
fevo-10-895305 May 23, 2022 Time: 16:19 # 1

ORIGINAL RESEARCH
published: 27 May 2022

doi: 10.3389/fevo.2022.895305

Edited by:
Pasquale Raia,

University of Naples Federico II, Italy

Reviewed by:
Carlo Meloro,

Liverpool John Moores University,
United Kingdom

Julien Louys,
Griffith University, Australia

*Correspondence:
Pamela Akuku

pakuku@iphes.cat

Specialty section:
This article was submitted to

Paleoecology,
a section of the journal

Frontiers in Ecology and Evolution

Received: 13 March 2022
Accepted: 26 April 2022
Published: 27 May 2022

Citation:
Akuku P, Saladié P, Mohamed A,

Mwambwiga A, Bushozi P and
Mercader J (2022) Faunal

Assemblages From Lower Bed I
(Oldupai Gorge, Tanzania).

Front. Ecol. Evol. 10:895305.
doi: 10.3389/fevo.2022.895305

Faunal Assemblages From Lower
Bed I (Oldupai Gorge, Tanzania)
Pamela Akuku1,2* , Palmira Saladié1,2,3, Abdallah Mohamed4, Aloyce Mwambwiga5,6,
Pastory Bushozi4 and Julio Mercader1,5,7,8

1 Institut Catalá de Paleoecología Humana i Evolució Social (IPHES-CERCA), Tarragona, Spain, 2 Área de Prehistòria,
Universitat Rovira i Virgili (URV), Tarragona, Spain, 3 Departamento de Paleobiologia, Museo Nacional de Ciencias Naturales,
Madrid, Spain, 4 Department of Archaeology and Heritage Studies, University of Dar es Salaam, Dar es Salaam, Tanzania,
5 Department of Anthropology and Archaeology, University of Calgary, Calgary, AB, Canada, 6 National Natural History
Museum, Arusha, Tanzania, 7 Max Planck Institute for the Science of Human History, Jena, Germany, 8 Department
of Geoscience, University of Calgary, Calgary, AB, Canada

Palaeobiological and archeological excavations at the site of Ewass Oldupa, found in
the western Plio-Pleistocene rift basin of Oldupai Gorge (also Olduvai Gorge), Tanzania,
revealed rich fossiliferous levels and the earliest remains of human activity at Oldupai
Gorge, dated to 2 million years ago. This paper provides zooarchaeological taxonomic,
taphonomic, and behavioral analyses, applying several methods to explore the setting
in which the assemblage was formed. We identified agency behind bone surface
modifications, such as cut, tooth and percussion marks, and determined the frequency
of carnivore tooth marks as well as their distribution on both discrete specimens
and across species. In addition, our work revealed co-occurrence of modifications to
include butchering marks and carnivore tooth marks. Ravaging levels were estimated
as percentage. The faunal accumulation from Ewass Oldupa contains two cut marked
specimens, together with low degrees of percussion and carnivore tooth marks,
moderate ravaging, and diagenetic changes suggestive of water flow. Thus, multiple
lines of evidence indicate a palimpsest accumulation. Taxonomic diversity is high,
with up to 22 taxa representing diverse habitats, ranging from open grassland to
wooded bushlands, as well as moist mosaics during Bed I. Overall, this archaeo-faunal
assemblage speaks to increased behavioral versatility among Oldowan hominins and
interactions with the carnivore guild.

Keywords: faunal taphonomy, paleoanthropology, paleobiology, Oldowan, Oldupai Gorge, Tanzania

INTRODUCTION

Oldowan archeological sites record hominin adaptive behavior through faunal and cultural
remains, such as stone tools. The relationship between technological and feeding behavior is at
the center of subsistence strategies perceived to be uniquely human, especially meat consumption
during the early Pleistocene, more than 2.5 million years ago. However, establishing a solid
link between hominin processing of animal tissue and technological manipulation for dietary
purposes requires heavy proof to overcome the equifinality and ambiguity that have protracted
the debate surrounding habitual meat-eating among early Homo species for decades (Bunn, 1986a;
Blumenschine and Cavallo, 1992; Domínguez-Rodrigo, 2002; Pante, 2010, 2013; Pobiner, 2015;
Organista et al., 2016; Domínguez-Rodrigo and Cobo-Sánchez, 2017; Dominguez-Rodrigo and
Pickering, 2017; Pante et al., 2018).
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The importance of this debate goes beyond dietary preference
alone to include the emergence of novel landscape adaptations
like long distance provisioning, new ways of structuring
habitation sites around focal spots, archeological site formation,
and avoidance strategies in the carnivore guild (Egeland, 2012;
Pickering et al., 2013; Aramendi et al., 2017). Taphonomic
studies carried out in Oldupai Gorge indicate that only a
small number of anthropogenic sites dated to the Pleistocene
exhibit a functional association between stone tools and faunal
remains (Bunn, 1986a,b; Pickering et al., 2004; Pobiner et al.,
2008; Yravedra and Domínguez-Rodrigo, 2009). There is a
consensus of an existing disparity in the Pleistocene sites at
Oldupai concerning hominin-faunal association despite the Bed I
Oldowan material (Leakey et al., 1951; Toth, 1993; Kimura, 2002;
Proffitt, 2018) and Bed II Acheulean (Leakey, 1971; McHenry
et al., 2016). Taphonomy based studies record anthropogenic
signals such as cut marks and percussion marks as well as
zoogenic marks in the form of carnivore tooth marks from Bed
I, e.g., FLK (Bunn et al., 1986; Blumenschine, 1995; Domínguez-
Rodrigo and Barba, 2006) and II sites, e.g., Bells Korongo
(Egeland and Domínguez-Rodrigo, 2008; Yravedra et al., 2017b).
Studies conducted to understand the formation (accumulation
and modification of bones) processes and relationship between
hominins and carnivores in Pleistocene contexts indicate mixed
resource access scenarios involving hominins and other large
predators (Capaldo, 1997, 1998; Selvaggio, 1998; Domínguez-
Rodrigo, 1999; Egeland et al., 2004; Baquedano et al., 2012;
Arriaza and Dominguez-Rodrigo, 2016).

The abundant fauna from Bed I (Faith et al., 2009) supports
taphonomic and palaeoecological studies used in reconstruction
of the sites, e.g., FLK-NN and ‘Amin Mturi Korongo’ AMK
(Domínguez-Rodrigo et al., 2014; Aramendi et al., 2017) and
inferences of hominin habitat use (Plummer and Bishop,
1994; Domínguez-Rodrigo et al., 2007, 2019). Taxon-based
reconstructions indicate the presence of mixed environments;
open grasslands, wetlands, and wooded closed habitats in
Bed I (Ashley et al., 2010; Aramendi et al., 2017) with
hominins preferring riparian woodlands as residential camps
(Domínguez-Rodrigo et al., 2007).

Our goal is to present the results of the taphonomic studies
carried out on the recently excavated site of Ewass Oldupa; which
currently preserves the earliest evidence of human occupation in
the basin, boasting Oldupai’s oldest lithic remains in the Western
Gorge, within the Ngorongoro Formation and Lower Bed I
(Mercader et al., 2021). The lithics, which are mostly quartzite,
predate the tool bearing deposits from ‘Douglas Korongo’ (DK)
located in the Eastern basin, which represented the earliest
Oldowan in the region at ∼1.848 ± 0.003 ma. Ewass Oldupa is
located 350 m northeast of Geolocality 64 bracketed between the
Naabi ignimbrite 2.0 ma and the Ng’eju tuff 1.818 ± 0.006 ma
(Hay, 1963). It was primarily excavated in 2018 by the OGSDS
(Olduvai Gorge Stone Tools, Diet and Sociality) project with
a follow up season in 2019 leading to the excavation of 5
trenches: 2, 3, 5, 6, and 7 (Figure 1). Our initial studies
(Mercader et al., 2021) implied Ewass Oldupa was characterized
by open habitats with mosaics of bushland/woodland based
on the presence of open and closed habitat species as well

water dependent individuals. The archaeological record of Ewass
Oldupa indicates the Oldowan hominins (2–1.9 ma) ability to
exploit mixed environments and diverse biomes. In this study,
we further examine hominin behavior in association with faunal
datasets with the aim of understanding hominin and fauna
relations, subsistence strategies, site formation processes, and
paleo environmental reconstruction.

MATERIALS AND METHODS

The materials for this study came from Ewass Oldupa which
occurs in the Oldupai group that has a thickness of 100 m and is
divided into seven units; Bed I–IV, Masek, Ndutu, and Naisiusiu
beds (Hay, 1976; Scoon, 2018). These units are recognized for
their preservation of remains and evidence of hominin activities
(Day and Molleson, 1976; Hay, 1976; Domínguez-Rodrigo, 1997;
Fernández-Jalvo et al., 1998; McHenry et al., 2007; Blumenschine
et al., 2012; de la Torre et al., 2012; Pante, 2013; Díez-Martín
et al., 2015; Hlusko et al., 2015; Organista et al., 2016; Yravedra
et al., 2017a). A densely deposited sequence with ages obtained
from existing 40Ar/39Ar dates of tuffs was exposed at six localities
Geolocalities 61, 62, 63, 64, 64-3, and 66 along a 2 km section
(McHenry, 2012; Habermann et al., 2016; Favreau et al., 2020). At
Ewass Oldupa it was established that the lowermost stratigraphic
unit is the Naabi ignimbrite of the Ngorongoro Formation above
this is the Coarse Feldspar Crystal Tuff (CFCT) dating to about
2.015 ± 0.006 ma (Favreau et al., 2020; Soto et al., 2020).
Lower Bed I which overlays the CFCT contains Tuff 1A dating
to 2.0 ma and is characterized by carbonate beds as well as
green waxy clays. Tuff IB (1.848 ± 0.003 ma) occurs in Upper
Bed I and is overlain directly by waxy claystones above these
clays, is a layered siltstone with the geochemical fingerprint of
Tuff IC (1.832 ± 0.003/1.848 ± 0.008 ma). On top of it, is a
layered sandstone congruent with Tuff ID, capped by a thin bed
with carbonate nodules identified as the Ng’eju Tuff dating to
1.818± 0.006 ma (Favreau et al., 2020; Soto et al., 2020; Mercader
et al., 2021). A total of five trenches were excavated; trench2
measuring 21 m2, trench3 31 m2, trench5 40 m2, trench6 42 m2,
and trench7 82 m2(Figure 1). The faunal assemblage studied
came from three trenches; 2, 3, and 5 as there was no fauna
recorded in trenches 6 and 7.

Excavations at Ewass Oldupa recovered 3,661 fossil specimens
and 565 stone artifacts of which flakes are the dominant product
(Mercader et al., 2021) with trench 2 recording the highest
density of faunal materials producing 2,065 specimens from a
2 m thick sequence. During excavation, the location of material
larger than 2 cm was recorded on a Leica Total Station 09, placed
within an X–Y Cartesian system, with Z-values also recorded and
sediments from each trench dry sieved using a 0.5 cm mesh.

Quantification and Analysis
All specimens of macro fauna [defined here as any specimen with
a live weight exceeding 4.5 kg in accordance with Brain’s (Brain,
1974) size classes] greater than 2 cm including both identifiable
and unidentifiable specimens were analyzed. Elements less
than 2 cm were weighed (500 g) and no further analyses
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FIGURE 1 | Tuff dates and locations, sampled stratigraphic sections and excavated trenches at Ewass Oldupa. Figure indicating the date and location of tuffs,
stratigraphic sections sampled and excavation trenches from Ewass Oldupa (modified from Mercader et al., 2021).

conducted on them. We recorded the element, taxon (when
possible), lateralization (left or right), portion, face, and age.
Identifiable and non-identifiable specimens were classified into
small, medium and large size classes according to the live weight
size classes proposed by Brain (1974), Klein (1976), and Milo
(1998) and described as long, flat, or irregular in relation to their
morphology. Relative frequencies such as Number of Identified
Specimens (NISP), Minimum Number of Elements (MNE) and
Minimum Number of Individuals (MNI) were used to determine
and compare relative abundance of skeletal elements and species
(Binford, 1984; Grayson, 1984).

We created skeletal profiles for Ewass Oldupa using the
normed NISP, MNE, and %MAU. Normed NISP (Nnisp) was

calculated using the NISP numbers from the specimens with all
elements included representing the skull, forelimbs, hindlimbs
and distal parts (Faith, 2007; Reynard et al., 2016b). The MAU
and %MAU was calculated using the MNE long bone portions
represented in the assemblage (Binford, 1984). Correlations were
used to establish the relationship between Minimal Animal Units
(%MAU) and bone mineral density in addition to their food
utility by comparing values to %MGUI (Binford, 1978) and
Lam’s (Lam et al., 1999) Rangifer tarandus values. %MAU profiles
were created for Ewass Oldupa using long bone portions for
the small and medium size classes. There was disparity in the
representation of long bone portions for the large size classes and
as such, they were not included in the profile.
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The age of the animals was described by the replacement and
wear pattern of teeth following Bunn and Pickering (2010) with
specimens classified as sub-adult juveniles (young and sub-adult
juveniles), adults (early and late prime adults), old adults and
unknown where age could not be determined. We grouped the
age classes into the three main classes to perform ternary plots
according to Steele and Weaver (2002) comparing them with
Olduvai datasets from Bunn and Pickering (2010).

The complete surface of all the bones and teeth were
inspected with a stereomicroscope (OPTHEC 120 Hz
model) with between 10 and 45× magnification. The Ewass
Oldupa assemblage recorded various anthropogenic, zoogenic
and diagenetic modifications. We assessed and categorized
them into nutritional, subaerial and post depositional phases
(Capaldo, 1998).

Cut marks (Potts and Shipman, 1981) in the assemblage are
scarce and in the form of slicing marks, which occur when the
tool is used to apply force parallel to the long axis at the edge
of the tool (Lyman, 2008). A hirox kh 7800 microscope was
used to assess the cut marked specimens, take the cut mark
measurements, and create the cut mark profiles. Their location
on different bones in the skeleton is important and can help in
the inference and understanding the mode of access and carcass
utility (Galán et al., 2009; Yravedra and Domínguez-Rodrigo,
2009; Reynard et al., 2016a).

Tooth marks identified were scores, punctures, pits and
furrowing on the cancellous tissue (Binford, 1981). Their location
on the bone was noted and their measurements taken using
digital calipers following the proposals of Andrés et al. (2012).
Tooth mark measurements: mean lengths and widths were
expressed in box plots with a 95% confidence interval and
compared with living and known carnivore measurements
(Selvaggio, 1994; Delaney-Rivera et al., 2009; Andrés et al., 2012).
To assess the possible role of carnivores and their ravaging
effect on assemblages for instance the removal of epiphyses
we calculated the percentage of change (Marean and Spencer,
1991; Blumenschine, 1993) using the formula: MNE before
ravaging-MNE after ravaging)/(MNE before ravaging) ∗100. The
percentage change indicates the change in MNE portions before
and after ravaging. High percentage change values suggest a
high degree of attrition with low accuracy in estimating the
original abundance of the elements (Marean and Spencer, 1991;
Blumenschine, 1993; Domínguez-Rodrigo et al., 2002). These
ratios are also useful to evaluate the integrity of the sample.
Taking into the account the scarce anthropic modifications, the
levels of ravaging present in the assemblage were assessed using
the rations proposed by Domínguez-Rodrigo and Organista
(2007). These ratios proposed were (ribs + vertebrae) to
(limb bones), (proximal humeri + distal radii) to (distal
humeri + proximal radii). Lower values obtained from these
ratios would indicate intensive ravaging whereas a ratio value of
one indicates lower levels or absence of ravaging.

We recorded the presence and incidence of post-depositional
modifications such as weathering (Behrensmeyer, 1978),
trampling (Fiorillo, 1988; Gaudzinski-Windheuser et al.,
2010; Reynard, 2014), abrasion (Brain, 1967; Shipman
and Rose, 1983; Olsen and Shipman, 1988) and rounding

(Fernandez-Jalvo and Andrews, 2016) as these modifications
allow us to assess the accumulation and modification processes of
the fauna sets. Statistical tests such as r Pearson correlation and
Simpson evenness tests were applied to determine relationships
between the different taphonomic and taxonomic aspects
analyzed. We used Spatstats package v. 3.2.3 (Renner et al.,
2015) in R for the statistical spatial analysis. A non-parametric
method of Kernel maps was also used to produce graphic
smoothing estimations of intensity. Density maps were made
by using bandwidths selected by sigma values, which control
the degree of smoothing. Corrections for window-edge effects
were considered. To select the optimal bandwidth, Diggle and
Berman’s mean square error cross-validation method and the
likelihood cross-validation method were used (Berman and
Diggle, 1989). A test to evaluate of point inter-dependence
between lithics and bones in the T2, T3, and T5 was a random
labeling test [using the Kij(r) function]. A test to evaluate of point
inter-dependence between lithics and bones in the T2, T3, and
T5 was a random labeling test [using the Kij(r) function]. We
used (α = 0.01) as the level of significance due to our relatively
small datasets through Mont Carlo sampling of (n = 199)
(Renner et al., 2015).

Breakage patterns were classified based on Villa and Mahieu
(1991) considering the delineation, angle and surface of the
fracture edges. We recorded fracture patterns for both ends of
any given long bone fragment in relation to delineations (curve/V
Shape, longitudinal, or transverse), angle (straight, oblique, or
mixed) and surface (smooth or irregular). The breakage patterns
provide information on the state of the bone (fresh vs. dry) at the
time of fragmentation. Fresh fractures aid in understanding either
hominin or carnivore access to carcasses in any given assemblage.

RESULTS

A total of 30.3% of the specimens were taxonomically identified
(NISP = 1,157) comprising 22 taxa with the most represented
taxonomic group being bovids of different weight sizes.
The presence of bovid tribes Tragelaphini, Hippotragini, and
Antilopini was observed (Table 1) as well as families such as
Equidae and Carnivora indicating the taxonomic diversity of
the assemblage. Fragmented pieces of plastron (n = 47) and
carapace (n = 41) belonging to Chelonia sp. as well as ostrich
eggshells (n = 27) were also abundant in the assemblage (Table 2).
Simpson diversity Index for trenches 2, 3, and 5 (0.7, 0.7, and
0.6, respectively) suggest high levels of taxonomic diversity across
all three trenches with evenness values of 0.3. According to
the bovid size classes, the more abundant identified specimens
belong to the medium size weight class (which corresponds
to Brain’s size classes 2 and 3) as well as most of the non-id
specimens (Figure 2).

The results of the MNI indicate a total of 291 individuals
are represented in our assemblage with Bovidae accounting for
(53.6%, n = 156), Suidae (3.4%, n = 10), Equidae (3%, n = 9),
Carnivora (2.7%, n = 8), Lagomorph (2.4%, n = 7), Primates
(2.4%, n = 7), Aves (2.1%, n = 6), Proboscidea (1%, n = 3) the
remaining 85 individuals represent crocodiles and indeterminate
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TABLE 1 | Represented taxa in the trenches 2, 3, and 5 at Ewass Oldupa.

Taxon T2
NISP

T2
MNE

T3
NISP

T3
MNE

T5
NISP

T5
MNE

Tragelaphus strepsiceros 1 1

Cf. Pelorovis oldowayensis 1 1 4 4 2 2

Antilopini size 2 17 12 3 3 4 1

Neotragini size 1 7 5 1 1

Reduncini size 3 1 1

Tragelaphini size 2 5 1

Tragelaphini size 3 3 1 1 1

Hippotragini size 4 1 1

Alcelaphini size 3 3 1 1 1 3 1

Bovidae size 1 22 11 9

Bovidae size 2 196 39 45

Bovidae size 3 40 22 12

Bovidae size 4 5 7 6

Suidae cf. Phacochoerus
africanus

6 1 1 2

Equus sp. 8 8 4 4 1 1

Hippopotamidae cf.
Hippopotamus gorgops

2 1 1 1

Rhinocerotidae 1 1

Crocuta sp. 1 1 1 1

Panthera sp. 2 2

Lepus sp. 6 6

Erinaceus broomi 1 1

Theropithecus oswaldi 5 4 2 2

Cercopithecus sp. 1 1

Chelonia sp. 69 16 23

Crocodylus sp. 26 1 1 4 1

Struthio sp. 14 4 9

Avis sp. 2

Rodentia sp. 8 21 2

Carnivora indet. (Hyena/Canis) 13 7 4 2 1

Artiodactylae indet. 2

Proboscidea indet. 10 7 1 1

Indeterminates 1601 642 661

Total 2065 804 792

The columns indicate the Number of Identified Specimens versus Minimum
Number of Elements of each taxa from trenches 2, 3, and 5 at Ewass Oldupa.

species. Age profiles from the bovid age of death indicate a
dominance of prime adult individuals in the assemblage resulting
from a catastrophic mortality (Figure 3).

The most dominant elements based on the MNE across the
trenches were metatarsals, phalanges and radii (Table 3).
The medium size class recorded high preservation of
radius and femur.

Normed NISP profiles for Ewass Oldupa indicate equitable
distribution of skeletal portions in the small and medium classes
whereas the large sizes show dominant preservation of skull
elements (Figures 3, 4). The results using the %MAU and Lam’s
values indicate no significant statistical correlation [rs = 0.13511,
p (2-tailed) = 0.64515]. Pearson correlation tests carried out
on the %MAU and %MGUI show no significant statistical
correlation (r = 0.4836, P-Value = 0.111189).

Smoothing Kernel density maps of fauna and lithic remains
show no overlapping in T2. However, the maps of T3 and T5

TABLE 2 | Representation of elements and quantification through NISP and MNE.

Element NISP T2 MNE NISP T3 MNE NISP T5 MNE

Horn core 4 4

Cranium 21 12 6 6 3 3

Mandible 13 12 10 9 7 6

Maxilla 5 3

Hyoid 2 2

Teeth 129 42 45

Scapula 12 11 10 10 10 5

Humerus 14 12 10 9 4 3

Radius 27 27 10 10 7 5

Ulna 9 9 8 8 3 2

Carpal 3 3 1 1

Vertebrae 53 16 13

Coracoid 2 2 1 1

Ribs 75 27 21

Coxa 20 18 5 5 8 6

Femur 26 23 17 17 1 1

Patella 1 1

Tibia 22 20 6 6 5 5

Tibio-tarsus 2 2

Fibula 3 3

Tarsal 2 2 1 1 1 1

Metacarpal 2 2 6 6 1 1

Carpus-metacarpus 4 4 2 2 1 1

Metatarsal 44 43 28 28 10 10

Calcaneus 6 6 1 1

Astragalus 4 4 1 1 3 3

Sesamoid 12 12 3 3 1 1

Phalanx 24 24 14 14 16 16

Carapace 40 1

Plastron 21 13 13

Scute 1 1

Total NISP/MNE 695 260 271 138 191 71

Articular 3

Long bone fragments 880 332 323

Flat bone fragments 267 100 77

Spongey cortical bone 344 124 202

Shell 14 4 9

Each column represents the NISP and MNE of all the identified skeletal elements
occurring at Ewass Oldupa.

visually indicate that the materials are found in nearby areas. In
T3 there is a zone of greater accumulation, although fauna and
lithic industry are not completely overlapping. At T5 the overlap
appears larger according to visual examination of the Kernel
density maps. The results of the Kij(r) function indicate that the
accumulation processes of fauna and lithic tools are aleatory and
independent in T2, there is a tendency to segregation between
the material types in T3, and in T5, although there could be some
spatial dependence, there is little statistical significance.

Bone Breakage
The nature of the assemblage sampled is somewhat fragmentary
with 91% of long bone fragments retaining less than 1/4 in
length and approximations could not be made of 12.6% of the
sample. 90% of the assemblage can be classified as type 1 based
on (Bunn, 1986a) as they retain <50% of the shaft circumference.
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FIGURE 2 | Frequency bar chart representation of Ewass size classes across
the trenches, %NISP of size classes across the trenches.

Among the rest of the specimens, 27.6% are diaphysis of long
bones with a scarcity of epiphyses. Long bone fragments and
fracture patterns indicate majority of the bones were broken
when dry. In the set of long bones, 3% of the fracture edges were
transverse with right angles, 13% recorded irregular fractures
with mixed angles and 86% had smooth fracture/eroded fractures
with oblique angles indicating a high presence of diagenetic
fractures, when the bones were already dry. However, a small
set 2.5% with green spiral fractures was located, where two
out of the 12 elements exhibiting percussion marks preserved
conchoidal fracture notches, hinting at minimal anthropic action.
The assemblage also records a set of phalanges that exhibit
longitudinal and transverse fractures. The fractures are very
smooth and precise perhaps denoting green fractures smoothed
by post depositional processes over time.

Bone Surface Modifications
Nutritional Phase
The modifications of the nutritional phase of the carcasses are
scarce. Modifications were documented in the form of cut marks,
based on their section, delineation and internal micro striations
(Figure 5). Two specimens belonging to medium size class
animals (a rib shaft fragment and long bone shaft fragment)
exhibit the slice marks. In the first specimen the cuts occur on
the ventral side of the rib fragment and on the cortical surface of

the long bone fragment in the second case. The average length of
the cut marks was 2 mm and the width was 0.2 mm. The long
bone shaft records two scores as well adjacent to the cut marks.

The anthropogenic bone breakage is identified through 12
(0.3%) percussion marks occurring on mostly on long bones and
a single indeterminate flat bone. Majority of these modifications
are located on the non-id long bone fragments (n = 8) with
long bone mid-shafts belonging to the medium size class
recording 3 percussion marks as well as an indeterminate flat
bone fragment. One of these mid-shaft specimens preserves a
conchoidal fracture. Peeling is not recorded in the assemblage,
however, 4 of the non-id long bone fragments preserve both
percussion and tooth marks.

Seventy-eight specimens (2%) in the sampled assemblage
exhibit tooth marks. Carnivore modifications in the assemblage
occur in the form of pits (n = 31), scores (n = 23), punctures
(n = 16), and furrowing (n = 8) as well as acid etching in
1.5% (n = 59) of the specimens. The tooth marks occur in
variety of skeletal elements representing different species such
as Bovidae, Theropithecus, Testudinae and Proboscidea. These
modifications are more common on long bones (n = 43) than
on flat bones (n = 21) with 50% occurring on the diaphysis and
5.1% on cancellous areas near the epiphysis portions while in the
flat bones 19.2% are recorded on the diaphysis with 7.7% near
the cancellous edges. The diversity in the specimens exhibiting
tooth marks may indicate the action of more than one carnivore
on the assemblage.

One of the specimens (SF54) recorded 15 pits, its
measurements were compared to recorded measurements
from actualistic samples dimensions (Figure 6). Results indicate
that the measurements of tooth pits from the Ewass sample were
the result of medium to large sized carnivores.

Ravaging levels ratios indicate more intense ravaging in the
ribs, vertebrae and limb bones (Figure 7) whereas elements
such as humeri and radii, femur and tibia provided a ratio of
one suggesting lower levels of ravaging. The Ewass assemblage
records stages 1–2 ravaging levels based on Marean and Spencer
(1991) as recorded in sites such as FLKNN 3 and FLK Zinj.
The assemblage recorded relatively high percentage change
values (Table 4) with r Pearson correlation testing [r = 0.8911,
p < 0.05(0.042428)] indicating probable intense modification
of the Ewass assemblage. This is evidenced by the long bone
specimen that exhibits both cut marks and carnivore tooth marks
in the form of scores (Figure 5).

Subaerial Phase
The modifications produced during the subaerial phase in the
formation of Ewass Oldupa sample are the most abundant.
These are rounding (24.6%), weathering (20.4%) encrusted
bones (12.2%) and trampling (8.1%). 12.3% of the bones
of this sample exhibit rounding of the entire surface while
6.1% had their original morphology completely modified.
This indicates that at least part of the fauna set may have
been incorporated in the form of bioclasts. Weathering was
observed in many degrees (Behrensmeyer, 1978) degree 1
was present in 14.1%, degree 2 in 0.9% and degree 3 in
0.1% of the specimens. Part of the diagenetic bone breakage
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FIGURE 3 | Mortality pattern of the bovids from Ewass trenches 2, 3, and 5. Actualistic data from Stiner (1990) and modified by Bunn and Pickering (2010).
(A) Triangular mortality diagram showing the different mortality patterns described by Stiner (1990). Panels (B,C) modified triangular graphs comparing with
actualistic data of several predators.

TABLE 3 | Shows the number and percentage of the various anthropogenic,
zoogenic, and diagenic modifications recorded in the Ewass assemblage.

Modification Ewass Oldupa Percentage (%)

Cut marks 2 0.1

Percussion marks 12 0.3

Tooth marks 78 2

Gnaw marks 2 0.1

Root etching 246 6.4

Acid etching 59 1.5

Weathering 784 20.4

Encrusted 469 12.2

Abrasion/Sheen 1041 27.1

Rounding 942 24.6

Trampling 310 8.1

Manganese 219 5.7

*Total NSP 3661

*NSP denotes all specimens (identified and non-id).

in Pleistocene sites may be related to this taphonomic
process, however, the Ewass assemblage records minimal
degrees of weathering.

Several specimens from Ewass Oldupa were affected by other
diagenic modifications such as root etching 6.4% with 2% of the
root-etched specimens recording biochemical corrosion through
moss/lichen and fungi action. Staining on the specimens through
manganese action was present in 5.7% of the specimens.

DISCUSSION

The taphonomic signals are essential to know how archeological
and paleontological assemblages formed, and the influence of
the different taphonomic agents in these processes and in
the modification processes themselves. It is also important
to understand the relationship between the different objects
in the assemblages to gauge formational and functional site
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FIGURE 4 | Skeletal profiles of Ewass Specimens created from normed NISP (nNISP). Skeletal profiles of Ewass Oldupa specimens created from the normed
Number of Identified Specimens compared with %MAU profiles using long bone portions of small and medium size classes. Percentage Minimum Animal Units
(%MAU) profile created using the long bone portions of small and medium size classes calculated from the MNE based on Binford (1984).

types during formation. For instance, Leakey (1971) and Isaac
(1978) established site typologies inclusive of stone caches,
living floors, home bases, and butchering/kill sites near water
sources. The results of our taphonomic analysis at the oldest
occupation site from Oldupai Gorge show that, in spite of
great taxonomic diversity (Figure 8), conflicting taphonomic
scenarios arise from the data. For instance, there is no doubt
that hominins accumulated stone tools at the excavated locality,
but anthropogenic bone surface modifications are extremely rare.
Thus, two specimens alone exhibit cut marks, and therefore no
functional association can be made between lithics and animal
bones. The site’s bone surfaces exhibit poor preservation in 38.5%
of the assemblage in the form of encrustation, rounding, and
exfoliation. These processes denote subaerial exposure and water
flow, affecting the preservation of evidence for anthropic activity
at the site (Pineda and Saladié, 2019).

The ravaging ratio indices are based on the presence/absence
of low survival elements like epiphysis portions or postcranial
axial elements (Marean and Cleghorn, 2003). However, their
absence is common in archeological assemblages (Lyman and

Lyman, 1994) and can be attributed to carnivore ravaging,
hominin activity, mechanical, and chemical post depositional
processes (e.g., fluvial transport, bone weathering, trampling,
microbial attack, or chemical attrition) or by a mixture of
all these processes (Saladié et al., 2014). The low frequency
of anthropogenic and zoogenic modifications suggests that
other post nutritional processes influenced the final anatomical
composition of the assemblage.

Statistical spatial analyses suggest the assemblage was the
product of independent accumulative processes (Figure 9).
However, the water flows tend to disperse the elements in relation
to their density (among other characters such as the size, shape,
and weight) (Behrensmeyer, 1975; Petraglia and Potts, 1994;
Coard, 1999; Domínguez-Rodrigo et al., 2019), a case is evident
in T3, a set in which there is a large volume of rounded remains.

The presence of weathering and rolled bones in the assemblage
suggests they were affected by hydraulic currents, probably of
varying intensities. The presence of rounded bones, mainly in
trench 3 implies the existence of a water flow, this is consistent
with previous paleo geographic studies (Mercader et al., 2021)
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FIGURE 5 | Two cut marks from two specimens recorded in the Ewass Oldupa assemblage. (Top) Cut marks (with white arrows) and scores (yellow double arrow)
on long bone fragment. (Bottom) Cut mark (white arrow) on rib shaft fragment. Measurements in mm on X- and Y-axis.
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FIGURE 6 | Measurements [mean and 95% confidence intervals in mm; length: (A); width: (B)] compared with known carnivore measurements. Indicates
Measurements of specimen SF54 compared with living and known carnivore measurements (length: (A), width: (B), mean and 95% confidence intervals in mm) Pit
lengths- Selvaggio (1994), Delaney-Rivera et al. (2009), Andrés et al. (2012), Ewass (2019) and Humans S3-Saladié et al. (2013).
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FIGURE 7 | Example of carnivore modifications; tooth marks present at
Ewass Oldupa. Carnivore modifications present on specimens. (Right) Arrow
denoting furrowing present on humeral proximal end. (Left) Arrow indicating
puncture mark present on proximal shaft of tibia.

indicating an overlapping paleo lake shore expansion in trench
3, fluvial floodplain paleosols in trench 5 and layered fluvial
channel belt deposits in trench 2. Biochemical modifications
resulting from fungi/bacteria are also present on the fauna an
aspect common in bones deposited in moist areas (Child, 1995;
Sharmin et al., 2003). In addition, weathering could contribute to
the reduction of bones into small fragments until they disappear
(Behrensmeyer, 1978). On the other hand, the water currents
tend to segregate the bones in relation to their density and shape,
thus separating the diaphyses from the epiphyses (Yravedra et al.,
2017a), therefore both processes could contribute to trench 3
assemblage formation. However, as the weathering identified is
mixed both in the lower and medium-high grades its influence
cannot be definitively determined.

TABLE 4 | Percentage change values of long bone specimens from the small and
medium size classes.

Element Small size class (% change) Medium size class (% change)

Humerus 50 40

Radius 100 65

Femur 81.82 52.63

Tibia 75 61.11

Metapodial 82.05 58.06

Diagenetic processes recorded on the specimens such as
varying weathering levels indicate perhaps different periods
of accumulation and exposure which may have played a
role in the material reduction processes. The time of sub
aerial exposure of the specimens recorded is minimal and
unlikely to have caused the breakage recorded in the sample.
There is minimal plant action preserved in the form of
root etching and moss/lichen corrosion and a portion of the
assemblage is encrusted pointing to the possibility of being
accumulated as bioclasts or sedimentary particles (Behrensmeyer,
1975). These factors suggest that the fauna set correspond
to different depositional events, some of them independent,
which may have lasted several years. Ewass represents a spatial
and accumulative palimpsest, in which various independent
events of different natures and characteristics are recorded
in the same place, overlaying one another. Overall, neither
hominin nor carnivore bone modifications are common though
it must be considered that a number of bones exhibit poor
preservation due to influence from diagenetic influences. Several
indices show high ravaging and even competition (Marean and
Spencer, 1991; Blumenschine, 1993; Domínguez-Rodrigo et al.,
2002, 2007). However, it must be pointed out that attrition
can cause the disappearance of lighter bone elements with
interosseous fat content.

We note that anthropic activity at early Pleistocene sites,
though scarce at first sight, may have been greater than what has
been identified through surface modifications alone (Pineda and
Saladié, 2022). The extremely low representation of anthropic
marks renders further inferences about carnivore/hominin
relations unreliable (cf. Blumenschine, 1986; Capaldo, 1997;
Selvaggio, 1998; Domínguez-Rodrigo, 2001; Domínguez-Rodrigo
and Barba, 2006; Pante, 2013; Hodgkins et al., 2016), although
the existence of cut marks on a rib indicates early hominin access
(Bunn and Ezzo, 1993) to at least one carcass. Carnivore impact
on the faunal assemblage is also scarce, with a mere 2% of the
remains showing damage. Modifications on long bone mid shafts
and vertebrae suggest primary access, as they have high flesh
content (Blumenschine, 1986; Domínguez-Rodrigo and Barba,
2006). Modification distribution on bones and bone portions
conflicts with the proposal by Capaldo (1995), for whom tooth
mark percentages <15% signify secondary access to meat. Bailey
and Galanidou (2009), however, state that mixed agency in spatial
palimpsests gives rise to datasets unable to resolve access rank by
hominins versus carnivores.

The presence of hominin groups and other predators at Ewass
Oldupa is consistent with other Pleistocene sites, which have
indicated hominin access to resources (Egeland et al., 2004;
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FIGURE 8 | Specimens recovered expressing diversity in the Ewass Oldupa assemblage. (A) Crocodylus sp. Teeth and Chelonia sp. plastron fragment with puncture
mark. (B) Occlusal view of tooth belonging to Proboscidae indet.p and Theropithecus oswaldi ulna, radius and premolar.

Domínguez-Rodrigo and Barba, 2006; Baquedano et al., 2012),
with some sites, such as Bouri (Sahle et al., 2017) in Ethiopia
and FwJj14A, FwJj14B, and GaJi14 in Koobi Fora, recording cut
marked assemblages with no lithic association (Pobiner et al.,
2008). The presence of minimal anthropic action may also point
to a brief hominin occupation of the site as studies of Pleistocene
sites in Koobi Fora (Pobiner et al., 2008; Braun et al., 2010)
indicate that factors such as raw material location/distance for
lithics influenced choice of occupation sites. Lithic studies at
Ewass indicate that the Oldowan hominins were utilizing both
local (about 400 m) and outsourced materials (12 km away).
This could have played a role in the utility of the site resulting
in the preservation of minimal anthropogenic signals (Pineda
and Saladié, 2022). Though it is difficult to determine the
level of influence of the agents involved in the accumulation
of the assemblage, the presence of Oldowan hominins in an
environment with levels of competition suggests they had control
over the environment.

Faunal analysis also shows an indication of open habitats
with mosaics of bushland/woodland occurring around Ewass
Oldupa. This is supported by the presence of both open and

closed habitat species tribes such as Reduncini and Tragelaphini,
as well as Theropithecus, along with water dependent taxa, such
as Crocodylae sp. Previous faunal studies in Ewass indicated
mosaics of grassy and wooded environments as well as perennial
water sources. Phytoliths indicated an abundance of woody dicots
and grassland encroachment on woodlands (Mercader et al.,
2021). This not only corresponds to studies from other Bed I
sites (Domínguez-Rodrigo et al., 2007, 2010, 2014; Aramendi
et al., 2017), but also from other Pleistocene sites in the Omo-
Turkana basin which record faunal turnovers around 2.5–1.8 ma
indicating presence of diverse environments and biomes (Bobe
and Leakey, 2009; Beyene et al., 2013) and their exploitation by
archaic hominins. Taxonomic diversity in Ewass may point to
the existence of various habitats or changing climates perhaps
suggesting the ability of Oldowan hominins to exploit and utilize
mixed biomes. This adaptability can be considered as an aspect of
behavioral complexity and flexibility in Oldowan hominins.

Hominins have shown preference for riparian woodlands
(Domínguez-Rodrigo et al., 2007) as recorded in other Bed I
sites such as FLK 22(Zinj) and FLK N (Ashley et al., 2010) to
establish the residential sites. Egeland (2014) argues that Olduvai
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FIGURE 9 | (A) Kernel density maps of the distribution of faunal and lithics remains from trench 2 (left), pointwise envelopes of the homogeneous bivariate Kij(r)
function, random labeling cases/controls of lithics and faunal remains from trench 2. (B) Kernel density maps of the distribution of faunal and lithics remains from
trench 3 (left), Pointwise envelopes of the homogeneous bivariate Kij(r) function, random labeling cases/controls of lithics and faunal remains from trench 3.
(C) Kernel density maps of the distribution of faunal and lithics remains from trench 5 (left), pointwise envelopes of the homogeneous bivariate Kij(r) function, random
labeling cases/controls of lithics and faunal remains from trench 5.
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Pleistocene hominins were likely to use and store lithic materials
in wooded habitats due to the cover they provide. However, it is
plausible that this preference was also influenced by the presence
of water bodies and number of taxa supported by mixed habitats
evidenced by the diverse hominin diet recorded in Pleistocene
sites in East Africa (Blumenschine and Pobiner, 2007; Braun et al.,
2010; Lüdecke et al., 2018). Despite the independence between the
deposition of the faunal remains and hominin activity at Ewass,
an aspect present in other Bed I sites such as AMK (Aramendi
et al., 2017) the site was used or traveled by hominins.

Behavioral complexity and flexibility present in Oldowan
hominins imply that they may have created more than the
typological sites currently in use to categorize Pleistocene land
use (Egeland, 2014). However, the human presence recorded
through the lithic industry, but also cut and percussion
marks, indicates the reutilization of the area by foragers. The
deposition of a large part of the fauna specimens seems to
have occurred in independent episodes, which would also
support the existence of independence with the deposition and
accumulation of the lithic industry. The mixture of depositional
events at Ewass may be a representation of landscape utility
influenced by Oldowan flexibility that archeologists may not have
categorized yet.

CONCLUSION

The taxonomic, zooarchaeological, and taphonomic analyses
presented here reconstruct faunal assemblages from the
early Pleistocene, 2–1.8 ma. While contemporaneous lithics
demonstrate hominin occupation, anthropogenic modification
of faunal remains is minimal, and so is carnivore access.
These mixed features occur in contemporaneous East African
assemblages. Human ecology reveals capability to exploit
diverse habitats, as inferred from trophic competition levels,
palaeoenvironments, and the adaptive versatility to exploit
diverse taxa from mixed habitats. The taphonomic signals
recorded speak to different periods of accumulation, even though
site functionality over time remains unknown. It is possible that
it was occupied by Oldowan hominins briefly, yet repeatedly, due
to the presence of water and woodland. At present, we cannot
demonstrate a link between lithic and faunal accumulations,
although other sites at the Gorge display a similar concurrence,
perhaps indicating that Bed I sites can fall under typologies
yet to be understood for what they tell us about Oldowan
behavioral complexity.
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