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Abstract:

New archaeological excavations and research at BK, Upper Bed Il (Olduvai Gorge, Tanzania) have yielded
a rich and unbiased collection of fossil bones. These new excavations show that BK is a stratified deposit
formed in a riverine setting close to an alluvial plain. The present taphonomic study reveals the second
largest collection of hominimodified banes from Olduvai, with abundant cut marks found on most of

the anatomical areas preserved. Meat and marrow exploitation is reconstructed using the taphonomic
signatures left on the bones by hominins. Highlyroarked long limb shafts, especially those of upper

limb bones, suggest that hominins at BK were actively engaged in acquiring small andsizieldl|e

animals using strategies other than passive scawgnbine exploitation of largsized game (Pelorovis)

by Lower Pleistocene hominins, as suggested by previous researchers, is supported by the present study.
Keywords: Olduvai GorgeMeateating Cut marksPercussin marks TaphonomyLower Pleistocene
archaeologyHunting Scavenging

Article:

Introduction

Recent taphonomic +analyses of all the Olduvai Bed | sitesve shown that with the exception of FLK Zinj,
all sites wergoalimpsests with minimal hominin input in the accumulation randification of archaeofaunas
(DominguezRodrigo et al., 2007)An extension of this analysis to all Bed Il sites has also shownathlatthe
exception of BK, all faunal assemblages were eitheptmoly preserved to evaluate, or accumulated by biotic
agents othethan hominingEgeland and DoimguezRodrigo, 2008)A taphaomic review of all sites older
than 1 Ma(DominguezRodrigo,2008a)stresses the scarcity of sites of anthropogenic origin in #ieof ower
Pleistocene, in which a functional link between stmads and fauna can be established. Therefore,
archaeologists afaced with the following questions: were the butcherymedtconsumption behaviors
inferred from sites such as FLK Zimarginal or common in Pli@leistocene hominins? Is there aniger Plic
Pleistocene site where the faunal assemblage coudtbified as completely (or mostly) accumulated and
modified byhominins?

The fact that many sites are now understood to be palimpsestsscores the need to increase samples of
faunal assemblagéisat might be attributed to hominin behavior, and thghtyianalyze them with modern
taphonomic techniques so asuttderstand hominin behavioral variability. A recent study of thddgigal
collection stored at the National Museums of Kenya (Nairsiowed some affinities with FLK Zinj that
deserved further scruizing (Egeland, 2007; Egeland and DimmguezRodrigo, 2008)This prompted our re
investigation of the BK site.
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The BK (Bell 6s Korongo) s tleinlateaaconhectiomwith a tuff (TLfBIIB)5 a
that was dated to 1.2 Maeakey,1971; Hay, 1976Jhe clays, silts, and sands that containattelaeological
deposit represent the fillings of a riverine systesponsible for the erosion of Tuff IID, which the site overlies.
Several visits, minor excavations, and selective surface and icofigations were carried out in 1952, 1953,
1955, 1957, andventually in an extensive and less selective excavatio®a8. These excavations (totaling 10
trenches) revealed a very risesemblage of stone tools and bones amounting to over 6,800 lithic

pieces, including 652 whole flakes, 721 tools, and almost 400 méotized materialLeakey, 1971)This
assemblage was classifiedtesonging to the Developed Oldowan B complesakey, 19711976).

Approximately 2,900 faunal remains were also unearthedhwh Bovidae, Equidae, and Suidae are the most
abundant group®ieces of ostrich eggshell were unusually plentiful.

A striking feature of this site was the presence of a minimug4 afdividuals of the large buffallike bovid
Pelorovis, found in theame area of the old excavation (TrenghBbset). One of them wdsund virtually
complete and lying in a silt deposit, which had bie¢erpreted as a swamipeakey (1971pffered this
discovery aproof of the butchering of Pelorovis carcasses by hominins, pos$ibhyhaving forcefully driven
them into the swamp. If true, thigould be the oldest recorded episode of megafaunal huntiniguaciaery.
The site was initially interpreted as a hominin casiipated adjacent to a river or swamp, with part of its
contentshaving been washed into the river charfhebkey, 1971).

The bone assemblage excavated.égkey (197 1as firsttaphonomically analyzed dylonahan (1996)and
then byEgeland(2007).Monahan reported a low frequency of homimmpartedmarks in the assemblage
(<5%), including 46 cumarked and 4®ercussiormarked specimens out of a NISP of 1078, which is
substantially lower than the frequency of teathrked specimen3.7%) he identified. He interpreted the site
as a hominircarnivorescenario, in which hominins butchered carcasses prior iot#r@ention of carnivores,
although he remarked on the paucityhomininimparted marks when compared to either huwermiore
experimental scenarios or to other anthropogenic sites sidtKazin;.

Egeland (2007also reported a low frequency of toattarkedspecimens in the assemblag&@%) and a
similarly low number otutmarked fragments &83). Egeland documented a lowsmber of percussien
marked specimens &19) than MonaharDespite this, he also interpreted BK as a homaamivore
assemblage, the result of hominins repeatedly butchering caroaisesame spoEgeland (20073tressed
that, despite the stroffigminin signal, the great depth of the deposits cautioned agdergtreting the entire
assemblage as hominderived. INnE g e | a n d @malys(s,dt bezamg clear that the taphongmiperties of
the assemblage differed from those documentedoist Bed | and Bed Il site©ominguezRodrigo et al.,

2007; Egéand and DorfnguezRodrigo, 2008)The anthropogenic facteeemed to have been more impoitant
as initially reported byvlonahan(1996) than at the other Bed Il sites, which instegpresent natural
palimpsests. This key difference warrants furtheestigation of the faunal remains from BK.

The present research introduces the first unbiaseddssaenblage (where all specimens irrespective of
preservation andize were retrieved) from BK, with clear contextual informationatitbrough taphonomic
analysisL e a k e y 0 arigiralinteprétgtion of the site will also be-svaluated in light of this recent
research. This is the first publication of renewethaeologicatesearch in the form of larggeale excavation at
any of the Olduvasites excavated by M. Leakey almost 50 years ago.

The excavation of BK

In the summer of 2006, an international team headéd.iyominguezRodrigo and A. Mabulla resumed
excavations at BKOne10mx3 m tr ench was opened Dbteilfeeres7sete a k e
(Fig. 1a, b). Trench 4 contained the remaingvbft was once an oper exhibit created by Leakey, showiag
dense concentration of bones and stone tools. More than 90 arfiginal exhibit, along with the building
constructed to sheltéine archaeological assemblage, had disappébrgdlic, d). Theaemaining fossils were

slowly eroding out of their contéandsliding down the outcrop. We decided to salvage these valfcssids



to enable their study. Therefore, these fossils were plattddcted, and analyzed in the same fashion as the
fossils derivedrom the excavation of our trench.

Figure 1. A: Location of BK in the side gorge at Olduvai, and Leakey’s 1950s trenches corresponding to the Pelorovis level (Z, Trench 5-6-7 set), the 1963 excavations (X, Trench 4),
and our trench in between (Y). B: Detail of these trenches. C: Remnants of Leakey’s exhibit level (BK3). D: Detail of the exhibit level and the remaining fossils that are eroding away.

Leakeyds original excav aegardmgtise vdrtigat diseilstion of mmateriadslat BK.n f
Since it hadeen shown that most of the Bed | sites are palimp@d@stsinguezRodrigo et al., 2007 having

both vertical and horizontabrtrol of the materials in any new excavation is essential. Tleaent excavations
used a total station to document the spdiwstkibution of all excavated materials and map the intricate
stratigraphy of the site. Small hand tools were utilized duringetteavation of the fossiliferous levels and

larger tools were used the sterile sections of the sequence. Sediments were compietady, with every

visible fragment collected. These proaessretrieved more than 6,000 bones and 1,500 flaked stone
specimensthis is many more faunal remains than Leakey recovered in aldmehes combined, suggesting

the selective collection of materiddy prior excavators, given that our trench wasaséd in betweethe

trenches excavated hgakey (1971).
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Figure 2. Spatial of the at BK. A: Leakey’s trench on the left (people are sitting at the exhibition level, i.e., BK3), and our trench on the
right. B: Spatial distribution of artifacts and fossils as seen from the front of our trench showing the four levels: BK1 and BK2 are the two densest upper bands of points; the exhibit
level (corresponding to BK3) is shown in a rectangle on the left to indicate the level at which it was found outside the trench (the arrow indicates its location in image A); BK4 is the
vertically dispersed level at the bottom. C and D: The profiles of BK and the location of each level. BK3 is shown in a gle to indi that its k ion is ide the trench. E:
Lateral projection of the vertical distribution of artifacts and fossils.




Leakey reported that the average thickness of the archaeoldgpgit at BK was 5 ft(1.5 m). In our
excavation, the overatlepth of deposit was documented as 3 m, almost twicernénabusly reportedFig. 2).
Furthermore, three clearly differeatéd archaeological levels were detected during excavatipassible
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rests on thenain body of the channel at the exhibit level. If we consideratsisparate level, then we can
initially distinguish four archadogical levels. We do not know if the exhibit leveli$ferent fromwhat we
identified as the Pelorovis level in our trench. It certagdgurs above the Pelorovis level, and the channel
sediments inhich it is embedded barely contain any fossils in the excapat¢f our trench. For the sake of
objectivity, and given that it wasot located in our trench, we keep the exhibit level separate prekent

analysis.

B

Figure 3. A: Spatial distribution of remains in the first 15 cm of level BKI When splitting the distribution of stone artifacts (black) and fossils (white) by 5 cm spits, the spatial

distributions show patterns more accurately reflecting ind

The bottom level (BK4), with vertically scattered materialg r r esponds
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B: Top 5 cm of BK1, C: BK1 at 10 cm, D: BK1 at 15 cm, Arrow indicates North.
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materials in thidevel were more intensively affected by carbonation anchswmilidity, in contrast to the well
preserved materials in the oly@ng levels (see below). The carbonation consisted of carbooatgetions
adhered to fossils and sediments, which reacteditb The origin is unknown, but they could result from
carbonataleposited by lake transgressive cycles after burial, which resulted cementation of the soil. It is
difficult to classifyL e a k e ycollectiod Eccording to these newdpcumented levels, but it likeomprises
the lowermost twitthe Pelorovis level (BK4) and tlexhibit level (BK3) since they span 1.5 m in depth as
reported byLeakey (1971and have similar taphonomic properties as thegels documented by our field
research. Furthermore, both levetsitain a high density of faunal remains belonging to anitaagsr than
Bunn 6 s sideB,®speciplly in BK3 where thegmprise almost onthird of the specimens retrieved.



Each of the three levels we excavated showed a different dehsiigterials. This is not the result of

excavating different dimesions in each level, with the lower section of the stratigréygalvynga larger area
exposed, since even though smaller areas gmitehtially be excavated higher up in the sequence (given that
thetrench was cut into a steep slope; B&g 3), our excavatiostrategy involved creating steps, which exposed
similar areas in athe excavated levels. We created a step immediately after reachirgy | evel wher
exhibit level (BK3) should have appeargtere we found the main body of the channel inst€hais. makes

the excavated levélgiven that BK1 and BK2 were stratigraphicatlpsé very similar in size: about 12°m
Therefore, variation imaterial density is not related to size differences of the excaaetad of each level.

One striking feature is the much higher ovedalhsity of fossil bones in the uppermost levels (BK1 and BK2).
Despite this density, it is surprising that these levels do not seeprasent the main body of the deposit, as
describedy Leakey(1971).This is most likely because they did not containlesigedt o ol s or fAi de
fossils, like those documented in the exhievtel (BK3) and the Pelorovis level (BK4), which can also be
observed in the Leakey collection. We documented only four gpiglhyseal fragments in BK1 and BK2,

among hundreds of lorgnb shafts and, to a lesser extent, axial and cranial remains.

Documenting the vertical distribution of materials is cruciadh®understanding of the site formation process.
BK1 is 40 cm deeg we include vertically scattered outliers, 80% of the materialare concentrated in 25

cm of depth. BK2 spans 1 m, be80% of thematerials occur in the uppermost 20 cm. BK3 (cqoesling to
theexhibit level) was only documented as 15 cm in depth; howexeavation did not proceed underneath the
fossil accumulation tdocument its vertical extent given that BK3 is documentédéna k e y 6 s Tr en c |
in our trench. However, the impressithis level gives is similar to that of BK1 and BK2: most of the
archaeological materials appear concentratediid2@mhorizons with a lower number of fossils vertically
dispersed in theection between. BK4 shows a different distribution of matendlslower densities of fossils

and artifacts, which occur verticabgattered through a depth of almost 1 m.

The excavated area is too small to discern any patterns ltizental distribution of materials. If vertical
distribution isignored, then one can discuss the meaning of horizontal assoesibetween fossils and artifacts,

as reported bjeakey (1971jormost Bed | and Bed 11 sit estionshhaywe v e
be dubious since archaeological items with diffedsgths and depositional histories may have been
consideredoneor i zont al il evel . 0 Even idiscreekdchafthemiBK2 s e
probably the result of more than omepositional episode given their thickness. During excavation, most
materials occurred either flat on the excavated surface omvisithr tilting, suggesting limited vertical

migration of materialsThis is further supported by the sterile 5 cm separ&hkl andBK2. When mapping

the excavated level without differentiatidgpths of materials, artifacts and fossils are distributed across most
of the excavated area, with no immediately discernible pattennever, if we map the finds by 5 cm vertical

spits discretedepositional events become cledfeig. 3). This cautions againskeeing apparent patterns in

spatial associations, which, in fasult from lumping artifacts and fossils from dispersed vettcations, as

is common in several &f e a k e y 0 distribuliodridaps) from some Olduvai sites.

The vertical depth of the archaeological deposit at BK (aBaonif shows that hominins-aecupied this place
several timesOstrich eggshells are abundant across all four archaeological kev@idjally reported by

Leakey (1971)It could be argued that nwatural process would repeatedly concentrate eggshell in the same
spot over the vast period of time indicated by 3 m of sedimentdiggionomic studies of ostrich bones and
their gastrolihs havebeen undertakefWings, 2003)ut we are not aware of atgphonomic study of a similar
ostrich eggshell accumulation hgtural processes. However, it has been documented that ostriches
occasionally select the same places for nesting, and their comnastialy habits may produce accumulations
of large amounts agggshell on the same sigBertram, 1992)Therefore, the podsiity of a natural origin for
the accumulation of eggshell cat bedismissed.

The geology of BK
We distinguished 13 geological levels in our trench, whicldaseribed from top to bottom as folloWsg. 4):



BK-G1: Whiteyellow limestone with an irregular surface armatiular texture.

BK-G2: Graygreenish clay with abundant carbonate nodusegdomly distributed. The first 30 cm of this
level have finggrainedsand lenses.

BK-G3: Green finggrained sand with abundant carbonat€eules at the base spanning a maximum of 20 cm.

BK-G4: Graygreenish clay with carbonate nodules at the . contact with the underlying layer is marked
in the east whereadisseems more gradual and transitional in the west, with increasingnts of sand.

BK-G5: Medium to fine-grained sand with clay lenses of \adule proportions.

BK-G6: Sandy clay with rare carbonate nodules at the B&&7: Coarsegrained green sand. The contact
with the ovelying level is diffuse.

BK-G8: Graygreenish clay, includig strongly cemented patchatsmidlevel. The clay changes to dark brown
at the base.

BK-G9: Yellow cemented sand. The top has randomly distriltdacsegrained sand lenses. This level shows
a channelike morphology. The base is composed of diagenetic limestoneseaging carbonate precipitation
in the base of the channel afsedimentation.

BK-G10: Graygreenish clay.

BK-G11: Microconglomerate and coargeained sand. Gravebntaining small rounded pebbles of limestone
with smalleramounts of quartz and basalt. The matrix is a yellow sandy clay.

BK-G12: Light brown clay with numerous bioturbations i2 mm in diameter of irregular shape and random
distribution.

BK-G13: Clagy yellow sand.

Q Limestone nodules

Clay
Clayey sand
Sandy clay

D Coarse/Medium sand

E Conglomerate
Nodular limestone
E Limestone

Figure 4. Geological distribution of sediments in the excavated trench.

The sedimentary environment that created this sequendéelsisa distal alluvial system, given that most
sediments aréne-grained. Even the microonglomerates are extremely srrgfled and no large structures or
channels were observed. Tihevial system would correspond to a section of a river adake. It shows




oscillations (probably related to seasonality)saggested by the diagenetic carbonate nodules. The presence of
sardy clay indicates an environment of riverine margins, migently occupied by an ephemeral channel that
frequentlychanged paths. BK 1 was found in the geological unit G6, a saylyBK 2 is located within G7

(sand) and G8 (clay). BK 3 Iscated in G9 (sand) and BK 4 includes Gl (sands and siltsyhe sequence

seems to correspond to a mudflat near the terrenigeg of an alluvial fan. This created a loslief

environment invhich the channéiill sediments formed shallow strata apebduced shedtood deposits. The
carbonate levels indicateansgressive periods of the lake, which sometimes coveraitehe

Taphonomic study of the faunal remains: method and samplklethods

Our methods were designed to assess site integrityosii@tion processes, and the relative contribution of
differentbiogenic agents to the formation of the faunal and lithic askeyes. First, we looked at site integrity
and formation processeSizesorted assemblages created by water jumbles tendviaderl towards larger
fragments; therefore, we measurednieeximum length of fragments and used the distribution ofisigec

sizes to detect any possible preservation bias. We also lémksidns of polishing or abrasion, which would be
expected inransported assemblages. Determining whether or not the blsggnis in primary versus
secondary position is particulailypportant given the fluvial depositional context of the site.

Appendicular and axial elements, including all limb shafgments, weralentified to element whenever
possible. In ouconsideration of skeletal part representation, carcassesliveted into anatomical regions:

skull (horn, cranium, mandibland teeth), axial (vertebrae, ribs, pelvis, and scapaia) appedicular (limb
bones). Long limb bones were further divided impper (humerus and femur), intermediate (radius and tibia),
andlower (metapodials) limb bonéBominguezRodrigo, 1997a)Skeletal part profiles were based on NISP
(Number of IdentifiedSpecimens) and estimates of the MNE (Minimum Numbé&iefments). We also
considered profiles byBumarbcasy st 8Bi2Zle .a nfidS n2a | laon dr efifl
4,and 5. We | ump-szdd aBduange Cascasses (tledse>size 3) for BK1, BK2, and BK4 since
size 4 and size &arcasses make up a very small fraction of the assemblage: ntustboies reported for the

Al arged cat e gx0W), andKBKhHeg | BKR t(o Bunnds size 3. We
(exhibitlevel) where the remains of larger fauna, especially size 4, mateathird of the assemblage.

Juveniles of size 3 animals (of whitttere were very few), whose weight estimates wa@ kg, weralso
classified as small since they would have sharetbgthonomic properties of similarly sized animals.

Estimates of MNE at the Olduvai sites often differ substantildfyending on whether epiphyses or shafts are
used for elemeritlentification(DominguezRodrigo et al., 2007)lhis discrepancindicates intervening
taphonomic processes, probably relatedamivore ravaging, biasing the original number of elements. In the
present analysis, given the paucity of epiphyseal end$X)y MNE estimation for long limb bones was based
on the use of shaff®ickering et al., 2003).o calculate MNEs, some researchersai€&dSbased method
(Marean et al., 2001yVe feel more confidenh the estimation of elements if overlap among specimens is
documented by hand. Therefore, we employed an integagiiw®ach using the bone section division proposed
by PatouMathis (1984,1985), Mnzel (1988)andDelpeche and Villa (1993as described in detail in

Yravedra and DomingueRRodrigo (2009)Following Delpeche and Villa (1993ndMinzel (1988)shafts

were divided by equallgized sectors, irrespective of areasnoiscular insertion. These sectors (upper shatft,
mid-shaft, lowershaft) can be easily differentiated and oriented (cranial, cdatdl, medial)Yravedra and
DominguezRodrigo (2009pescribed the criteria used in the division of each shaft ségkarg into account

the orientation of each specimen. We alsnsdered the criteria used Barba and DoimguezRodrigo(2005)

for long limb element identification, which is based on stiafikkness, section shape, and properties of the
medullary surfaceAfter identifying specimens to element and shaft sector using thett®ds, MNE was
guantified by laying out all specimens from g@&me element and size group together. In this way, the criteria
usedin a comprehensive analyglsyman, 1994kuch as eleent sizeside, age, and biometrics, could be
observed by comparing spe@ns side by side.

Recently,Faith and Gordon (200 have demonstrated thslteletal element abundances can be quantified using
S h a n nevenn&ss index. Citing optimal foraging theory, they noted thatetfpee to which foragers select



carcasses for transport will beflected in the evenness of the distribution of specimens adesses of high
survival elements (senddiarean and Cleghin, 2003; Cleghorn and Marean, 200%he axial postcranial
skeleton icharacterized by low survival, due to its overall low densityrasdlting preservation biases. In
contrast, crania and appendicutdgments are highatensity anatomical regions that better surtaghonomic
processes and, if properly identified and quantified,sted light on the carcass butchery and transport
decisions made biypragergMarean, 1998; Marean and Cleghorn, 2008}kituationsvhere entire carcasses
are transported, or where no transportd@sirred, there should be a perfectly even distribution of thighe
survival skeletal elements (standardized by their frequenibyeinertebrate body). As transport becomes
increasingly selectivehe evenness of the distribution of these skeletal elementdeglihe. The interpretation
that stems from this method is thateuen representation of cranial and long limb bones would indibat
distance transportation of carcasses, whereas an uimeleenwould suggest lonadistance transportatidriVe
applied thismethod, standardizing our limb MNE estimates by first fiansing them into MAU, then

cal cul ati ng Sh a n(fathraddsSordon, 2007 Eaghset al., 200%).x

Given the importance of determining the intervention (@oskible interaction) of hominins and carnivores in
the faunalssemblage, the study of bone surface modifications is an esparttiafl our analysisiNe evaluated
cortical surfaces and analyzlbdne surface modifications, such as cut marks, tooth magksssion marks,

and natural marks (biochemical and abrasianks). Marks were identified using hand lenses under strong
direct light, following the methodological and matiagnosticcriteria specified bylumenschine (1988,1995)
andBlumenschineind Selvaggio (1988,199fgr tooth and percussion marks, andBynn (1981)and
DominguezRodrigo (1997a, 2003pr cut marksTo compare archaeological data to modern experimental
referentialframeworks where there is no diagenetic bone breakage oediffdrbone surface preservation,
frequencies of marks are shownbagh raw estimates and corrected estimates. Corrected estimesaées
obtained followingPickering et al. (2008}heir methodconsiders the artificial inflation of specimens through
dry breakagend the artificial reduction of mark frequencies when spatswéh poor cortical preservation

are compared with specimens wigthod cortexPickering et al. (200&8ecalculated the originaumber of bone
specimens prior to dry breakage by subtractingitimber of specimens with dry breakage divided by two, and
thensubtracting the number of specimens with poor cortical presemnvd he reliability of this method is
logical, since it excludes thepecimens with poor preservation, which would bias theepvedrequencies of
marks, and compensates for the duplicatiogpaicimens resulting from the dry breaking of single specimens,
which would artificially inflate the original bone sample.

Tooth marks and percussion marks were analyzed epiphyseal and midhaft long limb bone portions,
followingB |l u me n s ¢ h i methddshowevef Beddid not use tiearepiphyseal portion because of
disagreements with the walyis portion is defined and how marks are tall[PdminguezRodrigo and Bdra,
2006).For example, a 10 cm shaft specimen ghraserves 1 cm of spongeous/trabecular tissue on its medullary
surface could be classified as a repiphyseal portion eveniifarks clearly occur on the mghaft part, which

is 90% of thespecimen. Given that the identification of epiphyseal specihdn® | | owi ng Bl umen
nomenclature) is straightforward, wadlied marks on epiphyseal fragments because they cowaddiegically
interpreted with available experiments. Howegiven that the proportions of neapiphyseal fragments
identifiedby Bl u me n s ¢ h i amaogical sénipl@ &8nd gur fossil samptauld certainly differ, we decided

to exclude this category becawge could not guarantee that it would correspond to xperenental sample

and, therefore, be adequately interpreted.

Cut marks were tallied by element type and bone sedttbowing DominguezRodrigo (1997a). Doinguez
Rodrigo et al(2007)showed that a useful approach for differentiating prinvargus secondary access to
carcasses by hominins involves focusimgthe parts of the bones where no scrap of flesh survived in an
experimental sample of feidonsumed carcasses. Theseparesr e def i ned as MAhot zo
contrast etsg oidaled ,z@ommrts of the bostongarimescle scr ap
attachments. The latter include the medial shatth@humerus and the caudal side of the femur, tibia, and
radiusulna(DominguezRodiigo et al., 2007; Barba and DamyuezRodrigo,2008).Documentation of the

precise location of cut marks on edichb bone in experiments reproducing human butchery of-fidghed



carcasses revealed that hot zones arenauked in broadlgimilar frequencies to cold zones but with
differences by elemeiiDominguezRodrigo et al., 2007For humeri, both zones are autairked similarly in
small carcasses, while in meditgizedcarcasses cold zones show highermatk frequencies. This atially
accounted for by thBl. pronator tereandM. biceps brahialis attachments. For small carcass femora, both
zones agaishow similar ciimark frequencies while hot zones are-m#rkedmore frequently in medium
carcasses. The hot zones of both carsizes are also more frequently-coarked in radii. Most of the cut
marks observed on radii cluster in hot zone 2 (cranial aspectin&@ks on tibiae are similarly represented in
both zores. This studgemonstrated that the zone approach provides a useful framiworterpreting cut
marks in fossil assemblages: cut markexperiments modeling primary access are found in hot zones at
similar or slightly lower frequencies than in cold zones, whereamnatks have not been found in hot zones
after butchery of lion kill§DominguezRodrigo et al., 2007)n the present study, cut mankgre drawn on
templates, when their precise locatamuld beidentified, enabling this approach.

During excavation, we had to overcome sediment compaatidnts effects on bones. Several showed cracks
and diagenetibreakage planes that caused bone fragmentation as spewarengmoved from the soil. This
was documented across the ensieguence but especially in the Pelorovis level (BK4). Therefore, dry
breakages are present in the archaeofaunal assemblage. Tifieatien of green and dry (including

diagenetic) breakges wasarried out followingvi | | a and Meritenaedwy breaksesultar 1 )
abundant breakage planes that are longitudinatrandverse to the axis of the bone, the angle measured
between theortical and medullary surfaces is close to 90 degrees, ahdehieage plane surface is uneven,
with micro-step fractures ana rough uneven texture. In contrast, grbeoken specimenfsequently have
smoother surfaces and more abundant oblijjaakage planes. Several specimens were fractured during exca
vation upon exposure but were glued before removal andiabbanatory treatment.

Breakage patterns were analyzed using three compleméstaniques outlined bpominguezRodrigo et al.
(2007. First westudied notches, which are defined as seinaular outlines alonthe otherwise rectilinear
edge of a fracture surface, associated wittegative flake scar on the medullary surface. Thesemesgsured
to differentiate between bone break@gecessesCapaldo and Blumenschine (19%howed experimentally
that thedynamic force of hammerstone percussion produces notchesehaibader and shallower in cortical
view than the notches creatiegl the static loading of carnivore teeth. They measured notch shiygetwo
ratios: 1) notch breadth: notch depth (in cortical viemy 2) flake scar breadth: notch depth.

The platform angles of bone flakes removed during percuatsortend to be more acute/obtuse than those of
flakes removeduring carnivore bone breakage. Using a goniometer, the platfiogie was measured at the
loading point on the negative scar of thetached flake. Notch measurement still has the disadvaritage
lacking a proper interpretive referential framework. The sasipts used bZapaldo and Blumenschine
(1994),especially fomiddle-sized carcasses, are too small and yield ambiguousvamidpping ranges of
variation when comparing static adgnamic bone breakage processes. The analysis of me@surement was
therefore used with caution in the present work.

The second approach involved the study of notch morphdteguenciesCapaldo and Blumenschine (1994)
differentiated sevetypes of notches, including doubdeerlapping and doublepposing notches said to be
more abundant in carnivore bobreeakagéDominguezRodrigo et al., 2007)n our preliminaryexperimental
work, we observed that certain notch types variddequencydepending on whether static or dynamic loading
wasapplied. Doubleoverlapping and doublepposing notches dmones from small and middkzed carcasses
occurred in highefrequencies in assemblages of broken bovid fragments crbatedh static loading
(DominguezRodrigo et al., 2007).

A third approach involved the study of oblique breakage plmger than 4 cm. On these planes, we measured
the angle thejormed with respect to the cortical surface. The physical principheisame as for notches:
dynamic loading (i.e., hammerstopercussion) creates more acute or obtuse angles than static ipadjng
carnivore gnawing), which creates more right an{fkiskeing et al., 2005; Aléntara et al., 2006).



Results

Skeletalpart representation

A total of 1041 bone specimens larger than 2 cm were excavateaur trench at BK1, BK2, and BK4. The
exhibit level (BK3)produced an additional 396 specimens. Another 4,989 fragr2mis were also retrieved
from our trench but are excluded frahe present analysis. Looking at specimen size distribution in each
assemblage, the smallest fragment$ 820mm) are the mosepresentedFig. 5). This is further supported by
the hundreds adpecimens2 cm in BK1, BK2, and BK4 that are not includedrig. 5.Specimens4 cm are
less represented in BK3 for unknowgasons. Given that this exhibit level was exposed for a longsmmad|er
fragments might have disappeared during the raite;natively, they could be underrepresented because this
levelwas formed in a fluvial context and smaller fragments may baga washed away. Despite the overall
minimal postdepositionatdisturbance by physical agents, water transport must have gayezrole in the

final configuration of all these assemblagathough no predominant orientation was detected, somensgpesi
were found to be tilting verticaffyand 22 specimens (1% NISP) showed traces of polishing and abrasion due
to watertransprt. Overall, the assemblages appear to be well preservaezhpnaiinimally affected post

depositionally.

Table 1
Minimum number of individuals identified at BK.
Level 1
Antilopini 1 Adult
Gazella sp. 1 Adult
Damaliscus cf. niro 1 Adult
Connochaetes sp. 1 Subadult
Kolpochoerus sp. 1 Adult
40.00 Equus sp. 1 Subadult
. — BK1 Mammalia size 4 1 Subadult
----- BK2 Giraffidae 1 Adult
BK3
—-— BK4 Level 2
Antilopini 2 1 adult, 1 subadult
30.00 Alcelaphini size 3A* 1 Adult
Connochaetes sp. 1 Adult
Equus sp. 2 1 adult, 1 subadult
o~ Kolpochoerus sp. 1 Subadult
> Metriochoerus sp. 1 Adult
€ Suidae indet 1 Subadult
v 20.00 Mammalia size 4 1 Adult
& B A
o 7 N Level 3
7 RY Antilopini 1 Adult
\ Alcelaphini size 3A* 2 Adult
o N Hippotragus sp. 2 1 juvenile, 1 adult
. % \ Kobus sp. 3 Adult
R Mammalia size 4 1 Adult
\\\’ s Pelorovis sp 1 Juvenile
‘x.:_\ —f—;k Equus sp. 2 1 juvenile, 1 adult
Level 4
000 Antidorcas 1 Adult
! y ! ! ! ! ' ! ¥ Antilopini 1 Adult
» P P SO PH PSS Alcelaphini size 3A 1 Adult
P B g e Ay g N 2 Equus sp. 2 Juvenile
mm Mammalia size 4 1 Subadult
Diceros bicornis 1 Adult
Figure 5. Distribution of bone specimen size ranges (maximum length in mm) in each Crocodrilus sp. 1 Juvenile

level at BK.

* Damaliscus{Parmularius.

In terms of taxonomic distribution, BK1 is dominated by Ephini and antilopin{Table 1),including

elements from most @dhe anatomical areas, with a high number of long limb bone sradtsb fragments
(Table 2).BK2 shows a similar taxonomrepresentation but with more equidsble 1).The skeletal part

profile includes specimens from most of the skeleton, but longdimlts are more abundant and rib fragments
less abundant than BK1 (Table 3).BK3 contains more bones from large fax®®0 kg,but middlesized
animals are the best represented, wigmaintdrom the entire skeleton except for undepresentation of
verteébrae and ribgTable 4).This level contains the highest numbeepiphyseal fragments £id) despite the
small excavation area, gontrast to the larger areas of the other levels. BK4 also indaidges animalgTable

1), with an overall similar skeletal represation to the overlying leveld@able 5).

All the levels share a virtual lack of carpals, tarsals, phalaagdsyertebrae, and an undepresentation of
ribs (when consiered as MNE instead of NISP), pelves, scapulae, and longfiphyses. The leadense



parts of the skeleton seem to be uneleresented through the entire sequence. This is clear wheng@bk
skeletal part profiles using MNE estimat@sible 6).Here, ribMNE estimates are substantially lower than
NISP values because thie frequent fragmentation of these elements and also bexaosent quantification is
more difficult when using the mosbmmonly represented rib shaft sections. However, we aredeonfihat
our low estimates of ribs are not merely agngduct ofmethodology, since we carefully compared all the
specimens whileonsidering the animal size, element width, and section, tamziaithe impact of differential

identification of ribs whermompared to more easily quantifiable elements.
Table 2

i i j i ; ; Table 3
i:l\l/:llbfr ofidentifiable specimens (NISP) according to carcass size discovered at B Number of identifiable specimens (NISP) according to carcass size discovered at BK
level 2.
Small Large’ Indet. Size p— i e

Horn P - -
f‘l;:ﬁl > ; 9 Skull 11 13
Mandible 2 2 Teeth. 2 20
Cervical vertebrae Manfilble 3 9
Thoracic vertebrae 1 Cervnce{l vertebrae
Lumbar vertebrae Thoracic vertebrae
Sacral vertebrae Lumbar vertebrae
Vertebrae indet. 2 2 Sacral vert.ebrae
Pelvis 2 2 Vertfebrae indet. 2 2
Scapula Pelvis 3
Ribs 42 23 4 Sfapula 1 2
Humerus Ribs 23 2

Proximal end Humerus )

Shaft 6 10 1 Proximal end

Distal end 1 Sl}a& 4 31
Radius-ulna . Distal end 1

Proximal end 1 Radius-ulna )

Shaft 4 8 Proximal end 1

Distal end Sl.la& 4 15
Metacarpal Distal end

Proximal end Metacarpal )

Shaft 1 15 2 Proximal end 1

Distal end Sl.la& 4 25
Femur Distal end 2

Proximal end Femur )

Shaft 7 7 Proximal end

Distal end Sl.laﬁ 4 11
Tibia . Distal end

Proximal end Tibia )

Shaft 5 31 Proximal end

Distal end Sl_la& 12 33
Metatarsal Distal end

Proximal end 2 Metatarsal )

Shaft 7 9 Proximal end

Distal end Sl.la& 6 18
Carpals/Tarsals 1 Distal end
Phalanges Carpals/Tarsals
Other Phalanges
ULB** 2 9 OthE:
ILB** 2 LB 5 21
gl 2 % 49 Indet. 20 99 101
i idd 183 347 Total 115 370 101***

* Only 18 specimens belonged to animals larger than size 3.

** ULB, upper limb bones; ILB, intermediate limb bones; ILLB, intermediate lower
limb bones.

*** Includes 13 indeterminate shafts.

* Only 21 specimens belonged to animals larger than size 3.

** ULB, upper limb bones; ILB, intermediate limb bones; ILLB, intermediate lower
limb bones.

*** Includes 34 indeterminate shafts.

Skulls (crania and mandibles) and long limb bones are similgphgsented, using expected MNE values
according to MNI. Thisuggests noeselective behavior in the accumulation of remalhgst carcasses in all
levels show a fairly even representatioritifdense skeletal elements, including all long limb bone types
(upperji nt er medi at e, and | ower ) . Thiexis caicidatedih eachieV&ligh e n
6). This evenness of elemempresentation may suggest low transport cost, probably relatedhjgete limb
transport to the site and/or shdistance transpodf carcasse@~aith et al., 2009)The only minor exceptions
are thesmall fauna in BK3, whose elements are more unevepiesentedyrobably due to a small sample
size, and the high number of meddials (e.g., among small animals in BK2 and larger animals in B&kéje
these elements are better represented than upper limb bones.



Table 5

Table 4 . . . i L Number of identifiable specimens (NISP} according to carcass size discovered at BK
Number of identifiable specimens (NISP) according to carcass size discovered at BK level 4.
level 3.
- Small Large* Indet. Size
Small Middle Large Indet — = =
orn
Horn Skull
Skull 3 3 Teeth 9 1
Teeth 16 Mandible 1 3 1
Manfilble 1 10 6 Cervical vertebrae
Cervical vertebrae Thoracic vertebrae
Thoracic vertebrae 2 1 Lumbar vertebrae
Lumbar vertebrae 1 Sacral vertebrae
Sacral vertebrae Vertebrae indet. 3
Vertebrae indet. 10 5 Pelvis 1
Pelvis 1 3 Scapula 1
Scapula 4 Ribs 2 5
Ribs 22 10 2 Humerus
Humerus Proximal end 1
Proximal end 1 Shaft 1 2
Shaft 3 12 15 Distal end 1
Distal end 1 1 Radius-ulna
Radius-ulna Proximal end
Proximal end 1 Shaft 1
Shaft 1 8 4 Distal end
Distal end Metacarpal
Metacarpal Proximal end
Proximal end 1 Shaft 1
Sl.la& 4 9 2 Distal end
Distal end Femur
Femur Proximal end
Proximal end Shaft 1
Sl.la& 9 5 Distal end
. Distal end Tibia
Tibia Proximal end
Proximal end Shaft 1 6
Shaft 3 11 6 Distal end
Distal end Metatarsal
Metatarsal Proximal end
Proximal end 2 Shaft 1
Sl.la& 7 10 1 Distal end
Distal end Carpals/Tarsals ]
Carpals/Tarsals 4 Phalanges 1
Phalanges 2 2 Other 1
Oth(:: ULB** 1
ULB;* 5 14 6 ILB** 1
ILB | 1 3 4 ILLB** 6
o 3 21 5 Indet. 3 32 12
Indet. 4 40 62 6 (1 shaft) (11 shafts) (1 shaft)
(30 shafts) (20 shafts) (3 shafts)
Total 10 84 14
Total 57 205 131 6

* Only 34 specimens belonged to animals larger than size 3.
** ULB, upper limb bones; ILB, intermediate limb bones; ILLB, intermediate lower
limb bones.

The skeletal pattern represented in all BK levels suggests séleetive transport of skulls and complete limbs
by collectingagent(s) with minor postepositional carnivore ravaging (deletiimgb ends and compact bones
only), or transport of completarcasses with intense carnivore ravaging (deleting axialselnaé, and
compact bonegMarean and Spencer, 1991; Marean etl@92, 2004; Capaldo,1999)he absence of
vertebrae supports tfiermer proposition better than the latter, but the presehabs could be used to support
the latter interpretation; alternatively, oo@uld find support for a mixed pattern involving complete transyfort
a few carcasses and selective transport of several othergu@&ston of the vertebrae is problematic, since
modern foragerée.g., the Hadza) often transport them already defleshed anddihémem to render fat,
affecting their representation in etlgraphic assemblagéBunn, 2007)Fat exploitation is not candered

likely in Plio-Pleistocene contexts, so the use of Hadza asalogue for the transport of axial elements by
early hominins mayot be appropriate. If hominins had transported vertebrae, it waoplg that their

transport must have been carried out on flesleetions instead of defleshed ones, as documented among the
Hadza. Carnivore ravaging could be seen as minimal, giveratigty of toothmarked specimens (below), but
the presence of soary long limb shafts and the virtual absence of epiphyses suggasth more intense
deletion of bone sections by carnivores.

** ULB, upper limb bones; ILB, intermediate limb bones; ILLB, intermediate lower
limb bones.



Table 6
Estimates of Minimum Number of Elements (MNEs) for each skeletal part according to each level.

Level 1 Level 2 Level 3 Level 4

Small Large Small Large Small Mid-sized Large Small Large
Horn 1 1 1 1
Skull 1 3 1 3 1 1
Mandible 2 2 3 3 1 2 1 1 2
Cervical vertebrae
Thoracic vertebrae 2 1
Lumbar vertebrae 1
Sacral vertebrae
Vertebrae indet. 1 1 1 1 4 3 3
Pelvis 2 2 1 2 1
Scapula 1 1 2 1
Ribs 8 6 7 8 9 7 1 1 2
Humerus 4 4 2 7 1 5 4 1 2
Radius 1 2 1 5 1 3 0 1
Ulna 1 2 4 2 2
Metacarpal 1 9 3 7 4 6 1 1
Femur 4 5 1 5 5 2 1
Tibia 2 10 5 6 2 6 3 1 2
Metatarsal 2 6 4 6 4 5 1 1
Carpals/
Tarsals 1 5 S
Phalanges 4 1

Bone breakage

Most of the bone specimens show clear signs of green bredkgdareakage is a more variable but significant
part of the assemblag@nging between 12% and 24.5% of bone fractures, depending leweh@ able 7).0n
average, almost one out of every five specingdsvs at least one dry breakage plane. However, the
predominance afreen breaks suggests dynanacstaticloading breaking processessulting from a biotic
agent (human or carnivore). When measuntast oblique planes4 cm, breakage plane angles sderhe
eithertoo acute or too obtuse to be the result of static logéfiigg 7). Theyare more similar to the angles
resulting from dynamic hammerstoleading. This is further supported by the fact that tantrk frequencies
are too low (below) to support the interpretation i@tecrunching carnivores such as hyenas broke most of
the bonesFrequencies of percussion marks, on the other hand, are on trentighthe range for
hammerstondroken experimental asmblagegbelow), clearly suggesting that the bones were broken by

hominins.
Table 7
Frequencies for green and dry breakage per level. Numbers in numerators are
number of specimens with specific breakage type and numbers in denominators are
for total number of specimens where breakage type was identified. Numbers in
parentheses are for percentages.

Level 1 Level 2 Level 3 Level 4
Green breakage 288/305 568/598 369/373 101/111
(94.4) (94.9) (98.9) (90)
Dry breakage 75/305 87/598 46/373 21111
(24.5) (14.5) (123) (18.9)
Green and dry 50/305 57/598 44/373 117111
breakage (16.3) (9.5) (11.7) (9.9)

The study of notches also supports this interpretation. A to&0 ofassifiable notches were documented
(Table 8).Most of thesavere single notches, with a low frequency of dotderlappingand doubleopposing
notches similar to that seen in hammerstbreken assemblagé®ominguezRodrigo et al., 2007)This is
substantially different from carnivoitgroken assemblages whagh notches are more abundant. Notch
measurement also sholasge and shallow shapes, probably resulting from dynamic loaalingr than static
loading. However, as noted earlier, the referefittmhework for these data provides poor resolution, given the
largeoverlap in the ranges of variation for dynamic and static loadingjZer3 carcass€é€apaldo and
Blumenschine, 1994Thereforenotch measurement is not very useful here to discrimthateonebreaking
agent(Fig. 8).

Shaft circumference types, classified followiBgnn (1982)arealso an important analytical tool for
understanding bone breakggggterns. In all levels at BK, Type €50% of the shaft circumfence) is
overwhelmingly predominar{Fig. 9). The difference witlexperimental assemblages lies in the lower
frequency of Type 2>50% of the circumference) and especially Type 3 (complatamference) at BK; this



is probably related to the paucity of lolngb epiphyses. Most BK levels resemble those experimentgiich
carnivores, either primarily or secondarily, have ravdmel bones by removing epiphyses.
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Figure 6. Shannon’s evenness index in BK1-3 by carcass size. In BK4, sample size was
too small to give a reliable result.

Bone surface modifications

Our analysis of percussion marks and tooth marks also suggestsof carnivore bone breakage at BK, and
points to the role dfiominins in extracting marrow from the limb bones of¢hecasses accumulated in all
archaeological levels. The availalg@dence suggests that carnivore activities seem to havdiingea to
grease extraction from the gredssaring bone portiorsbandoned by hominins. A bone surface is defined as
well preserved when the whole original bone surface is preservathaffédcted by deterioration. Otherwise, it
is defined as poorlgreserved. Bone preservation is usually well preserved in the leppés, with a variable
but low proportion of carbonated or bleemically weathered specimens whose surfaces were invisible or
poorly preserved and could not be studieid. 10).In contrast td-LK Zinj (DominguezRodrigo and Barba,
2006),biochemical marksaffect a very small part of the assemblage, with most barfi@cesshowing pristine
preservation. BK3 is the least affected by ploone surface preservation (17% of shaft NISP having poor
corticalpreservation), and BK4 is the most affected, with twice as rspagimens (40% of the shaft
assemblage) showing poorly presergadaces. As noted earlier, very few specimens bear trapedigtiing
and abrasion, despite being found in a fluvial confeiis indicates that most bone surface modifications
should havédeen visible and identifiable.

Here we present the distribution of each type of modificatiothemost widely represented long limb mid
shaft specimen@lable 9),and on each skeletal eleménables 1013) according to archadagical level.

Tooth marks make up a very small fraction of bendace modifications, occurring in low numbers in all
levels. They argparse on most elements, and on limb shafts the highest freq8e8fidyin BK2) is only

obtained when correcting for bone surfaceservation and dtgroken specimens. In all levels the frequency of
toothrmarked shafts is9%, which is similar to the percentadecumented in experiments where hyenas have
secondary accesohumandiscarded bone®ominguezRodrigo et al., 2007)n the BK3shaft assemblage,
tooth marks make up a marginal proportion ofrtiadifications €2.5% when corrected for bone surface
preservatiorand drybroken specimens).

Percussion marks are very abundant in all levels except\BKén considering all shaft specimens,
irrespective of dry breaka@gasd surface preservation, frequencies at BK1, BK2, and BKS3 tzetgeen 16%
(BK2) and 20% (BK1)Table 9).When correcting fothese factors, and including all levels, the percentage of
percusion-marked shafts is very high, ranging from 11% (BK4) to 3B¥1) of all shaft specimens. This is
clearly indicative of homininbreaking the long limb bones at the gfggs. 11 and 12}t is noteworthy that



