahyaena brumea the brown hyaena) occupy caves and collect bones (Kruuk,
1972; Mills and Mills, 197Maguireet 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 beenproposed that the extinct long legged hunting hyaenas
(Chasmaporthetes nitiduland Chasmaporthetes silberbejgitogether with the shor
faced hyaenaRachycrocuta brevirostrigresent in the Cradle of Humankind caves (Brain,
1981; Keyser, 1991; KeysemdaMartini, 1991; Watson, 1993; Turner, 1997; Pickering,
1999; Mutteret al., 2001; de Ruiter, 2003; Kibii, 2004; Pickeanhgl., 2004a; Gommergt
al., 2008, 2012; Reynolds, 2010) (Table 2.3) were also occupying caves and collecting

bones.

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

occasionallyhide 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, te adult hyaenas will bring carcasses or parts of carcasses to feed the cubs.
The uneaten padand the leftover bony parts of the prey will therefore accumulate in
caves, together with regurgitated bone fragments and their faeces, which can fossilize
(Backvell et al., 2009; Bergeet al., 2009). Hyaenas have jaws powerful enough to carry
heavycarcassesr skeletal pats inside caves. As scavengeasd effective hunters in the
case ofC.crocuta) their prey spectrum is very diverse, from small antelopeth ai live
weight of 023 kg, where the upper limit is represented by a large female duiker
(Silvicaprasp.), to Class lll antelopes in the range28é kg, where the upper limit is
represented by a blue wildebees€C¢nnochaetes gnguand even Class IV, flexting
animals weighing more than 296 kg, including elafdufotragus 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 theis dietad and
results in abundanbone 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 hyaageneratedassemblage 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. Kaihel.
(2010) argue that none of these criteria, when taken alone, can constitute direct evidence
of a hyaenagenerated assemblage; it is rather the combination of several lines of
evidence, which can prove that hyaenids have accumulated the bones. The mesenc
juvenile hyaenids (Crddribe, 1991; Kleiet al., 1991; Brugatt al., 1997; Pickering, 1999;
Kuhnet al, 2010), coprolites and digested remains (Pickering, 2002) constitute direct

evidence of cave occupatidry hyaenas.
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Table 2.3 Extinct specig of large carnivores present in PRteistocene sites from th€radle of Humankind

Family Species Sites References
HYAENIDAE Chasmaporthetes silberberg a A Yy I | NRa T Turner, 1997; Pickeringt
Silberberg  Grotto  anc al.,, 2004a Gommey et al.
Member 4 2012
Chasmaporthetes nitidula ~ Swartkrans Members -3; Keyser, 1991; Keyser ar
Sterkfontein  Member 2, Martini, 1991; Watson,
Member 4, Member 5 anc 1993; Turner, 1997
Jacovec Cave; Haasg: Pickering, 1999; de Ruite
Drimolen 2003; Kibii, 208; Pickering
etalPz wnannank T
Menter, 2009
Pachycrocuta brevirostris Y NB YRNJI | A I 2 Turner, 1997; Mutteret al.,
Femur Dump, Sterkfonteir 2001; Gommery et al,
Member 4 and Member 5 2008; Reynolds, 2010
Gladysvale
FELIDAE Dinofelisbarlowi Sterkfontein  Member 4, Brain, 1981; Cooke, 199:
Member 5 and Silberber¢ Turner, 1997; Pickeringt
DNRGG2T aAyy al, 2004a; Lacruzet al,
.2t GQa CI N)XY 2006, Gommery et al,
2008, 2012; Kuhnet al,
2011
Dinofelis piveteaui Gladysvie, Motsetse, Berger and Lacruz, 200:

Megantereon whitei

Megantereon cultridens

Homotherium latidens

Kromdraai A, Drimolen

Sterkfontein (Silberberc
Grotto, Member 4),
Swartkrans  (Member 1
Hanging Remnant ani
Member 3), Kromdraai A
Swartkrans Member 1
Hanging Remnant an
Member 3; Sterkfontein
Silberberg Grotto, Member:
4and5

Sterkfontein (Jaoeec
Cavern, Members 4 and 5
Swartkrans Member 2

Lacruzetald> HAnnc
and Menter, 2009
Turner, 1987,

Ruiteret al., 2009

2004; de

Turner
2003

Watson, 1993;
1997; de Ruiter,
Pickeringet al., 2004a

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 largbodied primates dll 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; Sandeed, 2003).
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Eagles do not occupy caves, but they may select trees or rocky pateifoove
cave openings to build their nest. They bring back animal carcasses to their nest where
they consume them. Hence, theneatenand the regurgitatedemainscanaccumulatein
the cave located below the nest and contribute to the bone accumulatiatcgss within
the cave system (Brain, 1981; AndrewW890). Various species of eaglee weltknown
predators of monkeys, such as ralled monkeys Cercopithecus ascaniuE [ QK2 Sa i
monkeys Cercopithecus l|hoegti red colobus Riliocolobus badiys black and white
colobus Colobus guereza grey-cheeked mangabeyd @¢phocebus albigenaand olive
baboons Papio anubis(Maclean, 1985; Sandegs al., 2003; McGravet al., 2006; Trapani
et al, 2006). The contribution of largeodied eagles to the accumulatioof 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 pregibhpsan African

crowned hawk eagleStephanoaetus coronatys

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 HPlieistocene fossil assenagles,
but they are not regarded as a major taphonomic ag@viaguireet 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 fragjicaves and cave entrances (Skinner and
Chimimba, 2005; Bountalis, 2011; C. Steininger, pers. comm.). Their remains are found in
the southern African Pli®leistocene assemblages (Brain, 1981; Watson, 1993; Pickering,

1999; de Ruiter, 2003; de Ruitet al., 2009; Kuhret al., 2011;HartstoneRoseet 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 cavesiqkering, 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 documemte(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 sfsi@aé carnivore has been identified as a

possible taphonomic agentin@eS RSLI2aAdas Aa | d

/| 22 LISNR A

on a fragmentary mandible dParanthropus robustubave been attributed to a small

canid such as a jackal (de Ruieal., 2009).

Table 2.4 Small carnivore species whose remains have been recdwere PliePleistocene cave deposits

of the Cradle of Humankind.

Family Species

Common name

CANIDAE Canis mesomelas
Vulpes chacma
Vulpes skinneri

Felis serval

Felis caracal
Felislybica

Felis nigripes

Atilax paludinosus
Suricata suricatta
Cynictis penicillata
Paracynictis selousi
Herpestes ichneumon
Herpestes sanguineus
Ichneumia albicauda
Galerella sanguinea
Mungos mungo

FELIDAE

HERPESTIDAE

VIVERRIDAE Genetta tigrina
Civettidis sp.
MUSTELIDAE Aonyx capensis

Mellivora sivalensis
Mellivora capensis
Poecilogale sp.

Blackbacked jackal

Cape fox

extinct fox

Serval

Caracal

African wild cat

Blackfooted cat

Marsh mongoose
Suricate/Meerkat

Yellow mongoose
{St2dzaQ Y2y3224S
Large grey mngoose

Slender mongoose/Bladipped mongoose
White-tailed mongoose

Slender mongoose

Banded mongoose

South African largspotted genet
African civet

African clawless otter

Extinct badger

Honey badger

Weasel

29



Suids

Bushpigs Fotamochoerus larvatysand warthogs Fhacochoerus africanpsare
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 repedt of warthogs going inside caves (Brain, 1981,
Bauntalis, 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 ARloeominin primates

NIFAYy KFa LINRPLRAPMRIaBGAKS ARSYI BWF24 BANISSNRA
early hominins, which could contribute to explaining the abundance of their remains in
some of the PliePleistocene sites of the Cradle of Humankind, especially Sterkfontein and
Swartkrans (Brain, 1975, 1981, BY9If 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 Grewt al.,, 20B) 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 (Barrettt al., 2004) on modern chacma baboonBapio
hamadryas ursinysreveals thathis 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) (Batratt, 2004).
ChimpanzeesRantroglodytes verugs are also known to occasionally frequent caves for
the same reasons (Pruetz, 2007). It is therefore conceivable thaPRlistocene primates
were using the cave openings for the same purposes. This has been suggested by Brain

(1981, 199) and others (Pickeringt al., 2004b; Reynoldset 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, particularto explain the high number of nen
hominin primates at Swartkrans Member 1 (Hanging Remnant and Lower Barnk; Bra
1981, 1993) and to some exfall | i / 2 2 étJ& Nskibinittes). Likethlorhinins, 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 possibléhat the primates were preyedponinside the cave.

The earliest direct evidence of cawecupationby 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 fawitl
in the deposit, constituting the earliest evidence of the controlled use of fire (Betra,
2012). At Swartkrans, cut marks on bone fragments (Members 2 and 3; Beda;
Pickeringet al., 2004d), as well as burnt bones (Member 3; Brain and Sillen, 1988) and the
RAGGNAROGdzGAZ2Y 2F 9FNIe {dGz2yS ''3S Gz22fta o/t N
identified and interpreted as indications of hominin presence lie ttave. 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 (Berrad al.,, 2012). At Swartkrans Memberthe cutmarked bones
are associated with earljomo(possiblyH. erectuy andParanthropugBrain, 1981; Grine,
1989, 1993) while at Swartkrans Member 3, cut marks and burnt bones are associated
with P. robustugemains (Brain, 1981; Grine, 1989, 1993)e Blecurrence of bone tools
inside cave deposits (Sterkfontein, Swartkrans Member 1 Lower Bank, Members 2 and 3
and Drimolen), is always associated wirhrobustugemains (Brain and Shipman, 1993;
. FO016Stf YR RQIONNAO2=RtayAnmEO A Anb O &¢Sinfy T RE
(2003)concluded that hominins introduced bone tools inside the cave w8esrtkrans

Member 3was depositedwhere a consistent amount of burnt bones, a number of faunal
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remains with clear cut marks, and evidencggesting thepresence of a flattenedrea
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
shaF G 2NJ gl AaKAy3 Ay FTNRBY GKS &adaNFI OSod ¢KS
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 condumcsidg

different social and technological actres, including butchery

2. HOMININ TAPHONOMY IN PALAEOLAKE AND FLUVIAL CONTEXTS
2.1. Actualistic data on bone transport in water

2.11. 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, D68be
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 imitatiayea
environment. However, the availablstudies offer elements for discussio 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 espnted.
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 atteanmal bones: sheep

(Ovis ariesand coyote(Canis latrans(Voorhies, 1966), dogC@nisfamiliaris), mouflon
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sheep Qvis musimophand pigtailed macaque Nlacaca nemestrinajCoard and Dennell,
1995; Coard, 1999). All these studies were conducted usinglemobones 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 influencingdme 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

Theshape of the skeletal elements wasoposedtheoreticallyas an important factor
conditioning bone transport potential in water by Hill and Walker (1972), and has been
experimentallyproved to influence the transport potential of bones in water (Boaz and
Behrensmeyer, 1976; Hanson, 1980;p&man, 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 higheli (G NJ yALIRZ NI LRGSYGaAl f Ay
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 shapetween 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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Boaz and Behrenstné SNRa SELISNAYSyd o

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. withngpobone more
volumetricallyabundant than compact bone, such as the sacrum and vertebrae) present a
better transport potential (Group | of Voorhies and the cranium) than the more compact
and dense bones (i.e. long bones, mandibles, tarsals and teethug&nd and Il 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 articulaiednents
Disarticulated versus patrtially or fully articulatskeletal elements

The experiments conducted by Coard and Dennell (1995) show that for the three
species tested (dog, mouflon sheep and-@ided macaque), the articulated parts are
easily transportedand 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 cramoamdible is.
The sames observed for the scapula. While the scapula alone resiaithe lag group,
the combined scapul 2 NSt A Y0 LINBaSyda | 3JI22R (NI yaLR2NI
experiment, the same is observed, with disarticulated bones showing a lesser transport

potential than the articulated parts.
Surface area

The surface aredinked 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 theansport 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 (fgrained sand) and Boaz and
Behrensmeyer (coarsgrained sand) itfienced 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 andlce-and-versa. In other words bones tend to geasily

embeddedin silt andmud, 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 bpdting 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 skebd 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 literatabout the transport potential for each

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

Skeletal part Voorhies Boaz & Coard & Coard & Coard & Coard 1999
1969 Behrensmeyer Dennell Dennell Dennell
1976 1995 1995 1995
(dog) (sheep) (macaque)
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 + +or0
Sacrum + + + + + +
Clavicles ND 0 ND ND ND ND
Sternum + + ND ND ND ND
Scapulae Complete + or 0/+ ND 0 0 0 +or0
Acromion ND 0 ND ND ND ND
Humeri Complete 0/+ ND 0 + 0 +or0
Proximal ND + ND ND ND ND
Distal ND 0 ND ND ND ND
Ulnae Complete + or 0/+ ND 0 0 0 +or0
Proximal ND + ND ND ND ND
Radii Complete 0/+ ND 0 ND 0 ND
Proximal ND +or0 ND ND ND ND
Pelvises Complete o/+ ND 0 + 0 +or0
Acetabulum ND + ND ND ND ND
Patellae ND 0 ND ND ND ND
Femurs Complete o/+ 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 o/+ + + + + 0
Phalanges i +or 0/+ ND 0 + 0 0
2" +or 0/+ ND 0 + 0 0
3¢ +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) recomel] in the literature for each skeletal element.

Skeletal part Boaz & Coard & Dennell Coard & Dennell  Coard & Dennell 1995
Behrensmeyer 1976 1995 (dog) 1995 (sheep) (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
Sapulae 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* ND 0 11.98 0
2" ND 0 19.32 0
3 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 Voohies, 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); Oh 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 bong®tand
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 charastagsdity
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of the other skul, 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 bes

Within flowing water # bones and bone fragmentsecomealigred and come to
restin a horizontal plane, even at high current velocities (maximum of 1.52 m/s; Voorhies,
1966). Only in cases of torrentiairbulent currents, the long bones miglebme torest in
a subhorizontal or vertical orientatiofVoorhies, 1966), but this has never been tested
experimentally. The orientation of the elongated bone fragments and long bpaeslel
to the direction of the currenis often cited as evidenceof a fluvialchannel settingor
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 bamiesn 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 downsire (Voorhies, 1966; Boaz and
Behrensmeyer, 1976). This is especially true when the water is deep enoagmpdetely
cover the bones. Voorhies (1966) has registered cases when long bones orientate
perpendicular to the current when the wateflow is shallev and the bonesare
consequentlypartly emerged. The innominateoneis a good indicator of water direction,
since itinvariablyorientates parallel to the current with the ilium pointing downstream
(Voorhies, 1966; Coard and Dennell, 19%&cording to \borhies (1966}his bone tends
to rest upside down, but this was not noted by Coard and Dennell (1995). The scapula is
also a good indicator of flodirectionand orientates parallel to it (Coard, 1999). Both the
pelvis and the scapula dse their preferred orientation when still articulated(Coard,
1999).However articulatedrertebrae 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 degre®f regularity than long bones, due to the less regular shape
of mandibles. In deep watemandiblestend to orientate parallel to the current, whereas

in shallow water, they orientate transverse to the current. Et&tude of the jawboneis
influenced ly the strength of the current; in medium to fast velocities, jdvesome stable

in a convexup position (Voorhies, 1966). The crania do not show any downstream
alignementsince they are either in the lag group (Voorhies, 1966) or rolling (Boaz and
Behrensneyer, 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 mgority of the hominins and associated fauna from Central and East Africa
were preserved in fluvial and lacustrine environments (Behrensmeyer, 1975, 2008;
Johansoret al., 1982; Walker, 1993; Whitt al., 1995; Pickford and Senut, 2001; Vignaud
et al, 20@; Egelancet 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 tchadengiSoumai) and associated fauna

The remains of the eldest known representative of the hominin lineag§,
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 spe@ms (one complete cranium, a fragmentary right
mandible, a symphyseal fragment and three isolated teeth), representing a minimum
number of one individual (Brunetdt al., 2002). The assemblage is dated between 6 and 7

Ma, and is composed of numerous aquat&a, such as fish, crocodiles, amphibians and
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hippopotamids (Vignaudt 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 forestand savannah in the vicinity (Vignawd 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 (LetFaliy 2009) or

no fluvial transpaot (Vignaudet 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, ora combination of both (Le Fuat 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
al., 2002). There is no mention of carnivore or other biotic damage on the hominin

remains.

Orrorin tugenensiand associated fauna

The fragmentary remains d@. tugenensiand associated animals were found in
2001 in the Miocene Lukeino Formation, TugensHKenya (Senwt al., 2001) (Figure
2.2) and have been dated around 6 Ma (Sawatlal., 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 ofefiindividuals (Senuet al, 2001). The
palaeoenvironmental reconstructions indicate a landscape compo$egpen woodland,
with denser stands of trees in the vicinity, possibly fringing the lake margin and streams
that drained into the lake (Pickford arfeenut, 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 pelliabé bacterial or algal origin, indicating that thésfl

into the water and werecovered 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 expase before burial (Pickford and Senut, 2001).

Ardipithecus ramiduand associated fauna

Ar. ramidus whose remains were first identified in 1992 in Aramis, Middle Awash,
in the Ethiopian Afar rift (Whiteet al., 1994) (Figure 2.2), is now represented [§9 1
specimens, belonging to a minimum of 36 individuals, including a near complete female
individual, ARA/R6/500 (Whiteet al., 2009a). The specimens were dated around 4.4 My
(White et al., 1994) and were recovered in alluvialysgdtay of the Lower Arare Member.
The palaeoenvironmental reconstruction suggests the presence of woodland environment
with small patches of forest (Louchaet al., 2009 White et al., 2009). Taphonomic
analysis shows the absence of any damage associated with transport mgsbyt 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 mammatssavite bones showing
evidence of carnivore chewing, rodent gnawing and termite damage, as well as fracture
and decalcification resulting from exposure to erosion (Loucegadl., 2009 White et al.,
20099. Based on the tooth marks and body part represgion (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 imet 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 ppedlation and
accumulation ofregurgitated pellets. The near completér. ramidusfemale individual
ARAVR6/500 seems to have a slightly different taptwmic history. The remains
(MNE=86) include numerous complete or near complete boradwracterisedby an
absence of carnivore damage and weathering. The degree of presenddtitre bone

surface is very poor, and while the small bones are undistorted, the long bones are

42



variably crushed (Whitet al, 2009a). The skull is broken inseveral pieces that were

F2dzyR NBft I 0APSte& RAALISNAESRI maksicanie toregtmaoOl (S a
aKltt2g agltS 2y (GKS Fit22R LXIFTAYéE YR 6SNB

larger bones are fragmented and scattered (Whateal,, 2009a).

Kenyanthropus platyopsnd associated fauna

The remains oK. 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 (Leskaly 2001) (Figure 2.2). The

vault has been heavily distorted/ltompression and the bone surface is poorly preserved.

Australopithecus afarens{tucy)

The near complete skeleton of Lucy {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, namehAustralopithecus afarensigdohanson and Taieb, 1976; Johansoral.,

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 presaxd, including the teeth, is 4ZJohanson and
Taieb, 1976). The bone surface is also well preserved and shows no evidence of pre
fossilisationweathering (Johanson and White, 1979; Johansbml., 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

(Johansoret alPX MapyHO P LG KIF& 0SSy LINEBlededBrm (KI

secondary depositafter having beeneroded out of a palaeochannetandstone and

transportedby amodernstream (Johansoat al., 1982; Radoseviatt al., 1992).
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Australopithecus afarensisdividualsfrom Al-333 locality

The locality A333 in the HadaFormation, 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 nf, which has yielded more than 200 fossil bones, including 18 recouesitl These
fossils constitute theemains of a minimum of 13 individuals, including two infants, two
juveniles, and nine adults (Johansenal., 1982; Radosevicét al., 1992). They have all
been attributed toAu. afarensiand dated to 3.2 My (Brown, 1982; Satkpjcickiet al.,
1985).The fossils are preserved in a primary deposit (palaeosols), and do not show any
evidence ofany fluvial transport. For instance, a partial articulated food and hand have
been recovered, and the body part frequencies show the absence of fluvial sortihg of
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 (Radastevich
al., 1992). Furthermore, the faunal assemblage is exclusively compadsdwminin
remains, with the exception of a few fish, reptile and rodent bones (Johagisalh 1982).
The taphonomic hypothesis proposed to explain the accumulation of the hominins is a
catastrophic event, such as a flood, leading to the simultaneoushdefta 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 (Johanstral.,, 1982; Radoseviddt al., 1992).

Selam (DIK-1): a juvenileAu. afarensiskull and associated skeleton from Dikika, Ethiopia

The skull and associated skeleton of a juveAle afarensis(specimen DIK1/1,
nicky F YSR a{StlYédd gSNBE NBEO2 JSNBWi sednemsOEyY H o nn
the Sidi Hakoma Member of the Hadar Formation, Ethiopia (Figure 2.2) (Alemstegied
2006), which date to 3.33.35 My (Wynret al., 2006).Based mostly on bone and teeth
morphology DIK 1/1 is considered to be a three year oldnéde australopithecine
(Alemsegedet 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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claviclescervical, thoracic and first two lumbar vertebrae, nyambs and the first known
hyoid in early hominin fossil record (Alemsegedil., 2006). The hominin assemblage also
includes postranial material: left scapula fragment and ribs, manual phalanges, left
proximal tibia, a left articulated foot, includinthe 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 fragents. 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 (Alemsegfeal., 2006).The associated
non-hominin faunal material rec@red 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 notnominin faunal elements were recovered in articulation
and show no evidence of pfeurial weathering (Alemsegeet al., 2006). The proposed
taphonomic scenario for the australopithecine is a quick burial shortly after death (i.e.

corpse still intact), probablgiuring a major flood event (Alemsegetlal., 2006).

Other gracile and robust australopithecines d#tdmo habilispecimens from East Africa

Several hundreds of specimens belonging to gradilestfalopithecus garhand
Australopithecus anamengisand rolust (Paranthropus boiseiand Paranthropus
aethiopicu$ australopithecines, anddomo habilis have been recovered from various
localities in the eastern part of the African continent: Hadar Formation, Middle Awash,
Omo Valley (Ethiopia), Turkana Basin, Kdalba (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 ofcoegplete
skeletons. There are only a few cases aoficulated bones preserved, such as an
articulated right hand of a juvenile hominin, namely the holotypeHohabilis(specimen

OH7; Leaket al., 1964) and an articulated foot, the paratype ldf Habilis(specimen
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OHB8; Leakewt al, 1964, Susman arfgtern, 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 (Bamsmeyer, 1975, 2008; Johansenal., 1982; Potts,
1988; Egelanét al., 2007).

The NariokotomdH. erectuskeleton (KNMWT 15000)

KNMWT 15000 is a near complete skeleton ldf erectus recovered in the
Turkana Basin, near the Nariokotome Sand Rivethean Kenya (Figure 2.2). Its remains,
found in anancientfloodplain environmentwithin 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 mammalsere is no articulatiopreserved,
even though there is somanatomical proximity, such as the left scapula and humerus,
and the left ilium and femur. The bonappear tohave been dispersed by a gentle current
(several metres wide). The presence of aigaontal 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 weathagougs in favour of
burial of the skeletorsoonafter death either because it fell into the swamp 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 (Walk 1993).
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Middle Awash
Hadar Formation

Melka Kunture
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West Lake Turkana
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Kanjera

Peninj

Olduvai Gorge

Figure 2.2 Early hominin fossil localities in Central and East Africa (after Egetl@hd2007, modified). The
localities mentioned in the text are highlighted in red.

2.2.3. Fossil hominins in lacustrine and fluvial contexts: summary

A ertain 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 Taphonomy  References

articulation

S. tchadensis 1 fragmentary remains, one skull, 12 teeth, a right hemi no no specific Brunet et al,
except the near mandible = (14/183)*100 agent 2002; Vignaud
complete skull 7.65% identified et al, 2002; Le

Fur et al,
2009

O. tugenensis 5 no complete bone [(13*5)/(183*5)]*100 =7.10% no carnivores, Pickford and
preserved weathering, Senut, 2001

Ar. ramidus 1 all the bones are (ARAVR6/500 skeletonB6 no trampling White et al,
complete or near elements 2009a;
complete for ARA/R  %survival: (86/183)*100 = 47% Louchart et
6/500; fragmentary For the  whole hominin al., 2009
isolated bone remains assemblage:
for the other individuals [109/(36*183)]*100= 1.65%

K. platyops 2 skull near complete; 2 remains no no specific Leakeyet al,
left maxilla vey % survival= (2/183)*100 =1.1% agent 2001
fragmentary identified

Lucy Au. all bones are broker MNE =48 no no Johanson and

afarensig but the majority are % survival = (48/183)*100 weathering Taieb, 1976;
complete  or near 26.2% one puncture Johanson and
complete possibly Edey, 1982;

produced by Johanson et
a carnivore al., 1982

Au. afarensis majority of fragmentary MNI=13; MNE = 200 one partial weathering Johanson et

individuals and isolated remains  %survival foot and one stage 1, no al., 1982;

from  AL-333 [200/(13*183)]*100=8.4% partial hand evidence of Radosevichet

locality carnivore al., 1992

damage

Selam (DIKL/1) all bones are complete Most dements preserved one partial no Alemseged et

Au. afarensis and near complete, MNI=1; MNE = 67 foot and weathering, al., 2006;
except for the long %survival skull no evidence Wynn et al,
bones [67/(1*171)]*100]=39.2% articulated of carnivore 2006

with damage
mandible
and upper
body
(clavicles,
scapulae,
vertebrae
and ribs)
KNMWT 15000 1 most of the bones are - no trampling Walker, 1993

(H. erectu3

broken
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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 protectechtiminin
specimens from being intensively damaged by taphonomic agents. Hence, carnivore,
rodent and weathering damagearerare on these skeletons (Table 2.9). It is noteworthy
to remember that the examples mentioned above represent exceptions withirfaksil
record rather than the rule. Amongst the hundreds of specimens recovered in East Africa,
specimens AR88M ¢ & [Aulz&fareénsly ARAVR6/500 (Ar. ramidu3, DIKMk M 6 & { St | Y§ 2
Au. afarensiy and KNMWT 15000 ¢ ¢ dzNJ | yH. erec2iage Zheonly individuals

represented by neacomplete skeletons.
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Chapter 3. Materials

1. HOMININ REMAINS
1.1. Individuals

The hominin specimens used in thisdy comprise a collection of B5ossil bones
and teeth (for a complete list of specimens, see Apdenl). The minimum number of
individuals (MNI) is estimated at six. Two individuals (MH1 and MH2) are near complete,

whereas the other foumdividualsare eachrepresented by only a few fragments.

Malapa Hominin 1 (MH1) from FaciésandD was the firsindividual discovered. It
is a juvenile male representdaly 101 bones,bone fragments and teethThe specimens
that have been prepared so far includeost of the body parts; the skull and the mandible,
elements from the upper and the lower limbs, mostlgrfr the rght 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 pgelvis.
block of calcified sedimeniJW88B051)contains hominin bones that are attributed to
MH21. This block has not been prepared yet (virtual segmentation in progress) and the
bones have so far only been identified using CT scanning imabesquality of the
scanning images allows preliminary identfion of the bones present inside, which
include the left hemimandible with the three lower molars (the first two ones eteg
and the third one in crypt), the complete left femur, a fibula sh#fe distal part of the
right ulna, the left clavicleat least four complete or near complete ribsa possible
fragment of a radiur rib, the shaft of a long bongossibly the left humerysanother
near complete long bone (abia or the distal right femur)a pcssible distal part of a

humerus,and five footor hand bones.

Malapa Hominin 2 (MH2) is an adult female, represented by 119 hdnase

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 (U¥888 and an associated proximal
right ulna (UW8832) belong to the same individual, possibly an infant. It referred to as
MHS3. Its remains were recovered from Facies E, just above FaciessDof it, near to

where theDinofelisremains have been recovered.

Malapa Hominin 4 (MH4) is an adult (sex indeterminate) and is composedexr

complete right tibia (UW8&1, the distal tibia fusing with UW8&), the proximal tibia).

Malapa Hominin5 (MH5) is a possible other infant (sex indeterminate) and
comprises two bones, including a right femur (UWS8®) and an associated
unidentifiable bone fragment (UW8876).

Malapa Hominin 6 (MH6) is an adult represented by a mandible with teeth. These
remains are stilln situin Pit 2 (Facies F), embedded in the matrix, and have therefore not

been issued specimen numbers yet.

Twentysix other elements do not at present refit with any of the previously
mentioned individuals. Two of them were recoveliedituin Facies D, whiléehe other 20
are fragmentary bone remains thatere recovered during the manual preparation ex
situ brecciasblocks. They include long bone fragments, elatsdrom the innominate and
the mandible, phalanges and metapodials, arid fragments. For a complete list of the

hominin specimensecovered so farsee Appendix 1.
1.2. Taxonomic attribution

The remains of the two wefireserved individuals (MH1 and MH2) constitute the
Holotype and Paratype of a new hominin species, describeBdogeret al. (2010). This
new species was namesdibaafteNJ 0 KS & S{ 2 (i K 2. [thashéen faz2eddn @ & LINR y

the genus Australopithecus but presents a combination of primitive and derived
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characters not observed in any of the other australopithecspecies (Bergeat al., 2010;
Berger, 2012). The adherence to the geAusstralopithecuss based on the persistence of
primitive characters, such as a small braire, long upper arms, gracile morphology of
the calcaneum and body dimensions in gengBxrgeret al., 2010; Carlsoet al., 2011;
Kibiiet al, 2011; Kivelet al., 2011; Zipfekt al,, 2011; Berger, 2012). However, several
modern features such as the morphology of the pelvis (Beegeaal., 2010; Kibiet al.,
2011), the reduced size of ¢hcanines (Bergeet al., 2010), the development of some
humartlike parts of the brain (Carlsast al., 2011), and the ankle joint (Zipfet al., 2011)
show thatAu. sedibaalso shares a number of characters with eaflyma Au. sedibas
thus potentiallya keyspecies to understanding the ancestry of the gerlesnoand the
transition from australopithecines to earjomqg whetherHomo habili-or Homo ergaster

(Bergeret al., 2010; Berger, 2012).
1.3. Stratigraphic provenance of the hominin remains

Subsequent @ the discovery of the first hominin remains, fieldwork at the site
between 2008 and 2010 focused on collecting all the situblocks removed by the
miners, which were lying next to the main opening of the site (Figure 3.1). To date, a few
in situ blocksof calcified sediment have been extracted from the site, and ithesitu
decalcified sediment has undergone excavation and sieving. The majority of the hominin
remains . 205 were found in theex situblocks (see Appendix 1). However, a significant
number of remains If. 51) were still embedded in the matrix within the cave deposit. All
of the MH2in situremains come from Facies D, dated to 1.977 Million years (Figure 3.1.;
Dirkset al. 2010; Pickeringt al, 2011) while thein situ MH1 remains come fro the
bottom of Facies E, just above Facies D (P.Dirks, pers. goiftme 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 Raries F. The
isolated bones of MH&nd MH5 were found in a separaéx situblocks removed by the

miners. It is at present diffidt to confidently determine theifacies of origin.
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N I MHS5 remains

MH1 remains (metatarsals)
MH1 remains
(vault fragments and incisor)

MH2 remains
(arm block)

1 metre

Figure 3.13D reconstruction of Pit 1 at the Malapa site showing thieed area and the provenance of the
homininin situremains (image: courtesy of D. Conforti, Optech company, modified).

2. NONHOMININ FAUNAL REMAINS

To date, the total number of identified nemominin faunal remains is 1061
Preliminary results on the faunaémains have been published (Table 3.1.; Deksl.,
2010; Kuhret al., 2011; Vakt al, 2011;HartstoneRoseet al., 2013, but the analysis of
the whole assmblage is currently in progresghe majority of the remains1(957) come
from ex situblocks of clastic calcified sediments, while 104 remains were recoversitu

or during sieving of decalcified sediment.
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Table 3.1 Identifiable fauna from Malapa (after Dirlet al., 2010; Kuhnet al., 2011; Valet al, 2011,
Hattstone-Roseet al.,, 2013.

<
=

Order Family Species
CARNIVORA Felidae Dinofelissp.
Dinofelis barlowi
Panthera pardus
Pantheracf. P. pards
cf. Pantherasp.
Felis nigripes
Felidae indet.
Hyaenidae Parahyaena brunnea
cf. Parahyaena brunnea
Hyaenidae indet
Canidae Large canidae indet.
Vulpesskinneri
Herpestidae Atilax cf. A. mesotes
cf. Herpestidae
Viverridae cf. Genettasp.
PERISSODACTYLA Equussp.
ARTIODACTYLA Suidaendet.
Oreotragussp.
Megalotragussp.
Largesized alcelaphine
Tragelaphu<f. scriptus
Tragelaphu<f. strepsiceros
Lepussp.
PRIMATES Papiosp.
TESTUDINES Cheloniasp.
MICROFAUNA Elephantulusp.
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3. OTHER TYPES OF REMAINS
3.1. Coprolites

Only one coprolitdhas been recovered and prepared so far. It was found iexan
situ block of calcified sediment (UW&B020) and tentatively identified as carnivore in
origin, and has been used for pollen analysis and palaeoecological assessment (Bamford
al., 2010). Adw other possible coprolites have been identified in blocks through virtual

explorationusing Avizo 6.3 software but the preparation of these blocks is still to be done.
3.2. Millipedes

Onealmost completepill millipedewas recovered and given a specimen n@mb

(UW88763).
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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
(UW881117). It wasdund in anex situblock (UW88B999). Two other shells @ulella
sp. and oneAchatinasp. have been identified during the preparation of breccias blocks.
They have not been assigned specimen numbers. Numerous other mollusc shells have

been observed and aait 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 residies

Organic materialpossibly related to soft tissuebas been identified on some bone

remains (Keelingt 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 techr@guthat were applied during the
collecion, excavation, preparation, anthphonomicanalysis of the fossil remains. The
first half of this chapter concerns the methodology followed prior to the stdeycribed,
which wasestablished by various members diet scientific team responsible for the
Malapa site and faunal materidlf focuses omow the remains were collected at the site,
how they were prepared, both physically and manuallyd how they were catalogued. In
the second half of the chapter, | dedm the methodsthat | have used for the
taphonomic study of the hominin remainschosea combination of classical taphonomic
methods and modern CT scanniremd 3D reconstruction techques, in order to
reconstruct thesequence of events that deto the preservation ofMH1 and MH2from
deathand decayto burial andrecovery Thisrepresentsa newmultidisciplinary approach
that may bedubbed palaeoforensic taphonomyt applies modern forensic methods of
enquiry to thed O Z&s® of 1.977 nillion year dd hominins in the same way taphonomy
is applied to modern forensic cases, with theal ofunderstandng the causesf death
and conditionssurrounding burial.The tradtional taphonomic methods used include
palaeontological approach, which looks at tbentext 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, appli@sodern CT scanning and virtual technologies to
reconstruct the original burial posture of the hominins into the deposit. Finally, | propose
a definition of the new concept gdalaeoforensic taphonomya discipline drawn from the
fields of forensic anthroptogy, archaeology and taphonomy, before considering the
various implications of burial and death postures in theapahtological, archaeological

and historical records, whichrim the core of this new concept and practice.
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1. EXCAVATIONS, PREPARATION ATDRDING

1.1. Excavation methods

Because the Malapa site underwent some limestone mining at the beginning of the
20" century (Dirkset al., 201Q Berger, 201p the priority of the first field campaigrin
2008/2009 was to collecex situblocks that had beememoved 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. Téesitublocks were taken to the
Institute for Human Evolution (University of the tWatersrand, Johannesburg) in order to

be manually antbr virtually prepared.

During the first field season, some situ remains were also collected from the
deposit in Pits 1 and 2. These remains were of two types: some were recovered from
decalcified sdiment (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, usirg a small axe for the smalized blocks (J.M. Kibii, pecamm.). 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, pemnm.). These blocks were later
prepared in the laboratory. Systematic sieving of the excavated decalcified sediment was

conducted using a 1 mm mesigereen sieve (J.M. Kibii, pecemm.).

A total station and laser theodolite (Nikon NPR 352) were set up in order to record
the GPS coordinas of all thein situremains and blocks containing bone specimens. The
position of theex situblocks was also recorded. Thec¥ordinate corresponds to the
west-east podtion, the Y coordinate to the nortBouth position and the Z coordinate
indicates tle 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, Al, B1 and

C1) used as references during the setting up of the total station.
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Total Station points for MALAPA
Hpg,
i}
C1
BASE
oA

Figure 4.1 Positon 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
Al -80320.233 2865464.176 1417.378
B1 -80321.179 2865442.448 1415.389
C1 -802%.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 mpprt of the first field
campaignsconsistedof collecting all the blocks of aafied sedinent removed by the
miners and located around the pias well as fossils that were visible inside the deposits
and present in loose decalcifiegtdiment that did not requirgreat investment in terms
of excavations. Thim situdeposits, togetler with the fossils they contain are therefore to
date almost untouched. Secondly, priority was given to the recovery and cotleat
hominin remains, which means that the extremely high number of hominin remains

presentin the faunal assemblage migbg, at least partly, explained bgollectorsbias.
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This was true for both thén situremains and the remains recovered fram situblocks.
Theorder of preparation of blocks was organized accoglio their level of importance;

with the ones containing pential hominirdprimate remainsfirst. CT scanning and virtual
exploration techniques were applied to préentify possible hominin remains inside
calcified blocks of sediment and prioritize the preparation of these blocks (see Smilg, 2012

and below).

1.2. Labomtory preparation methods

Acid preparation techniques using hydrochloric, aceditd 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; Taeni®48; 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 mone than chemical
dissolution. Chemical methods usually consist of solutions containing acid (concentration
usually between 6 and 10%) dissolving the Ga€hponent of the calcified sediment
(Adams, 2006). However, acid preparation is a risky technigag th 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
FYyR +ta | flFrad NBaz2zNI oSOl dza $f the bokeSm&S ugng t € | £ &
FOARXZ YR GKS LINBLI NBR &aLISOA YSBIYZ). b brlefto 6 S S NJ
avoid any risk, and given the remarkable level of preservation of the bone surfaces of the
Malapa fossils, it was decided to opt for physicaégaration 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 physigakparation 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
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matrix was not removed completely, for instanceevhit 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 sitethte 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 Compui€dmography (T) scanning coupled with
3D exploration techniques, in order to conductpaeliminary 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 virtuedgaration techniques
applied at Malapa) One hundred and fortywo blocks were scanned dahe Charlotte
Maxeke Hospital of Johannesbuagthe Radiography Service ¢sapervised by J. Smilg
and K.J. Carlson) using t@Fscannes, a Philips Brilliance X8ice CT and aiénens 40
slice CT;he protocol applied was a Headutine (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 fag@ mor
details about the virtual imaging techniques). For each block, thec@iner produces a
a0l 2F AYlF3ISAa 2NJ a5A3FAGHE LYIF3IAYy3 FYR [ 2YY
image every centimetre or every two centimetres). This stack of images ishysdtwe
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 botoath 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 {eld.df view,
section thicknessind algorithms), affected the readility of the scanned imagg$milg,

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 lewépriority for further physical preparation: red for

GKAIK LINA2NARGEeé¢ o6o06f201a O2yidlAyAy3a LINROIFO6ES
LINA2NA(G&¢ 00 f piata idediffigble faungl feshanspyid®ySt £ 26 F2 NI & f ;
LINR 2 N& (i @ € aining rio@ i@entiiabl® Boyleliremains) (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 empy blocks from the physical preparation queue (seel&ra013.

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 hemimandible (Valet al., 2011) and some hominin remains (e.g. MH1 skull,
MH2 first rib, scapula, enubrium, and patella). For the hominin remainsnderings were

used to generate a 3D printout.
1.4. Digital record of the excavation and preparation

Images were taken at eachegt 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 wer 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 identif@&tion

Taxonomic attribution and anatomical identification were conducted by different
members of the Malapa team studying hominin andn-hominin faunal material (L.R.

Berger, M. Kibii,D.J. de RuiteB.F. Kuhn and K. Steininger).
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1.5.2. Cataloguing of thegunal remains

All faunal remains were given a catalogue number (prefix U.\A...B8onsistent
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 Witwatersr@moused 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™88ite that falls under the
responsibility of the University of the Witwatersrand (Zipfel and Berged092
Information concerning the hominin and ndérominin 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 hksee

been established.
1.5.3. Creation of the database

| have created a comprehensive Microsoft Excel Database that consists of 70
different fields for all the faunal material (hominin and rbaminin). In this database,
information about the stratigraphic origi(in situex sity block and coordinates), taxon
(family, genus and species) and anatofelement, portion and sides recorded, as well
as about the type of bone breakage and surface modifications observed. For each field of
information, | have used abbéviations 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 Fossedj®@h 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) carpas, tarsals, phalanges, patellae

A complete list of abbreviations is provided in #eplanation othe different fields of

the database in Appendix 3.

2. CLASSICAL VERTEBRATE TAPHONOMY: THE TRIPLE APPROACH

2.1. Introduction

The first two approaches, namely palagological and physical, have been well
RS&AONAOGSR YR dzaSR o0& NBaSIKNOKSNBR Ay GKS LJ &
as described by Domingu®odrigoet al. (2007), looks at the general aspects of the
complete faunal assemblage and proposesliptetations based on the composition of
GKS Fldzylf &LISOGNHzY> a{1StSalt LINI NBLNBaASY
I LILINR I OK¢é¢ O2y OSNya GKS o62yS adaNFIFOS FyR aO:
attributes of bones throughout their taphono®i K A & i 2 NB &Rodbigp &t YaN y 3 dzS 1
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 mrae and microscopically visible. | have chosen
tousel UKANR | LILINRI OKE UGKS daLIl dGAalft I LILINEI OKE
limited to the study of bone distribution in a deposit, and proceeds in two dimensions only
(analysis of the bone distnithion in the horizontal and vertical planes). Here, | combine
new technologies (Computetiomography, micréComputedTomography scanning
methods and 3D rendering software) with more tradital techniques gtudy of

orientation and direction of the bones ihe deposit) to propose an innovative 3D model
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of the spatialdistribution of the hominin fossils within the deposit, and analyse its
implications in terms of taphonomy of the assemblage (accumulation, site formation,

fossilisationprocesses and originabpition of the hominin remains in the deposit).

2.2. Palaeontological approach

2.2.1. Quantitative units: definitions

| refer to different quantitative units commonly used in zooarchaeology and
taphonomy (Lyman, 1994a). These umsigsveto estimate the abundance oemains 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 thedegatiier

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 calld&® (Number of
Remains).

TheNISPrepresents the total Numbeof Identified Specimens (Payne, 1975). The
GSN)Y dalLlSOAYSYyeé NBFSNE G2 lFyeé o02yS 2N 224K
(Lyman, 1984) and/or the taxonomic level (Klein and €Chilze, 1984; Davis, 1987). The
latter implies in most cases the foan since taxonomic identification cannot be
O2y RdzOGSR ¢A(GK2dzi Iyl d2YAOLt ARSYGATAOIGAZY
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, | have
followed a manual overlap method as advocated by Beinal. (1986), taking into account
criteria such as sizend morphology. The criterion of agmfant, juvenile, adult, old) is

also considered.
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calcdated 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.

Thepercentage survivais used to calculate the degree of bone preservation in the
faunal assemblage and to obtain information about body part frequencies. | refer to
.NFAYyQa RSTAYAGAZ2Y oOomMdpchpZ wmMpTtcLXE FFOO02NRAY 3
G20a9BNRIBR NIAZ2Y 2F SFEOK ylFd2YAOFE LI NI GKI G
1969, 1976n Lyman, 1994a, p.36lt is calculated as follows:

(100 x MNB / (MNI x number of timesoccurs in one skeleton)
2.2.2. Fragmentation

The intensity of bone fragmentatiois informative in terms of the origin of the
bone accumulation and diagenetic processes that have affected the bone assemblage
(Binford, 1981; Brain, 1981; Lyman, 1994Byr instance, ifferent carnivores (felids
versus hyaenids) tend to produce diffatefragmentation 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, | compare two dérent ratios: the ratio complete/fragmentary bones and
the ratio NISP/MNE (Richardson, 1980; Klein and-Qrilne, 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 Ipethe identification ofthe agen{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

(Myerset al., 1980; Binfad, 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 (Shiptran

1981; Villa and Mahieu, 1991hlere | 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, | do not attribute a
type of breakage to any ber 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 rativactures on oy
bones are tyally characterisedy a rightangle, 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 disarticulati@equence

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 @ygeansport of
the bones (Hill and Behrensmeyer, 1984; Smith, 1980, 1983forensic contextthe
degree ofdisarticulation can benfluenced bythe action of scavengersuch as cads,
and can be used to estimatke postmortem interval Klaglundet al., 1989).

¢KS GSNXY aFNIOAOdzZ GA2yé¢ NBFSNAR (2 Fye

~
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02ySad {SOSNIt FINIAOdzZ I dA2ya OFy F2N¥Y | a22A

knee joint, only to mention a few, which are themselves composed of skvera
articulations. There are three different types of articulation, according to the type of
movements they allow. Thdiarthrosis or synovial articulation, is a mobile articulation
that permits free movement, such as the articulations between the humend the
scapula and between the femur and the pelvis. Tdmphiarthrosisis a semimobile

articulation that allows limited movement and is connected with ligaments or elastic
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cartilage (e.g. articulations between the vertebrae). Thmarthrosisis an immolde
articulation lacking a synovial cavity, whidoes not allow for any movement (e.g.
articulations between the skull bones, also called sutures)
(http://www .thefreedictionary.com).

In a naturalenvironment, a undisturbed skelebn will normally disarticulate
following a certain order, starting with the weakest joints and endintlp the strongest
ones (Table 8). The type of environment (dry versus wet) might modify slightly the
sequence of passive disarticulation (see Hill, 9 7but as a general rulehé 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, sintemly supports the weight of the mandible, whereas
the articulation between the sacrum and ilium is very resistant because it corrdspon
the point where the lowerbody sipports the weight of the uppebody (Dudayet al.,
1990; Maureille and Sellier996; Duday, 2009). The disarticulation order presents some
variations between humans and quaged mammals; they arepresented here

separately.

Persistent joints and articulations in the human skeleton

The persistentgints and articulations (Table.3) ae 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 femurfiié articulation, and the joints of the
ankles and tarsals (Duda&y al., 1990; Maureille and Sellier, 1996). They mostly concern
largesized bones. Under undisturbed conditions, they can stay articulated for several
months or even several years (Dudgtya., 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
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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 seteghents (Table
4.3), such ashe 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 andthe mandible (Dudaet al, 1990, Maureille and Sellier, 1996; Duday, 2009).
Under normal temperate conditions, it takes less than a few weeks for them to

disarticulate (Dudagt al., 1990; Duday, 2009).

Table 4.3 List of persistent, unstable and intecking unstable joints and articulations in the human
skeleton (after Dudagt al., 1990; Maureille and Sellier, 1996; Duday, 2009).

Persistent occipital/atlas

lumbar vertebrae

last lumbar vertebra/sacrum

sacrum/ilium

femur/tibia

distal tibia/calcaneum/tals (ankle joint)

tarsals (calcaneum, talus, navicular)
Unstable temporal bone/mandible

cervical vertebrae

hands (carpals, metacarpals and phalanges)

distal part of the feet (metatarsals and phalange

scapula/thoracic cage

patella/femur

sternum/ribs

radiugulna/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 @ommental conditions (Muller, 1951Schéfer,
1962, 1972Toots, 1975; Hill, 1979a, 1979b; Hill and Behrensmeyer, 1984; Andrews and
Cook, 1985;Weigelt, 1989;Allison et al., 1991). Wdisturbed, the disarticulation is
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complete after about five years (Hihd 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, | report herthe results of observations conducted by Hill (1979a,
1979b) on Topil¥amaliscus korrigujnskeletons in the sendesert region of east of Lake
Turkana, in northern Kenya.

The first elements to disarticulate are the same as in humans (iteukations
consistent with lowmechanical 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 theesagnin 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 categompark resistant
articulations. Thisnight partly be due to the difference of mechanical pressure inflicted

on the neck between biped and quadruped mammals.
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Figure 4.2.Disarticulation order observed amongst Topi carcasses, illustrated on a cow skdtetonl
(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 patternirgghe disarticulatiorstarts around
the extremities (mandible and skull, neck area and phalanges), whereas the vértebra
column takes more time to disarticulate (Shafer, 1972; Allesosl., 1991).

¢CKS al frlJ F2aaAfaY GdNHZS I NIAOdZ FdA2yé | yR

| define wo levels of articulation for thevialapaT 2 a & Af aY | GG NHzS | NI A O
bones that are still directly associated with one another (direct contact, with no sediment
0SG6SSy (GKS o02ySaovx Ay GKSANI 2NARIAAYI € VA
proxA YAG@é NBFSNR G2 o62ySa GKFG FNB | NIGAOdzZ 4GS
another in the calcified sedimeniut not fully articulated anymorenlother words,they
are consistent with bones that are in anatomical positianth little displa@ment, but

with some sediment infiltrated between the bones.

2.3. Physical appoach
2.3.1. Introduction

The different taphonomic agents that damage bones can be classified in two
groups: biotic (e.gmammalian and avian carnivordggminin and norhominin primates,
suds and rodents) and abiotic agents (eagathering, oot etching, trampling, fluvial and
sedimentary abrasion). These agents produce different types of damage on the bone
surface. In Chapter 2, | have reviewed the different taphonomic agents present in
southern African caves that could lead to bone accumulation and bone modification. In
this chapter, | 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 analysislmbne surface modification

The identification and the description of the bone surface ffiodtions on the

Malapa fossilsvas conducted using the naked eye as well as a systematic microscopic
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analysis using a@lympus SZX 16 Multifocus microscope fittethva digital camera at
magnifications between 7 and 115 times. The only exception concerns two hominin
remains (UW88.72, the manubrium of MH2 and UWa38, the right first rib of MH2)
considered too fragile to be removed from the matrix. A virtual exicactvas 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 geogical and biological agentgcluding lyaena, dog, leopard,

cheetah, rodent, insect, river gravel, floothm, trampling and stone toolsyas also used
2.3.3. Hominin damage

Different stages of the butchery processefsulLyman, 1987a) conducted by
hominins, including skinning, defleshing, bone Hage, marrow/brain extractio,
cooking and consumption, cgiroduce 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 actiona carcass (Binford, 1981;
Lyman, 1994c). Howeveanthropogenic 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 cegsiyBonnischen 1973;
Haynes 1980; Potts and Shipman 1981; Shipman and Rose, 1983a, Ef&Bloff and
Herrman, 1985Cook, 1986Blumenschine, 1988, 1995; Capaldo and Blumenschine, 1994;
Oliver 1994; Selvaggio, 1994a, 1994b, 1998), as well as rodentd4B&; Binford, 1981,

Potts and Shipman, 1981; Shipman and Rose, 1983; Cook, 1986), suids (Galdikas, 1978;
Greenfield, 1988; Domingu&olera and Domingudzodrigo, 2008) and chimpanzees
(Pickering and Wallis, 1997; Tappen and Wanghram, 2000; Padtirar, 2007) can in

some cases produceoth marksthat 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; Behrensmesteal., 1986;0lsen ad Shipman, 1988;
Fiorillo, 1989; Nicholson, 1992; Domingiadrigoet 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; AndrewSauig 1985Co0k,

1986). The natural bone surfaceorphology sometimes presents features that can be

mistaken for cut marks (Binford, 1984;2 NI | Yy wmMdpynT CAAOKSNE wmMdpdp
1997; Mallye and Laroulandie, 2004). Finally, modern anthropogeaiks created during

excavation, preparation and analysis of the fossils share some of the characteristics of

ancient butchery marks, such as thesNapecross sectionand the straight trajectory

(Shipman, 1981; White and Toth, 1989).

Various studies haveought to establish criteria to distinguish between anthropogenic
marks and other types of marks. These studies were motivated by divthe main
questions tackled by palaeoanthropologists and zooarchaeologists: the emergence of
meat acquisition and consuyption in early hominin subsistence strategies (Buh®81la;
Crader 1983; Bunret al., 1986; Lupp1994; Selvaggid 994, 1998; Capaldo, 1995, 1997)
and the practice of cannibalism by early hum#&hsnkaus1985; Villaet al., 1986; White
1986; Villa1992; Defleuret al., 1999;Fernandezlalvoet al., 1999; Pickeringt 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 fotjow

- the main groove presents a3haped crossection,
- the main groove has a straight trajectory,
- numerous micrestriations are presentinside the cut mark, parallel to the main
groove,
- the edges of the mark are parallel to each other,
- thereis, in somelca S&a> GKS 200dzZNNBy OS 2 F-strintiond & K 2 dzf R ¢

forming on one or the two edges of the main groove),
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striations forming at the beginning and/or at tlend 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 experaiher@aladié,
2009; Fernandedalvo and Andrews, 2011). Some ethnoarchaeological observations on
tooth marks produced by modern huntgatherers on bones have also been published
(Maguireet al., 1980; Andrews and Fernandéalvo, 1997; Landt, 2004, 2007; Mae,
2009). Like other carnivores, humans can produce pits, punctures, notches, crenulated
edges as well as shallow scores on the bones while chewing (Landt, 2007; M&@b@:z,
Saladié, 2009; Fernanddalvo and Andrews, 2011). Peeling, which is a tfpiacture
occurring on fresh bones chewed by human teeth, @hdracterisedd &€ a | NR dzAKSy S
adzNF I OS 6AGK LI NI ff S {FermantRzaldSand Ahdidws 2041812 dzd G SE
also observedn the experimental Ferndndezlalvo and Andrews, 201 ard 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 inforrmatibout the deposit and
occurrence of exclusively human teefiflicted typS& 2 F RI Yl 3S &adzOK | &
(frayingk a OdzNBWSR &KI LIS 0 GKS @GSNE SyRsch¥T GKAY
o0 NRB 1 Sy SR3 S-dafvo andCAdidivs, YOR1S $hould allthe 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), mediwsized carnivores such as dogs, wolves, jackals,
cheetahs and leopards (Haynes, 1980, 198ain, 1981; Morey and Klippel, 1991;
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Selvaggio and Wilder, 2001; Domingdedrigo and Piqueras, 2003; Pickerietgal.,
2004c; Campneand Beauval, 2008) or large carnivores such as lions and spotted hyaenas
(Sutcliffe, 1970; Shipman and Philligenroy, 1976, 1977; Binford, 1978, 1981; Magatre

al., 1980; Brain, 1981; Haynes, 1983a; Blumenschine, 1988, B)d&enschine and
Selvagg, 1991; Capaldo and Blumenschine, 1994; Selvaggio, 1994a, 1994b, 1998;
Capaldo, 1995; Andrews and Fernandaio, 1997DominguezZRodrigo, 1999; Selvaggio

and Wilder, 2001; Dominguéodrigo and Piqueras, 2003; Pickerat@l., 2004b, 2004c;

Pinto and Adrews, 2004; Domingueodrigo 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 ofthe 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 bottor Maguire et al, 1980;
occurring as discrete, roughlyr@illar markings, whict Binford, 1981; Pickering
scar the bone surface without any inward crushing and Wallis, 1997
the bone cortex; they tend to have docalized
distribution, typically adjacent to end chewing.
Punctures Depressions with spongy bone on the bottom; they ¢ Binford, 1981; Shipan,
(Tooth cushes) depressed, roughly circular holes produced by 1981a; Cook, 1986

Crenulated edge

carnivore tooth cusp, often a canine, which trave
G§KNRdzZAK (GKS SyGANB GKAO
shows inward crushing.

Surface of an edge removed by the teeth as an efi
of intense punctures on very thin bone or ragged ec
chewing, characterised by irregular jagged edges
which result fromintense, sustained premolar/mola
chewing.

Newman, 1993; Pickerin
and Wallis, 1997

Bonnischen, 1973; Shipma
and PhillipsConroy, 1976;
Binford, 1981; Brain, 1981
Newman, 1993; Pickerin
and Walllis, 1997

Scores Parallel grooves resulting from the bone being turn Haynes, 1980; Binford
or dragged against the teethy the carnivore; with a 1981; Bunn, 1981; Pott
length about three times longer than their width. Th¢ and Shipman, 1981
are produced by carnassials pressing on green b Shipman, 1981a, 198¢
and characterisedby relatively shallow furrows, witt Cook, 1986; Marshall
smooth internal grooves that vary fromdhaped to U 1989; Newman, 1993
shaped in crossection depending on the morpholog Selvaggio, 1994a

of the tooth cusp.

Blumenschine, 1995, 1996
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Furrows Grooves produced bihe cusps of either the canines ¢ Haynes, 1980; Binford
the carnassials, as an effect of the repeated actior 1981
the jaw on cancellous bone.

Scooping out Extreme result of furrowing. Sutcliffe, 1970; Bonnischer
1973; Binford, 1981

Digestion Polisted aspect given to bone fragments that ha Sutcliffe, 1970; Maguireet
been regurgitated by a carnivore. Attributes incluc al.,, 1980; Behrensmeyest
widespread etching, erosion, perforation, smoothir al., 1989; Hill, 1989; Fishe
polish or thin edge termination and are most typica 1995; Villa and Bartram
manifested as combinations of the above features mddc T RQ9 NNJ
pieces less than 60 mm in length. Regurgitate bo 1997
are generally presented in two forms: the corrode
grossly striated form with thin sharp edges ai
perforations; and the rounded, more dense form whi
is smooth, polished and finely pitted.

2.3.5. Rodent damage

Rodents were identified early on by zooarchaeologists as potential bone
accumulation and modification agenttn forensic contexts, rodents such as rats and
squirrels are known scavengewshich can feed on human cadavers in an advanced state
of skeletonization, producing gnawimgarks onbonesand leading toscattering of bone
remains (Haglund, 199Xlippel and Synstelien, 2009)Amongst rodents, porcupine
species Klystrix africaeaustralis, Hystrix cristatand Atherurug are wellknown agents
that accumulate and modify bones (Pei, 1938; Mageiral., 1980; Binford, 1981; Brain,

1981; Shipman and Rose, 1983a0k; 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

LINE RdzOS LJ N} £ f St X260 BPNREISOYY N) 8dz22 @4 dzA KRt D &
f26SNJ YR dzLJLJSNJ AyOA&dA2NE YR GalO22LAef3 2N K2
al., 1980).0ther rodents, such as brown rats, attack bones in the search of nutrients and
preferably chew on the marrowich cancellous bone present on long bones extremities

(Klippel and Synstelien, 200Bll rodents (e.g. squirrelsats, 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 #ur 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). Theepetition of the shallow scrape marks occurring next to each other forms

what Shipman and Rose (1983a) dall &&F K IYLISRE LI GGSNY T GKA& LI
specific way of chewing when the rodent uses its upper incisors as a pivot, and therefore
scrapesrepeatedly the bone surface with its lower incis¢g&hipman and Rose, 1983a;

Klippel and Synstelien, 20099nother pattern has been described by the same authors

YR OFffSR GOKFI2GA0¢ésx O2yaraidSyid 6AGK | RATFS
andR g SNJ AyOAaz2NE | NS RNIgy | ONRaa GKS o02yS ad
I NBF GN} OSNBSR o0& Ylyeé AYOGSNESOGAY3I 2N 2JFSNJ
W2RSY(G (220K YI NJ-&KIHINBREWT t &4 KA QK2 GRIRRAYU Aly 3 dzA 4 K S

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; Pobineet al, 2007, for the chimpanzees; Greenfield, 1988;
DominguezSolera and Domingudzodrigo, 2009, for the suids).

Chimpanzee damage to bone

ChimpanzeesPan troglodyte$ consume meat and can hunt smallegr including
colobus monkeys, ushpig and antelopes such as bluaiilers and kushbucls, even
though meat consumption represents only a small percentage of their diet (Kawabe, 1966;
Teleki, 1973a, 1973b;d8dall, 1986; Boesch and Boesch, 1988hara, 1997; Mitani and
Watts, 1999, 2001; Boesch and Boesgdanermann, 2000; NewteRisheret al., 2002;
Pobineret al, 2007). They can therefore accidentally leave chewing marks on the bone

surface while feedingrocarcasses. Experiments on captive chimpanzees feeding on bovid
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confirmed by olservations on wild chimpanzees from the Kibale Forest in Uganda (Tappen

and Wrangham, 2000; Pobinet 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; Pebiér

2007). Chimpanzee mastication damages are similar in shape and morphology to medium

and largecarnivore 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
skelebn, skeletal part frequencies in the scat asséagle, and degree of corrosion tife

bones. Together with consideration of the context of the bone assemblage, these
differences may allow researchers to distinguish between mammalian carnivore and
chimpanzealamage (Pickering and Wallis, 1997; Tappen and Wrangham, 2000; Retbiner

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 wepkspech as
young, old or ill individuals (Milstein, 1971; Cumming, 1975; Wilson, 1975; Grigson, 1982;
Jones, 1984; Seydack, 1990; Herrero Cortés, 2001; Rosgll 2001). In Borneo, where
Bornean bearded pigsS(is barbatusare well known to be very efféive scavengers, a
case of pigs feeding on ill/old orangans carcasses (found dead or killed by the pigs
themselves) has been reported (Galdikas, 1976). Experimental studies and modern
observations she that European pigs (domestidgs, Sus domesticyswvild boars, Sus
scrofaand hybrid lmars) are very capable of producing bone damage similar in intensity to

those inflicted by canids and hyaenids (Greenfield, 1988; Domirgoleza and
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DominguezRodrigo, 2009). They break long bones and create an asagenhlith a high

degree of fragmentation; thegroduce toothmarks 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 scored famrows different from
carnivoreA Y Tt AOGSR Y2RATFTAOFIGAZ2Yad tA3& LINRRdAzOS
bones in a specific way by removitige spongy tissue horizontally. The tootharks
created are broad and sHalv compared to carnivore tdb marks (Domingue3olera and

DominguezRodrigo, 2009).

No study has yet been carried ouih ahe impact of African suids {Bhpig,
Potamochoerus larvatysand common \arthog, Phacocheorus africanuson bones.
Nevertheless, given the similarities in diahd behaviour between the differentsuid
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 préy 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 medized mammals
and can produce different types of daneagvhether during the capture, consumption or
digestion of the carcass (Brain, 1981; Andrews, 1990; Sarteaits 2003; McGrawet al.,
2006; Trapaniet al., 2006). Different extant species of birds of prey (see Table 4.5),
namely owls (Brain, 1981; Andrew1990), various species of eagles (Andrews, 1990;
Berger and Clarke, 1995; Berger, 2006) and vultures (Andrews, 1990; Robert and Vigne,
2002a, 2002b; Costamagmt al., 2008; Marin Arroyet al., 2009) have been identified as
bone accumulation and modiation agents in modern and fossil assemblages. Actualistic
observations Andrews, 1990 for owls, eagles and vultur&gbert and Vigne, 2002a,

2002b for the bearded vulture§Sanderset al., 2003; McGravet al., 2006; Trapanet al.,
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2006 for eagles) havallowed 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 mme Geographical location Reference
STRIGIDAE Spotted eagle wl Bubo africanus Europe, Africa Brain, 1981;
Andrews, 1990
Cape eaglewl Bubo capensis Africa Brain, 1981
Giant eagle owl or Bubo lacteus Africa Brain, 1981;
Verreaux eaglewl Andrews, 990
Barn avl Tyto alba Europe, Africa Brain, 1981;
Andrews, 1990
Snowy avl Bubo scandiacus Europe, Asia, Nortt Andrews, 1990
America
Longeared owl Asio otus Europe, Asia, Nortt Andrews, 1990
America
European eaglewl Bubo bubo Europe, Asia Andrews, 1990
Great grey w/l Strix nebulosa Asia, North America Andrews, 1990
Tawny avl Strix aluco Europe, Asia Andrews, 1990
Little owl Athena noctua Europe Andrews, 1990
Shorteared avl Asio flammeus Europe Andrews, 1990
FALCONIDAE Kestrel Falco tinminculus Europe, Asia, Nortt Andrews, 1990
Africa
Peregrine Falco peregrinus All continents Andrews, 1990
Gyrfalcon Falco rusticolus Europe, Asia, Nortt Andrews, 1990
America
PANDIONIDAE Osprey Pandion haliaetus Europe, Asia, Africa Andrews, 990
America
STERCORARIIDAE Arctic skua Stercorarius Europe, Asia, Nortt Andrews, 1990
parasiticus America
ACCIPITRIDAE Crowned hawileagle Stephanoaetus Africa Andrews, 1990
coronatus Sanders et al,

2003; Berger,
2006; McGrawet
al., 2006; Trapani

et al., 2006
+ SNNB I dzE Q&  Aquila verreauxii Africa Berger and
black egle Clarke, 1995
. 2y StadleA Q& ¢ Aquilafasciata Europe, Asia, Africa Andrews, 1990
Martial eagle Polemaetus bellicosus Africa Andrews, 1990
Hen harrier Circus cyaneus Europe, Asia North Andrews, 1990
America
Common buzzard Buteo buteo Europe, Asia Andrews, 1990
Red kite Milvus milvus Europe Andrews, 1990
Bearded ulture Gypaetus barbatus Europe Robert and Vigne,
2002a, 2002b
White headed ulture Trigonoceps occipitalis Africa Andrews, 1990
Griffon wilture Gyps fulvus DominguezSolera
& Dominguez
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 de 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. falconsdsuzzar
eagles) (Andrews, 1990¢ven though Brain (1981) mentions a particular destruction
pattern of the nasal and the calvaria of alnmammals caused by the Cape eaghé. 3he
main type of damage caused by owls seems to be digestion marks due to the @ictice

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 boe danage caused by the Crowned haweé&gle Stephanoaetus coronatusn
monkey skeletons (Berger and Clarke, 1995; Saretaak, 2003; Berger, 2006; McGraat
al., 2006; Trapanet al., 2006; Berger and McGraw, 2007). The action of the beak and
talons duringthe feeding process produces modifications occurring predominantly on thin
02y Sa adzOK | a &aidz f & LISWFS NEY yLISWI2ING SitaR /A8 SINR G
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 (Sareteais, 2003;McGraw

et al., 2006; Traparet al., 2006).

The only observations on bone damage inflicted by vultures have been conducted
on European species (i.&ypaetus barbatuand Gyps fulvus (Robert and Vigne, 2002a,
2002b; Domingue&olera and Domingudzodrigg 2011). These species modify bones in
the form of digestion marks due to gastric acid (Robert and Vigne, 2002a, 2002b), shallow
d02NBaAX LldzyOGdzNBa |yR ANRdzAKE & OANDdz | NI G2
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except radieulnae, phalanges, metapodé&a and carpals (Domingu&blera and
DominguezRodrigo, 2011).

2.3.8. Insect damage
Introduction

Though insect damage on fossil bones from Pleistocene assemblages is not
described as beingommonly preserved or recognized and rarely described in the
literature (Tobien, 1965; Kitching, 1980; Martin and West, 1995; Domireital., 2009;
Huchetet al., 2011; Pomi and Tonni, 2011; Backwekl., 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, Bjiil;and Castner, 2010;
Huchetet al, 2011), as well as in museum preparation, where insects and especially
dermestid beetles are used to clean skeletons (Hstfal,, 1980; Weichbrod, 1). Insect
damage on the bones of dinosaurs (Hasiatisal, 1999; Robertet al, 2002; Hasiotis,
2004; Brittet al., 2008; Badeet al,, 2009; Saneyoslt al, 2011), Oligocene (Fejfar and
Kaiser, 2005), Miocene (Tobien, 1965) and Pliocene mammaldiriNad 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 (Borissaa, 1957; Payne, 1965;
Payne and King, 1970, 1972; Thorne and Kimsey, 1983; Smith, 1986; WeigelByra39
and Castner, 2000 Forensic entomologists have extensively studied the successive
colonization by various insect species on a corpse. It fell@wpecific order and depends
on environmental and external conditions well described in the literature (Payred.,

1968; Payne and King, 1972; Leclerc, 1978; Rodriguez and Bass, 1985; Smith, 1986;
Weigelt, 1989; Kulshresta and Satpathy, 2001; Marcbe@001; Amendtt al., 2004

Byrd and Castner, 20).0n forensic anthropology, the identification and analysis of insect
damage allws the calculation of the postmortemterval (PMI) and provides information

concerning the conditions of the death andljtiis the case, of the burial (Kulshresta and
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Satpathy, 2001; Marchenko, 2001; Ameedal., 2004;Byrd and Castner, 201Buchetet

al., 2011). In archaeology and palaeontology, the identification of insect damage on fossil
bones, together with the idatification 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, timgnof death and burial processes, state of the carcass when the
insect fed on it, season of death) (Martin and West, 1995; Hasbtd, 1999; West and
Martin, 2002; Brittet al., 2008; Badeet al., 2009; Saneyoshi al., 2011).

Species that modify b@s

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, 1988, Kais
2000; Kaiser and Katterwe, 2001; Hucketl, 2011; Pomi and Tonni, 2011; Backvetl|
al.,, 2012), beetles (Dermestidae, Tenebrionidae and Scarabaeoidae) (Tobien, 1965; Hefti
et al., 1980; Kitching, 1980; Martin and West, 1995; Haskgttial., 1999;Hasiotis, 2004;
Robertset al., 2007; Brittet al., 2008; Badeet al., 2009; Dominatet 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
damageto 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; Hasietisl., 1999; Kaiser, 2000;
Hasiotis 2004; Fejfar and Kaiser, 2005; Bettal.,, 2008; Badeet al., 2009; Dominatcet
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;
Backwelkt al., 2012) and dermestid beetles (West and Hasiotis, 2007).

Two separate causes leading to bone surface modification are distinguished in the
literature. The fist type of modification is due to the habit of some insects to bore their
pupation chambers into the bone surface. This lwedy been mentioned for beetles
(Order Coleoptera) and especially dermestid beetles (Tobien, 1965; Kitching, 1980;
Hasiotiset al., 1999; Hasiotis, 2004; Robe®s al., 2007; Badeet al., 2009; Dominateet
al., 2009). The pupating structures (pupation chamhmes seand 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 witlpgtion chambers of dermestid beetles.

Description of the modification Reference
GK2fS& YR O0dz2NNRBgaé¢ LISy SiNI (-5 girA and Kitching, 1980
sometimes even into the marrow cavity)

G OA NDdzt | Na Kil2LISSY f oA 2L BiiBA 5.6 ;nm ifidaBheter andbthat Hasiotiset al., 1999
do not penetrate deeply the bone surface

G K2t f 2dhambes@iittf concave flanksored into inner spongy andbuter Robertset al., 2007
cortical bone surfaces

GOANDdzt F NJ G2 StfALIAOIE o02NAYy3I&E Hasotis, 2004
shallow pits, rosettes and hemispherical pits Baderet al., 2009
GK2f f 2K IABIRE &0 NUzOG dzZNBa 0 ¢ A G K2 dzi T/ Dominatoet al.,, 2009

Another type of modification is caused by the action of feeding on the
car@ass/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 Ushaped profile (Kaiser, 2000; Kaiser and Katterwe, 2001)sktped
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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). Hetlat(2011) have observed
sub-cortical cavities, superficial pits, bores, large furrows andatdular perforations in

human bones attacked by termites. In a recent experiment, Backavell colleagues

(2012) illustrate eight types of damage produced by termitamervitermes tnervoide$

on bones: destruction of the bone, bore holes, etched surface texture, surface pits, star
shaped marks, cluster of sygarallel striations, parallel striations and the presence of
adzNFI OS NBaARdzS® . SSif Sa LINE Risiz@@nposed Kfl £ £ 2 6 =
I OGdzZl §S 3INRB2@3S& 2NJ aONIX GOKSasx o0 2NBROAYyG2 02
p.201) as well as elliptical to round pits occurring in clusters and shallow bores, both
occurring on cortical bone, opposite sets of parallel groobeses penetrating deep into

the bone (in some cases leading to the destruction of the bone) and sinuous furrows
located on articular surfaces (Brét al., 2008). The damage caused by moths is produced

by the larvae feeding on the organic componentstad tarcass 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 arthropodadamolluscs selected on the basis
of their mouth parts, and in the case Athatinaland snails and millipedes, because they
are present in the Malapa fossil assemblage. Table 4.7 lists the various invertebrate taxa
involved in the laboratory experimenEach 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 gastropodsad 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) trampg has been identified and described as a potential biotic
taphonomic process in palaeontological and archaeological assemblages (Brain, 1967;
Myerset al,, 1980; Agenbroad, 1984; Fiorillo, 19&jver, 1984, 198Behrensmeyeget
al., 1986. The effectof trampling have been well studied experimentally (Andrews and
Cook, 1985; Behrensmeyet al.,, 1986; DomingueRodrigoet al., 2009). Trample marks
Oy 06S RSTAYSRIING { @ B ASHAT 2Fdza& OPNIDIHIRK Y I NJ & ¢
present a ¥shape or a rounded basal cressction with the outer edges generally
rounded, with sometimes an internal grooving in experimentplgduced marks
(Behrensemeyeet al., 1986). Trample marks can easily be differentiated from rodent and
carnivore tooth maks (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; DomingRedrigoet al., 2009). The consideration
of other aiteria (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; Behrensraeydy

1986; DonmmiguezRodrigoet 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.gmperature, humidity level, suight).
Together with a global wterstanding 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 soroases, the time of exposure of the bones (between death
and burial) (Behrensmeyer, 1978; Lyman and Fox, 1989). For the analysis of the Malapa
faunal asserblage, | refer to the last fivestages of weathering established by
Behrensmeyer (1978), from 1 to(Stage Ois consistent with fresh bones ariblerefore
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  Charateristics

0 The bone is fresh and usually greasy with some soft tissue (skin, flesh, marrov
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 outermosurface of the bone; some tissue can still be pres
(but not always).

3 The external part of the bone is removed; the presence of rough patches of weatt
bone can be noticed; there is usually no tissue preserved at this stage.

4 The bone surfacesicoarsely fibrous; the cracks are open; occurrence of large and
splinters that can fall away from the main bone.

5 The bone is completely falling apart as a resfithe intense flaking.

Root etching

In some cases, roots can attack the bone atef producing a complex network of
GOKAY S OdzNIDAE AY ST NI -shhded/ctossSdetion and soiedities lingéah U K
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arrangements of pits (Binford, 1981; Bad¢ral., 2009 p.140Q. The damage is due to roots
and rootlets growing on the bone surfa@nd 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 ofsolatedbonestransported by flowing waterthe abrasion due to
impacts bysedimentload contained in the water promes rounding and polishing of the
bone surface (Shipman and Rose, 1988; Fernaddlp and Andrews, 2003nd can
remove it altogether Water abrasion can in some cases obliterate ttietailed
morphology of thebone surface, erasing previous modifications such as cut marks
O{ KALWIFY YR w2a8SZ Mpyyood® ¢KS aGFroNlIairzy 2F O
lying just beneath the surface and push fragments of bone in SY ¢ O { KA LI Y3 ™
p.381). Experimental study on the effect of water abrasion ondsshow that the type of
sediment (coarse versus fine) present in the water, as well asvéeghering stag of
bones (fresh, dry, weatherear fossil),influence the degree of abrasion. The fossil bones
(from a Middle Pleistocene cagepositin Fernandezlalvo and Andrevi3a S ELISNA YSYy G T
precision concerning the stage of fossilization 8hipman and RoSkdxpeBment) 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;Fernandezlalvo and Andrews, 2003).

2.4. Spatial approach
2.4.1. Introduction: lackground

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, ¥888),11994b;
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Marean and Bertino, 1994; Nigst al., 2003; Jenningst 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 deposutofrhies, 1966, 1969;
Behrensmeyer, 1975, 1982; Boaz and Behrensmeyer,; 19dson, 1980; Smith, 1980,
1993; Boaz, 1®). Spatial data help the identification pérturbations due to biological
agents such as carnivores, which can cause significant bisperdal while feeding on
carcasses (Brain, 1981; Binfoetl al, 1988; Marean and Spencer, 1991; Stiner, 1991,
Lyman, 1994; Mareaet al., 1992; Marean and Bertino, 199jorlienet al., 2009, as well

as burrowing animals, such as badgers and earthwpmisch can modify the spatial
arrangement of bone remains in a deposit (Wood and Johnson, 1978; AiGiaiu,
1994; Mallye, 2007, 2011). Conducting a spatial analysis requires that & X
coordinates of the remains were recorded, which is not alwagscdse with assemblages
that were excavated a long time ago. Hence, only a few studies (Niged., 2003;
Jennings and Hasiotis, 2006; Mallye, 2011) have appdiegtial analysis, namely
Geographical Information Syster®I§, to a palaeontological/archasdogical 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 cotfuictspatial

analysis in three dimensions (Niggbal., 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 Computedfomography (CT) and micrdocus 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 powerflimasive
tools for theanalysis of fossils. They halween increasinly used by palaeontologists and
palaeoanthropologists in the pasto decadedor a large range of purposes (Zolliko&dr

al.,, 1998; Zollikofer and Marcia Ponce de Ledn, 2005). Once original fossils have been
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scanned, these technologies allow accurate lgadve and quantitative studies on 3D
replicas without any risk of damaging the originals (Zolliketeal., 1998; Zollikofer and
Marcia Ponce de Ledn, 2005). Figurs presents a flow diagram that illustrates the

principles and applications of computassisted technology to the fossil record.
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Figure 4.3 Principles of computeassisted technology applied to palaeontology and palaeoanthropology
(from Zollikoferet 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 (Zollikofgral.,, 1998, 2006Wu and Schepart2009. The
combined technologies also permit (1) virtual and fiowasive exploration of internal

parts of a fossil that are invisible on the original specimens and/or (2) virtual preparation
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