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Figure 4.8. Principal components analysis of extant bovid hemimandibles using 40-landmark
protocol. X-Axis: PC1 (45.76%) vs. Y-Axis: PC2 (12.53%). Both principal component scores
are statistically significant (Jolliffe cut-off value = 10.05%). B=browse, MF-B=mixed feeding

preferring browse, MF-G=mixed feeding preferring grass, FG=fresh grass, G=grass.
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Figure 4.9. Shape changes in the complete mandible wireframe between a) grazers and b)
browsers on PC1 in superior view using a 40 landmark protocol. Note the difference in the width

of the muzzle and position of the coronoid process.
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Figure 4.10. Shape changes in the complete mandible wireframe between a) grazers and b)
browsers on PC1 in buccal view using a 40 landmark protocol. Note the differences in the length
of the coronoid process, spacing of the check teeth, depth of the mandibular corpus, and

curvature of the muzzle.
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Figure 4.11. Principal components analysis of bovid mandibular corpus using a reduced 18
landmark protocol. X-Axis: PC1 (38.6%) vs. Y-Axis: PC2 (12.8%). Both principal component
scores are statistically significant (Jolliffe cut-off value = 1.91%). B=browse, MF-B=mixed
feeding preferring browse, MF-G=mixed feeding preferring grass, FG=fresh grass, G=grass.
Principal components analysis of extant bovid hemimandibles using 18-landmark protocol.
Extant bovid samples indicated by convex hulls. Elandsfontein fossil mandibles indicated by

PCA points.
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Chapter 5: Conclusions and Future Research Directions

Major contributions

The main objective of this dissertation is to address under-investigated aspects of
Acheulean hominin behavioral ecology and place hominin subsistence behavior into an
environmental context. This study presents the first systematic analysis of in situ large mammal
fossils from Elandsfontein, South Africa. The Elandsfontein fossil assemblage is one of few
contemporaneous archaeofaunas preserved in primary context with lithic artifacts and has
figured prominently in discussions of Acheulean hominin carnivory (Klein, 1978, 1982, 2009;
Klein and Cruz-Uribe, 1991; Milo, 1994; Klein et al., 1999, 2007; Cruz-Uribe et al., 2003).
Zooarchaeological and paleoenvironmental data presented here increase the known variability in
Acheulean hominin foraging behavior by providing data on an aeolian context and winter rainfall
environment (Braun et al, 2013a, b). This study also marks the first use of 3D geometric
morphometrics to test functional and ecomorphological hypotheses in bovid mandibles and
metapodials. This new approach to ecomorphological analysis is broadly applicable to many
paleontological and archeological contexts.

This study began with several goals. The first was to determine the mechanisms of site
formation at Elandsfontein and assess the degree to which hominins and carnivores contributed
to the fossil assemblage. The zooarchaeological data presented in Chapter Two reveal a more
complex history of faunal accumulation and bone surface modification in the excavated (WCRP)
fauna than has previously been reported for surface collected materials [(EFTM) (Milo, 1994)].

Higher frequencies of hominin-induced bone damage, and cutmarks on large mammal fossils,
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indicate that hominins had more frequent access to large carcasses than previously recognized.
This finding has important implications as it suggests that meat was an important component of
the diet and that hominins were competing with large carnivores, either directly or indirectly, for
access to animal tissue.

The second goal was to explore variation in the activity of different bone modifying
agents across the Elandsfontein paleolandscape. Chapter Two reveals that hominins, carnivores,
and porcupines all had a significant influence on the fossil assemblage but that the frequency of
activity by each agent varied between excavation bays. Bay 0209 preserves the highest
concentrations of hominin damage, suggesting that hominin butchery activity was most common
in this part of the landscape. This pattern is echoed by the high artifact density in this bay (Braun
et al., 2013a). Relatively high frequencies of carnivore damage at Bay 0209 suggest that
carnivores also repeatedly processed carcasses in this area and thus the primary agent of bone
accumulation at Bay 0209 remains unclear. Carnivore and porcupine damage frequencies are
highest at Bay 0313. These data, coupled with evidence for rapid burial and a diverse array of
carnivore taxa, suggests the presence of a carnivore den. Bays 0110 and 0710 consist of low
frequencies of all damage types and may represent background scatter or natural death sites. This
variation highlights the problems with conflating data from contexts with varying degrees of
hominin and carnivore activity, as was done in previous studies of the EFTM surface collections.

The third goal of this study was to use traditional ecomorphological methods to
contribute to the growing body of paleoenvironmental data at Elandsfontein. Marine core
sediments indicate increasing aridification in southern Africa throughout the Pliocene and
Pleistocene (deMenocal, 2004; Dupont et al., 2013). However, taxonomic composition of the

Elandsfontein fauna suggests wetter and grassier conditions than today (Butzer, 1973; Klein and
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Cruz-Uribe, 1991; Klein, 2009) and recent isotopic studies imply that Elandsfontein may have
been buffered from regional aridification by the presence of ground fed springs (Braun et al.,
2013a, b; Patterson et al. 2016, Lehmann et al., 2016). Ecomorphological results, in Chapter
Three, suggest a mix of habitats, including a predominantly open landscape with significant
woody or bushy components. This contrasts strongly with the arid and unpredictable ecological
conditions expected for the Cape Floral Region and supports the idea that Elandsfontein
provided Acheulean hominins with a refuge from the resource poor ecosystems around them.
Permanent fresh water and high large mammal biomass would likely have provided hominins at
Elandsfontein with similar foraging opportunities to their counterparts in C4 dominated grassland
habitats in East Africa (Pante, 2010, 2013; Sikes et al., 1999; Dominguez-Rodrigo et al., 2001).
The final goal was to establish a new protocol for collecting and analyzing bovid
ecomorphological data using 3D geometric morphometrics, and apply it to fossil mandibles and
metapodials from Elandsfontein. The methods introduced in Chapter Four provide considerably
higher classification success rates than almost all traditional caliper models and can be
performed on more fragmentary specimens. Wireframes proved extremely useful for testing
functional hypotheses and interpreting variation in three dimensional shapes. Ecomorphological
results from Elandsfontein once again suggest a mixed habitat with significant grass and
tree/shrub components. These methods were applied to fossil bovids from Elandsfontein but are
broadly applicable to any archaeological or paleontological assemblages containing bovid

fossils.

Synthesis of zooarchaeological and paleoenvironmental data from Elandsfontein
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The current zooarchaeological study (WCRP) presents a view of Elandsfontein hominin
foraging behavior that differs from previous studies based on surface collected material (EFTM)
(Klein and Cruz-Uribe, 1991; Milo, 1994). Milo (1994) found that 1.6% of “wildebeest-sized”
bones and 1.4% of “eland-sized” bones in the EFTM faunal collection exhibited carnivore tooth
marks. The frequencies for stone tool marks were only 0.7% and 0.2%, respectively. This was
interpreted as evidence that hominins played little role in bone accumulation and modification
and that bone-artifact association was largely the result of natural mortality near a water source.
In turn, it was predicted that hominins at Elandsfontein rarely fed on large mammals like buffalo
or rhinoceros, despite their abundance in the EFTM fossil assemblage (Klein, 2009). In contrast,
the current study indicates varying degrees of hominin and carnivore activity across the
paleolandscape with higher frequencies (3.6% NISP) of hominin-induced butchery in Bay 0209.
In addition, cutmarks were identified on limb bones of extinct buffalo (Syncerus antiquus) and
rhinoceros (Diceros bicornis), indicating that hominins at least occasionally butchered very large
animals.

Paleoenvironmental reconstructions at Elandsfontein indicate a predominantly open
landscape, dominated by C; grasses and dense patches of trees and/or broad leaved bush (Klein
and Cruz-Uribe, 1991; Luyt et al., 2000; Kaiser and Franz-Odendaal, 2004; Stynder, 2009;
Braun et al., 2013a, b; Patterson et al. 2016; Lehmann et al., 2016). Micromammal fossils
demonstrate enriched levels of C, relative to large ungulates, suggesting a difference in the local
Elandsfontein vegetation compared to the surrounding arid Cape Floral Region (Patterson et al.,
2016; , Lehmann et al., 2016).This landscape would have provided hominins with a rare
resource-rich setting, within a relatively dry and ecologically poor ecosystem, particularly during

the dry summer months. Hominins capitalized on meat resources and would have been drawn to
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the diverse array of large herbivores and consistent source of water and vegetation (Drennan,
1953; Singer and Wymer, 1968; Klein, 1983; Braun et al., 2013a). Fossil and lithic evidence
indicate that hominin behavior varied in intensity across the landscape (Braun et al., 2013a) and
preliminary findings suggest that hominins may have concentrated their activities in areas that

were rich in C,4 resources (Patterson et al., 2016).

Hominin carnivory and contemporaneous archaeofaunal assemblages across the Old World

There is also a lack of consensus on many key issues regarding Acheulean hominin
carnivory including the importance and frequency of meat consumption, strategies of carcass
acquisition and processing (i.e. early vs. late access), and the ability to compete with carnivores
for access to animal resources. The development of the Acheulean coincides with important
biological changes including the appearance of hominins with larger brain size, larger body size,
and a shift toward obligate bipedalism and endurance running (Shipman and Walker, 1989; Ruff
and Walker, 1993; Aicllo & Wheeler, 1995; Bramble and Lieberman, 2004; Stout ef al., 2008).
The metabolic cost of these biological changes would have required an increase in nutritional
intake and a common assumption is that Acheulean hominins consumed more animal tissue than
their Oldowan producing predecessors (Aiello and Wheeler, 1995; Milton, 1987; Ruff and
Walker, 1993; Shipman and Walker, 1989). Contrary to this assumption, some have argued that
there is little evidence for Acheulean hominin carnivory in the fossil record and that hominins,
across the Old World, had infrequent access to animal resources (Klein, 1978, 1982, 2009; Klein
and Cruz-Uribe, 1991; Milo, 1994; Klein ef al., 1999, 2007; Cruz-Uribe et al., 2003). However,
this argument is based primarily on a lack of evidence for hominin butchery and a growing

number of fossil assemblages suggest that hominins not only butchered large mammals but were
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often the primary agents of carcass accumulation and modification. Below is a discussion of the
most well described archaeofaunas that are roughly contemporaneous to Elandsfontein. These
include Duinefontein (Horizon 2) in South Africa, sites at Olduvai Gorge (Beds II, III, and IV)
and Peninj (ST site complex) in Tanzania, and Gesher Benot Ya’aqov in Israel (V-5, V-6) (Table
1).

Duinefontein, also located on the Western Cape of South Africa, preserves an open air
lithic and fossil assemblage that is slightly younger (500-250 ka) than Elandsfontein (Feathers,
2002; Cruz-Uribe, 2003). Horizon 2 contains over two thousand Acheulean artifacts including
handaxes, cores, retouched and unretouched flakes, and debris. The faunal composition suggests
an environment dominated by grass and broad leaved bush with a nearby pond or marsh (Klein et
al., 1999). The fossil sample is composed predominantly of skulls, vertebrae, ribs, and other
axial elements, often in near anatomical order, suggesting that limbs were selectively removed
from death sites. There are numerous hyena coprolites and carnivore tooth marks are abundant
(45% NISP), indicating that carnivores were largely responsible for carcass disarticulation (Cruz-
Uribe et al., 2003). Cruz-Uribe et al. (2003) interpret the relative rarity of tool-marked bones
(1% NISP) as evidence that hominins acquired few of the large mammals available to them
(Table 1). The authors point out that it is difficult to determine whether Duinefontein represents
an Acheulean rule or exception but refer to the low frequencies of hominin damage from the
EFTM, Torralba, and Ambrona assemblages as probable evidence that Acheulean hominins
rarely acquired large mammal carcasses (see discussion on Torralba and Ambrona below).

The most thoroughly examined of these faunal assemblages are from Olduvai Gorge,
Tanzania (Beds II-IV). Zooarchaeological analyses have been conducted at several Bed II sites

including HWKE (> 1.6 Ma.), MNK (1.4Ma.), and BK (1.2 Ma.) (Curtis & Hay, 1972; Walter et
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al., 1991; Egeland & Dominguez-Rodrigo, 2008) Evidence for hominin activity is preserved in a
variety of ecological settings, from lake margins to fluvial contexts (Hay, 1976) and the lithic
assemblage is described as a combination of Oldowan, Developed Oldowan, and Acheulean
technology (Leakey, 1971). The HWKE fauna contains few signs of hominin butchery (<1%
NISP) but carnivore tooth marks are presents on 21.9% of specimens in levels 1-2 and 24.5% in
levels 3-5 (Table 1). Tooth mark patterns most closely resemble those described by carnivore-
only (CO) actualistic experiments (Blumenschine, 1988, 1995; Capaldo, 1998, Marean et al.,
2000) and imply that bones were accumulated and modified primarily by carnivores (Monahan,
1996; Egeland & Dominguez-Rodrigo, 2008).

Monohan (1996) interpreted both the MNK and BK assemblages as representing primary
access by hominins. At MNK, 5% of specimens were recorded as having either cutmark or
percussion damage and 8.7% preserve carnivore tooth marks. At BK, hominin and carnivore
damages were reported on 8.8% and 8.2% of specimens, respectively (Table 1). For both
assemblages, tooth marks are considerably more abundant on epiphyseal bone portions than on
midshafts. This pattern most closely resembles actualistic experiments in which carnivores had
late access to defleshed carcasses (Blumenschine, 1988, 1995; Capaldo, 1998, Marean et al.,
2000). Egeland & Dominguez-Rodrigo (2008) later reexamined the MNK and BK faunal
collections and recorded considerably higher frequencies of carnivore damage (30.6% NISP) at
MNK with evidence for hominin butchery on less than 1% of fossils (Table 1). They dispute the
idea of early hominin access at MNK but uphold the contention that BK represents an
accumulation primarily formed by hominin activity. The majority of cutmarks at site BK occur
on meaty proximal limb elements in areas that Dominguez-Rodrigo and Barba (2007) refer to as

“Hot Zones”. These are areas on limb bones that were found to be consistently defleshed by
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felids during feeding experiments and predominantly occur on limb shafts. This suggests that
hominins at BK had early access to carcasses and removed large packets of muscle tissue.
Evidence also suggests that hominins at BK preferentially exploited large mammals (size 3 and
4) and occasionally butchered Syncerus (Pelorovis) oldowayensis (Dominguez et al., 2009).

Carbon isotopic data indicate a shift toward more arid conditions during deposition of the
Bed III and IV fauna, with C4 grasses comprising about 80% of the vegetation biomass (Cerling
and Hay, 1986). The faunal composition indicates a grass dominated ecosystem with scrub and
brush (Gentry and Gentry, 1978; Hay, 1976). At site JK 2 in Bed III (1.2-0.8 Ma), stone tool
cutmarks and percussion marks occur on 14.9% of identified specimens and carnivore
toothmarks occur on 31.8% (Table 1). Patterns of cutmark and tooth mark distribution suggest
that hominins and carnivores both had early access to carcasses at JK 2 on different occasions
(Pante, 2010, 2013). In contrast damage patters at site WK in Bed IV (0.8 and 0.6 Ma) suggest
that hominins were the primary consumers of both flesh and marrow (Pante, 2010). Hominin
damage occurs on 16.9% of fossils and carnivore damage appears on 20.8%. (Table 1)

Peninj, Tanzania represents a buried paleolandscape with several small scatters of fossils
and Oldowan or Mode 1 artifacts (Leakey, 1971). Most of the archaeological materials are
concentrated in the ST site complex with ST4 (1.5 Ma) containing the largest and best preserved
archaeofauna of the ST sites (Dominguez-Rodrigo et al., 2002, 2009). Hominin damage occurs
on 37.3% NISP while carnivore damage occurs on only 8.4% (Table 1). Damage frequencies
indicate that hominins had primary access to fully fleshed carcasses, and that carnivore activity
was restricted to post-depositional ravaging (Dominguez-Rodrigo et al., 2002).

Finally, the Gesher Benot Ya’aqov (GBY) locality in Israel preserves evidence of

repeated systematic butchery of Fallow deer (Dama dama) and similarly sized ungulates by 780
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ka (Goren-Inbar et al., 1992, 2000; Rabinovich et al., 2008; Rabinovich & Biton, 2011). The
lithic assemblage consists of Acheulean artifacts including handaxes, cleavers, flake tools, and
small cores (Goren-Inbar et al., 1994) and paleoenvironmental analyses indicate that both
grassland and woodland habitats were present (Rabinovich et al., 2008; van Zeist and Bottema,
2009). Hominin damage is recorded on 5.4% percent of specimens in layer V-5 and 11.7% in
layer V-6 (Rabinovich et al., 2012). The frequency and distribution of hominin damage on
Dama fossils suggest that hominins repeatedly followed a sequence of butchery involving
skinning, disarticulation, defleshing, and marrow extraction (Rabinovich et al., 2008). Carnivore
fossils are rare and carnivore bone modification occurs on only 1.4% of specimens in layer V-5
and 2.4% in layer V-6 (Table 1). Patterns of tooth mark distribution suggest that carnivores were
scavenging carcasses that were already fully processed by hominins (Rabinovich et al., 2008).
The presence of a percussed cranium of Palaeoloxodon antiquus (extinct straight tusked
elephant) is intriguing and may indicate that hominins transported the cranium to consume the
brain tissue (Goren-Inbar e al., 1994).

There are several additional contemporaneous faunal assemblages that are not as well
described but warrant mention in this discussion. These include Ambrona, Torralba and Gran
Dolina in Spain, Swartkrans in South Africa, and Olorgesailie in Kenya. The Ambrona (>350 ka)
and Torralba (240-200 ka) assemblages contain little indication for hominin butchery and have
been cited as evidence that Acheulean hominins did not regularly butcher large mammals
(Shipman & Rose, 1983; Pérez-Gonzalez et al., 1999; Cruz-Uribe et al., 2003; Falgueres et al.,
2006). However, it is possible that much of the bone surface damage at these localities has been
obliterated by sedimentary abrasion. Cutmarks and tooth marks occur on less than 1% of bones

in both samples while sedimentary abrasion is present on close to 100% of the fossils (Shipman
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& Rose, 1983). An alternative possibility is that these localities represent background scatter or
natural death sites and do not provide a great deal of information about hominin foraging
activities.

Gran Dolina is one of several important Paleolithic cave sites located in the Sierra de
Atapuerca region of central Spain. The TD 6 level has yielded hominin fossils, identified as
Homo antecessor, in association with lithic and faunal remains, dating to > 780 ka (Bermudez de
Castro et al., 1997; Carbonell et al., 1995, 1999; Carlos Diez et al., 1999). The lithic assemblage
has been described as Mode I (Oldowan) with usewear traces of butchery and woodworking
(Carbonell et al., 1999). Paleoenvironmental reconstructions indicate the presence of a temperate
European forest near the site (Rodriguez, 1997). Cutmarks have been identified on many of the
bones, including bones assigned to H. antecessor, and cutmark frequencies are consistent with
hominins having had early access to carcasses (22.5% NISP). Toothmarks occur on 19% of bone
fragments but rarely occur on midshafts, suggesting secondary access by carnivores (Carlos Diez
et al., 1999; Fernandez- Jalvo et al., 1999). Recent analysis of theTD6-2 fauna revealed similar
patterns of bone surface damage, suggesting that hominins had early access to fleshed carcasses
and that carnivore ravaging was restricted to scavenging of hominin refuse (Saladie et al., 2014).
Skeletal element representation suggests that many carcasses, including Homo, were complete
when they were transported into the cave (Carlos Diez et al., 1999).

Hominins are also suggested to be the primary agents of bone modification at Swartkrans
Member 3 in South Africa (Brain, 1993; Pickering et al., 2004a; 2004b). The 1 million year old
faunal sample is dominated by large grazing taxa indicating a grass dominated vegetation. There
are also several less well represented browsing and water dependant taxa indicating extensive

woodland in the vicinity and a permanent source of fresh water (Brain, 1993; Watson, 1993).
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Cutmarks occur on 6.1% of limb bones with the majority occurring on meaty proximal elements
suggesting that hominins had early access to rather complete carcasses. Hominins are also
thought to have broken the majority of long bones for marrow extraction (Pickering et al.,
2004a). Carnivore tooth marks are present on many of the fossils but rarely occur on long bone
midshafts, suggesting that carnivores were secondary consumers (Pickering et al., 2004a;
2004b).

The Acheulean locality of Olorgesailie, Kenya contains a large faunal and lithic
assemblage dated between 990 and 780 ka (Potts, 1989; Potts et al., 1999). Olorgesailie
represents a paleolake basin that supported a local biomass of about 75—-100% C,4 plants (Sikes et
al., 1999). Site DE/89B preserves fossils of at least fifty seven giant gelada (Theropithecus
oswaldi) with over 4,000 associated artifacts (Isaac, 1977; Shipman et al., 1981). Bone breakage
patterns have led some researchers to infer that hominins were systematically hunting and
butchering gelada (Shipman et al., 1981) though this interpretation has since been criticized
(Binford and Todd, 1982). Excavations have also unearthed an elephant butchery site (Elephas
recki) with more than 2,300 associated stone artifacts. Additional fossils have since been
excavated at Olorgesailie (Potts ef al., 1999), but the results of detailed taphonomic and
zooarchaeological analyses have not yet been published.

The earliest unequivocal archaeological evidence for hominin carnivory precedes the
Acheulean and coincides with the appearance of the Oldowan stone tool technology at
approximately 2.6 Ma (Semaw et al., 1997; de Heinzelin et al., 1999; Dominguez-Rodrigo et al.,
2005; Semaw, 2006). Despite the long history of research, there is still no consensus on the mode
of Oldowan hominin carcass acquisition and arguments mainly focus on the debate of hunting

vs. scavenging (Binford, 1981; Brain, 1981; Bunn, 1981, 1982, 1986, 2001; Bunn and Kroll,
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1986; Shipman, 1986; Blumenschine, 1986, 1987, 1995; Potts, 1988; Binford et al., 1988;
Selvaggio, 1998; Blumenschine and Cavallo, 1992; Bunn and Ezzo, 1993; Lupo, 1994; Oliver,
1994; Capaldo, 1997; Dominguez-Rodrigo, 1997, 2002; Dominguez-Rodrigo et al., 2002;
Dominguez-Rodrigo and Pickering, 2003; Plummer, 2004; Blumenschine and Pobiner, 2007).
The majority of studies have focused on the well preserved faunal assemblage from FLK
Level 22 (FLK Zinj) from Bed I, Olduvai Gorge, Tanzania. This site dates to ~1.84 Ma and
contains approximately 60, 000 faunal specimens (NISP) and over 2,500 Oldowan artifacts
(Leakey 1971; Bunn and Kroll 1986; Potts 1988; Dominguez-Rodrigo et al. 2007). Phytolith and
paleosol carbonate analyses suggest a wooded paleoenvironment situated on a lake margin (Potts
1988; Cerling and Hay 1986; Sikes 1994; Ashley et al. 2010). Initial faunal studies relied heavily
on skeletal part profiles and low frequencies of meat bearing limb bones were interpreted as
evidence of a carnivore kill site that was subsequently scavenged by hominins (Binford 1981).
However, these early studies were later criticized because they focused primarily on limb
epiphyses to the exclusion of shaft specimens. Subsequent studies by Bunn and Kroll (1986),
which included long bone shafts, found that the assemblage at FLK Zinj was actually dominated
by meaty limb elements (humerus, radio-ulna, femur, and tibia). This was interpreted as early
access and systematic butchery of large mammal carcasses by Oldowan hominins. Early hominin
access at FLK Zinj is further supported by studies using the Shannon evenness index (Faith et al.,
2009). This statistic measures the evenness of high survival skeletal elements in an assemblage
in relation to their proportion in a complete carcass (Faith and Gordon 2007). Results revealed a
high evenness for bovid limb bones, suggesting transport of relatively complete carcasses to the

site (Faith et al., 2009). Furthermore, studies of bovid mortality profiles indicate a prime
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dominated faunal assemblage suggesting that hominins at FLK Zinj may have been ambush
predators (Bunn and Pickering, 2010).

While studies of skeletal part abundance are informative, they can be complicated by
differential preservation of skeletal elements. Researchers typically rely on data from actualistic
experiments to determine the timing of hominin and carnivore access to carcasses in
archaeological assemblages (Binford et al., 1988; Blumenschine, 1988, 1995; Marean and
Spencer, 1991; Marean et al., 1992; Selvaggio, 1994, 1998; Capaldo, 1997, 1998; Dominguez-
Rodrigo, 1997, 1999, 2001, 2002; Bunn, 2001; Lupo and O’Connell, 2002; Parkinson, 2013;
Parkinson et al., 2014, 2015; Organista et al., 2016). Based on carnivore tooth mark frequencies,
Blumenschine (1995) and Selvaggio (1998) suggested a three-stage model of carcass processing
with felids (or other flesh specialists) having primary access to carcasses, followed by hominin
bone marrow processing, and final consumption of remaining bone tissue by bone crunching
hyaenids. In contrast, some have argued that tooth mark frequencies reported by Blumenschine
are an overestimation (Dominguez-Rodrigo 1997; Dominguez-Rodrigo and Pickering 2003;
Dominguez-Rodrigo and Barba 2006; Dominguez-Rodrigo et al. 2007) and that lower carnivore
tooth mark frequencies are suggestive of early access by hominins. Overall, combined evidence
of cutmarks and tooth mark distribution have primarily been interpreted as early access by
hominins with possible hunting of smaller mammals (Dominguez-Rodrigo 1999; Dominguez-
Rodrigo and Barba 2006; Dominguez-Rodrigo et al. 2007; Parkinson, 2013).

The idea of early access to carcasses by Oldowan hominins is further supported by
taphonomic and zooarchaeological studies at Kanjera and Koobi Fora in Kenya and El-Kherba
(Ain Hanech) in northeastern Algeria. Taxonomic representation and isotopic analyses indicate

that the approximately 2 Ma site of Kanjera South, Kenya was deposited in a relatively open (C4
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grass-dominated) context in a lake margin setting (Plummer et al., 1999; Ferraro 2007; Plummer
et al. 2009 a, b; Ferraro et al. 2013; Parkinson, 2014). Frequencies and distribution of stone tool
cutmarks and carnivore tooth marks most closely resemble experimental models in which
humans were the primary agents of carcass processing (Ferraro, 2007; Ferraro et al., 2013,
Parkinson, 2014). Similarly, cut, percussion, and tooth mark frequencies and locations on
archaeofaunas from the approximately 1.5 Ma sites of FwJj14A, FwJj14B, and Galil4 at Koobi
Fora , Kenya suggest early access by hominins to well-fleshed carcasses. These sites are all
located in similar paleoenvironmental contexts, near shallow water with swampy, seasonally
flooded areas, and some evidence for more wooded or gallery forest settings. (Pobiner et al.,
2008). Finally, excavations from El-Kherba dated to 1.78 Ma, yielded an Oldowan industry
associated with a savanna-like fauna. Bone surface modification data suggest that early hominins
were fully processing large mammal carcasses including evisceration, disarticulating, removal of
muscle tissue, and breaking bones of large mammals to extract marrow (Sahnouni et al., 2013).
The heavily fragmented nature of the Elandsfontein fossils and poor surface
preservation, limits the ability to make statistical comparisons with published experimental data.
Despite the fact that damage frequencies are likely deflated by these factors, hominin damage
frequencies in Bay 0209 fall within the range reported for BK, Olduvai Gorge and approach
damage frequencies reported for other contemporaneous Early Stone Age localities where
hominins are thought to be the primary agents of carcass accumulation [Table 1 (Bunn & Kroll,
1986, Blumenschine, 1995, Monahan, 1996; Dominguez-Rodrigo & Barba, 2006; Egeland &
Dominguez-Rodrigo, 2008; Pobiner et al., 2008; Rabinovich et al., 2012; Ferraro et al., 2013)].
Additionally, the majority of stone tool cutmarks at Elandsfontein, including cutmarks on

megafauna, occur on limb shafts. Dominguez-Rodrigo & Barba (2007) have demonstrated that
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when flesh specializing carnivores have first access to meaty limb elements, limb shaft are
typically devoid of adhering tissue and leave little for hominins to scavenge. Since hominins
rarely leave cutmarks on shafts when scavenging from carnivores, this pattern suggests that
hominins at Elandsfontein had early access to large packets of muscle tissue on at least some
occasions (Bunn and Kroll, 1986; Dominguez-Rodrigo, 1997, 1999a, b, 2002; Bunn, 2001;
Dominguez-Rodrigo and Pickering, 2003; Pickering ef al., 2004b). However, it is important to
keep in mind that attrition and epiphyseal deletion may have erased evidence for cutmarking on
these less dense bone portions.

The totality of evidence, including the current study, suggests that Oldowan and
Acheulean hominins had primary access to large carcasses on various occasions and demonstrate
repeated systematic butchery in some localities (Shipman et al., 1981; Monahan, 1996; Carlos
Diez et al., 1999; Fernandez- Jalvo et al., 1999; Potts et al., 1999; Pickering et al., 2004a,b;
Egeland & Dominguez-Rodrigo, 2008; Dominguez-Rodrigo et al., 2009; Pante, 2010, 2013;
Rabinovich et al., 2012). Evidence of repeated early access and complete processing of medium
to large size carcasses, suggests that meat was an important component of the Acheulean diet and
that hominins had a moderately high rank relative to contemporary carnivores. Hominins likely
gained early access to meaty carcasses through hunting or aggressive scavenging and may have
had the ability to exclude carnivores from various points on the landscape (Bunn et al., 1980;
Potts, 1989, 1994; Monahan, 1996; Potts et al., 1999; Dominguez-Rodrigo, 2002; Dominguez-
Rodrigo et al., 2002; Saladie et al., 2014). Given the wide geographic and temporal distribution
of the Acheulean lithic industry, we should expect to see discrepancies in the frequency and
modes of carcass acquisition. Thus, more information is needed to assess variability in

Acheulean hominin carnivory across time and space.
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Suggestions for future research

More work is needed to further evaluate the ecological constraints on Acheulean hominin
foraging behavior. A necessary next step is to locate and excavate large primary-context
assemblages from the full temporal and geographic span of the Acheulean industry. Although
Acheulean hominins appear to have had early access to large mammal carcasses on various
occasions, continued development of well studied Acheulean faunal assemblages will be critical
for determining the scope of this behavior. Comparisons with experimentally derived feeding
models would help elucidate the timing of access by various bone modifying agents
(Blumenschine, 1988, 1995; Dominguez-Rodrigo, 1997, 2002; Selvaggio 1998; Capaldo, 1998;
Marean et al., 2000; Dominguez-Rodrigo & Barba, 2006; Pickering & Egeland, 2006) and
ungulate mortality (age) profiles would assist in determining whether fossil assemblages were
attritional or catastrophic (Klein, 1982a,b; Stiner, 1990; Steele, 2003; 2004; 2005; Bunn &
Pickering, 2010a,b).

An important question that remains unanswered is whether Oldowan and Acheulean
hominins incorporated meat into their diet year round or whether it was consumed seasonally as
a fallback food. This can be explored through stable isotopic analysis of enamel from developing
teeth (Bocherens ef al., 1996; Balasse and Tresset, 2002; Balasse ef al., 2002) and/or cementum
increment analysis (Lieberman, 1994; O’Brien, 1994; Pike-Tay et al., 2008; Pike-Tay &
Cosgrove, 2002; Wall-Scheffler & Foley, 2008). Traditional techniques for cementum analysis
have been demonstrated to work on fossils as old as those from Pleistocene deposits at Koobi

Fora, Kenya (O’Brien, 1994).
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There are a number ways in which the ecomorphological models presented here can be
expanded upon. One future direction is to test functional hypotheses for other
ecomorphologically informative skeletal elements including the femur, radius, humerus,
phalanges, astragalus, and calcaneus. These models could also be expanded to include a broader
array of ungulate taxa including equids and cervids, making them more broadly applicable. As
with any study, increased sample sizes would allow for more robust results, especially for taxa
that are underrepresented such as Tragelaphines. Given the large number of Early Stone Age
archaeological assemblages containing Syncerus and other large bovid taxa, it would be useful to
expand the extant samples to include larger species like Syncerus caffer and Taurotragus oryx.
Finally, plans are underway to investigate phylogenetic influence on bovid ecomorphological

models using PGLS and divergence-convergence analysis (Louys et al., 2013).

256



References
Aiello, L.C., Wheeler, P., 1995. The expensive tissue hypothesis: the brain and the digestive

system in human and primate evolution. Curr. Anthrop 36, 199-221.

Ashley, G.M., Barboni, D., Dominguez-Rodrigo, M., Bunn, H.T., Mabulla, A.Z.P., Diez Martin,
F., Barba, R., Baquedano, E., 2010. A spring and wooded habitat at FLK Zinj and their

relevance to origins of human behavior. Quaternary Research 74, 304-314.

Balasse, M. and Tresset, A., 2002. Early weaning of Neolithic domestic cattle (Bercy, France)
revealed by intra-tooth variation in nitrogen isotope ratios. Journal of Archaeological Science 29,

853-859.

Balasse, M., Ambrose, S.H., Smith, A.B. and Price, T.D., 2002. The seasonal mobility model for
prehistoric herders in the south-western Cape of South Africa assessed by isotopic analysis of

sheep tooth enamel. Journal of Archaeological Science 29, 917-932.

Berger, G.W., Pérez-Gonzélez, A., Carbonell, E., Arsuaga, J.L., de Castro, J.M.B. and Ku, T.L.,
2008. Luminescence chronology of cave sediments at the Atapuerca paleoanthropological site,

Spain. Journal of Human Evolution 55, 300-311.

Bermudez De Castro, J.B., Arsuaga, J.L., Carbonell, E., Rosas, A., Martinez, I. and Mosquera,
M., 1997. A hominid from the Lower Pleistocene of Atapuerca, Spain: possible ancestor to

Neandertals and modern humans. Science 276, 1392-1395.

257



Binford, L.R., Bunn, H.T. and Kroll, E.M., 1988. Fact and fiction about the Zinjanthropus floor:

data, arguments, and interpretations.

Binford, L.R., 1981. Bones: Ancient Men, Modern Myths. Academic Press, New York.

Binford, L.R., Todd, L.C., 1982. On argument for the “butchering” of giant geladas. Current

Anthropology 23, 108-110.

Binford, L.R., Mills, M.G.L. and Stone, N.M., 1988. Hyena scavenging behavior and its

implications for the interpretation of faunal assemblages from FLK 22 (the Zinj floor) at Olduvai

Gorge. Journal of Anthropological Archaeology, 7(2), pp.99-135.

Blumenschine, R.J., 1986. Carcass consumption sequences and the archaeological distinction of

scavenging and hunting. Journal of Human Evolution, 15, 639-659.

Blumenschine, R.J., 1987. Characteristics of an early hominid scavenging niche. Current

Anthropology 28, 383-407.

Blumenschine, R.J., 1988. An experimental model of the timing of hominid and carnivore

influence on archaeological bone assemblages. Journal of Archaeological Science 15, 483-502.

258



Blumenschine, R.J., 1995. Percussion marks, tooth marks, and experimental determinations of
the timing of hominid and carnivore access to long bones at FLK Zinjanthropus, Olduvai Gorge,

Tanzania. Journal of Human Evolution 29, 21-52.

Blumenschine, R. J. and Cavallo, J. A., 1992. Scavenging and human evolution. Scientific

American 267, 90-96.

Blumenschine, R.J. and Peters, C.R., 1998. Archaeological predictions for hominid land use in
the paleo-Olduvai Basin, Tanzania, during lowermost Bed II times. Journal of Human Evolution

34, 565-608.

Blumenschine, R.J. and Pobiner, B.L., 2007. Zooarchaeology and the ecology of Oldowan
hominin carnivory. Evolution of the human diet: the known, the unknown, and the unknowable,

pp-167-190.

Bocherens, H., Pacaud, G., Lazarev, P.A. and Mariotti, A., 1996. Stable isotope abundances (13
C, 15 N) in collagen and soft tissues from Pleistocene mammals from Yakutia: implications for
the palaeobiology of the Mammoth Steppe. Palacogeography, Palaeoclimatology, Palaeoecology

126, 31-44.

Brain, C.K., 1981. The Hunters or the Hunted? An Introduction to African Cave Taphonomy.

University of Chicago, Chicago.

259



Brain, C.K., 1993. A taphonomic overview of the Swartkrans fossil assemblages. Swartkrans: A

Cave’s Chronicle of Early Man. Transvaal Museum, Pretoria, pp.257-264.

Braun, D.R., Levin, N.E., Roberts, D., Stynder, D., Forrest, F., Herries, A.L., Matthews, T.,
Bishop, L., Archer, W., Pickering, R. 2013a. Initial investigations of Acheulean hominin
behavior at Elandsfontein. In The Archaeology of the West Coast of South Africa (A. Jerardino,
A. Malan, and D.R. Braun, Eds.): 10-23. Cambridge Monographs in African Archaeology 84,

BAR International Series 2526. Oxford: Archaeopress.

Braun, D.R., Levin, N.E., Stynder, D., Herries, A.LLR., Archer, W., Forrest, F., Roberts, D.L.,
Bishop, L.C., Matthews, T., Lehmann, S.B., Pickering, R., Fitzsimmons, K.E., 2013b. Mid-
Pleistocene Hominin occupation at Elandsfontein, Western Cape,

South Africa. Quaternary Science Reviews 82, 145-166.

Bunn, H.T., 1981. Archaeological evidence for meat-eating by Plio-Pleistocene hominids from

Koobi Fora and Olduvai Gorge. Nature 291, 574-577.

Bunn H.T., 1982. Meat-eating and human evolution: studies on the diet and subsistence patterns
of Plio-Pleistocene hominids in East Africa. Ph.D. dissertation, University of California,

Berkeley.

Bunn, H.T., 1986. Patterns of skeletal representation and hominid subsistence activities at

Olduvai Gorge, Tanzania, and Koobi Fora, Kenya. Journal of Human Evolution 15, pp.673-690.

260



Bunn, H.T., 2001. Hunting, power scavenging, and butchering by Hadza foragers and by Plio-
Pleistocene Homo (pp. 199-218). Meat-Eating and Human Evolution. Oxford University Press,

Oxford.

Bunn, H.T. and Ezzo, J.A., 1993. Hunting and scavenging by Plio-Pleistocene hominids:
nutritional constraints, archaeological patterns, and behavioral implications. Journal of

Archaeological Science 20, 365-398.

Bunn, H.T., Kroll, E.M., 1986. Systematic butchery by Plio-Pleistocene hominids at Olduvai

Gorge, Tanzania. Current Anthropology 27, 431-452.

Bunn, H.T. and Pickering, T.R. 2010a. Methodological recommendations for ungulate mortality

analyses in paleoanthropology. Quaternary Research 74:388-394.

Bunn, H.T. and Pickering, T.R. 2010b. Bovid mortality profiles in the paleoecological context

falsify hypotheses of endurance-running hunting and passive scavenging by early Pleistocene

hominins. Quaternary Research 74:395-404

Bunn, H., Harris, J.W., Isaac, G., Kaufulu, Z., Kroll, E., Schick, K., Toth, N. and Behrensmeyer,

A.K., 1980. FxJj50: an early Pleistocene site in northern Kenya. World archaeology 12, 109-136.

261



Butzer, K.W., 1973. Re-evaluation of the geology of the Elandsfontein (Hopefield) site, south-

western Cape, South Africa. South African Journal of Science, 69, 8.

Capaldo, S.D., 1997. Experimental determinations of carcass processing by Plio-Pleistocene
hominids and carnivores at FLK 22 (Zinjanthropus), Olduvai Gorge, Tanzania. Journal of

Human Evolution 33, 555-597.

Capaldo, S.D., 1998. Simulating the Formation of Dual-Patterned Archaeofaunal Assemblages

with Experimental Control Samples. Journal of Archaeological Science 25, 311-330.

Carbonell, E., Bermudez de Castro, J.M., Arsuaga, J.L. and Diez, J.C., 1995. Lower Pleistocene

hominids and artifacts from Atapuerca-TD6 (Spain). Science 269, 826-829.

Carbonell, E., Garci, M., Mallol, C., Mosquera, M., Oll¢, A., Sahnouni, M., Sala, R. and Vergs,
J. M., 1999. The TD6 level lithic industry from Gran Dolina, Atapuerca (Burgos, Spain):

production and use. Journal of Human Evolution 37, 653-693.

Carlos Diez, J., Fernandez-Jalvo, Y., Rosell, J., Caceres, 1., 1999. Zooarchaeology and
taphonomy of Aurora Stratum (Gran Dolina, Sierra de Atapuerca, Spain. Journal of Human

Evolution 37, 623-652.

Cerling, T.E. and Hay, R.L., 1986. An isotopic study of paleosol carbonates from Olduvai

Gorge. Quaternary Research 25, 63-78.

262



Cruz-Uribe, K., Klein, R.G., Avery, G., Avery, M., Halkett, D., Hart, T., Milo, R.G., Sampson,
C.G. and Volman, T.P., 2003. Excavation of buried late Acheulean (mid-quaternary) land
surfaces at Duinefontein 2, Western Cape Province, South Africa. Journal of Archaeological

Science 30, 559-575.

Curtis, G.H. and Hay, R.L., 1972. Further geological studies and potassium-argon dating at
Olduvai Gorge and Ngorongoro Crater. In Calibration of hominoid evolution, pp. 289-302.

Scottish Academic Press Edinburgh.

de Heinzelin, J., Clark, J.D., White, T., Hart, W., Renne, P., WoldeGabriel, G., Beyene, Y.,

and Vrba, E., 1999. Environment and behavior of 2.5-million-year-old Bouri hominids. Science

284, 625-629.

deMenocal, P.B., 2004. African climate change and faunal evolution during the Pliocene—

Pleistocene. Earth and Planetary Science Letters, 220, 3-24.

Dominguez-Rodrigo M., 1994. El origen del comportamiento humano. Madrid: Tipo.

Dominguez-Rodrigo, M., 1997. Meat-eating by early hominids at the FLK 22Zinjanthropussite,

Olduvai Gorge (Tanzania): an experimental approach using cut-mark data. Journal of human

Evolution 33, 669-690.

263



Dominguez-Rodrigo, M., 1999. Flesh availability and bone modifications in carcasses consumed
by lions: palacoecological relevance in hominid foraging patterns. Palacogeography,

Palaeoclimatology, Palaeoecology 149, 373-388.

Dominguez-Rodrigo, M., 2001. A study of carnivore competition in riparian and open habitats of
modern savannas and its implications for hominid behavioral modelling. Journal of Human

Evolution 40, 77-98.

Dominguez-Rodrigo, M., 2002. Hunting and scavenging by early humans: the state of the debate.

Journal of World Prehistory, 16, 1-54.

Dominguez-Rodrigo, M. and Barba, R., 2006. New estimates of tooth marks and percussion

marks from FLK Zinj, Olduvai Gorge (Tanzania): the carnivore-hominid-carnivore hypothesis

falsified. Journal of Human Evolution 50, 170-194.

Dominguez-Rodrigo, M. and Pickering, T.R., 2003. Early hominid hunting and scavenging: a

zooarchaeological review. Evolutionary Anthropology 12, 275-282.

Dominguez-Rodrigo, M., Barba, M., Egeland, C.P., 2007. Deconstructing Olduvai: A

Taphonomic Study of the Bed I Sites. Springer, Dordrecht, Netherlands.

264



Dominguez-Rodrigo, M., Serrallonga, J., Juan-Tresserras, J., Alcala, L., & Luque, L., 2001.
Woodworking activities by early humans: a plant residue analysis on Acheulian stone tools from

Peninj (Tanzania). Journal of Human Evolution, 40, 289-299.

Dominguez-Rodrigo, M., de La Torre, 1., De Luque, L., Alcala, L., Mora, R., Serrallonga, J. and
Medina, V., 2002. The ST site complex at Peninj, West Lake Natron, Tanzania: implications for

early hominid behavioural models. Journal of Archaeological Science 29, 639-665.

Dominguez-Rodrigo, M., Pickering, T.R., Semaw, S. and Rogers, M.J., 2005. Cutmarked bones
from Pliocene archaeological sites at Gona, Afar, Ethiopia: implications for the function of the

world's oldest stone tools. Journal of Human Evolution 48, 109-121.

Dominguez-Rodrigo, M., Barba, R., Egeland, C.P., eds., 2007. Deconstructing Olduvai: A

taphonomic study of the Bed I sites. Springer, Dordrecht (Netherlands).

Dominguez-Rodrigo, M., Mabulla, A., Bunn, H.T., Barba, R., Diez-Martin, F., Egeland, C.P.,

Espilez, E., Egeland, A., Yravedra, J., Sanchez, P. 2009. Unravelling hominin behavior at

another anthropogenic site from Olduvai Gorge (Tanzania): new archaeological and taphonomic

research at BK, Upper Bed II. Journal of Human Evolution 57, 260-283.

Drennan, M.R., 1953. The Saldanha skull and its associations. Nature 172, 791-793.

265



Dupont, L. M., Rommerskirchen, F., Mollenhauer, G., & Schefu}, E., 2013. Miocene to Pliocene
changes in South African hydrology and vegetation in relation to the expansion of C 4 plants.

Earth and Planetary Science Letters 375, 408-417.

Egeland, C.P. and Dominguez-Rodrigo, M., 2008. Taphonomic perspectives on hominid site use
and foraging strategies during Bed II times at Olduvai Gorge, Tanzania. Journal of human

evolution 55, 1031-1052.

Faith, T.J. and Gordon, A.D., 2007. Skeletal element abundances in archaecofaunal assemblages:
economic utility, sample size, and assessment of carcass transport strategies. Journal of

Archaeological Science 34, 872-882.

Faith, T.J., Dominguez-Rodrigo, M., and Gordon, A.D., 2009. Long-distance carcass transport at
Olduvai Gorge? A quantitative examination of Bed I skeletal element abundances. Journal of

Human Evolution 56, 247-256.

Falgueres, C., Bahain, J.J., Yokoyama, Y., Arsuaga, J.L., de Castro, J.M.B., Carbonell, E.,
Bischoff, J.L. and Dolo, J.M., 1999. Earliest humans in Europe: the age of TD6 gran dolina,

atapuerca, Spain. Journal of Human Evolution 37, 343-352.

Falgueres, C., Bahain, J.J., Pérez-Gonzélez, A., Mercier, N., Santonja, M. and Dolo, J.M., 2006.
The Lower Acheulian site of Ambrona, Soria (Spain): ages derived from a combined ESR/U-

series model. Journal of Archaeological Science 33, 149-157.

266



Feathers, J.K., 2002. Luminescence dating in less than ideal conditions: case studies from
Klasies River main site and Duinefontein, South Africa. Journal of Archaeological Science 29,

177-194.

Fernandez-Jalvo, Y., Diez, J.C., Caceres, L., Rosell, J., 1999. Human cannibalism in the Early
Pleistocene of Europe (Gran Dolina, Sierra de Atapuerca, Spain). Journal of Human Evolution

37, 591-622.

Ferraro, J., 2007. The Late Pliocene Zooarchaeology of Kanjera South, Kenya [PhD
dissertation]. UCLA, Los Angeles.

Ferraro, J.V., Plummer, T.W., Pobiner, B.L., Oliver, J.S., Bishop, L.C., Braun, D.R., Ditchfield,
P.W., Seaman III, J.W., Binetti, K.M., Seaman Jr, J.W. and Hertel, F., 2013. Earliest

archaeological evidence of persistent hominin carnivory. PloS one, 8, €62174.

Foster, J. B., & Kearney, D., 1967. Nairobi National Park game census, 1966. African Journal of

Ecology 5, 112-120.

Freeman, L. G., 1975. Acheulean sites and stratigraphy in Iberia and the Maghreb. In Butzer, K.

W. and Isaac, G.L. (Eds.), After the Australopithecines. Mouton, Paris. pp. 661-743.

267



Gentry, A.W. and Gentry, A., 1978. Fossil Bovidae (Mammalia) of Olduvai Gorge, Tanzania.

British Museum (Natural History).

Goren-Inbar, N., Belitzky, S., Verosub, K., Werker, E., Kislev, M., Heimann, A., Carmi, I. and
Rosenfield, A., 1992. New discoveries at the middle Pleistocene Acheulian site of Gesher Benot

Ya'aqov, Israel. Quaternary Research 38, 117-128.

Goren-Inbar, N., Lister, A., Werker, E. and Chech, M., 1994. A butchered elephant skull and

associated artifacts from the Acheulian site of Gesher Benot Ya'aqov, Israel. Paléorient, 99-112.

Goren-Inbar, N., Feibel, C.S., Verosub, K.L., Melamed, Y., Kislev, M.E., Tchernov, E. and
Saragusti, L., 2000. Pleistocene milestones on the out-of-Africa corridor at Gesher Benot

Ya'aqov, Israel. Science 289, 944-947.

Hay, R.L., 1976. Geology of the Olduvai Gorge: a study of sedimentation in a semiarid basin.

Univ of California Press.

Howell, F. C., Butzer, K. W., Freeman, L. G., Klein, R. G., 1991. Observations on the Acheulean
Occupation site of Ambrona (Soria Province, Spain) with particular reference to recent
investigations (1980-1983) and the lower occupation. Jahrbuch des Romisch Germanischen

Zentralmuseums Mainz 38:33-82.

268



Isaac, G. 1977. Olorgesailie: Archaeological Studies of a Middle Pleistocene Lake Basin in

Kenya. Chicago: University of Chicago Press.

Kaiser, T.M. and Franz-Odendaal, T.A., 2004. A mixed-feeding Equus species from the Middle

Pleistocene of South Africa. Quaternary Research 62, 316-323.

Klein, R.G., 1978. The fauna and overall interpretation of the “Cutting 10 Acheulean site at
Elandsfontein (Hopfield), Southwestern Cape Province, South Africa. Quaternary Research 10:

69-83.

Klein, R.G., 1982a. Age (mortality) profiles as a means of distinguishing hunted species from

scavenged ones in Stone Age archeological sites. Paleobiology 8, 151-158.

Klein, R.G., 1982b. Patterns of ungulate mortality and ungulate mortality profiles from

Langebaanweg (early Pliocene) and Elandsfontein (middle Pleistocene), South-Western Cape

Province, South Africa. Annals of the South African Museum 90, 49-94.

Klein, R.G., 1983. Palacoenvironmental Implications of Quaternary Large Mammals in the

Fynbos Biome, South African National Scientific Programmes Reports 75, 116-138.

Klein, R.G., 2009. The human career: human biological and cultural origins. University of

Chicago Press.

269



Klein, R. G., & Cruz-Uribe, K., 1991. The bovids from Elandsfontein, South Africa, and their
implications for the age, palacoenvironment, and origins of the site. African Archaeological

Review 9, 21-79.

Klein, R.G., Avery, G., Cruz-Uribe, K., Halkett, D., Hart, T., Milo, R.G. and Volman, T.P.,
1999. Duinefontein 2: an Acheulean site in the Western Cape province of South Africa. Journal

of Human Evolution 37, 153-190.

Klein, R. G., Avery, G., Cruz-Uribe, K., & Steele, T.E., 2007. The mammalian fauna associated
with an archaic hominin skullcap and later Acheulean artifacts at Elandsfontein, Western Cape

Province, South Africa. Journal of Human Evolution 52, 164-186.

Kruuk, H., 1972. Surplus killing by carnivores. Journal of Zoology 166, 233-244.

Leakey, M.D., 1971. Olduvai Gorge. Vol. 3, Excavations in Beds I and II, 1960-63. Cambridge

University Press.

Lehmann, S.B., Braun, D.R., Dennis, K.J., Patterson, D.B., Stynder, D.D., Bishop, L.C., Forrest,
F. and Levin, N.E., 2016. Stable isotopic composition of fossil mammal teeth and environmental
change in southwestern South Africa during the Pliocene and Pleistocene. Palacogeography,

Palaeoclimatology, Palaeoecology 457, 396-408.

270



Lieberman, D.E., 1994. The biological basis for seasonal increments in dental cementum and

their application to archaeological research. Journal of Archaeological Science 21, 525-539.

Louys, J., Montanari, S., Plummer, T., Hertel, F. and Bishop, L.C., 2013. Evolutionary
divergence and convergence in shape and size within African antelope proximal phalanges.

Journal of Mammalian Evolution, 20, 239-248.

Lupo, K.D., 1994. Butchering marks and carcass acquisition strategies: distinguishing hunting

from scavenging in archaeological contexts. Journal of archaeological science 21, 827-837.

Lupo, K.D. and O'Connell, J.F., 2002. Cut and tooth mark distributions on large animal bones:
ethnoarchaeological data from the Hadza and their implications for current ideas about early

human carnivory. Journal of Archaeological Science 29, 85-109.

Luyt, J., Lee-Thorp, J.A. and Avery, G., 2000. New light on Middle Pleistocene west coast

environments from Elandsfontein, Western Cape Province, South Africa. South African Journal

of Science 96, 399-403.

Marean, C.W. and Spencer, L.M., 1991. Impact of carnivore ravaging on zooarchaeological

measures of element abundance. American Antiquity, 645-658.

271



Marean, C.W., Spencer, L.M., Blumenschine, R.J. and Capaldo, S.D., 1992. Captive hyaena
bone choice and destruction, the schlepp effect and Olduvai archaeofaunas. Journal of

Archaeological Science 19, 101-121.

Marean, C.W., Abe, Y., Frey, C.J. & Randall, R.J., 2000. Zooarchaeological and taphonomic
analysis of the Die Kelders Cave 1 Layers 10 and 11 Middle Stone Age large mammal fauna.

Journal of Human Evolution 38, 197-233.

Menéndez, L., 2009. La Transicién del Modo 2 al Modo 3 vista a través de la Industria Litica de
Gran Dolina TD10 (Atapuerca, Burgos) y Orgnac 3 (Ardeche, Francia). Desarrollo técnoldgico y
posibles implicaciones ocupacioneales de los conjuntos. PhD Disertation. Rovira i Virgili

University, Tarragona.

Milo, R.G., 1994. Human-animal interactions in southern African prehistory: a microscopic

study of bone damage signatures. Ph.D. Dissertation, University of Chicago, Chicago.

Milton K. 1987. Primate diets and gut morphology: implications for hominid evolution. In:
Harris M, Ross EB, editors. Food and evolution: Toward a theory of human food habits.

Philadelphia: Temple University Press. p 93—116.

Monahan, C.M., 1996. New zooarchaeological data from Bed II, Olduvai Gorge, Tanzania:
implications for hominid behavior in the Early Pleistocene. Journal of Human Evolution, 31, 93-

128.

272



O’Brien, C.J., 1994. Determining Seasonality and Age in East African Archaeological Faunas:
An Ethnoarchaeological Application of Cementum Increment Analysis. Ph.D. dissertation,

University of Wisconsin at Madison.

O’Connell, J.F., Hawkes, K., & Jones, N.B., 1999. Grandmothering and the evolution of Homo

erectus. Journal of Human Evolution, 36, 461-485.

Oliver, J.S., 1994. Estimates of hominid and carnivore involvement in the FLK Zinjanthropus

fossil assemblage: some socioeconomic implications. Journal of Human Evolution 27, 267-294.

Organista, E., Pernas-Herndndez, M., Gidna, A., Yravedra, J. and Dominguez-Rodrigo, M.,
2016. An experimental lion-to-hammerstone model and its relevance to understand hominin-

carnivore interactions in the archeological record. Journal of Archaeological Science 66, 69-77.

Pante, M.C., 2010. The larger mammal fossil assemblages from Beds III and IV, Olduvai Gorge,

Tanzania: Implications for the feeding behavior of Homo erectus. Rutgers -New Brunswick.

Pante, M.C., 2013. The larger mammal fossil assemblage from JK2, Bed III, Olduvai Gorge,

Tanzania: implications for the feeding behavior of Homo erectus. Journal of human evolution,

64, 68-82.

273



Parkinson, J.A., 2013. A GIS image analysis approach to documenting Oldowan hominin carcass
acquisition: Evidence from Kanjera South, FLK Zinj, and neotaphonomic models of carnivore

bone destruction (Doctoral dissertation, City University of New York).

Parkinson, J.A., Plummer, T.W. and Bose, R., 2014. A GIS-based approach to documenting

large canid damage to bones. Palaeogeography, Palacoclimatology, Palacoecology 409, 57-71.

Parkinson, J.A., Plummer, T. and Hartstone-Rose, A., 2015. Characterizing felid tooth marking
and gross bone damage patterns using GIS image analysis: An experimental feeding study with

large felids. Journal of human evolution 80, 114-134.

Parfitt, S. A., Robert, M. B., 1999. Human modification of faunal remains. In Boxgrove: A
Middle Pleistocene Hominid site at Eartham Quarry, Boxgrove, West Sussex. In M. B. Roberts

and S. A. Parfitt (Eds.), English Heritage, London, pp. 395-415.

Patterson, D. B., Lehmann, S. B., Matthews, T., Levin, N. E., Stynder, D., Bishop, L. C., &
Braun, D. R. 2016. Stable isotope ecology of Cape dune mole-rats (Bathyergus suillus) from
Elandsfontein, South Africa: Implications for C 4 vegetation and hominin paleobiology in the

Cape Floral Region. Palacogeography, Palaeoclimatology, Palaeoecology 457, 409-421.

Pérez-Gonzdlez, A., Santonja, M., Mora, R., Soto, E., Sesé C., Ruiz Zapata, M.B., Aleixandre,

T., Villa P., Gallardo, J. 1999. Investigaciones recientes (1990-1997) en los yacimientos

274



achelenses de Ambrona y Torralba (Soria, Espafia). Aproximacién al Complejo Estratigrafico

Inferior de Ambrona. O Arquedlogo Portugués, 13/15 (1995-1997): 11-34.

Pickering, T.R. and Egeland, C.P., 2006. Experimental patterns of hammerstone percussion
damage on bones: implications for inferences of carcass processing by humans. Journal of

Archaeological Science 33, 459-469.

Pickering, T.R., Dominguez-Rodrigo, M., Egeland, C.P. and Brain, C.K., 2004a. New data and
ideas on the foraging behaviour of Early Stone Age hominids at Swartkrans Cave, South Africa.

South African Journal of Science 100, 215-219

Pickering, T.R., Dominguez-Rodrigo, M., Egeland, C.P. and Brain, C.K., 2004b. Beyond
leopards: tooth marks and the contribution of multiple carnivore taxa to the accumulation of the

Swartkrans Member 3 fossil assemblage. Journal of Human Evolution 46, 595-604.

Pike-Tay, A., Cosgrove, R. and Garvey, J., 2008. Systematic seasonal land use by late

Pleistocene Tasmanian Aborigines. Journal of Archaeological Science 35, 2532-2544.

Pike-Tay, A. and Cosgrove, R., 2002. From reindeer to wallaby: recovering patterns of

seasonality, mobility, and prey selection in the Palaeolithic Old World. Journal of

Archaeological Method and Theory 9, pp.101-146.

275



Plummer, T., Bishop, L.C., Ditchfield, and P., Hicks, J., 1999. Research on Late Pliocene

Oldowan sites at Kanjera South, Kenya. Journal of Human Evolution 36, 151-170.

Plummer, T., 2004. Flaked stones and old bones: biological and cultural evolution at the dawn of

technology. Yearbook of Physical Anthropology 47, 118-164.

Plummer TW, Bishop L.C., Ditchfield P.W., Ferraro J.V., Kingston J.D., et al., 2009a. The
environmental context of Oldowan hominin activities at Kanjera South, Kenya. In Hovers, E.,
Braun, D.R. (eds). Interdisciplinary Approaches to the Oldowan. Springer, Dordrecht

(Netherlands), pp. 149-160.

Plummer, T.W., Ditchfield, P.W., Bishop, L.C., Kingston, J.D., Ferraro, J.V., Braun, D.R.,
Hertel, F., and Potts, R., 2009b. Oldest evidence of toolmaking hominins in a grassland

dominated ecosystem. PLoS One, 4, €7199.

Pobiner, B.L., Rogers, M.J., Monahan, C.M. and Harris, J.W., 2008. New evidence for hominin
carcass processing strategies at 1.5 Ma, Koobi Fora, Kenya. Journal of Human Evolution 55,

103-130.

Potts, R., 1988. Early Hominid Activities at Olduvai. Aldine, New York.

Potts, R., 1989. Olorgesailie: new excavations and findings in Early and Middle Pleistocene

contexts, southern Kenya rift valley. Journal of Human Evolution 18, 477-484.

276



Potts, R., 1994. Variables versus models of early Pleistocene hominid land use. Journal of

Human Evolution 27, 7-24.

Potts, R., Behrensmeyer, A.K. and Ditchfield, P., 1999. Paleolandscape variation and Early
Pleistocene hominid activities: members 1 and 7, Olorgesailie Formation, Kenya. Journal of

Human Evolution 37, 747-788.

Rabinovich, R. and Biton, R., 2011. The Early—Middle Pleistocene faunal assemblages of Gesher

Benot Ya ‘aqov: Inter-site variability. Journal of human evolution 60, 357-374.

Rabinovich, R., Gaudzinski-Windheuser, S. and Goren-Inbar, N., 2008. Systematic butchering of
fallow deer (Dama) at the early middle Pleistocene Acheulian site of Gesher Benot Ya ‘aqov

(Israel). Journal of Human Evolution 54, 134-149.

Rabinovich, R., Gaudzinski-Windheuser, S., Kindler, L., and Goren-Inbar, N., 2012. The

Acheulian Site of Gesher Benot Ya ‘aqov, volume III. Springer, Netherlands.

Rodriguez, J., 1997. Andlisis de la estructura de las comunidades de mamiferos del Pleistoceno

de la sierra de Atapuerca. Revision de metodologias. Ph.D. Dissertation, Universidad Auténoma

de Madrid, Madrid.

277



Rodriguez, J., 2004. Stability in Pleistocene Mediterranean mammalian communities.

Palaeogeography, Palaecoclimatology, Palacoecology 207, 1-22.

Rodriguez, J., Burjachs, F., Cuenca-Bescés, G., Garcia, N., Van der Made, J., Gonzélez, A.P.,
Blain, H.A., Expésito, L., Lopez-Garcia, J.M., Antén, M.G. and Allué, E., 2011. One million
years of cultural evolution in a stable environment at Atapuerca (Burgos, Spain). Quaternary

Science Reviews 30, 1396-1412.

Rudnai, J., 1973. Reproductive biology of lions (Panthera leo massaica Neumann) in Nairobi

National Park. African Journal of Ecology 11, 241-253.

Ruff, C. B. & Walker, A., 1993. Body size and body shape. The Nariokotome Homo erectus

skeleton, 234-265.

Saladié, P., Rodriguez-Hidalgo, A., Huguet, R., Céceres, 1., Diez, C., Vallverdd, J., Canals, A.,
Soto, M., Santander, B., de Castro, J.M.B. and Arsuaga, J.L., 2014. The role of carnivores and
their relationship to hominin settlements in the TD6-2 level from Gran Dolina (Sierra de

Atapuerca, Spain). Quaternary Science Reviews 93, 47-66.

Sahnouni, M., Rosell, J., van der Made, J., Verges, J.M., Ollé, A., Kandi, N., Harichane, Z.,
Derradji, A. and Medig, M., 2013. The first evidence of cut marks and usewear traces from the
Plio-Pleistocene locality of El-Kherba (Ain Hanech), Algeria: implications for early hominin

subsistence activities circa 1.8 Ma. Journal of human evolution 64, 137-150.

278



Schaller, G.B., 1972, The Serengeti lion. University of Chicago Press, Chicago.

Selvaggio, M.M., 1994. Carnivore tooth marks and stone tool butchery marks on scavenged

bones: archaeological implications. Journal of Human Evolution, 27(1), pp.215-228.

Selvaggio, M.M., 1998. Evidence for a Three-Stage Sequence of Hominid and Carnivore
Involvement with Long Bones at FLK Zinjanthropus, Olduvai Gorge, Tanzania. Journal of

Archaeological Science 25, 191-202.

Semaw, S., 2006. The oldest stone artifacts from Gona (2.6-2.5 Ma), Afar, Ethiopia:
Implications for understanding the earliest stages of stone knapping. The Oldowan: Case studies

into the earliest stone age, pp.43-75.

Semaw, S., Renne, P., Harris, J.W., Feibel, C.S., Bernor, R.L., Fesseha, N. and Mowbray, K.,

1997. 2.5-million-year-old stone tools from Gona, Ethiopia. Nature 385, 333 — 336.

Shipman, P., 1986. Studies of hominid-faunal interactions at Olduvai Gorge. Journal of Human

Evolution 15, 691-706.

Shipman, P. and Rose, J., 1983. Evidence of butchery and hominid activities at Torralba and
Ambrona; an evaluation using microscopic techniques. Journal of Archaeological Science 10,

465-474.

279



Shipman, P., & Walker, A., 1989. The costs of becoming a predator. Journal of Human

Evolution 18, 373-392.

Shipman, P., Bosler, W., Davis, K.L., Behrensmeyer, A.K., Dunbar, R.ILM., Groves, C.P.,
Thackeray, F., Van Couvering, J.A.H. and Stucky, R.K., 1981. Butchering of giant geladas at an

Acheulian site [and Comments and Reply]. Current Anthropology 22, 257-268.

Sikes, N., 1994. Early hominid habitat preferences in East Africa: paleosol carbon isotopic

evidence. Journal of Human Evolution 27, 25-45.

Sikes, N. E., Potts, R., & Behrensmeyer, A. K., 1999. Early Pleistocene habitat in Member 1

Olorgesailie based on paleosol stable isotopes. Journal of Human Evolution, 37, 721-746.

Sinclair, A.R.E., 1979. The eruption of the ruminants. /n: Serengeti: Dynamics of an Ecosystem
(eds Sinclair, A.R.E. & Norton-Griffiths, M.). University of Chicago Press, Chicago, pp. 82—

103.

Singer, R., & Wymer, J., 1968. Archaeological investigations at the Saldanha skull site in South

Africa. The South African Archaeological Bulletin 23, 63-74.

Steele, T.E., 2003. Using mortality profiles to infer behavior in the fossil record. Journal of

Mammology 84, 418-430.

280



Steele, T.E., 2004. Variation in Mortality Profiles of Red Deer (Cervus elaphus) in Middle

Palaeolithic Assemblages from Western Europe. International Journal of Osteoarchaeology 14,

307-320.

Steele, T.E., 2005. Comparing methods for analyzing mortality profiles in zooarchaeological and

palaeontological samples. International Journal of Osteoarchaeology 15: 404-420.

Stiner, M.C., 1990. The use of mortality patterns in archaeological studies of hominid predatory

adaptations. Journal of Anthropological Archaeology 9, 305-351.

Stynder, D. D. 2009. The diets of ungulates from the hominid fossil-bearing site of

Elandsfontein, Western Cape, South Africa. Quaternary Research, 71, 62-70.

van Zeist, W. and Bottema, S., 2009. A palynological study of the Acheulian site of Gesher

Benot Ya’aqov, Israel. Vegetation History and Archaeobotany 18, 105-121.

Villa, P., Soto, E., Santonja, M., Perez-Gonzalez, A., Mora, R., Parcerisas, J., Sese, C., 2005.

New Data from Ambrona: Closing the hunting versus scavenging debate. Quaternary

International 128, 223-250.

281



Wall-Scheffler, C.M. and Foley, R.A., 2008. Digital cementum luminance analysis (DCLA): a
tool for the analysis of climatic and seasonal signals in dental cementum. International Journal of

Osteoarchaeology 18, 11-27.

Walter, R.C., Manega, P.C., Hay, R.L., Drake, R.E. and Curtis, G.H., 1991. Laser-fusion

40Ar/39Ar dating of bed I, Olduvai Gorge, Tanzania.

Watson, V., 1993. Composition of the Swartkrans bone accumulations, in terms of skeletal parts

and animals represented. Swartkrans: A Cave’s Chronicle of Early Man. Transvaal Museum,

Pretoria, pp.35-73.

282



TL6T ‘AoeoT

9661 ‘UBYRUO

800¢ ‘03Lpoy
-zan3uruoq

29 pue[e3g
19661 ‘UeYRUOIN
‘1661 ‘OeseIN

29 auIyosuawn[g

‘1L61 ‘AeaT

800T ‘03LIPOY
-zan3uruoq

29 Pue[asy ‘9661
‘UBYBUOIN ‘G661
Y661 ‘SIS
‘1661 ‘OBSEIN

29 duIyosudwn[g
‘6861 ‘AeH
STL6T Aea]

€00T “Iv
12 9quIN-ZNI)

SIIUIIIJAI
Anejuasaadoy

Q10ATUIRD)

QI0ATUIRD)

QIOATUIR ) 4 4

UTUTWO

UTUTWOH

Q10ATUIRD)

$SJ0E
Arewrig

Sve

6°'1¢C

9°0Cx

L’ 8%

T 8

L L

Sy

(dSIN%)
dgdewep

JI0AIUIR))

[> s

L Cx

Y1 Taese

S

1>

(dSIN%)
syrew
uorssndaad
JUO)SIIUBH

60

[> s

€T«

0" Coexe

12

01

(dSIN%)
syreurynd
100} dU0IS

14!

U/N

91

Ly

09¢

(INIVD)
S[ISSoj
[ewrurew
ddae|

€LI'E

159

SIeS

0TT'L

61T

speIY

00T

14%4

6

148!

08¥

(zu) dz18
UoNBARIXY

091

LT<

or'1

0’1

a
-S0

G A)
gy

-Ised MIMH

-1 S[oAYT
-Ised MIMH

UTBIN-3INIA

4

7 UOZLIOH

UoneABIXH

(I1 o)
vIURZUR [,

‘a3100)
feAnp[Q

eIy

ynos ‘g
ureyuogeuIn(J

Anedory

“(TLOT “17 12 YIIAOUIQEY WO PIIBWNST s+ ‘8007 ‘0SLIPOY-Zon3urmoq

X PUBPSY 14 ‘9661 ‘UBYBUOA 5 {P3310dax Jou = JYN)) *1X3) Y} UI PIUOIIUIW SIFR[(UIISSE [EUNEBJOIRYDIE PIAIPNIS [[PAA T°S d[qeL

283



z10z v
12 yorAouIqey

T1oz v
12 Yo1AOUIqRY

600¢
“Ip 12 OILIPOY
-zan3uruog

010 “wued
661 ‘AesT

€10T “urd
‘010T “wued
Y661 ‘Anfea]

800¢ ‘031poy
-zan3uruoq
79 pue[asy
‘9661 ‘UBYRUO
‘1661 ‘oese]N

29 Quyosuawn[g

UIUIWOH

UTUTWOH

UTUTWOH

UIUIWOH

PXIN

Iv'c

vl

¥'8

8°0¢C

8'1¢

0L

69°¢

¢'1e

el

01

L9y

YL'T

8°C1

9Y

L'y

8 s

€ Do

91

9¢

9

1769

8LI'LE

(414

AN

AN

Y0'L

69

ov

AN

AN

SLO

SL0

S'1

90
-8°0

80
SI'1

LS

M

(o1}

G-¢ S[oA9T]

[oRIST
‘aobe e x
jouaq I9Yson)

vruezZUR ],
“luruag

(A1 Pod)
BIURZUR],

23100
TeAnp[O

(1 pod)
vIURZUR [,

‘93100
feAnp[Q

284



