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Abstract

Middle and Late Pleistocene bone assemblages have been analydged hominin hunting
competence. Interpretations in terms of competence are usuedlgd on the species
represented in bone assemblages, such as the presence oe a@fdange and dangerous
species. However, the sophistication of hunting strategies is nobrilye factor that
influences the exploitation of prey species. Before interpretmgssemblage in terms of
hunting proficiency, more parsimonious explanations of prey choicebawdtminated. One
important reason to focus on certain species is that they @ eaonomic to exploit than
others. To test whether the presence or absence of species eapldised by economic
motives rather than by hunting proficiency, Optimal Foraging Thderyapplied to
Pleistocene bone assemblages. The motives that drive prey clostidied by modelling
the behavioural characteristics of species and scrutinizing wharaaeristics the exploited
species had in common. Application to Middle Palaeolithic sites ifeé&meian of Germany
shows that large and dangerous species were exploited frequently, but thgt spéties are
better represented at some sites than species living in lheraisother case-study from the

Middle Stone Age in South Africa, the most important characteastselected prey species
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is their size. Large and dangerous species were preferredrmaber dangerous species. The
better representation of large docile species can be ascribeohtmmon sense” and not, as

has been suggested, to a lack of hunting proficiency.

Keywords: Middle Palaeolithic; Middle Stone Age; Optimal Foraging Theldegnderthals;

Diet Breadth; Anatomically Modern Humans

1 Introduction

The competence of hominins in exploiting animal resources hasdsdeted for several
decades. Examples are discussions on differing hunting proficiencydretthie African
Middle Stone Age (=250 — 50 ka) (MSA) and Later Stone Age (L®A). Binford, 1984;
Faith, 2008; Klein and Cruz-Uribe, 1996; 2000; Marean and Assefa, 1999) antkdrdiés
between Neanderthal and Upper Palaeolithic foraging strateggesBjnford, 1985; Grayson
and Delpech, 2006; Mellars, 2004; Stiner, 1994).

Changes in the composition of bone assemblages are commonly interpregems
of developing foraging strategies. However, this research isugdiaggy many distorting
factors. Climatic changes, taphonomic influences, and differendeansport behaviour all
influence the representation of different species in an assemhlam® Optimal Foraging
Theory (OFT), comparisons between foraging choices in differentimastances or by
different hominin populations can be made. Although all distorting fac@msnever be
completely filtered out, OFT avoids ideologically laden integtiehs (cf. Roebroeks and
Corbey, 2001). Hence, OFT presents an analytical tool that mageoketo more objectively
compare different faunal assemblages and isolate behaviouratldésrin the exploitation
strategies represented therein. OFT has been successfulbddppth ethnographically and

to the archaeological record of (mostly) later periods ®emnett, 1991; Bird and Bird,



1997; Bliege Bird et al., 2001; Byers and Ugan, 2005; Cannon and Meltzer, 2@§4$pG
and Delpech, 1998; Hames and Vickers, 1982; Hawkes, 1982; Jones, 2004; McGuire and
Hildebrandt, 2005; Stiner and Munro, 2002; Winterhalder, 1987; 2001). This suggedts that
presents a constructive approach to the study of Pleistocene foragingestrateqgi

The following section briefly introduces OFT and explores howait be used in
Palaeolithic archaeology. The use of OFT for understanding fgragiategies is illustrated
with two case-studies: first an examination of the role of daugeprey in the South African
MSA, second an analysis of the influence of changing climates amdeethal foraging

strategies in northwest Europe.

2 Optimal Foraging Theory

OFT is a body of theory derived from the domain of ecology. Eméral assumption
guiding the construction of OFT models is that the evolutionamgdg of an individual is
linked to its foraging success. Successful foraging stegegill therefore be evolutionarily
selected for (e.g. Houston et al.,, 2007; Krebs et al., 1981; Perry am#taPil997;
Winterhalder, 1987; 2001). Observed foraging strategies are assynti@al solutions to the
problems the forager faces, shaped by natural selection (ecrtdar and Pianka, 1966;
Winterhalder, 1987).

OFT models predict the choices an organism would be expected toifnakere
striving towards a particular goal. In many applications of OR€&, goal, or currency, is
assumed to be maximisation of the amount of calories acquired vadndging (e.g.
Bettinger, 1991; Winterhalder, 1987; 2001; Winterhalder and Smith, 1992; Wikerfaaid
Smith, 2000). However, other currencies such as minimising the amoumeo$gent while
foraging, minimising risk incurred, maximising prestige or masing the amount of rare

nutrients gained, can also be incorporated in OFT models (e.geBied and Smith, 2005;
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Bliege Bird et al., 2001; Ludvico et al., 1991; McGuire and Hildebrafi>2Winterhalder,
1987).

To apply OFT models to archaeological situations, a number of \egiaklkd to be
reconstructed. In order to minimise the number of reconstructeddaatsimple model, the
diet breadth model, appears to be best suited for archaeologicaktippliSheehan, 2004,

170). Discussion will therefore concentrate on this model.

2.1Diet Breadth Model

The diet breadth model predicts which resources a predatoexplbit in a given
environment. The model assumes that foraging strategies vgkdred towards maximising
the acquisition of a currency (MacArthur and Pianka, 1966). In mostcappfis, the
currency is assumed to be caloric gain. As models constructed basthis currency have
shown a reasonable fit with prey choice observed in ethnographic sewdieBroughton and
O'Connell, 1999; Winterhalder, 1987, 319-322), this currency is used here.

The return rate, or profitability of different prey typesajgproximated by ranking
them according to their caloric value. In terrestrial mampiady size is generally directly
related to the caloric yield of an animal (e.g. Ugan, 2005, 75). Inaestudies presented
here, the different prey types are ranked by body weight.

If the currency is not caloric value, the predicted ranking will not fit therobd prey
choice. In that case, alternative currencies can be investigatealternative currency can be
detected by examining shared attributes of the exploited prelespend by scrutinising the
archaeological context for the use of non-food animal products. In cold clintategample,
animals may be exploited for their fur in addition to their nutritional value (@xgsJj 2004).

The profitability of prey species not only depends on their body Isitealso on the

ease with which they can be exploited. This variable is gépesdled the “handling cost” in
4



OFT models. Reconstruction of this variable is difficult, sincésia composite of prey
species’ anti-predator behaviours and the predator’'s abilities inuipuspture and
processing (MacArthur and Pianka, 1966). A high handling cost of speitiggsult in a
low ranking. Moreover, if an increased number of species is explditedassumed that,
because foragers are less specialised, overall handling ilcasw increase (e.g. MacArthur
and Pianka, 1966; Winterhalder, 1987).

An incorrect assessment of the handling cost of the availablespegyes will lead to
deviations from the model’s predictions; different species wikXx@oited. In this scenario,
the fit between the species that are expected to be explodetieé species that actually were
exploited may be better than when using an incorrect currency.drcde, studying the
shared handling cost attributes of species that contrary to poedictere, and were not
exploited, may provide information on the factors influencing prey choice.

In hominin hunting strategies, technological and behavioural developmants c
significantly alter the handling cost of specific prey spede.g. Bright et al., 2002; Stiner
and Kuhn, 2006; Ugan et al., 2003). Another important influence on prey handlisgsos
the social structure of predators. Predators operating ierlgrgups are able to tackle larger
species of prey (e.g. Creel and Creel, 1995; Radloff and Du Toit, 20@4n klso increase
the success rate of hunting (Funston et al., 2001; Holekamp et al., 199Hhem$unting
herd animals, larger groups often result in more kills from a (t@mekl and Creel, 1995). In
humans, group hunting is often employed to break through the defencas hefd
(MacDonald, 2007), and group hunting often results in increased produ¢keiplan et al.,
2009). Some studies suggest that hunting in groups reduces the averiéigeallgain made
by individuals. However, group size may drastically reduce theangi&leptoparasitism by
other animals (Cooper, 1991; Waite and Field, 2007). Taking this factorasdount

increases the profitability for individuals to join groups (Waitd &ield, 2007). In both the
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MSA and the Middle Palaeolithic, the presence of hyenids and felads have made the
prevention of kleptoparasitism an important factor determining hominin foragingssucc

As the hunting capabilities of hominins are the subject of invéistigdandling costs
were modelled using the anti-predator attributes of the preyespéicprey species with high
modelled handling costs are represented at the sites under cdrmigderaan be assumed
that the accumulators of the bone assemblages exhibited behaviowathabphisticated
enough to deal with the prey’s anti-predator attributes. To appabeia prey species’
handling costs, focus is on three specific attributes: prey da&®er posed by the species,
and social behaviour.

The size of a species influences the difficulty of exploitinglarger species are
generally more difficult to kill. Moreover, the size of anraal will also influence the danger
associated with hunting it, as larger species can do more dahiégés borne out in the fact
that there is a relationship between predator size and preyesizeOwen-Smith and Mills,
2008; Radloff and Du Toit, 2004; Woodward et al., 2005). Prey species tHatgeethan
the maximum expected prey size for a mammalian predatorassemed to entalil
significantly higher handling cost than smaller species.

Some species are more likely to exhibit a flight responseewltilers readily stand to
fight attackers. Moreover, some species, especially carnivbea® evolved “weapons”,
making them more dangerous than other species. The first tadyepgesented below
examines fight vs. flight response, while the second focuses odigtiection between
carnivores and herbivores. Both carnivores and species exhibiting aelgioinse likely had
increased handling costs, especially to hunter-gatherers equippledsiwiple hunting
weapons.

For the application of OFT to archaeology, it is important tbsedhat the order of

ranking and the modelling of handling costs represent ordinal measures at ff@&néegs in
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body sizes may be small but may entail large differencesienrank order. Therefore
increases in ranking must not be mistaken for linear increases in return rates

The total profitability of a prey species is a function ofatgly size and handling
cost. Hunter-gatherers will preferably focus on the most pbbditaspecies available.
However, large, highly ranked species are generally presdotver population densities
than smaller low-ranked prey. In order to ensure a steady supgbodf the number of
exploited species will be increased if highly ranked speceegm@rountered only rarely. This
lowers the time spent searching, since more suitable preyalsmmil be encountered. The
diet breadth model thus predicts that an “Optimal Set” of sp&dlebe exploited. Which
species are in the Optimal Set is determined by the ovevatl @ searching for and
exploiting the most highly ranked species, as illustrated in EigBettinger, 1991;
Winterhalder, 1987; 2001).

The search cost depends on the abundance of different prey specthe in
environment of the occupied sites. As a relationship exists betawepecies’ body size as
well as between whether a species is a herbivore or a caraindrgopulation densities, the
population density of different species can be approximated (Eiserif89Q, Silva et al.,
2001; Silva et al., 1997; White et al., 2007). However, reconstructipg@es’ population
density in this way only gives an estimate for a specigsgliunder ideal conditions. In
reality, large deviations from the expected pattern can o&ilwa, et al., 1997). These
approximations thus need to be combined with data on the suitabilitye @nvironment of
the site for the different available prey species at the time of occupation.

When scrutinising faunal assemblages, the precise ranking of essgannot be
distilled from its relative importance in the assemblage. Thebdéadth model assumes that
all species in the Optimal Set will be exploited upon encounter. Mbeens that, if high-

ranked species are rare, more common, lower-ranked species @ptimeal Set will be
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exploited more frequently. Therefore, the most common speciesaimalfassemblage may
be relatively low ranked (e.g. Madsen and Schmitt, 1998, 446). Givenienlifficformation
on the environmental circumstances around the site and the spetigsrithavailable, OFT
provides a method to compare assemblages formed in different cybenalds in a

standardised way.

3 Case-Study: hunting strategiesin the South African Middle Stone Age

A difference in hunting proficiency between MSA and LSA people in5aditica
has been proposed based on differences in faunal assemblages acdumidate periods.
The focus of the debate has been on the representation of €lageéléphus ory) African
buffalo (Syncerus caff@r giant buffalo Pelorovis antiquus warthog Phacochoerus
africanug and bushpigFotamochoerus larvatiisin MSA assemblages, eland are relatively
abundant, whereas buffalo and suids are rare. Moreover, the age prdafuffalo suggests
that mostly juvenile and old individuals were exploited. In LSA abtages, suids and
buffalo are better represented and eland is uncommon. The LSA adespobtuffalo show
an emphasis on adults (e.g. Klein, 1978; Klein and Cruz-Uribe, 1996; 2008). iEla more
docile species than buffalo and suids. This was used to suggest tAdiuviters were not as
proficient as LSA hunters, and hence they avoided the more dangeroies ¢féin, 1978;
Klein and Cruz-Uribe, 1996; 2000; Steele, 2003).

Alternatively, the changes in the composition of faunal assembtaggbe explained
as the result of changes in encounter rate with prey speciesigDiba LSA, high-ranked
prey such as eland may have been rarer than in the MSA. This adltb increases in the
amount of low-ranked species that were exploited (Deacon, 1989; Faith,Naf&n and

Assefa, 1999). As the abundance of species in bone assemblages depimilsencounter



rates, this scenario is convincing. However, it does not addregzossibility of differences
in hunting proficiency between the MSA and LSA.

Building on a previous study (Dusseldorp, 2010), OFT is used to tethaviMSA
people avoided dangerous prey because they were not proficient emouingmttthem
effectively, or because the more profitable eland was more ahurketzcus is on the MSA
only, because the available MSA assemblages are distributech dasge area and a long
period of time. Comparing the MSA as a single entity to thé by therefore not be
productive. More detailed information on the context of the assemblades eonsideration,

taphonomy, etc. can be found in Dusseldorp (2010).

3.1 Parameters of the model

Being large and docile, eland is a profitable prey species, wocdkd be in the Optimal Set
under all circumstances. The abundance of eland in assemhbdegteeefore not be used to
study prehistoric hunting proficiency. To gauge hunting proficiency resuexamining
which species are included in the Optimal Set, in addition to elarinking proficiency
was limited, species with a low handling cost would be included inofitenal set. If
handling cost was not an obstacle to a species exploitation, gestlaapecies would be
preferentially included in the Optimal Set.

The species under consideration are ranked in terms of body \aemlainti-predator
attributes (see table 1) (for more detailed discussion seeeldogs, 2010). Both species of
buffalo have a high handling cost due to their large size. Africaralbuié aggressive and
lives in large groups; the extinct giant buffalo is expected to hadesimilar characteristics
because it was closely related to African buffalo. Eland age ldut not aggressive and live
in smaller groups than African buffalo. The suids are small aral ih small groups.

However, they are aggressive and have been known to severely wounadiégspards and
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also to fatally attack humans (Estes, 1991). In all species, s@ies live solitarily, giving
them a lower handling cost than their conspecifics living in groupshis is the case in all
species under consideration, this does not alter their rankingzeetatieach other. In this
scenario, eland would always be the most desired prey item

The ideal population densities of the species were calculated using theaftnom
Silva et al. (2001, 477), with the animal weights taken from Smith et al. (2003) (se€l].abl
The equation used is:
Log D =1.42 — 0.68(Log M)
The suids were modeled as herbivores, since no equation for omnivoresvidegr
Moreover, warthog is primarily vegetarian. Bushpig may on oaeasions eat insects and
carrion (Skinner and Chimimba 2005).
These population densities can only be taken as an indication on équeritly a species
might be encountered in suitable environmental conditions. However, elaadlie live in
very low population densities (e.g. Estes, 1991, Klein and Cruz-Uribe, Z0@®estimated
population density is on the high end of the range of observed populatistiefein areas
where the species IS considered moderately common
(http://www.iucnredlist.org/apps/redlist/details/2205p6/@ctual eland population densities
are commonly lower than would be expected on the basis of theirdimelyHence, eland
population density around the sites at the time of occupation wasbprdbaer in most
cases than the listed estimate. Other species would thus neediriooljgorated in the
Optimal Set to ensure maximum hunting returns. If handling costawabstacle for MSA
hunter-gatherers, suids would be preferred over buffalo. If handlingvesshot an obstacle,
buffalo should be expected over suids because of their much larger size.

The species under consideration have different environmental reguit® Eland are

grazers that prefer open environments. They can go without watleng@sas succulent
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foliage is available (Skinner and Chimimba, 2005). African buffalogeaieers too, but need
access to shade and water to survive and are therefore found arites®id more closed
environments than eland (Skinner and Chimimba, 2005). Warthog are foundde sawge
of environments, from open woodlands to grasslands, but are not presentely @enested
areas and very arid areas (Skinner and Chimimba, 2005). Bushpig afewrdyin densely
forested areas with a perennial supply of water (Skinner and Chani005). Giant buffalo
are extinct, so no detailed information on their environmental requiatsmsg available.
However, their fossil distribution suggests that they were mapted to open environments
than African buffalo (Klein, 1994). Differences in the suitabibfythe habitat for the species
under consideration influence the population densities of the speciesraadthe encounter
rates. For instance, in areas suitable for bushpig, eland populatisiiedewill be much
lower than estimated based on body weight, because the habitatvesnnsuitable for the

species. This complicates the analysis.

3.2 Application of the model
An overview of the relative importance of Eland, buffalo and suids in M&he
assemblages from South Africa was complied, and Fig. 2 showddbaiion (Dusseldorp,
2010). In Table 2, the assemblages, their dating and the relative impodiatiee species
under consideration are listed. The relative importance of the groups eordderation is
illustrated in Figs. 3 and 4. Not all five species are presaait sites. However, the presence
of one species of buffalo and one species of suid are sufficieatitge gvhether buffalo were
preferred over suids or vice versa.

At the easternmost sites, Border Cave and Sibudu, suids are mosbprcofaliowed
by buffalo, while eland is rare. The lowveld environment here \masacterised by dense

forested conditions along watercourses and woodland savannah away freatdreourses.
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Eland are historically rare in the lowveld habitats of this §é¥ark and Plug, 2008; Klein,
1977). Therefore the poor representation of this species in the fassehblages is to be
expected. Suids are expected to be present in higher population dahsitidouffalo due to
their smaller body size (table 1). The fact that buffalo weresent in all assemblages
suggests that they were included in the Optimal Set. The importdnioeffalo in some
assemblages, combined with the lower expected population density ef gbesies than
suids, suggests that they were not avoided but that the differentiesirimepresentation
relative to suids were due to different encounter rates.

At Klasies River, Suids are rare or absent, while eland andidaffa present in all
assemblages. This suggests that eland and buffalo were in thealOpéitrat all times, while
suids were probably added in situations where encounter rates with larges sypreidow.

Suids are absent from the westernmost sites under consideralonbd3, Die
Kelders, Diepkloof Rockshelter and Ysterfontein. Plug and Badenhorst (20@pjled an
inventory of the presence of animal species in South African begrdst 30 ka. They show
that both species have been found to the west of Klasies River, siernmeost site in this
study at which they are present. Moreover, suids are pres&#aaHarvest, a hyena den
close to Diepkloof Rockshelter and Ysterfontein, thought to date betweeanti3@0 ka
(Klein, 1983). Therefore, suids may have been present around thesadswatghe time of
occupation. However, due to the poor dating of Sea Harvest and theypali@ther
occurrences, this is not certain.

The conclusions that can be drawn from this analysis are hathg®sr some
problems. The comparability of the different faunal assemblagafiuenced by the fact that
for some only Minimum Number of Individuals (MNI) and for others oNymber of
Identified Specimens (NISP) data are available. Bettex diatthe abundance of the species

under consideration at the time of occupation, especially of theiisiteg western part of
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South Africa would strengthen the conclusions. Moreover, the correlatibigh-resolution
climatic records with archaeological deposits is problenfaticChase, 2010), impacting the
understanding of species abundance at the time of occupation oHsitesver, the available
data suggest that buffalo were preferred over suids during the South African MSA.

With regard to age classes, information is not available faitals and all species.
Buffalo appear to be represented mainly by juvenile and ageddndisi at Border Cave,
Klasies River and Die Kelders. At Klasies River and Diddkes, eland are represented
mainly by adult individuals while at Border Cave the sampleassmall to draw conclusions
(Klein, 1976; 1977; Klein and Cruz-Uribe, 2000). This suggests that MSA hyrefiesred
to focus on buffalo individuals with a relatively low handling cost. Sibudu, age
information is only available for bovid size classes. In the laigige classes (encompassing
both eland and buffalo), juveniles and aged individuals are represented Im smader
numbers than adult individuals. As buffalo are more common than elandHthad post-
HP MSA 1 (Clark, 2009, 188), it appears that here adult buffalo wereiedlegularly. In
suids, aged individuals are absent in the post HP MSA assemblag@&scandmon in the HP
assemblage. Juveniles are uncommon in the HP and post HP MSA blagsgmaccounting
for less than 10% of the sample. However, in the post HP MSAelrddage the proportion
of juvenile suids is 25% (Clark, 2009). On the whole, the Sibudu assemtilagesppear to
be dominated by adult individuals to a larger degree than other analysed MSA assemblage

At a number of sites, such as Klasies River, eland is muchrbefiresented than
would be expected based on their population densities. This suggedfSthdiunters were
familiar enough with their behaviour to successfully plan theaoanters with this species.
In addition to eland, at least one species of buffalo is present ihasssmblages. This
indicates that buffalo were regularly exploited. Suids are opiesented in the more eastern

assemblages. This area may have been more forested thaesheEmcounter rates with
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eland would have been low, and suids were added to the optimal set. teerétatively
variable habitat preferences of (especially) warthog, theserece in the western bone
assemblages cannot be dismissed out of hand to reflect their @bsethe environment.
Their recorded presence at archaeological and palaeontologmairences in the modern
Western Cape province suggests that their absence is ghdethgta reflection of MSA prey
choice.

It is important to realise that using the relationship betweedator body size and
prey body size, a non-human carnivore of similar size to modern humarmn-batiterers
would not be expected to hunt species over 225 kg. The equation used syldggy mass)
= 1.46(log predator body mass) — 0.17. Modern human body mass was esatze®l kg
following Sorensen and Leonard (2001). Although described as docile, isldodble this
size and must have been a formidable prey species to hunt for MSér-gatiterers. The
fact that the larger buffalo and giant buffalo were also relyudaiploited suggests that MSA

people were very capable hunter-gatherers.

4 Case study: Neanderthal responsesto climate change
It is nowadays generally accepted that Neanderthals and theiediate forebears were
capable hunters. This is illustrated by sites such as Schoninger® avnember of wooden
spears were found with the remains of about 20 butchered horseséTh@97; Voormolen,
2008). Later sites such as Salzgitter-Lebenstedt, Wallertheemyavi and La Borde have
shown that Neanderthals accumulated numerous bone assemblages xplwtatien was
focussed on prime-age individuals of a single species (Farizy é984; Gaudzinski, 1995;
Gaudzinski and Roebroeks, 2000; Jaubert et al., 1990).

Although a number of bone assemblages show that Neanderthals weceergrof

hunters, debate about the degree of sophistication of their foraging stratéigeesitinues. It
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is currently debated whether Neanderthals were able to addp gaime range of climatic
circumstances as modern humans (e.g. Finlayson, 2004, 133; Gamble, 1999, 23(ha81). It
been proposed that Neanderthals were unable to cope with the veryainktaéie of MIS 3
(e.g. d'Errico and Sanchez Goiii, 2003; Stewart, 2005). Furthermtiss heen suggested
that they could not survive in the densely forested environments thactdresed much of
Europe during the Eemian interglacfalg. Gamble, 1992; 1999). Also, there is debate over
whether Neanderthal exploitation of their territories was more @ppetic than that of
modern humans, who may have taken a more planned approach (e.g. Daxgelsiahael,
2010). Here, Neanderthal bone assemblages from full interglecidifemperate and initial
glacial circumstances in Northwest Europe are compared tgegtie degree to which
Neanderthals could change their foraging strategies to higset widely differing
circumstances. The focus is on northwest Europe because thadeflokclimatic changes
during the Middle and Late Pleistocene. Neanderthals were eglheadbnfronted with severe
glacial conditions, proposed to have led to their occasional localcegh (Hublin and
Roebroeks, 2009), while at the other end of the scale they wereomaalfr with
circumstances warmer than today, which may also have led to local extinction.

OFT provides a methodology to meaningfully compare bone assemblegesited
under different climatic circumstances. Simply comparing theispeepresented in different
environments may not be informative, as there would be important défesebetween the
available prey species. Using OFT to model the change&néounter rate with different
species and differences in handling cost combined with predictiond basgptimalisation
will allow evaluation of how competently Neanderthals adapted to different envaraam

Unfortunately, not many sites fulfil all conditions for a sucadsspplication of OFT.
Sites such as Wallertheim and Salzgitter-Lebenstedt containasseenblages dominated by

a single species (Gaudzinski, 1995; Gaudzinski and Roebroeks, 2000). Teesasionly
15



inform on one specific activity that was practised and not ornuthstfite of prey species that
was exploited by Neanderthals. For other bone assemblages atienrbetween the faunal
remains and hominin activities is ambiguous; often tools are fourld thve remains of
“background fauna” that may have died a natural death (e.g. GaudznasKuaner, 1996).
At sites like Scladina and Vogelherd, Neanderthals were natrtlyespecies accumulating
bones, but carnivores also contributed to the assemblages (Niven, 2007; R#isudvid
Bocherens, 1998).

Here, the focus is on two sites from northwest Europe (Fig. 53h8i&aint-Vaast in
northern France, dated to the transition of MIS 7-6 (Tuffreau and Sor®88), and
Taubach in central Germany, dated to the Eemian intergl&tigl §e) (Bratlund, 1999). The
occupation sequence at Biache-Saint-Vaast covers the transdrantémperate, but open
environmental circumstances to cold steppic climates. Taubach allootsnentation of
Neanderthal subsistence behaviours in forested environments during tleen EBath sites
were probably accumulated over a considerable period of time (Audi886; Bratlund,
1999). This is advantageous for the application of OFT, since shortHigctoations in
encounter rate are averaged out, permitting study of the longrieammation of Neanderthal
adaptation to the environment (for an in depth discussion of the studgrback, see

Dusseldorp, 2009).

4.1 Biache-Saint-Vaast

The site of Biache-Saint-Vaast (Pas-de-Calais, Franes) excavated between 1976 and
1982 (Tuffreau, 1988). The site yielded a number of stratigraphic levels, contachistone
artefact assemblages and bone assemblages. The analysed boiéagseseare from levels

lIA, llbase, D1 and D (Auguste, 1988a, 1988b, 1992, 1993, 1995; Louguet-Lefebvre, 2005).

Level IIA is a very rich assemblage (NISP=18321), while the rodmsemblages are
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significantly smaller (level llbase NISP=514; D1 NISP=85; DSR=105) (Louguet-
Lefebvre, 2005). Levels IIA and Il base appear to have been depadsriad the end of MIS
7, during conditions that were relatively temperate, yet colderttday. Levels D1 and D
were deposited during the early part of the Saalian (MIS & [éspers in Tuffreau and
Sommé, 1988)

Some methodological problems are associated with the bone asssnliilag the
main assemblage, the exact numbers of species that weeatpresmall numbers are not
published. However, the assemblage accounts for 89% of the totathichete NISP from the
site, while the species present in small numbers account for onbf #96 total NISP of the
Il A assemblage (Fig. 6) (Auguste, 1993, 1995, 2003; Louguet-Lefebvre, 20@5kfore,
the initial focus is on the data from the site as a whole which, due to the numentaance
of the assemblage from level IIA reflect the foragingatsigies practised during the
accumulation of this level. The developments from this that can bervels in the
assemblages from level Il base, D1 and D can then be considered.

The bone assemblages of the lower levels were indubitably ac¢athbla humans.
Cut-marks are common on the bones, while signs of carnivore inflegacare. The age-
profiles rule out catastrophic mortality (Auguste, 1995, 157-158). Indebé&l and D the
bones are not as well preserved as in the preceding levels, agsautimarks. However, the
spatial configuration of stone tools and faunal remains is higlggestive of accumulation
of the bones by hominins (Auguste, 1988b; Marcy and Tuffreau, 1988a, b).

The bone assemblage from the site as a whole (fig. 6) is doohibptaurochsBos
primigeniug, brown bear Yrsus arctoy and narrow-nosed rhinocero®igerorhinus
hemitoechus (Auguste, 1993, 1995). In all three species, adult individuals dominate the

assemblage and juveniles and old individuals are very rare (Auguste, 1995).
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Other species showing signs of hominin exploitation are representsmaller
numbers. In addition to brown bear, the larger Deninger's bdesu$ deningedi was
exploited. Due to the similarity between the taxa, not all beaes could be determined to
species level. Brown bear is the better represented species, tllaugbste, 2003).
Similarly, some individuals of Merck’s rhinoceroStéphanorhinus kirchbergenkigvere
present. This species of rhinoceros is slightly larger than ttiewraosed rhinoceros. It is
adapted to browsing. Not all rhinoceros bones were determinable ¢eespevel, but
narrow-nosed rhinoceros was the better represented species (-befpre, 2005). In
both cases, only the most common species in the ranking is codsideseming that the
handling cost of Merck’'s rhinoceros is similar to narrow-nosedoderos and that of
Deninger’s bear is similar to brown bear. Other species, suceraisls and equids do show
some signs of exploitation. However, their importance in the bonenbksge is minor and
the signs of exploitation less intensive than those on aurochs, meéahiaoceros bones
(Auguste, 1995, 162). In levels D and D1, bears are no longer presenassémblages and
smaller herbivores increase in importance (Auguste, 1988b).

Table 3 summarises the ranking, handling cost attributes and etbgbelpulation
densities of the most important species under ideal circumstaruesize threshold of 300
kg was arrived at using the relationship between predator and prgysizedpublished by
Radloff and Du Toit (2004, 415). The equation used is:
log(prey body mass) = 1.46(log predator body mass) — 0.17
The Neanderthal body mass was estimated at 65 kg, following Sor@ndd_eonard (2001).
Predators with a similar body size as Neanderthals would therspleeted to prey on species
no larger than 300 kg.

From the species listed in table 3, it becomes clear thaeiagsemblage as a whole,

Neanderthals focussed on very large prey species. However rgiestlapecies available,
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straight-tusked elephar®@laeoloxodon antiquiss not intensively exploited and neither are
animals smaller than brown bear.

Both bears and rhinoceros are solitary species. Aurochs liveupgrhowever, of
the aurochs sample (MNI=83) of which the gender could be determined, 888onvale
(Auguste and Patou-Mathis, 1994). In bison and feral cattle, aduésnggnerally live
solitary lives, except in the breeding season (Van Vuure, 2003). Althbunting of large
species appears not to have been problematic, the occupants ibé fioewsed on solitary
animals. Even in ideal circumstances, the exploited species wouldrdsent in low
population densities (table 3). The narrow diet breadth practidbeé atte thus suggests that
the occupants were able to manage the encounter rates witxplmted species well,
otherwise additional species would need to be exploited.

The assemblage of level lIbase (Fiyjpresents a picture similar to that of the site as
a whole. This level was deposited under similar circumstandeseldIA. The environment
of the site appears to have been dominated by open forest (Ldwgfebtre, 2005; Sommé
et al., 1986).

Levels D1 and D (Fig. 7) were deposited under colder circugesaiithe mechanism
of sedimentation of these levels changes. While the precedinig Meee deposited in a
regime of fluvial sedimentation, levels D1 and D are situatedndimown loess sediments.
The environmental indicators in these layers suggest that theyfarened during a feeble
climatic optimum during MIS 6. During these occupations, the environareand the site
was covered by herbaceous prairie (Munaut, 1988; Rousseau and PuisseguBd®8&re
not represented in the faunal assemblages. Instead of narrow-noseerakts Mhinoceros,
rhinocerotids are represented by woolly rhinocer@ee{odonta antiquitatis (Louguet-

Lefebvre, 2005). Although rhinocerotids remain an important group in the faunal
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assemblages, the importance of large bovids decreases sightihese levels and the
percentage of equids and cervids is increased (Auguste, 1988a, b).

The colder circumstances have changed the prey choice ofdhpants of the site
dramatically, with the second most important species overall kimgped from the diet.
The smaller herbivores, equids and cervids appear to become more s suggests
that the Neanderthals occupying the site did not emphasisarggirey anymore, but also
targeted herbivores living in herds. The location of the site tenrace on confluence of two
river valleys was probably a strategic location allowing gaisdal control over migrating

herds of herbivores.

4.2 Taubach

The site of Taubach (Thuringen, Germany) is located in a sraakrtine deposit.
Pleistocene bones started to be found during mining activities idi9hecentury. Large
collections of bones were collected and dispersed over many Eurgpséigutions. One of
the largest collections from this site is housed at therschungsstation flr
Quartarpalaontologieof the Forschungsinstitut SenckenbarmgWeimar. This collection was
recently studied by Bratlund (1999), and this analysis is based on her data.

The fact that the assemblage was collected in the 1&tead® early 28 centuries
presents some analytical problems. It is unknown how systematicotleetion was and
whether some species may be over- or underrepresented. HoweMespaui@s are quite
well represented in the assemblage under consideration. Evensssarmaoids of beaver
(Castor fibe) are present (Bratlund, 1999).

Travertine is only formed during warm climatic intervals. Ttavértine at Taubach
was formed during MIS 5. The combination of species found at theasiteng which the

European pond turtleEfnys orbiculariy, which can only survive in climates warmer than
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today at the location, suggests that the large mammal assemlaagieposited during MIS
5e (e.g. Bratlund, 1999; Mlynarski and Ullrich, 1977; Van Kolfschoten, 200&tIuad
(1999) further suggests that the mammal assemblage was probpbsitei® during one of
the earlier pollen phases of the Eemian. The most parsimonioyz@tétion is that the large
mammal assemblage was deposited during pollen stage 3 of MI®iSevduld mean that
the climate was warmer than nowadays (Kuhl and Litt, 2003, 210). Patess ¢rom
Germany suggest that deciduous trees grow in importance during pbldese 3, with oak
(Quercu$ being dominant. Although the climax vegetation has not fully developedgdur
this pollen phase, non-arboreal pollen are only present in very smedinpgges in pollen
cores (e.g. Zagwijn, 1996).

Gamble (1986, 1992, 1999) has hypothesised that Neanderthals could notitbope w
the forested Eemian environments, because available herbivore bievaastow and
dispersed. This position is supported by a paucity of sites in WeSteope securely dated
to this period. However, there are compelling taphonomic argumentsatihaccount for this
scarcity (e.g. Roebroeks et al., 1992; Roebroeks and Speleers, 2002)teTole Teiubach
shows that Neanderthals could indeed survive in Eemian forested environments.

The composition of the faunal assemblage is illustrated in Figheéfaunal spectrum
resembles that of Biache-Saint-Vaast. However, at Taubach broamn i®edominant,
followed by Merck’s rhinoceros, bisorBison priscuy and beaver. These species show
significant numbers of cut-marks. Red deer is represented by260especimens, but only 2
were cut-marked, while one horse bone was possibly cut-markedu(®;al999). Most of
the remaining species can be assumed to have been part of tgebadkfauna. In addition
to Merck’s rhinoceros, some narrow-nosed rhinoceros bones were preseaqidition to
bison, some aurochs bones were present. Both rhinoceros and large boviosemavenped

in the analysis (Bratlund, 1999).
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Neanderthal faunal exploitation at Taubach concentrated on bear, Meritidceros,
bison and to a lesser degree beaver. Of the bison sample, theresmere examined to
ascertain the sex of the animals: all were males (BratlL8fB). In bears and bison, the age
profiles are dominated by adult individuals (Bratlund, 1999, 113, 124). HoweWerok’s
rhinoceros, the age profiles were dominated by young individuals, of alfoyears of age
(Bratlund, 1999, 100).

The ranking, handling cost attributes and population densities fosgbees are
reconstructed in table 4. Again, the focus is on very large spadiesugh the largest
species, straight-tusked elephant does not show signs of exploitat@erspécies is well-
represented, but its size may have ensured more frequent collgictios species by miners
than smaller species. In contrast to Biache-Saint-Vaast, thes fisccon hunting young
rhinoceros here. Moreover, the focus is exclusively on male bisonhwane likely to have

been solitary.

4.3 Discussion

In both the warm forested environment of Taubach and the open woodland envirohment
levels IIA and llbase of Biache-Saint-Vaast, the diet breadtNeznderthals was narrow.
Neanderthals focussed the largest available animals outside pdeaosc rhinocerotids and
large bovids. In addition they heavily exploited the smaller ursidsll&mherbivores, such

as equids and cervids, were only occasionally exploited. Bearbiaderos live alone or in
small groups, suggesting a focus on solitary species, and this irdagores reinforced by
the focus on male bison at Taubach. A similar focus is seeraehd&Baint-Vaast, but the
presence of significant numbers of female aurochs suggests that lmere also targeted
sometimes. The emphasis on solitary species disappears duringctipgation of levels D1

and D at Biache-Saint-Vaast. Here, smaller herbivores living in herdxplated.
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A possible explanation of this pattern is that the reduced prodyaiivibrests versus
more open environments precipitated changes in Neanderthal demogrdhywafm
environments of the Eemian and to a lesser degree late MIS 7havayresulted in a
decrease in Neanderthal group sizes due to the lower availadfilapimal biomass (e.g.
Delpech, 1999). Moreover, in modern climates, dependence on plant foods drops
significantly below 50% to the north of 40°N (Mussi, 2007). Hence, althougimdégthals
did consume plant foods (Henry et al., 2011), their importance may havesined. This is
supported by stable isotope analyses (Bocherens et al., 2005;dRielmar Trinkaus, 2009).
Moreover, ethnographically recorded return rates of plant foods tere relatively low (e.g.
Bright, et al., 2002; Cordain et al., 2002). Processing of many vegetsdaarces entails
grinding and grindstones are virtually unknown from the Middle Pal&enbirchaeological
record (e.g. Kuhn and Stiner, 2006), suggesting that plant food returmrayesave been
lower still. Therefore, Neanderthal population densities may hasreaked due to the lower
productivity of the forested environments of MIS 5e.

In this situation, hunting large solitary prey may have been prdfewer targeting
herds of animals. To deal with herds of animals one needs toeisotiividual animals,
requiring larger hunting parties than when dealing with solitargnals (e.g. MacDonald,
2007, 115). This pattern is seen most clearly at Taubach, wheergal hovid horncores
belonged to males. Moreover, in the largest prey species, Merck'sehosp hunting was
focussed on subadult individuals of about 1.5 years (Bratlund, 1999). Using mogern-da
rhinoceros as an analogue, these individuals would likely havesfugitiéir mother and have
been living alone. Focussing on these individuals, instead of adults weighing over tvg) tonne
may have been a way to reduce the danger associated with huntingpéciss. The
assemblages IIA and llbase from Biache-Saint-Vaast wegresded in the closing stages of

an interglacial. The environment surrounding the site was dominate@dyywoodland. In
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this environment, herbivore biomass was probably present in higherieetisé#tn in closed
forests.

In the assemblages deposited during MIS 6, bears are no longeitezk while
cervids and equids become more important. Now animals living in groupgsaterthe bone
assemblages. The mammoth-steppe environment was probably chadctsrisa high
availability of herbivore biomass (e.g. Delpech, 1999). This allowedhdiéthals to live in
larger groups, which may have allowed them to more efficientlyetaanimals living in
herds. Being able to target herds may have afforded them the |uystldrop brown bear
from the diet. Brown bear is a very dangerous species to hunt,citeevdfien other foraging
options to targeting solitary species were available; tlais the first species to be dropped
from the optimal set.

At both Taubach and Biache-Saint-Vaast, two large speciesoaspicuously left
unexploited. The absence of the largest available species, straight-tuskedtatephbe due
to its very large size (being more than twice as largth@aghinoceros that are exploited).
Giant deer Megaloceros giganteliss also not exploited. This species is larger than brown
bear and may have been less dangerous, because it is not a carnfeargo&sible reasons
for this pattern can be proposed. First, the difference between thesizedyof both species
is not large. Second, brown bear contains more calories per kg oftma@amost other
mammals (e.g. Byers and Ugan, 2005). Third, at both Taubach ancfaait-Vaast, bears
were exploited for their fur. If the procurement of fur also pliegeole in foraging decisions,
brown bear may have been more highly ranked than giant deer. A fartipement is
dependent on the season of hunting; if occupation of the sites tookiplaceumn, brown
bear would be building up fat reserves to prepare for hibernation.tlnabe, the ranking of

the species would be increased.
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Only a small number of Eemian sites is known. In Germany, tig@e wiith a single
elephant carcass and a small number of stone tools are known. Inabeththe elephants
were aged males; at one of the sites, Grobern, the animalisessed and may have been
scavenged. At Lehringen, a wooden spear was found with the cakoagier site is known
with a single aurochs skeleton and some small tools (Gaudzinski, 200d3e Tsites
corroborate a focus on solitary species. They do not confirmatterp with regard to the
avoidance of elephant. However, in both cases, the fact that the indivwdeiad old and in
one case diseased, may have sufficiently lowered their handling cost.

At Scladina Cave, the remains of a number of ChanRigpicapra Rupicaprathat
were hunted by Neanderthals were found (Patou-Mathis, 1998). Chamasedeand
juveniles live in herds. At Scladina, juveniles and old individuals greesented, but no
prime-aged animals (Patou-Mathis, 1998, 300). Therefore, here Néwslelid sometimes
hunt animals living in herds. However they focussed on weaker individuasddition,
although the level was originally assigned an Eemian agegsitbeen suggested that it
actually dates to MIS 5a (Van Kolfschoten, 2000, 277). If the levigdsd® MIS 5a, the
environment will have not have been covered in a dense intergla@at,fmaking herbivore
biomass more abundant. Excavations at the Eemian sites of NeumarkiNGermany
(Hublin and Roebroeks, 2009, 504) and Caours in northern France (Antoine et al., ll006) w
add to the knowledge of Neanderthal interglacial foraging strategies mednduture.

During cold periods, Neanderthals appear to have specialisedriceptiag herds of
herbivores at a large number of sites. Large bovids were sygtaltyeexploited at a number
of sites (e.g. Gaudzinski, 1996). In still colder episodes they alssded intensively on
horses and especially reindeer at a large number of sigsGestamagno et al., 2006;
Gaudzinski and Roebroeks, 2000; Grayson and Delpech, 2006). The importance of cervids

and equids during the later phases of occupation at Biache-Saintfifaas this pattern.
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The colder environments supported larger populations of herbivores andllteda
Neanderthals to live in larger social groups. These groups could appaticiently deal

with herds of herbivores.

5 Discussion and Conclusion

The application of OFT to prehistoric foraging strategies helpsvaduate bone
assemblages accumulated in different periods without applying elosiaindards to
interpretations (cf. Roebroeks and Corbey, 2001). Moreover, it allowsmgpazison in
meaningful terms of bone assemblages deposited under very differembnemsmtal
circumstances.

Unfortunately, some problems are associated with the applicafti®®T. First, the
search cost is very difficult to model, since data on the gt abundance of prey species
is difficult to acquire. Using changes in a species’ abundance thhrerarchaeological sites
themselves as indications for their changing abundance is fraughtproblems since
differences in a species’ abundance at a site can also be changes in hominin behaviour.
Looking at the abundance of species in natural death assembdggpravide a solution.
However, since the error margin associated with radiometrs diat the Middle Palaeolithic
and Middle Stone Age is often in the order of several millennia, cgrdmneity of natural
bone assemblages and archaeological assemblages is diffiegliatdish. Due to the very
unstable climate during most of the Pleistocene, small tempiiffatences could have
entailed dramatic changes in the abundance of the available pregsspdee population
densities of the available species are modelled based on thérglabanship between body
size and population density. This approach has its own problems. Althougtatenship

between body size and prey size is significant in mammadg eviations from the pattern
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have been observed. Moreover, in marginal environments, many speltiaot attain the
same population densities as in their ideal habitat.

Pleistocene environments are often characterised as non-analogmasidm-day
environments (e.g. Markova et al., 2010; Stewart and Lister, 2001). dfegrdfe suitability
of the environment to the available prey species is difficuthéalel. In addition, multiple
species are extinct, further complicating reconstructions of population densitie

Reconstructing both rankings and population densities is also compllzetadse
estimations for body mass of Pleistocene species in somg dasege by large amounts.
Using different published estimates may result in different regskand different modelled
population densities (see discussion in Dusseldorp, 2009).

Reconstructing handling costs of potential prey species is algbcalt proposition.
Simple proxies are used to model the anti-predator behaviour thatinfigehce a species’
handling cost. However, hominin technology and behaviour also influences the haodling
Looking at changes in prey species attributes and seeing & temges coincide with
changes in technology is an avenue of research that may shednligims. Another factor
that can in some cases be reconstructed is group size: ingréas size of hunting parties
can significantly lower handling costs. However, improvements racking skills,
improvements in coordination of hunting activities due to evolving lingussiils and a host
of other behaviours are not easily traceable in the archaedlogicad. Their influence on
development of foraging strategies is more difficult to detect.

As hunter-gatherers are residentially mobile, studyindesisites will not give insight
in the full foraging spectrum. The selection of time-averageénasiages negates this
problem at least partly. However, different species may baea exploited in different areas
of the territory of hominin groups and not be represented at the edadytes. Therefore

comparing several contemporaneous sites in a microregion would bensipg approach.
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Unfortunately, for the MSA and Middle Palaeolithic, the resolutiorthef archaeological
record does not allow identification of sites that definitely functioned withisdhee system.

Finally, the use of NISP or MNI may influence the resaftshe analysis. Transport
differential processing and transport of different animal cladsasls to differential
representation of the species. It has been argued that usingaNdSNI generally yields
similar results (Clark and Plug, 2008; Grayson and Frey, 2004). Wowearge differences
between analyses based on MNI and NISP can occur (e.g. Dussetdprpss). This can
have important repercussions in terms of species representatiore, Hienerms of NISP
small species may be overrepresented in assemblages (:gn,L$994, 111). However,
using MNI can lead to an overrepresentation of rare species. Morealculating the MNI
presents methodological problems, and it has been suggested that it loanns¢d to
estimate the relative abundance of species (Lyman, 2008; Plug amd1PBR0). Ideally,
when information on both indices is available, comparing the two n@yder information
on differential processing and transport of different species. InNM8A& case-study, at
Sibudu, this is illustrated by the importance of suids during thett8e, which are much
more important in terms of NISP than in terms of MNI, sugggstiat they were transported
more complete to the site than eland and buffalo (see also Dugseé@&0; in press). The
representation of buffalo and eland relative to each other will prploalbe distorted to a
large degree, since the species are of comparable size and processing pod amsomics
will have been similar for them.

The case studies that were presented here have shown how the applicatiorcahOFT
produce important insights in hominin faunal exploitation strategiesnitkag fauna from
the MSA of South Africa shows that the danger associated withnigubtiffalo did not
preclude their exploitation. The emphasis that was placed on huntyggldaffalo could be

evaluated better if more detailed data on the abundance of suidsvredtern part of the
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study area were available. However, based on the reviewedldages) the conclusion is
inescapable that MSA hunters were capable of dealing with damgyprey. The differences
in age-structure between MSA and LSA assemblages show thatghstrategies were not
identical in both periods. However, the presence of juvenile buffal®\@nassemblages
demonstrates that MSA hunter-gatherers could and did target herds of buffalo.

The case-study on Middle-Palaeolithic bone assemblages sudggaising OFT to
document changes in foraging behaviour through time can lead to ssightominin
palaeodemography. More sites should be studied in order to testet® set forth here.
Fortunately, at least two interglacial sites are currdmiyng excavated in northwest Europe,
which will provide a valuable addition to knowledge about Neanderthalvsdirin the
Eemian.

In colder periods a large number of sites showing specialised &tloiof a single
species are known from the Middle Palaeolithic. The study of msides presenting a
succession of bone assemblages deposited under differing clooatitions, as well as sites
located in different biozones, i.e. in more southern regions, can add toekigewdn the full
flexibility of Neanderthal faunal exploitation strategies.

One of the themes dominating research into the MSA and MiddledRtlaris the
search for differences from what is termed “modern behaviour'ar&ysing assemblages
from a purely economic angle, OFT allows initial examinationhef more obvious null-
hypothesis, namely that prey species were selected maingcémomic reasons. However,
comparison of the handling cost attributes that prey speciesraeenmon do allow insight
in the strengths and weaknesses of specific foraging method&cliseon solitary species at
Taubach and Biache-Saint-Vaast suggests that the Neandehidialsraduced these bone
assemblages preferentially targeted solitary animals. érhphasis on juvenile Merck’s

rhinoceros at Taubach, and juvenile and aged buffalo and during the Msp&ctigely,
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suggests that the hunter-gatherers tried to reduce the dasgeiated with exploiting these
species. Examining more assemblages to see under which canopessthese strategies are
adopted will address how economic motives and prehistoric hunting compet@racted to
produce the bone assemblages that are excavated.

The data presented here cannot be used to say much about thétgayidieanderthals to
exploit aquatic species and small-fast moving prey. Thisdevalopment which has been associated
mainly with modern humans (e.g. Stiner et al., 1999, 2000). The axtjunibf these animals is often
less profitable and when available, larger, higher-rankey igrexpected to be preferred. At the
Middle Palaeolithic sites discussed here, outside beaverhwiais probably exploited at least in part
for its fur (Bratlund, 1999), small animals and aquatic ressuace not represented. In the future,
studying assemblages from circumstances where high-rankedspaag or absent could illuminate,
if, under similar circumstances, Neanderthals did not exploit tfessmirces to a similar degree as

modern humans did.

Finally, Neanderthals and anatomically modern humans had diffeneggetic
requirements and were anatomically different. Neanderthal etergequirements were
significantly higher than those of modern humans. This resultedeir needing to realise
very high return rates from foraging (Snodgrass and Leonard, 2009)ed3esr in
environmental productivity will therefore have had more severe geapbic impacts on
Neanderthals than on modern humans. Moreover, Neanderthals had shortdimibw¢nan
modern humans, increasing their cost of locomotion (Weaver and Stéuieidlers, 2005).
This would increase the handling cost of resources, since movingttieamp to exploit
them and transporting resources back to camp would be energetmstlly compared to the
modern human situation. This would lead to a smaller foraging rathusicha camp (e.g.
MacDonald et al., 2009). This may have influenced the viability gfioiting specific
resources. For instance, high-technological investment in remotereajgvices for small,

fast-moving or aquatic prey (cf. Ugan, et al., 2003), may berésgarding for Neanderthals
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than modern humans because of their higher residential mobility. Teggrtbit is difficult
to transport could be used for shorter periods by Neanderthals, makiegcimstances
under which the investment could be recouped rarer. Comparing foragiisgoads between
modern humans and Neanderthals needs to take these factors into acoa@veriHdue to
the focus on a limited number of animal species of the presentédddsi&: study and the
very different environmental circumstances a meaningful compasdogyond the scope of

the current study.
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Table 1. Ranking, handling cost attributes and modelled population densities f@eitiess

under consideration.

: . Population
Ranking Handling cost density
. . . Social - N . . 2
Species Rank  Weight Size structure Fight/flight* Composite ind/km
Giant 1 1000 =4 =4 5 0.24
buffalo
African 2 580 =4 =4 4 0.35
buffalo
3 570 3 1 3 0.35
Eland
] 4 97.5 =1 3 2 1.17
Bushpig
5 82.5 =1 2 1 1.31
Warthog
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Table 2: The assemblages under consideration and the importance in percentages of eland, buffalo andisaits ealzt other. Suids were

taken together as in some studies they were not systematically distinguished.

African buffalo/Giant

Assemblage MIS Eland African buffalo Giant buffalo Suids buffalo Reference
NISP MNI NISP MNI NISP MNI NISP  MNI NISP MNI

5c-5b 94 67 6 33 0 0 0 0 0 0 (Henshilwood et al.,
BlombosM3 2001)

5b - 5a 100 100 0 0 0 0 0 0 0 0 (Henshilwood, et al.,
Blombos M2 2001)

early 4 96 83 4 17 0 0 0 0 0 0 (Henshilwood, et al.,
Blombos M1 2001)
Border Cave >e-5a ] 14 ] 29 . 0 ] 57 . 0 _
MSA 1 (Klein, 1977)
Border Cave 4 ) 0 ] 50 \ 0 ] 50 . 0 _
MSA 2 (Klein, 1977)
Border Cave 3 - 14 - 21 - 0 - 64 - 0 _
MSA 3 (Klein, 1977)
Die Kelders 4 79 62 3 10 6 10 0 0 11 19 (Klein and Cruz-
total Uribe, 2000)

) >d-3 54 67 0 0 54 33 0 0 0 0 )

Diepkloof (Klein et al., 2007)
Klasies River 5e-5d ) 45 ) 18 . 27 ] 10 . 0 _
MSA | (Klein, 1976)
Klasies River 5¢-5a _ 60 . 20 . 22 - 2 - 0 _
MSA II (Klein, 1976)
Klasies River late 4 -3 ] 37 ] 40 . 23 ) 0 . 0 _
HP (Klein, 1976)
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Klasies River

- 44 - 44 - 11 - 0 .

MSA Il (Klein, 1976)
Klasies River 3 - 33 - 44 R 22 - 0 .
MSA IV (Klein, 1976)
Klasies River Se - 5d 36 ) 21 . 36 ] 7 ,
LBS (Van Pletzen, 2000)
Klasies River 5C-5a 72 _ 30 B, 5 - 3 -
Sas (Van Pletzen, 2000)
Klasies River late 4 -3 15 ] 31 . 46 ) 8 )
Upper (Van Pletzen, 2000)

| late 4 -3 1 1 5 22 0 0 94 67 (Clark and Plug,
Sibudu HP 2008)
Sibudu Post 3 17 14 3 14 0 0 79 71 (Clark and Plug,
HP MSA 2 2008)
Sibudu Post 3 4 13 43 25 31 25 22 38 (Clark and Plug,
HP MSA 1 2008)
Sibudu Late 3 14 - 39 - 6 - 51 -
MSA (Wadley et al., 2008)
Sibudu Final 3 33 ] 48 / 0 ] 19 ] (Wadley, et al.,
MSA 2008)

| ScorSd 100 100 0 0 0 0 0 0 (Wadley, etal.,

Ysterfontein 2008)
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Table 3: Ranking, handling cost and population density of the most important species at

Biache-Saint-Vaast. Animal weights from (Brook and Bowman, 2004), unless otherwise

indicated. A + for a handling cost attribute signifies that the species handling cost is

increased for that attribute. In some herbivores males are solitary.

. . Population
Ranking Handling cost density
Species Rank Weight Size Social Carnivore ind/km2
>300 kg structure
Straight-
tusked 1 5500 + + - 0.075
elephant
Narrow-
nosed 2 1600 + - - 0.15
rhinoceros
3 600" + + - 0.34
Aurochs
_ 4 450° + + - 0.41
Giant deer
5 400 + - + 0.19°
Brown bear
6 272° - + - 0.51
Horse
7 200" - + - 0.72
Red deer
_ 8 188 - + - 0.75
Wild ass
, 9 89 - + - 1.24
Wild boar
10 23* - + - 3.12
Roe deer

! Estimate based on Van Vuure (2003)’s statemen@iin@chs weighed as much as modern bison

2 Estimate from Louguet-Lefebvre (2005)

% Calculated brown bear as omnivore Log D = 1.4183(Log M) — 0.34(Log M) + 0.28(Log M) (Silva et al.,

2001).

* Estimate from Pushkina and Raia (2008)
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Table 4: Ranking, handling cost and population density of the most important species at
Taubach. Animal weights from (Brook and Bowman, 2004), unless otherwise indicated. A +
for a handling cost attribute signifies that the species handling cost is increased for that

attribute. In some herbivores males are solitary.

: . Population
Ranking Handling cost density
Species Rank  Weight Size Social Carnivore ind/km2
structure
Straight-
tusked 1 5500 + + - 0.075
elephant
Merck’s 2 2000 + - - 0.15
rhinoceros
, 3 687° + + - 0.31
Bison
, 4 450° + + - 0.41
Giant deer
Brown 5 400 + - + 0.19’
bear
6 272° - + - 0.51
Horse
7 200° - + - 0.72
Red deer
. 8 89 - + - 1.24
Wild boar
9 23 - + - 3.12
Roe deer
10 18 - - - 3.69
Beaver

® Estimate from MacDonald (2006) .
® Estimate from Louguet-Lefebvre (2005).

" Calculated brown bear as omnivore Log D = 1.4183(Log M) — 0.34(Log M) + 0.28(Log M) (Silva et al.,
2001).

8 Estimate from Pushkina and Raia (2008).
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Figure captions

Fig. 1: lllustration of diet breath model. Adding species to the diet lowers search time, but
increases handling time. In this situation exploiting the three most rewarding species
minimises time spent per amount of energy acquired. Graph adapted from Bettinger (1991)

and MacArthur and Pianka (1966).

Fig. 2: Map showing the location of the South African sites under consideration. 1:
Ysterfontein, 2: Diepkloof, 3: Die Kelders, 4 Blombos Cave, 5: Klasies River, 6: Sibudu, 7

Border Cave.

Fig. 3: Graph showing the relative importance of eland, buffalo and suids in terms of NISP at

the sites under consideration.

Fig. 4. Graph showing the relative importance of eland, buffalo and suids in terms of MNI at

the sites under consideration.

Fig. 5: Map showing the location of the European sites under consideration. 1: Biache-Saint-

Vaast, 2: Taubach.

Fig. 6: Graph showing the composition of the bone assemblage of Biache-Saint-Vaast in

terms of NISP. N=2065&dapted from Auguste (1993).
50



Fig. 7: Graph showing the composition of the bone assemblage of levels llbase (n=412), D1
(n=85) and D (n=106) in terms of NISP from Biache-Saint-Vaast. Adapted from (Auguste

1988h).

Fig. 8: Graph illustrating the composition of the faunal assemblage of Taubach in terms of

NISP (n=4343). Data from Bratlund (1999).
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