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Summary

Caves from the Swabian Jura region in Germany pes@uced one of the richest
archaeological records in the Paleolithic. During Middle and Upper Paleolithic period, the
fossil record in Eurasia shows a biological breatnmeen archaic and modern humans, but
differences in culture, behavior and demographyaiara topic of debate. This study
documents the subsistence pattern and the use®bgaNeanderthals and modern humans
through the analysis of faunal remains from HohieinsStadel and compares the

assemblages with other sites in the Swabian Jura.

Faunal remains from Hohlenstein-Stadel indicatexdure of carnivore, cave bear and
hominin activities, resulting in a complex depasitl history. The mortality of cave bear
occurred naturally during the winter hibernatiodependently of hominin occupations. Prey
remains further indicate that both hominins and-homan predators visited the site. The
cave during the Middle Paleolithic served as afdewarnivores, namely hyenas, and a site
of short term occupation for Neanderthals, whicidasumented by the presence of burnt
faunal material and lithic artifacts. During therAgmacian, the faunal remains show relatively
few signatures of human activity related to sulesisé practices, which also coincide with
decreasing abundance of carnivores. The increagknt #agments and the ivory figurine of
Lionman suggest a possible role of Hohlenstein-tasl a non-habitation site for modern

humans.

The comparison of several sites in the Swabianréweals regional patterns of
hominin subsistence behavior and the use of cayeave bears, carnivores and hominins.
Horse is the most abundant herbivorous taxon inMigelle Paleolithic and the Aurignacian,

targeted both by hominins and carnivores alike r&Iiea significant increase in the
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abundance of reindeer in the Aurignacian, whichesponds to the cooler climate at the

beginning of the early Upper Paleolithic.

Cave bears continue to dominate in certain cawvaitas, which demonstrates that the
abundance of ursids did not greatly alter betwbertwo Paleolithic periods. The decrease of
middle and large sized carnivores, predominantniag, and the damage made by non-
human predators across all sites indicates thabtheof carnivores in the accumulation of
faunal material during the Aurignacian diminishedeaoregional scale. Inversely,
anthropogenic modification increases significamityoss most sites from the Middle
Paleolithic to Aurignacian, pointing to the greatentribution of prey remains by modern
humans. Further, there is some evidence for caaedloitation at sites during the
Aurignacian. These trends possibly attest to infielsuse of sites, indicating greater group

size of modern humans and/or longer residentia.tim

The difference in the subsistence behavior of Neehdls and modern humans is not
influenced by cognitive abilities, but reflects olgas in the environment of the Swabian Jura.
Significant distinction between the two hominin clge manifests not in terms of prey choice
or hunting strategies, but instead through increéase of caves by modern humans compared
to their predecessors. Modern humans utilized ites differently from Neanderthals, which
possibly affected the local carnivore populatiod aan account for the unique symbolic

behavior and cultural repertoire which emergedrduthe Aurignacian.
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Zusammenfassung

Hohlen aus der Region Schwébische Alb in Deutschlaben eine der fundreichsten
archaologischen Aufzeichnungen im Paldolithikunraeht. Zwischen dem Mittel- und
Jungpalédolithikum zeigen die Fossilien in Euragamen biologischen Bruch zwischen
archaischen und modernen Menschen. Aber Untersemedultur, Verhalten und
Demographie bleiben ein Thema der Diskussion. Di¢adie dokumentiert die
Subsistenzmuster und die Nutzung einer Hohle didedmderthaler und moderne Menschen
mit Hilfe einer Faunenanalyse aus dem Hohlenstéde$ und vergleicht sie mit anderen

Fundstellen auf der Schwéabischen Alb.

Die Faunenreste aus dem Hohlenstein-Stadel st&iihenMischung aus Aktivitaten
von Fleischfresser, Hohlenbaren und Menschen daeide komplexe
Sedimentationsgeschichte ergeben. Die naturlichediét der Hohlenbaren wahrend ihrer
Winterruhe ist unabhangig von der Besiedlung denddben entstanden. Die Beutereste in
der Hohle zeigen, dass beide, namlich Menscheranddre Raubtiere die Hohle nutzten.
Wahrend des Mittelpaldolithikums diente die HoH&eHorst fur Fleischfresser, hauptsachlich
Hyanen, und als Platz fir kurze Aufenthalte vonmdeathalern, wie man am Vorkommen
von verbranntem Knochen und Steinartefakte erkekaan. Die Tierreste aus dem
Aurignacien zeigen relativ wenig Hinweise auf mdnistie Aktivitaten, die auf Subsistenz-
Praktiken hinweisen, und die mit einem RickgangRiarbtiere zusammenféllt. Die erhéhte
Anzahl von Geweihfunden und die Elfenbeinfigur ié&enmenschen sprechen fiir eine

besondere Rolle des Hohlenstein-Stadel im Vergleicanderen Fundstellen.

Der Vergleich von mehreren Fundstellen auf der S&dhschen Alb zeigt regionale
Muster des menschlichen Subsistenzverhaltens undudeung der Hohlen durch

Hohlenbaren, Raubtiere und Menschen. Pferd ishdaBgste herbivore Beutetiere im
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Mittelpal&olithikum und im Aurignacien, auf dasssvohl Menschen als auch Carnivoren
abgesehen hatten. Wahrend des Aurignaciens géahesleutliche Zunahme von Rentieren,
die mdglicherweise einer kihleren Klimaphase zuildedes friihen Jungpaléolithikums

entspricht.

In bestimmten Hohlen dominieren Hohlenbaren in &eiBaldolithischen Perioden,
das zeigt, dass sich die Wahl eines geschitztéreBl&ir die Winterruhe Uber die lange Zeit
nicht geandert hat. Die Abnahme der mittelgro3ehgmol3en Fleischfresser, hauptsachlich
der Hyanen, und der Riuckgang der Zerstorung, diehdRaubtiere in allen Fundplatzen
erfolgte, zeigt, dass die Rolle der Raubtiere inAl&kumulation von Faunenresten im
Aurignacien zuruckgeht. Umgekehrt erhéht sich dabldler menschlichen Modifikationen
deutlich in den meisten Funstellen des Aurignaciersweist auf einen grol3eren Beitrag von
Beutetieren durch den modernen Menschen hin. Waitgibt es Hinweise auf die Nutzung
von Hohlenbaren an einigen Fundstellen wahrendAdegnaciens. Dieser Trend ist
maoglicherweise ein Hinweis auf eine intensivereZdag der Fundstellen, was auf eine

groRere GruppengrofRe und /oder langere Begehuteshenweisen konnte.

Der Unterschied im Subsistenzverhalten von Neahdkenn und modernen Menschen
ist nicht durch kognitive Fahigkeiten beeinflussindern spiegelt vor allem Veranderungen
in der lokalen Umwelt der Schwabischen Alb wiedutliche Unterscheidung zwischen
den beiden Menschenformen manifestiert sich nicliier Auswahl der Beutetiere, sondern in
der intensivierten Nutzung der Hohlen durch den enoein Menschen im Vergleich zu seinen
Vorgangern. Moderne Menschen nutzten die Fundpkiiders als Neanderthaler, was
maoglicherweise Auswirkungen auf die Fleischfred@epulationen hatte und dadurch

maoglicherweise die einzigartige Symbolik und KuinstAurignacien hervorbrachte.
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1 Introduction

Caves from the Swabian Jura region in Germany pev@uced one of the richest
archaeological records in the Paleolithic. Extem&ixcavations and research starting from the
19" century inform us about the settlement pattermstahavior of hominins in this area of
Central Europe during the Paleolithic periods. Bhadtural phases represent a crucial
transition in which Neanderthals and modern hunoaesipied and frequented the sites. The
fossil record shows a biological break betweenacand modern humans, but the
differences in culture, behavior and demographyaiara topic of debate. This study aims to
document past hominin adaptations through an aisatyshe zooarchaeological record from
the cave of Hohlenstein-Stadel and a comparisom tivé faunal material from neighboring

sites.
Neanderthals and modern humans

The question surrounding the uniqueness of modemmahs is linked to an ultimate
interest in understanding how and why their behaaial cognition led to their successive
dispersal into previously uninhabited areas as agthe eventual emergence of agricultural
lifeways and the development of social complexiiye coexistence of several hominin
species or subspecies such as Denisovan (Kraate 2010; Meyer et al., 2014; Meyer et al.,
2012; Reich et al., 2010) has been proven by reambrdances in genetic studies. Among
extinct hominins that existed at the same time ,ndedhals have often been well studied due
to the abundant fossil remains and their wide gaalgc distribution, namely Europe and the
Middle East, which has been subjected to more snerinvestigation. The record of

Neanderthal occupations allows for an adequate adsgn with that of modern humans.

Known for anatomically robust features, Neandesgliast appeared in the

paleoanthropological record roughly around 200M&ark, 2002; Harvati, 2010; Hublin,



2009; Smith et al., 1989). Their predecessdrd)eidelbergensjshow a gradual appearance
of Neanderthal features pointing to a local evolitof theHomolineage in Europe, the Near
East and Western Asia roughly beginning aroundk@0 heir southern limit is in the Near
East and their eastern limit is southern Siber@ating to paleogenetic studies (Green et al.,
2010; Green et al., 2006; Reich et al., 2010; Skagjland Jakobsson, 2011). On the other
hand,Homo sapiens sapiemsnerged around ~200-150 ka in Africa and migratethr as the
Arabian Peninsula. They later dispersed into Earasaching Australia at least by 50 ka and
migrating into Europe later (Hoffecker, 2009b; KIeP008; Mellars, 2006; Stringer, 2002).
Scant evidence of eariyjomofossils means that the exact timing of their sgieéo Europe

still remains unclear (Bar-Yosef, 2006; ChurchiibdaSmith, 2000; Hublin, 2012; Mellars,

2004; Trinkaus, 2005).

Recent advances in the research of Neanderthalareatdmically modern humans
have been made in the field of genetics (Abi-Raateal., 2011; Briggs et al., 2009; Green et
al., 2010; Green et al., 2006; Krause et al., 28tQuse et al., 2007; Noonan et al., 2006).
Studies show that modern humans outside of AfnchNeanderthals share 3-5 % of their
genes (Green et al., 2010). The genetic data sufiohypothesis that the two species of
Homointerbred, most likely in the Middle East. Thisctvery, however, does not necessarily
support a scenario in which interbreeding occuimdgurope after Neanderthals settled and
modern humans spread to Europe. A study by Daléh €012) indicates that the
mitochondrial DNA from Neanderthals that survivad/i/estern Europe after 48 ka has a
lower variation when compared to individuals exigtprior to 48 ka and to those from
Eastern Europe. The most parsimonious explanaiotiis trend is that the population pool
and the genetic diversity began to decrease arbOrk@. The timing suggests that the slow
decrease in the population size occurred beforeemndadumans began to occupy Europe

around 45 ka.



When archaeological sites lack paleoanthropolodinédings, the designation of those
who occupied the sites is determined based on #terial culture. However, such
designations become unclear during the periodamisition from the Middle to early Upper
Paleolithic. Transitional cultures that exist atteg Middle Paleolithic and predate the
emergence of the early Upper Paleolithic, nametyAbrignacian, are often a topic of debate.
Around twenty transitional industries emerged argional scale in Europe and Western
Asia (Anikovich et al., 2007; Brantingham et abD02). Some cultures include the
Bachokirian in Bulgaria, Bohunician in the CzechpRlalic and Poland, Chatelperronian in
France and northern Spain, Lincombian/Ranisianidanowician in northern Europe,

Szeletian in central Europe and Uluzzian in soudtega Italy and Greece.

One prominent example is the Chéatelperronian texbmglex, found mostly in
southwestern France and northern Spain (Bar-YaseBardes, 2010). This archaeological
culture is known for the production of personalaments and organic artifacts associated
with Neanderthals (Morley, 2006; Soressi et al130Deposits with Chatelperronian
assemblages are limited in number, and their datmassociation with fossil remains
remain controversial, but the current consensuss/ideanderthals as the makers of the
Chatelperronian industry (Gravina et al., 2005;Hdig et al., 2010; Mellars et al., 2007,

Zilhao, 2006).

Furthermore, recent findings show that the disperfsanatomically and behaviorally
modern humans into Europe occurred earlier thae assumed. Investigations in Grotta del
Cavallo, Italy, have recently demonstrated thab@inin tooth once associated with the
Uluzzian industry shows closer to affinity to magéumans based on morphometric analysis
(Benazzi et al., 2011). The site is dated to roypdbl ka (45-43,000 cal BP), making this one
of the oldest pieces of evidence for the presefceodlern humans in Western Europe

(Benazzi et al., 2011). These two instances undethie variability that exists among



transitional industries and suggest that they cebe@ssigned to ortdomospecies unless

they are securely associated with hominin fossils.

Symbolic behavior is one of the key behavioralt$ran the debate concerning
Neanderthals and modern humans. A general consstagas that the emergence of art
exhibited by ornamentation, cave painting and fdetéigurines is a clear hallmark of
‘modernity’ rarely observed from the Middle Pal¢loic. Some views hold that the production
of artistic motifs and artifacts is uniquely assoed with modern humans while others argue
that modern and archaic humans independently deeélsymbolic behavior (Zilhdo, 2007).
Furthermore, certain artistic expressions are relip restricted. Many of the elaborate cave
paintings are located in caves in the Franco-Caiatalpegion (Straus, 1987) , indicating that
manifestations of symbolic behavior are at timesliaed and not uniformly practiced by all
modern human groups in Europe. Restricted disiohuhay infer that differences result from

varied social systems or demographic patterns ahttem cognitive capabilities.

The extinction of Neanderthals, which occurred atbB0-28 ka, is also of major
archaeological interest (Harvati, 2010; Pettit99;9Roebroeks, 2008). The Neanderthal
population began to contract gradually from the easr a period of 10,000 years, last
surviving in the Iberian Peninsula (Finlayson et 2006). The MIS 3, as described below,
was a period of instability, and researchers hawglst to give an ecological explanation for
the demise of the archaitoma Studies that consider climate as the major detemb argue
that it triggered the dispersion of modern humaastwards into Europe, and forced
Neanderthals into refugia and extinction, implythgt Neanderthals and modern humans had
some form of contact and interaction, which adJgratfected the archaic populations
(Finlayson, 2005; Finlayson and Carrion, 2007; $kod and Jakobsson, 2011). According to
some studies, the transition from the Proto-Auraggnato Early Aurignacian cultures,

marking the appearance of modern humans, chromalibgicorrelates with the beginning of
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Heinrich Stadial 4, which is marked by an abrughsition to cold and dry conditions (Banks

et al., 2013; Teyssandier, 2008; Teyssandier £2@10).

Although environmental changes may have enabledemdiumans to flourish, the
negative effect of such climatic shifts on Neanl&d has not been successfully documented.
Neanderthals survived various climatic fluctuationtghe past, which is one of reasons why
researchers associate the extinction of Neandsnifith the appearance of modern humans.
Some archaeologists have questioned this approatihg that the change in the distribution
of theHomospecies does not correspond well with the paleatic record during this period

(d’Errico and Sanchez Gofii, 2003).

The resolution of the archaeological record mayolecoarse for addressing
unresolved issues, but there are different intésicss on the matter of exchange and
interactions among modern humans and Neander#aas such as the Swabian Jura show
no evidence of interaction (see below) while thegeof theHomospecies temporally and
geographically overlapped in other areas, possilbbyving for some form of contact. In
regions or site localities where the temporal gratial distribution of Neanderthals and
modern humans overlap, the questions of exchanggbreeding, cultural assimilation and

competition between the hominin groups still remapen.

Zooarchaeological studies on the Middle and eappey Paleolithic assemblages also
help inform and shape our understanding of Neahdisrand modern humans. Analysis of
sites with both occupations has increased oveydhes (Adler et al., 2006; Gaudzinski-
Windheuser and Niven, 2009; Grayson and Delpedb3;2Brayson and Delpech, 2006;
Hoffecker, 2009a; Morin, 2008; Starkovich, 2012n8&t, 2009b; Stiner et al., 2012; Stiner et

al., 2000). When the faunal data are considered lmoader scale, assemblages are



characterized by variability and regional patterBsibsistence practices that reflect unique

and ‘modern’ behavior of Upper Paleolithic humaresraot readily apparent.

Grayson and Delpech’s (2003) work on Grotte XVhrire, indicates that no
behavioral change can be detected in the mannkmwhiich hominins acquired and
transported their prey to the site. The abundahd#ferent ungulates gradually increases,
and the remains of reindeer show an inverse coiwelaith the decreasing summer
temperature. Thus, the authors refute the notianli@havioral shifts account for the changes
in the composition of the faunal assemblage. Thedyng implication is that the economic
principles that drive the hunting of ungulates d¢ ater over time and the change is

dependent upon varying environments and availaseurces.

On the other hand, the work of Stiner and colleagiemonstrates the broadening of
diet around the Mediterranean Rim (Starkovich, 2@Btiher and Munro, 2011; Stiner et al.,
2000). The authors observe the use of small gaegteasmollusk, tortoise, hare and bird.
The use of aquatic resources persists in the MigBdleolithic and decrease thereafter while
the number of terrestrial animals increased duttiegUpper Paleolithic period. Furthermore,
Hoffecker (2009) also observes notable diversiftcadf resources in two regions of Eastern
Europe during the Middle and Upper Paleolithic peérand points to increased exploitation of
small mammals, fish and birds by modern humanssiSt#mce practices remain regionally
variable and both continuity and change appeaetsigt. Thus, the faunal data suggest that
hominins’ flexibility and ability to adapt to divee resources probably existed before the

arrival of moderrHomo sapieng Eurasia.

Interaction of animals and humans in the Paledalithi

One of the fundamental questions in faunal rese@wblves around subsistence

strategies and diet. As such, hominins as predataigheir relationship with their prey are a
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main focus in Paleolithic zooarchaeology. The comstion of meat and the development of
hunting as a method of food procurement have dingglications for hominin evolution and
biology (Aiello and Wells, 2002; Aiello and Wheel&995; Froehle et al., 2013; Macdonald

et al., 2009).

At the same time, past animal remains are notysthel result of exploitation and
processing by hominins. Traces of non-human preslatcluding physical modification of
their prey as well as their carcasses occur indidle deposits. These signatures in the
zooarchaeological record shed light to ways in Wiiominins potentially interacted with
non-prey animals and add another dimension tottiy ©f past human behavior and
evolution. Faunal assemblages reveal how homimdsaaimals coexisted in the landscape

and provide opportunities to study indirect anedirinteraction.

Signatures of carnivores prevailed in the zooarcluggcal record during the
Paleolithic. The evidence of direct interactionviien hominins and carnivores is rarely
documented in the archaeological record until tigdie of the Upper Paleolithic although
some exceptions exist (Blasco et al., 2010; Gabeicad.; Rosell and Blasco, 2009).
Nonetheless, non-human predators played a cruataln the evolution of hominins and
likely affected the biological and cultural adapias of earyHomo(Aiello and Wheeler,

1995; Aiello and Wheeler, 2003; Ambrose, 2001; @&/2009).

Medium and large sized carnivores became activepetitors as hominins began to
incorporate ungulates in their diet and activelyspe large game. On the one hand, studies
focus on the behaviors and interaction of top-tiggeedators to understand the nature of
ecological guild and niche partitioning among thentvores (Lewis and Werdelin, 2010;
Turner et al., 2008; Van Valkenburgh, 2001; Werdald Lewis, 2005, 2013). On the other

hand, the shift in the diet of hominins has triggkdebates on the nature of subsistence



activity (i.e. hunting and/or scavenging) amondyeBiomoand the degree to which
carnivores contributed and modified faunal remainisower Paleolithic sites in eastern
Africa (Blumenschine, 1986; Blumenschine and Pahiga@07; Bunn et al., 1986;
Dominguez-Rodrigo and Barba, 2006). Therefore, tstdieding the taphonomic effects of
carnivores is a way to extrapolate archaeologigalats from faunal assemblages (Brain,

1981; Cleghorn et al., 2007; Selvaggio and Wil@én1).

Hominins and large carnivores also occupied alaimacological niche in that they
utilized natural shelters when they were presetitiénandscape (Stiner, 1994). Caves provide
protection for carnivores to consume prey, avoishgetition and rear their young. Bears also
occupy sheltered areas during the period of hiterma Fauna from the caves are the focus
of the research presented here as the archaedloggoad is better preserved in an enclosed
context and deposits from caves result from lomgrteccupation, increasing the likelihood of
its preservation. As such, we infer that carnivaed hominins had similar needs for
resources and space ever since hominins begagutary exploit animals for resources and
as hominins dispersed in areas where they encadht@w faunal communities and adapted

to different ecological systems (Stiner, 2002).

Understanding how caves were occupied by homimdscarnivores is often based on
isolated cases of single sites. Few studies hauesém on the pattern of cave use by
carnivores and hominins on a regional scale, wathesnotable exceptions. Mussi (2001) and
Straus (1982) compiled data at a larger scale, lygoagts of Italy and Cantabria in Spain, to
study patterns of carnivore representation in abtayas spatially and temporally. While
most interactions cannot be tracked using fosednds alone, an attempt to track the use of
caves and exploitation of prey by carnivores anaihons beyond one or two sites can
potentially shed light on the ecological relatioipsbetween them and detect trends that speak

to differences in the adaptation of archaic and eno¢humans to their environment. The
8



study presented here consists of faunal analysastfie caves in the Swabian Jura during the
Middle and early Upper Paleolithic. We sought tearve regional patterns in the changes of
cave use by considering carnivore abundances, iodéication and exploitation of

carnivores by humans.

Thus, the presence of carnivores is often incotpdranto zooarchaeological analyses
from a taphonomic approach, but the question besauelogical in nature in the framework
of hominin evolution. Notably, researchers arerggéed in studying whether carnivores and
hominins altered their behavior due to their preseand competition. The common
occurrence of carnivores suggests that carnivarédramans had overlapping ecological
niches. Thus, it is of paleontological, ecologi@atl archaeological interest to explore how

carnivores and humans as competitors evolved awer(Kitagawa et al., 2012).

The aim of the present study

There are several reasons for conducting this relsegirst, the faunal assemblage of
Hohlenstein-Stadel, which has been studied preljdiysGamble (1979, 1999) will be
reassessed with a focus on taphonomic analysithdfua sample of material from recent
excavations will be incorporated here to evalulagedffect of the recovery method on the
animal remains and augment the existing dataseab@eed data from two excavations enable
us to compare the material with other sites andichant the patterns of subsistence practices
and site use on a regional scale. The faunal d¢atss multiple sites add to the general
understanding of adaptation practiced by Neandisrtirad modern humans. Difference and
similarity among the faunal assemblages in turrtrdaute to the interpretation of

Hohlenstein-Stadel as a site in the region.

Faunal remains from archaeological contexts reseglasistence patterns and dietary

choices of hominins who inhabited various ecologeadscapes and were part of the local
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faunal communities. The patterns of subsistencel@diachronic trend are documented.
Paleolithic deposits, which mostly consist of pglsasts, elicit insight into the subsistence
behavior on a long term and the relationship of imoms and the natural environment. Further,
studying the past interaction of carnivores and &srhas implications for understanding
evolution and paleoecology of hominins in prehigtdihis research explores and discusses
human/carnivore interaction and their frequentafseaves and rockshelters in Central

Europe.

The work here is thus informed by the questionsgmted above, relating to the ways
of subsistence and human adaptation to the nanv@onment, on the one hand, and
studying hominins and the interaction with otheinais on the other. The ultimate objective
is to track continuity and change in the faunakasislages over the major cultural phrases
and to document similarities and differences amédegnderthals and modern humans

through the study of animal remains.

Summary

The Swabian Jura is an archaeologically defined aith evidence for continuous
occupation of archaic and modern human populatiomisg the Middle and Upper
Paleolithic. It is also an area distinguished bg ohthe earliest and richest Aurignacian
assemblages in Central Europe. The faunal analf$ie material in the region provides
insights into the subsistence activities of homsnenabling us to track temporal trends and

the use of caves by hominins as well as by othienale in understanding settlement patterns.

The organization of the work is as follows: Chag@eteals with the background of the
general setting, including the geology, geograjpiagt environment as well as the cultural
history of the Swabian Jura. Chapter 3 summarizesistory of research and excavation at

Hohlenstein-Stadel and provides a brief descripbibiine other sites in the region. Chapter 4
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discusses the fauna and the methods employedsistidy. Chapter 5 presents the results
from the faunal analysis of Hohlenstein-Stadelpfwed by a comparison of the faunal data
with other sites in the Swabian Jura to understhagattern on a regional scale in Chapter 6.

A general summary and conclusion will then follow.
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2 The Swabian Jura: Background

Geography and Geology
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Figure 2.1 Topographical map of the Ach and Lonkeya with the names of the major Paleolithic
sites.

The Swabian Jura, also known as the Swabian Albcéted in the southwestern area
of Central Europe and represents the largest kgss¢m consisting of calcareous massifs in
Germany. It is part of the Jurassic limestone theit stretches from the Swiss and French Jura
mountains to the west and the Franconian Alb teetst, approximately 220 km in length and
80 km in width. Ranging between 450-1000 m aslpitsists of an escarpment and a dry
upland plateau. Geographically, the Swabian Jubaumded by the Upper Danube Valley
that cuts through the Alpine Foreland Basin togbeth and by the meteorite crater of
Nordlinger Ries to the northeast. The plateailtesitslightly towards the Upper Danube
Valley due to the cuesta landscape and is markelebyplifted flank Albtrauf) on the
northern side. Further, the northern area consfsshilly landscapeluppenall), whereas
the south is characterized by a low relief landsdgfachenall) (Geyer and Gwinner, 1991;

Kaufmann and Romanov, 2008).
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The caves are geologically found in the White Jialm €), which consists of
massive limestoneMassenkalkand bedded marl complexes of reef factshfvammfazies)
(Geyer and Gwinner, 1991; Miller, 2009). The sedloéys (former Mediterranean) formed
in the Upper Jurassic Period, and the sedimentafitmestone and dolomites led to the
formation of the Swabian Jura (Abel et al., 2008y& and Gwinner, 1991). Shallow
karstification occurred during the Cretaceous aadyETertiary periods (Abel et al., 2002).
The North Alpine Molasse Basin formed during thdyeBocene, transgressed over the Jura
and prevented further karstification leaving shalloarine deposits in the foreland (Abel et
al., 2002). It receded in the Middle Miocene arftddeshoreline known aslifflinie (cliff line).
The line runs along the Alb and defines the bouptatween th&uppenall which resulted
from the exposure of the reef, and Bachenalh which formed with the recession of the

molasse and erosion.

After the molasse disappeared, water began toifittmthe Danube River. Some
tributaries such as the Lone River experiencedwa feversal due to the opening of the riff in
the Rhine River, resulting in further incision @ser et al., 2010). The present landform of
southwestern Germany is mostly the result of Algilieg, which occurred during the
Middle-Late Miocene to Pliocene and the uplift loé foreland crust by 1-3° in the Middle
Pleistocene. The Swabian Jura also underwent fukdrstification and formed rock
formations and caves that resulted from the upifof the plateau during the Late Miocene
and Pliocene, and the incision of rivers such asAthire-Danube River that cut into the

carbonate plateau (Abel et al., 2002; Strassdr,&2L0).

Further, the phreatic water from the Pliocene aadyEleistocene led to the
formation of underground cave systems in the massivassic limestone dolomites (Diedrich,
2013). The continuous Karstification and entrenahirhas led to discharge of smaller

tributaries into the subsurface (Abel et al., 20@E&carpments exist on the southern area of
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the Jura that resulted from the incision and migretf the Danube River southwards during
the late Miocene and the early Pleistocene. Thesaround the Danube became inactive by
the Pleistocene and the tributaries gained morerw@he current river drainage system
formed during the Riss Glacial period (200-130&aq) the Danube River fluctuated with the
advances of the glaciers in the Alps (Abel et2002). Some claim that the landscape of the
Ach and Lone valleys have been relatively stableesthe beginning of the Pleistocene, but
some note that there may have been some chandeasaaiver migration in the Lone
Valley (Barbieri, pers. comm.). Sites are locategljpminately in the valleys of the Lone and
Ach. Due to tectonic activities, Jurassic cherh@e commonly found in the eastern area of

the upland (Burkert and Floss, 2005).

The Ach and Lone Valleys

The Lone Valley lies several kilometers north af tanube River. It runs
approximately 30 km long and parallel to the Danubke Lone River originates from the
source of karst groundwater in the village of Unsgron the border of the eastdflachenall
and flows east into the Brenz River, which thenrdranto the Danube River. The Lone River
today runs seasonally when there is heavy pretigitar when enough snow melts into the
karst water table that feeds into the river. Mdshe water from the source is fed into the
karst system. The northern edge of the DanubiamBass roughly 4 km to the south
(Krénneck, 2012). In the past, the Lone was onda®imajor streams in the Jura that fed into
the Danube River (Strasser et al., 2009). The atigatwas probably dominated by an open
steppic landscape with slightly humid conditiorsjtavas part of the Molasse Basin (Hahn et
al., 1985). There are nine sites with seven Pdleoldeposits (Hahn et al., 1985) including
Haldenstein (Bolus, 2004), the Bockstein complex(2#l et al., 1969), Hohlenstein-Stadel
(Beck, 1999; Wetzel, 1961), Hohlenstein-Barenh@Wetzel, 1961) and Vogelherd (Riek,

1934). Most sites are found at an elevation rangetgveen 478-500 m asl.
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The Ach Valley lies roughly 10-15 km away from thene Valley. It formed as the
Danube River flowed through and incised the plateaih the Danube River leaving the
valley after the Riss Glacial Maximum. In the EaPlgistocene, the river flowed 80 meters
higher than the present valley floor. As a resbk,valley is more than 150 m below the
surrounding plateau surface, creating high relielsome areas (Miller, 2009). The Ach River
is roughly 3 m wide and runs in the valley yeamaudraining into the Blau River, a tributary
that runs into the Danube River. Many sites inAlh Valley lie between 556-580 m asl. The
nearest outcrop of chert is roughly 3 km away (§lkmsd Kieselbach, 2004). The valley
bottom was 40 m lower and filled with gravel anddafter the Riss Glacial period. It was 5-
10 m lower at the end of the Pleistocene (Goldle¢r]., 2003; Wagner, 1979). The main
archaeological sites include GeilRenkltsterle, Hélells, Kogelstein (Bottcher et al., 2000;
Kind, 2000), Sirgenstein (Schmidt, 1912), Brillehl&(Riek, 1973) and Grol3e Grotte

(Wagner, 1983a; Weinstock, 1999).

The Past environment: trends in Central Europenduv|S 5-3

Environment serves as an important backgrounchimetolution of humans and often
played a crucial role in shaping hominin behavidre climatic data of Central Europe from
the MIS 5-3 (110-27 ka) will be discussed in thest®n. The proxies for global climate
change from various sources have gained greai@uties and dating methods with
increased accuracy have enabled researchers &@aterenvironmental records with
archaeological deposits. On a global scale, coatiayaleoenvironmental archives include
ice cores from Antarctica and Greenland, marinelakel cores, loess deposits and cave
speleothems. Several environmental records allglingse into the past environment in
Central Europe during the period of the Middle aady Upper Paleolithic. The pollen data,
which are often the conventional terrestrial redordoaleoclimatic reconstruction, provide a

detailed picture of past vegetation (Antoine et2001; Miller et al., 2003).
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The Pleistocene period, especially for 1.8 milj@ars ago (Ma), withessed repeated
glaciation (lasting roughly 100 k on average) amdnglacials (lasting 15 k) (Birks, 2008).
The environment in middle and high latitudes of tloethern Hemisphere was mostly
dominated by steppe-tundra (also known as the mamsteppe), an ecosystem with no
present analog, and served as an environmentalgs&it hominins occupying Central
Europe during glacial conditions (Gamble, 1986tH&e, 1982, 1990). The origin is not
clear, but this biome is first identified in the kan region and emerged between 2-1.6 Ma
(Harington, 2011; Schweger, 1997). The geologietiirgg and the climatic conditions have
been present by 2 Ma while the fossils of the faiaarepresent the ecosystem are present
since 1.6 Ma (Kahlke, in press). Kahlke (in prdszg argued for an earlier genesis of tundra-
steppe at the beginning of the Pleistocene ~2.6vittathe formation of a circumpolar tundra
belt caused by decreased sea levels, change atéa® currents and increased continentality.
The extent of tundra-steppe was the largest prglsabiing the last Glacial period, starting

from 110 ka until the Last Glacial Maximum arourtlka.

The landscape of tundra-steppe was characterized lyctic environment with open
grasslands. There was moderate moisture with pteéeipitation, permanent permafrost and
thin snow cover. Several authors note that tuntbppe vegetation developed on loess, which
is rich in minerals and nutrients. The loess s@faih high insolation was conducive to high
biological productivity and provided diverse fora@authrie, 1982; Vereshchagin and
Baryshnikov, 1992). While the seasonal fluctuattbtemperature and humidity is not easy to
track, it is presumed that the permafrost in thepsotially thawed during the summer, which
allowed herbaceous plants to grow (VereshchagirBamgshnikov, 1992). The vegetational
community was composed of a mix of grasses, setigelss, shrubs in addition to lichens,
forbs and mosses (Birks, 2008; van Geel et al.8@D®uch conditions in turn have sustained

a diverse faunal community, especially large hert@g. Kahlke (in press) attributes the
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origin of the vertebrates to fauna from Asian seeppd Arctic tundra, which migrated into
the tundra-steppe. The community is referred tihaMammuthus—Coelodonfaunal

complex (Kahlke, 1999, in press).

The initial phase of MIS 5 or MIS 5e (127-115 kasahe Eemian Interglacial phase
characterized by globally warm and moist conditioffse loess-paleosol sequences in the
Lower Danubian corridor show intense pedogenesisglthis period (Fitzsimmons et al.,
2012). MIS 5e was characterized by one of the wat@wed most humid climatic phases in
the last 1 million years except for the Holocengzftmmons et al., 2012). In the Alpine
Foreland, deciduous trees such as elms and oakwsiard forests prevailed (Mdller, 2000;
Preusser, 2004). During the final phase of the lrdastglacial, the vegetation was dominated
by coniferous trees (Preusser, 2004). The pollestsgm from the Firamoos pollen core in

southern Germany indicates forests with conifexgr@uller et al., 2003).

Climatic deterioration prevailed immediately aftiee interglacial phase. Each stage
from MIS 5d-5a (115-74 ka) corresponds to the sitatial (5¢/5a) or stadial phases (5d/5b)
with cycles of climatic fluctuations. An interstatlphase initially referred to a warm period
without the expansion of temperate forest, whicarabterized the interglacial vegetation,
because of its relatively short duration (West,1)9terstadial and stadial time periods
witnessed reforestation and deforestation inteemittvith the development of steppe-tundra
biomes (Preusser, 2004). Such cycles are documengglogical profiles with episodes of

soil development and erosion (Antoine et al., 2001)

The Dansgaard-Oeschger events occurred on a gloalal during the Last Glacial
Period, which correspond to MIS 5d-2 (110-12 kBpar{sgaard et al., 1993; Genty et al.,
2010; Spotl and Mangini, 2002). The events redax series of recurring climatic fluctuations

and are characterized by an abrupt warming (Gredrlaterstadial) and gradual cooling
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(Greenland Stadial) (Dansgaard et al., 1993). Tinsatic oscillations were first identified in
the ice cores (Grootes et al., 1993) and are aftemnmented in terrestrial archives of the
Middle Weichselian (MIS 4-3) (Boettger et al., 200One of the D-O events was recorded in
a peat deposit in eastern Germany some time dthienyl1S 4 and early MIS 3, and the
botanical and zoological analyses indicated a minmnduly temperature of 12-14 °C
(Bohncke et al., 2008). Terrestrial record studigdoettger et al. (2009) shows abrupt
warming during the transition from the last intexghl to glacial condition (Early
Weichselian) in Central Europe. An overview of gaveecords from the Alpine indicates the
flora during most of the interstadial periods wdoeninated by open boreal forest with pine,

spruce, birch antarix (Fletcher et al., 2010).

Heinrich events were sudden cold climatic episddasare associated with the
formation of ice-rafted debris deposits in the HoAtlantic (Heinrich, 1988). First identified
in the marine sediments, Heinrich events are bdtteumented in the marine records than the
terrestrial ones (Bond and Lotti, 1995). A corerirthe Bay of Biscay represents one of the
few marine cores in the middle latitude betweerb@4N (Fletcher et al., 2010; Sanchez
Gonii et al., 2008). In this record, the decreaggirds and higher values of steppic flora
correspond with the occurrences Heinrich eventsdiifiel from other stadials (Fletcher et al.,

2010).

The loess record from MIS 4 (74-60 ka) shows gremteumulation of loess,
indicating dry and cold climates (Fitzsimmons et2012). MIS 4 was characterized by the
increase in non-arboreal pollens, suggesting acephent of forests by steppe and tundra,
and a development of deltaic deposits, which ae¥pneted as advances of glaciers onto the
Alpine foreland (Early Wirmian) (Preusser, 2004)ring MIS 4, arboreal taxa became

extinct in the area north of the Alps (Mller et 2003).
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The Nussloch loess profile in southwestern Gernsanyes as a crucial
paleoenvironmental archive on a millennial scaléhai continuous record from the Last
Interglacial and Glacial period in Central Europatpine et al., 2009; Antoine et al., 2001,
Kadereit et al., 2013) . In this sequence, MIS 4 veppresented by thick loess deposits
interrupted by weathering horizons. Such patteansespond to a cold and arid environment
represented by the loess formation and a warmehamdd condition represented by
chemical weathering. Mollusk abundance correlaiéis &b *°0 signal from Greenland ice
cores, suggesting warmer conditions during thestadial periods (Moine et al., 2008).
Other sedimentary records in the region trackttieisd (Kiuhn et al., 2013). A series of drill
cores in the Unterangerberg Terrace has also yieldeenvironment reconstruction of the
Eastern Alps in Austria (Starnberger et al., 20C3)nventional pollen analysis and dating in
lacustrine sediments revealed the following envimmental fluctuations. The end of the
Interglacial was characterized by a relatively abeold spell, suggested by episodes of
strong fluvial aggradation with sparse vegetat®efore the onset of MIS 4, the boreal forest
with Piceawas prevalent. The forest disappeared in MIS 4¢chvivas documented by a low

pollen concentration (Starnberger et al., 2013).

Some terrestrial paleoenvironmental records shqg gathe record during the MIS 3
period (60-27 ka), as deposits were eroded awapgltiie Last Glacial Maximum (Fiebig
and Pacher, 2006). Thus, a number of sedimeng¢apras that span during MIS 3 are
characterized by a hiatus in pollen accumulatiatil thre end of the glacial period, and not
many pleniglacial deposits are located in northeresEurope (Caspers and Freund, 2001;
Muller et al., 2003). However, several sourcesaépenvironmental archives help us

reconstruct the past environment in temperate @eBtirope.

Open forests characterized the early phase of Mitarding around 60 ka. The

malacofaunal assemblage recovered from the lodesqm sequence in Dolni¢gtonice
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dating to ~55-40 ka shows that it was dominated bymid and steppe environment (Antoine
et al., 2013). Loess in the Middle Danubian comridemonstrates a wet and mild condition
relative to the previous stage. The soil is natnstvely weathered, documenting no climatic
deterioration (Fitzsimmons et al., 2012). Analy#ipollens from cores in the foreland of the
Eastern Alps 30-50% of arboreal pollen shows thatitee vegetation developed in the
interstadial, dating te-55 and 45 ka (Starnberger et al., 2013). In lowl@nitzerland, the
pollen record indicates that the open woodlandaited in 54 ka (Preusser et al., 2003). The
Nussloch sequence in southern Germany shows ectimidte with a decrease in loess
accumulation and soil formation (Antoine et al.020Kadereit et al., 2013). Firamoos
indicates a mild climate during the interstadialipgs dated to 51,000 and 44,000 BP,

respectively (Muller et al., 2003).

In contrast, the landscape of the MIS 3 stadials exvered by grasses and shrubs and
only 10-20% of pollen originated from trees suclpaes and birches (Starnberger et al.,
2013). At Niederweningen, a paleontological sitthwich mammoth remains in the Swiss
Alps, arboreal pollen proportion of 20-40% suggestn grassland vegetation ~50-45 ka
(Drescher-Schneider et al., 2007). In the Alpmeland, MIS 3 was characterized by an
unstable climate with cool conditions, but a latkce in the Swiss Alps (Turk, 2012). In
lowland Switzerland, the period of 50-48 ka waskedrby forest steppe vegetation and the
decrease in temperature, which is inferred frore@pleran assemblages (Preusser et al.,

2003).

Work by Huijzer and Vandenberghe (1998), which comab evidence from eolian,
fluvial and glacial deposits as well as botanical gaunal data, provides a comprehensive
review of the climate in Central Europe during thésiod. The interval of 50-45 ka was
characterized by cold conditions in which the wastmeonths were still within the range of

freezing temperature. This climatic trend was infeted around 43-42 ka when there was a
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thermal spike known as the Upton Warren Interstaid was marked by the spread of
arboreal vegetation. Organic remains including obotanical remains in the fluvial/eolian
deposit from Niederlausitz, eastern Germany, aldccate a treeless landscape dominated by
low-shrub tundra during 42-40 ka with relativelghisummer temperatures which may

correspond to the Upton Warren Interstadial pefigwk et al., 2001).

From 41-38 ka, the continental condition with ca@dd winters prevailed again with
the expansion of glaciers along the Norwegian c@ésijzer and Vandenberghe, 1998).
Glacial conditions are marked by the presenceefvedge casts, lasting until 38 ka, and a
mean temperature of 10-11 °C and -20 °C for warchaatd months (Bos et al., 2001;
Caspers and Freund, 2001). The 38-28 ka intervabiked by tundra biome with low shrubs
and grasses (Bos et al., 2001). The climate bet®6e32 ka was marked by warming with
permafrost degradation with a stable landscaperaddrom loess deposits in the time before

Europe entered the coldest phase in 27 ka.

In all, the climate was in flux throughout the |at&ddle and early Upper Paleolithic
in temperate Europe. There is no general consanstlse duration on the oscillation except
on a millennial-scale, as observed in stalagmiBeEn(y et al., 2003; Genty et al., 2005). The
authors remark on the increased oscillation afiekal partially attributed to better resolution
of the data in contrast to other sources on thegesilvironmental record, which may show
temporal lags (Genty et al., 2003; Genty et al05)0Caspers and Freund (2001) discuss the
similarity between vegetation around 50-28 ka dreddarlier Weichselian periods, which
corresponds to the Middle Paleolithic period. Theerpretation suggests that despite
continual climatic fluctuations in mid-latitude e, stadial periods were marked by colder
conditions resulting in a similar array of vegedatthat did not significantly alter between
each interval. Cycles of climatic oscillation afcularly well documented in the temperate

region of Europe throughout the last InterglaciaGiacial period with tundra-steppe
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environments during the glacial and stadial periogtsrchanging with woodland/forests

during interstadial periods.

Past environments in the Swabian Jura

Few paleoenvironmental archives independent frarhasological sites exist in the
Swabian Jura. Some of the closest archives, asonedtabove, include the Nussloch terrace
deposit (Antoine et al., 2009; Kadereit et al., 201the terrace near the Eastern Alps in
Austria (Starnberger et al., 2013), Pleistocenadigpin the Swiss Alps region (Drescher-
Schneider et al., 2007), the Firamoos pollen semsefMuller et al., 2003), roughly 150 km
away from the Swabian Jura. They depict mostlymepndra vegetation on the landscape

with occasional open forests.

Most of the paleoenvironmental records in the SaalJura itself derive from caves
with Paleolithic deposits. The reconstruction @& gast climatic patterns is based on several
lines of evidence including microfauna, avian fagunacrobotanical remains as well as
micromorphological samples from archaeological dgpqBottcher et al., 2000; Krénneck,

2012, in press; Miller, 2009; Ziegler, in pres)n& of these data are discussed here.

During the Late Pleistocene, the Swabian Jura stlynoharacterized by a steppe-
tundra biome with some woodland, especially siheeltast Glacial period. The spectra of
fauna attest to a landscape typical of contindatmbpe in the middle latitude. The analysis of
middle and large-sized fauna from the site compleBockstein indicates that steppes with
woodland prevailed during the Middle Paleolithicgrersisted throughout the Aurignacian
(Krénneck, 2012). Although faunal composition canitifluenced by the hominin choice of
prey, it indicated that the taxonomic representatim not alter significantly over the period

of transition.
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Microfauna document smaller climatic oscillatiomsrgpared to larger mammals that
represent averaged climatic signals from the Pitreoperiods. The inventory of microfauna
from Kogelstein in the Middle Paleolithic demongdsathat the area was characterized by a
mosaic environment with different ecozones (Bottatel., 2000). Arctic species such as
collard lemming D. gluliemi) brown lemming (. lemmus}nd narrow skulled volév.
gregalis)account for less than 10% of the assemblage, @hemreimals inhabiting temperate
steppe and open forests make up the greater pirapoiftthe assemblage. The gradual
decrease of temperate species documents a shifttfr® interstadial to stadial condition
(Bottcher et al., 2000). This trend is also refeicin the assemblage of land mollusks, which

is marked by a lack of glacial species (Bottcheal £t2000).

The microfaunal assemblage from Geil3enkldsterlécttep fine-grained picture of the
Middle Paleolithic and the Aurignacian (Ziegler gress). In several MP layers, the
environment largely witnessed a milder climate véittlecreasing tundra element and
increasing boreal species, evidenced by the sgacidicrostonyx The average summer
temperature is relatively high. The trend is caesisfrom the MP to the Lower Aurignacian,
but the microfauna representing tundra biome dotaththe assemblage during the Middle
Aurignacian (Ziegler, in press). Consistent wittglxr mammals, the transition from the

Middle Paleolithic to the Aurignacian shows no direvidence of abrupt climatic change.

The avian faunal assemblage is represented bytliakanhabit steppe-tundra,
temperate steppe and coniferous forest and spibeiebve in the vicinity of lakes during the
Middle Paleolithic (Boéttcher et al., 2000). At Geiiklosterle, the assemblage is mostly
dominated by birds that inhabit tundra biome asdall proportion is represented by
woodland species during the Aurignacian (Kronnatkress). Such a proportion points to a

continental climate with arid conditions that wasmamon through Central Europe (Kronneck,
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in press). Therefore, the climate in the Swabiaa Was mostly characterized by more

temperate and warmer conditions during the intdrakphases of MIS 4 and 3.

Geological and micromorphological analyses from3@akldsterle and Hohle Fels
offer another reconstruction of the environmentvgidbme intersite variability (Conard et al.,
2006; Miller, 2009). In Geil3enklosterle, micromoojtgical samples taken from the
transition between the Middle Paleolithic and theignacian are marked by an episode of
erosion, indicating an abrupt shift from a mild andderately humid climate to a colder and
drier climate (Miller, 2009). While the generalriceis comparable at Hohle Fels, the change
appears to be gradual with a mild climate lasthrgugh to the beginning of the Aurignacian,
which is then followed by a cooler climate. Thegeles demonstrate that climatic changes
did occur, but the exact timing of environmentaftstand their effect on hominins remain to

be investigated.

Pollen and charcoal remains from the sites of G#il®sterle and Hohle Fels show a
period of warm weather, which correlates with acréase of arboreal pollen around 42,000-
40,000 cal BP, followed by evidence of sparse ¢tmer during 39,000-37,500 cal BP (Riehl,
1999). Increased tree pollen suggests anotherdgsovoodland expansion during the
middle of the Aurignacian that continues until érel of 33,000 BP. Filzer (1969) analyzed
the pollens from the upper Middle Paleolithic defsosf Bockstein and identifieRinus,
Picea(spruce) Betula(birch) Corylus(hazel bushes) ariddimus(elm), which reflects mild

climate with diverse trees.

In all, the paleoenvironmental record shows thatdfeppe environment mostly
prevailed in the Swabian Jura with some woodlardirarerine forests. To date, an abrupt
shift in the climate between the Middle Paleolithicd the Aurignacian is documented only

by micromorphological studies of Geil3enklosterlalig, 2009), while other lines of
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evidence mostly support a relative stable climedicdition during the transitional period
followed by a climatic fluctuation within the Aumgcian period. From the middle of the
Aurignacian, the cooler climate prevailed and stesi through to the Gravettian period

around 27,000 BP.

Prehistory in the Swabian Jura: The Chronostrgtigya

Middle Paleolithic

The Middle Paleolithic is a period known for theesgence of Neanderthals, which is
dated to roughly ~200 ka, but some technologidabates that are common in the lithic
industries appear earlier, between 250-300 ka. &\Ndlanderthals are one of the most
common hominin fossils in the paleoanthropologreabrd, there are indications that the
population was relatively small and the densitpatupation remained low based on genetic

analyses (Dalén et al., 2012; Green et al., 2010).

The emergence of the Middle Paleolithic industisedistinguished by the
development of the Levallois technique for corgopration and the standardization of flakes
for tool production, which are culturally specifgych as bifacial tools or blades (Delagnes et
al., 2007; Richter, 2011). That said, there isrgdavariability in lithic assemblages in the
Middle Paleolithic, triggering debates among arcihagsts to explain the diversity (Binford
and Binford, 1966; Bordes, 1961). This period soatharacterized by the emergence of
‘technocomplexes’ limited to a particular tempaat geographical range (Gamble, 1986).
Tools that are made on flakes such as scraperpant$ appear more frequently. Further,
composite tools also became a part of the culte@rtoire in the Middle Paleolithic around
150 ka (Ambrose, 2001; Wadley, 2010). The archagotd Middle Paleolithic in Europe
continues into the later phase of MIS 3 as the Nedhals survived in the southern Iberia

until 40-30 ka (Finlayson et al., 2006).
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The lithic industry from the Middle Paleolithic @entral Europe is characterized by a
large temporal and regional variability. Towards &nd of the Middle Paleolithic, the
Micoquian complex appears in Central Europe. Tteethat served as the type locality, La
Micoque, is situated in France and its assembkagharacterized by the common occurrence
of bifacial tools in contrast to the late Moustar{&osendahl, 2011; Ruebens, 2007a). It
appears that Micoquian is a unique developmertterMiddle Paleolithic and not a result of a
continuous tradition from the Acheulean industryhe Lower Paleolithic (Koztowski, in
press). Another tool type, known as #ellmessegroup is now a preferred term as it
encompasses other variants of tool forms and shecéechnocomplex may not be temporally

and technologically related to La Micoque (Conamnd &ischer, 2000; Rosendahl, 2011).

Keilmessein particular refers to the bifacial backed knifgyich was recovered in
large numbers at Bockstein (Conard and FischeQR2dhis form of tool is found in
Germany and some northwestern and central EuroptEm Interestingly, Kind has further
argued that there are ‘mixed’ assemblages with jli@n and Mousterian components and
thus these two technocomplexes are not mutuallipsixe (Kind, 1992; Ruebens, 2007a). To
date, theKeilmesse(Micoquian) technocomplex has been recovered frentral Europe
while mixed assemblages have been found in ceartichhorthwestern Europe (Ruebens,

2007b, 2013).

In addition, (Bosinski, 1967) distinguished leafrgs, orBlattspitzenas a
characteristic tool type (Bolus, 2004). They arealiy thin and elongated bifacial tools. Leaf
points have been found in Vogelherd, Grol3e Grdttagner, 1983a) and Haldenstein Cave
(Riek, 1938) and GeilRenklosterle in the Swabiaa,Juit are not well dated. Stratigraphically,
it overlies theKeilmessegroup and chronologically is found before the appece of the
Upper Paleolithic industries. Leaf points are ofthe tools that distinguish late Middle

Paleolithic industries. Since leaf point assemidagdy appear at the end of the Middle
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Paleolithic, they can be interpreted as a tramalicndustry in parts of central Europe.
Blattspitzen or the leaf point complex, is chronologically gaa at the end of the Middle

Paleolithic or as a transitional period (Bolus, 200

In the Swabian Jura, the earliest occurrences aiifia settlement remain to be
securely dated. A fossil specimen from Hohlens&timdel is a clear evidence of Neanderthal
occupation in the region (Kunter and Wahl, 1992jt lhominin remains from sites such as
Steinheim, Bad Cannstatt and Reilingen demonstitsé¢ predecessors of Neanderthals
occupied southern Germany well before 200 ka (G#akn 1999; Czarnetzki and Pusch,
2001; Dean et al., 1998; Haidle and Pawlik, 20%0% still not clear how early Neanderthals
settled into the area, but the recovery of straigbked elephant from Vogelherd confirms
that early hominins resided in the Swabian Juteast by the last Interglacial period between

130-115 ka (Hahn et al., 1985; Niven, 2006).

Typical tools in theBlattspitzengroup or other late Mousterian complexes are not
found ubiquitously in the Swabian Jura with theeptmn of Bockstein (Bolus, 2004; Conard
et al., 2012). Instead, the typical lithic assergblérom the area can be broadly coined as
Swabian Mousterian with no equivalence of a similiéinic technocomplex in other
geographical regions (Conard et al., 2012). Theerabtage shows a low level of
standardization with highly reduced Levallois comgots and is not defined by a particular
tool type (Beck, 1999; Conard, 2011). Thus, therend clear occurrence of a transitional

industry in this region.

The lithic raw material is dominated by the Juragsey chert, found in the vicinity of
the caves, and Bohnerz brown chert, found in thehson Swabian Jura in the river deposits
(Burkert and Floss, 2005; Cep et al., 2011). Intamidto the Jurassic chert, another important

raw material of the region is radiolarite, whichgomated in the Alps and is found in river
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deposits of the Danube and moraine gravels (Flodsk@&selbach, 2004). In most cases, the
local grey chert is the most commonly exploited raaterial, and other sources were rarely
used. Preference for the grey chert may point tanderthal’'s use of a relatively small
territory, or the abundance of the local raw mateor to the high degree of hominin mobility

that did not permit transportation of exotic rawtenels over long distance.

While the use of organic artifacts for the Middlelddlithic period is still debated,
some sites have produced bone, antler and ivorgirenthat are unambiguously modified in
the Middle Paleolithic (Villa and D'Errico, 200Ihere are few examples of bone points and
retouchers from Vogelherd (Riek, 1934) and Grolett€r(Wagner, 1983a) found from a
Middle Paleolithic context. Besides, there is seacidence of use of organic remains for the

production of artifacts in this region.

The earliest evidence of Neanderthal occupationhig region still remains to be
securely dated. The presence of straight-tusk al@passociated within a stratified layer at
Vogelherd (Niven, 2006) points to milder climatedawooded vegetation and suggests
possible occupation during the Interglacial PerigdlS 5, 130-70 ka). Further, the
archaeological horizon from Bocksteintdrle (AH X)dicates an occupation layer during
warm interglacial conditions (Kronneck, 2012; Lelnmal954; Wetzel, 1957), but the earlier
Middle Paleolithic occupation remains to be dirgeadhted. ESR dating is currently being
conducted on bovid and equid teeth from Hohlens&adel and Geil3enkldsterle by C.

Falgueres and M. Richard to understand the durati@ccupation at the sites.

The oldest date using electron spin resonance (B&fR)g on teeth enamel came from
the latest Middle Paleolithic layer (AH 1V) from ®enklosterle and yielded a mean age of
43.3+4 ka (Richter et al., 2000). There are additiaesults of*C dating for Hohlenstein-

Stadel that point to older dates. While the datear the limit of radiocarbon dating, and
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uncertainty in the calibration remains, the readating suggests a minimum age of ~50,000
cal BP for Hohlenstein-Stadel and 48,600+3200 BRFP €eillenkltsterle (AH VII)
(Beutelspacher et al., 2011; Higham et al., 20I)e youngest Middle Paleolithic
occupations at most sites in the Swabian Juratdapproximately 40 ka (Conard and Bolus,
2003; Richter et al., 2000). These dates genecaligcide with the end of the Mousterian

industries in Western Europe and their replacerbgithe Aurignacian culture.

Transition to the Aurignacian

The emergence of the Aurignacian in the Swabiaa doincides with the evidence of
the earliest fossil remains occurring around 4%#&2Higham et al., 2011). The Uluzzian
culture may slightly predate the appearance ofilmggnacian culture by 1,000-2,000 years
(Benazzi et al., 2011).While the coexistence ofilhezzian and Aurignacian
technocomplexes remains to be resolved, curreatsigiport the hypothesis that one of the
earliest populations of humans with fully develogedignacian culture settled in the

Swabian Jura (Conard and Bolus, 2003, 2008; Higstaah, 2012).

There are no fossil remains found in associatidh e industry, pointing to a lack of
direct evidence that links the makers with theyedgpper Paleolithic culture. Nonetheless, the
fossil remains of modern humans were recovereceat'& Cavern, England, dated to 43-
42,000 cal BP (Higham et al., 2011), Grotta deldlla, SE Italy, dated to 43-42,000 cal BP,
(Benazzi et al., 2011) and fera cu Oase, southwestern Romania, dated to &6-34
(Trinkaus et al., 2003). These dates span the g&riwen the early Aurignacian culture first
emerged in Europe. We thus assume that this cuipresents the dispersal of modern

humans in Eurasia.

Demonstrated by recent series of new measurentbatédurignacian begins

immediately after the end of the Middle Paleolithid the ages of the two cultures overlap at
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the scale of radiometric dating (Conard and Bad@§3, 2008). The youngest Middle
Paleolithic and the earliest Aurignacian date tka(@calibrated to 42,000 cHC BP)

(Higham et al., 2012). The earliest Aurignaciamhie Swabian Jura is dated to 42,000'4al
BP from Geil3enklosterle based on the AMS datindhokusing ultrafiltration and improved
background correction (Higham et al., 2012). Imgroents in dating technique consistently
resulted in dates that are older than the mateviath are treated without ultrafiltration
(Higham et al., 2012). This date conforms to thed&king, 41 ka, which was produced from

the same basal layer of the Aurignacian (Richted.e2000).

While no temporal gap between the last Neandertdradshe arrival of modern
humans is observed, the coexistence of Neandegdhdlsnodern humans has not been
documented in this region. The absence of directact is supported by sterile layers that
exist between the upper most MP basal Aurigna@gers and by micromorphological
analysis showing erosional disconformity betweendhltural horizon of the Middle
Paleolithic and early Upper Paleolithic at HohlésFand GeilRenklosterle (Conard et al.,
2006; Miller, 2009). The depositional history argugainst the co-occurrence of
Neanderthals and modern humans in the Swabian Diwa, the archaeological record in the
region has not produced evidence indicating costaictl possible competition between
Neanderthals and modern humans, leaving the caudleef Neanderthal disappearance still

unresolved.

Several models have been proposed to explaindhsition from the Middle to the
Upper Paleolithic in the region. The Danubian Giorimodel put forth by several researchers
posits that one of the earliest waves of modernansmmigrated through the river valley of
the Danube, with the caves of the Swabian Jurasepting one of the earliest settlements of
a fully developed Aurignacian technocomplex in pgro(Conard and Bolus, 2003, 2008;

Conard et al., 2006)). New series of dates appeewrfirm this hypothesis as the beginning
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of the Early Aurignacian occupation precedes otltes in Europe (Higham et al., 2012;
Richter et al., 2000). Further, tRalturpumpemodel considers the different causes including
the interaction between archaic and modern popusticlimatic stress or demographic
patterns as forces triggering the development afghacian culture in the Swabian Jura
(Conard and Bolus, 2003). To date, the hypotheseadimatic stress and demographic

patterns remain to be explored.

The emergence of Aurignacian culture marks a dezak in the prehistoric record of
the Swabian Jura. The lithic assemblages are oftaracterized by tools such as scrapers and
burins, and the production of artifacts is mostyrinated by blade production using
unidirectional knapping techniques (Bolus, 2003n&d et al., 2006). The lithic technology
in the Aurignacian, which lasts until 32 ka, rensaialatively consistent over time.

According to Bolus (2003), two horizons, or the lesvand Upper Aurignacian, show
variability in the abundance of certain tool typegh greater diversity in the type of organic
tools in the Upper Aurignacian period. However, ¢batinuity from the lower to upper

period overrides the variability.

Moreover, the Aurignacian is distinguished throtigd material culture of symbolic
expression, a key marker of the early Upper Pdleolculture in the Swabian Jura (Conard et
al., 2006). Prehistoric art expressed in differaetia and forms in the Aurignacian clearly
points to an emergence of a new cognition, behalvrepertoire and cultural system.
Mobiliary art is one of the earliest and most atamdexamples of Aurignacian symbolism in
the Swabian Jura (Conard, 2003; Conard, 2009). i$himscontrast to other forms of
symbolism, which are documented earlier in soutlddrita (Henshilwood et al., 2009;
Marean et al., 2007; McBrearty and Brooks, 2000k ®ldest anthromorphic ivory figurine
known as Venus has been recovered from Hohle Relssadated to 35 ka (Conard, 2009).

Additionally, two sculptures are anthropic, whilder figurines are shaped in the form of
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animals. Representations of animals in three dimar® in semi-relief point to the
significance of these fauna such as mammoth, haaterfowl, lion, bison, possible fish and

other unidentifiable mammals (Conard, 2010; Fless Rouquerol, 2007).

Personal ornaments have also been recovered inquaatity at the sites of
Geil3enklosterle, Hohle Fels and Vogelherd, whegeAtlrignacian occupations were more
intense and excavated (re-excavated for Vogelhitd)an improved recovery technique
using water screening and sorting (Conard et @098; Wolf, 2013). Ornaments were
produced either from ivory following a standardizgdduction sequence ohaine
d’operatoireon teeth of animals such as cave bears, foxeseamdeer (Kolbl and Conard,
2003; Vanhaeren and d'Errico, 2006). Double petéordeads and knob-shaped beads are
two common forms found uniquely in the Swabian Jaegaon, demonstrating a degree of
regionality or group identity that occupied thea(@/olf, 2013). Some of the figurative art
pieces have rings or holes with polished use-wedigating their use as suspended pendants
(Conard, 2009). The figurative objects are at timésrpreted as products resulting from
cultural memory and ideology among the groups pract the Aurignacian culture (Porr,

2010).

Another component in Aurignacian symbolic cultucenps to the earliest evidence of
musical tradition in the Paleolithic. Flutes wereduced either by perforating long bones of
raptors or through a complex process using ivagrrents (Conard, 2009; Conard et al.,
2006; Munzel et al., 2002). Discoveries of incised notched fragments from
GeilRenklosterle and Vogelherd date to ~35 ka, wisidontemporaneous with the earliest
Venus figurine from Hohle Fels. This is the eatli@sown instrument in the Paleolithic and
shows that music was practiced by the Aurignacenog. This also has implications for

language capability and cognition of modern hundt&rico et al., 2003). To date, the
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material culture of symbolism, geographically liedtto the Swabian Jura, is significant due

to its richness and to an early date for the faillglved Aurignacian culture.

Organic tools become incorporated in the artifagentory, including bone points
with a split base (Conard et al., 2006; LioliosQ80 Ivory was an important raw material for
the inhabitants of the Swabian Jura particularlgrauthe Aurignacian, as numerous debitage
have been recovered and many organic artifacts preckiced from mammoth tusks.
Fragments of aged ivory were used and softenedd#ie processing by soaking the pieces
in water (Wolf, 2013). Numerous fragments of ivagbris demonstrate that the production of
elaborate organic tools was part of a cultural repe practiced on site in the caves. These
include tools such as baton pierces, projectilafgoand split bases among other ivory
fragments with use-wear. The increase in the usegznic material for production of
functional tools as well as non-utilitarian artifa¢s another hallmark of behavioral modernity
documented in the Swabian Jura. The organic teoggallearly distinguishes the Middle
Paleolithic, which has only a few organic toolsgd &ne Aurignacian, which has produced a

wide array of bone, antler and ivory tools (Conatrdl., 2006; Wolf, 2013).

The Aurignacian period is also characterized blgange in settlement patterns
following the Middle Paleolithic (Conard, 2011; God et al., 2012). Conard and colleagues
assessed the intensity of occupation based oretfiityl of artifacts per fnData suggest that
there is a clear increase in archaeological finois fthe Middle Paleolithic to Aurignacian at
sites where both cultural layers are present (Gbetal., 2012). Modern humans are
represented by a higher artifact density thanénMiddle Paleolithic, evidenced by the
increased number of lithic artifacts, burnt boredsrcoal and modified bones in the
Aurignacian layers (Conard, 2011; Conard et al,220Such patterns may reflect increased
population or longer residential times at caveth@early Upper Paleolithic period. This may

have triggered cultural innovations and a new ssymbolic behavior during the
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Aurignacian expressed in forms of ‘art’. Conard{2Pposits that Neanderthals may have
had a smaller ‘cultural niche’ and did not adaptwal means to a changing natural

environment.

The Later Upper Paleolithic: The Gravettian and W&gnian

The majority of evidence for Gravettian occupatiothe Swabian Jura originates
from the Ach Valley with the exception of Bocksti&irie (Conard and Moreau, 2004; Moreau,
2009). While some cultural layers between the Anagan and Magdalenian were well
accepted, the term Gravettian was not employelddrSivabian Jura until Hahn’s work at
GeilRenkltsterle. He began using the term aideddbgdmmunication with French
prehistorians (Hahn, 1988). Gravettian occupatamesdocumented at the sites of Sirgenstein
(Liolios, 2006), Brillenhdhle (Riek, 1973), Geil3éddterle (Hahn, 1988) and Hohle Fels

(Conard and Moreau, 2004; Moreau, 2009).

The earliest Gravettian dates shortly after thearttie Aurignacian around 30,000
years ago. No clear geological and temporal breskden the Gravettian and Aurignacian
exists and there is a transitional layer in HoldésFSome tool types show overlaps, which
suggest a gradual situ transition from the Aurignacian to Gravettian avét. This
hypothesis requires further investigation as tpadaomic processes could have led to

mixing between the horizons (Conard and Moreau42Mbreau, 2009).

Archaeological data point to intense occupationveenh 29-27 ka. Backed bladelets,
burins, end scrapers and splintered pieces areg@thercommon tools. In addition, the use of
projectiles such as Gravette points becomes paneaiool assemblage. In the Gravettian
layer of Geil3enkldsterle, 30% of the tool assenmblaansists of bladelets for the manufacture
of projectiles. Studies of lithic refits have shothat the same group of hunter-gatherers

occupied Geil3enkltsterle and Brillenhohle in thé Aalley (Moreau, 2009).
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The raw material of the lithics indicates that dedpegan exploiting non-local sources
that were previously unseen in the region (Burked Floss, 2005; Cep et al., 2011; Floss
and Kieselbach, 2004). In the Gravettian periodrdlare two raw materials that are found far
from the Ach and Lone valleys. One raw materia fs1e grained, red Jurassic chert (also
known as ‘Bohnerz’ jasper) that is altered through ore deposits and occurs in the
restricted area of the Upper Rhine Valley soutkreiburg 180 km to the west. Another raw
material is a banded tabular chert found in th@&wsaian Alb, east of the Nordlingen Ries
Basin roughly 160 km in distance (Burkert and Fl@895; Floss and Kieselbach, 2004).
There are also a lower Jurassic black alpine qteitzthe river deposits in the southern
lowland and an Upper Triassic ‘Keuper’ chert tisafiound along the northern edge of the

Swabian plateau (Floss and Kieselbach, 2004).

The use of local Jurassic chert decreases althibggh dominates the lithic
assemblage in the Gravettian period. Instead, sbeotiradiolarite that comes from the
southern lowland (10-20 km away) increases (Buriked Floss, 2005; Floss and Kieselbach,
2004). The abundance of exotic raw material inésa movement of people along the
Danubian corridor (Floss and Kieselbach, 2004). inkientory of tools and the debitage
shows that most lithics produced from non-local raaterial were brought to the Swabian

Jura region as blanks or tools lacking the diffestages of the reduction sequence.

Organic artifacts are found in abundance, but dfffam that of the Aurignacian.
There are many personal ornaments made from ivaiytear drop forms become more
common during the Gravettian. The form of the araats also becomes diverse and includes
perforated teeth and shell. Further, antler ancélioals become common, including bone

points and awls (Conard and Moreau, 2004; More@Q9p
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The absence of clear evidence for the Gravettiagioge the Lone Valley except for
in one horizon in Bockstein is puzzling. Howevenne dates of faunal remains indicate that
the Gravettian periods are represented in the Matley, such as the brown bear canine from
VH, but are potentially mixed with the Magdalenariod (Niven, 2006). The extinction of
cave bears is dated to 25,560+£130 BP in the Swahiea, which coincides with the
Gravettian phase (Munzel et al., 2011). Thus, tteeiwences of cave bear remains in the

Magdalenian period needs to be explored by systestaidy of the depositional history.

The Magdalenian period, which begins around 17,1608 BP (Weniger, 1989;
Weniger, 1987), or 15,000 calBP according to netesldcom Hohle Fels (Taller et al., 2012),
follows a hiatus during the Last Glacial Maximumyidg which time no evidence of human
settlement is documented. An alternative explanagttates that sediment between the
Gravettian and Magdalenian was not preserved ay waves that experienced heavy erosion
during the LGM. Nonetheless, it is likely that tteves were not intensely occupied by
Solutreans, if present, relative to the prior Piileio period. A regional scale study suggests
that people migrated from the refugia in the sowrtloe western areas and repopulated

southern Germany including the Swabian Jura re@ioohim et al., 1999).

The trend for raw material procurement continuemfthe Gravettian period with
greater emphasis on non-local material such agaiabloert from the Franconian Alb or
Keuper chert from the river deposits. In all, raaterial that is further than 100 km away
becomes prevalent (Burkert and Floss, 2005). Varimne and antler tools, such as projectile
points, harpoon and bone needles, were thus remd¥em Hohle Fels, exemplifying a
typical Late Magdalenian assemblage (Taller et8ll,2). The Magdalenian assemblage
contains worked pieces of jet and ivory, as welppadorated snail shells and teeth. Limestone
fragments with painted red dots were recoveredesgmting one of the oldest pieces of

evidence for artistic use of pigment in this reg{@onard and Uerpmann, 2000).
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Most sites show a predominance of reindeer and thare89% of faunal assemblages
are represented by reindeer, followed by horse(iy¢e, 1987). Reindeer antler remains
indicate that the killing of ungulates occurreduard autumn to winter, with some smaller
sites revealing evidence for summer and spring ettons. The Magdalenian still appears to
be heavily dominated by grassland with some presehtorests which increase after the
Bgalling. In the Swabian Jura region, the sites appéso to have been shortly occupied during
the summer with a focus on horse hunting. The sitesmall in comparison to other
neighboring regions (Weniger, 1987). Further, trepprtion of fish in the subsistence
increases substantially from the Gravettian peminonstrated by harpoons as well as
diverse fish remains at Hohle Fels (Conard etall3; Owen, 2013; Torke, 1998). Owen
notes that “the spectrum of fish recovered fromNtagdalenian sites of southwest Germany
suggests a much longer fishing season and an emmmish other than salmon” (2013: 95),
hinting at the diversification of the Paleolithiet] most evident during the Late Upper

Paleolithic.

Summary

The Swabian Jura is the largest karst system itha@stern Germany with limestone
outcrops forming caves that became stabilizederPleistocene period. Sites are
concentrated in the Ach and Lone valleys, which gase the majority of the Paleolithic
record. Paleoenvironmental archives from the regiomestern Central Europe during MIS
5-3 indicate climatic fluctuations beginning wittterglacial conditions followed by
interstadial and stadial periods. Interstadialgusiare marked by mild conditions with
greater abundance of arboreal vegetation, whilstiddial periods indicate mammoth steppe

with cold and arid conditions.
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The prehistory of the Swabian Jura starts in thedié Paleolithic. The fossil
evidence shows that Neanderthals settled in treearkeast by the Interglacial period (Niven,
2006) with relatively nondiagnostic artifact assésgles. Their presence continues until ~40
ka. The Aurignacian culture, with no equivalenttardl repertoire, appeared early in Europe
by 40 ka (43-42,000 cal BP). The organic artifactseased and diversified, which range
from functional bone, antler and ivory tools tafacts with symbolic significance including
figurative artworks, ornaments and musical instmtseGravettian culture is more prevalent
in the Ach Valley, and the study of the artifacsd@®blage points to both continuity in artifact
production, on the one hand, and changes in sorteeadultural tradition including the
manufacturing of body ornaments, on the other. Mihgdalenian period represents the last
phase of the Upper Paleolithic, after a periodiafus in the archaeological record, with a

likely increase in territorial range or the exchamg artifacts and ideas among cultural groups.
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3 Sitesin the Swabian Jura

This chapter will introduce the sites of the Swahijara that are included in the
following analysis. Hohlenstein-Stadel is discussedetail as this study, along with previous
studies by Gamble (1979, 1999), is the first corensive work on the fauna material and
the main focus of research presented here. Ottesr &fi the Swabian Jura, including
Vogelherd, Bockstein, Hohle Fels, Geil3enkltstenie logelstein, are described more briefly
as other primary sources provide in-depth desoniptif the research history and

archaeological record of each site.

Hohlenstein and the history of research

Hohlenstein is one of the limestone outcrops orstheh side of the Lone Valley that
contains four separate deposits: Stadel, Bareeh&lgine Scheuer and Ostloch (Fig. 3.1).
The outcrop is situated roughly 3 km away fromhiage of Asselfingen, which is situated
to the SE of the site complex, and lies roughly®-8bove the valley floor. Hohlenstein-
Stadel is one of the important sites with Palemithaterial in the Swabian Jura with a few
key differences. Lying 470 m asl, the cave lieghdly higher than Barenhohle with the mouth
facing to the north toward the valley. It consists gallery that stretches ~50 m long and 1-3
m wide (Gamble, 1979). Hohlenstein-Stadel is onieffew caves whose presence was
recorded in the historic period. A 1.2 m wall knoas'UImer Mauer’ was constructed in
1591 at the entrance of the cave to prevent th@lusave. The excavations took place 30 m

from the mouth of the cave.
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Figure 3.1 Map of Hohlenstein complex. From the iMB&arenhdhle, Kleine Scheuer, Stadel and
Ostloch (Schmid et al., 1989).

Hohlenstein-Stadel

Hohlenstein-Stadel has been investigated by a nuaoflvesearchers for over a
century. Artifacts have been recovered by O. Firmd866 after his initial excavation in
Barenhohle (Fraas, 1862). Other investigations wenglucted by O. Fraas along with L.
Birger in 1886 and by R. R. Schmidt in 1908 neardpening of the cave (Jahnke, 2013;
Wetzel, 1961). The exact locations of the excavelater run by R. R. Schmidt and G. Kraft
in 1925 have not been documented, although thevai@ma noted that they recovered 60 cm

of ‘primitive artifacts’ in association with cavear, mammoth and horse (Beck, 1999).
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3.2 Entrance of Hohlenstein-Stadel on the leftldleine Scheuer on the right (Pho courtesy of Kurt
Wehrberger, Ulmer Museum)

Other sites at Hohlenstein

Ostloch is a small rockshelter located in theexaseénd of the outcrop. Wetzel (1961)
claimed to have excavated the area, but the deftailse archaeological context and findings
are not published. However, he noted that the sealifnom the base of Ostloch is similar to

that of Stadel.

Kleine Scheuer is a rockshelter, or abri, locatetvieen Stadel and Barenhohle and,
compared to the two caves, is a smaller overhagldigig microfaunal remains and artifacts
from the Magdalenian occupation in yellow clayegliseent dating to roughly 13,250 BP. It
was initially investigated by R. R. Schmidt who axated roughly 60 cm of sediment in 1908.
The finds mostly consisted of microfauna and nogwiistic Upper Paleolithic lithic tools. E.

Koken analyzed the fauna. A larger excavation emmiucted in May 1923 by E. Soergel-
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Rieth and W. Soergel who studied the area for pétdoagical and archaeological finds. R. R.
Schmidt later returned with G. Kraft in 1925. Itsyaartially excavated by Wetzel and
Volzing in 1937 alongside with Stadel's excavatigfter WWII, J. Hahn and Wighart v.
Koenigswald investigated the area in 1974 to resssdées previous work (Hahn and

Koenigswald, 1977).

The most extensive excavation by W. Soergel arfsloérgel-Rieth in 1923 has been
well documented (Soergel-Rieth, 2011). It involyled removal of the first 70 cm of sediment,
followed by the removal of artificial layer in 5 ctihick Hieb (spit) resulting in 26 Hiebs with
archaeological and geological finds. The stratigyawas 2 m deep and exposed the entire
sequence to the bottom of the bedrock. Publish&d Boergel-Rieth’s manuscript (originally
written in 1923, published in 2011), it begins withmus mixed with limestone for the most
upper level (60 cm), followed by a 3-cm thick rtdyey layer. Underneath the layer lies a
horizon with black humus mixed with clay and chaloeith a depth of 4 cm. Roughly 14 cm
of yellowish clay underlies the layer, followed ysilow clay with large limestone where
most of the artifacts as well as faunal remainsewecovered with a total depth of 120 cm.

This is followed by yellow and lighter clay (15 cemd stone with lighter yellow clay (15 cm).

Most of the recovered microfauna as well as aviamnains derive from the yellow
clayey layer, which they named thédgetierschicht(rodent layer). The spectrum of
microfauna shows that rodents preferring tundreh ss arctic lemming®£fcrostonyx
torquatug, and steppe, such the narrow-headed \Mlerptus gregali3, prevailed during

most of the period with few wooded areas in theaurding (Soergel-Rieth 2011).

They have relatively little evidence for human atigs in the area. The excavation in
1923 yielded a fire place 100-110 cm below theasgfwith burnt bone fragments, which

were identified to ptarmigan and fox teeth (SoeRjeth 2011). Some small chert and one
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knife—like tool have been recovered. One of thd-wmbwn findings from the site is a
limestone rock painted with two parallel lines otslusing red ochre. The find was recovered
125-130 cm below the surface in the yellow clayelayrhe rock is a Jura limestone most
likely transported by humans from the river (SoéRjieth 2011). The discovery of similar
painted stones indicates that such artifacts weregtent among the Magdalenian people who
occupied the Swabian Jura (Conard and Uerpmani®)208e find also represents one of the
early pieces of evidence of painting and abstnattb®lism in Central Europe (Conard and

Uerpmann, 2000).

The cave of Hohlenstein-Barenhohle (467 m asl)dies above the valley and 25 m
west of Hohlenstein-Stadel. It stretches 69 m Idfigm wide and 7 m high and runs parallel
with Stadel in the SW-NE orientation. This is thte §irst investigated by O. Fraas and where
the first Paleolithic artifacts were discoveredha Swabian Jura, beginning the tradition of
archaeological research in the region. Fraas haaived information from a forester, who
found animal remains from near the cave due tdtimeowing of badgers. The cave has two
large chambers. Fraas, a geologist and a palegigloeported around 400 individuals of
cave bears based on the counts of cranial remadosered at the site (Fraas, 1862). Other
animals, though few in number, included mammothséobison/aurochs, elk, red deer and
roe deer. A total of 98% of the animal remains\detifrom cave bears, which he interpreted
as evidence of cave bear hunting and exploitatjohumans. Later, he returned to the site in
1866 to recover and study artifacts such as lifmezdified bones and teeth pendants in three

different cultural layers (Beck, 1999; Wetzel, 1261

Barenhohle was later excavated by R.R. Schmid9081Small sondages were also
excavated by R. Wetzel and a geologist, Otto V@lzalongside with Stadel’s excavation in
1937-38. After WWII, two sondages were opened iB418nd 1956 by Wetzel, followed by a

systematic excavation during 1957, and in 1959-& Marie-Luise Taute-Wirsing (Beck,
43



1999). Weinstock (2000) has recently studied thdao explore the mortality profile and

demographic pattern of the bear population.
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Figure 3.3 the map of Hohlenstein-Stadel and tlvaeated area. Yellow areas indicate recent
excavations. The Blue lines indicate areas excdvatdr. Wetzel. Image from Kind and

Beutelspacher (2010)

Robert Wetzel's Excavation of Hohlenstein-Stadel

The first systematic excavation in Stadel begat@hSeptember 1935. Robert

Wetzel, an anatomy professor from the Universitf¥dbingen, conducted research in the
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1930s and 1950-60s, recovering the majority ofants from the site. He initially excavated a
2 x 2 m test trench, followed by two other teshttees in the mouth of the cave behind the
Ulmer wall during the first season in 1935. Thentte yielded iron and bronze artifacts,
Pfeilspitzefrom the Neolithic period in addition to lithiceoin what he later called ‘Red
Mousterian’, with the most upper layer appearingeaisturbed and mixed (Beck, 1999;

Wetzel, 1961).

From 1937, O. V0lzing joined Wetzel in conductingtematic excavations in a larger
area to observe the horizontal distribution offacts. With additional help from A.
Bamberger, they concentrated on the area behindraher the Ulmer wall. A burial pit,
found in the vicinity of the wall, was 70 cm de@jhe buried individuals included a female, a
male and a child aged between 2-4 years old, reptes by three crania, mandibles and
cervical vertebrae, which were directly dated t85#80 C* BP in the Mesolithic period
(Haas, 1991; Orschiedt, 1998; Wetzel, 1961). Thdlskave traumatic marks from blows to
the head and traces on the vertebrae showed thatdividuals were decapitated (Orschiedt,
1998). The individuals rested on top of stones mavén ochre. In addition, the female skull
was associated with perforated Cyprinid fiRu{jlus meidingejiteeth with traces of usewear

and pigments used as adhesives (Rigaud et al.).2013

Further, in an area two meters behind the walletteavators in 1937 discovered
human remains from 54 individuals dating to thdyeldeolithic period. These remains were
namedKnochentrimmef(literally, bone debris), found in a pit along wlithic and faunal
remains. They were in the context of secondaryaboadvered by a combustion feature and
other anthropogenic modification dating to 7 kag¢hiedt, 1998; Wetzel, 1961). These
findings point to the use of the cave for ceremloasawell as burial purposes for the

Mesolithic and Neolithic people.
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O. Vdlzing was mostly responsible for the excavatbthe site in 1938 and 1939
with Wetzel until the excavation abruptly termirdten 25" August 1939 with the outbreak
of the Second World War. After the war, Wetzel reogd the cave with O. Vdlzing in 1956-
57 and 1959, with M-J. Taute-Wirsing in 1960, anthwohannes Wetzel in 1961. By the end
of 1960, most infills of the cave stretching 22 noni the mouth of the cave were fully
excavated and later refilled. Wetzel notes thatiagia?.7 m of sediment were removed from
the original surface of the sediment in 1937. mehd, in addition to the artifacts from recent
prehistory, the excavators were mainly able tamgsiish two layers of red and black
Mousterian. In 1961, the area outside of the mofithe cave, orVorplatz’, was the focus of

the excavation work.

In 1937-39, the workers divided the area in metamsvn as thébbaumetefrom an
arbitrary null point seen in the Figure 3.3 (inst®h quadrants) and excavated within these
meters that run across the hall of the cave. Aréfilayers of 20 cm, or spit dfieb, served as
the vertical unit of excavation and were used tindethe position of the artifacts and animal
remains. The artifacts were often labeled wittbaumeterHieb and the date of excavation.
At the end of 1939, the excavation extended tcsthlieb of the 20" Abbaumeterin most
areas, the excavation reached the Aurignacian dspasd the day before the end of the
excavation, Wetzel and his workers recovered tharifie known today as the&wenmensch
(described below). For all thebbaumeterexcavators reached the™pit (roughly 2.2-2.4
m deep), in some areas reaching as far as thard 15 spit (roughly 2.6-3 m) (Gamble,

1979; Beck, 1999).

In 1957, a similar excavation method was emplpped this time using a different
null point, which was 10 m closer to the entrantthe cave. This difference has confused
researchers, such as Wagner, who dggzhumetefrom 1957 to estimate the original

position of theLdwenmensckor lion man) in an attempt to recover missingfnents of the
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figurine. Further, the later excavations did regign spits; instead, geological layers such as
Black Mousterian were employed to refer to the aedogical finds. In 1956-1961, many
areas were excavated to the bottom of the cavesexgpa Middle Paleolithic deposit and a
basal layer with relatively few artifacts and animemnains that Wetzel described as culturally

sterile.

In 1961, Wetzel with the help of M-L Wirsing invegdted the area in front of the
mouth of the cave (referred to¥erplat? in addition to the inner area of the cave. He
defined the deposit as Black Mousterian, which tvak.5 m thick with several sub-horizons
distinguished by the color of sediment varying frdark brown to pale gray, followed by a
brown/black and black horizon, which was this catastly due to large quantities of

charcoal and manganese oxides.

They recovered lithic artifacts such as scrapedstdades that were used, displaying
rounded edges. The lithic assemblage consistedsténdardized flakes with various
retouches, mostly produced with the Levallois teghe. Wetzel (1961) notes that the
excavation recovered two bone compresseurs orale¢os from the Black Mousterian, but
these pieces have not yet been restudied to asm@sgore damage. Wetzel notes that, while
his excavation at Bockstein yielded a large nunabédithics, the evidence of human

occupation in front of the cave entrance at HohikinsStadel yielded a few artifacts.

In 1983, E. Wagner, along with the Denkmalpfleg8atien-Wurttemberg, attempted
to excavate an area where ttimvenmenschgurine was recovered in order to determine
whether this area had remained intact. Howevertaltiee change in the designation of
Abbaumetefrom 1930 to the 1950s, the team excavated senetErs closer to the mouth of
the cave relative to the original position of fione (Beck, 1999). The excavation yielded

remains of cave bear, horse, aurochs and hyenelbas an ivory fragment that was
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interpreted as a female (Wagner, 1983b). The fragmvas later reanalyzed and does not

appear to be modified by humans (Jahnke, 2013).

Few data indicate that some mixing did take platteeethrough biotic factors as well
as through recovery and curational processes. atiegdof bones in the sankbBeb as the
Léwenmenscbluggests that there were material from the Magasieperiod mixed with
faunal remains from the Aurignacian period (Schaetidl., 1989). This could partially be due
to a recent fox den that was documented by VolamdyWetzel in the 1930s. Further, two
fragments of ivory originating from the 19&bbaumeter8” Hieb and 1" Hieb refit together,
indicating that mixing had occurred. The false gssient ofHieb during excavation also

cannot be excluded from consideration.

Recent Excavations by the University of Tubingen

In search of open-air sites, a project from thevidrsity of Tlbingen led to systematic
surveys of Paleolithic deposits outside of the c&uee of the projects involved excavating an
area 10-40 fin front of Hohlenstein towards the floodplaintbé valley in 1997-98 (Bolus
et al., 1999). This excavation allowed researcteevaluate the extent to which the cave
deposit was transported outside of the sheltereal dihree excavation surfaces were
excavated down to a depth of 5 m. Two excavatessagbBow that cave sediment from

Barenhothle and Stadel moved with gravitation dowendiope.

The stratigraphic profile from three excavated ¢ress shows that the upper most
level consists of Holocene humus followed by a tayfeyellow-brown silty loam, while in
some profiles there are dark brown clay and brolapey sediment (Bolus et al., 1999).
Rounded limestone is found consistently throughloese upper horizons. In the lower
horizons, most sediment consists of gravels witteitone. The layers are mostly not

demarcated and transition is gradual. There arev@ear of lithic artifacts from the upper
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horizon while fauna remains are found throughoatdbparate layers. There are various tools
that are typologically Neolithic and Mesolithic,thvia few Paleolithic tools also being
recovered. Some tools may have undergone cryotarbas indicated by the tool edges. The

presence of ceramic fragments also indicates lieat tis considerable mixing in the sediment.

Excavators recovered no Holocene fauna in the uppels but found Pleistocene
fauna from the lower levels. Horse and reindeeridata the remains identified
taxonomically, with many shed antlers from younigdeers appearing often in the
assemblage. There are a few cave bears and wolkssnt. The artifacts and animal
remains were found outside of their original geatafcontext, making it a challenge to place

them in a clear chronostratigraphy.

The fauna was analyzed by Geiling (2012). Resnitgate that horse and reindeer
dominated the assemblage, with half or more reptedeby antlers. There are some bear
remains as well, which indicate that part of theéiment is comprised of sediment from the
caves of Barenhohle and Stadel (Geiling, 2012). tWng affected many bone remains, and
the surface of the material was not well preseraéitipugh few cutmarks were identified. In
particular, there is at least clear evidence oliedbing with parallel cutmarks on the spine of
thorathic vertebra from a bear, which also suppdiiszel’s study on fauna from Hohle Fels,
which led her to conclude that bears were oppastigailly exploited by humans. Based on
the high frequency of antlers (MNI = 18), GeilirgP(2) argues that hominins collected

outgrown antlers on the landscape to use for tomdytction.

Recent Excavations by the Denkmalpflege of Bademti&iaberg
The Denkmalpflege of Baden-Wirttemberg, under thecton of Claus-Joachim
Kind and Thomas Beutelspacher, has been runningntis¢ recent excavations at the site,

from 2008 to 2013. . Its aim was to document tkterd of the previous excavations and the
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geological context of the artifacts in additiorrécovering other fragments of the
LowenmenschThe overall objective was to better understamrdibrk of R. Wetzel and to
assess the state of the site so that it, alongatiiter archaeological sites in the Swabian Jura,
would be considered under the auspices of UNESC@d/Qultural Heritage (Kind and
Beutelspacher, 2010). In order to protect the toetuture investigation, work surface for

this new excavation was limited to the previousigaated area.

Fieldwork thus consisted of recording the excavatrom Wetzel’'s work, including
the extent and the spatial distribution of thellseind the intact sediment after the last year of
excavation in 1961. This took place both outsidhefcave near the entrance and within the
rear end of the cave. Later, excavation of thdlsefias carried out in disturbed and intact
sediment, with the recovery of faunal and artifechains, as well as with waterscreening of

the sediment using 2-mm sieve size and sortingefihds recovered through waterscreening.

The excavation in 2008-09 initially took placela¢Yorplatzor on the terrace in front
of the cave entrance, which was investigated byz@lém 1961. A sector from a surface area
of 8 nf with refills and intact sediment was opened towoent the geological context and
taphonomic history in and in front of the cave du#@ion to the documentation of Wetzel's
excavation. In total, 4 frof undisturbed sediment was excavated to the defatbughly 2 m
below the original surface. A number of layers stommplex depositional processes, which

were studied by T. Jahnke (2013).

Excavators identified 11 geological layers witra@drs containing cultural artifacts
(Jahnke, 2013). Stratigraphic layers identifiedwmtthe cave produced a chronology with
major cultural periods including the Middle Palduilc, Aurignacian and Magdalenian. It
begins with the humus filled sediment, followeddwtural horizons from the Magdalenian,

Aurignacian and Middle Paleolithic (Beutelspacheale 2011; Jahnke, 2013; Kind and
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Beutelspacher, 2010). In addition, excavation imedlthe opening of three’rand a1.5-m
deep sondage in the N/S orientation roughly 10 st ¥vem the main trench. This sondage

produced no artifacts, indicating extensive disinde of sediment.

Micromorphological studies indicate that there wasndication of high power water
flow from the inner area of the cave (Jahnke, 204i8er, personal comm.). Instead, the
sediment originating from the cave most likely wr@nsported through solifluction after the
deposition of sediment at the end of the MiddleeBlithic (Kind and Beutelspacher, 2010).
In all, the stratigraphy reveals complex deposdland taphonomic processes occurring at

the mouth of the cave (Jahnke, 2013; Kind and Bepaeher, 2010).

In 2009-2013, the team excavated the intact lalyens the inner cave. The refills
from excavations in the 1930s were partially extedaand excavators noted reddish brown
sediments in the refill, which most likely deriverin the Aurignacian horizon. The recovery
of refilled sediments yielded notable artifacts;isas perforated teeth of various animals
including fox (canines and incisors), wolf (premd|aiant or red deer (canine) and one
worked ivory pendent. These artifacts from refiisroborate the hypothesis that this refill
derives from the Aurignacian sediment (Beutelspaehal., 2011; Kind and Beutelspacher,

2010).

The excavation first began with 2.5 m? of surfagkich was later enlarged to ~ 6 m?
(Beutelspacher et al., 2011). On 25 Aug 1939, Wsteam halted their work as they
approached the bottom of the Aurignacian layetigh) in the 28' meter and left the area
intact through the subsequent excavation. The feammtheDenkmalpflegdegan the work
with the intact sediment from the area where exttaran 1939 stopped and where the
Léwenmenschvas recovered, seeking to recover fragments thgtadd to the figurine.

Further, the team sought to obtain samples fortiregiéhe stratigraphy in order to understand
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the nature of the transition from the Middle tolg&fpper Paleolithic (Beutelspacher et al.,

2011).

The recent excavation has revealed that the Magdaléorizon has been completely
dug out from the previous excavations. Thus faw nerk revealed a sparse presence of
hominins at the site. Some kind of combustion fiesaini the cave, due to small fragments of
burnt bones and charcoals, existed during the Mi@dlleolithic. The lithic artifacts from the

Aurignacian include small flakes, but lack any clemls.

The excavation uncovered ivory pieces that potiyfiawith the Lowenmensch
Over 650 ivory fragments were used to digitallyfith the figurine using 3D scanning
(Beutelspacher et al., 2011; Ebinger-Rist and W&, 3). The figurine underwent restoration
through the removal of wax and adhesives and wageed together (Beutelspacher and

Kind, 2012; Ebinger-Rist and Wolf, 2013).

Dating and Stratigraphy

The micromorphological work of the site is currgnthderway, which will provide us
with additional information on the geological caxttef the site, but a brief summary of
known facts is described below. The sediment denwmainly from three sources, which
include sediment accumulated above the Hohlenstaiplex, moving through the fissures of
limestone massif. Part of the sediment is eoliaorigin as some loess component is present.
Lastly, the weathering of limestone with humidiggults in the decomposition of lime and

clayey sediment in the matrix.

Other geological features include limestone blooki®n recovered from these cave
contexts, showing that frost wedging occurred raedyl(Riek, 1934), affecting the inner
structure of the cave. Limestone blocks resultiognffrost wedging occur commonly

throughout the layers and at times become rounaea Weathering. Bohnerz is clay with
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iron concretions that is wide spread in the cafee@Swabian Jura (Ufrecht, 2008).
Rounded quartz pebbles have also been recoverediaibpfrom the lower to basal layer of
the site. The origin of these pebbles still remainslear, but was likely deposited partially

when the karst system was still active (Beribiperrs. comm.).

The stratigraphy from the site was documented byotiginal excavators. O. Volzing
described the stratigraphy based on the color andistency of sediments, and drew profiles
from several excavated sectors, most of whichepeoduced by D. Beck (1999). According
the profiles from 1937-39, Vo6lzing identified onedlithic layer overlying the Magdalenian
layer as well as two Aurignacian horizons, two kHeryers from the Middle Paleolithic and
one sterile level at the base. R. Wetzel recomntkageavations in the 1950s starting around
2.78 m below the original surface from 1930. Hetcared with the documentation of the
stratigraphy and formed a composite profile basedrawings from 1930 and from the 1960s
with some slight differences. Namely, the origidapth of the excavated material differs
from the 1930s and 1960s (Beutelspacher, pers. cprAstording to Beck (1999), the
excavated area was possibly disturbed on the sudiad thus appears as an inconsistency in

the profile.

Nonetheless, a reopening of the site revealedhleaiocumentation of the
stratigraphy was relatively accurate. The profii@wdngs from Voélzing reflect a precision in
his documentation technique. The team from the Deflege reconstructed the
stratigraphic profile by combining the data frone firevious and modern excavations. A
small pocket of intact sediment attached to thet@vascave wall and the discoloration of the
wall resulting from the sediment shows the limitlod sediment and the original surface

before the initial excavation was established.
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Geological | Cultural . Cultural

horizon horizon Sediment assignment

A I black-gray humus Neolithic

C Il Yellow Magdalenian

D1 11 lighter reddish brown

D2 Y red brow

D3 \Y dark brown, few stones Aurignacian

D4 Va brown, many stone

D5 Vi light reddish brown, many stones

El Vii/Vila | yellow brown Upper Mousterian
E2 VI dark brown Red Mousterian
E3 IX dark brown Red Mousterian
E4 X yellow brown, many limestone fragments | Red Mousterian
E5 Xl reddish, loose

E6 Xl gray brown

F1 Xl black brown, large limestone pieces Black Mousterian
F2 XV Black brown, few limestone pieces Black Mousterian
G XV yellow-brown

Table 3.1 Stratigraphy described by Wetzel and Mdlirom the profile 10/11mbbaumete(in
Beck, 1999: 48-49, Profile 39, Fig 35).

Figure 3.4 shows the original profile created by2u#ig and Wetzel. Table 3.1
summarizes the description of the sediment andii@llassignment of each layer (Wetzel,
1961). The lowest level forms the basal layer wihow, sandy sediment (XV). It produced
few artifacts and is mostly sterile with only a féaunal remains. No known faunal material

has been systematically recovered from Wetzel svextion.

This level was then followed by two major Middlel€ithic horizons identified by
Wetzel’'s team. Black Mousterian layers (XIV-XllIgxcavated during the late 1950s and
1960s, form a clear cultural unit with manganesb-gediment. The color of the sediment
varied from black at the upper sub-horizon to dadwn and pale gray in the lower sub-
horizon of the horizon. The faunal material shovesinctive black stains and was also
heavily mineralized. It is not included in the sdengf this study. The Red Mousterian layers

(X- VIII), here referred to as the Red Middle Pdilgnic, overlie the Black Mousterian and

55



were partially excavated in 1938 and after the Wwhe Red Mousterian has produced a

number of lithic artifacts produced using the Lémigltechnique (Beck, 1999; Wetzel, 1961).

Further, two Upper Paleolithic cultural horizonsrevdocumented. The Aurignacian
(V) is characterized by red-brown loam sedimenhwinestone fragments (Schmid et al,
1989; Wetzel, 1961). To date, no clear Graveti@gel has been documented. Following the
Aurignacian, the Magdalenian (Ill) is characterizgcthe yellow loam deposit, withC dates
from this layer ranging from 13,550 +130 BP andl18;160 BP (Hahn, unpublished, in

Gamble 1979).

mNN | Qu 192/193 - 172 | Qu 192/193-173 | Qu 192/193 - 174 |
476.00 — I I I I 1 I L

474.00 —

473.80 —

1 0 et Abbaugrenze 1939
473.60 — - — I I I I I I |
171 1715 172 1725 173 1735 174m

Figure 3.5: Stratigraphic profile of Hohlensteira&| running N/S. Quadrants 192/193-172 to
192/193-174 from modern excavations are represéBatelspacher et al., 2011).
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Geological .

Horizon/ Horizon of _ _
Archaeological WetZ(_aI 1961 Cultural assignment Sediment

Horizon (Profile 39)
VF Backdirt from 1939 Reddish / grayish brown
Ao/lo v Aurignacian Dull reddish brown, clayeijt s
Am/1m Va Aurignacian Brown, clayey silt, many éstones
Au/lu \% Aurignacian Dull reddish brown, clayet si
C/3 Vi Upper Middle Paleolithic| Dull brown, sillay
A2/4 VIl+Vila Upper Middle Paleolithic | Dull redsh brown / brown, clayey/silty
D/5 Vil Red Middle Paleolithic Dull brown, silty cla
D4/5b* VIl Red Middle Paleolithic Brown, silty clay
D2/5a” Wil Red Middle Paleolithic Bright brown, clayesjit
E/6 IX Red Middle Paleolithic Brown, clayey silt
FI7 X Red Middle Paleolithic Dull brown, clayeijts
G/8 X Red Middle Paleolithic Yellowish brown, gky silt
H/9™ Backdirt from 1939 Reddish brown
J/10 Xl Lower Middle Paleolithic| Dull brownishamge, silt
K/11 Xl Lower Middle Paleolithic | oreY'S" Prown (mix of G (+Jyand L),
L/12 XIN+XIV Lower Middle Paleolithic | dark gragh brown, silt
M/13 XV Sterile Yellowish brown, sandy silt

Table 3.2 Stratigraphy based on the recent exaavétiom Kind and Beutelspacher, 2010;
Beutelspacher et al., 2011, Beutelspacher and Ridi, Beutelspacher, n.d.).
Comment:*D4/5b is probably a part of D/5? localized

There are 13 horizons identified by the recent eattan (Tab. 3.2, Fig. 3.5). The

basal horizon (M/13) and the Black Mousterian (K&t L/12) are easy to distinguish from

the current observations of the stratigraphy. La§/@d is characterized by relatively

abundant finds of lithic artifacts, yielding therlgsst evidence of hominin occupation at the

site.

Layers overlying the ‘Black Mousterian’ includingyler G/8 and F/7 were not

securely correlated to either the Black or Red N&dealeolithic. In the G/8 layer, the sample
size of faunal remains is relatively small. Sinoe sediment of F/7 is not characterized by
black coloration, it is assumed that this layer salssumed to the Red Middle Paleolithic in
Wetzel's excavation. Artifacts are also rare irsthévo layers. Here, | group these layers

with the rest of the Red Middle Paleolithic asseagblwith an assumption that they need to
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be revisited. The material from G/8 will not largelter the overall pattern in the
zooarchaeological assemblages and it is for nousyidée to presume that F/7 was considered
a part of the Red Middle Paleolithic. The Red MalBlaleolithic also consists of several
horizons from E/6, D4/5d, and D/5. The artifactsignis higher in D/5 than in E/6. Lithic
finds are relatively sparse, but exist in all intayers of the excavation. In this study, these
five layers were grouped as one cultural unit tbiaistudying the temporal variation in

faunal remains.

The Upper Middle Paleolithic layers A2/4 and C/3jieh appear in some sources of
Wetzel as part of the Upper Red Middle Paleolithre, differentiated as more precise dating
is possible and because the correlation betweeoldee and more recent excavation is clear.
A2/4 produced a considerable lithic assemblageen®iB yielded relatively scant evidence of
human occupation. However, few artifacts still cate that this layer was not culturally
sterile, unlike similar geological layers represehby other sites of the Swabian Jura (more
discussed below). Therefore, there does not sedra éocomplete absence of hominin

presence at the site.

The Aurignacian horizons (Au/lu, Am/1m, Ao/10) aged from previous
observations by Volzing, are characterized by rgidrown sediment. These horizons have
been the focus of recent investigations particuleoincerning the recovery of the early Upper
Paleolithic artwork. Nonetheless, the number diditrtifacts recovered from the recent
excavation has been limited. The Magdalenian, Misoland Neolithic layers were not

documented in this recent excavation and were cetglglremoved by previous excavations.

A series of ¢*dates corroborate with the general chronology astjament of
cultural layers. There is currently no secure fiatehe earliest occupation in the Middle

Paleolithic period. Based on the stratigraphy dedartifacts, the lower deposits at Stadel are
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considered to be Middle Paleolithic, but the exhagttion of the Middle Paleolithic

occupation still remains to be assessed. ESR datirntge equid and bovid teeth is currently

being undertaken by M. Richard and C. Falguere=gl&r’s initial analysis of the microfauna

from the strata that potentially corresponds to'Btack’ Middle Paleolithic shows that the

faunal spectrum reflects a relatively warm clim@tghnke, 2013). If true, this places the layer

in the Interglacial Period (110-70 ka) and alsa@oorates with an early occupation in

Vogelherd (Niven 2006).

The E/6 horizon dates to around 50 ka (Table B4 to limits in the radiocarbon

dating technique, it is likely the value representainimum date. Dates from D/5-C/3 range

between 41.9-39.8 ka, suggesting that Neandenticalgpied the cave shortly before the

arrival of modern humans. This date corresponds @ates from other sites, such as

Geil3enklosterle in the Ach Valley, whose date fatisund 43 ka BP based on ESR dating on

enamel tooth (Richter et al., 2000).

Lab Arche(_)IoglcaI Cl_JIturaI Material Modification Collagen Date uncalibrated
Number horizon assignment (%)
KIA 8951 19m spit 6 Aurignacian Reindeer humerus paat 13,6 31,440+250
H 3800- . : . . 31,750 + 1,150/-
3025 20m spit 6 Aurignacian mixed bone sample 650
ETH-2877  20mspit6  Aurignacian 'Sndeer ulna +wolf 32,000 + 550
astragalus
KIA 13077 20m spit 6 Aurignacian reindeer radius esfr break 7,6 32,270 +270/-260
KIA 8949 19m spit 7 Aurignacian  reindeer? Long bonefresh break 17,2 33,920+ 310/-300
KIA 8950 19m spit 7 Aurignacian elk metatarsal friédseak 8,1 36,910 +490/-460
i ' ? a
KIA 8948 19m spit 8 Middle Pal horse? Long bone Impact 9,1 1,740 +570/-530
KIA 8947 19m spit 9 Middle Pal horse long bone ffréseak 10,2 42 410+ 670/-620
horse long bone (2nd
OxA-18455 19m spit 9 Middle Pal measurement of fresh break 10,2 47,100 £ 900
KIA8947)
KIA 8946 19m spit 10 Middle Pal reindeer metapodial fresh break 15,4 39,970 +490/-460
KIA 8945 19m spit 11 Middle Pal long bone freshdke 11 40,220 +550/-51(

Table 3.3 Dating of material from the excavatiori®89 from Conard and Bolus (2008)
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Labor-Nr. GH CH Cultural assignment 14C BP Cal BRcél)
ETH-41231 Ao lo Aurignacian 31950 £ 210 35589 -(BH9
ETH-41232 Am Im Aurignacian 33390 + 245 37286 -3B8

ETH-38797 Au 1lu Aurignacian 35185 + 270 39421 -08.1

ETH-38798 C 3 Middle Paleolithic 39805 + 420 431@1R1555

ETH-38799 A2 4 Middle Paleolithic 41920 = 545 435246187

ETH-38800 D 5 Middle Paleolithic 40560 + 480 43545238
ETH-41234 E 6 Middle Paleolithic 46440 * 105( otitange

Table 3.4 Dating from recent excavations 2009-2@Eutelspacher et al., 2011; Kind, unpublished).

A series of dates published by Conard and Bolu832R008) yielded relatively
young ages from the Middle Paleolithic horizonsl{€a3.3). The reason for the young dates
remains unclear, but it may point to subtle diffexes in the processing of dating material at
various laboratories. Further, these dates undgettia relative small temporal gap between

the Middle Paleolithic and the early Upper Paléddiiat the site.

The A/1 Horizon represents the Aurignacian peridte C* dating suggests
occupation of modern humans from 35-32 ka (40,0086t000 cal &' BP). Discrepancy is
also observed in the same samples of horse long foom Stadel that were sent to two
different radiocarbon laboratories, resulting iffetences of around 5,000 years (Conard and
Bolus, 2003, 2008). The Aurignacian period at Hoktein-Stadel alone documents the
occupation of modern humans from roughly 40-36,BB0 Dates from the recent excavation
fit in the conventional timeframe of the Aurignatia the Swabian Jura, but it appears that
the occupation at the site ceased 3-4,000 yeaosebttfe transition from the Aurignacian to

the Gravettian culture.
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Artifacts from the Middle Paleolithic

The lithic assemblages from the Middle Paleolitteposits of Stadel and Barenhdhle,
housed in the Ulmer Museum, were studied by DuekB1999). The assemblage consists
of 1358 lithics, with 23.9 % exhibiting retouch. dls are relatively small in number and
cannot be assigned to a particular technocompléxdoistry. The raw material of the lithics
was dominated by the local Jura chert found roud@Blkm from the site, and making up 62%
of the assemblage. Beck interprets the assembsagesalting from short, sparse occupations

of the site by Neanderthals.

Figure 3.6 Lithic artifacts from Beck’s analysisDoppelspitze(Double point) 2-Bpitzen(Point)
(Beck, 1999).

Relatively few diagnostic tools were identifiedrftdhe recent excavation except for a
handful of cores and retouched tools. Some roufidegieces are nondiagnostic and are not
considered as artifacts, because flints are fonmdlative close vicinity to the site and can

occur naturally in the deposit.

Artifacts from the Aurignacian
61



J. Hahn analyzed the Aurignacian artifacts whiclkengp a small assemblage
(Schmid et al., 1989). In total, 313 lithics frone¥xel’s excavation of 1935-39 were studied.
The dominant raw material, or roughly 75% of thiids, were gray chert found from the
local area (Jurassic chert 4-7 km away on averdg&wed by white chert as well as green
and red brown radiolite. A total of 37% of the idh showed damaged or rounded edges,
possibly due to cryoturbation, which will later éxip the rounding of faunal remains. Nine
artifacts appear to be modified with frost and iflfids showed evidence of fire treatment.
Blades and flakes are the most common types daeidiwhile small debris and shatter were
rarely found, probably due to the lack of sievihgttwould have allowed for the recovery of
smaller artifacts. Fifty-six of the total artifactere tools, with 120 retouched blades and
bladelets and 23 cores. The flint nodules are faxomdmonly in the limestone beds in the
Jura (Bukert and Floss, 2005). Other material sasctadiolite and quartzite are found from

fluvial deposits.

Organic tools include spear points made from aather ivory, awls and retouchers
totaling 58 artifacts. There were also six perfedafiox canines as well as one rounded ivory
pendant (Hahn, 1989). In addition, perforated faioe, wolf incisors, and reindeer incisor
were recovered from the Aurignacian refill (Beupalsher et al., 2011) (Figure 3.7). Hahn
suggests that the lithics from the Aurignacian taare more comparable to the lower
Aurignacian of Geil3enkldsterle (1988), althoughlsiad ivory suggests otherwise (Bolus,
2003). Hahn (1989) deduced from the modificatiobarfies that the assemblages of artifacts
and animal remains were not immediately buried dfteir deposition. Organic artifacts and

fauna show clear carnivore modification.
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Figure 3.7 Personal ornaments from the Aurignaatdtiohlenstein-Stadel (Photo courtesy of Kurt
Wehrberger, Ulmer Museum)

TheLoéwenmensch

The Swabian Jura is known for producing one ofetludiest evidence for symbolic
behavior that includes the use of artistic repreggm and music emerging with the arrival of
modern humans in Eurasia. For instance, the cat#oble Fels yielded the earliest female
figurine, known as the Venus, and flutes that ated to the Aurignacian period (~42 cal BP)
(Conard, 2009; Conard et al., 2009a). Among othes &1 the Swabian Jura, Hohlenstein-

Stadel also produced an important figurine thatfeasequivalents in prehistoric art.

Known as the.dwenmenschor lion man, the figurine consists of a head bba
(Panthera leo spelaeaithout a mane) and a body of a man (Figure 3\8)h a length of
31.1 cm (Ebinger-Rist and Wolf, 2013), it is thegkest example of portable art made in ivory
from the Paleolithic period. The figurine was reemd from the excavation by Vdlzing in
1939 the day before the project abruptly ended 2&hind the dripline, 20 m behind the null
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point from the initial excavation seasons. Theugatas found in the 6th spit which is

roughly 1 to 1.2 m below the original surface.

Figure 3.8 Ivory sculpture of tH&wenmenscllLion man), a therianthropic creature with humad an
lion traits from the Aurignacian of Hohlenstein-&#4 31.1 (Photo courtesy of Kurt Wehrberger,
Ulmer Museum).

While Wetzel noted his discovery in a letter shoatter the excavation to a colleague,
the figurine, in fragments, was stored away withdand teeth remains and was forgotten
until Joachim Hahn in 1968 and 1969 took a systenmatentory of lithics and fauna to
discover worked ivory fragments. He pieced togetiver 200 fragments to recreate the

figurine, which remains as a unique example ofeaigimthropic figure depicted in Paleolithic
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art. Dating on bones found from the same level s dates the figurine to 32,000 BP,

placing it in the upper Aurignacian period (Conardl Bolus, 2003; Schmid et al. 1989).

Several investigations attempted to reveal theymton process of the lion man. The
lion is made from the right tusk of either a 12yEar-old juvenile or from a female mammoth,
and the head is oriented towards the end of theviidle the pulp cavity defines the inner
part of the legs (Wolf, 2013). The outer surfatsame areas is teeth cement, but most of the
cement was removed so that the maker could wottk tivé dentine of the tusk. The surface of

the figurine shows some wear due to the depositmmaext and patches of manganese stains.

In a later excavation in 1960, excavators alsover an unworked tusk from the
left side from a juvenile mammoth that measuredjhdy50 cm. The tusk originates between
the 20 and 2RAbbaumeteand shows damage incurred from the excavation fneh breaks.
The edge of the ivory also shows possible cutmailkisough possible scoring marks left by
carnivores are also present. The lion man wasyligedated using ivory that paired with this
tusk or a tusk of comparable size. However, thgimai vertical position of the tusk and the
figurine is roughly 40 cm apart, which obscureschkural designation of the unmodified
tusk. Some have suggested that the tusks may leaveduried during the Middle Paleolithic

and later uncovered during the Aurignacian period.

Experimental work undertaken to reconstruct the hitan necessitated extensive time
(320 hours required) and effort. New excavationsehaso revealed ivory fragments that fit
to the figurine. The statue is both incomplete disghlaying wear, which are thought to reveal
damage received during its recovery in the 1930srwvthe use of hand held hoes was a
common tool for excavation. However, recent analgad refitting of thé.dwenmensch
have indicated that the edges of breakage werenesemt and not sharp. Thus, it is most

likely that it was damaged before its recent recpue 1930 (Wolf, pers. comm.). Several
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worked ivory fragments from recent excavations veced from the refills were digitally

pieced together with the figurine using a 3D scarfdend and Beutelspacher. 2011).

The use or meaning of the figurine can only be m&slisince any form of symbolic
expression and any cultural context from the pashot readily be inferred. Some note the
significance of the combination of human and anitrats. Similar figurine from Hohle Fels
has been interpreted as a smaller version of the iian, 25.5 mm in length, but the felid and
human traits are more distinct in this figurine. WWIsome ivory figurines found from the
same period in the Swabian Jura captures animalseaalistic form, this figurine manifests
an imagined creature artistically rendered by tlamufacturer. The lion man clearly
represents the diversity and richness in the syimeapression of the Aurignacian culture

that has no precedence in the Swabian Jura.

Hominin remains

As noted before, there are several human rematmgyda the Mesolithic and the
Neolithic period. In addition, there is one remfiom a Neanderthal, the sole find of hominin
remains in the Swabian Jura. This consists oftd fegmur shaft, ca. 25 cm long that was
excavated by Wetzel and Volzing in 1937 from theckliclayey layer of the Middle
Paleolithic period (Black Mousterian) (Figure 3.Bhth ends of the shaft are gnawed by a
mid-sized carnivore, possibly from hyena, and #&e highly rounded. The specimen is also
highly mineralized, which can be evidenced fromnitsght. From the previous analysis, it

considered a male roughly 1.6 m in height (Kuntet Wahl, 1992).
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Figure 3.9 Femur shaft from a Neanderthal excaviayed/etzel and Volzing (© Flora Groning /
Neanderthal Museum / Ulmer Museum from NESPOS).

DNA analysis has been conducted by the Max-Plansttiite in Leipzig, confirming
that the femur belongs to a Neanderthal. The egullicate that there is also considerable
contamination resulting from historic and receniqgus, possibly due to post-recovery

processing such as washing. Resampling and reaafythe gene is under way to better

sequence the material.

Figure 3.10 Juvenile human teeth. Canine and I@vg@remolar.

Two hominin teeth were recovered from recent exiana (Figure 3.10). They are
two permanent premolar teeth with unmineralizedhegiandicating that they derive from
juveniles, most likely of one individual. Thesedings are not easy to place temporally. The

teeth were recovered close to the refilled sedisant spatial integrity is not confirmed. One

67



tooth represents a canine and the other repregdonger B. Both teeth were not yet erupted
as the root of the teeth remains undeveloped aviohpty derives from the same individual
aged to 5-7 years old. The teeth are currently uadalysis, but a variation in the

morphology of premolars in recent and archaic hamsisuch as Neanderthals may prove that
the positive identification remains equivocal. Birdating and genetic analysis could further
help reveal whether the specimens belong to mdu@mans or Neanderthals and their

accurate age.

Other Sites in the Swabian Jura

Caves in the Swabian Jura represent one of thewadlstlocumented Paleolithic
settlements in central Europe. The archaeologiepbsits were well known from the late™9
century and have been investigated ever sincéigdrsection, deposits with Middle
Paleolithic and Aurignacian cultural layers arecdssed in greater detail. The main deposits
considered for comparison include Vogelherd andkBtmin from the same valley of the Lone
and Hohle Fels, GeiRenklosterle and Kogelstein frimenAch Valley. They all consist of
caves or rockshelters that were occupied througtviidldle and Upper Paleolithic, with the

exception of Kogelstein, which has yielded evideoica Middle Paleolithic occupation only.
Lone Valley: Bockstein and Vogelherd

Vogelherd is located 478 m asl and at 18 m abozedltiey floor with three entrances.
It is situated on a small hill that offers an ideiw of the Lone Valley, intersecting another
valley and lying roughly 1 km east of Hohlenstetad®l. The cave is accessible from three
interconnected entrances with openings toward tinthnsouth and southwest. The northerly

and the southwest openings are connected by al@bgwpassage up to 7 m wide.

After the discovery of lithic artifacts that thedagers dug out of the cave in 1931, the

site, roughly equivalent to 300%nwas fully excavated by G. Riek at the University
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Tubingen in 1931 over the course of 12 weeks (Ri6B4). Wagner excavated a test pit in
1978 (Wagner, 1981). N. Conard’s excavation oflsain front of the cave from 2005-2012
recovered additional artifacts including workedriamrnaments, and figurines that
previously went unnoticed (Conard and Malina, 2@Dénard et al., 2008). It is one of the
first sites with evidence of Aurignacian art in tiegion, as the artifacts were recovered and

documented by G. Riek (1934).

Riek (1934) identified in total four cultural layefrom the Middle Paleolithic (IX-V1),
two Aurignacian layers as well as two Magdalenayels. The Gravettian layer appears to be
absent, but the perforated bear canine is atniiedf the beginning of the Aurignacian and
could fall in the Gravettian period. Riek recoveleanan remains (known as Stetten) from
the Aurignacian layer, but they were directly daethe late Neolithic period, demonstrating
the intrusive nature of the human burial, and ri@asly modern humans (Conard et al.,
2004). The site is known for yielding numerous aigaartifacts from the Aurignacian period,
including lithics, organic tools as well as artiaof symbolic significance including three-
dimensional ivory figurines depicting mammoth, leoand cave lion as well as a relief and
numerous personal ornaments. The site is also kalarfor the wealth of mammoth
remains including bones, teeth and ivory, whicpant served as raw material for artifact

production (Conard, 2003; Conard and Malina, 26Ri8k, 1934).

The faunal assemblages from Vogelherd mostly cbogiagnostic pieces, and
many of the unidentifiable specimens, includingddrone shafts or burnt material, were not
systematically recovered for analysis. Therefdre,material is not representative of all
faunal material recovered at the site. U. Lehmamudacted an initial faunal study that
involved a subsample of the faunal assemblage esctitted some of the identifiable pieces
to taxa. Later, Niven studied the entire assembdddaunal remains that had been recovered

from the excavation, and not from waterscreenirdysorting (2006).
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Bockstein is a site complex that consists of séwposits including Bocksteingrotte,
Bocksteintdrle, Bocksteinhohle, Westloch and Boeikdébch/Bocksteinschmiede. Bockstein
is located 500 m asl and around 12 m above thew#bfor and is situated on the
northwestern side of the Lone Valley. The depdsBacksteinhdhle was almost fully
excavated in 1881 and 1883-4 by Ludwig Burger ameddFich Losch (Burger, 1892). They
identified a grave with remains from a female ahiidcdating to 9 ka. Later, Robert Wetzel
directed systematic excavations between 1932-6esuined the work after the Second
World War from 1953-56 (Wetzel, 1961). He begarhvidbcksteingrotte and later excavated
Bocksteinloch and Bockschmiede, which is the anghé mouth of Bocksteinloch. In the
1950s, he discovered another cave of Bocksteint@tiere Marie-Luis Wirsing directed

excavations until 1956 (Krénneck, 2012).

The majority of the layers from Bockstein belondhe Middle Paleolithic. Wetzel
initially attributed layer 11l in Bockstein to thicoquian complex. In particular, he identified
bifacially backed knives which others have cakedlmesse(Hahn et al., 1985). This is one
of few lithic finds from the Middle Paleolithic afie Swabian Jura with a clear style attributed
to a cultural industry. One of the first excavaidrom the Aurignacian layer was conducted
at Bocksteinhoéhle in the 1880s that led to recowépyerforated bear canines (Blrger, 1892).
Bocksteintdrle VII and Westloch are the componeavith Aurignacian layers, and
Bocksteintdrle also produced Gravettian layers WX 1), which are rarely found in the Lone
Valley. This may partially be due to the recovergthods of the 1930-50s. The faunal
material, analyzed by P. Kronneck, comprised ofemaltexcavated by R. Wetzel in 1930
and in the 1950s (Kronneck, 2012; Kronneck et28l04). His result may be biased towards
larger and identifiable remains due to the lackysftematic recovery of all faunal material

regardless of the size and the absence of watersoge The faunal material mostly derives
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from Bocksteinschmiede and Bocksteintéorle, bottvioich were occupied over the Middle

and Upper Paleolithic period.
GeilRenklosterle and Hohle Fels

Hohle Fels is one of the largest caves in the lsystem of the Swabian Jura and is
situated on the southeast side of the Ach Valkeig. found 7 m above the valley bottom and
564 m asl with the mouth of the cave facing ndttheaches in some areas to a height of 13
m with a length of 29 m, and the base of the cawers 500 mof the surface area. O. Fraas
and J. Hartmann first excavated the deposit in Z87Qncovering cave bear remains as well
as stone and organic artifacts (Fraas, 1871; Fi&32). Following their investigation, R. R.
Schmidt conducted a study on the excavated maf@@aP). Later, G. Matschak and G. Riek
conducted an excavation focusing on the large nithige passage leading to the main hall in
the cave, and the artifacts recovered there watkest between 1958-1960 (Saier, 1994). The
site was intensively investigated by J. Hahn betwk®/7-79 and 1987-1996, and later

continuously excavated by N. Conard from 1997 &pfresent.

The Paleolithic layers consist of a Magdaleniamaeological horizon (AH I), which
is dated to around 13,000 BP, followed by two Gt@ame horizons (lIb, lic) and a transitional
layer between the Gravettian and Aurignacian (diaking between 30-25 ka. Relevant to this
study, three layers of Aurignacian occupation (AIH\I/ V) are dated between 38-32 ka.
Further, there are several layers of the Middle&ldhic (AH VI-IX) with the youngest layer
dating to ~40 ka. The lower levels remain to beedabut the artifact density is relatively low

compared to the Aurignacian.

Some of the notable artifacts at this site invalaey artifacts that include figurines,
personal ornaments, musical instrument and debrisiked fragments. The oldest figurine

is a carving of female with exaggerated body pamt$ a ring with polish suggestive of its use
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as a pendant. It was recovered from the basal t#yde Aurignacian occupation dating to 35
ka (Conard, 2009). This finding, among others, rsahkehle Fels one of the key sites in
Paleolithic research in Europe. The studies afduvemains from the Aurignacian and
Middle Paleolithic have been studied by S. MunZzék analysis is still in progress, but there
are some clear signals allowing for preliminary pamsons. The Magdalenian material has
been recently studied by Miinzel and Napierala (@paration). Most faunal material consists
of specimens larger than 2 cm or identifiable fragta such as teeth, which were directly
recoveredn situat the site. From 2 fnmaterial found in waterscreened sediment was
analyzed which would allow for a greater recovanal sized animals. Part of this result has

been discussed in Conard et al. (2013).

Geil3enklosterle is a rockshelter located 550 naagl60 m above the valley bottom.
Oriented towards the west, it is roughly 2.5 km ywévam Hohle Fels. Large blocks of
limestone indicate that there was a partial codtapfsthe roof during the Last Glacial
Maximum, and an area of 161is still sheltered and relatively small comparedibhle Fels
(Hahn, 1988). R. Blumentritt first discovered tmehaeological artifacts during a systematic
survey and G. Riek later excavated a%?sondage in the entrance area in 1934. In 1973, E.
Wagner excavated a test trench in an E-W oriemtatieextend the exposed Aurignacian
horizon. J. Hahn and E. Wagner then started arsgsie excavation that took place annually
from 1974-1983, and again from 1986-1991. Depaditg to 3 m in thickness were
excavated in an area of 45 of the Upper Paleolithic layers, but a smalleaamas
excavated for the lower levels (Richter et al.,@0Grom 2000-2002, N. Conard and his team

excavated the Middle Paleolithic layers (Conard lsiadina, 2006).

Geil3enklosterle has a sterile layer dividing theldie Paleolithic and Aurignacian,
showing a discontinuity in hominin occupation a #ite. At a microscopic scale, there is

evidence of an erosional disconformity betweenAhegnacian and Middle Paleolithic both
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at Geildenkldsterle and Hohle Fels (Conard et @062Miller, 2009). It was one of the first
excavated sites with stratified Aurignacian layergh the horizon ranging from 43,000-
33,500 cal BP (Hahn, 1988, Higham et al., 2012 ajority of faunal material, comprised
of large mammalian remains, was analyzed by S. Mz press) in addition to other
animals including microfauna by B. Ziegler, birds®. Kronneck and fish by M. Bbhme and
G. Bohme, respectively (Conard et al., 2013). Hngd proportion of the mammalian fauna
includes measured pieces that are mostly >2 cmentifiable pieces and minimal number of
sieved remains. Preliminary results have been pusly published (Minzel and Conard,
2004b) and all data are included in Minzel (in pyeMliller, Goldberg and others
investigated the geological matrix of the site.I&ficoncludes that the layers from the Middle
Paleolithic at Geil3enklosterle contain clay as w&sltoprolites and angular clast phosphates
that likely derived from coprolites. The phosphatian that occurred in the sediment is an

indication that the general climate was relativggrm and moist (Miller, 2009).

The site of Kogelstein is located on the valleyflof the Ach (Boéttcher et al., 2000).
First discovered in 1913, the site contained fetifeats and animal remains, which were
recovered without exact documentation of the pramee. Successive excavations have been
carried out in 1987 and 1996 by the Denkmalpfleme, the project resulted in & of
exposed surface. The recent investigation has shioatrihe roof of the cave likely collapsed
during the last glacial period or in the Holocenhke site is situated where the Ach and
Schmiechen valleys cross, and the Schiechen Valelg to the higher plateau, which
probably bore no water. Therefore, it is assumatighey animals such as horses and reindeer
used the valley as a pathway to come to the vétbey to obtain water. With regard to the
positioning of the site between two main valleys)d(2000) discusses the possibility of its

location as an ideal spot for sighting potentiayst
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The undisturbed sediments measured roughly 50-7i ciepth and yielded Middle
Paleolithic assemblages. A total of 449 lithicfadis represent a typical Middle Paleolithic
industry. The assemblage consists mostly of debitangl tools such as side scrapers, points
and bifacially worked scrapers produced with thedleis technique. The bifacial tools
includingKeilmessehave been interpreted as representing the Micadqoaustry (Bosinski,
1967; Kind, 2000). Burnt limestone debris and fawemains with few anthropogenic
modifications provide direct indication of homiraetivities in the cave. The occurrence of
two species oSpermophilus spndicates that the archaeological layer dateshiyug about

50 ka, during the interstadial period (Kind in Bbter et al., 2000).

Summary

Hohlenstein-Stadel represents one of the major dagesits in the Swabian Jura. R.
Wetzel was one of the most active archaeologists explored and excavated the majority of
the deposits of the site. Known for théwenmenscivory figurine, researchers visited the
site with the aim of recovering missing fragmenmid af studying its depositional context and
taphonomy. Recent excavations provide a greategrstahding of the geology, stratigraphy
and the chronology in addition to detailed docuragon of Wetzel's excavation, which
resulted in the mix of intact and disturbed seditee he team from the Denkmalpflege
recorded several cultural horizons assigned tdviigelle Paleolithic and the Aurignacian.
The Middle Paleolithic consists of the Black andiR&ddle Paleolithic layers and the
Aurignacian period represented by three horizohg. Upper layers of the Middle Paleolithic
are dated to 40 ka just before the emergence diuahignacian culture, and the dating of the

lower layers is currently under way, while the Agnacian spans between 40-35 ka.

Sites of the Swabian Jura share a similar chroryadogl artifact assemblages from the

Middle Paleolithic to the Aurignacian. Data drawarh these archaeological records provide
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a basis with which we can assess inter-site vdityabnd similarity in the faunal assemblages

and study the regional patterns of animal explioitedind use of sheltered space.
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4 Fauna and M ethods

Most Pleistocene animals in this region represdatiaal community often found
either in the open grassland or open forests/woaddlaThe biogeographic distribution of
mammals from grasslands reached their maximum dri8 5-2 during the last two stages
of the glacial period (Kahlke, 2013). The basicepalological and biological background of

mammalian taxon (excluding microfauna) presenbatsite is briefly given.

Hare

Hares are represented by two species in the latst®denelLepus timidugvarying
hare) and_epus europaeudbrown hare or European hare) starting from thaige
interglacial. There are some morphological diffeesnin the cranium and the mandible
between the two species, with the postcranial sielexhibiting no clear distinction.
However,L. europaeuss generally larger thah. timidusand body size will help identify the
lagomorphs to species level. European hare prekm grassland although they are highly
adaptable (Smith and Johnston, 2008). They ushedlg during winter and mid-summer with
a gestation period lasting roughly one month, aitd an average of 3-5 offspring
(Macdonald, 1993). They are usually asocial, sglitamimals except in the mating seasons
and live up to 7-8 years. Todagpus timidusnhabit taiga and tundra regions with a more
northern distribution thah. europaeugSmith and Johnston, 2008). The breeding season is
comparable tk.. europaeudput with a slightly longer gestation period andadier litter size;

they can live up to nine years (Macdonald and Biart893).

Wolf

Canis lupuderives from a Eurasian spec{@setruscusyhich existed from roughly

between 2-1 Ma during the early Pleistocegbeupusemerged roughly around 1 Ma and
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later migrated into North America around 750 kdne Tirst fossils of wolves in Europe were
recovered from the Middle Pleistocene (Kurtén, )9%8&ey are the earliest animals to be
domesticated as early as 30-18 ka in Europe (Thaireaal., 2013). The Pleistocene wolves
are larger than the present ones (which weigh 18g56r females and 20-80 kg for males)

and their distribution was also wide spread in ElaréNiven, 2006; Ziegler, 1996).

They live currently in diverse environments exagggerts above the latitude of 20 N°
(Mech, 1974). Wolves are gregarious and live ickgaconsisting of 5-8 individuals and hunt
together. Their prey consists of ungulates and satimer small animals such as beaver in
North America. They mate in April at higher latirgland gestation usually lasts 63 days.
They bear up to six pups in early summer in a shedt space. A continual use of the same
den year after year is observed, which may cortiibm the accumulation of juvenile remains.
Depending on their physical condition, young wolstsy with their mother throughout the
winter or as early as October, when they join thatgpack. The deciduous teeth are replaced
between the 16-#bweek. Observations of modern wolves show theiiriad tendency for

hunting of young and old individuals (Fosse et2004; Stiner, 2004a).

In addition to hyenas, wolves are taphonomic aggaiishunt, transport and modify
skeletal remains. While the discussion of middiked carnivores on archaeological deposits
has mostly revolved around hyenas, wolves alsdogbdimilar behavior and produce scats

with bone remains.
Fox

Two species of foxes are present in the Pleistofaan®al record of Europe that still
exist today: Arctic fox and red fox. Artic foxes, Alopex lagopusfirst appear in the
archaeological record in the Middle Pleistocenscdading from alopecoid foxes (Audet et

al., 2002). They are found in the present arctitdges in the circumpolar region including
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the Arctic areas in Eurasia and North America anctidislands. Red fox first appear in
Europe in the Middle Pleistocene and are foundamyrparts of Eurasia, North America and
Australia. Both coexisted during the Late Pleistoeand their distribution overlapped
(Sommer and Benecke, 2005). Théislagopuswas not ecologically limited to a
tundra/steppe landscape. At presdtlipes vulpesgred fox) tend to dominate ovAtopex
lagopusdue to their larger size when there is an ovesfapeir geographical distribution

(Hersteinsson and Macdonald, 1992).

Arctic foxes mate between March and April. Withaxipd of gestation that lasts
roughly 52 days, they bear their young, numberki@ 6in late spring and the young later
abandon their dens by late summer. Dens are miosthed during the breeding season.
Deciduous teeth are replaced by permanent teetinebgnd of the summer and are fully
mature in 12-14 weeks. Longevity of the Arctic fexe the wild is roughly 3-4 years (Audet
et al., 2002). Arctic foxes today prey on small maais that include lemmings and voles and
scavenge prey hunted by larger carnivores and ath $ources such as birds and fishes

(Baryshnikov, 2006).

Red foxesVYulpes vulpesare one of the most widespread carnivores ta@anging in
most of Eurasia, North America, and historicalliracluced to Australia (Lariviere and
Pasitschniak-Arts, 1996). They originated in thd @lorld from the Villafranchian faund.
alopecoidedike the Arctic fox around 400 ka and later col@daNorth America around 130
ka. At present they live in a variety of habitatsl aegetation including the arid areas and
tundra, and more generally have adapted to ardhsheierogeneous landscapes. Their
reproductive behavior and ontogeny are similah#d of the Arctic foxes but their breeding
may occur earlier in temperate conditions or indoVatitudes. Their common prey includes
small terrestrial mammals such as lagomorphs andrets and birds. They rarely live

beyond 6 years in the wild (Lariviere and Pasitsakwirts, 1996).
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Red foxes are usually larger than arctic foxes,famdcranial features such as the
occipital length and the interorbital region arstitict enough features to identify two species
of foxes, but complete crania are rare in archapodd deposits. Further, some measurements
of complete post-cranial skeletons can also hadprdjuish the species (Monchot and
Gendron, 2010). Behaviorally, red foxes may be naggressive than arctic foxes and
occasionally prey on them (Lariviere and PasitsakwAirts, 1996). Premolars in tiidopex
sp.are higher crowned, m1 has a shorter talonid tapercular teeth are more reduced

(Audet et al., 2002; Kurtén and Anderson, 1980).

Cave bears

Cave bearsUrsus spelaeygepresent one of the common fauna found throughou
Europe and part of Asia. Cave bears are often fauedves and rockshelters as they die
during the winter hibernation, resulting in ideakgervation of their skeletal remains. Their
common occurrences have led to interest in the @rfnom the advent of paleontology and
have fostered research on the biology and evolatidheir species. The type locality of cave
bear is the Zoolithen Cave site near GailenreuthenFranconian Jura of southeastern
Germany. The skull of a cave bear was discoveregttimitially by Esper in 1774 and was
described by Rosenmiiller in 1794 (Kurtén, 1958&819976; Rosendahl and Kempe, 2004;
Weinstock, 2000). The lowest level of Zoolithen €av dated to roughly 342 +£71.4 and its

assemblage is composed mostly of cave bears (Ralslesnad Kempe, 2004).

The family ofUrsidaedescended frorviacidag a family of carnivorous, tree-
climbing mammals, which were distributed in Eurajpeing the Miocene period and
recognized from the development of flatter mol&@ga{ghead and Mitchell, 1982; Kurtén,
1976) One of the primitive and earliest occurrerafddrsusis the Auvergne beatJ¢sus

minimug, which is relatively small and similar to modexsiatic black bear dating to 6-4 Ma,
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and likely inhabited forest areas. Evolving frorne thuvergne bearsjrsus etruscusf the

Late Villafranchian (roughly around 2.5-1.7 Ma) apped in Eurasia. It is the common
ancestor to the extablrsusincluding brown bears as well as cave bears arsdavger than

its ancestor. The direct ancestotbfspelaeuss the Deniger’s beatJrsus deningerithat
existed in the Middle Pleistocene period. The eatlcave bears appear roughly in the
Interglacial period around 250-128 ka (Pacher andr§ 2009). The two species are similar
in morphology, and the identification of the speaemostly based on a temporal distinction
(Pacher and Stuart, 2009), but recent osteometalyses have suggested differences in limb
proportions and metapodials and generally sugbasttsus spelaeug/as larger thatrsus

deningeri (Athen, 2007).

Cave bears are one of the largest bears in thee@uaay period. The estimate of their
weight is, at the maximum, around 1,000 kg for maWith pronounced sexual dimorphism,
females are considerably smaller and roughly 44@pPacher and Stuart, 2009). They are
one of the largest animals in the Order of Carravarthe Quaternary period of Eurasia and

they became extinct roughly around 25-20 ka.

From the biology of extant bears, we can also itiferbiology of cave bears. Mating
of brown bears occurs in spring around May to balyed on observations of grizzly bears in
National Parks of North America and European broear populations (Craighead and
Mitchell, 1982). The female bears have delayed amigltion for 5 months until around
October to November when they enter winter dormaAégr 6-8 weeks of a gestation period,
1-4 cubs are born around January to March whefethales are usually in hibernation. Cubs
usually spend the first year with the female bewtr @nter winter dormancy. Female bears and
cubs stay together at least until the second ylespring, and the following winter is when

one of the highest mortality rates for bears i®réed (Craighead and Mitchell, 1982).
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Ursus spelaeuwere initially known to exist only in Europe. Howes, a recent
genetic study has positively confirmed the presarideuropean cave bear in the Altai
Mountain region, the most eastern distributionafecbears that has been identified to date
(Knapp et al., 2009). Cave bears show a high lefrehriability in the morphology within
the species, which has led to the confounding ifleation of subspecies or separate species.

Genetic studies contribute to our understandingpeties evolution and phylogeny.

The general consensus is that the divergence eflbaar and brown bear occurred
around 1.2-1.6 million years ago (Knapp et al.,90Multiple mitochondrial DNA analyses
indicate that three reproductively isolated claolesave bear, including. spelaeusU.
ingressusaandU. kudarensisexisted as early as the Middle Pleistocene atitithair
extinction at 24 ka (27,800 cal BP), before theitn@igg of the Last Glacial Maximum
(Dabney et al., 2013; Knapp et al., 2009; Stilleale in press). Recent studies suggestihat

spelaeusare more concentrated in Western Europe (Stitlat.gln press).

In contrastU. ingressusre distributed in Eastern Europe including thel Ura
Mountains and overlap in Central Europe (Minzellgt2011; Stiller, in press)J.
kudarensisare a group that currently has only been recovierdte Caucasus, Altai
Mountains, and the region along the Yana Riverstern Siberia, extending their
biogeographical distribution (Baryshnikov and Knapp09). Other morphologically distinct
types includingJ. s. ladinicus, U. s. eremasdU. s. rossicu®ccur infrequently and are
older thanUrsus spelaeysndicating that they are possible archaic begugations. Data
suggest that). kudarensisgenes differ significantly from that of the Euraepecave bears

and that it could be deemed as an independentesp@anapp et al., 2009; Stiller et al., 2009).

Stiller and colleagues (in press) further demomstitzat the greatest diversity was

identified from 40-50 ka and 30-40 ka 1dr ingressusandU. spaleausrespectively. It
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appears that the genetic diversity steadily deec&®m the east westwards (Stiller, in press).
In another genetic study, Stiller et al. comparezirhitochondrial DNA diversity of extinct

cave bears and extant brown bears to understarghttexn in which cave bear populations
diminished during the late Pleistocene and the tyidg cause of their extinction. The

authors estimate the population size of the Eunopaus spelaeuand the extant brown

bears, calculating the diversity within mtDNA o&ttwo ursid populations. The pattern of
cave bear indicates that there is a decrease a@nsily, and thus the number of female cave
bears, starting 50 ka until the population dwindlEldge evidence points to the possible role of
humans, who may have forced cave bears out of phefierred sheltered locations for

hibernation, instead of climate change as a likalyse of their extinction.

The diet of the cave bears despite their size statsof plant material. The first study
of cave bears demonstrated that the tooth morplipleigh molars developing broader
Masticatory surface with low and rounded cups, {xoia a diet dominated by plant material
(Kurtén, 1976; Rabeder and Hofreiter, 2004). Furttiee stable isotopic signatures have
supported previous statements about the diet (Benkeet al., 1994). The stable isotopic
signatures of cave bears are similar to herbivibras carnivores that existed on the landscape.
The average values b for cave bear populations in Europe range betv2e@1io and->C
values range between 22.2-20 %0 (Bocherens, 19®tem study on the microwear also

confirms the herbivorous diet of the cave bear (k&liet al., in press).

A few studies attempted to claim consumption ofratiprotein by cave bears based
on microwear patterns on the cave bear teeth. B&gal. (2009) note that their diet may
have consisted of a mixed diet with some hard ristémat includes invertebrates and meat in
addition to plant matters. Richards et al. (2008)nt that the higher stable isotopic signature
of **N, which is employed as a marker of trophic leaslevidence of a diet based on meat on

specimens from Reera cu Oase. Others have argued for differenbreafor the elevatetiN
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values, including the environmental condition timaty affect enrichment dfN in soil, or
inversely, a diet with poor protein intake or daehanging metabolism during hibernation

(Grandal-d'Anglade et al., 2011; Pérez-Rama e@ll).

Study of live female grizzly bears and cubs denmatsthat the difference 6N
values measured from red blood cells and plasmawigon the order of ~ 1 % and indicate
no trophic level enrichment (Jenkins et al., 200he results, however, may not apply to
studies of collagen in cave bears because themdifégeent physiological processes that
differentially affect the stable isotopic valueshaird and soft tissues. Keeling and Nelson
(2001) demonstrate, based on cave bear remainsDrgm Babe, Slovenia, that the neonate
and fetus had consistently highaX values. According to the authors, collagen tustaf
mature bears reflects their diet on a longer doay@nd the scale of months due to the slow
turnover of collagen. On the other hand, the celtagf the cubs reflects the diet of the first
winter. Increased protein intake and lack of nicmogycle are some of the possible
explanations for the increast& values of young bears. An alternative explameiscthat
bears, which do not survive hibernation, can preduea and lose body mass, which also

account for®N enrichment.

Stable isotopic data of cave bears and brown bearsthe Paleolithic period indicate
that there was a clear niche partitioning in degineen the two species. The brown bears
maintained an omnivorous diet with higH&x values (Bocherens et al., 2011) and gradually
shifted towards greater intake of plants afterekinction of cave bears (Minzel et al., 2011).

Therefore, it is likely that ecological competitidid not occur.

Minzel's work (2012, in press) in the Swabian Jdemonstrated two separate
episodes of cave bear extinction for thengressusand theU. spelaeus sensu latd.

Ingressusare larger thatirsus spelaeuand outcompeted the cave bear population that

83



inhabited the area before, surviving in the regbleast until 25,000 years ago, outlividg
spelaeusy ~3000 years. The stable isotopic data shoslative small cluster of values that
suggest strict plant-based diet without meat.dfé¢hwas some consumption of meat as well as
some forms of protein, it was not in significantamts that would affect the stable isotope

values.

Based on ethological work on extant ursid speciesie factors that affect winter
dormancy has been revealed. Hibernation is a uragaptation to winter periods when the
food sources are limited, with bears spending up tmonths in dens. Their metabolism is
usually reduced by 70 % (Watts and Jonkel, 1988),they can lose roughly 20-40% of their
body weight. Manchi and Swenson (2005) analyzedidgrbehavior of male brown bears
and compared the result with data on female brogarsin present northern and central
Sweden. Data suggest a prolonged hibernation peachy females compared to males,
especially when the females are pregnant. Thieais likely due to the ability for larger
bears to store more fat and also, due to the velgtsmall surface area to volume, they can
remain active for a longer period during winter ¢(dhi and Swenson, 2005). More
importantly, denning behavior is usually correlatgth the timing of the snowfall, and there
is a variation in the length of the hibernationipédepending on the latitude. Adult bears
usually stay within the general area where theynddnn the past and their activity range is

smaller than that of sub-adult males.

Brown Bear

Brown bear (Jrsus arctosalso known as grizzly bear) today is found inedse
habitats. The brown bears, which initially evolfemim Asian Etruscan bears, were first
identified around 500 ka, possibly at the site bbdkoudian in China (Herrero, 1972). They

migrated later to Europe and coexisted with caxaedaround 250 ka and also spread to
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North America by roughly 25 ka, initially in Alask@oday, two subspecies, grizzly and
brown bears, exist in North America. The distribatin Eurasia is fragmented, and pockets
of brown bear populations exist in Scandinavia,Gaatabrian Mountains of Spain and the

Pyrenees Mountains of France and parts of Rusagitéiéhniak-Arts, 1993).

Cave lion

The cave lion of the past represents a separatéesp@ subspecies of modern
African lions (Barnett et al., 2009). Cave lions &arger than the extant African lions, which
are the second largest felids today, and the depiof cave lions from Paleolithic cave
paintings, such as Chauvet, show the absence aésrthat may have developed in the last
320-190 ka (Clottes, 2003; Yamaguchi et al., 2004 weight of extant male lions varies
between 150-225 kg, with females weighing betwezh 1182 kg. Recent discoveries support
the phylogenetic data, which have pointed to tighlands of Central Asia as the origin of
large felids (Tseng et al., 2014). The fossil ofeav specieR¥anthera blytheaenvas dated to
4.1-5.95 Ma, found in the Zanda Basin of the soetern Tibetan Himalayan Plateau, most
closely resemble snow leopards (Tseng et al., 2Q1@i)s dispersed from Asia into Africa in
the late Pliocene and appear in the fossil recot@etoli, Tanzania, 3.5 Ma (Turner and
Anton, 1997). Lions are present in Europe at Ibg00 ka at the site of Vallonet. They
spread to North America and northern South Amgsaaspecies known &anthera .
atrox) and persisted until the beginning of the Holocaraund 10 ka when lions including
sub/species of cave lions became extinct outsiddrafa and southern Asia. They began to

contract and became extinct roughly around 11 Kauirasia (Stuart and Lister, 2011).

In Africa today, lionesses give birth often betwéeabruary-April and June-July
(Haas et al., 2005). The gestation period is rou@hD days and litter size is between 1 and 4.

The cubs stay in the den with the mother for attl@amonth, and milk teeth erupts around 3
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weeks and fully develop at 8 weeks while the penateeth begin around 9-12 months.
They live in prides, which consist of 5-9 femal2< males and their offspring. Their hunt
includes large ungulates such as wildebeest andgyafrican elephants, but if prey is
abundant, they also often scavenge on other préypeattice active scavenging to scare off
other animals for their hunt. Their mode of captaaudes stalking and attacking and they
mostly hunt in groups. Lions share prey prefersraced dominate over hyenas unless hyenas
are in groups of 20-40. Females have greater ntyralies after 3-4 years while males have

an average longevity of 12 years (Haas et al., R005

Eurasian lynx

Lynx (Lynx lynx is a felid that is widely distributed in northeenirasia and North
America, which is a distinct subspecied ghx canadensidVhile its present habitats include
boreal forests, its past range extended into tuaddawooded steppe (Sunquist, 2062).
issodorensiss the known ancestral species that originatesfiita during the early to middle
Pliocene (3.5-3 Ma). It migrated north by the mad#illafranchian and later evolved into
Lynx lynxin China and spread to Europe during the Pleisi®de5-1 Ma (Lariviere and
Walton, 1997). The lynxes later spread north ane: gse toLynx canadensid.ynx pardina
is known to occur on the Iberian Peninsula botthepresent and the past, but their range

appears to be limited and they did not occur int2éiurope (Rodriguez and Delibes, 1992).

They breed around February to May and their gestageriod ranges from 67-74 days,
following the birthing that occurs around May-Jumbe litter size ranges between 2 to 4.
Their deciduous dentition is fully developed aft@rdays and they become replaced at 4
months of age. The young stay with their mothertd the next breeding season after 1 year
or longer if the mothers breed in alternate yeling average lifespan is 5 years as the

juvenile mortality rate is high.
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Marten

European pine marteiMg@rtes martesand beech marteM@rtes foing occur in the
Palearctic region of Eurasia and are commonly assatwith forest habitats although they
have adapted when needed to open areas (Cartdy), 20 extinct species of mustelids in
Pliocene China are identified aMhrtesspecies exist in Eurasia by 1.8 Ma (Powell, 1981).
Mating occurs in July and August, but is followeddelayed implantation, which occurs in
February-March. After implantation, the gestati@nipd lasts 28-35 days and females give
birth around March-April, with each litter produgi2-5 young. Their diet is mostly
omnivorous, with a preference for small mammals,i®élexible, adapting to local abundant

resources.

Cave hyena

Cave hyena(rocuta crocuta spelgdelongs to the same species of spotted hyenas
that exist in Africa today. The hyenas from thea@unary period are larger, but genetic
analysis revealed that spotted hyenas from Afradarig to the same genetic group (Rohland
et al., 2005). Thélyaenidaefamily appears in the fossil record by 17-18 Md amumber of
hyenid species existed in Africa during the Miocéherner et al., 2008). The fossil record is
patchy and it is not clear whether they first orgged in India or Africa, with the earliest
occurrence of the genus currently dated to 3.8v&6n Laetoli, Africa.Crocuta crocutdater
migrated out of Africa at least by 1.2 Ma into Aaiad reached Europe by 0.8 Ma (Sardella
and Petrucci, 2012). They persisted in Europe timtilend of the Pleistocene when they

became extinct by 30 ka (Stuart and Lister, ingres

Unlike many carnivores, sexual dimorphism is reedrand females are 12 % larger
than males. The modern hyenas weigh 45-60 kg féesveand 55-80 kg for females while the

estimate of Pleistocene hyena’s weight is rouglBi120 kg or heavier (Lister, 2001). Cave
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hyenas were adapted to both woodland and tundppetenvironments known from its
widespread distribution in Pleistocene Eurasia. @tteemities of cave hyena are

characterized by shorter but broader bones tharema&frican hyena, o€rocuta crocuta

Spotted hyenas are social carnivores living inshaith multiple males and females
that roughly number 3-80 individuals. The clansraadrilineal and females are dominant
over males. Hierarchies among females exist andlaoeinherited by their offspring,
enabling a stable hierarchical clan over time. Hemstay within the natal clan while the

males disperse after puberty and join another clan.

Spotted hyenas can breed year round with the gestaériod lasting 4 months. They
usually give birth to twins with a peak of birthscoirring in November in Africa today. Like
bears, the cubs need shelter for long periodsnis de caves. Females first give birth in
burrows and later bring their young to a commurad, dvhich is shared by other females,
although no communal care takes place. Youngatreveaned until 12-16 months and have
complete erupted adult teeth by this time. Foriganes of their size, they have high parental
investment. This is thought to be the tradeoff leetwvdevelopment of a massive skull and a

long developmental period that is required fordahéogeny for skull development.

Competition among members for food resources ense and partially affects their
predation behavior. The level of competition amtdmgmembers of the clan is high, and
hunted preys are usually either cached elsewherermumed immediately (Kruuk, 1972).
Provisioning is rare for spotted hyena with an @ticm of mothers that occasionally share
with their cubs because food is often stolen iiir tlaege social group. Therefore, the total
accumulation of bones is small among modern hydhather, the study in the intensity of
prey consumption shows that the intensity is higlmeong social animals (Wilmers and

Stahler, 2002). Further, experiments have showtrthiedevel of carnivore damage on the
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long bones remained constant regardless of the euaithyenas, but any increase led to less

selective consumption of body proportions (Faithlet2007).

Hyenas and other animals that crack bones usegteolars to extract blood and
marrow especially from limb bones. Their snoutsase shortened so that they produce
greater bite force. They are distinct from othenoares for their specialization in bone
cracking. The bite force can leave pits as largé @s in diameter to extract marrow (Van

Valkenburgh, 2007).

Mammoth

Earliest mammoths in the paleontological recordf@uad in Africa where the
elephant family originated 6 Ma (Lister and Sh&0QP2). Mammuthus meridionalis one of
the earliest mammoths from Europe (~2.5-1.5 Ma)iahdbited a woodland habitat. Later
Mammuthus meridionaliwas pushed towards Western Europe, Mthrogontheriiin
Eurasia and/. columbiin North America, being more adapted to a stepp@@nment,
appearing around ~1.5-1 Ma. Around 500 -125Ntaprimigeniusspread from east Beringia

to Eurasia, later migrating back into North Ameritester and Sher, 2001).

Adaptation towards a steppe habitat is observéldenncrease in the height of crowns
and enamel bands, accommodating for a more graegTheir frozen remains from Siberia
provide us insight into the physical appearancinefanimals (Fisher et al., 2012; van Geel et
al., 2008b; van Geel et al., 2011). They are smdaxtant elephants, but had shorter tails

and smaller ears, with fur in order to preserveytoeht.

The extinction of mammoths was a gradual processitlrolved contraction of their

distribution at first in most of Eurasia, with @jpopulations existing into the Holocene 11 ka
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in northeastern Siberia (Stuart et al., 2004). Hartfew mammoths existed on Arctic islands
until 6.5 ka and 4 ka on St. Paul’s Island and Wedisland, respectively (Guthrie, 2004;
Vartanyan et al., 1993). While the cause of exiimcts not clear, mammoths reached their
maximum distribution during the Last Glacial Maximuafter the expansion of modern
humans in Eurasia. Their genetic data coupled mideling data also confirm their
population in the same period, with it likely tilaé abrupt warming in the Holocene being

one of the major factors underlying their extinotio

Horse

Horses are one of the most abundant fauna in the Malley region. One possible
explanation for their common occurrence lies intthgography, which allowed the grassland
to develop and persist in the area. Horses asyay mostly associated with open habitats.
Horses have evolved in North America fréfgracotheriumin the Eocene andinohippusin
the late Miocene with gradual adaptation to a gigziiet and a reduced number of toes for
prolonged running. Unlike the fossil record, whlhces the first appearancekifuus
around 2 Ma, a recent genetic study indicatesthieEquuslineage originated around 4-4.5
Myr BP, represented by. simplicidengBennett and Hoffmann, 1999; Eisenmann, 1992;
Orlando et al., 2013Equusthen dispersed through Beringia to Eurasia, Afaind South

America around 2.5 Ma (MacFadden, 1992).

While the taxonomy and the question of specie®tien debated, the caballine horses
represenEquusferus or the wild horse, which clearly are present imdpe, northern Asia
and North America by the Middle Pleistocene, l&#eroming domesticate&Equus caballus
Caballine horses are differentiated from otBquusspecies such as the wild &ss
hydruntinusbased on the morphology of mandibular teeth (@dast al., 2013) and its

bigger size. While they dispersed and adaptedvatimus biotopes, they preferred cooler
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habitats of steppe, tundra and open forest as epposthe wild ass and hemiones. They later
became extinct in North America and largely reptblog a domesticated counterpart in
Eurasia. Przewalski‘s horses are the only extala lorses that exist today, ranging from
Siberia to Mongolia; domesticated horses divergenhfthe wild ones around 38-72 ka

(Bennett and Hoffmann, 1999; Orlando et al., 2013).

Horses are known as a grazing animal with grassroaiing their diet (MacFadden,
1992). They weigh between 300-450 kg. In the vihéy form either harem bands consisting
of several mares led by a dominant stallion maté wifspring or bachelor males forming a
group of 2-4 that is maintained throughout the y8arger, 1986). Observation of feral
horses indicates that although males can breetiraryof the year, horses tend to mate
around spring to late summer. The gestation pasiodughly 340 days and females birth

usually one foal between April and July (MacFadd&92).

Woolly rhinoceros

Woolly rhinoceros Coelodonta antiquitatisis known to have originated in Asia by
the middle Pliocene. One of the earliest ances@ws|odonta thibetanéhas been recovered
from the Tibetan Plateau dating to 3.7 Ma, @dologoijensisappear first in Europe around
the early Middle Pleistocene at 460 ka (Deng ef&ll1; Kahlke and Lacombat, 2008; Stuart
and Lister, 2012). Evolutionary changes are reprtesethrough an increasing adaptation to a
grazing diet such as observed in the thickeningnaimel and cementum on teeth and some
cranial morphological changes. The fully evol@&dantiquitatisappears in the fossil record
of Europe and Asia during the cold phases of tteeNéddle Pleistocene, during MIS 10 or 8.
Now extinct, their numbers decreased from the vaast,they survived until around 14 ka in

northeastern Siberia (Stuart and Lister, 2012).
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Several frozen rhinoceros were recovered from theran permafrost (Boeskorov,
2012). The finds show thick skin with a coat ofrrend under wool for insulation. They bore
two horns; the frontal horn was most likely usedlegar snow to access vegetation in winter.
However, their distribution was likely affected siyow cover, inhibiting their expansion into
the arctic zones, evidenced by their short legslaridof hooves or pads to move around in
deep snow (Kahlke, 1999). Their diet consisted madtherbaceous vegetatioArtemisia
Their teeth were high crowned with thick enamet] adapted to highly abrasive food
(Boeskorov, 2001). Their estimated body mass i9Xs0 Frozen specimens show 2 nipples,
suggesting birthing of one calf (Boeskorov, 201Bpr extant Black and White Rhinoceros in
Africa, the gestation period is 16 months with fpeaks of birthing around Jan-Feb and June-
August having been observed. It is likely thathoirg for woolly rhinoceros peaked around

the warmer period, in spring or summer, but thecetiming is not exactly reconstructed.

Red Deer

Red deerC. elaphuis first recognized in Europe during the Inteoigé Period in
Britain approximately 475-505 ka, but red deer egdlits crowns on the antler around 347-
421 ka. Present distribution shows that red dekichworiginated in Eurasia, migrated into
North America (also known as North American ellguard the lllian glacial stage at 128 ka

across Beringia, although differences in size gdttele, 2005).

Red deer have an ability to adapt to various clcraines as they are generalists and
forage opportunistically. They prefer woodlandg fv@vide forest cover without much snow
cover, and are rarely found in areas with reind€bey are known to subsist on a variety of
grasses and browse, and their dietary niche isvelalarge and geographically variable.

Red deer males and females live in separate heogpeduring the seasons of rut when there

are harems with a single male and several femalgsoups. Males form their group during
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the rut and over the year or choose to live sglitdierds with females and their calves and
sub-adults form in spring. Limited seasonal mignatnay occur attitudinally depending on

the local conditions for seeking better forage fomcavoiding insects. (Straus, 1981).

Reindeer

Reindeer are known to have originated in Alaskanbyi1l Ma years ago (Geist,
1998). They are widespread across Eurasia andemoriorth America throughout the
Pleistocene and exist at present in the northéitndas, namely Scandinavia, Russia and
northern North America and in few areas as managdterders. The earliest documented
fossil of reindeer in Europe was recovered froms8iisGermany, approximately 500 ka
(Kurtén, 1968). They are adapted to both steppecander forest biomes in the northern
latitudes as they are adversely affected by redbtiwarm climate and thus largely absent in
interglacial periods (Kalhke, 1999). Reindeer alsnsume lichens, which is low in protein

and high in carbohydrates, during the winter (G&i868).

Reindeer weigh on average 50-85 kg (females) &ntb® kg (males) (Spiess, 1979).
Mating occurs in May and the birthing occurs irelstay and early June (Bergerud, 1980).
The juvenile mortality is high for the first six mitns, and mortality of male reindeer at
around 3-4 years of age skews the sex ratio to21oDuring the rut in fall, the herd includes
all ages and sexes, and the males form herds $eama the females and the calves in other
times of the year. Reindeer migrate annually aefepito make use of mountainous terrain,
using ridgelines or rivers (Speiss, 1979: 38). preglictability of their migration route must
have influenced hunting strategies of reindeer unytérs during the period of migration.
Hunting outside this period occurred occasional/the herds would have been harder to
locate on the landscape. Calving occurs synchraopausate spring, usually around May-

June.
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Reindeer is the only extant species with both sgkesing antlers. Males and
females also shed them at different times. Thenrbaams are curved towards the back
(Speiss, 1979). The females retain their antlexautih the winter and shed the antlers at the
time of calving from March to June during the catyseason, while the pregnant females
shed their antlers after calving around May. Yoangnals begin growing antlers one month
after birth and shed their antlers between MarchJame. The males shed during or after the
rut and new antlers begin to grow starting in Mafdme females and young reindeer grow
smaller and simpler antlers, and the size of tise lsan be used for distinguishing the sex, as
male antlers are larger than young and femaleranthed antlers are not precise indicators
for the seasonality of site occupation or prey prement as they could be collected for their
use in manufacturing artifacts. Male antlers argdathan females, especially among males
around 6-7 years old, although juvenile males cahaaeadily distinguished from female

antlers.

Their social group consists of female herds as aslhales that are in groups or
solitary. During the rut, they usually copulatesimrly fall, and herds of females are defended
by a sole dominant male and other males in thepery. Stags congregate for protection in
male herds or become solitary during winter. Ingheng, females produce one calf in May-
June and calving herds consist of females, infantsjuveniles, while adult males are absent.
As they grow older, the life expectancy of bulleases more rapidly than of the cows due

to rutting activities that require greater energying winter (Speiss, 1979).

Aurochs/Bison

Two contemporaneous large bovids are relativelfycdit to distinguish, although
some differences in the tooth morphology and pastial remains have been suggested

(Olsen, 1960; Slott-Moller, 1990). Aurochs are é&xéinct progenitor of domesticated cattle.
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Its origin remains unclear, but early remains 8a/Bisorlineage, oLeptobosoccur in

central and southern Asia in the PlioceBesthen evolved around 1.5-2 Ma and later
migrated into Siberia, northern Africa and Eurdpeund first in central Europe dating to the
Holstein Interglacial, aurochs is associated witlnewhat warmer conditions either during
the interglacial period or in the southern regiomig the glacial period (Koenigswald, 1999).
Aurochs in Europe persisted until around 300 yagrsbut are extinct today (Uerpmann,
1999; Van Vuure, 2002). They tended to live in offahareas at low elevations and not in

woodlands (Hall, 2008) and their diet mostly cotesisof graze, grasses and sedges.

Bison priscusappear in the fossil record by the early Middleigtbcene and their
range extended from Europe to Siberia and sprebittthh America through Beringia
between 300-130 ka (Meagher, 1986; Shapiro e2@D4). They survived through the
Pleistocene-Holocene climatic transition, but timeimbers reduced significantly during the
historical period due to habitat fragmentation amdrhunting. Today, their distribution is
limited in protected ranges and reserves in Ceatrd|Eastern Europe as well as North

America.

Bison are known to inhabit a variety of habitatsiropen grasslands to forests, but
are primarily grazers, subsisting on grasses atgese(Julien, 2009). They are gregarious,
forming mixed herds of females, calves and yountgsa@lder males can join the herd
during the rut season, but are otherwise solitafpmon bull groups. The breeding season of
extant bison is between July and September andtgesperiod is estimated to 285 days.

Thus, birthing/calving occurs around April to Juméh one calf (Meagher, 1986).

Method
The analysis of faunal remains follows a method ivamployed in most

zooarchaeological studies, consisting of collecprighary data and forming the database
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necessary for tabulating data and study pattert@of@or, 2000; Peres, 2010; Reitz and
Wing, 2008). For the primary data, taxonomic deaigm and skeletal elements constitute the
basis of all identification. All the material wagighed and rounded to the nearest tenth of a
gram. Specimens larger than 1 cm were closely eneniising 10 x hand lens to study the
surficial modifications, and other information suahthe degree of weathering was recorded.
Additional data including age/sex, measurementsagydemarkable traits were collected
when relevant. Fragmentary specimens within theesgpit Hieb) and meterAbbaumeter

were refitted to increase the frequency of idesdifspecimens. These procedures were

followed by tallying the data and running basidistecal analysis.

Identification

Taxon is the designation of an organism to a aeteaiel of classification in the
Linnaean system, which ideally allows us to deteshe specimens to the species level.
However, when this is not possible, a higher lsush as genus, family or order is designated.
Specimens without diagnostic features are broaatkygorized by the body size of the animal
(Brian, 1981 with modification) (Table 4.1). As shanalysis focused on mammals, other non-
mammalian remains in the sampled assemblagesualiegty P. Kronneck. Few non-
mammalian bones were identified in the Middle tdyedpper Paleolithic deposits, including
birds and fish. Most of the analysis for taxonomientification was aided by comparing
specimens with extant animals from the referendeac@mn housed in the Institute for

Archaeological Sciences at the University of Tuleimg

weight (kg) fauna
body size 1 | 4-30 hare, fox, wolverine, badger, beav
body size 2 30-100 small felid, wolf, small adaatyl
body size 3 | 100 - 300 hyena, red deer, reindeeskrx
body size 4 300 - 1000 large bovids, horse, caae be
body size 5 | 2000 - 3000 mammoth, rhinoceros

Table 4.1 Body size of the animal (Brian, 1981 )witodification

96



The skeletal element and proportion (such as dsiptof long bone or maxilla of
crania) were also recorded for each specimen. \ghesent, the landmark, such as the
nutrient foramen, interior diagonal lattice of huneeand grooves on ungulate metapodial,
was documented based on Stiner’s faunal coding (&yrser, 2004b). The proportion and
landmark are useful in studying the skeletal regmégtion and quantifying the proportion of

skeletal elements (see below for detail).

Cave Bears

Some faunal remains were identified based on thgpaoison with paleontological
assemblages. Cave bears are larger and more abupared to brown bears, which
coexisted in the Paleolithic period, and other eixkeears. Further, cave bears have more
developed muscular and ligament attachments whiglmarphologically distinctive and
identifiable. Thus, the paleontological materiatafe bears from thealaontologische
Sammlungn the University of Tubingen served as a refeegioc comparison. Cave bear
specimens derive from Barenhdhle near Erpfingesouthwestern Germany, a
paleontological site that spans a period of LoweisBcene from the Wirm complex to
Holocene (Rathgeber, 2003). Some of the specimens dated to at least 30,000 years ago
and represent a populationdfsus spelaeus the late Pleistocene. In addition, bear remains
from reference collections housed in the InstifateArchaeological Sciences in Tibingen
include a fetus of a polar bear and a juvenilerofdm bear between 1-2 years old (UR 5),
allowing for adequate comparison and positive idieation of bears from various stages of

development.

Animals which are taxonomically close make foridifft identification. However,
morphological differences in the skull, dentitiardgpostcranial skeleton between cave bears

and brown bears exist (Hidalgo, 1988; Weinstoclg99The crania show clear
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morphological differences (Kurtén, 1959, 1976; HidaTorres, 1988; Weinstock, 1999).
Brown bears have a sloping forehead whereas thelosars have a domed forehead that is
related to the dietary habits and development efvig muscles. Further, the mandible of
theU. spelaeusas an alveolus forsRvhile U. arctosoften lacks it (Bishop, 1982). Teeth also
exhibit some distinguishing characteristics oPcave bears is sometimes not retained and
brown bear Placks a paraconid. Also, the morphology of differs, with an angular and
relatively narrow form and an anterior lobe broaith@n the posterior one for cave bears
(Weinstock, 1999). Further, Mf cave bear is also narrow and shows a consinidtetween

the anterior and the posterior lobe.

The postcranial skeletons are mostly distinguidhetbbusticity and general size.
Female cave bear and male brown bear overlapanisiz cave bears are generally larger and
with greater shaft thickness, width and pronounoedcular marks. Some exceptions include
metapodials of cave bears, which are short butstofidurtén, 1959). Thus, cave bears can be

distinguished from brown bears when they are fddyeloped.

Close study of the fetus remains from bears anéerathrnivores shows that some
elements of the fetus are often not distinctiveugimoto permit identification to species, but
most of the complete long bones as well as teetlaires can be distinguished when compared
with lion, hyenas and wolves. Most juvenile remaans fragmented bones without clear
landmarks and complete ends cannot be positivelytified to one species of bears. These
bones were assignedltssus spon a genus level to avoid inconsistency in the dwnting

of taxa (Driver et al., 2011).

In general, paleontological investigation in Pletgine Europe has shown that cave
bears dominate in most deposits that can be ideshtib Ursus(Pacher and Stuart, 2009) with

occasional brown bears, which also made use ofscawe rockshelters for shelter and
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denning. Thus, juvenile remains are recordedrasis spbased on the number of species
identified to adult cave bears and brown bearssume that juvenile remains can be assigned
to cave bears and can further be used to evalvatemographic profile of cave bears at the

site.

Carnivores and ungulates

The identification of the nondiagnostic long bope@mens is crucial in assemblages,
which can potentially be affected by intentionaliointentional fragmentation of specimens.
Some nondiagnostic shafts were identified to thée@of Carnivora or
Artiodactyla/Perissodactyla. The diaphysis of Ifogpes especially in metapodials from
middle-sized ungulates, especially of cervids, shavemooth inner surface inside. In contrast,
shafts of mid- and large carnivores often contaimcellous bones within the shafts, making
this a diagnostic feature to classify specimengmicg to the mammalian order. Further,
common size 4 animals are cave bears as well @asiooal horses. The differences among
the two taxa are at times distinguished throughsthecture of the cancellous bones, with

horses having a distinctive structure common anp@rgsodactyls.

Quantification

All the data were quantified using several measanesunits. Several quantification
methods to calculate relative abundance of skeletahins are employed by faunal analysts.
Tallying counts, measuring abundance and quangffaanal data hinge on bridging
variables that we attempt to measure, and we dgtteah measure which approximates the
target (Lyman, 2008). All units of measurementraet with advantages as well as drawbacks
and thus the validity and assumptions of certaiasuees should be assessed before

employing the measures. Here, the use of certaasumnes is discussed.
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NISP (Number of identified specimens) is the masib unit of analysis employed in
zooarchaeology for quantifying animal remains. Nd&Re counts of specimens assigned to a
particular taxonomic unit such as species or gen€éhe unit provides the fundamental basis
for comparing the abundance of each taxon in adsg@band across sites. The NISP, with
some faults, is nonetheless the most common measacdeby zooarchaeologists working in
various geographic and temporal contexts and sa@avasunit of comparison among diverse

assemblages.

Its weakness mainly stems from the problem of fa@endence’ (Grayson, 1984,
Lyman, 2008), which could lead to unequal represent of the specimen due to the varying
degrees of fragmentation. Simply put, identifialplgments originating from one specimen
may be counted redundantly due to fragmentationa®éeyn ‘one’ to one identified specimen
assuming that other identified specimens derivenfother specimens and are separate. The
association is obscured in archaeological assembldge to differential breakage,
disassociation through natural taphonomic procemsésiominin behavior relating to

butchering (Lyman, 2008).

Keeping these drawbacks in consideration, the S#es as one of the basic units of
guantification in this study. While other measuaes used, the NISP is employed in most
faunal analyses, and as discussed below, makéisebldew assumptions compared to other

guantitative units of faunal remains.

Bone weight was also recorded for each specimemnaliother method to quantify
and estimate the biomass, specifically of meatnfemimal remains (Uerpmann, 1973a;
Uerpmann, 1973b). As bones make up 6-9 % of bodght;ienveighing the fauna will be
proportional to meat that was potentially availaioleexploitation (Guindem, 2010). Some

recent measurements of weight of the entire caragdone weight for specimens in a
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reference collection of Tubingen show a greateiatian from 3.5-11% (Napierala, 2012),
but it is reasonable to assume that bone weightbrsiabundance of fauna and the

contribution of animals to the diet.

As Lyman notes (2008), the weight method was d@ezldo measure the biomass or
edible meat. Itis based on allometry, which stadhe relationship of the size of a particular
part of the body with the rest of the body. Therefohe weight method is based on the
allometric relationship between the bone weight dredoody weight (Lyman, 2008: 94). As
Barrett (Barrett, 1993) notes, it can be employé@t @ ‘ratio approach’. Some approaches
calculate approximate biomass by employing formulase others have mostly used the
bone weight as a mean of direct inter-taxonomicpanmson. While the biomasses result in
absolute values and are calculated based on teampption that complete animal carcasses
were present in sites, bone weights are mostly figa@lative comparisons. For both
approaches, bone weight can serve as a direcladivesproxy of usable meat and their

relative contribution to hominin diet.

One of the advantages is that this measure allssssament of abundance regardless
of the degree of fragmentation, unlike NISP, wHiels clear limitations when skeletal and
dental remains are heavily or differentially fragrtezl across comparative units (stratigraphic
unit or site) and animals. In this study, weigtda be used when the faunal material is
assessed for taphonomic study. The degree of fraigitn@n can also be evaluated by
employing weight and also useful in quantifyingmiunaterial, which is not readily
guantified by NISP. Cannon (2013) explores theti@iahip of NISP and fragmentation as
well as measures to determine the degree of fragten. Besides specimen size, weight can
relate directly to the fragmentation rate if otkiariables such as diagenesis and density-
mediate attrition have not had a significant impatthe specimen assemblage. It is a way to

guantify zooarchaeological material in manners #natnot affected by fragmentation.
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There are some shortcomings. Bone weight bestegpiaimaterial from recent period
where the bones are not heavily affected by tapmonprocesses. When the taphonomic
processes and preservation of the specimens angacabie, the bone weight can be used to
guantify exploitation of animals from greater tighepth, but precautions must be made so
that assemblages are not solely compared on boightwBone weight is more often applied
on assemblages from recent history, as the condifithe animal remains most likely are
comparable between archaeological horizons withtively few differences in the
taphonomic processes. Diagenesis of organic rencamsilter significantly among
comparative cultural units, especially in Paleatdithssemblages, many of which accrue over

a longer period and are subjected to varying déipasi contexts and processes.

Further, the estimation of weight and body masscthe easily calculated, which
ranges from 8.5-13 %, but has a relatively larggea(Casteel, 1978). The relationship
between bone weight and body weight are curvilineaich also means the use of the
relationship for predicting the contribution of ar@l meat may not be tenable. Animals, even
those that are closely related, show differentnaditsic scaling, so the bone-body relationship
is not constant among taxa (Lyman, 2008). Simply langer animals have greater body
weight compared to bone weight than small animglsther, conversion of actual bone
weight to biomass must be based on an assumpbthth relationship is constant, although
it can clearly vary over time and among individudépending on the sex, season, and general
biology that can vary within and across populatidrysnan (2008) also notes that
fragmentation can affect bone weight when the nmadterheavily fragmented, affecting the

identifiability of specimens.

In addition, the relative weight proportion of colete skeletal elements from extant

animals in the reference collection was used topamwith the relative proportion of body
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parts in the archaeological assemblage. Such me#able us to evaluate which body parts

may be over or underrepresented in assemblagesz@Viin press).

One can avoid or circumvent certain issues by tyremploying bone weight as a
measure of taxonomic abundance, but the measurentaibe used on an ordinal scale. Such
measures cannot function on a rational scale asthgonship of bone and body weight can
vary among taxa, and we cannot assume that borghterjuates to the amount of meat
exploited by humans. Further, the biomass equaibased on complete skeletons, which are
not always represented in assemblages due toigeléensportation or other taphonomic

processes.

As with other measures, the bone weight correkitgsficantly with NISP. Lyman
(2008) finds that the correlation between NISP lboide weight for various collections is
statistically significant, suggesting that whilenmost scenarios, the NISP and bone weight
would point to similar tendencies in relative abances of taxa in faunal assemblages. As
most analysts agree, most methods have shortfallshe use of different measures also

depends on the questions that drive the zooarobgieal research.

Alternative measures include MNE (minimum numbeeleiment), MNI (minimum
number of individual) and MAU (Minimal Animal UnitMNE is calculated based on the
frequency of skeletal proportions that accountifie minimum number of skeletal elements
in assemblages (Lyman 2008). The unit is thus avesiyployed with reference to body parts.
As noted before, documentation of proportion amdlitaark (such as nutrient foramen) is
fundamental to the calculation of MNE values. MN#ues here do not account for the side
of the element (right/left). The correlation of* and MNE is significant and high at 90%,
which suggests that they track similar patternglbafndance (Grayson and Frey, 2004). One

can also estimate the degree of fragmentation ubegatio of NISP and MNE. MAU
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resembles MNE, but is standardized by the numbeleshents that occur in a complete
individual (Binford, 1978). Standardized MAU valug® also calculated by dividing the

MAU values with the highest MAU values for body {sar

MNI represents the minimum number of individualamassemblage, usually taking
age and side of elements into consideration (Grgys884; Lyman, 2008). It is based on
treating complete individuals as a basic unit ohsuweement. Thus, MNI indicates the
minimum number of taxa, which is a conservativeneste, whereas NISP represents the
maximum number of taxa within a given assemblagdl Mecame an alternative measure of
identified taxa as the quantification of NISP camneer scrutiny. The intention for employing
MNI is to avoid the overrepresentation of specimiias are potentially affected by
differential fragmentation. One benefit lies inttki@e counts for faunal group/aggregates

remain independent (Grayson, 1984).

However, we encounter a different set of issuel WilNI. One assumption underlying
this measure posits that entire carcasses wereidegpat sites, which does not apply for
many hunting scenarios. Optimal Foraging Theoryliote that body parts with greater
caloric gains will be favored over other parts whemnting occurs far from the destination
(Metcalfe and Barlow, 1992; Smith and Winterhald€&92). Butchering and partial
transportation of animal carcasses are economisides made by hunters to maximize the
return. Ethnographic examples also document mammevkich whole carcasses are
disarticulated and selectively transported (Binfdr@l78). Thus, MNI does not necessarily

reflect the amount and the part of carcasses tasg arought to the site.

MNI values further suffer from an aggregatioreetf Namely, this measure is heavily
affected by how the cultural or sedimentary uniesagefined and samples within these units

are grouped. When the cultural units alter, eitidrsumed by other units or subdivided, MNI
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values needs to be reassessed, which in turntefiegv analytical categories alter the MNI
values (Grayson, 1984). The MNI values increasa firiter division of samples, which has
been termed as an aggregation effect by Grays@#j1Similar to MNE values, the NISP
and MNI values show significant correlations (G@y4984). Further, since MNI values

represent estimates, no numerical analyses sheultdertaken (Plug and Plug, 1990).

In this study, NISP and body weight will be thengiple measure of quantifying the
faunal remains. When possible, MNE and MNI are alsployed. Further, the NISP values
are utilized to conduct some basic statistical ysislincludingy® values and residual values

as well as linear correlation of variables.

In assessing species abundance, it is relevanidy the diversity of the assemblage.
Diversity is an encompassing term used often ioggo but can point to different variables
that include taxonomic richness, which is equivaterthe number of taxonomic groups
represented in an assemblage, or evenness, whaaméasure of how specimens are
distributed across taxa (Lyman, 2008; Smith ands@i] 1996). The evenness increases as
the number of specimens across each taxon reactezgial value. In other words, evenness

becomes low when there are dominant taxa (gread@option of a few taxa over other taxa).

The diversity of species abundance can be assbgsadculating the Shannon index
of evenness and the Simpson’s index (Simpson, 1948¢h are both employed often in
paleontological and archaeological studies (Lyn2808; Magurran, 2004). The Simpson’s
index is heavily weighted towards the dominant t@ca thus it is abbreviated as D) and is
less sensitive to taxa richness or the numbenainamic groups (Magurran, 2004). It is

calculated using the following equation:

B ni(n; — 1)
b= 2 N(N —-1)
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Where then; equates to the number of specimens oftthéaxon and N is the total
number of specimens. Simpson’s index is oftenesged as the reciprocal (1/D), but
Magurran (2004 and references within) also discudse utility of 1-D or —In(D) to interpret
the values. In all variations, higher values dempeater diversity. The evenness can then be
determined by dividing the reciprocal of D by thewber of species (S) as shown below

(Magurran, 2004).

yp

El/D = S

The Shannon index of evenness, another measureer$idly, is derived differently
and weighs the rare taxa more heavily (Lepofskylartzman, 2005). The evenness measure
is calculated using the following equation:
_ ~2pin()
In(S)
where p stands for the number of the proportiogpaicimens found in théh taxon
and S for the number of taxon. Simpson’s index earfpom 0 and 1 (Simpson, 1949) and is

not sensitive to species richness.

Two measures should be thus compared to deteririine tiemporal trend or the
difference among sites is consistent in both irgliges with most measures of taxon richness
and diversity, these measures need to be evaliratedns of sample size (Baxter, 2001;

Lepofsky and Lertzman, 2005).

The squared Euclidean distance (SED) values wesoeegthployed to assess
differences among cultural units and sites in tis&gidution of taxonomic groups (Grayson
and Delpech, 2008; Jackson and Williams, 2004)dmyparing the proportion of faunal
samples. The squared Euclidean distance is a waydlyze the spatial distance in geometric
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studies but is often employed to evaluate simigiamong pollen assemblages (Jackson and
Williams 2004). It is calculated by summing the acpd differences of the proportion in a

taxonomic group in two sample groups.

Ageing / Sexing

The determination of age and sex is based on thedical development and growth
of individuals as well as the degree of sexual dphsm. Such reconstruction can help
determine the seasonality of site, modes of anpr@turement and the depositional history of
the carcasses. Ageing and sexing of animal populstiinge on the preservation and
recovery of certain skeletal elements. The proednd key sources are presented briefly in

this section.

First, systematic measurement of animal remainesteometrics, helps determine the
composition of a faunal population. In addition,aserements also enable us to study size
variation among species (Athen, 2007) and withimahpopulations over evolutionary time
or geographic areas (Leney and Foley, 1999). A m@doy (Driesch, 1976) Von der Driesch
(1976), initially developed for studying domested&ainimals, serves as a standard that
provides figures and specific landmarks on bonesteasurement. Other sources specific to
cave bear include Athen (2007) and (Tsoukala arath@a D'Anglade, 2002). Further, stages
of tooth eruption and patterns and extent of wearesas useful indicators of age of the
animals at the time of death (Bunn and Pickerif®d,02 Levine, 1982). For each taxon,
different sources with ethological studies enalsi¢ouestimate the age at death. The growth of
fetal bone and the epiphyseal fusion of skeletheints are also useful in estimating age for

fetuses and juveniles.

When ages are determined, specimens are categoriteslage groups of juvenile,

prime adult and old adult (Stiner, 1990) to recangtbroad mortality patterns. Specimens
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are juvenile from birth to the replacement of deoids teeth by permanent teeth, followed by
prime adults showing slight wear on teeth and didglta with substantial wear either through
greater exposure of dentine or shortening of crbeight. Triangular plots were initially
employed in Stiner's work (1990) to represent petage of age groups (Figure 4.1). In this
study, the program developed by Weaver and colleEa@eaver et al., 2011) was used to

calculate the age scheme in a ternary diagramavttbnfidence interval (95%).

100%
old adults

Old-
dominant
mortality

U-SHAPED LIVING-
\ MORTALITY | | STRUCTURE /

(attritional) (nonselective

Juvenile- s Prime-
. mortality) N

dominant dominant

mortality mortality

100% 100%
juveniles prime adults

Figure 4.1 Triangular plot for age groups (Stiri€&90, 2009)

The age groups are based on all teeth elementsagiidetermination, NISP, as well
as MNE for each tooth element. The use of MNE leliter account for the number of
individuals that are present and their ages; weefbee avoid exaggerating values in cases
where individuals may be represented by more tim@ntooth element. At the same time, the
sample size of an individual tooth is limited fonse species and thus, teeth were also
grouped to determine the broad pattern of the rikyrfzofile. In all cases, complete or

relatively complete teeth were employed for agéhggspecimens.

The interpretation of mortality profiles is basquba the comparison of patterns with

modern animal populations. In the ecological litera, attritional profile (U-shape) refers to
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populations represented by a higher proportiomeéniles and old adults while the living
profile reflects animal populations with an ovenesgentation of juveniles and a decreasing
proportion of prime and old adults (Klein, 1984ingt, 1990). Stiner has also identified a
third mortality pattern with prime adult dominatage profiles. This pattern appears to be
consistent with the hunting behavior of homininglfvihe possible exception of hyenas

(Kruuk, 1972). Further, the abundance of juveniheg point to evidence of denning.

Minzel's scheme for ageing cave bears (Table 4.kased on the stages of tooth
development and general wear. Instead of a broadaggory ‘juvenile’, fetus, infant,
juvenile and subadult are separately categorizkd.life history of extant bears follows that
they are born in dens with infants becoming juseloughly after 3-4 months in spring.
Juveniles are 4-10 months old while subadultsPat3 months, enter the second hibernation
in winter. During this period, the deciduous teetlsubadults are replaced by permanent teeth
with roots that gradually close by adulthood. Adulfer to individuals with worn teeth

between 1-3 years of age, while individuals becoitdeadults with heavily worn teeth.

Code: Age group Age and season

100: fetus - infantile 1. Winter

200: infantile < 3 mon old, 1. Winter

300: infantile —juvenile | ~3-4 mon old, 1. Winter

400: juvenile 4-10 mon old, early summer- summer
500: juvenile- subadult | 4-10 mon old, early summer- summer
600: subadult 10-13 mon old, 2nd Winter

700: subadult —adult 10-13 mon old, 2nd Winter

800: adult 1-3 yrs old

900: senile > 3 yrs old

Table 4.2 Age group and corresponding ages by 3izBli

Further, Stiner (1998) systematically categorizexidegree of wear on cave bear teeth.
The availability of plants consumed by cave beangarious environments and biomes most
likely led to diverse patterns of wear. Thus, tee wear of bear appears slightly different
from what is illustrated in Stiner (Mtnzel, perenam.) where the teeth surfaces around the

cusps wear down and expose dentine first beforeubps.
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The degree of tooth wear can be systematically uneddor ungulate teeth to
determine age (Grant, 1982a, b). For horses, Lavimethod (1982) is employed for
premolars and molars. Incisors are used to deterages of live horses today (Habermehl,
1975). Guadelli (1998) points out the inconsisteincgstimating the age for older individuals,
but here, we are interested in the general ageldisbn and the ratio of juveniles, prime
adults and old individuals. Isolated cheek teethartimes hard to determine to one tooth
element. In this case, they are identified to PJ/PXI1/M2. The crown height is measured
between where the root begins and the center ajdbleisal surface. With paleontological
assemblages, individuals are categorized as js(i4 years old), prime adults (5-12 years
old), and then old adults (13+ years old). Furtidantification of horse canines indicates

male individuals.

The age determination of woolly rhinoceros is basedentition of moderDiceros
bicornis (Black Rhinoceros) and extinDicerorhinus hemitoechu&uropean Soft Nose
Rhinoceros) mostly using the development of tooith \@ear pattern (Goddard, 1970;
Louguet, 2006). When the teeth are not presentawamolars and premolars are at times
difficult to distinguish, and therefore are putiroader element categories. The age groups

are juveniles (0-11 years old), adults (12-19 yes and old adults (20+ years old).

For reindeer, the eruption and wear of mandib@attt have been studied by Miller
(1972, 1974) on modern caribou populations in Néwmferica. For juveniles, precise ages
can be determined with the exception of M3, whiah ¢ary up to a year based on eruption
sequence (Enloe and Turner, 2006). Juveniles @a#syold), adults (5-8 years old) and old

(9+ years old) are the major age groups.

Carnivores have low cusped dentition, with enamednng off over time. While

variation in wear could exist among populations, ékposure of dentine becomes larger with
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age. For major carnivores that potentially occuanchaeological sites, wolfs and hyenas,
Stiner’s work (1994) schematized the stages of wesrcorrelate to general age groups.
Many carnivore species grow permanent teeth edhiar ungulates after few months or up to

a year.

The sex ratio is also informative of the demograpdattern in an animal population.
Certain skeletal elements only occur among oneisebkiding baculum of carnivores and
bears or horse canines for males. However, othétads need to augment these finds, as this
factor alone will not provide a relative proportioheach sex in an assemblage. The
assignation of sex is determined based on measuntemicomplete elements from animals
that exhibit sexual dimorphism. Scatterplots withasurements of complete elements (i.e.,
length and breadth) can exhibit clusters of vathas potentially represent male and female
populations (Berger et al., 2001). Among most mal@ananimals, males exhibit greater size
and robusticity. However, precautions must be tasesize varies with age and sex.

Determination of sex must be considered with datage structure.

Sexual dimorphism has been long noticed in cavesbaad Kurtén (1969) analyzed
the mortality profile of cave bear assemblagesdhasethe age and sex. The degree of sexual
dimorphism is comparable to that of modern beath s brown bear (Reisinger and
Hohenegger, 1998). Stiner and colleagues usedzb@fkcanine in order to determine the sex
of cave bear, following (Gordon and Morejohn, 19&bdbtain simple measurements of the
lower teeth applied on the North American blackrbe@heir method was modified by Stiner
et al. (1998) who measured the teeth rather thaokdr length of the mandibular canine,

which in comparison preserves poorly in depositicoatexts.

Antlers are also an indication of male cervids.rndeer are the only exception as both

males and females bear antler and shed their atlging different seasons: spring for
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females and late fall for males. The measuremetiteofintler base can help determine the sex
and/or the age of the animal (Hgymork and Rein244%0). Juvenile males and females

overlap, but antlers from one year olds can betified by the lack of tines.

Seasonality

With age determination, we can also estimate theaein which the animals were
killed based on our current understanding of highseason. Fetus and juvenile remains help
constrain season in which the animals became iocatgd in the assemblage. Epiphyseal
fusion eruption stage and pattern also derive fnomdern equivalents of the Pleistocene
mammals. Antlers attached to skull fragments atdp bs determine the season in which the

animal died if the sex of the individual can bentiiged (for reindeer specifically).

Taphonomy

Physical and chemical mechanisms that alter deggberganic remains vary.
Taphonomic analysis became a regular part of fanmahtory beginning in the 1980s with
the work of Brain (1981) and (Binford, 1981). Areladogists began to explore changes aside
from anthropogenic modification that alter animataasses and to critically assess the
premise that faunal remains associated with stdifads are equated to human causality.
Taphonomic studies, however, face issues of e@llitfyn and attributing causes of
modification at times seems questionable. Thusra¢lines of evidence are considered in
drawing conclusions on the depositional historyhef faunal remains and human involvement

in their accumulation.

Weathering is "the process by which the originatnmscopic organic and inorganic
components of bone are separated from each otbedemtroyed by physical and chemical
agents operating on the bone in situ, either orstiniace or within the soil zone "

(Behrensmeyer 1978: 153) or simply put, weatheisrige process of degradation and
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consequent loss of integrity (O'Connor, 2000). bstrassemblages, weathering affects the
overall preservation of animal remains and sergesn@ way of assessing the degree of bone
preservation in deposits. At times, it is oftenduse evaluate the time the specimens were

exposed before burial.

Weathering results from the exposure of specimessinlight, wind, as well as to
trampling by animals; it can also result from chegthiveathering in sedimentary matrices.
The different stages of weathering range from ghldngitudinal cracking along the bone
structure to flaking and complete deteriorationeddin turn reflect the preservation of
specimens (Behrensmeyer, 1978). Importantly, weatipean also obscure prior taphonomic
processes particularly on bone surfaces. In thagyais, Behrensmeyer’s stage of weathering
(1978) has been recorded for each bone specimeludaxg teeth, antler and ivory. Some
bones show micro-flakage (Figure 4.2), which shansther form of weathering that may not
occur so frequently in open-air contexts, and wihingrefore was used as the standard for

Behrensmeyer’s study.

Figure 4.2 Specimen with heavy weathering and rfigki
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Density mediated attrition

It has been long acknowledged that bone elementsegments preserve differently.
In his seminal work, (Lyman, 1984) quantified thiedential bone mineral density. Other
researchers, informed by his approach, aimed arstahding attritional processes and
preservation bias (Lam et al., 1999; Lam and Pea&@05). The bone density of cancellous
bones with a relatively thin bone wall and spongpés differ from cortical bones at 1:2 or
1:3 (Lyman, 1984; Stiner, 2004b). All conditionsrizeequal, the pressure of the sediment
and other processes, such as trampling or chetemeing, adversely affect cancellous
bones due to its porosity and microstructure coeubéw cortical bones. Further, skulls are
also prone to fragmentation as it takes much medereent to bury crania, which are

composed of cavities and thin bone plates.

Ravaging on animal remains by carnivores also lsasdar effect. Carnivores prefer
to feed directly on cancellous bones to extractvate cortical bones are not heavily
modified as they themselves have no nutritional@across many carnivore species in
different environmental contexts (Blumenschine,&3unn and Kroll, 1986). Cleghorn and
Marean (2007) refer to this type of destructiomasitive attrition, which should be

accounted for in the interpretation of faunal adsleges.

Assessing the destruction of fragile elements ssa@imany non-anthropogenic
processes that affect the nature of faunal assgedld3hese studies assess the degree to
which density mediated destruction overrides olet@wmal patterns of skeletal abundances
(Cleghorn and Marean, 2007; Lam et al., 1999; Lyn28@8). In this study, the frequency of
diaphysis and epiphysis is used as a coarser aralytethod for evaluating the effect of

density mediated attrition on the fauna, partidyleegarding cave bear.

Anthropogenic modifications
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Understanding patterns of alteration of animal ri@say hominins is one of the
fundamental objectives for many zooarchaeologies¢archers. Common anthropogenic
modification observed in Paleolithic assemblagebiohes cutmarks, percussion marks,

burning and artifact production.

Cutmarks are one of the most common anthropogeodfivations, and serve as
direct evidence of exploitation of animals for digtand non-dietary purposes (Abe, 2005;
Binford, 1981). Although not universal (Costamagmal David, 2009), cutmarks on certain
skeletal elements roughly correspond to particoldchering activity. For instance, cutmarks
on articulating joints (epiphyses of long boneghdy disarticulation, meaty parts of limb
bones (shaft with muscle attachment) indicate dbftgy/filleting, and skin-covered bone

surfaces and extremities point to skinning (Binfdr®i81; Bunn and Kroll, 1986).

The morphology of cutmarks is also well documentétl experiments
(Blumenschine, 1988; Dominguez-Rodrigo and Yrave2iD@9; Fisher, 1995). Simple flakes
often produce V-shaped cross sections when usdtlifohering on bone surfaces while the
retouched flakes can produce open U-shaped croserse When bone surfaces are well
preserved, straight, internal microstriations atlthse and the wall within the striae, with
flaking of the edges, are distinguishing traitsrampling marks. Most microstriations
resulting from cutmarks do not preserve from arol@gcal remains, but the shape of the
groove and the trajectory help distinguish trangplimarks from cutmarks (Dominguez-

Rodrigo et al., 2009).

Cutmarks can leave either deep incisions or supargcratch marks on the surface of
bones, which are harder to identify as other modifons can imitate such marks. Cutmarks

are not easy to quantify, as frequency of cutmédes not necessarily correlate with the level
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of intensity in butchering activities (Egeland, 3D0Here, the placement and orientation of

cutmarks are noted.

Other manifestations of butchering activities oné®include percussion marks that
leave impact fractures, notches, cones as welbksd resulting from impact fractures, not
unlike lithics (Blumenschine and Selvaggio, 19&8) chop marks with broad, wedge-
shaped depressions from using an axe or cleav&tdFi1995). They result from blows of
hammer-like tools onto the bones either for theafd®nes for raw material or to extract
marrow from the limb bones (ibid.). Percussion akso result in green or fresh fractures with
oblique and smooth break surfaces as well as hélazure outlines (Niven, 2006). Some
have also suggested possible features of humanigmaw bones, but no clear diagnostic
features unique to humans have been evaluatedsatitally and defined (Saladié et al.,

2013).

Burning is also a common modification of bones,ahhivere cooked or served as a
fuel source (Costamagno et al., 2005; Théry-Paesat., 2005; Villa et al., 2002).
Alternatively, combustion features could also resulinintentional burning of faunal
remains (Stiner et al., 1995). Exposure to varyergperatures can be put on a scale from
carbonized (lower temperatures) to calcined (higéeperatures). Burnt faunal materials
occur relatively frequently in Paleolithic habitatisites, but the criteria for identifying
burned faunal remains are not standardized (ShaBaas et al., 1997). In these deposits,
manganese staining, when observed, appears dotwafaces of bones and dentins of teeth
(for instance, seen in figure 4.2). Burned matesias identified in most cases through
complete carbonization and calcination of fragmeme&mains. Some small fragments with

lustrous texture were not considered as burnirtgesolor resulted from staining.
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Lastly, organic artifacts range from functionall®otw personal ornaments that served
non-economical purposes. Artifacts, as the endtragually undergo processes of cutting,
rounding, polishing, boring and other forms of nesukal alteration intended by hominins.
Retouchers are common bone tools used for retogditincs in the Middle Paleolithic, and
percussion pits are diagnostic features of theotibenes as retouchers (Chase, 1990). They
are, however, identified through unintentional nficdtion of the bone for manufacturing
other tool artifacts, which means they slightlyfeliffrom artifacts that were purposely altered
to achieve certain forms by the makers. At sonessidebitage, resulting from the production
of artifacts, has been recovered from the workihgrganic material such as ivory fragments.
At our site, organic tools were recovered but waeenly studied by other researchers (Hahn

et al., 1989; Wolf, 2013).

Trampling

Physical alterations caused by natural processemagaic anthropogenic
modification on animal remains. Trampling by latgedied animals causes pressure on bones
that leads to abrasion, rounding and fragmentafctualistic studies and experiments show
that trampling results in linear and curved stoiasi, which resemble cutmarks, dry breakage,
pitting, polishing and rounding of edges (Behrenganet al., 1986; Dominguez-Rodrigo et

al., 2010; Gaudzinski-Windheuser et al., 2010).

Scratch marks occur as the bones come in contéiticaarse sediment and can be
confused with signatures of butchering and proogdsy hominins (Behrensmeyer et al.,
1986). The cross section of striation is generaltigracterized by rounded U shapes with
broader bases and microstriations that are spaeacealy in contrast to V shapes in certain
diagnostic cutmarks (see below). The exceptiohigdistinction is the use of retouched tools,

which could create broad bases and more U-shapedes (Dominguez-Rodrigo et al.,
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2009). Further, the curved trajectory of stria® algnifies trampling action. Criteria for
cutmark identification still remain at times questable, especially with material of greater
time depth, leading to discussion on the degrdmiofan involvement and to attributing
humans as causative agents. The contestationtow@utported butchering marks from the
Plio-Pleistocene period in Africa exemplifies th#ficulty in distinguishing cutmarks from

trampling marks (Dominguez-Rodrigo et al., 2010¥erron et al., 2010).

The anatomical position and orientation of striasimeed to be observed in
conjunction with the morphology of marks (Bunn, 19Dominguez-Rodrigo et al., 2010).
Intense trampling action results in random distidruand orientation of striations, although
parallel marks do not preclude the possibilityrafiipling (Behrensmeyer et al., 1986;
Dominguez-Rodrigo et al., 2010). Further, (Stireale 2011) identified a lack of
directionality in the orientation of cutmarks omffea that are dated to the Lower Paleolithic.
Although the mechanism behind the lack of orieotatn the direction of butchering marks
remains a point of discussion, greater consistémtlye orientation and occurrence of parallel
cutmarks characterize the general trend in theheuilcg process found in the Middle and

Upper Paleolithic.

Intensive trampling can also result in fragmentatiorough pressure as well as
rounding and polishing through the same mechanissediment abrasion. The fragmentation
will result in dry breakage patterns that showtredédy smooth edges and in addition obscure
morphology of break patterns that are fresh. Caadoften are known to clear bone
remains to make room for their den, resultingharriage-a-se¢Koby, 1943). Thus, it is
likely that many of the trampling marks could b&ibtited to denning animals such as cave

bears at the site.

Carnivore modifications
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In attempts to study effects of hominins on anireahains, the study of non-
anthropogenic modifications has also developedni@are modification and its effect on
animal remains have been intensively studied ihdapmy, leading researchers to discuss the
origin and cause of faunal accumulations in the-Pleistocene from hominin sites (Binford,

1981; Bunn et al., 1986; Capaldo, 1997).

Carnivore modification manifests in a range of nagtbal alteration of bones
(Binford, 1981). Gnawing is what we typically reterwhen carnivores interact with
carcasses. Typical damage is often seen in forrmmotiimark imprints on the bones as
punctures or pits. Dragging teeth on bone surfeesdts in broad linear grooves referred to
as scores. Further, gnawed edges often show cteddtams manifesting as the negative of
the toothmarks, or rounding and polishing occua assult from salivary acid. Gnawing
marks could at time mimic fracture patterns thatldwesult from anthropogenic impact

pattern in bone flake removal (Villa and Bartrar9).

Mid-size carnivores, namely hyenas and wolves, witWerful jaws and gnawing
power modify bones through regurgitation or digas{Haynes, 1983; Haynes, 2002; Stiner,
2010). Regurgitation by hyenas results in hair laoige chips that are altered in its
morphology of the bone. Features including fineastns on the surface, thinning of edges,
polishing and acid etching occur commonly on speaisithat went through digestion (Figure
4.3). Some note that digestive corrosion could teddrmation of pseudo-tools (Villa and
D'Errico, 2001). Digestion of bones can lead tophesence of coprolites, a bone matrix
usually in chalky forms, rounded for hyenas andhgéted in the form of feces for wolves

(Brugal, 2010; Horwitz and Goldberg, 1989; Larktrak, 2000).
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Figure 4.3 Specimens with digestive corrosion

Some have attempted to identify carnivores thatifieabarchaeofaunal assemblages
(Haynes, 1983). Selvaggio (1994) studied the sanelsshapes of tooth marks from extant
carnivores as well as impressions of teeth fromifes relation to the density of the bones
(Selvaggio and Wilder, 2001). The variables accedifibr include length, breadth and
circularity of the pits. However, many studies tate equifinality that lead to similar tooth
marks from different taxa of carnivores and thedsoon of the carnivores (Dominguez-
Rodrigo and Piqueras, 2003). Dominguez-RodrigoRiokiering (2010) argue that higher

occurrences of scoring often manifest from ravagihigrge fields.

Other modifications

There are a few other taphonomic agents that andauna (Lyman, 1994). Rodent
gnawing is usually characterized by edges of benasothed out by parallel grooves,
mirroring the form of the rodent incisors. Somecpens also exhibit evidence of root
etching, which manifests as sinuous marks on thaseiof bones due to acid produced from
plants and other fungi, which can also produceliped etching on bones. In some

depositional contexts, bones show alterations dueunding or acid etching through natural
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mechanisms such as water. Furthermore, bones gagththe process of fossilization

whereby the chemical composition of bones is griylueplaced by mineral.

Summary

The faunal community in the Swabian Jura duringRlegstocene represents a
characteristic environment with steppe-tundra amdeswoodlands. The abundance of each
taxon at Hohlenstein-Stadel will be further disadss the next chapter. The section on
zooarchaeological methods touches on matters ofifaation to taxa and skeletal element,
guantification, taphonomy and other relevant infation. The methods, especially
taphonomic analysis, will help assess the extemthich humans and other animals
contributed to the accumulation of animals intodhee as well as help extract signals of

hominin behaviors from the faunal assemblage.
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5 Results from Hohlenstein-Stadel

The result section of the faunal material from Hwistein-Stadel consists of a reprise
of Gamble’s work in 1978, which focused on taxonoidentification, skeletal representation
and morality profiles; the reanalysis of the matigparticularly from the excavation of 1939;
the data from recent excavations with samples eavin 2009-2011. Despite differences in
the analysts, recovery method and the nature ddhwle, the general tendency in these
faunal assemblages remains consistent with somadéable differences. The results of
faunal analysis indicate that animal remains weteonought into the cave by human
activities alone and other predators actively ukedsite of Hohlenstein-Stadel. The direct
evidence of human predation is not clearly docuetbat the site due to preservational bias

and other taphonomic factors that affected the mesnat prey animals.

Previous work on the fauna

Wetzel's report provides a list of animals presartiohlenstein-Stadel including
mammoth, woolly rhinoceros, hyena, cave bear, has®chs/bison, red deer and giant deer
(Wetzel, 1961). He noted the diverse array of atsmgpresenting the glacial period, animals
which were crucial in understanding the age ofsiteeand in reconstructing the general
landscape of the past. However, his work did neblve quantitative evaluation of the
material but instead noted the presence of aniaxal, ta common approach in the

paleontological and archaeological literature i@@8.

The majority of the collection from Wetzel's exctiwas of Hohlenstein-Stadel was
later studied by Clive Gamble (1979, 1999). His kyarimarily focused on understanding the
regional settlement system and adaptation in theoRthic by considering the ecological
contexts such as the environments, faunal comnesrgind the relationship among prey and
predators (Gamble, 1979). His interest lies in hu@daptation to the environment through
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economic activities. Gamble reconstructs huntingtsgies based on a different scale of
analysis, from the site of Hohlenstein-Stadel tot@# Europe. The main objective was to
examine the “comparative structure for Paleolithuating strategies” (Gamble, 1979: 35),
which were not solely based on understanding spatiandance and diversity. The analysis
was conducted in therahistorische Sammlurig Ulm in 1974. In total, 10,470 remains were
identified to species while 40,202 specimens wetaunidentifiable or included some

microfauna that are not considered in this study.

Gamble’s data on the assemblages of HohlenstetteStansist of taxonomic
identification, body parts and ages of animals. [/Giamble did not undertake extensive
taphonomic analysis of individual specimens, hesmared the overall taphonomic process
and recovery of animal remains to determine th@tagsponsible for the accumulation of the
assemblage. For instance, the ratio of cranialpast-cranial elements and the size of the
fragmented specimens among major taxonomic groupsdted consistency in the degree of
destruction and preservation among animal spet#&9). Most large carnivores and
herbivores are better represented by teeth, wbgé-granial material went through
considerable modification and loss. He attribukes pattern to differential butchering and

transportation of body parts.

Gamble (1979) notes that the young bear remainac@unted for by the use of the
cave as a den and hibernation site. The age schasee on tooth eruption wear shows that
the carnivores are predominantly represented bl agdecimens with little deciduous teeth.

In contrast, there is a greater variation in the g@pups of herbivores. Mammoths and woolly
rhinoceros are better represented by juveniles @dsethe horse and reindeer adults make up

a greater proportion (1979).
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In all, Gamble (1979) interprets the assemblage result of selective selection of
animals for exploitation by hominins. Gamble ndtest “winter mortality of the bear, and
possibly some carnivore bone collecting activitydhaombined with human agency to form
the deposit” (1979:43), but the general pattermisaio humans as the major agent for the
animal accumulation with “a consistency throughetim the processing of the prey

population” (1979:43).

Based on the faunal composition, Gamble correltisultural layers with climatic
phases that best fit with the expected environroétitat period. He concludes that the
Black/Brown Mousterian (A) levels consist of a wédl faunal community such as red deer,
giant deer, and beaver and thus can be placee antthof the last Interglacial (MIS 5e)
whereas the Red Mousterian (B) belongs to the garidhe Brorup Interstadial dating to ~45
ka with a greater element of tundra-steppe fauomimiated by megafauna, large bovids and
hyenas. The composition of the final period (Qeigresented by fauna that are relatively
close to the previous phase (B), but direct datifhis layer indicates middle to the late

Wuarm. The layers are characterized by the abundaineel!f and reindeer (Gamble, 1979).

During the earliest phase in the Black Moustemaability and aggregation potentials
of Neanderthals were low (Gamble, 1979). This patentrasts with the Red Middle
Paleolithic, which is characterized by a focus a@gafauna with higher mobility and known
for aggregation. The choice of prey hunting creatéscus on smaller herbivores during the
Aurignacian period, although the prey still repregseanimals with high mobility on a
seasonal basis. Gamble (1979) also notes that fygaassociated with larger herbivores,
such as horses and bovids, and wolves are assbwdtereindeer, red deer and saiga
antelope. In addition, Gamble interprets the inoaapion of birds and hares in the diet during
the Magdalenian in the framework of foraging mogdetsting that the density of settlements

and a changing climate account for the increasenall-sized game.
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Gamble (1979) further considers the settlemengpath the region by studying the
distribution of sites, which are concentrated angbuthern part of the Swabian Jura, or
Flachenalb, which is likely attributed to the déysif resources. Humans occupied the
Swabian Jura on a seasonal basis, particularipwgsuammer when larger migrating herds
exploited the abundance of forage for herbivoré®r& are some indications, although not a
robust signal, that some of the hunting occurrathduspring, summer or winter occupations,

supported by a number of cast reindeer antlers (Bafr979).

Revisiting the material, Gamble (1999) still mainsathat the assemblage tracks
hominin hunting and butchering activities in theeavhen the cave bears are excluded from
consideration. Additional data on the anatomicptesentation and age data were provided.
Gamble argues that the relative NISP frequenciesiafivore and herbivore are a good
measure for distinguishing faunal assemblagesatiga¢ither paleontological (reflecting
carnivore accumulation or other natural procesgyonaeological in nature. He also observes
that horses and hyenas are overrepresented byctmatared to taxa. Evidence suggests that
humans contributed less to the assemblage as Gaablareviously interpreted. Gamble
(1999) posits that the site was mainly a livingaasbared by non-hominin predators and

hominins, and carnivores influenced the depositdiftérent prey species at the site.

During the Red and Upper Middle Paleolithic, Gamieleonstructs the age structure
of herbivores and carnivores based on %NISP oh.t€satrnivores are mostly dominated by
adults and very few specimens of juveniles, comttand the hypothesis that the site was used
as a carnivore den. On the other hand, the agegmitthe herbivores are more evenly
represented in the assemblage. The rhinocerosstem$ian equal proportion of young, adult
and senile adults while adults mostly dominatehihiese population. Reindeer are represented

both by juveniles and adults. The rhinoceros aimtliezr broadly fall under the attritional
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profile with a greater presence of older individuahd juveniles, while the horse represents a

living population, reflecting non-selective predati

Gamble concludes the following: carnivores andiveres are differentially
represented based on anatomical parts and NIS®eineges. The carnivores appear to have
access to all the caves in the Swabian Jura asegpo caves in Latium (Stiner, 1994) where

the occupation of caves by hominins and animalsdicdbverlap substantially.

Sampling

The material from the excavations of 1939 and 22081 will be first evaluated
separately, and the summation of the two datasetssessed. For comparability, the material
from the Middle Paleolithic (MP) is subsumed in teategories: one is the Red Middle
Paleolithic layer (MP R), based on Wetzel's desigma’Red Mousterian’, the other is the
Upper Middle Paleolithic (MP U), which occurs beemethe MP R and the Aurignacian layer.
This designation of the MP layers is a rough catreh of the supposed depth at which the
material was excavated in 1939 and the stratigcapiuifile produced by Volzing. The
material from modern excavations was also grouaedh on the Vo6lzing’'s documentation of
the Upper Middle Paleolithic and Red Middle Palgndi. Further, fauna from
Aurignacian/Magdalenian were grouped with Aurigaaciwith an assumption that the most
of the material represent fauna from the Aurignatager. However, it should be noted that

some specimens may derive from disturbed context.

Total finds of 9,606 animal remains from the exd¢erain 1939 were considered in
the analysis. Gamble’s sample size is larger feeise reasons. One, he undertook additional
analysis from excavations of 1937-8 and the eaiilydM Paleolithic that was uncovered in
the late 1950s and early 1960s. The stratigragsigament of Wetzel after WWII was solely

based on geological layers and differed from théwokof 1930. Further, this analysis did
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not include material with questionaliigeb assignment. No systematic refitting was
conducted, but few instances of refits show thatelwas mixing or misplacement of animal
remains relating to their original spatial contexith an example of ivory fragments
separated over 80 cm differences being refitte@. [&bk of both labels on each specimen and
inscriptions of each box with specimens that weaagferred from cigar boxes in which they

were originally placed could have led to mixing angplacement of specimens.

Other material from the upper spit levels of 1-Soaleveals considerable mixing of
material dating either to the Gravettian, MagdaanMesolithic and Neolithic. Also, the
remains could not be securely assigned to theralliayers from which they belong. This has
been established due to differential preservati@haloration of skeletal remains as well as
identification of cave bear remains that becamaeiby 23.5 ka in the region. Therefore, a
clear disturbance and unclear stratigraphic assgmave led to mixing of organic remains
in the earlier spits, which roughly equates to 60af sediment deposits. In the end, the
method of excavation and sampling made it reasertalfiocus particularly on the material of
late Middle Paleolithic to the Aurignacian periddhis also fits the general research interest of
the region that largely revolves around the tramsitrom the late Middle Paleolithic to the

early Upper Paleolithic.

The assemblage of 1939 was excavated from 2-1&fspit a locality of 12-19 m
(only ivory fragments were quantified from 20 mjtdrvals of ~20 cm define each spit, and
the excavation reached roughly 2.6 m in most amed<2.8-3 m in some areas. Each spit

corresponding to a cultural layer are grouped togret

From recent excavation, a total of 6,658 specimesre included in the analysis. The
sample originates from the excavation seasons@-2011 and derives from several intact

layers directly dated to 40 -50 ka and older layleas remain undated. The material was
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either recoveredth situ at the site and through 0.2 mm waterscreeningsarithg. The
assemblage derives from roughly 6 ofi excavated area, which corresponds to a 19-20 m
locality towards the rear end of the cave. Intagasits lie to the south and remain untouched
for future investigation. With some exceptions,spens larger than 2 cm and other
identifiable fragments were considered in the asialyThe sample consists of recovered large
mammalian bone, tooth, antler and ivory specimEas: avian fauna were sorted out by the
author and analyzed to taxon by P. Krénneck. Tloeafauna will later be analyzed by R.

Ziegler.

To better understand the dietary choices of humaadgo distinguish this pattern from
other uses for animal remains, tusks and antlersegparated and are not included in the NISP
and weight. As will be described below, antlers augks may have served as raw material
and may not have resulted from the transport of math or cervid remains into the cave.

The antlers and tusks are thus evaluated indep#dpdienm species abundance.

Species abundance
Results from the excavation of 1939

A total of 9,606 specimens, weighing 103,736.8 grenstudied from the collection of
the 1939 excavation at Hohlenstein-Stadel (TaldleaBd 5.2). The largest sample size in
terms of number of specimens (excluding antlerimad/ fragments) derives from the upper
Middle Paleolithic (MP U) (N = 4576), followed blg¢ Aurignacian (A) (N=3258), Red

Middle Paleolithic (MP R) (N=1255) and Aurignacittd@gdalenian (A/MAG) (N=517).
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. MPR MP U
Taxon/Body Size
NISP NISP% WISP WISP% | NISP  NISP% WISP WISP%
hare 0 0.0 0 0.0 5 0.1 16.4 0.0
Eurasian beaver 0 0.0 0 0.0 0 0.0 0 0.0
wolf 12 1.0 173.5 1.1 31 0.7 3374 0.8
red fox 0 0.0 0 0.0 1 0.0 8.9 0.0
polar fox 0 0.0 0 0.0 0 0.0 0 0.0
fox 2 0.2 53 0.0 10 0.2 26.5 0.1
cave bear 205 17.0 3443.8 21.1 708 159 104746  25.6
brown bear 0 0.0 0 0.0 3 0.1 14.1 0.0
bear 80 6.6 922 5.6 218 4.9 1561.8 3.8
cave lion, 6 0.5 321.7 2.0 0.1 35.4 0.1
Eurasian lynx 0 0.0 0 0.0 0.0 10.6 0.0
marten 0 0.0 0 0.0 0.0 1.2 0.0
hyena 25 2.1 3325 2.0 75 1.7 904.6 2.2
mammoth 27 2.2 1693.4 104 82 1.8 3259 8.0
(tusk) 22 392.9 17 39.3
horse 56 4.6 1571.7 9.6 193 4.3 5497.6 13.4
woolly rhinoceros 14 1.2 1478.3 9.1 48 1.1 2055.7 5.0
red deer 1 0.1 19.8 0.1 1 0.0 111 0.0
reindeer 7 0.6 76.9 0.5 31 0.7 428.6 1.0
(antler) 8 1267.1 34 1391.4
aurochs/bison 7 0.6 451.6 2.8 4 0.1 497.1 1.2
rodent 0 0.0 0 0.0 2 0.0 0.5 0.0
carnivore small 1 0.1 0.8 0.0 2 0.0 0.8 0.0
carnivore medium 33 2.7 136.8 0.8 62 1.4 190.2 0.5
carnivore large 38 3.2 354.8 2.2 106 2.4 777.5 1.9
cervids 4 0.3 373 0.2 4 0.1 324 0.1
(antler) 19 210.5 66 418.8
bovids 0 0.0 0 0.0 2 0.0 3.2 0.0
perissodactyl 0 0.0 0 0.0 0 0.0 0 0.0
artiodactyl 0 0.0 0 0.0 0 0.0 0 0.0
ungulate small 1 0.1 2.2 0.0 22 0.5 87.5 0.2
ungulate medium 5 0.4 33.8 0.2 15 0.3 97 0.2
ungulate large 13 1.1 628.6 3.9 33 0.7 473 1.2
ungulate 4 0.3 12.7 0.1 20 04 57.4 0.1
Body size 1 0 0.0 0 0.0 6 0.1 3.2 0.0
Body size 2 32 2.7 41.4 0.3 90 2.0 85.1 0.2
Body size 3 286 23.7 958.7 5.9 1240 27.8 3062.7 7.5
Body size 4 335 27.8 2969.7 18.2 1360 30.5 10333.2 25.2
Body size 5 7 0.6 642.9 3.9 14 0.3 410.7 1.0
mammal 5 0.4 9.4 0.1 56 13 202.1 0.5
bird 0 0.0 0 0.0 10 0.2 8.4 0.0
fish 0 0.0 0 0.0 0 0.0 0 0.0
Total 1255 100 18190.1 100 4576 100 42815 100
Total without antler/tusk 1206 16319.6 4459 40965.5

Table 5.1 NISP, NISP%, WISP (g), WISP% of taxa baody size from MP R, and MP U
layers from the excavation of 1939.
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. A A/MAG
Taxon/Body Size
NISP  NISP% WISP WISP% | NISP  NISP% WISP WISP%
hare 10 0.3 20.6 0.1 2 0.4 3.1 0.0
Eurasian beaver 0 0.0 0.0 0.0 1 0.2 14 0.0
wolf 42 1.4 486.5 15 6 1.2 151.8 2.4
red fox 0 0.0 0.0 0.0 0 0.0 0 0.0
polar fox 2 0.1 6.4 0.0 1 0.2 0.4 0.0
fox 6 0.2 17.5 0.1 7 14 19.4 0.3
cave bear 642 21.2 16034.6 48.5 97 20.1  3999.1 63.1
brown bear 2 0.1 13.8 0.0 0 0.0 0 0.0
bear 281 9.3 2594.9 7.8 49 10.1 360.6 5.7
cave lion, 9 0.3 289.8 0.9 3 0.6 209.9 3.3
Eurasian lynx 0 0.0 0.0 0.0 0 0.0 0 0.0
marten 0 0.0 0.0 0.0 0 0.0 0 0.0
hyena 3 0.1 53.6 0.2 0 0.0 0 0.0
mammoth 3 0.1 369.5 1.1 1 0.2 101.3 1.6
(tusk) 20 54.4 0 0

horse 37 1.2 1240.9 3.8 5 1.0 135.4 2.1
woolly rhinoceros 11 0.4 1956.4 5.9 0 0.0 0 0.0
red deer 0 0.0 0.0 0.0 0 0.0 0 0.0
reindeer 27 0.9 430 13 6 1.2 1193 1.9

(antler) 79 2095.9 9 318.3
aurochs/bison 1 0.0 44.2 0.1 0 0.0 0 0.0
rodent 1 0.0 0.2 0.0 0 0.0 0 0.0
carnivore small 2 0.1 1.2 0.0 1 0.2 0.2 0.0
carnivore medium 96 3.2 435.2 1.3 26 5.4 129.2 2.0
carnivore large 107 3.5 838.7 2.5 26 54 159.7 2.5
cervids 10 0.3 72.0 0.2 1 0.2 3.5 0.1

(antler) 124 706.9 25 134.3
bovids 0 0.0 0.0 0.0 1 0.2 1.1 0.0
perissodactyl 1 0.0 30.2 0.1 0 0.0 0 0.0
artiodactyl 1 0.0 1.2 0.0 0 0.0 0 0.0
ungulate small 11 0.4 64.8 0.2 0 0.0 0 0.0
ungulate medium 12 0.4 48.9 0.1 8 1.7 50.9 0.8
ungulate large 25 0.8 367.3 1.1 3 0.6 108 1.7
ungulate 9 0.3 30.8 0.1 0 0.0 0 0.0
Body size 1 2 0.1 0.6 0.0 0 0.0 0 0.0
Body size 2 59 19 89.1 0.3 6 1.2 3.8 0.1
Body size 3 795 26.2 2075.8 6.3 127 26.3 243.1 3.8
Body size 4 781 25.7 5124.0 155 100 20.7 533 8.4
Body size 5 10 0.3 292.7 0.9 0 0.0 0 0.0
mammal 31 1.0 43.4 0.1 3 0.6 5.3 0.1
bird 4 0.1 4.2 0.0 3 0.6 2.9 0.0
fish 2 0.1 0.5 0.0 0 0.0 0 0.0
Total 3258 100 35936.7 100 517 100 6795 100

Total without antler/tusk | 3035 33079.46 483 6342.4

Table 5.2 NISP, NISP%, WISP (g), WISP% of taxa body size from the Magdalenian/Aurignacian
and Aurignacian from the excavation of 1939.
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Roughly 35.5 % of the material was identified te tbvel of genus and species while
the rest (64.5%) was assigned to family, orderlzodl size. Identifiability does not fluctuate
greatly between cultural layers. The percentagedenttifiable specimens were most frequent
in the Red Middle Paleolithic assemblage (37.6%)pWved by Aurignacian/Magdalenian
(36.2%), Aurignacian (36%) and upper Middle Palbadi (32%). Unidentifiable specimens
classified to body size show that the majority ddo identified as body 3 and 4, and are the
two most common categories that the specimenssargreed to across all the cultural layers.

This pattern reflects the abundance of identifiednals of body size 3 and 4.

The sample size based on weight mirrors the NISR the MP U (42,815 g) being the
largest followed by the Aurignacian (35,936.7 gR R (18190.1 g) and A/MAG (6,795 g).
Roughly half of the entire specimens ranging fr@456% weighed under 5 g with only
less than 4.5 % of the assemblage representedelinggns 50 g or heavier (Figure 5.1). The
identifiability of specimens increases with an aggr of 70% in terms of weight (WISP). The
A/MAG layer produced a larger number of identifebhaterial based on weight (79.8%)

followed by Aurignacian (71.5%), MP R (66.8%) an®N (62.1%).
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Figure 5.1 Frequency distribution of speciment&@ight from the excavation in 1939.
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The faunal assemblages of the Middle Paleolitrecdmminated by cave bears and
unidentified ursids, which mostly belong to cavaise Unidentified large carnivores are also
frequent and correlate with the general abundahbear. From the Red to Upper Middle
Paleolithic, the number of cave bear increaseghiguthree folds and the number of bears
decrease, indicating that the relative proportibftagmentary specimens that cannot be
identified to the species level and/or the juvergimains consistent during these two horizons.
Brown bear occurs in the MP U, but is almost nostexit compared to the cave bear. Relative
NISP values of cave bear and unidentified bearaddluctuate significantly. The proportion
of weight among cave bear and unidentified beandates a similar pattern. The relative
weight proportion of cave bear in the assemblagétenuated, while the bear remains are

comparable to NISP %.

The most common herbivore is horse in the Middledtdhic, and while the NISP
increases considerably in the MP U, the relatiegudiency is consistent, making up ~4.3-4.6%
of the assemblage. In weight proportion, horsesemgka higher proportion at 9.5% and
13.5 %, respectively. The second most common herdis mammoth. The NISP value is
small, but is better represented in weight. Thewamhof tusk also remains consistent in the
MP including the worked ivory pieces. Woolly rhirewos is also present in both layers in
equal abundance of 1.1% in NISP and represent&8% and 5% of total weight for MP R
and MP U, respectively. The reindeer occur rataly,a comparable number of reindeer
antlers were recovered in both MP sequences. Thdaer do not occur frequently, but some
of the cervid specimens potentially belong to redrdCervids are mostly represented by
antler fragments, which increase from the MP R # W A greater abundance of reindeer
points to a tundra-steppe vegetation in the loggd.alhe aurochs and bison exist in low

numbers and large bovids are not common in the MiBdleolithic.
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Except for bears, the dominant carnivore is hyeg@esented by ~2% in both MP
sequences for NISP and weight, although the alesghltie of NISP is greater in MP U. In
contrast, wolves are less frequent than hyendseitP. Felids such as cave lions and
Eurasian lynx are infrequent in the assemblage l|Q@aaivores are not common in the
assemblage, although this is likely due to thevegpmethod, but fox is the most common
taxon. The relative frequency of herbivores inahgdunidentified ungulates, perissodactyls,
artiodactyls and proboscideans, compared to behcamivores maintain roughly at 1:4 ratio

during the MP.

Rodents and lagomorphs are rare in both MP lag@ab, a scarce number of non-
mammalian animals including bird and fish were wered. Scarcity of small animals may
partially be due to excavation bias. In all, thenpke size of the MP U is considerably larger
than MP R, but the relative proportion of most aasremains the same and the weight

roughly correlates with NISP values when propodiare considered.

The Aurignacian period is characterized by the else of species diversity. The cave
bears are still the most represented taxon ingkemablage, although NISP values decrease
slightly in the Aurignacian. Conversely, the NISFbears increases in the Aurignacian,
reflecting either the number of juveniles or in@ea fragmentation of specimens. The
relative % of NISP increases in the Aurignacian Andgnacian/Magdalenian to 21.2% and
20.1% for cave bears and 9.3% and 10.1% for besspectively. Two specimens of brown
bear were identified. In terms of weight, the pmtjom of cave bears increases significantly,
making up 48% and 63.1% of the entire assembldye b€ars are also better represented in

weight compared to the Middle Paleolithic.

In general, the herbivores decrease significantlgontrast to the MP. The most

common herbivore, the horse, is represented by bf2%e assemblage, comparable to the
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second common herbivore, reindeer (0.9%). Howeargters of reindeer increase
significantly by two folds. This is also reflectbg the increase in cervid antlers, which are
not assigned to species. Compared to MP U, wobihoceros are represented by fewer NISP
values. The number of mammoth in NISP is also scaxrthe Aurignacian period, and

besides the known ivory artifacts from the Aurigaaca number of ivory fragments also

exist in the MP.

Carnivores show changes in relative abundanced. Méobmes the most frequent
taxon among middle-sized and large carnivores, stgpgradual increase from the MP U to
the Aurignacian period. The lions still remain lowfrequency and hyenas disappear almost
completely. Small carnivores are still sparse amaat change in relative abundance. Small
animals such as hares are also infrequent, bug trera few specimens of birds and fish. The
ratio of herbivores and carnivores decreases fregntall:5 and the overall proportion of

herbivores declines notably in the Aurignacian.

MP Aurignacian

Gamble Kitagawa | Gamble AR Kitagawa
Taxon NISP AR NISP NISP NISP
cave bear 2674 4,85 1214 1935 4,42 1071
wolf 141 -1,71 43 157 -3,29 48
fox 78 -3,12 13 107 -5,00 16
hyena 476 -6,46 100 44 -4,02 3
cave lion 47 -2,14 9 15 1,15 12
mammoth 58 10,46 109 3 1,29 4
woolly
rhinoceros 116 1,73 62 14 1,06 11
horse 735 -2,79 249 50 2,39 42
reindeer 95 -0,11 38 82 -1,36 32
aurochs/bison 112 -4,95 11 - - -
hare 1 2,93 5 22 0,16 12
> 4533 1853 2429 1251
X2 212,92 65,40

Table 5.3 NISP and associated adjusted residusd} ¢hthe NISP of Gamble and current analysis
of 1939 material with composi{@ values (p-value<0.001); Signs of AR refer to ealof this current
analysis; significant AR values at p<0.05 in bold
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Gamble’s analysis of the material from the olderaasations and this current analysis
show significant differences in taxonomic abundandexa with the minimum NISP values
of 5 from both MP and Aurignacian combined were pared using? analysis. The MP U
and MP R are subsumed under one unit, becausetimeléry between the two layers is not
entirely clear and also differently defined. Caeaits, brown bears and unidentified bears are
all grouped under cave bears for this current anglpas Gamble did not make the taxonomic
distinction. They? value and adjusted residuals (Table 5.3) showifgignt differences in the
NISP values, with MP showing a greaxélvalue (212.92) compared to the Aurignacian

(65.40).

During the MP, bears, mammoths and hares are efisrsented in this current
analysis while foxes, hyenas, horses and aurodwsilare more abundant in Gamble’s
analysis. Similar to the MP, the cave bears areesgmted by greater proportions in the
current analysis in the Aurignacian strata whildfwiox and hyena occur more frequently in
Gamble’s sample. Other animals show considerabiiasity. Relatively highy® values are
expected as Gamble’s results also include excawafrom the sector closer to the entrance

of the cave.

In addition, the correlation of the two datasets akso be studied to understand
overarching tendencies. Despite the differenceéken?® values, the correlation of the
transformed taxa NISP is still significant. ThevRlues are 0.68 for the MP and 0.75 for the
Aurignacian at a significant level (p<0.005). THere, the overall trend is reflected both in
the MP and Aurignacian, with the Aurignacian shayéngreater correlation. Spearman’s
rank correlation coefficient is also high for thé®NR; = 0.77, p<0.01) and even greater for the
Aurignacian (R=0.81, p<0.01). Bear is consistently overrepregeimehe recent excavations

compared to the excavation in 1939.
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Figure 5.2 Correlation of NISP taxa from Gamble #mcurrent analysis of material from
1939. The correlation is high and significant (pues.001).

Excavations 2009-2011

A total of 6658 specimens, weighing 19,914.02ommprised the assemblage from
recent excavations. The material derives from rou§hm’ of excavation surface, which
corresponds to 19-2Bbbaumetefrom Wetzel's excavation. First, data from the mai

horizons are given below.
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Taxon/Body size G (X1) F (X)
NISP  %NISP  WISP  %WISP | NISP  %NISP  WISP  %WISP

European mole

hare
wolf 9 0.7 8 0.31
fox 5 0.4 1.2 0.05
cave bear 5 4.8 17.5 6.94 41 3.1 239.1 9.30
bear 6 5.7 3.6 1.43 207 15.8 440.2 17.12
cave lion 2 0.2 6.4 0.25
Eurasian lynx
mustelids
marten
hyena 10 0.8 43 1.67
mammoth 1 1.0 0.8 0.32 23 1.8 49.4 1.92
(tusk) 8 0.7
horse 1 1.0 2.2 0.87 21 1.6 36.1 1.40
woolly rhinoceros 6 0.5 7.7 0.30
reindeer 9 0.7 24.1 0.94
(antler) 3 284.1
aurochs/bison 2 1.9 17.2 6.82
human
rodent
carnivore small 2 1.9 0.5 0.20 10 0.8 1.6 0.06
carnivore medium 5 4.8 1.7 0.67 67 5.1 29.9 1.16
carnivore large 4 3.8 3.2 1.27 34 2.6 60.3 2.35
cervids 1 0.1 0.8 0.03
(antler) 32 99.3
bovids 1 0.1 0.4 0.02
ungulate small 0.0 0.00

ungulate medium 6 0.5 15 0.58
ungulate large 8 0.6 5.8 0.23
ungulate 1 1.0 0.1 0.04 4 0.3 2.4 0.09
Body size 1 1 1.0 0.1 0.04 6 0.5 1.6 0.06
Body size 2 17 16.2 6.8 2.70 162 12.4 120.9 4.70
Body size 3 34 32.4 49 19.44 167 12.7 264.7 10.30
Body size 4 9 8.6 21.2 8.41 112 8.5 438.3 17.05
Body size 5 3 2.9 98.5 39.07 5 0.4 2 0.08
mammal 14 13.3 29.7 11.78 | 391 298 7714 30.01
bird 1 0.1 0.1 0.00
fish 2 0.2 0.5 0.02
Total 105 100 252.1 100 1353 100 2955 100
Total without
antler/tusk 105 252.1 1310 2570.9

Table 5.4 NISP, NISP%, WISP (g), WISP% of taxa body size F/X (MP R),G/XI (MP R) from the
excavation of 2009-2011.
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Taxon/Body size E (1X) D-D4 (VII-VIII)
NISP  %NISP  WISP  %WISP | NISP  %NISP  WISP  %WISP
European mole 1 0.1 0.4 0.01
hare 10 0.5 2 0.03
wolf 1 0.3 0.6 0.07 5 0.3 25.5 0.33
fox 2 0.6 0.3 0.04 20 1.1 5.7 0.07
cave bear 14 4.0 1435 16.95 113 6.0 1046.2 13.45
bear 79 224  64.3 7.59 335 17.7 197.8 2.54
cave lion 1 0.1 0.3 0.00
Eurasian lynx
mustelids
marten
hyena 4 1.1 7.2 0.85 23 1.2 108.2 1.39
mammoth 5 1.4 11.7 1.38 46 2.4 991.1 12.75
(tusk) 1 0.1 35 24.5
horse 5 1.4 65.6 7.75 54 2.9 449.8 5.78
woolly rhinoceros 21 1.1 186.9 2.40
reindeer 1 0.3 1.6 0.19 11 0.6 25.6 0.33
(antler)
aurochs/bison
human
rodent 4 0.2 0.3 0.00
carnivore small 1 0.3 0.1 0.01 10 0.5 2 0.03
carnivore medium 19 5.4 9.6 1.13 96 5.1 44.5 0.57
carnivore large 9 2.6 8.3 0.98 46 2.4 90.7 1.17
cervids 10 0.5 4.2 0.05
(antler) 2 10.8 26 71.8
bovids
ungulate small 1 0.3 0.3 0.04 4 0.2 3.1 0.04
ungulate medium 1 0.3 10.5 1.24 4 0.2 2.4 0.03
ungulate large 1 0.3 9.8 1.16 9 0.5 20.7 0.27
ungulate 9 0.5 3.5 0.05
Body size 1 4 1.1 1.3 0.15 21 1.1 3.1 0.04
Body size 2 33 9.4 32.2 3.80 113 6.0 87 1.12
Body size 3 40 11.4 85 10.04 | 180 9.5 317.3 4.08
Body size 4 24 6.8 81.1 9.58 190 10.0 1123.7 14.45
Body size 5 1 0.3 0.4 0.05 4 0.2 216.6 2.79
mammal 106 30.1 313.2 36.99 | 538 284 2815  36.20
bird 1 0.3 0.1 0.01 12 0.6 2.1 0.03
fish 2 0.1 0.3 0.00
Total 355 100 857.6 100 1953 100 7872.3 100
Total without antler/tusk | 352 846.7 1892 7776

Table 5.5 NISP, NISP%, WISP (g), WISP% of taxa bady size of D-D4/VII-VIII (MP R), E/IX

(MP R) from the excavation of 2009-2011.
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Taxon/Body size A2 (Vlla) C (VI MP)
NISP  %NISP WISP %WISP | NISP  %NISP  WISP  %WISP
European mole
hare 4 0.5 0.6 0.03 3 0.6 0.3 0.03
wolf 2 0.4 1.9 0.17
fox 7 0.8 3.7 0.16 3 0.6 2.5 0.22
cave bear 44 5.2 402.4 16.94 19 3.7 86.2 7.55
bear 161 19.2 70.4 2.96 68 13.2 33.2 2.91
cave lion 1 0.1 1 0.04
Eurasian lynx 0.1 0.6 0.03
mustelids 0.1 0.4 0.02
marten
hyena 9 1.1 20.7 0.87 4 0.8 18.7 1.64
mammoth 19 2.3 24.3 1.02 8 1.6 10.1 0.88
(tusk) 10 2.1
horse 16 1.9 42.7 1.80 9 1.7 96 8.41
woolly rhinoceros 6 0.7 27 1.14 3 0.6 33 0.29
reindeer 1 0.1 2.3 0.10 2 0.4 5.1 0.45
(antler)
aurochs/bison 0.1 0.5 0.02
human 0.1 0.4 0.02
rodent 1 0.2 0.1 0.01
carnivore small 5 0.6 1.2 0.05
carnivore medium 48 5.7 29.9 1.26 19 3.7 26.2 2.30
carnivore large 29 3.5 82.6 3.48 23 4.5 62.9 5.51
cervids 4 0.5 0.7 0.03 1 0.2 0.2 0.02
(antler) 4 2.7
bovids
ungulate small 5 0.6 0.9 0.04 2 0.4 0.4 0.04
ungulate medium 2 0.2 0.8 0.03 1 0.2 0.7 0.06
ungulate large 6 0.7 22.5 0.95
ungulate 4 0.5 14 0.06 2 0.4 0.5 0.04
Body size 1 12 1.4 2 0.08 17 33 2.8 0.25
Body size 2 36 4.3 19 0.80 43 8.3 28.3 2.48
Body size 3 54 6.4 107.1 4.51 57 11.0 102.1 8.95
Body size 4 72 8.6 398.5 16.78 56 10.9 2243 19.65
Body size 5 1 0.1 14.9 0.63
mammal 284  33.8 1096.22 46.15 | 171 33.1 4345 38.07
bird 5 0.6 0.4 0.02 1 0.2 0.4 0.04
fish 1 0.1 0.1 0.00 1 0.2 0.7 0.06
Total 840 100 2375.22 100 530 100 1146.2 100
Total without antler/tusk 840 2375.22 516 1141.4

Table 5.6 NISP, NISP%, WISP (g), WISP% of taxa bady size of C /VI (MP U), A2/Vlla (MP U)

from the excavation of 2009-2011.
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Taxon/Body size Ao-Au (IV-V A)
NISP  %NISP  WISP  %WISP

European mole

hare 19 1.3 6.5 0.15
wolf 6 0.4 8.7 0.20
fox 20 1.3 9.5 0.22
cave bear 59 4.0 368.3 8.57
bear 241 16.2  308.9 7.19
cave lion
Eurasian lynx
mustelids
marten 0.1 0.8 0.02

1
hyena 3 0.2 9.3 0.22
mammoth 4 0.3 6.5 0.15
(tusk) 7 2.3
horse 3 0.2 10.6 0.25
2

woolly rhinoceros 0.1 1072.3 24.95

reindeer 11 0.7 41.9 0.97

(antler) 4 116.6
aurochs/bison

human 1 0.1 0.1 0.00

rodent 6 0.4 0.6 0.01
carnivore small 9 0.6 2.4 0.06

carnivore medium 69 4.6 77.9 1.81
carnivore large 48 3.2 233.2 5.43

cervids 3 0.2 13.3 0.31
(antler) 26 38.6
bovids

ungulate small 5 0.3 11.7 0.27

ungulate medium
ungulate large

ungulate 4 0.3 5.2 0.12
Body size 1 41 2.8 9.3 0.22
Body size 2 192 12.9 127.7 2.97
Body size 3 190 12.8 3731 8.68
Body size 4 111 7.5 4954  11.53
Body size 5

mammal 436 29.3 11043 25.69

bird 3 0.2 0.4 0.01
fish 2 0.1 0.2 0.00
Total 1526 100 4455.6 100
Total without
antler/tusk 1489 4298.1

Table 5.7 NISP, NISP%, WISP (g), WISP% of taxa body size of Ao-Au /IV-V (A)
from the excavation of 2009-2011.
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Taxon/Body size MP R MP U
NISP  %NISP WISP %WISP | NISP  %NISP WISP %WISP
European mole 1 0,03 0,4 0,00 0 0,00 0,0 0,00
hare 10 0,27 2,0 0,02 7 0,52 0,9 0,03
wolf 15 0,41 34,1 0,30 2 0,15 1,9 0,05
fox 27 0,74 7,2 0,06 10 0,74 6,2 0,18
cave bear 173 4,73 1446,3 12,64 63 4,65 488,6 13,89
bear 627 17,14 705,9 6,17 229 16,89 103,6 2,95
cave lion 3 0,08 6,7 0,06 1 0,07 1,0 0,03
Eurasian lynx 0 0,00 0,0 0,00 1 0,07 0,6 0,02
mustelids 0 0,00 0,0 0,00 1 0,07 0,4 0,01
marten 0 0,00 0,0 0,00 0 0,00 0,0 0,00
hyena 37 1,01 158,4 1,38 13 0,96 39,4 1,12
mammoth 75 2,05 1053,0 9,20 27 1,99 34,4 0,98
(tusk) 44 25,3 10 2,1
horse 81 2,21 553,7 4,84 25 1,84 138,7 3,94
woolly rhinoceros 27 0,74 194,6 1,70 9 0,66 30,3 0,86
reindeer 21 0,57 51,3 0,45 3 0,22 7,4 0,21
(antler) 3 284,1 0,0
aurochs/bison 2 0,05 17,2 0,15 1 0,07 0,5 0,01
human 0,00 0,0 0,00 1 0,07 0,4 0,01
rodent 4 0,11 0,3 0,00 1 0,07 0,1 0,00
carnivore small 23 0,63 4,2 0,04 5 0,37 1,2 0,03
carnivore medium 187 5,11 85,7 0,75 67 4,94 56,1 1,60
carnivore large 93 2,54 162,5 1,42 52 3,83 145,5 4,14
cervids 11 0,30 5,0 0,04 5 0,37 0,9 0,03
(antler) 60 181,9 4 2,7
bovids 1 0,03 0,4 0,00 0 0,00 0,0 0,00
ungulate small 5 0,14 3,4 0,03 7 0,52 1,3 0,04
ungulate medium 11 0,30 27,9 0,24 3 0,22 1,5 0,04
ungulate large 18 0,49 36,3 0,32 6 0,44 22,5 0,64
ungulate 14 0,38 6,0 0,05 6 0,44 1,9 0,05
Body size 1 32 0,87 6,1 0,05 29 2,14 4,8 0,14
Body size 2 325 8,88 246,9 2,16 79 5,83 47,3 1,35
Body size 3 421 11,51 716,0 6,26 111 8,19 209,2 5,95
Body size 4 335 9,16 1664,3 14,54 | 128 9,44 622,8 17,71
Body size 5 13 0,36 317,5 2,77 1 0,07 14,9 0,42
mammal 1049 28,67 3929,3 34,33 | 455 33,55 1530,7 43,53
bird 14 0,38 2,3 0,02 6 0,44 0,8 0,02
fish 4 0,11 0,8 0,01 2 0,15 0,8 0,02
Total 3766 100,00 | 11937,0 100,00 | 1370 100,00 | 3521,4 100,00
Total without
antler/tusk 3659 11445,7 1356 3516,62

Table 5.8 NISP, NISP%, WISP (g), WISP% of taxa bady size from the MP R and MP U from the
excavation of 2009-2011
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Taxon/Body size A
NISP %NISP WISP %WISP
European mole 0 0,00 0,0 0,00
hare 19 1,28 6,5 0,15
wolf 6 0,40 8,7 0,20
fox 20 1,35 9,5 0,22
cave bear 59 3,97 368,3 8,57
bear 241 16,23 308,9 7,19
cave lion 0 0,00 0,0 0,00
Eurasian lynx 0 0,00 0,0 0,00
mustelids 0 0,00 0,0 0,00
marten 1 0,07 0,8 0,02
hyena 3 0,20 9,3 0,22
mammoth 4 0,27 6,5 0,15
(tusk) 7 2,3
horse 3 0,20 10,6 0,25
woolly rhinoceros 2 0,13 1072,3 24,95
reindeer 7 0,47 41,9 0,97
(antler) 4 116,6
aurochs/bison 0 0,00 0,0 0,00
human 1 0,07 0,1 0,00
rodent 6 0,40 0,6 0,01
carnivore small 9 0,61 2,4 0,06
carnivore medium 69 4,65 77,9 1,81
carnivore large 48 3,23 233,2 5,43
cervids 3 0,20 13,3 0,31
(antler) 26 38,6
bovids 0 0,00 0,0 0,00
ungulate small 5 0,34 11,7 0,27
ungulate medium 0 0,00 0,0 0,00
ungulate large 0 0,00 0,0 0,00
ungulate 4 0,27 5,2 0,12
Body size 1 41 2,76 9,3 0,22
Body size 2 192 12,93 127,7 2,97
Body size 3 190 12,79 373,1 8,68
Body size 4 111 7,47 495,4 11,53
Body size 5 0 0,00 0,0 0,00
mammal 436 29,36 1104,3 25,69
bird 3 0,20 0,4 0,01
fish 2 0,13 0,2 0,00
Total 1522 100,00 4455,6 100,00
Total without
antler/tusk 1485 4298,1

Table 5.9 NISP, NISP%, WISP (g), WISP% of taxa bady size from the Aurignacian from the
excavation of 2009-2011.
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Despite the differences in the sample size througbach horizon (Table 5.3-5.7), the
fauna mostly consist of bears and cave bears. Jenard fragmented unidentifiable bear
remains ranging between 13-22% outnumber caverbeains, which represent 3-6% in
terms of NISP. Cave bear is better representediibars in weight. Following cave bears,
mammoths and horses are the abundant taxa in &SP in layer F(X), D-D4 (VII-VIII)
and A2 (Vlla). NISP values are comparable, but Wepgoportion varies. Ivory fragments are
most abundant in D-D4/VII-VIII layers. Further, faa such as woolly rhinoceros and hyena

also occur occasionally.

Several stratigraphic layers were grouped togdthaugment the sample size. As
noted before, the MP R consists of D, D4, E, F,@ndnd the MP U consists of A2 and C.
The Aurignacian horizons consist of three layers;AAl. When grouped together, the MP R
(N=3766) comprises the greatest proportion of gsmblage, followed by the Aurignacian
(N=1522) and MP U (N=1370) (Table 5.8+5.9). On agey;, 28.2% of the material was
assigned to a genus or species level while thevasidentified to family, order or body size.
The percent of identified specimens is lower thendxcavation of 1939. The identified
specimens occur most frequently in the MP R (30,4%hkjch is comparable to MP U (29.4%)
and identifiability decreases in the Aurignaciad.@®/b). This does not correlate with the
sample size of each assemblage. Unidentified spesnwhich were grouped into size class,

show that the fragments of body size 2 are moraddmt than size 3 and 4 (Figure5. 3).
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Figure 5.3 Number of specimens with for each body slass 1-5 from the excavation 2009-
2011.

The weight of the specimens per cultural layerett the relative proportion of NISP,
weighing 11,937 g (MP R), 3521.4 g (MP U) and 4855 (Aurignacian), respectively. When
guantified by weight, the proportion of identifisdecimens is greater than the %NISP for MP
R and Aurignacian. The weight distribution of speens shows that more than 87.2% of the
assemblage weighs less than 5 g, showing thatv#rage size was small in comparison to
the material from the 1939 excavation. Identifipd@mens are differentially distributed
among the cultural units. Altogether, 44% of theghiespecimens are identified in the
Aurignacian period, followed by 38% of MP R andueed relative proportion of identified
specimens (24.3%) compared to the NISP (29.2%) diffexence in the proportion of
identified material between NISP and weight pogsibflects the difference in the degree of

fragmentation.

Both Middle Paleolithic assemblages are dominhtedave bears and unidentified
ursids. Bears occur more frequently than cave bregresented by 17.1% and 16.9% for MP
R and MP U as opposed to 4.7% for cave bears imlagers. The %NISP of both cave bears
and unidentified ursids also remains the same ih b R and MP U. No brown bear has
been positively identified in the assemblage. Ténedears and unidentified ursids decrease

from MP R to MP U, but correlates with the sampie sHowever, the summed weight of
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cave bears is still larger than bears. Cave bearesent 12.6 and 13.9% of MP R and MP U,

respectively, and in comparison, bears make up 6Gu28a3%.

Herbivores make up a small proportion of the asdage. The most abundant taxon in
terms of NISP is horse (N=81) followed by mammatk75) in the MP R. The woolly
rhinoceros and reindeer are roughly comparableimber, and aurochs/bison are scarce but
present. The weight of the herbivores is betteraggnted compared to the NISP, with 9.2%
represented by mammoth and 4.8% by horses. In th&Jlvherbivores decrease in number
considerably. The mammoth and horse are both prdaeimake up less than 2% of NISP,

ranging between 1-4% of weight.

In the MP R, the most common middle to large canra is hyena, followed by wolf.
As with the previous sample, cave lions are rathéncaves. The foxes appear relatively
frequently, in part due to the recovery method.ibgithe MP U, all carnivores including
hyena, wolf, cave lion, lynx and fox decline in ®Sout this is partially due to the smaller
sample size as the proportion of NISP does nat sig@ificantly. The overall proportion of
all herbivores and carnivores/bears including umified specimens shows that the
herbivores account for 18% and carnivores accaur¥-82% of specimens identified to the

mammalian order.

Both the MP U and Aurignacian appear similar it of taxonomic composition.
Bears are the most abundant taxon, followed by baees. The proportion of bears and cave
bears remains consistent, representing 16.2% andeéfgectively. The weight of bears and

cave bears are comparable, making up 7-8.5% aisbemblage.

The number of herbivores including horse, mammmatimdeer and woolly rhinoceros
is low, adding up to merely 1.3% NISP. Unidentifetvids also decrease although the

amount of cervid antlers increases from MP U. Havewoolly rhinoceros is represented
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significantly in weight, accounting for 25% of taesemblages. This relative abundance in
weight is higher than carnivores and ursids conthii@de amount of ivory fragments from
the recent excavation does not increase in thegAadian as one would presume with the
presence of ivory artifacts. Hares increase diightNISP and weight compared to the MP

combined.

Carnivores are scarce as well. The number of waoh@gases slightly, and relative
NISP of hyenas decreases progressively from thérRM&Aurignacian. Fox is the only
carnivorous taxon that increases in the Aurignadiinrofauna will be analyzed by R.
Ziegler and other smaller mammals including foxed laares may be identified. Some fish

and avian remains are identified.

Like herbivores, carnivores are scarce in the aBkagas and ursids dominate. The
herbivores including those identified to the orded family decline in abundance

considerably by the Aurignacian while within the MReir proportions remain comparable.

Comparison of the excavations of 1939 and 2009-2011

Recovered faunal remains from the old and recerdvations at Hohlenstein-Stadel
show little variance, and the general trends areomad in both assemblages. When
differences exist, few possible explanations efste, the excavation method, especially the
systematic incorporation of waterscreening andrspduring the excavations of 2009-2011
resulted in the recovery and identification of deralemains. Further, heterogeneous spatial
distribution of fauna in the cave can affect spgelkundance, which needs to be considered
for any excavation work that includes sampling.tlyashe definition of the cultural layers
and stratigraphy may slightly alter in the futureedo sedimentological analyses and spatial

data of the deposits.
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Sample size from each cultural phase differs, lbettumber of specimens in the MP
R assemblage is larger for recent excavations gwhé rest, the MP U and Aurignacian, are
better represented in terms of the quantity of ispeiss. The older assemblages yielded
greater weight across the cultural phases. Thaxefioe material from the older excavation

determines the general pattern of abundances &itvesfrequencies.

Identifiability is slightly higher from the earliexcavation, ranging between 32-37%
than from the recent excavations (25-30%). Thetifled specimens form 62-80% of the
weight of the older assemblage while they merelpmase 24-44% of the weight of the
recent assemblage. With regard to NISP, specingemtified to medium and large body size
3-4 are more frequent, making up 92.3% in the exitan of 1939, while specimens
identified to large body size 3-4 are less abundabR% in the excavations of 2009-11.
Difference in size of fragments and the identifegdmals is also reflected in the weight
distribution of bones. Altogether, 47-60% of speeams from the previous excavation weigh
0-5 g in contrast to 82-90% of specimens from #oent excavation (Figure 5.4). The
assemblages from two excavations are comparaldesane differences derive from changes
in the recovery method and sampling. Further, tbguency of material identified to body
size shows that the fauna from the recent excavatoe represented by animals of smaller
body size, including size 1 and 2, while the extiamafrom 1939 is dominated by fauna

identified to body size class 3 and 4 (Figure 5.5).
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Figure 5.5 Number of specimens identified to badg slass from the excavation of 1939 and 2009-
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Figure 5.6 Correlation of logNISP taxa of old ardvrexcavations. All the correlation are
also significant (p-value = <0.01). Values withlhigesiduals were labeled.
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Simple linear correlation indicates that roughly®6f variance based on taxa from
the new assemblage is accounted for in the oldvdsdage (Figure 5.6). The correlation of
transformed NISP values between the two assembisdgggh and significant, both for the
Middle Paleolithic (= 0.67, p<.005) and the Aurignacians0.59, p<.005). The outliers
with relatively high standardized residual valuegdude aurochs/bison (1.87) and unidentified
juvenile bears (-1.33) for the MP. Aurochs/bisorreveverrepresented in the old excavation,
and the bears were overrepresented in the receavatkons. Two outliers in the Aurignacian
include cave lions (-1.47), which are underrepresgm the recent excavations and juvenile
bears (1.49), which are overrepresented in thentepeavations. When MP is subdivided,
the correlation is higher for MP U 8.71) than for MP R (8=0.55), showing greater
disparity in the assemblages between the old asehtexcavation. Bears are
overrepresented consistently in all the layers,intathis the prominent difference between

the two assemblages.

With Spearman’s rho test, the correlation beconmgisen for the MP (B=0.81,
p<.0001) but lower for the Aurignacian£.39, p<.05). This is expected in the Aurignacian
assemblage as the average NISP values from thet ®asavation are small, which affects
the ranking order of taxa. When the MP R and Ucaresidered separately, the coefficient for
MP R is R=0.67 (p<.001) and even higher for MP U£R.78, p<.0001). The overall trend
tends towards greater correlation between the ddagmfrom 1939 and recent excavations
during the MP and slightly lower correlations i tA, but the general patterns of taxonomic

abundances are comparable.
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Taxon/Body Size MPR MP U

NISP  NISP% WISP WISP % NISP  NISP% WISP  WISP %
European mole 1 0.02 0.4 0.00 0 0.00 0.0 0.00
hare 10 0.21 2 0.01 12 0.21 17.3 0.04
Eurasian beaver 0 0.00 0 0.00 0 0.00 0.0 0.00
wolf 27 0.56 207.6 0.75 33 0.57 339.3 0.76
red fox 0 0.00 0 0.00 1 0.02 8.9 0.02
polar fox 0 0.00 0 0.00 0 0.00 0.0 0.00
fox 29 0.60 12.5 0.05 20 0.34 32.7 0.07
cave bear 378 7.77 4890.1 17.61 771 13.26 10963.2 24.65
brown bear 0 0.00 0 0.00 3 0.05 141 0.03
bear 707 14.54 1627.9 5.86 447 7.69 1665.4 3.74
cave lion 9 0.19 3284 1.18 4 0.07 36.4 0.08
Eurasian lynx 0 0.00 0 0.00 2 0.03 11.2 0.03
mustelids 0 0.00 0 0.00 1 0.02 0.4 0.00
marten 0 0.00 0 0.00 1 0.02 1.2 0.00
hyena 62 1.28 490.9 1.77 88 1.51 944.0 2.12
mammoth 102 2.10 2746.4 9.89 109 1.87 3293.4 7.40
(tusk) 66 418.2 36 41.4
horse 137 2.82 2125.4 7.65 218 3.75 5636.3 12.67
woolly rhinoceros 41 0.84 1672.9 6.03 57 0.98 2086.0 4.69
red deer 1 0.02 19.8 0.07 1 0.02 11.1 0.02
reindeer 25 0.51 128.2 0.46 34 0.58 436.0 0.98
(antler) 11 1551.2 34 1391.4
aurochs/bison 9 0.19 468.8 1.69 5 0.09 497.6 1.12
human 0 0.00 0 0.0 1 0.02 0.4 0.0
rodent 4 0.08 0.3 0.00 3 0.05 0.6 0.00
carnivore small 24 0.49 5 0.02 7 0.12 2.0 0.00
carnivore medium 220 4.52 222.5 0.80 129 2.22 246.3 0.55
carnivore large 131 2.69 517.3 1.86 158 2.72 923.0 2.07
cervids 15 0.31 42.3 0.15 9 0.15 333 0.07
(antler) 79 3924 70 421.5
bovids 1 0.02 0.4 0.00 2 0.03 3.2 0.01
perissodactyl 0 0.00 0 0.00 0 0.00 0.0 0.00
artiodactyl 0 0.00 0 0.00 0 0.00 0.0 0.00
ungulate small 6 0.12 5.6 0.02 29 0.50 88.8 0.20
ungulate medium 16 0.33 61.7 0.22 18 0.31 98.5 0.22
ungulate large 31 0.64 664.9 2.39 39 0.67 495.5 1.11
ungulate 18 0.37 18.7 0.07 26 0.45 59.3 0.13
Body size 1 32 0.66 6.1 0.02 35 0.60 8.0 0.02
Body size 2 357 7.34 288.3 1.04 169 291 132.4 0.30
Body size 3 707 14.54 1674.7 6.03 1351 23.23 32719 7.36
Body size 4 670 13.78 4634 16.69 1488 25.59 10956.0 24.63
Body size 5 20 0.41 960.4 3.46 15 0.26 425.6 0.96
mammal 1054  21.68 3938.7 14.19 511 8.79 1732.8 3.90
bird 14 0.29 2.3 0.01 16 0.28 9.2 0.02
fish 4 0.08 0.8 0.00 2 0.03 0.8 0.00
Total 5018 100 30127.1 100 5955 100 46336.4 100
total w/o ivory/antler | 4862 27765.3 5815 44482.1

Tab 5.10+5.11 NISP, NISP %, WISP (weight), WISPfé6 combined assemblage per cultural layer
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Taxon/Body Size NISP  NISP% WISP WISP %
European mole 0 0,00 0,0 0,00
hare 31 0,62 30,2 0,07
Eurasian beaver 1 0,02 1,4 0,00
wolf 54 1,08 647,0 1,48
red fox 0 0,00 0,0 0,00
polar fox 3 0,06 6,8 0,02
fox 33 0,66 46,4 0,11
cave bear 798 15,95 20402,0 46,67
brown bear 2 0,04 13,8 0,03
bear 571 11,41 3264,4 7,47
cave lion 12 0,24 499,7 1,14
Eurasian lynx 0 0,00 0,0 0,00
mustelids 0 0,00 0,0 0,00
marten 1 0,02 0,8 0,00
hyena 6 0,12 62,9 0,14
mammoth 8 0,16 477,3 1,09
(tusk) 26 56,7
horse 45 0,90 1386,9 3,17
woolly rhinoceros 13 0,26 3028,70 6,93
red deer 0 0,00 0,0 0,00
reindeer 40 0,80 591,2 1,35
(antler) 92 2605,2
aurochs/bison 1 0,02 44,2 0,10
human* 1 0,02 0,1 0,0
rodent 7 0,14 0,8 0,00
carnivore small 12 0,24 3,8 0,01
carnivore medium 191 3,82 642,3 1,47
carnivore large 181 3,62 1231,6 2,82
cervids 14 0,28 88,8 0,20
(antler) 175 879,8
bovids 1 0,02 1,1 0,00
perissodactyl 1 0,02 30,2 0,07
artiodactyl 1 0,02 1,2 0,00
ungulate small 16 0,32 76,5 0,17
ungulate medium 20 0,40 99,8 0,23
ungulate large 28 0,56 475,30 1,09
ungulate 13 0,26 36,0 0,08
Body size 1 43 0,86 9,9 0,02
Body size 2 257 5,14 220,6 0,50
Body size 3 1112 22,23 2692,0 6,16
Body size 4 992 19,83 6152,4 14,07
Body size 5 10 0,20 292,7 0,67
mammal 470 9,39 1153,0 2,64
bird 10 0,20 7,5 0,02
fish 4 0,08 0,7 0,00
Total 5296 100 47261,7 100
Total without ivory/antler 5003 43720,0
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Combined Assemblage
In total, 16,180 specimens, weighing 123,650.8gyprise the entire dataset for this

study (Table 5.10+5.11). The sample size is alsapewable throughout the MP and A, MP U
(N=5815), followed by the Aurignacian (N=5003) dasdtly MP R (N=4862). Weight also
mirrors the number of specimens: 46,341.1 g forWjB7,373.6 g for the Aurignacian, and
30,314 g for the MP R. The identified specimenghdy make up 32.2% of the number of
specimens, which remains consistent across cultnitd, while the weight of identified
material ranges between 55.7-70.2%. The unidedtdpecimens assigned to body size 3 are
most common in the Middle Paleolithic, while speeima in body size 4 are more abundant in

the Aurignacian.

The faunal assemblage is represented by 16 ditfenammalian taxa, which
inhabited tundra-steppe and woodland environmentisa Pleistocene. Overall, the general
temporal trend does not alter when the data fromassemblages are combined. The most
common taxon is cave bear/bear making up at |€#6t& NISP and WISP, respectively.
Brown bears are scarce throughout the assemblages san subsume bears under cave
bears; they will be considered as one taxonomiagmwhen they are compared with other
sites. The highest NISP and WISP values of caveslagal unidentified ursids are represented
in the Aurignacian (NISP=1369, WISP=23,666.4 gliofeed by the MP U (NISP=1218,
WISP=12,628.6 g) and MP R (NISP=1085, WISP=6513 ¢ %NISP and %WISP of cave

bears are also the highest in the Aurignacian.

Horse is the second common taxon, after cave peatse MP. The NISP and relative
proportion increases from the MP R (NISP=137, NISR%) to MP U (NISP=218,
NISP%=3.8). In the Aurignacian, horse is the tmrost common taxon and still the most

abundant herbivore in the cultural phase, but dsa® substantially from the MP. With
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regard to weight, horses dominate among other viamdior prey animals during the MP U,

but their contribution is smaller in the MP R ahdy become rare in the Aurignacian.

Mammoths are the second most common herbivord3i® Mnd weight during the MP,
and the weight proportion is greater than the lmmoths become scarce during the
Aurignacian. Ivory fragments are also more frequerthe MP than the Aurignacian. The
number of two tusk fragments does not include g@fevory fragments recovered from the
MP. Another megafauna, the woolly rhinoceros, t8xis all the cultural units. The NISP
value remains comparable in the MP and then deesaaghe Aurignacian, although the

weight increases continually from the MP R to the&ignacian.

Reindeer exist in small quantities in both the REhd WISP with no significant
changes in their abundance over time. The notablease, however, is observed in the
number of antlers identified to the reindeer. Arstlhat are confidently assigned to reindeer
become more abundant in the Aurignacian periodh@ucend is also reflected in
unidentified antler fragments, both for the numbkeiragments and their weight.

Aurochs/bison as well as red deer are rare irhelkcultural sequences.

Aside from cave bears, there are diverse carmsvi@presented in the assemblage.
Hyenas and wolves are the most commonly represemtddie-sized carnivores. On the one
hand, the abundance of hyena remains increaséssligpm the MP R to MP U in terms
of %NISP and %WISP, which is followed by a cleaclges in the Aurignacian. On the other
hand, wolf inversely increases from the MP to theidgnacian both in absolute numbers

and %NISP as well as weight and %WISP.

Cave lions are small in number but exist in altumal units. Among small carnivores,
foxes are the most frequent taxon and their abuweddoes not vary over time. Eurasia lynx is

hardly present in the assemblage, and the numhzhef small carnivores including
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mustelids and martens are few in number. Smallwares may potentially also be included

in the microfaunal assemblages and may be beftezgented.

The hares, although small in number, increase inatee Aurignacian period than the
previous MP. Abundances of insectivores and rodeittbe reevaluated when the analysis

of microfauna is completed. There are a small nurobbirds and fish in the assemblage.
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Figure 5.7 NISP of mammalian taxa for combined mdage.
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Figure 5.9 MNI of mammalian taxa for combined adsiage

The relative NISP, weight and MNI of identifieckéaare shown in Figures 5.7-5.9.
The difference between NISP and the weight is blehiven by the size and the overall
contribution of larger mammals. Mammoths, woollindteroses and horses are better

represented in the Middle Paleolithic, and hert@ganake up roughly half of the assemblage.
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Nonetheless, the relative weight proportion shihws decrease of herbivores in the
Aurignacian. MNI values derived from MNE valuess®#ty resemble the NISP values.
However, the MNI decreases for cave bears and notifdel ursids in the Aurignacian, which

indicate that NISP and weight values exaggeratalio@dance of cave bears.

NISP values and weight of taxon indicate positeaelations in the combined
assemblage as well. The Walues of transformed NISP and WISP per cultunalse are over
60%. During the MP R (R0.60, p<.005), hare and fox have higher standaddiesidual
values, both underrepresented in weight. DuringMReU, Aurochs and bison are
overrepresented in weight, but otherwise show bagtelations (B=0.82, p<.0001). Woolly
rhinoceros are overrepresented and hares are epdesented in weight during the

Aurignacian phase R0.67, p<.0001).

MP Aurignacian
Gamble Kitagawa Gamble Kitagawa

Taxon NISP AR NISP NISP AR NISP
cave bear 2674 9,35 2306 1935 3,73 1369
wolf 141 -3,63 60 157 -4,41 54
fox 78 -0,76 50 107 -3,70 36
hyena 476 -9,70 150 44 -4,08 6
cave lion 47 -3,25 13 15 0,47 12
mammoth 58 12,19 211 3 2,21 8
woolly
rhinoceros 116 1,04 98 14 0,86 13
horse 735 -7,41 346 50 2,50 54
reindeer 95 -1,02 59 82 -1,67 40
aurochs/bison 112 -7,15 14 - - -
hare 1 5,18 22 22 2,90 32

> 4533 3329 2429 1624

X2 412,62 73,49

5.12 NISP and adjusted residuals (AR) Gamble anthowed assemblages with compogevalues
(p-value<0.001); Signs of AR refer to values t@ ttuirrent analysis; significant values at p<Or05 i
bold.

The comparison of the NISP from the combined abtmye and Gamble’s analysis

exhibits greater dissimilarity. This is also confed by the/” values, 412.62 for the MP and
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73.49 for the Aurignacian and adjusted residuadbl@ 5.12). Thesg’ values are greater than
+* values based on the reanalysis of the material ¥839 and Gamble alone. The difference
is particularly large in the MP in which wolf, hygncave lion, horse and aurochs are
represented by fewer NISP while the cave bears,m@hs and hares are better represented
in the combined assemblage. During the Aurignadtandifference between Gamble and the
current analysis is roughly comparable, but wojerma and fox are better represented in

Gamble’s analysis while cave bear is better repitesein the current analysis.
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Figure 5.10 Correlation of NISP taxa from Gambld #re current analysis of material from
1939. The correlation is high and significant (pes.001).

However, the correlation between species abundandkis current analysis and
Gamble’s work is still high, with theRvalue of 0.67 for the MP and;Ralue of 0.77 for the
Aurignacian at the significance level of <.001 (g 5.10). These values of correlation
coefficient are lower than when the material frdma old excavation alone was compared, but
still high and significant. Spearman’s rho testp®ito a relatively high correlation (0.77 for
MP and 0.78 for the Aurignacian) at a lower sigrafice level of 0.05. These values suggest

that the material from the old excavation samptethis study is a good representation of
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Gamble’s work. Contrasting recovery methods angimgrspatial distribution of animal

remains may account for a greater degree of differén the taxonomic abundances.

MP R MP U A
Taxon NISP AR NISP AR NISP
hare 10 0,06 12 3,28 31
wolf 27 0,17 33 2,80 54
fox 29 -1,71 21 2,42 36
cave bear 378 11,05 771 3,85 798
bear 707 -12,81 447 6,71 571
cave lion 9 -1,68 4 2,23 12
hyena 62 1,19 88 -8,06 6
mammoth 102 -0,69 109 -8,92 8
horse 137 2,99 218 -10,20 45
woolly rhinoceros 41 0,85 57 -4,86 13
red deer 1 -0,11 1 -0,95 0
reindeer 25 0,57 34 1,18 40
aurochs/bison 9 -1,37 5 -1,50 1
S 1537 1800 1615
X2 205,88 332,26

Table 5.13 NISP and adjusted residuals (AR) forRIRIP U and the Aurighacian assemblages with
compositeg2 values (p-value<0.001); Signs of AR refer to ealof cultural layer to the right;
significant values at p<0.05 in bold.

Kitagawa MP A
Taxon NISP AR NISP

hare 22 4,04 31
wolf 60 3,40 54
fox 50 1,85 36
cave bear 1149 10,12 798
bear 1154 0,54 571
cave lion 13 1,65 12
hyena 150 -7,79 6
mammoth 211 -9,35
horse 355 -9,51 45
woolly rhinoceros 98 -4,75 13
red deer 2 -0,98 0
reindeer 59 1,67 40
aurochs/bison 14 -2,15 1
> 3337 1615
X2 351,52

Tab5.14 NISP and associated adjusted residuals l§jafjeen MP and the Aurignacian with
compositeg2 values (p-value<0.001); Signs of AR refer to ealof cultural layer to the right;
significant AR values at p<0.05 in bold.
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The comparison of each cultural sequence andtadjussiduals between the layers
show that there is a significant difference betwi¥hlayers and the Aurignacian in species
abundance (Table 5.13). Tifevalues indicate that the difference is most sigaift between
the MP R and the Aurignacian, but the number obmawith significant adjusted residual

values (p<.05) indicates a difference between tRelWand Aurignacian.

Between the MP U and MP R, cave bears and unieehtirsids result in higher
adjusted residual values with significance at #¢wel of p<.0001 and horses at the level of
p<.05. The cave bears and horses increase froMPhR to MP U while the number of bears
declines. The difference between MP R and MP U imeceven slighter when the cave bear
and unidentified ursids are collapsed togetheridgssthese taxa, the relative NISP values of
other animals reflect continuity. Between the MRolthe Aurignaciany®values are greater
than between MP R and U. We observe a significaatehse in hyena, mammoths, horses
and woolly rhinoceros, and overall increase in da&ar, bears and hare according to the
adjusted residual values. When the NISP of theRvdihd U are combined, the patterns of
species abundance are similar to that of MP U/Aeré&lis an increase in hare, wolf and cave
bears, but decrease in hyena and prey animalsdingumammoth, horse, woolly rhinoceros

and aurochs/bison.

With some exceptions, the trend of species abwedesimilar when the adjusted
residual values are analyzed based on Gamble’sldatantrast to this current analysis, foxes
and reindeer increase while aurochs/bison decfeasethe MP combined to the Aurignacian.
Therefore, the patterns of species abundance éavittidle Paleolithic and the Aurignacian
are comparable for the current analysis as weBasble’s analysis, which makes up a larger
sample pool. The patterns are characterized bge¢heease of a number of prey animals and

hyenas and a clear increase in cave bears anddmamgsising the Aurignacian assemblage.
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Cave bears, herbivores and carnivores
Herbivores decrease substantially from the M#héoAurignacian (Figure 5.11). This

is partially due to the increase of bears in theignacian period. The abundance of
herbivores expressed as herbivore index showsdugrancrease from the MP R to MP U
and a clear decline in the Aurignacian. The hent@wodices, which include herbivore and
carnivore remains identified to the order of Caona; Artiodactyla, Perrisodactyla ,
Proboscidea are 0.21, 0.25 and 0.10 for the MP RVand Aurignacian, respectively. The
lower values signify the decrease in the proportibherbivores in the assemblage. Further,
there is an insignificant but a positive correlatimetween the NISP of carnivores and
herbivores. These values confirm the temporal tieride decrease of herbivore input in the

deposit during the Aurignacian relative to the MaBaleolithic.

100
a 60
%]
2
X 40
0
MP R MP U A
=@=Dbear 71.05 67.86 86.37
carnivore 6.42 7.24 4.67
== herbivore 20.63 23.62 6.75

Figure 5.11 % NISP of carnivores, bears and herbs/per cultural layer

MP R AR MP U AR A MP AR A
bear 1085 -1,96 1218 11,66 1369 | 2303 11,83 6,418
mid/large carnivore 98 0,941 130 -3,24 74 228 -3,1 1548
herbivore 315 2,073 424 -13,6 107 | 739 -13,6 0
small carnivore 29 -1,43 23 2,256 37 52 1,819 71,05
lagomorph/rodent 11 -0,18 12 3,406 32 23 4,067 1498
X 7,4 216,1 218,5

Table 5.15 NISP and adjusted residuals (AR) ofrtarac group andy2 values (p-value<0.001) for
across cultural layer as well as MP combined coagptr the Aurignacian; Signs of AR refer to
values of cultural layer to the right; significarues at p<0.05 in bold.
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The adjusted residual apfivalues for assemblages based on broad faunal group
(carnivore, herbivore, small carnivore, middle/R@rnivore and lagomorph/rodents) also
confirm this pattern (Table 5.15). The differenetveen MP R and MP U is insignificant
with low ? values and low adjusted residual values. Thersigraficant differences between
the MP U and the Aurignacian, with increases inrdaad lagomorphs/rodents and decreases
in middle/large carnivores and herbivores. The amlynal group which remains consistent is
the small carnivores. All these measures pointhéaricreasing presence of cave bears and
lagomorphs/rodents in the Aurignacian and a detrggsesence of the large predators and
prey animals. This is an indication that thereeigtively little contribution of animal
carcasses transported into the cave, while thegamimus animals, mostly bears, become

more abundant. Predators also show a decreasesare in the faunal assemblages.

Diversity
Different measures of taxonomic diversity showéo evenness value for the

Aurignacian in comparison to MP R and MP U (TahlE6). The Shannon index of evenness
is the highest in MP R, decreasing in the MP U tlwedAurignacian. Such patterns reflect the
dominance of certain taxa, namely cave bears armisemblage. Such patterns are also not
driven by the sample size per se. The reciproc8limipson’s Index (1/D) displays
comparable measures of evenness for the MP R and.NfiPcontrast, the Aurignacian
period is characterized by reduced evenness wadlver Simpson’s index value. Some
evaluate evenness by dividing the Simpson’s indigx tke number of taxa (NTAXA). The
relative evenness among the strata alters slightti, MP R showing the highest evenness
value, though the Aurignacian is still the leastedse assemblage. Measures of taxonomic

diversity all highlight the low diversity measurethe Aurignacian assemblage.
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All Without bear
MP R MP U A MP R MP U A
NTAXA 13 16 14 12 14 12
Shannon index of evenness 0,46 0,45 0,28 0,34 0,30 0,36
Simpson's index (D) 0,51 0,48 0,72 0,18 0,21 0,15
1/D 1,95 2,10 1,39 5,58 4,72 6,80
Simpsons index of evenness 0,15 0,13 0,10 0,46 0,34 0,57

Table 5.16 Diversity values for across differentians with all taxa considered and cave bear/bear
excluded.

When the cave bears are excluded from the asaly@ measure of diversity
increases for all the cultural layers. The Aurigaa@ssemblage shows a greater value of
evenness relative to the Middle Paleolithic. Desthe fact that the presence of carnivores
and cave bears obscures signatures of hominintsciivs possible that greater evenness of
large game in the Aurignacian is a partial refl@ctof diversification in the prey choice of
humans. There is a weak and positive correlatitwden sample size and the measures of
diversity (Rs =0.96 for both Shannon and Simpsordex of evenness), so this interpretation
should be taken with caution. Nonetheless, it afgpiee diversity indices track the
dominance of cave bears, while the exclusion oédsars from the indices highlights the

diversity in the herbivorous taxa at the site.

Taphonomy
Preservation of faunal remains

Based on the weathering stages, roughly 35-508p@&dimens show some weathering
(Figure 5.12). Among weathered specimens, mosbéeldi surface cracking or light flaking
(stage 1 and 2). Heavier weathering between st&§esffects the surface of the bone to the
degree that it could obscure other modificatiorghsas butchering marks from humans as
well as scoring and trampling. From the lower te tipper horizons, there is a gradual
increase in the number of weathering specimens dduld be attributed to the duration of
specimens exposed on the surface prior to burialedlsas mechanical weathering that can

result from biological forces such as trampling.
163



100%

90% - - B 4 severe deterioration, deep
flaking
80%
70% @ 3 deterioration, greater flaking
. (<50% intact)
]
02 some deterioration, light

50%

flaking (>50% intact)
40%

@ 1 some surface cracking

30%
20%

00 unweathered
10%

0% T T 1
MP R MP U A

Figure 5.12 Weathering stages for each horizon

heavily not rounded+
rounded % rounded % rounded heavily rounded AR total
A 312 5,89 93 1,76 4891 405 -35,45 5296
MP U 1590 26,70 351 5,89 4014 1941 17,09 5955
MP R 1365 27,20 350 6,97 3303 1715 18,14 5018

Table 5.17 Frequency and % of specimens with rimgfideavy rounding. Adjusted residual (AR)
values for rounded and heavily rounded specimembiwed.y’ value: 1260.36 and significant AR
values in bold (p<.001)

At the same time, the frequency of specimens &ftelby mechanical and chemical
rounding is high in both layers of the MP, whiclfeafs the preservation of bone surface
(Table 5.17). It appears that the faunal mater@hfthe Middle Paleolithic shows a greater a
frequency of rounding or abrasion, which could hesam several causes such as chemical
weathering, trampling or carnivore gnawing. Thisaesfirmed by adjusted residual values,
which indicate that rounded specimens occur maguiently than expected in the MP R and
MP U assemblages and occur less than expected iuthignacian. Thus, while the
assemblage from the MP is characterized by, in pagteater frequency of rounding in the
assemblage, the Aurignacian assemblage shows t@igpeaportion of specimens with
weathering. Since rounding could mask weatheriagyalacurred prior to other abrasion, it is
possible that the degree of weathering on faunstmahdid not differ significantly in all the

horizons, but that a greater proportion of the MBeablage is affected by rounding.
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While rounding could be attributed to several esusigh frequency and the size of
specimens cannot solely be attributed to carnigasving. When specimens with carnivore
digestive corrosion and rounding were excludedgtisea greater rounding without visible
carnivore traces in the Aurignacian than in the MiRmpling, another physical force that can
account for rounding, has not been recorded asiémtty as expected, considering that cave
bears actively alter the spatial distribution oheens when they prepare for denning
(Camaros et al., 2013). It is possible that undeérscratches, which are a key trait in
identifying trampling, do not always co-occur wi#pecimens that undergo rounding, or that

rounding itself masks other diagnostic featuresapling action.

Another possibility is that the rounding occurdkee to chemical dissolution. This
could account for the lack of other features tleédte to biological agent and the range in the
size of specimens affected by rounding, which cd@dt times relatively large. Water may
have permeated the sediment or may have been stisénough to cause a flow, which
could cause rounding. The preliminary analysis #dasemicromorphology appears to
disprove this possibility, noting that there isalear evidence of water flow (Jahnke, 2013).
This, however, needs to be confirmed with additi@tadies within the inner part of the cave.
Also, Riek (1934) noted loamy sediment with watethie MP horizon of Vogelherd, which
caused rounded edges and polished surface of e, 2006). The phosphate
enrichment of sediment will be analyzed to consatemical corrosion of bones of MP R
(Smith et al., 2007). Although at different sitbggh phosphate levels in the
micromorphological samples from Geil3enkltsterle ldotile Fels in the Middle Paleolithic

level do in part leave this possibility for futistudies.

Anthropogenic modification
The signature of human activities linked to sulesise activities and habitual use of a

site is not well represented in the faunal assegaslaAnthropogenic modification includes
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cutmarks, impact fractures and burning. Other foofrenthropogenic modification such as

organic artifacts are not considered in this anglys

Cultural Anthropogenic
ID # layer Taxa Element modification
409 MP R Body size 3 long bone shaft impact fractures
193/173.1322 MP R Rangifer tarandus Metatartus Il impact fractures
193/173. 852 MP R Body size 4 Rib cutmarks, possible
4209 MP U Body size 4 long bone shaft artl::zuiﬁzsrlble
866 MP U Body size 4 long bone shaft cutmarks
5848 MP U mid Carnivora Thoracic Vertebrae cutmarks
4031 MP U Equus sp. metapodial cutmarks
577 MP U Equus sp. long bone shaft impact fractures
782 MP U Ursus spelaeus long bone shaft impact fractures
1226 MP U Body size 3 long bone shaft impact fractures
7040 MP U Rangifer tarandus antler impact fractures
1488 A Ursus spelaeus Rib cutmarks
1416 A Equus sp. Humerus cutmarks
1984 A Ursus sp. Rib cutmarks
2158 A Body size 4 Femur cutmarks
3590 A Body size 3 Rib cutmarks
3814 A Body size 3 Rib cutmarks
5885 A Body size 4 Rib cutmarks
5995 A Ursus sp. Femur cutmarks
1807 A Ungulata Rib cutmarks
1539 A Body size 3 Rib impact fractures
1986 A Body size 4 long bone shaft impact fractures
3828 A Cervidae Radius impact fractures
9184 A/MAG Body size 3 ind. Long bone Cutmarks
9376 A/MAG Ursus spelaeus Baculum Cutmarks
9358 A/MAG  Rangifer tarandus Femur impact fractures
9345 A/MAG  Rangifer tarandus Tibia impact fractures

Table 5.18 Specimens with cutmark and impact frastu

Cutmarks are sparse and warrant closer examin&mme of the cutmarks are deeply
incised. Butchering marks with greater depth &elyito withstand surficial weathering and
other forms of modification. Due to the common @lewnce of rounding, we conclude that

abrasive force adversely affected the identifiglthropogenic marks that may have been left
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on the assemblage. Therefore, the interpretaticafow striations remains elusive, which

can result from human scarring, carnivore scoringealiment abrasion on the surface.

In the MP, the number of specimens with impaattfrees is greater than that with
cutmarks. The impact factures of MP R are foundeomdeer metatarsals and on an
unidentified shaft fragment. There is also a gpea with possible cutmarks. Metapodials of
reindeer contain larger amounts of marrow andpessible indication of marrow extraction.
During the MP U, there is one specimen that isréifaet, possibly a retoucher with
percussion pits exhibited on the long bone shalfioaly size 4 (cave bear and horse).
Cutmarks are on one equid metapodial, one vertdtaaniddle-sized carnivore, and one
unidentified shaft fragment. Impact fractures a@reayved on four specimens including horse
and cave bear as well as on the antler of a remuée can only infer, however, that the last
specimen is related to artifact production, siferhorphology of the breakage patterns also

differs from bones.

During the Aurignacian, there are a greater nunebspecimens bearing butchering
marks than percussion marks. The cutmarks on thelo@ar rib occur on two specimens
(Figure 5.13). Butchery of ribs usually point tdldshing/filleting of the meat, which has not
been documented often in the Paleolithic recor@ dkidence of cutmarks suggests the
opportunistic exploitation of cave bear for sulesise. Impact fractures are again observed on
cervids/reindeer, which could indicate marrow ecticm. The number of impact fractures
and cutmarks speaks to a relatively small rolenfonans in the modification of faunal
assemblages, which also is an indication that gibestators transported the material into the

cave.
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Fiure 5.13 Cut marks on a bear a Iose-u -

Burning is the most common form of anthropogenaxification across all horizons.
Many of the specimens were charred and highly fexged, which point to the possible use
of bone as fuel, although the direct exposure & beuld have been related to other activities
such as cooking or due to unintentional subsurfaceing of animal remains below
combustion feature (Costamagno et al., 2005; Séhat., 1995; Théry-Parisot et al., 2005).
During the MP, the relative frequency of burnt spems remains consistent at 2%, but there
is a decrease in the number of burnt specimens thhenvP to the Aurignacian, which
comprises 1% of bone specimens. This is also tefleia the weight of the burnt specimens,

which tracks the pattern in the frequency of specis

burntbone %  weight(g) unburned bone % AR
A 48 1,04 52,3 4551 98,96 -4,42
MP U 94 2,17 131,7 4228 97,83 2,91
MP R 69 2,03 122,3 3332 97,97 1,67

Table 5.19 Frequency and weight of burnt boneispats. Adjusted residual (AR) values for burned
specimeny’value: 19,74 and significant AR values in bold (B4)
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The adjusted residual values show that the buroirsgpecimens occurring in MP R
and MP U is within the expected range compare@soaf the strata, while the amount of
burnt material in the Aurignacian is significankhgs than expected (AR=-4.42) (Table 5.19).
The decrease of burnt material in the Aurignacsaals$o significant =18.20, p<.0001)
when the frequency in MP U and the Aurignaciamispared. Therefore, the most frequent
form of anthropogenic modification, burning, desesfrom the MP to the Aurignacian in a
significant proportion and testifies to decreasisg of hearths and possible decline in human

occupation of the cave.

anthropogenic
modification % unmodified AR
A 64 1,21 5229 -6,55
MP U 102 1,71 5853 -3,93
MP R 212 4,22 4806 10,75

Table 5.20 Frequency of modified and unmodifieccapens

anthropogenic modification | MPR  MPU A
cutmark 1 3 11
impact fracture 2 5 5
burning 209 94 48
S 212 102 64

Table 5.21 Frequency of specimens with cutmarkaichfracture and burning

Overall, the proportion of the specimens with aoplogenic modification is relatively
low throughout the sequence (Table 5.20 + 5.21hénMP R, the modified specimens make
up 4.2% of the entire assemblage, while signatof@siman activity related to hearth making
and subsistence come to a mere 1.7% and 1.2% MPhd and Aurignacian, respectively.
Based on the AR values, anthropogenic modificaticzcurs at a greater proportion in the MP
R, but at a lower proportion in the MP R and Auagian as expected. The difference in
proportions between MP U and Aurignacian is natigsificant as the decline from the MP R

to MP U. §?=42.7, <.001).
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Carnivore modification
Carnivore modification, as described in the meth@hcompasses a range of

mechanical alterations to animal remains. Whefoaths of carnivore modification are tallied,
it is most frequent during the MP U (Table 5.22)ko8ether, 11% of the specimens were
affected by carnivore damage in the MP U in contiaghe MP R (6.1%) and Aurignacian
(5.1%). They? value for specimens with and without carnivore ification is significant

(157.47, p <.001).

carnivore modification | undamaged | AR % carnivore modification
A 269 5024 -8,20 5,08
MP U 649 5306 12,40 10,90
MP R 306 4712 -4,61 6,10

Table 5.22 Number of specimens with carnivore firwation and adjusted residuals by horizon with
v2 value= 157.47. Signs of AR refer to values facmens with carnivore modification. Significant
values at p<0.001 in bold.

The proportion of carnivore modification from th# R to MP U increases
significantly *=78.98), and carnivore damaged specimens becomegjirgnt at a significant
level (*=126.57) in the Aurignacian compared to the MP WheWthe MP is combined, there
is still a decline in the frequency in the Aurigieac(’=67.4, <.0001). The adjusted residual
values of carnivore damaged and undamaged specewerss the horizon are all significant,
which, based on the sign of AR suggests that th@wae damaged specimens occur more
frequently in the MP U, while there appears todssIcarnivore modification in the MP R and
the Aurignacian than expected. The relative infegtpy of carnivore modification is in part
affected by rounding, which occurs commonly in Biié R assemblage, eliminating traces

prior alterations.

Different forms of carnivore modification do nataur consistently across the
horizons. The occurrence of gnawing, scoring, pitsictures and digestive corrosion is
tallied to observe the frequency over time (TabB8%and Figure 5.14). Specimens with
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multiple patterns of carnivore damage have beerutabd twice. The most common form of
modification is digestive corrosion in the MP R avi@ U, and carnivore pits in the
Aurignacian. The frequency of gnawing and scoriagrdases from the MP R and MP U at a
significant level while the specimens with digestoorrosion are better represented in the MP
U according to the AR values (Table 5.24). Compéaoettie MP U, the Aurignacian is
characterized by a high frequency of gnawing, scpmits, punctures, but a low frequency of

digestive corrosion.

MP R % MP U % A %
carnivore gnawing 43 0,86 30 0,50 34 0,64
carnivore scoring 22 0,44 19 0,32 30 0,57
carnivore pit 75 1,49 145 2,43 154 2,91
carnivore punctures 14 0,28 31 0,52 41 0,77
carnivore digestive corrosion 169 3,37 448 7,52 40 0,76
total specimens with carnivore damage 306 649 269
total specimens 5018 5955 5296
Table 5.23 Number of specimens with different g/pécarnivore modification and %
100%
90%
e 70% Ocarnivore digestive corrosion
()
g 60% @ carnivore punctures
[}
Q.
qg 50% O carnivore pit
g 40% B carnivore scarring
£
5 30% - @ carnivore gnawing
20%
10% - I
0% T T
MP R MP U A

Figure 5.14 Number of specimens with different g/pécarnivore modification per horizon
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MP R/U MP U/A | MP/A
carnivore gnawing -5,02 4,01 2,23
carnivore scoring -2,97 4,74 3,94
carnivore pit -0,60 9,34 9,84
carnivore punctures 0,19 5,00 5,60
carnivore digestive corrosion 4,33 -15,31 -14,73

Table 5.24 Adjusted residual (AR) values for difiat types of carnivore modification

Thus, a change in the type of carnivore damagedsimented from the MP U to the
Aurignacian. The decrease of digestively corrogeztsnens is still significant when the
combined MP assemblage is compared with the Aucigna Further, the infrequent
occurrence of fauna damaged through digestion égators in MP assemblages can in part

explain the increase in the frequency of other ®ahcarnivore damage.

Corrosion through salivary acid alter the morplyglof specimens in a form of heavy
rounding, which then obscures other damage pattespgcially that of surficial
modifications (scoring and pits when the depressarot so deep below the surface of
bones). Therefore, it is probable that other foaihsarnivore modification occurred more
frequently than observed, and later obliteratedveéicer, the decline in digestively corroded
specimens is an independent trend that is nottafldzy other physical modification of

specimens.

The decrease of digested specimens may relatetming predators responsible for
the modification of the animal remains on site. gkeeaeral abundance of wolves, which also
damage bones with salivary acid, is consistent fiteerMP to the Aurignacian, and
carnivores appear to be present during the Aurigngeeriod. Instead, there is a clear
decrease of hyenas from the MP to the Aurignadtarther, the dentition of hyenids is
adapted to crushing bones, and hyenas have gletedorce than other middle and large size
predators such as wolves (Werdelin, 1989). Theyteeefore more inclined to consume and

digest bone fragments and produce regurgitated scatigested bone remains. Thus,
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specimens with digestive corrosion are associatddlwenas scavenging and consumption

patterns.

The number of pits suggestive of small carnivooglification suggests foxes, martens,
mustelids, wild cat, and their frequency increasgaificantly from the MP to Aurignacian
(x’=7.91, p<.005). However, the frequency of middld kmge carnivores does not indicate
significant difference between the MP and the Angigian and thus, the number of specimens
affected by carnivore pitting is similar in frequgn Carnivore puncture, on the other hand,
increases slightly over time with some significaée7.65, p <.006). Further, there is a
significant decline in the number of specimens shgworrosion through carnivore digestion

(x’=217.4, p <.0001).

Carnivores exploited a diverse range of taxa wtiaolg herbivores, carnivores and
ursids. %NISP of identifiable taxa with carnivor@tage shows that herbivores are most
heavily modified by predators, followed by carnigsrand cave bears except for the MP U,
where 26% of wolf and hyena remains were explditedther predators (Table 5.25). The
percent of ungulate and proboscidean remains \aithivvore damage increases from the MP
U to the Aurignacian from 12% to 29%, pointing e fgreater importance of herbivores over
carnivores in the early Upper Paleolithic. The nfiodtion on cave bears is at 1.8% in the MP

R, but increases in the MP U and the Aurignaciab.éoand 6.5%, respectively.

MP R MP U A
specimen % AR specimen % AR specimen % AR
bear 20 1,84 -6,97 68 5,58 -5,61 89 6,50 -6,96
carnivore 4 7,14 1,27 15 26,32 5,25 11 11,96 1,29
herbivore 33 10,48 6,78 51 12,03 3,65 31 28,97 7,98

Table 5.25 Frequency, % and adjusted residual (aRjes of specimen with carnivore modification

on bear, carnivore and herbivore.
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The adjusted residual values demonstrate thatioeds are inflicted by carnivore
damage more frequently than expected and cave Wgarsarnivore modification occur
infrequently in contrast to the other two faunalgss in the MP R assemblage (Table 5.25).
During the MP U, carnivores consisting mostly oflwes and hyenas are modified
extensively by other carnivores compared to otlieoriomic groups. Nonetheless, herbivore
remains with carnivore damage are also higher mbar than cave bears. During the
Aurignacian, the occurrence of herbivore specinvetis carnivore modification is high while

cave bears are not affected by carnivores as exghect

Carnivore damage can render the specimens urfideigidue to attrition and
fragmentation, and we need to evaluate whethetréinel described above is still applicable to
other carnivore-damaged specimens. When unideshttBenivore/bear remains (as they are
cannot be distinguished on the level of Order) amdentified herbivore remains are tallied,
the number of carnivore/bear with predator damateemains low in the MP R at 2%,
increasing to 6% in the MP U and Aurignacian (Tdak6). In contrast, herbivore remains
with carnivore damage increase in the Aurignaciah8% relative to the MP R and MP U
(10.3 and 11.9%), respectively. The adjusted redidalues show that carnivore/bear remains
damaged by predators are not so well representibe iNP R as expected, and relative to
other strata (-5.56), while herbivore remains, dedpe proportional increase in the

Aurignacian, is not significantly more common basedhe AR values (on the level of

p<0.05).
Bear/Carnivore herbivore
damaged undamaged % AR damaged undamaged % AR
A 111 1734 6,02 2,67 38 164 18,81 2,94
MP U 96 1473 6,12 2,58 65 482 11,88 -0,70
MP R 30 1335 2,20 -5,56 39 339 10,32 -1,64

Table 5.26 Frequency, % and adjusted residual ¢aRjes of specimen with carnivore modification
on unidentified bear, carnivore and herbivore.
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The differential distribution of carnivore modifiton on faunal groups points to
hunting and transport of herbivorous taxa by cames. Further, the damage on carnivore
remains does not suggest a predator-prey relatimnsiraspecific competition among
hyenas is well documented in modern communitigeeérsavannah, which can partially
account for the intensive damage by carnivorestr@onto some arguments that carnivores
actively hunt and consume cave bears during whiternation (Diedrich, 2012), carnivores
did not heavily prey on cave bears but turned tbikieres as their prey. However, the
preference of prey and the behavior of predatong wedifferent ecological communities and
the geographical settings of the caves (specificaith regard to accessibility and visibility),
which does not lend itself to a broad generalizaibout carnivore and cave bear interaction

in the Paleolithic landscape.

Other modifications

Certain alteration is due to the depositional erpithe mineral and clay composition,
which affected the faunal material. Some specins@isv clear staining from manganese
oxides. This appears in the form of black spotthensurface of the bones. This form of
modification is most commonly observed in the MRAE a side note, this form of staining
occurs in the lower level known as the Black MPaanore frequent and extensive degree,
which accounts for the term ‘Black Mousterian’ tesdribe the horizon.) Other forms of

modification such as root etching and rodent gngvaire rare in the assemblage.

Several lines of evidence point to greater coatidns of exogenous faunal remains
by non-human predators. Carnivore modification oegecnore frequently than anthropogenic
modification. Further, ungulate and proboscideanaies indicate carnivore modification at a
higher proportion than anthropogenic modificatibrotighout all cultural sequences. It is

likely that many of the animal carcasses, exceptife cave bears, were transported by non-
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human predators. However, the decrease of carnamatenthropogenic modification from
the MP U to Aurignacian is an independent phenomgpointing to a greater overlap of
carnivore and human activity in the cave duringhtie and subsequent decrease of human
and carnivore presence. There is no clear signoafifination on fauna by cave bears.
Determining the predators/scavengers responsibleafmivore modification always poses
challenges and limitations. Patterns of carnivaeage and the interaction with animal
remains are not determined solely by biologicdketd&nces between animal species but also
by the condition of the animal (such as the preseficompetition, appetite) (Faith et al.,
2007). Further, cave bears are known to consunme platerial only based on the isotopic

studies. This point requires further investigatiomhe future.

Skeletal representation and Ageing

Cave Bears

Cave bears often are recovered from caves asith ofsatural mortality during
winter. To test rather if this is the case at #iig, we study the skeletal representation and
ages of the cave bears. We expect that the cave Wwédbbe represented by all body parts if
animals entered the cave during hibernation. Seusgasures are used to assess if this is a

reasonable assumption.
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Figure 5.15 NISP abundance of skeletal elementsdoe bear
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The relative NISP abundance of skeletal elementsvided into head, axial, frontal
limbs, hind limbs, carpals/tarsals, metapodials gimalanges (Figure 5.15). The cave bears
and unidentified ursids are heavily biased tow#néscranial elements or teeth and against
other skeletal parts in MP R and MP U. When themNdScave bear and unidentified ursids,
according to body parts, are combined, followirrgasonable assumption that most bear
remains are cave bears (due to the scarcity ofiokmars in this deposit), there are
significant differences in the skeletal elemenhe}” values and AR values of MP R and MP
U point to a significant decrease in the craniatgpand increase of axial elements, hind limbs
and phalanges. The cranial part is less represdmtiethe axial element, frontal limbs and

metapodials occur more frequently in the Aurignacia

Further, the weight proportion of the completelsta of the brown bear (UR 7 in
zooarchaeological reference collection of Univgrsit Tiibingen) was compared to relative
weight of the cave bears by skeletal elements €rald7 and Figure 5.16). The difference in
the weight proportion between the modern brown bedrPaleolithic cave bear is shown
under % difference. For modern brown bear, crasiaal as the upper frontal, hind limb
(humerus and femur) and vertebra are heavier cadparother elements, but each skeletal

part does not exceed 15% in the entire weight®fiteleton.

Cave bears from the MP R are represented by assxeeight of crania and mandible
fragments, at 20.6% and 14%. In contrast, mani@fimb proportions including humerus,
femur and tibia and the axial elements, are undezeented. The MP U is also represented by
a similar pattern. The cranial and mandibular parésoverrepresented by 12 and 18.3%,
respectively and the axial element, pelvis, vedebrd forelimbs are underrepresented by -4.5
to -9.6%. The Pearson correlation coefficienthef telative weight distribution for modern
brown bears and the cave bears from the Middleokidle (MP R and MP U) is low and

indicates that the weight representation varieh litile resemblance to the reference
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collection. Therefore, the skeletal representatibcave bears from the Middle Paleolithic

contradicts the assumption that entire individaaésrepresented.

Comparative MP R MP U A
skeleton
% % % %
Skeletal Element & ? & difference & difference & difference
Cranium + Maxillary 833.0 116 |2012.6  20.6 20.7 12.0 8.4 2.4
teeth
x:::'b'e tMandibular | 50 6 55 12630 150 38.0 18.3 18.8 8.9
Hyoid 6.0 0.1 15.9 0.2 0.2 0.1 0.3 0.1
Scapula 353.0 4.9 7.4 -4.8 0.0 -4.7 0.0 -0.9
Humerus 711.0 9.9 254.2 -5.8 3.5 -4.5 4.7 -5.2
Radius + Ulna 594.0 8.3 585.1 1.1 3.4 -3.1 2.7 -4.9
Carpus 99.0 1.4 118.4 0.5 1.8 0.9 3.1 1.0
Metacarpus |-V 129.0 1.8 267.6 2.5 33 1.7 6.8 4.2
Baculum 0.0 0.0 99.2 1.6 0.4 0.4 0.6 0.7
Pelvis + Sacrum 575.0 8.0 6.2 -7.9 0.4 -7.5 2.6 -5.3
Femur 828.0 11.5 208.3 -8.2 5.2 -4.8 10.3 -2.8
Patella 40.0 0.6 124.0 1.4 1.4 1.0 1.9 1.0
Tibia + Fibula 555.0 7.7 166.9 -5.0 3.7 -2.2 2.9 -2.1
Tarsus 186.0 2.6 245.2 1.3 3.0 0.6 6.8 2.2
Metatarsus I-V 124.0 1.7 170.6 1.0 2.6 1.1 5.9 2.8
Phalanx + Sesamoid 208.9 2.9 234.2 0.8 4.2 1.9 4.3 0.5
Vertebra 963.0 13.4 133.1 -11.3 3.3 -9.6 12.3 2.6
Ribs + Sternum 618.0 8.6 344.3 -3.1 4.8 -1.6 7.8 -0.5
Total 7196.9 6256.2 12260.8 23304

Table 5.27 Weight of skeletal element from cavebaad relative % difference with the comparative
skeleton of brown bear.
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Figure 5.16 % Weight of skeletal element for cagardfrom comparative reference skeleton and
combined assemblage.
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On the other hand, the weight proportions of Amgigan and the comparative
skeleton show a better fit with a higher Pearsanoiselation coefficient, with the exception of
the mandible. Further, forelimbs and pelvis arghdly underrepresented in the Aurignacian
assemblage in comparison to the modern brown Bearall, the Pearson’s correlation
efficient is .66 at a level of p<0.005. Therefdtes skeleton is relatively equally represented
without a substantial bias towards the dental efgm@he Aurignacian assemblage fits the
prediction that that bears died naturally in theegavhich resulted in more equal

representation of skeletal elements.

The bulk density measurement, which is a meadutteeccompactness of bones for
microstructure (Lam et al., 1999; Lyman, 1984; &tjr2004), predicts the degree of
fragmentation that elements and element portiofisuiwilergo under naturah situ attrition.

This usually results in the overrepresentatiorhefrniddle shaft that is most compact, and
underrepresentation of epiphyses and other elemétit€ancellous bone structure. Ideally,
one should measure the bulk density on the spdaifien, as the density may vary according
to the anatomy. The general results show thathiihisspreserve better than the epiphyses due

to spongy bones, which are finer in structure, #wedhin cortical bones of the end bones.

With fully developed cave bear remains, epiphyddeng bones including fore and
hind limbs are nonexistent in the MP R and scardbe MP U. In the Aurignacian, epiphyses
occur more frequently, but still at 3.8:1 ratiorther, we expect that the MNE of tooth and
cranium/mandible would be comparable if there wapmeservational bias against fragile
parts (Table 5.28). However, the comparison ofdhedues shows that the teeth make up the
majority of the MNE cranium element for cave beaspecially for the MP R and the

Aurignacian and less so in the MP U.
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MP R MP U A

NISP

cranium 30 48 65
maxillary teeth 106 188 79
mandible 6 12 27
mandibular teeth 116 250 101
MNE

cranium 8 7 7
maxillary teeth 23 44 21
mandible 1 3 3
mandibular teeth 26 47 27

Table 5.28 NISP and MNE value of cave bear

The skeletal representation does not at firsttsighfirm the assumption that cave
bears died naturally in the cave, especially inNtie However, biases against epiphyses and
high occurrences of shaft fragments are evidenae $ifu attrition, which likely affected the
lower horizons more than the Aurignacian. Therefins possible that the animal remains,
including cave bears, were affectedibgitu destruction of animal parts, which resulted from
natural processes such as mechanical pressures&diment or trampling. The data do not
contradict the hypothesis that cave bear remaitiseiicave resulted from natural hibernation
deaths when we consider that post depositionakgsoaffected the abundance of body parts

and skeletal elements.

The mortality profile reveals the proportion of @niles, adults and old adults in the
cave bear population. As a general comparisorpakécranial elements as well as the teeth
are studied. We expect that the juvenile remaitish@ithe most common age group

represented in the cave bear assemblage if thdyndieirally during their hibernation.

The proportions of adult and juvenile post-craeiaiments, mostly of limb bones, are
simply tallied for adult and juvenile bones andwtibat the number of juveniles is
comparable to or exceeds adults. The ratio of thit and juvenile specimens consistently

indicates that there is a greater abundance ohjless increasing in proportion from the MP
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R to the MP U and Aurignacian. The ratio of the swed limb and scapula elements indicates
that the juveniles are most abundant in the MPollpwed by the Aurignacian and MP R
(Table 5.29). On the one hand, attrition is usulbised against juveniles due to its greater
porosity and the lack of thick cortical structur@ the other hand, it is likely that heavy
fragmentation of adult remains can lead to redudeditifiability of specimens in contrast to
juvenile remains which will be buried more readilye to their size. We cannot assess which
of these taphonomic forces had a greater roleisnddposit, but the juveniles appear to be

better represented than adults.

ADU MPR MPU A |JUV MPR MPU A | ADUJUV MPR MPU A

Scapula 0 3 17 | Scapula 2 1 5 | Scapula 0,00 3,00 3,40
Humerus 3 4 12 | Humerus 18 24 36 | Humerus 0,17 0,17 0,33
Radius 3 5 7 | Radius 3 3 12 | Radius 1,00 1,67 0,58
Ulna 4 7 7 | Ulna 5 10 18 | Ulna 0,80 0,70 0,39
Femur 2 9 12 | Femur 7 7 15 | Femur 0,29 1,29 0,80
Tibia 1 6 5 | Tibia 6 11 11 | Tibia 0,17 0,55 0,45
Fibula 2 20 15 | Fibula 6 8 9 | Fibula 0,33 2,50 1,67
2 15 54 75 |2 47 64 106 | 2 0,32 0,84 0,71

Table 5.29 NISP of adult and juvenile cave beaetas scapula and long bone

To study the proportion of old adults and assessdpresentation among all the age
classes, we turn to teeth. As mentioned before,2diiBxscheme (in press) is based on a finer
division of the development of teeth during thegowNe stage and can be applied to specimens
that are slightly more fragmented than Stiner'ssseh (1998). Permanent teeth were only
considered in the study as to avoid counting irtlials twice by including both deciduous
and permanent teeth. More importantly, the occeeaf deciduous teeth does not equate to

the mortality of the individual.
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Miinzel MPR MP U A Stiner* MP R MP U A
p* J 9 6 4 p* J 8 10 4
A 4 3 1 A 0 1 0
0 0 5 2 0 0 2
m* J 6 21 15 m* J 5 25 14
A 3 3 1 A 1 2 2
0 2 3 1 0 0 4 1
M? J 11 25 12 M? J 11 28 12
A 4 5 0 A 2 2 0
0 2 2 1 0 1 3 1
P, J 3 4 0 P, J 0 3 2
A 2 4 2 A 1 2 0
0 0 0 0 0 0 0 0
M J 12 30 6 M J 10 28 8
A 5 9 6 A 3 12 6
0 2 6 4 0 1 3 2
M, J 9 26 14 M, J 7 36 18
A 5 9 7 A 4 3 1
0 2 6 0 0 0 4 0
M, J 7 9 4 M, J 7 10 4
A 3 2 1 A 2 6 1
0 2 6 0 0 0 3 0
total 94 184 82 total 63 189 78

Table 5.30 Ages of cave bear for each premolar/inaa@eording to Minzel and Stiner
Table 5.31 Ages of cave bear for each premolarinamleording to Stiner (1998) *ages correspond to
the following cohorts: juvenile (I-111), adult (I\¥I1), old adult (VII-IX).

Most of the assemblages are characterized by #egmaundance of juveniles (Table
5.30). There are a large number of subadult/atulfse MP R and MP U. This corresponds
to the second winter for cubs, which is a vulnexgi@riod associated with high mortality.
Such patterns show that many of the cave bearsgept natural mortality that occurred
during the second winter for subadult/adults. Thayever, is biased against the erupting
permanent teeth since they are not mineralizechem@rone to fragmentation. After
subadults, adults and old adults are more commoweder, when all the juveniles from
fetus to subadult are grouped together, juvenitesidate the assemblage in the MP R and

MP U, comprising 63 and 67% of the aged individuals
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During the Aurignacian, subadult/adults become éessmon while the adults and old
adults are more frequent. Among juvenile, primeltaalud old adult groups, the juveniles and
adults are equally represented, each comprising@8%e assemblage. In all strata, old
individuals are the least represented age grotipeimssemblage. Based on the program by
Weaver et al. (2011), the Nhdicates the assemblage reflects a juvenile datathpattern
for the MP. The sample size of the Aurignaciarelatively small and represents an

assemblage with equal representation of all agepgr¢Table 5.30).

In Stiner’s scheme, the mortality profile is hegndbminated by groups II-1ll (Table
5.30), which is equivalent to the subadult phaddimzel's scheme, characterized by a
complete eruption of the tooth with no wear androfm®t. Therefore, both ageing systems
clearly demonstrate the abundance of juvenileBeasite and relative scarcity of old adults in
all the horizons. The abundance of juveniles pdimthie mortality of cubs either
accompanied by the females or in their first wirgiene in hibernation. Despite the bias
against fragile remains in faunal assemblagesatti@dance of juveniles in the earlier strata,
MP R and MP U, indicates the dominance of individ@ed up to 2 years. The dominance
of juveniles of cranial and post-cranial elemenigports the assumption that cave bears
occupied the site for hibernation and that theduasisemblage represent natural mortality of

the animals.

The cave bear assemblage in a deposit nearby caoniqgared to evaluate inter-site
differences in the mortality profile. Cave bear e#ns from Barenhohle studied by Weinstock
(2000) show that juveniles also dominate the 8itesed on Stiner’s system, there is a peak in
age group I, represented in the assemblage by pieerivi (Weinstock, 2000). This reflects
infants/neonates that died in their first wintef &onths after their birth. In general, 75% of
the individuals derive from juveniles. There idighg divergence in the proportion of adult

and old adult. While old adults are abundant gfteeniles, making up 15-18%, prime aged
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individuals are relatively small (6.5%). In theeliature on demographics, such patterns reflect
a classic U-shape profile in which more vulnerabtividuals, the young and the old, die off
more commonly than prime adults. This mortalityfpeadiffers from Stadel, which produced

a relatively large proportion of adults and few attllts. Such patterns reflect living
populations (L shape), which are characterizechbyabundance of young, followed by prime

adults and the old adults.

The determination of sex is based on few eleméatisare known to be sexually
dimorphic, including canines (Gordon and Morejoh®75). Biologists have used
measurement of canine alveoli to determine sex atiemm brown bears. Since mandibles are
more fragmentary, | follow Stiner’'s example (1998)h a slight modification. Stiner
measures the crown of the canine whereas | meathwethterior-posterior diameter (DAP)
and the transversal diameter (DT) of the caniné fbwere are not enough canines in the
Aurignacian period, so canines from the MP are canexb. Based on lower canines, the
measurement values form two clusters, represefégimgles and males (Figure 5.17). The
lower canines (N=17) are equally represented bly bexes. In contrast, the upper canines

(N=9) show that males dominate the assemblage.
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Figure 5.17 Scatterplot of measurement of cave ¢te@ne
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The sex ratio of the adult bears at Barenhdhle shibat the males are
overrepresented, making up 69% for the lower cafeinstock, 2000). Other elements also
show that there was a greater representation afan@his bias towards males could occur in
cave bear assemblages, although ethological stuindiesite that females are likely to
hibernate longer than the males as long as thedoorte availability remains adequate

(Stiner et al., 1998 and reference therein).

The discrepancy between Stadel and Barenhdhleraadsnd itself to a simple
interpretation, since the sites are close and wenas that they will be represented by a
similar demographic pattern. However, Stadel shoavstrong bias towards one sex and this
may partially be due to smaller sample size. firgbable that there is a variation in the
demographic profile as an artifact of sampling, dtérnatively, the differences also may lie
in the disparity in the duration of the site ocdigra The chronological context of the
material from the museum collection is not clead atrata are not accurately dated.
Therefore, this is not necessarily a spatial vianabut a temporal difference. Weinstock
(2000) notes an inverse correlation between thalesrand old adults. In assemblages with a
lower percentage of older individuals, there tetodse a higher number of females. The
sample of Hohlenstein-Stadel does not contradistghttern, although a greater number of

canines should be measured to assess the pattern.

Prey Animals

Prey animals in caves often result from hunting sca’enging activities of hominins
and non-hominin predators. The study of skeletahdbnce and age profile helps us assess
the agent responsible for the transport of aniraetasses and the dietary choices of the
predators. The common prey animals at this caedrsitude horses, woolly rhinoceros,

reindeer and mammoths as well as aurochs/bisoneahdieer.
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Figure 5.18 %NISP of body part for horse

The skeletal abundance of horses is heavily repteddy cranial elements or teeth in
the Middle Paleolithic assemblages, comprising ntioaa 90% and 77% of all skeletal
elements (Figure 5.18). Therefore, there is litll@ssess in terms of elemental abundance
except that the cranial remains dominate. It iy dioiring the Aurignacian period that axial
elements become more common than the rest of e farts. This is an indication that
situ attrition occurred less intensively during the Wynacian, which is a pattern similar to
that of cave bears. However, we should also natetkie sample size is relatively small,
especially for the Aurignacian period, and othetdes affected the preservation of skeletal
elements. The mammoths and woolly rhinoceroses stmogwen more extreme bias towards
the teeth, and other skeletal elements are scamenexistent. For these two large mammals,

this is consistent from the MP to the Aurignacianiqd.
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Figure 5.19 %NISP of body part for reindeer
Reindeer shows a slightly different pattern. Thiadeer remains are represented by a
greater abundance of head parts in the MP R windnind limbs and the metapodials are
relatively well represented in the assemblage énif? U and the Aurignacian (Figure 5.19).
Reindeer appear to be influenced by differenttaitral processes as other prey animals,

calling into question why the skeletal represeatadiffers from other prey animals.

First, the perrisodactyl and proboscidean teethi@rast and easy to identify (Hillson,
2005). Enamels are relatively thick and presenteehd-urther, the teeth fragments are also
readily identified due to their unique morphologyanamel structure. It is thus possible that
the dental fragments are more likely to preseneelanidentified in comparison to teeth from

other taxa.

It is possible that other factors also contributethe obliteration of post-cranial
elements among the prey remains. The taphonomidficettbn indicates that carnivore
modification occurs at a higher frequency in the ébPhpared to the Aurignacian. This
suggests that carnivore activities in additiondstpdepositional processes altered the faunal
remains. As others have noted in the literature nilitritive attrition by predators is likely the
cause of this bias. Cruz-Uribe (1991) noted thatdfanial parts are usually better represented

for small size herbivores, but this does not appliarger game. However, as Fosse (1997)
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and Niven (2006) rightly demonstrate, this patteay be applicable to larger herbivores as
well. According to modern hyena bone accumulatiting) parts and skulls frequently appear
at dens than other portions (Lansing et al., 2008¢refore, the disproportional
representation of teeth can be an indication thaticores actively used the cave either to

deposit animal carcasses to avoid theft and cotigetor as a den.

The complete obliteration of long bones is not caniy documented in
paleontological and archaeological faunal remainstip due to the high bone density of and
because limbs are preferably transported to dea dilansing et al., 2009). However, the
animal remains in the earlier sequence of the MidR#Hleolithic were exposed to other
attritional processes including chemical corrosaad mechanical destruction (trampling),
evidenced by high occurrences of rounding, leatbrgrosion and destruction regardless of
the relative survivorship of body portions. Thead®in of non-dental skeletal elements points

to the fact that attrition worked on the carcasgesgreater rate.

Further, selective transport of ungulate remains kk&ly practiced by hominins and
other predators, but low frequency of non-dentaants does not permit a clear
identification of agents and the nature of trantgiam. In all, biotic and abiotic factors
affected the skeletal representation of the caesagsd possibly erased clear signatures of
selective transport of prey remains into the sjtéadminins. The exception to this pattern is
reindeer, in which post-cranial elements outnunteeth in the MP U and MP R. The degree
of attrition differs among mammalian taxa, whiclowis that instead of mechanical and
chemical processes at work, carnivores targetecifgpaxa such as horse, woolly rhinoceros,
and mammoth, and that reindeer may have been teedy other predators: Neanderthals

and modern humans.
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1 MNE (P3) (13)

Figure 5.20 Age groups of horse from the MP

Based on a sample of teeth, the mortality pattétheohorse can be established from
the MP (The sample size from the Aurignacian islteg). The age group of the horses, based
on the measurement of the premolar and molar teethgstly dominated by juveniles and
adults in terms of NISP and adults in terms of M{REgure 5.20). Their abundance fits the
model of living structure, which is an indicatiohrmn-random hunting that still leaves the
identity of the predator open to question. Manythdrassemblages of hyenas and predators
of large and middle-sized carnivores are charadrby an abundance of juveniles and older
adults, which are likely to be targeted as a p&tinér, 1990; Stiner, 2009a). Therefore, this
may reflect in part human predation on horses. Hewen age profile dominated by prime-
aged adults is a better signature of hominin inewilent in the hunting of the animals (Stiner,
1990). Other profiles could be mimicked by othexdators and could fluctuate due to

seasonal variation in herd structures.
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1 rhinoceros MP (38)

Figure 5.21 Age groups of rhinoceros from the MP

Although the sample size is relatively small, tiye groups of the rhinoceros based on
NISP show that juveniles are slightly better repréad in the assemblage than adults and old
adults (Figure 5.21). Targeting juveniles among/@@mals is a common hunting strategy
among predators. Therefore, the age profile suppbe accumulation of kills by non-human
predators. However, there are not many exampléistudy of large mammal hunting such
as rhinoceros by humans. Some of the archaeologgsaimblages show that the juveniles
could be dominant in the assemblage (Scott, 185ed on Gamble’s study (1999), it
appears that there is an equal representatiorvehile, prime and old adults that may slightly

have altered the pattern of age profiles.

Both taphonomic analysis and skeletal represemtatipport the notion that
carnivores had a major role in the transportatmmsumption and destruction of the animal
carcasses. On the other hand, the age profilerdzigzrovide a clear signature of hunting by
carnivores. Therefore, it is likely that the hedrious taxa probably derived from both human

and carnivore hunting activities.
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lvory and antler

The osseous tools enter in the archaeological decavards the end of the Lower
Paleolithic with the Acheulean industry in Euraasral, for example, the bone bifaces made
from elephants (Boschian and Sacca, 2010; Rabihatial., 2012). Bone retouchers, used to
modify lithic artifacts, become one of the most coam organic artifact types recovered from
the Middle Paleolithic (Ahern et al., 2004; Blasdal., 2013; Chase, 1990; Patou-Mathis,
2002; Verna and d’Errico, 2011). The use of diveese material for tool production is not

limited to modern humans.

Nonetheless, the production of functional toolsrfranimal remains became a
prominent part of the cultural repertoire in thepdpPaleolithic (Patou-Mathis et al., 2005).
Intentional modification of osseous material, santio fashioning lithic artifacts, is a notable
change in the organic tool technology, which i®atast to expedient tools with limited

modification that assist in the manufacture ofidithrtifacts.

Further, the production of ivory tools is a devefmgnt unique to the end of the Middle
Paleolithic/early Upper Paleolithic. As noted byam®l studies, proboscidean use of their tusk
throughout their lifetime results in polish andaches from natural modification (Heckel and
Wolf, 2014; Sacca, 2012; Wolf, 2013). Therefore, évidence of ivory points documented at
the Acheulean sites in Italy and Spain is refutgddanalysis of these objects using criteria

for distinguishing natural and anthropogenic maeifion (Villa and d’Errico, 2001).

lvory is an important component of the Aurignactaitture in the Swabian Jura
(Conard, 2010; Conard et al., 2006; Wolf, 2013) engeneral, the use of ivory is not
frequently documented prior to the early Upper 8lglac. As such, we assume that the tusks
and ivory debris will be better represented inAlugignacian assemblage. Interestingly, ivory

fragments indicate that their quantity both in teroh frequency and weight remains relatively
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consistent throughout the sequences (Figure F2a8yments present no clear features of
ivory debitage described by Heckel and Wolf (20449h as bulbs of percussion or tongued
fracture typical of organic material. None of fragms shows clear morphology that
resembles segmentation, extraction and fracturekgleand Wolf, 2014) due to relatively

frequent rounding of the ivory pieces after theirial.
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Figure 5.22 Frequency and weight of ivory fragméaisiuding the tusks from the MP R
which is described below and modified fragments)

However, a recent study by Wolf (2013) from the enat of this site points to
occurrences of ivory artifacts (aside from the lo@n and associated ornaments). Two pieces
of tusks were recovered from the Middle Paleolithicing the excavation of 1939. They are
relatively complete with some missing cementum ftbmouter surface and were segmented
in equal length roughly 17 cm long. No usewearh@ngieces is observed due to natural
rounding and carnivore gnawing marks, obscuringnbephology of fracture (Figure 5.23)
(Wolf, 2013). However, the breakage pattern ofttlsk suggests that they were not naturally
broken, and it is unlikely that carnivores intenadly transported segments inside the cave
unlike other bone remains, which contain collaged fat. Chisel-like forms point to the use
of tusks as tools for digging. They may also hagerbsegmented and transported by

Neanderthals as blanks to work on the tusks. Tinisgdition to a relatively complete tusk
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from the lower Middle Paleolithic unit, suggestattihammoths have been possibly exploited

for their ivory prior to the Aurignacian period.

Figure 5.23 Two tusk fragments from the MP, botfcrt (Photo courtesy of Kurt Wehrberger,
Ulmer Museum)

Antlers can also be included in the diversificatadmaw material in artifact
assemblages. Split points are one of the commansfarf antler artifacts, typical of the
Aurignacian industries and previously not documeriar-Yosef, 2002; Knecht, 1993).
Experimental work demonstrates that the use ofttimeantlers make for easier processing

and modification (Tartar and White, 2013).

At the site, many of the antlers from this asseglare identified to reindeer, which
is possible due to the small diameter of the asitlEnus far, two antlers of red deer were
identified from the lower part of the Red Middlel@aithic, characterized by greater
thickness and distinctive pedicle with rose, arerést have been identified to reindeer. Many
antlers are thin, either indicating females or jiless. Some antler fragments can be identified
to juveniles (1-2 year) based on the absence aghbe&tose towards the pedicles (Figure 5.24).
The number of reindeer antlers increases from tRetd/the Aurignacian significantly{

=7.47, <.01) (Figure 5.25). The same pattern appbeantlers identified generally to cervids.
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Figure 5.24 shed reindeer antler with carnivore ification from the MP
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Figure 5.25 Frequency of antlers
Studies also indeed show that antlers could algcabsported by other predators

(Stiner, 1994). Therefore, either humans and/amieares favored shed antlers over antlers
attached to cranium. Butt occurs infrequently coragdo shed antlers, when antlers with
pedicles were considered. Further, the measureofi@mtler diameter indicates that antler
thickness formed two groups, one indicating matestae other indicating female and young
individuals with indeterminate sex (Figure 5.26uribg the Middle Paleolithic, the antlers of
females and/or younger individuals dominate, amedaitult male antlers occur infrequently.
During the Aurignacian, no adult male antler isniiieed, and the greater bias towards

smaller and thinner antlers is apparent.
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Figure 5.26 Measurement of the pedicle of reindeder

The collection of shed antlers most likely tookgdauring milder seasons when snow
cover was minimal. Therefore, this may be an irdinedication that humans/carnivores
visited the site and deposited the antlers dunmmgng-summer. Carnivore damage on the
antlers including fragments occurs more frequetitiing MP R than MP U and the
Aurignacian (Table 5.31). The agent responsibléHertransport of antlers to the cave cannot
securely be determined as Stiner (1994) demonstraseantlers and horns are often
transported by carnivores, such as hyenas, inte.dérerefore, it is likely that antler
collecting was at times practiced by non-humansels However, the decrease in carnivore

damage on the antlers over time suggests thawtbey increasingly transported by humans.

Therefore, humans potentially visited the site dedosited antlers with a preference for shed

young and/or female antlers during the Aurignaganod.

reindeer antler MNE MP R MP U A

shed 2 11 14

unshed 2 1 3

Antler specimens

unmodified 70 95 241
carnivore modification 21 11 27
% w/ modification 23,1 10,4 10,1
total 91 106 268

Table 5.31 Frequency of shed and unshed reindéer and carnivore damaged antlers
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Small animals

Hares were the smallest mammalian taxa that oateossistently. There are clearly
preservational biases against smaller animalsisassked above, from chemical and
mechanical weathering. However, some hare specisassin the MP, although they are
mostly represented by dental remains. They becoore tommon in the Aurignacian period
as post-cranial elements become more common as@ahivore modification is not

significant but exists on some specimens.

Foxes, which probably were hunted by other carmisa@r which frequented the site,
occur consistently through the horizons. Thereisignificant change in the NISP values and
their presence also adds to the diversity of canels that occur at the site. There are no clear

indications that humans actively exploited foxetha MP.

The recovery of aquatic source at caves requicessideration of taphonomic
processes and agents responsible for its occureamag from water sources. Although the
exploitation of aquatic remains by hominins is doemted in the Plio-Pleistocene period and
geographically appear to be a common part of stdrgie (Colonese et al., 2011; Stiner and
Munro, 2002), the degree to which aquatic resouacesonsumed vary across geographic
locations, especially of water sources that favdivarsified diet with terrestrial and aquatic

animals, as opposed to inland locations or aretsrefatively little access to a body of water.

Biological observations of extant brown bears ail$ indicate that they are at times
known to consume fish. Therefore, medium to la@®mivores and bears from the past
possibly also consumed aquatic resources. Reaiessotopic analysis revealed that cave
bears and cave lions that were found in a cave avitdromous salmon remains contradict
this view, since they did not show an isotopic atgmne of fish consumption with low&iN

isotopic ratio (Bocherens et al., in press). Thiotige process of elimination, the study
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concludes that Neanderthals are the likely ageatitought the fish remains for consumption
to the site. However, the variability in the di¢bears and large felids remains to be
evaluated and the possibility that non-human preddtansported the fish as scats into the

cave cannot be entirely excluded.

The dietary role of fish in the Swabian Jura islesgd towards the end of the Upper
Paleolithic period. The number of fish remainseistively low during the Aurignacian period,
and later sees an increase starting from the Grangteriod (Owen, 2013; Torke, 1998). At
Hohlenstein-Stadel, some remains are identifie@yporinid (carp) pharyngeal (Figure 5.27)
and Salmonid vertebra from the MP R. The presehcelatively large fish remains is
tentatively indicative of fish consumption by Nearttials and modern humans in non-coastal

settings, but this remains to be tested.

Figure 5.27 pharyngeal of Cyprinid from the MP R

Most of the bird remains were recovered from theagation between 2009-2011 and
studied by P. Kronneck. The abundance of bird ramiai not heavily biased in one horizon
but is consistent. Many derive from the layer of RPBesides unidentifiable bird remains,
there are a few ptarmigans, geese and ducks. FreM® U, there are also a few unidentified
grouse (Hazel grouse or black grouse) and ducle blid remains from the Aurignacian

include grouse and ptarmigans.
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No carnivore and anthropogenic modification hasbdentified on the remains.
While carnivores or hominins could have transpottedbird remains, remains of small
animals often exhibit a few evidence of butcheang due to the lack of carnivore damage.
Thus, it is possible that hominins exploited thel®i The use of bird remains in the Middle
Paleolithic is not common, but growing number ¢ésihave yielded evidence of bird
procurement by Neanderthals (Blasco and Peris,;ZD08ard et al., 2013; Finlayson et al.,
2012; Morin and Laroulandie, 2012; Peresani ef8all1). However, the evidence for the

exploitation of small game by hominins remains gqoal based on the current assemblage.

Seasonality

Reindeer and horses were two taxa that enable dediace the seasons in which the
prey was procured and the site was occupied. Tinglsasize of specimens with information
on seasonality is rare and the signals are mixede,Hhe length of the metapodial from a
neonate horse as well as reindeer skull with a¢ideimtlers is an indicator of seasons in
which the animals died and were deposited at tike Bhe neonate of the horse indicates that
the fetus developed for around 20 weeks, broadiyting to summer-fall as represented in
the MP R. Further, the measurement of the unshiéer attached to the cranium puts the
death of the individual at fall. During the MP Wjepindividual of reindeer with antlers is
associated with spring procurement. Due to a ssaatiple size, this is not a clear indication

of seasonality in the occupation of humans or opinedators.

Carnivores

Traces of carnivore activity occur in the faunaeaablages in the cave and the
abundance of predators is a unique feature indbemablage of Hohlenstein-Stadel. This calls
into question how the cave was utilized by non-huim@dators and the role that humans had

on the faunal assemblage. Stiner highlights thexdduoce of large predators in Paleolithic

198



hyena and wolf dens in Italy as one of stark cat$rhetween dens and human accumulated

assemblages (2004:773).

It appears that, based on some studies, ~>10%mivoges indicate predator-
collected assemblages (Cruz-Uribe, 1991, Stinéd42) Although carnivore abundance
remains relatively low in the MP, at 6.4-7.2% situnlikely that the carnivores were
systematically targeted by hominins in the Palbmi{but see Blasco and Rossell, 2010;
Gabucio et al., in press; Kitagawa et al., in preBserefore, this assemblage likely represents

a mix of human, carnivore and cave bear occupation.

The NISP of carnivores indicates that, in the Mygrtas were the most frequent
carnivore to visit the sites, outnumbering wolvethbin NISP and MNI. Therefore, it is likely
that hyenas are the major agent that used théositkenning, resulting in the accumulation of
fauna. Wolves become better represented in thegAacian, when the hyena remains become
scarce, which may patrtially reflect a local denu§éhe population. The ecological niche of
hyenas became occupied and replaced by wolveshulién became more frequent. The
gradual disappearance of other competitors appedrave positively affected at least the use

of the caves by wolves in the Aurignacian period.

The skeletal abundance for hyenas shows that thareoverabundance of tooth
elements in all the horizons (Figure 5.28). Othements are absent except in the
Aurignacian period, in which more forelimbs wereaeered. Nonetheless, the bias of teeth

again characterizes the general skeletal repragamt# many taxa at the site.
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Figure 5.28 %NISP of body part for hyena

Wolves show a slightly different pattern (Figuré®. While the skull/mandible
remains the most common element in the Middle H#ien we observe a greater proportion
of metapodials in the Aurignacian compared to tha&da Further, across all strata, forelimbs
are also present in the assemblage. There isaaliife between hyena and wolf skeletal
abundance. Predators especially hyenas oftenrirespecific as well as interspecific
confrontation with other predators, which may léadhortality and exploited the carcasses of
competitors after confrontation. Therefore, it aggehat hyena remains were exposed to
greater levels of carnivore destruction than walvelecting the complex interaction and

competition among predators.

wolf
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Figure 5.29 %NISP of body part for wolf
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The age groups of hyena indicate that juvenilesaatults are represented equally in
the MP. They point to a living structure that islwepresented by young followed by prime-
aged individuals for NISP and young for MNE (Fi§®. Old adults are less represented. The
cause of mortality for these predators is not aarchs other mammalian taxa in cave contexts.
However, a number of juveniles hint at the uséhefdite as den, considering that deciduous

teeth are subject to greatersitu attrition.

1NISP (102)

Figure 5.30 Age group of hyena from the MP
If similar reproductive behavior and ontogeny aptplgave hyenas, the
paleontological record may preferably preserverttenains over other carnivores due to
their prolonged use of dens and possible commured where more than one family may be
represented. Further, competition among the yosiiggih and may lead to mortality,
possibly due to advantages of an individual forihgngreater access to food (Kruuk, 1972).

This also leads to a greater presence of juveatlagena dens compared to other carnivores

that make use of sheltered space.

Also, while the sample size is relatively smalk tiumber of juveniles is relatively

high in comparison to prime and old adults forwwves in the Middle Paleolithic, a similar
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pattern to hyenas. Denning behavior of carnivoist beplains the abundance of juvenile
remains. Therefore, it is likely that the wolvelbedt at a lesser scale, also used the site as a

den interchangeably with other predators.

Cave lions occur infrequently in the assemblage&bave emphasized the
importance of cave lions in the assemblage, degpitew NISP, linking the animal to the
finding of the Lionman figurine. The cave lionsganeral are less present in cave contexts
than other predators, a phenomenon directly rekatdigeir reproductive as well as foraging
behavior. Many of the remains are representeddt teand a few juvenile remains were

recovered from the site.

Coprolite

Coprolite mostly consists of bone matrix, whiclcihalk like and includes organic
digested hair and bone chips. Coprolites from moddrican fauna have been compared to
the Pleistocene coprolites, which are 22-32 % bigigarkin et al., 2000). Coprolites are
composed of hydroxyapatite and the organic comparfdmony remains becomes digested
(Horwitz and Goldberg, 1989). The high proportidmoneral in the droppings can be
distinguished from those of other carnivores, idolg striped hyena that has a more diverse
omnivorous diet. Complete coprolites of hyenas ligtiave a circular form with one
concave end and a more convex end, and chemidgksenshows high levels of calcium and

phosphorous that can be identified in sedimentsk(haet al., 2000).

Droppings from other carnivores usually contaigdarproportions of bone fragments,
and the overall shape of the coprolite also diff@rmsigal, 2010). Recovery of coprolites
withdifferent morphology from Pleistocene deposhsws that in contrast to the rounded
coprolites, feces of wolves produce rather tube-fdems (Brugal, 2010). Further, the high

density of the coprolite made it less vulnerabledattering or trampling by large animals
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(Larkin et al., 2000). The diameter of the feceansndication of the body size of carnivores
(Harrison, 2011). The spotted hyena and lion ath lawge and produce feces larger than 35
mm in diameter (Harrison, 2011). Typically, the cajes from larger carnivores produce
scats with digested bones that are less identditizn feces from smaller animals that

produce lower levels of damage on bones (Horwitk @aldberg, 1989; Matthews, 2002)

Twenty-four pieces of coprolites were recoveredrfithe MP, 17 pieces from the MP
R and 7 from the MP U. It appears to be like comhpaoes, with granular structure and pits
(Figure 5.31). The color is similar to other skaleemains that are orange/yellow color with
manganese stains. None of the coprolites is compidbrm, making it difficult to determine
the species of carnivore from the gross morphotifighe coprolites alone. Among animals
that produce scats, which include hyena, wolf amdedions, hyena is the most abundant
carnivore in the assemblage, a possible indicakiahthe coprolites belong to the hyenas. It
appears that hyena coprolite also contain moreded unidentifiable bones in contrast to
other scat-producing animals, which are likely tegerve bone remains through the digestive
tract, bone remains that are well preserved wdbrfrents that remain sharp on the edges

(Larkin et al., 2000).

Figure 5.31 Coprolite fragments from the MP
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In the Ach Valley, S. Minzel identified few piedesm Hohle Fels and
GeilRenklosterle. The evidence of coprolites is alsgerved microscopically at other sites.
Miller (2009) documented a high degree of phosphatee micromorphological samples
from Geil3enklOsterle and Hohle Fels in the MiddddeBlithic. Micromorphologial analysis

from Hohlenstein-Stadel will clarify whether thiatpern is consistent at Hohlenstein-Stadel.

Summary

Several lines of evidence suggest that the cavedeas a shelter for a number of
predators, including human and other carnivoresyedlsas cave bears. First, the abundance
of cave bears in all layers shows that this site @ften available for use during winter and
that hominins did not occupy the site intensivelyite degree that would deter animals from
visiting the site. There are also certain indicatbiat the cave served as a den for hyenas and
to a lesser extent for wolves. The mortality peobf the carnivores appears to be dominated
by juveniles. Further, extensive carnivore modiimaobserved on the bone assemblages
from several levels attest to their frequent presen the cave. Therefore, it appears that the
herbivore taxa resulted from both human and careipoedation of the animals. The degree
of the contribution by humans and non-predatorsicabe assessed quantitatively, but this
faunal assemblage clearly shows greater carnivgnatsires than many Paleolithic
assemblages. The abundances and diversity of caesivn the assemblage is uncommon in
most archaeological contexts. For this reasonsitealiffers from other caves in the Swabian
Jura and probably points to the site’s unique fioncas an area occupied, inhabited and

frequented by different animals for various purose
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6 Regional perspectivesin the Swabian Jura

This chapter presents a comparison of the faurtalfdam Hohlenstein-Stadel with
sites in the Swabian Jura in order to assess siti@taand differences, which in turn enable
us to understand the role of Hohlenstein-Stade¢herandscape of Swabian Jura for hominin
settlement. Further, the regional pattern of thal@an Jura also serves as a study case in the
transition from the Middle Paleolithic (MP) to tAerrignacian. The subsistence behavior of
hominins and the use of caves are the two maindfottiis chapter. We begin with a summary

of the faunal work on each site.

The Lone Valley: Bockstein and Vogelherd

The MP fauna of Vogelherd (VH) is characterizedalrglatively limited assemblage
size from four cultural layers. The most commorotais horse, followed by woolly
rhinoceros and large bovids. While adult horseb®gloty indicated Neanderthal hunting
episodes, the faunal assemblage is a combinaticarnivore and human accumulations
(Maller-Beck, 1988; Niven, 2006). Carnivores are o common, but there is a high degree

of carnivore damage on the MP assemblage.

The Vogelherd fauna from the Aurignacian depostdominated by reindeer
followed by horse, pointing to hunting between lstienmer and late fall (Niven, 2006). This
season corresponds with the migration of reind@etchering and breakage patterns show
intensive processing of appendicular elements,ctapethose of lower hind limbs from
reindeer. The two taxa were exploited for meatddigon to marrow, a subsistence strategy
which remained consistent throughout the Aurignageriod. This is evidenced by selective
processing of body portions, such as horse crahi@y are well represented in the
assemblage, which probably reflects the nutriticadihe of the skull for fat. The economic

decision of ungulate hunting and the exploitativategies are well documented at this site.
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VH is also the only site with enough post-cranehains from mammoths to assess their

economic utility as food resources (Niven, 2006).

The largest MP faunal assemblage at Bockstein @8Yyes from Bocksteinschmiede
lll, a cultural layer with relatively high densiof lithic artifacts and fauna. Equid is the
dominant species, followed by reindeer. (While Kréck differentiatedE. hydruntinusrom
E. ferus not manyE. hydruntinusvere identified and the equids were all groupegbtioer.)
According to Kronneck and colleagues, “anthropog@miolvement with the
Bocksteinschmiede Il fauna is evident in burntdaocut or impact marks, and several
worked bone specimens” (2004: 218). There is divels low frequency of carnivore
damage on the faunal material. The Aurignaciaepsasented by Bocksteintorle VII. The
assemblage size is limited, but horse is the mmsihton taxon followed by reindeer. Despite

the small sample size, there is a higher frequenheynthropogenically modified fauna.

The Ach Valley: Hohle Fels, Geil3enkltsterle and &lstgin

Hohle Fels (HF) and Geil3enkltsterle (GK) have poeducomparable faunal
assemblages that are dominated by cave bears laaswelgulates that were most likely
transported by hominins. At Hohle Fels during the,Mon-ursid remains are scarce with
little input of exogenous animals. The cave wastipascupied by cave bears during winter
and shows little evidence of activity by other aais Future study will confirm whether the
current sample is representative of the speciegosition at the site, but the general

predominance of cave bears will likely not alteriiMel, in preparation).

During the Aurignacian, there is also a similartg@at in the greater dominance of
herbivores, namely reindeer followed by horses.l@/tave bear still persists, there is a more
clear presence of humans in the archaeologicatadebmry fragments increase considerably,

also attributed to their importance as raw matesialthe utility of mammoth in terms of
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subsistence still remains an open question (Mu28€l1; Minzel, in press). There is also an
abundance of anthropogenic modification on car@g@nd cave bears (Kitagawa et al.,

2012), a trend that continues into the Gravettian.

At GeilRenklosterle, the MP assemblage is charaetthy a high frequency of cave
bears, followed by small ruminants such as ibed,rarddle and large-sized carnivores such
as wolf, lion and hyena (Munzel, in press; Munzed &onard, 2004b). Further, shed reindeer
antlers remain a common finding at the site. Murfirepress) interprets the relative scarcity
of typical prey animals such as horse, mammothreimdleer as the tendency to process
animal carcasses at the kill site and the lackiafrest by Neanderthals in the exploitation of

animals for tool production.

During the Aurignacian, there is an increase initipeit of prey game at both sites. At
Geil3enkltsterle, horses are the most common tagsidds cave bear. There is also a
significant amount of ivory fragments and a greatgyortance of mammoth. According to
Minzel, long bones of equids and rib fragments afmmoths served as raw material and
may have been intentionally selected (Minzel, espy. Seasonal data suggest that horses
were targeted between late fall and spring whigerttammoths were probably hunted in

spring due to the abundance of juvenile mammotha@dl, in press).

The zooarchaeological interpretation of the siteea¢s a different history of the use of
Kogelstein (KG). It is characterized by the domicef small animals including fox, hare
and marmots, the latter being extremely rare arathies. The most abundant middle to
large-sized animal in terms of MNI is the hyenalyGnfew post-cranial elements were
recovered and more than half of the teeth wereaddecis (40 deciduous and34 permanent
teeth) (Ziegler in Bottcher et al., 2000). Considgithe taphonomic biases against juvenile

remains, the abundance of milk teeth suggestguneaniles account for the majority of
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hyenas found at the site. Further, 50 specimens gnawing marks, with hyenas, wolves
and foxes being the probable agents. Other renshims extensive polishing that indicates
digestion or extensive gnawing by hyenas. Fish nesniacluding graylings and burbots were
likely consumed by Neanderthals, although carniustoirds, such as eagle owls, may also
have contributed to the accumulation of fish rermalfaunal remains in Kogelstein with
anthropogenic modification are seldom (Bottchealet2000; Miinzel and Conard, 2004b).
The faunal remains clearly indicate the use of sgredominantly by hyenas as a denning

site (Ziegler in Bottcher et al., 2000).

Comparison: stratigraphy and sampling

Table 6.1 lists the cultural layers from which #ssemblages were recovered and
utilized in this study. There are some discrepanitiehe number of strata representing the
MP and the Aurignacian layers. In VH, four MP satpes exist while the two Aurignacian
layers were identified. At Bockstein three MP laygom two deposits (Bocksteinschmiede
and Torle) exist. The MP and Aurignacian are regmted by three discrete layers at HF. At
GK, five MP layers and two Aurignacian layers exisistly, KG, represented by the MP,
consists of three distinct layers. The fauna haentstudied by P. Krénneck, L. Niven and S.
Munzel. All of the material was studied in VH an& Brhe material from GK consists of
recovered finds that are larger than 3 cm long. Sdreed material in the screenwashed
sediment has not been systematically studied. Apmately half of the material from each
cultural layer at Hohle Fels has been analyzed.yi#izel, who provides us with a

representative sample from the Aurignacian and d4@rs.
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Site Valley Middle Paleolithic Aurignacian Source
Hohlenstein-Stadel | Lone 1939: VI-XI, 2003-2011: 1939: IV-Va, 2009- current study
3-8 2011: 10-1u
Vogelherd Lone VI-IX V-V Niven 2006
Bockstein Lone | Torle X, Schmiede IlI-IV Torle VII Kronneck 2012
Hohle Fels Ach VIV -v Conard etal. 2013,
Miinzel unpub
GeiRenklosterle Ach V-Vl [1-111 Miinzel in press
Kogelstein Ach lo, lu, Il n/a Bottcher et al. 2000

Table 6.1 Name of the site and geological layesswere compared in this study

The sample size is not equal among the assemblagesall, the size of the VH and
HF assemblage is small in the MP. Continuing exttanand analysis at HF may provide us
with an adequate sample size in the future. Thag®mblage is rather limited in the
Aurignacian. Further, | do not attempt to correkedeh layer of the different deposits, as there
has been previous work on the correlation of HF @GRdstrata (Miller, 2009). The
assemblages are compared on a coarse scale, bieaminyl that there are differences in the

sample size.
Species abundance

The dominant animal varied among the cave sitds @ating the MP and the
Aurignacian. In the MP of the Lone Valley, at Vdgeldd and BS, the NISP of herbivores is
well represented, comprising 90% and 86% of therabtages, respectively. The relative
proportion of cave bears at VH and BS is comparafith 5% at VH and 3.8% and BS.
Carnivores consist of 3.7% of the assemblage atwhich is low compared to BS, where
there is a greater proportion of middle and largiwores (7.8%) and small carnivores

(2.2%). Lagomorphs and rodents are scarce, buylikeflect a different recovery method.
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Figure 6.1 Identified faunal remains grouped byvatigroup (herbivore, middle/large carnivore, bear,
small carnivore, lagomorph/rodent) for MP
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Figure 6.2 Identified faunal remains grouped by mmatian group (herbivore, middle/large carnivore,
bear, small carnivore, lagomorph/rodent) for Auagian
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HST (N=1618)
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In the Ach Valley, the MP at GK and HF shows refatsimilarities in the
composition of taxonomic groups. Cave bears doraibath assemblages, but herbivores and
carnivores are more frequent in GK than HF. ThemNpEoportion of cave bear is the highest

in HF, making up 94% of the sampled fauna. At K@all carnivores are most frequent. KG
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is the site with the greatest proportion of midiéarge-sized carnivores compared to the rest
of the sites. This variability in cave bear fregogemdicates the preference of cave bears for

certain sheltered sites.

During the Aurignacian, the broad pattern of spe@bundance remains consistent
with that of the MP. Bears dominate at HS, HF akdv@hile herbivores dominate the fauna
in VH and BS. Among all sites, VH is the site wille most frequent herbivore remains
(95%). The abundance of bear is highest at HS, asimg 85% of the assemblage. However,
the relative proportion changes. At the site of \GK and GK, the input of herbivores
increases while bears proportionally increase aBR$BS. The %NISP of middle and large

carnivores is the highest at BS and HS, and theSBNif small carnivores is highest at GK.

The abundance of animal species measured in waigidrs the same patterns as the
NISP. The proportion slightly changes, with incexhsepresentation of herbivores. As
expected, small-sized animals such as lagomorpthsraall carnivores decrease significantly.
The proportion of cave bears is smaller in weightantrast to NISP. The NISP and weight of
middle and large-sized carnivores are comparalde@xor VH, where carnivores are better

represented in NISP than weight.

Squared Euclidean distance values have been daldulased on proportion of NISP
among mammalian groups: herbivore, middle and larged carnivore, bear, small carnivore,
lagomorph/rodent (Table 6.2). Based on proportitresdistance values reveal that the MP
assemblage of HS is least dissimilar to GK, folldviey HF. This is mostly driven by the
large proportion of cave bear as well as middlelargk-sized carnivores that closely mirror
one another. Hohle Fels is slightly dissimilar ti§ Gue to the low proportion of carnivores.

Despite the close vicinity, Bockstein and Vogelheifter significantly from HS. The number
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of cave bear is low at these sites and is charaeteby a high frequency of herbivores. The

KG assemblage differs compared to HS, due to thaddnce of small carnivores.

MP
sites HS  VH BS HF GK KG
HS - - - - - -
VH 0,88 - - - -
BS 0,83 0,00 - - - -
HF 0,10 1,54 1,48 - - -
GK 002 1,17 1,11 0,03 - -
KG 065 056 047 1,13 0,80 -

Table 6.2 Squared Euclidean Distance values basethmmalian group of the MP

A

sites HS VH BS HF GK
HS - - - - -
VH 1,45 - - - -
BS 0,85 0,09 - - -
HF 0,06 0,91 0,45 - -
GK 0,09 0,83 0,40 0,00 -

Table 6.3 Squared Euclidean Distance values baseshonmalian group of the Aurignacian

Among all the sites, BS and VH display the leafedence in proportion of
mammalian groups. Both assemblages are heavilwoeebdominated with a low frequency
of bear, carnivore and small mammals. Further, Gi&KtldF show small SED values due to
the high frequency of cave bears. We observe thatest divergence with a high SED value
between HF-VH and HF-BS. The faunal compositioK@fis distinct from other
assemblages, showing the least dissimilarity t@B&the greatest discrepancy to HF. The
high abundance of small game including carnivdeggymorphs, and rodents is in part an
artifact of recovery technique, but the scarcitpeérs and high abundance of middle/large

carnivores make KG a distinct assemblage.

In the Aurignacian, the degree of similarity witlstnd other sites remains relatively

consistent (Table 6.3). SED values between HS-HFH8-GK are high. Cave bears
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dominate all these assemblages, followed by herbitaxa. The SED value between HS and
BS remains similar to the MP, while the distanceMeen VH and HS becomes more
pronounced in the Aurignacian, which is driven oy lfrequency of bear and high frequency
of herbivores. The SED values of HF and GK shagddhst discrepancy among all

Aurignacian assemblages. The SED value of BS-VH @mains high.

Individual species

The NISP and weight of individual taxa is proviqéable 6.4-6.7). In the MP based
on NISP, cave bears are underrepresented in VHB&8ntbmpared to HS, while herbivores
including horse, woolly rhinoceros, red deer, aneahs/bison are better represented in the
two sites compared to HS. The exception is mamnvatich is better represented in HS than
in VH. In addition, reindeer and wolf are also betepresented in BS than HS. Relatively
speaking, GK and HF are characterized by fewer &yemammoth and horse. In comparison
to HS, woolly rhinoceros is underrepresented atfHixes are better represented in GK than
HS. KG shows faunal abundance distinct from HS.ig&presented by greater abundance of
small mammals (rabbit and fox), carnivores (hyemé\&olf) as well as ungulates including
horse, red deer, reindeer and aurochs/bison. CemparKG, the proportion of mammoth

and cave bears is high at HS.

Great abundance of horse by NISP and weight isuenig BS and VH in the MP.
This is a reflection of the availability of preytine Lone Valley that was dominated by horses.
Woolly rhinoceros and reindeer are the second mdmshdant species in VH and BS,
respectively, followed by aurochs/bison. Mammottesadso relatively low in abundance
compared to other herbivorous taxa. Cave bears gsenmerely 5% of the assemblage, and

hyena and wolf are better represented in BS th&Hin
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HS VH BS HF GK KG
MP/Taxon (N=3345) (N=539) (N=1487) (N=544) (N=739) (N=1114)
Lepus sp. 22 2 6 1 8 65
Marmota marmota 1 1 113
Canis lupus 60 8 47 5 19 44
Vulpes/Alopex 50 0 25 4 26 418
Ursus sp els‘joeus /Ursus | 5303 25 55 507 581 2
Ursus arctos 3 2 1 3 1
Panthera leo spelaea 13 2 9 1 3
Lynx lynx 2 0 1 1
Felis silvestris
Mustela sp. 1 8
Martes sp. 1 1
Gulo gulo 1
Meles meles 6 1
Crocuta crocuta
spelaea 150 10 58 1 8 127
Elephas antiquus 1
Mammuthus
primigenius 211 15 65 3 5
ivory 102 1 0? 17
Equus sp. 355 342 842 10 21 143
Coelodonta antiquitatis 98 57 93 2 8 12
Sus scrofa 4
Megaloceros giganteus 0 7 0 7 1
Cervus elaphus 2 11 15 1 2 34
Capreolus capreolus 1 2
Rangifer tarandus 59 8 141 5 22 37
antler 45 4 7 2 31
Alces alces 2
Bos/Bison 14 49 103 53
Ovibos moschatus 2
Capra ibex 0 0 2 4 20 5
Rupicapra rupicapra 0 0 7 5 46

Table 6.4 NISP value of individual taxa for MP
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HS VH BS HF GK
A (N=1618) (N=4414) (N=171) (N=1483) (N=4512)

Lepus sp. 31 27 8 53 209
Marmota marmota 0 0 0 0 0
Canis lupus 54 38 5 26 94
Vulpes/Alopex 36 20 6 34 167
Ursus spelaeus / Ursus sp. 1369 120 28 992 2837
Ursus arctos 2 2 0 3 1
Panthera leo spelaea 12 4 0 9 1
Lynx lynx 0 0 1 1 2
Felis silvestris 3
Mustela sp. 0 2
Martes sp. 1 2
Gulo gulo 1
Meles meles 1
Crocuta crocuta spelaea 6 17 6 5 13
Elephas antiquus
Mammuthus primigenius 8 1127 6 21 220
ivory 21 2413 0 12+ 4726
Equus sp. 45 1423 72 121 481
Coelodonta antiquitatis 12 124 0 4 58
Sus scrofa 8
Megaloceros giganteus 0 0 1
Cervus elaphus 19 1 9 10
Capreolus capreolus 3
Rangifer tarandus 40 1418 30 176 272
antler 44 215 2 47 206
Alces alces
Bos/Bison 1 61 8 1
Ovibos moschatus 0
Capra ibex 0 0 27 103
Rupicapra rupicapra 2 0 1 35

Table 6.5 NISP value of individual taxa for Aurigman
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Rupicapra rupicapra

MP HS VH BS HF GK
Lepus sp. 19,3 6 5,4 0,2 8,8
Marmota marmota 1,1 0,1
Canis lupus 546,9 58 318,4 25,7 103,6
Vulpes/Alopex 54,1 32,6 6,9 34,5
Ursus spelaeus / Ursus sp. 19146,6 573 603,7 4797,6  2928,31
Ursus arctos 14,1 336 2,6 6,7 17,3
Panthera leo spelaea 364,8 23 92,5 46,1 13,1
Lynx lynx 11,2 2,7 1
Felis silvestris
Mustela sp. 0,4
Martes sp. 1,2 1 0,2
Gulo gulo 5,1
Meles meles 13,5
Crocuta crocuta spelaea 1434,9 54 594 0,2 28,8
Elephas antiquus 275
Mammuthus primigenius 6039,8 2017 7844,5 25,2
ivory
Equus sp. 7761,7 19293  25116,9 263,7 316,6
Coelodonta antiquitatis 3758,9 5809 2575,6 11 129,2
Sus scrofa 21,5
Megaloceros giganteus 30,9 94 68,9
Cervus elaphus 112 164,5 18,8 250,1
Capreolus capreolus 1,8 5,9
Rangifer tarandus 564,2 298 1285,9 50,1 1106,8
antler
Alces alces 267
Bos/Bison 966,4 4441 3818,5
Ovibos moschatus 392
Capra ibex 18,6 28,4 268,1
55,7 30,5

Table 6.6 Weight value of individual taxa for Mmé weight provided for KG
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A HS VH BS HF GK
Lepus sp. 30,2 78 2,6 41,6 222,1
Marmota marmota
Canis lupus 647 105 28,6 291,5 417,4
Vulpes/Alopex 53,2 102 9,1 55,24 118,91
Ursus spelaeus / Ursus sp. 23666,36 2719 141,5 10597,4 12729,6
Ursus arctos 13,8 49 31,5 8,2
Panthera leo spelaea 499,7 15 139,1 221,7 4,1
Lynx lynx 0 1,3 2,2 1,7
Felis silvestris 12
Mustela sp. 0 0,4
Martes sp. 0,8 0,7
Gulo gulo 14
Meles meles 0,6
Crocuta crocuta spelaea 62,9 184 22,5 21,8
Elephas antiquus
Mammuthus primigenius 477,3 290360 11,3 1456,9 7638,79
ivory
Equus sp. 1386,9 41833 10984 1919,6 6593,2
Coelodonta antiquitatis 3028,7 7596 70,8 868,8
Sus scrofa 139
Megaloceros giganteus 0 51,8
Cervus elaphus 1614 380 70,2 143,3
Capreolus capreolus 18,5
Rangifer tarandus 591,2 21020 407,7  2041,39 2929,5
antler
Alces alces
Bos/Bison 44,2 2681 164,8 12,5
Ovibos moschatus
Capra ibex 395,1 524,3
Rupicapra rupicapra 8 0,2 115,8

Table 6.7 Weight value of individual taxa for Aumagian

HF and GK are relatively similar although, aftevedears, horses at HF and foxes at
GK are the second most common fauna. Other takiiciare scarce, while horse, reindeer,
ibex and wolf each make up roughly 3% of the assageb The most abundant taxon in KG
is fox, comprising 44% of the assemblage. The s&common taxon is horse. Hyenas are
the third abundant taxon, and both hyena and walkiess the highest %NISP and weight
across all sites. Hares are also common, followealubochs/bison, and an equal proportion
of red deer and reindeer.
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During the Aurignacian, HS is dominated by caver lagal relatively low frequency of
other taxa including horse, reindeer and wolf. #kgemblage of VH is dominated by the prey
animals including horse and reindeer, both equaltyesenting the majority of the
assemblage. Mammoth is the third common taxonoémel animals are less represented. At
BS, horse is the most abundant taxon followed ydeer. Cave bear increases in proportion,
making up 16% of the assemblage, and other anianal®und in lower frequency including
aurochs/bison and hare. At HF, the cave bearcstitiprises more than half of the assemblage,
but ungulates such as reindeer and horse arelasalant. Small animal such as hare and fox
become more abundant. The majority of the assemlitaGK is also cave bear, followed by

horse. Reindeer is the third common taxon, and matimsand hare also are abundant.

They? analysis and adjusted residual values of spebiesdances based on raw NISP
values enable us to evaluate the abundance ofidodiMtaxa. We observe significant
differences from the Middle Paleolithic to the Agmacian. At all siteg® values indicate
differences at a significant level (<0.001). Theref the species composition of the Middle

Paleolithic and Aurignacian indicates some changle species abundance.

MP/A HST VG BS HF GK
Hare 4,04 0,67 5,75 4,20 4,44
Wolf 3,40 -1,46 -0,19 1,35 -0,91
Fox 1,85 1,55 1,64 2,29 0,18
Bears 11,87 -2,57 7,13 -12,09 -8,97
Cave lion 1,65 -1,79 -1,03 1,20 -3,53
Hyena -7,79 -4,43 -0,28 0,56 -3,21
Mammoth -9,35 11,74 -0,56 2,79 5,54
Horse -9,51 -14,64 -3,80 5,12 6,62

Woolly

Rhinoceros -4,75 -9,19 -3,39 -0,36 0,42
Red deer -0,98 -4,60 -0,55 1,20 -0,28
Reindeer 1,67 14,72 3,22 7,65 3,27
Aurochs/ Bison -2,15 -11,58 -1,15 0,40
Ibex -0,48 1,76 -0,77
X 325,65 665,00 113,36 153,62 149,98
p value 0,00 0,00 0,00 0,00 0,00

Table 6.8¢*Value and adjusted residual values between MP/Aagign for each site
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At HS, the combined MP assemblage is comparedtivgturignacian, showing
differences in abundance among many taxa. Thexsignificant increase in bears, hares and
wolves, while many of the herbivorous taxa sucmasimoth, horse and woolly rhinoceros,
in addition to hyena, decrease. At Vogelherd, timaloer of hyena, horse, woolly rhinoceros,
red deer and aurochs/bison sees a decline, wigiletimber of mammoth and reindeer
increases significantly relative to the assembfage. Other animals included in the adjusted
residual analysis, including hare, wolf, fox, baad cave lion, remain consistent in terms of
abundance. At Bockstein, a different pattern iseolesd. Similar to Vogelherd, the
Aurignacian assemblage is characterized by abuegdasfaeindeer. In addition, the decline
of horses and woolly rhinoceros is also a pattéseoved both in Vogelherd and Bockstein.
Hares and cave bears appear more frequently iAuhignacian. Other animals show a slight

decrease, which may be due to the relatively sgaafiple size of the Aurignacian relative to

the MP.

MP HST VH BS HF GK KG

HST - - - - - -
VH 0,71 - - - - -
BS 0,66 0,02 - - - -
HF 0,08 1,20 1,14 - - -
GK 0,03 0,97 0,90 0,02 - -
KG 0,65 0,46 0,37 1,07 0,81 -

Table 6.9 Squared Euclidean Distance values baséttvidual taxa of the MP

A HST VH BS HF GK

HST - - - - -
VH 0,91 - - - -
BS 0,65 0,10 - - -
HF 0,04 0,58 0,38 - -
GK 0,06 0,53 0,34 0,01 -

Table 6.10 Squared Euclidean Distance values aseulividual taxa of the Aurignacian

SED values based on individual species with sasipkeon average (5<) were

recalculated to compare differences between sitdsei Swabian Jura for the MP and the
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Aurignacian separately (Table 6.9+6.10). SED vabfdke taxa based on the relative
proportion again mirror the general similarity afitferences described above. In MP, HS
resembles GK, showing low SED values followed byldd-els. HS-VH resulted in the
highest SED value, reflecting greater dissimilaritflowed by KG and BS. VH is most
similar to BS, while HF exhibits greater dissimitgito VH, indicated by the highest SED
values among all MP assemblages. GK also exhibgtatively stark contrast, and SED
values of VH-HS are greater than VH-KG. BS compavétd HF, GK, HS and KG resulted

in high SED values. The SED value is the lowestvbeh HF and GK as well as between VH
and BS. KG, a known carnivore den, remains unigutsifaunal composition, with high SED

values.

In the Aurignacian, HS-HF becomes least dissimdad GK shows greater difference.
The degree of dissimilarity between HS and BS remaonsistent while the VH assemblage
reveals greater discrepancy to HS. The SED valtleitowest between HF-GK among all
the Aurignacian assemblages. VH-BS shows greassimdilarity compared to the MP. In
contrast, comparison between BS-GK, VH-GK, VH-HE &8-HF of the Aurignacian

reveals lesser dissimilarity than in the MP.

SED values are recalculated after removing the baae to consider variability in
faunal composition, since the depositional histafrgave bears differs from other fauna.
Overall SED values decrease, exhibiting lesseirdisity among sites. This is a clear
indication that cave bears drive patterns of sgegimindance. HS shows the least
dissimilarity with HF, but the SED values are lovi@r HS-BS and HS-GK. VH and KG still
present greatest dissimilarity in relation to H8eTegree of difference for VH and BS
remains the same, since cave bears were infrecuashl/H remains dissimilar to HS, HF,
GK and KG. With the exception of VH, BS has relatwlower SED values for HS, GK and

KG. HF is still similar to GK, and the differencetiwother sites becomes relatively
220



insignificant. SED between GK and HF is small,daled by KG, HS, BS and VH. KG again

is different from other assemblages, but close&Kowithout bears.

MP HST VH BS HF GK KG

HST - - - - - -
VH 0,17 - - - - -
BS 0,11 0,02 - - - -
HF 0,08 0,22 0,14 - - -
GK 0,12 0,39 0,27 0,03 - -
KG 0,24 0,51 0,40 0,18 0,12 -

Table 6.11 Squared Euclidean Distance values aseulividual taxa of the MP, excluding cave
bear

A HST VH BS HF GK

HST - - - - -
VH 0,19 - - - -
BS 0,17 0,10 - - -
HF 0,08 0,07 0,10 - -
GK 0,05 0,07 0,07 0,05 -

Table 6.12 Squared Euclidean Distance values asétlividual taxa of the Aurignacian, excluding
cave bear

During the Aurignacian, SED values indicate tH&t maintains the same degree of
dissimilarity with other sites. However, VH shovesser dissimilarity with GK and HF than
BS, one clear contrast with the SED values inclgdiear. The SED values for all sites
compared with GK are lower than in the MP. The Enty increases in the Aurignacian
when cave bears are excluded among VH, HF and GBKe WS and BS maintain greater
degrees of discrepancy. In all, the calculatio®BD without bears still attests to general

similarity in the MP, but a slight difference iretldegree of closeness in the Aurignacian.

SED values show that when the MP and Aurignaciarerablages of each site were
compared, HS, BS and GK exhibit relatively smadistihilarity. Therefore, in terms of
proportion, the differences are relatively smatllcbntrast, VH shows a greater discrepancy
between the MP and Aurignacian, a telling sign thatchange in the abundance is marked in

VH and to a lesser degree in other deposits. SHIega@&xcluding cave bears reveal that there
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are greater differences between MP and Aurignaasaemblages in VH and HS than among

other sites, such as BS, GK and HF.

The NISP of herbivores and carnivores for eachisiplotted to test whether there is
a positive correlation. Among the MP assembladgesetis a positive correlation between
middle/large carnivore and herbivore abundance@tQ¥, while the Aurignacian
assemblages show no significant correlation. Wdoleelation does not signify causation, the
positive correlation indirectly suggests that tleglivore abundance in part reflects activity of

carnivores at the site.

There is a clear increase in some of the impogegy game in the Aurignacian at
Hohle Fels, marked by a clear increase of horséseindeer, the two prominent taxa
targeted by hunters. Conversely, the abundanceassldeclines. Although not significant (at
0.05 level), mammoths become more dominant, butmtite degree to which ivory
fragments increase. Hares also increase in abuedarite pattern of species abundance at
Hohle Fels is similar to that of GK with additiordlanges. Horses, reindeer and hare
increase significantly in the Aurignacian. Mammod#hso show a significant increase. In
addition to the decline of bears, carnivores sicbaae lions and hyenas decrease relative to

the MP.

In summary, herbivore abundances reveal certaipaeshtrends, some of which are
particular to the Lone Valley and others that an®ss all sites. Based on adjusted residuals,
there is a decrease in the relative proportionoo$és in the Lone Valley, a pattern that is
reversed in the Ach Valley, representing a sigaifidncrease from the MP to the
Aurignacian. In the Lone Valley, woolly rhinocenaas consistently more abundant in the
MP than the Aurignacian period, while there is harige in HF and GK. Another megafauna,

mammoth, increases at VH and GK, mirroring the ifigant input of ivory during the

222



Aurignacian, but declines significant at HS, alsoroning the amount of ivory fragments, and
shows no difference at Bockstein and HF. Furthendeer become more abundant in the

Aurignacian period in the Swabian Jura sites, eixfmeHS.

In contrast to reindeer, red deer appear to ocdhowt any significant changes with
the exception of VH which shows a clear decred¥éh the growing presence of reindeer, it
is possible to deduce that reindeer, which favodta and steppe environments, became more
abundant in the Aurignacian period, either a reéitecof a changing floral community over
time or behaviors of deer such as migration rotitasled to an overall increase of reindeer
on the landscape that were targeted for prey. Ajelteerd, the aurochs/bison also decrease in

number. Ibexes, recovered from BS, HF and GK, showignificant changes over time.

Hunting of reindeer appears to be a regional teendng hunter-gatherers that
emerged in the Aurignacian period. On the othedh#drappears that horses were regularly
hunted throughout the period of the Middle Paléatiand onto the Aurignacian period with

varying degrees of preference, changing the patteirprey game abundance at sites.

When compared across sites, hares show a congistezdise except for Vogelherd. It
is known that many smaller specimens were exclticed the analysis and thus likely
creating a particular strong bias against smathats. Therefore, the increase of hare appears
to be a regional signal in both valleys or is duéhe differential preservation of smaller
animals. However, this increase is not observddxas and thus partially appears to reflect
actual increases in the input of hares in the aSkayes. Besides the hares, there is variability

in patterns of species abundance between the MRilkplithic and the Aurignacian.

For bears, we observe a decrease in HF, GK andwilk the decline is not
significant at VH. In contrast, bears increaserwpprtion at HS and BS. There is an intersite

variability of cave bear abundances in the twoeyal Hyenas decline in proportion at HS,
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VH and GK, but do not change in frequency at BSldRdAt Hohle Fels, hyenas are not an
abundant taxon in both periods, so it appearstiigatliminishing presence of hyenas in the
Swabian Jura is, perhaps, a regional signal. Walf\vs a significant increase at HS only and
continues to be present in deposits without chapfyaguency. Cave lions and foxes, two

other common carnivores at these deposits, doeflect any temporal trends.

Diversity

Several measures of diversity provide a basis ofparison for the evenness in the
faunal composition (Table 6.13). For all these ®galuhere is little correlation between the
sample size and the evenness measure. When &l fspecies are compared, the KG
assemblage is the most diverse MP assemblage sggdrbsth in terms of the Shannon and
Simpson’s indices. After KG, BS and VH have a ety high degree of evenness according
to the Shannon index, while HS has a greater ewsnmesed on the Simpson’s index. HF and
GK assemblages show the lowest evenness value faithnnon and the Simpson’s index of
evenness, respectively. Cave bear accounts faowhdiversity in GK and HF. During the
Aurignacian, the diversity is highest in BS. Howe\&S differs from others due to a small
assemblage size. After BS, VH exhibits the higllestrsity. HS has the lowest evenness,
although the evenness values based on Simpso® s aré comparable among HS, GK and
HF. The diversity of KG is partially due to the osery method but also is accounted for by

the fact that the assemblage is large as a resthie ause of the cave by hyenas as a den.

From the MP to the Aurignacian, the diversity meadar Shannon’s index of
evenness increases for BS, GK and HF, but remaimsistent at VH and decreases at HS.
Based on Simpson’s index, diversity increases ®m@Bd GK, and remains consistent for VH
and HF, but decreases for the HS assemblage. @yersasures do not indicate significant
correlation with the abundance of bears or careisorhe only correlation of significance is a

positive relationship between herbivores and tlerdity measures in the MP. Therefore, the
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higher abundance of herbivores equates to greatersiy. However, this is not reflected in

the Aurignacian.

MP A
HS VH BS HF GK KG HS VH BS HF GK
NTAXA 17 14 22 12 19 17 14 17 11 16 20
Shannon index of
evenness 0,43 053 054 0,16 035 10,73| 0,28 0,553 0,74 0,45 0,48
Simpsons index 0,49 043 0,34 087 062 0,08 0,72 0,27 0,24 0,47 0,42
1/D 2,03 235 291 1,15 161 12,28| 1,39 3,65 4,18 2,13 240

6.13 Measure of diversity for MP and Aurignacian

Prey Animals

Horse was the most abundant prey animals in the Matley and the Ach Valley.
This is mostly true for the MP and the Aurignaciemthe MP, there is also a variation in the
abundance of other prey animals. At VH, woolly ddaros is the second most abundant prey
animal while mammoth is more common in HS, anddean is the second most important
prey animal at BS. KG also affirms the importantbarse as well as hare and aurochs/bison
during the MP, as prey for hyenas. Other prey greed across sites in small quantities
includes red deer, ibex, muskox, elk, chamois, wityJ roe deer, Giant elk and straight-

tusked elephant.

In the Aurignacian, horse remains a common preydintieer increases across the
sites. Aside from these two taxa, mammoth gainatgremportance at some sites: VH and
GK. There are prey animals that are less commameirdurignacian, such as red deer,
aurochs/bison and woolly rhinoceros. Ibex is preserelatively high quantities but only in -
the Ach Valley. Other prey animals include wild pigant elk, red deer, roe deer, elk and

chamois.
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MP A
HS VH BS HF GK KG HS VH BS HF GK
NTAXA 5 5 6 4 5 5 5 5 4 5 6
Shannon index of
evenness 0,27 019 0,18 0,34 0,32 024|030 0,26 029 0,27 0,27
Simpsons index 0,32 055 048 0,26 0,21 0,28 | 025 0,30 040 030 0,23
1/D 3,14 183 209 390 487 3,5 | 403 328 251 331 441

6.14 Measure of herbivore diversity for MP and Augacian

The measure of diversity based solely on an arf@ptential prey, which includes
ungulates and proboscideans, does not allow fonpla interpretation. Both the Shannon
index of evenness and Simpson’s measure of eveimusate that the fauna are more evenly
represented in the Lone Valley in the Aurignacidrewcompared to the Middle Paleolithic.
This is in contrast to the Ach Valley where both @#d HF reveal lower values in the
Aurignacian. Across all sites, the diversity of tHE assemblage is high in the MP though the
sample size is relatively small. BS has the lowesy diversity, followed by VH. This is
likely due to the heavy dominance of horses. DutirggAurignacian HS, BS and HF have a

higher Shannon index for evenness and HS has ghemhSimpson’s index.

The sample size of each assemblage indicates nificagt relationship. Such
observations reveal that the diversity values atean artifact of sample size. Further, the
evenness indices do not correlate with the aburedahmiddle and large carnivores, and no
clear patterns in diversity are apparent. Thatdpeaid, it appears that the diversity is higher
in assemblages with smaller sample size. Whengbenablage is larger, it appears that one or

two prey animals usually dominate.

However, the diversity measures vary both geogcatligiand temporally. This
variability cannot be accounted for either by irms®ed presence of modern humans at the sites
and greater contribution to the accumulation ofreaticarcasses or through environmental
shifts, as both valleys, being in the vicinity efeoanother, would have experienced similar

climatic fluctuations. In all, the diversity meassrof herbivores do not appear to provide a
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clear regional signal of hominin prey choices dysstence strategies. Local factors override
general patterns of species abundance in the fassamblages of the sites in the Swabian

Jura.

Horse: Skeletal representation and Age

The skeletal representation of common prey differdiorse and reindeer. The
skeletal representation of GK, BS, VH and HS ammared. During the MP, the head is
overrepresented in the assemblages, making up @&b(88ble 6.3). The exception is HF, but
the NISP of horse is small compared to other sithsrefore, bias towards teeth elements of
horse exists across most deposits in the Swabran Nst likely there are several factors
that lead to this regional pattern. The skeletatesentation of HS mirrors that of VH, which
has been interpreted by Niven (2006) as resultimgy fcarnivore ravaging. Due to heavy
carnivore damage, it appears that the skeletalrrabteas significantly altered to the degree

that only the most durable part of the carcassesireed for analysis
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Table 6.3 %NISP of body parts of horse, MP

As Niven (2006) discusses the economic utility@inga of horses, there are relatively
high abundances of meat and other tissues suatai@svith nutritional values (Lupo, 1998)

despite the fact that the general utility indelois for skulls (Outram and Rowley-Conwy,
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1998). Ethnological observations on Hadza hunersal that meat is removed and other
tissues of crania are consumed at the kill or lrickite and, half of the time, are not
transported back to the habitation site (O'Conetedil., 1988). However, the energetic return
of the skull was probably high if the hunt tookg®#an the vicinity of the valley. Therefore, it
is likely that the skull is abundant due to itstdig value and the likelihood that the hunt took

place within the proximity to the cave.
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Table 6.4 %NISP of body parts of horse, Aurignacian

During the Aurignacian, the patterns change shgffibble 6.4). The BS, GK and VH
remain dominated by cranial elements, but the divexjaresentation becomes more equal,
with increasing abundance of axial elements at @5fare and hindlimbs at VH. GK is
represented by cranial elements, followed by axmal limb proportion. At HS and HF, the
assemblages show axial elements to be well repgexserhis is due to the abundance of ribs;

besides the axial element, the frontal limb is #lequent at HF.
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Figure 6.5 %Weight of skeletal element for horsarfreference skeleton (EQ42) and assemblage
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Figure 6.6 %Weight of skeletal element for horserfreference skeleton (EQ42) and assemblage
from Aurignacian

Further, the comparison of weight with the compaeaskeleton is similar to the
skeletal abundance based on NISP. The cranial aeledmeverrepresented at all sites. At HS,

this pattern is extreme, and most of the skeletmaslominated by skulls and mandibles. In
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all assemblages, the axial element is underrepieseGomparative skeleton and MP
assemblages exhibit relatively low correlation.isTattern becomes diverse in the
Aurignacian. The weight of the cranial elementsrelases at most sites with the exception of
BS. Low survival elements, including vertebra aetl/i{s, remain underrepresented at all sites.
There is an overrepresentation of mandible, radeahd tarsal remains at HS, while VH
exhibits overrepresentation of some limb element$ &s the tibia. Further, the GK
assemblage is also characterized by the overrepegm of crania and hindlimbs, or the
femur and tibia. The correlation between the weajldtomparative skeletons and the
assemblages continues to be low. Therefore, iMiRgthere is a clear sign of situ attrition,
but the Aurignacian assemblage indicates variatidhe skeletal abundance not attributed to
a single cause. This is also noted by Niven’s aial{2006) of density-mediated attrition. She
notes that a degree iof situ attrition alone does not account for the skeletdtern. Horse

remains from GK and VH are well represented by lpn@iportions with a greater utility index.

1VH (128)

2GK (43)
2VH(117) 1

3BS(104)

1 HST (65)

Table 6.7 Age group of horses for MP assemblagheheft and Aurignacian assemblage on the right

The abundance of horse remains in some depostssafbr a reconstruction of the

mortality profile, which provides clues to huntisfyategies and predators. The mortality
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profile is determined by the identification of déwwous teeth and measurement of permanent
premolar/molar teeth. During the MP, the age pesfére provided for the sites of the Lone
Valley. VH and HS assemblages consist of a largpgation of prime adults followed by an
equal proportion of old adults and juveniles. Tiefects a catastrophic mortality, an
expected pattern among living animal populationsediles are not as well represented in
archaeological cases due to the attritional biasnagdeciduous or unmineralized permanent
teeth. The pattern reflects non-selective preddahanresults from stalking or traps as a
hunting strategy or focus on solitary individuaistead of herds (Steele, 2005; Stiner 1990,

1994).

BS is an outlier within the Lone Valley. There a@adult individuals based on teeth
MNE count (Krénneck, 2012). Most of the teeth derirom juveniles. The high frequency of
juveniles and old aged individuals characterizgpéctl attritional mortality with an
overrepresentation of vulnerable individuals. Hoerethe extreme underrepresentation of
old adults is striking at BS. It appears that julenwere preferentially targeted for predation,
suggesting that the hunters focused on family hdrds low abundance of prime adults will
nonetheless lead us to conclude that this demomgrapltern is a variation of an attritional

mortality marked by the rarity of old adults.

During the Aurignacian, there is a large enoughganm VH and GK. At VH, the
prime adults are slightly dominant and juveniles amderrepresented compared to the other
age groups (Niven, 2006). The aged MNI also shawphime adults dominate the
assemblage (Niven, 2006). There is continuity emdbemographic pattern compared to the
MP, which represents a living structure and pdiata non-selective predation by humans.
Further, based on the lack of canines, Niven (2@06¢ludes that hunters focused on family
herds, which would have very low numbers of mateg (or two males per herd). The GK

assemblage is also comparable. While the sammdssamall, it is clearly pointing towards a
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living structure with a dominance of prime adultglan equal proportion of old adults and

juveniles.

In all, the age groups of horses mostly show thediitors systematically targeted
prime adults. BS remains the only exception to plaigern, which can be interpreted as a
form of attritional mortality with a skewed focua fuveniles. Based on the literature, this
pattern occurs often in kills of non-human predasrch as wolves, coyotes and hyenas that
chase prey over distances or through scavengiregléSt2005; Stiner, 1990, 2009). In
contrast, stalking and ambush as a hunting strategt in a random selection of individuals
regardless of their age and fitness. This formuwsftimg is practiced by felids, but humans
also produce animal accumulation without particpl@ference of age that would result in

living structures of the prey population (Stine990).

Reindeer
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Figure 6.8 %NISP of body parts of reindeer, MP
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Figure 6.9 %NISP of body parts of reindeer, Aurigaa

The skeletal representation of the reindeer vaesss sites. At HS, the MP
assemblage is largely head dominated with a hgguency of antlers and cranial parts.
Besides the heads, metapodials are more commaoriiAthe axial elements and the
extremities are underrepresented, although thel saralple size makes this assemblage rather
limited in deducing patterns. Similar to HS, reiadeemains of BS are dominated by cranial
elements and metapodials although antlers aregur®. The number of reindeer remains in
HF is low and not considered here. GK is charamerby an abundance of antlers followed

by forelimbs. The skeletal representation showsarsistent pattern.

During the Aurignacian, HS is characterized by bnralance of antlers, while the
other body part frequency is proportional. At VHmihe largest assemblage size, antlers are
not so common, but the majority of the remainsrapgesented by hindlimbs and metapodials.
At BS, the assemblage is small but limbs are vegt@sented. The reindeer remains at HF are
characterized by a high proportion of metapodfaléowed by antlers and hindlimbs. After

antlers, metapodials, crania and hindlimbs ocaguently at GK.
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The frequency of antler does not show a tempoealdirbut a spatial variation. Antlers
remain comparatively frequent in HS and GK durimg MP and Aurignacian. Antlers from
the Aurignacian strata in GK exhibit anthropogemiadification with traces of polishing and
breakage (Munzel, in press). Therefore, collectibantlers is attributed to humans during the
Aurignacian while carnivores may have contribu@the assemblage in the MP. Carnivore
modification is insignificant at GK in both stratayt occurs at a higher frequency at HS. As
noted in the previous chapter, the frequency afieare damage on antlers at HS decreases
from the MP (16%) to the Aurignacian (10%). Relativequency of antlers has been
documented at carnivore dens or caves with mixedmabklages (Stiner, 1994) but
anthropogenic modification at GK demonstrates geaf antlers for tool production in the
Aurignacian. Antler distribution at GK and HS cahbe easily explained, but reflects both

carnivore behavior in the MP and hominin activitythe Aurignacian.

Cranial elements are better represented in thehd® in the Aurignacian. There is a
clear overrepresentation of metapodials at alssitehe Aurignacian as well as in the BS
assemblage during the MP. Hindlimbs are also vegliesented while cranial elements are
underrepresented in the Aurignacian compared tdifReThere is a greater representation of
limb portions, which correlate with the meat indexwell as marrow index. Further, Minzel

notes that the metatarsals of reindeer also seasedw material for tool production (in press).

There are not enough reindeer remains in mosttsitesconstruct the mortality profile,
with the exception of VH. There is a clear domir@an€ prime adults and relatively scarce
juveniles and old individuals. This is a signatafdnuman predation, focusing on prime
adults (Stiner, 1994). GK is represented by eqepaasentation of the population (Minzel, in

press).

Mammoth
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Mammoth also gains considerable significance inAthegnacian that is heavily
represented at VH. At other sites, mammoth is heaiwased towards teeth and the
exploitation pattern of mammoths by modern humamst evident. At VH, Niven (2006)
concludes that the selection and transportatidsodl parts were not based on meat utility
but non-nutritional importance, such as the usawfa for architectural purposes, tool
production and fuel for fire. lvory becomes a proamt component of the Aurignacian
assemblages, which is found in the form of artgaotd debitage (Munzel, in press; Wolf,
2013). Increased mammoth exploitation is betteudwmnted through the exploitation of non-

nutritional elements than of elements with highodalreturn for food.

Seasonality

There are relatively few signatures of seasonsNkanderthals and modern humans
occupied the Swabian Jura. The seasonality of tReofVBockstein (in Bocksteinschmiede
[11) shows that hunting horses took place duringrep documented by juvenile equid teeth
(Krénneck, 2012). During the Aurignacian, remairesf GK indicate occupation in winter,
documented by the presence of foals, and spriegily summer evidenced by the presence
of young mammoth remains (Munzel, in press). At &lbgrd, the hunting of reindeer and

horse likely points to the occupation of the siégéveen late summer and fall (Niven, 2006).

Cave Bear

Skeletal representation of bears is expressednmstef NISP and weight. For NISP
all the sites were taken into account while thegivefor GK and HS were considered.
The %NISP (Figure 6.10+6.11) consistently showsctear dominance of skull and mandible
across sites with the exception of GK, which igespnted by the overrepresentation of axial
elements, especially of ribs. Besides GK, thersigtersite variation that appears significant.

Such a pattern reinforces the notion that the m®oé natural attrition was consistent among
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all sites. Therefore, the skeletal abundance of tears, much like horse, appears to be a

product ofin situ attrition.
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During the Aurignacian, the general pattern remainslar: the cranial elements are

dominant, but their proportion increases and o¢lements including axial proportions

become more abundant. GK is the exception to #iiem and the assemblage size of BS is

small. Overall, the axial elements are better regmeed in the Aurignacian. The proportion of

extremities indicates that these elements are sutgeattritional processes and remain

consistent in cave bear assemblages.
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Figure 6.12 % Weight of skeletal element for cagarkdrom reference skeleton (UR 7) and
assemblage from Aurignacian

The weight shows that despite differences at GKH8&dthe overall pattern is similar
(Figure 6.12)In situ attrition affected the survivorship of the skeleti@ments in the MP.
There is a clear bias towards the cranium and rbémdncluding teeth, and a bias against the
pelvis and vertebrae. There is a slight variatiothe abundance of certain elements, but the
underrepresentation of axial elements with grefaagility and the overrepresentation of teeth
are consistent among both sites. The Pearson aboreshows that there is no significant fit

between the comparative material with the cave teraains of HS and GK.

In the Aurignacian, GK indicates a similar pattedmereby the cranial elements are
overrepresented; but other elements, with the aiepf the pelvis, remain proportional to
that of the comparative skeleton. HS also shovedadively similar pattern but the crania are
underrepresented. The correlation between the wefghe comparative skeleton and the

archaeological assemblages also becomes significant
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Miinzel Stiner

HS MP A HS MP A
juvenile 171 56 | juvenile 186 62
prime adult 61 18 | prime adult 41 10
old adult 38 8 | old adult 23 6
BS MP A VH MP A
juvenile 15 7 | juvenile 2
prime adult 22 6 | prime adult 1 9
old adult 0 0 | old adult 0 5
GK MP A

juvenile 221 1321

prime adult 54 179

old adult 10 60

Table 6.15 NISP of cave bear based on teeth fdr @ge group category

The age of cave bears represented at the sitesthathere are relatively consistent
patterns among sites with large cave bear remaaisi€ 6.15). This mortality profile
supports the notion that certain caves serveddas aDespite the decrease of cave bears in
the Aurignacian, the age mortality pattern doesaftet. The method of age determination
differs among sites. BS and GK are based on Musseheme while VH is based on Stiner’s
scheme. HS was assessed on both and shows theaidthidte discrepancy between these two
methods, which are therefore comparable. HS anddgpkesent a clear juvenile-dominated
pattern with a temporal continuity from the MP a@hd Aurignacian. Despite the lower
survivorship of juvenile remains, there is a cléaminance of juveniles in these cave deposits.
The cave bear teeth are not so abundant in thenBYH, but prime adults are slightly better
represented. The age profile possibly indicatetsttiese caves were not used as the

hibernation as well as denning site for female daaeas.

Cave bear preference for a denning site is nolyeagplained. They prefer a protected,
sheltered area with little disturbance. Therefoegient visits of caves by other animals, such

as hominins or carnivores, may have led cave lieagoid certain caves. Cave bears
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possibly avoided VH due to the relative altitudd arsibility of the cave from the valley.
Multiple entrances and a non-enclosed setting dtgorovide protection from potential
predators, which discouraged cave bears from thetthe site for hibernation. At Bockstein,
cave bear remains are low compared to HS, GK andrHbther deposits and cultural layers
not considered in this study, there is a greatandhnce of cave bears during the Gravettian
period (Krénneck, 2012), though they are scaradeenMP and the Aurignacian. The location
of the site complex and the abundance of nich®eltstein would make it an ideal denning
site. The relative altitude above the valley did aeter GK from cave bears and does not
seem to be an adequate explanation for the scafoiigve bears at BS. Based on abundant
lithic material from the MP, it is possible thaetbaves at Bockstein were occupied by

Neanderthals, whose presence discouraged caveflmarasing the sites.

Carnivores

The carnivore guild is well represented in the cd@posits of the Swabian Jura.
Middle and large-sized carnivores that occur inSeabia Jura include wolves, hyenas, cave
lions, brown bears and lynx. The most abundantlsraahivore is fox, but there are
occasional finds of wild cat, mustelids, includiwgasel/ermine, marten, wolverine and

badger.

The most common middle/large carnivores are hydolswed by wolves. The
carnivore remains are relatively few at HF and WHi, hyena shows a stronger presence at
the sites in the MP with the exception of GK, whewdves are the second common taxon at
other sites. Cave lion is a rare occurrence andlenialids are also scarce in the cave
deposits. It appears that canids and hyenids arsxtdst common carnivores that exploited the

caves.
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Further, there are relatively few signs of browansan Paleolithic deposits. As
described above, cave bear and brown bear overlgye idistribution during the Pleistocene,
but it appears that brown bears did not visit gnett areas for denning or hibernation. This
suggests another niche separation between cave dorebrown bears. The rarity of brown
bears in cave contexts suggests that the durateduling, preferred location and other
variables related to hibernation differed from tbtave bear. This relates to the dietary
difference between cave bears and brown bearslattee primarily exploited meat, and the
availability of food sources for brown bear durinopter was not limited as for cave bears

(Miinzel et al., 2011).

Among small carnivores, foxes occur most frequeinti(G and GK. Especially the
abundance of fox at KG is directly linked to the wd the cave as a hyena den. The cause of
the high concentration is not explained, but ddrig/enas often result in an accumulation of
preyed ungulates, but also of carnivores, andntiaig be possible evidence for the predation

of foxes. Alternatively, foxes also may have ustlizthe site as dens.

During the Aurignacian, hyenas decreased signifigam the Swabian Jura. This is a
clear regional signal that could be observed aathgbe sites. Wolves assume importance
and replace hyenas as the common predators irath&vore guild of the Swabian Jura. Foxes
are still the most abundant small carnivore andei@®e in proportion from the MP. Other

carnivores including brown bears, felids and o#realler carnivores also continue to be rare.
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Figure 6.13 Age groups of wolf on the left and reyem the right

The mortality profile of the wolves is relativelyrited in terms of sample size, but it
does show that there is a slight bias toward juesrdt HS and adults at BS during the MP
(Figure 6.13). In the Aurignacian, there is a dligias towards adults at GK, not unlike the
pattern at BS. Therefore, the patterns generaliytpo living structures with a slight
predominance of adults. The demographic pattehyehas differs, with a clear
predominance of juveniles at HS and BS. The sawiptemplete permanent teeth is small
and did not allow strict adaptation of Stiner’'s esete (1994). However, the abundance of
deciduous teeth and the wear of the permanent teethbined demonstrate a bias towards
juveniles/young adults. While the hyena assembilades is not evaluated, both deciduous
and permanent teeth are equal. The abundance idides teeth is direct evidence of a
hyena den (Cruz-Uribe, 1991). Therefore, it is gmeghat HS and BS were at times used as

a den site similar to KG.

Taphonomy
Taphonomic processes vary greatly among cave depasd the sites of the Swabian

Jura are no exception (Miller, 2009). Simply pua#cke cave has a complex history of
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geological and biological processes as well asraptgenic signatures, which make a
comparison of taphonomic processes a difficultleingle. However, attempts are made to

understand signatures of hominin and carnivoreviies on the faunal assemblages.

Carnivore modification and anthropogenic modifioatat the sites, with the exception
of Kogelstein, are discussed. There are some diffass in the identification and
documentation of modification among researchersckmivore modification, specimens
with documented gnawing, puncturing, scoring argslive corrosion are tallied. Specimens
with chemical etching, which occurs naturally thghichemical alteration and through
gnawing of carnivores, were grouped together irBbekstein material. Kronneck (2012)
notes that limestone shows similar etched moditicaat several site deposits within the
technocomplex and interprets that similar proceaffested faunal remains as well. Thus,
the degree of carnivore modification may be ungeesented at Bockstein relative to other

sites.

Carnivore modification
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Figure 6.14 Number of specimens with carnivore rication

During the MP, carnivore modification is most fregtly encountered at VH (Figure
6.14). Over 20% of specimens show carnivore damagaatively high proportion in an
assemblage. In one MP layer, over 79% of remaiow sfarnivore modification (Niven,

2006). The low encounter rate of carnivore modifaraat the site of Bockstein (5.2%) is due
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to the exclusion of the corroded material, whickuited from carnivore digestion. When
these specimens are included in the analysis,rtipogion rises to 16.4%. VH represents the
largest proportion of specimens with carnivore rfiodiion (21.57%). Carnivore

modification ranges between 6.5-8.7%. There isigioifccant correlation between the
proportion of specimens with carnivore damage a&edabundance of middle and large-sized
carnivores, but the number of specimens with caneidamage and the NISP of carnivore are

significant during the MP (&0.86, p<0.05).

In the Aurignacian period, carnivore modificatioecdeases significantly (p<.0001) at
all sites except for the assemblage of Hohle kels;h shows a slight decline. The
Vogelherd assemblage reveals the greatest charnlge proportion of specimens with
carnivore damage from 22% to 2% in the AurignaciAoross all sites, there is decreasing
evidence of predators modifying animal carcassas the MP to the Aurignacian in the

Swabian Jura.

One caveat in studying the temporal trend of tequency of modification lies in the
comparability of the temporal span for strata. #ynmot be adequate to compare cultural
layers that span more than ~10,000 years to thiweofurignacian, which roughly lasts
10,000 years in the Swabian Jura (Conard and B2083, 2008). Nonetheless, the
proportional differences on an ordinal scale shatildbe a rough indicator of
intensified/dampened carnivore activity represemtietthe site. This will be especially
applicable here, as there is no clear evidenceadfenging of animal carcasses from hominin
hunting by carnivores. At these caves, it appdaatdarnivores themselves contributed to the
faunal accumulation in the cave, and thus carnidareage directly relates to the average
intensity of cave use practiced by non-human poedatHowever, the input of fauna in
relation to sedimentation rate should be verifigtewbetter chronological data are available

for the MP layers.
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% HS VH BS HF GK

MP A MP A MP A MP A MP A
bear 3,8 6,5 14,8 10,7 0,0 0,0 7,5 13,6 7,9 2,3
carnivore 16,8 12,0 10,0 15,3 3,5 0,0 28,6 19,5 12,9 21,8
herbivore 11,4 29,0 14,5 3,3 3,4 4,3 40,9 20,3 42,2 13,0

Table 6.16 % of carnivore modification for mammalgroups

Comparison of gnawing frequencies on identifieccgpens, grouped under bears,
carnivores and herbivores indicates that herbivaresubjected to greater carnivore damage
than bears or other carnivores (Table 6.16). Tha ai@ available for HS, HF, GK and VH.
Herbivore remains with carnivore modification dtsiles are more common than carnivores
and ursids. After herbivores, carnivores revealend@amages from other predators. This
reflects the competition which occurred within gredator guild. Bears, relative to their
abundance, are not affected by carnivores duriagvR, with the exception of VH, whose

the bear sample is relatively small.

With the exception of HS, all the Aurignacian asbtges see a decline in carnivore
modification on herbivores from the MP. HS contaslithis pattern, with an increase of
carnivore-damaged ungulate and proboscidean reni@spite the decrease, carnivore-
damaged herbivore remains are relatively more comitiman other animal groups. VH is the
outlier with low frequency of predator damage oeypanimals. Carnivore damage on cave
bears increases at HS and HF and decreases atu@Kef there is an increase in carnivores
with predator modification at GK and VH in contrésta decrease at HS and HF. Some
researchers argue that carnivores exploited caaes Ipegularly and that cave bears served as
an ideal prey during winter (Diedrich, 2012). Howemthere is a clear tendency for
carnivores to hunt herbivores, and the active etgilon of cave bears during hibernation

occurred seldom in the Swabian Jura.

The comparison is solely based on animals idedtifiea genus level and does not

include material identified to the taxonomic lee€brder. Nonetheless, it indicates that
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herbivores were modified by non-human predatorssmsommonly than other animals that
either met natural death or were killed through petition. There is a decrease in carnivore-
damaged herbivore remains in the Aurignacian bothe Ach and Lone Valley, thus
pointing to the greater role humans played as dgboe and agent responsible for the
accumulation of faunal assemblages in the cavess & exception to this trend, and the
contribution of herbivores to the site by carnivwpgoportionally increased from the MP to

the Aurignacian despite an overall decrease ot#éneivore presence in the cave.

Modification of faunal assemblages shows thaotezlap of carnivores and
Neanderthals occurred relatively frequently in 8veabian Jura in the MP, with no clear
evidence of faunal signatures that exclusivelywaefiom Neanderthal subsistence activities.
Relative abundance of large and middle-sized caras/is a direct evidence for predators
occupying caves for denning and protection agaitietr competitors, and the age profile of
hyenas implies long-term use of sites for denmvigch is also supported by the presence of
coprolites. The frequency of carnivore modificatisranother indicator with which we can
conclude that cave bear, carnivore and hominirathiggents in the deposits that are
responsible for the presence as well as natuteechssemblages. Carnivore and hominin
contribution to the fauna is intricate and doesailoiw for easy distinction. However, the
decrease of carnivore abundance and damage or faumains is a phenomenon that occurs

on a regional level, mirrored in part at HS.

Anthropogenic modification includes burning, cutkgand other forms of butchering
activity. Recovery bias against non-diagnostic spens at Vogelherd has led to the
exclusion of burnt material in the analysis. Orgaanitifacts and debitage are not considered
in this study. Quantification of anthropogenic nfawdition is not a simple task, since most
burnt faunal remains are more prone to fragmemtatiod anthropogenic modification on

highly fragmented material is difficult. Here, thember of specimens is used.
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Figure 6.15 Number of specimens with anthropogeradification. *VH burning specimen not
collected

During the MP, there is a large variation in thegirency of anthropogenic
modification (Figure 6.15). Altogether, 18.2 % difspecimens at BS show processing and
burning traces. Relatively high proportions of aaffogenic modification attest to the major
human contribution to faunal remains. Despite #et that HF is the assemblage with few
herbivores, the high frequency of anthropogenic ifrezdion after BS is significant. In
contrast, GK, VH and HS have a low frequency aémtibnally modified bones, with HS

representing the lowest frequency of anthropogeradification (2.9%).

In the Aurignacian, the rate of anthropogenic modtfon is high at HF and BS, with
33.2% and 26.4%, respectively. VH is also significat 10.3%. It is somewhat lower at GK
and the lowest at HS. This excludes ivory fragmeedsilting from artifact manufacturing,
which would increase the input of organic matemaldified by hominins especially at HF,
GK and VH, all of which are known for clear eviderio systematic production of ivory tools
and artifacts (Wolf, 2013). With one exception, #mthropogenic modification raises in
proportion from the MP to the Aurignacian. HF, GkdavH show a two to three fold
increase in the proportion of animal remains wittheopogenic modification. The exception

to this trend is Hohlenstein-Stadel. Traces of humivity on fauna are relatively infrequent
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in frequency. This decrease is relatively smalt,diill significant (p<.0001).

MP A
burning Frequency % Frequency %
HS 303 2,76 48 0,91
VH* 0 0,00 14 0,11
BS 407 11,94 230 25,53
HF 64 8,57 726 25,50
GK 10 0,80 335 3,61

in the MP and Aurignacian compared to other sdes, there is a decrease from 2.8 to 1.2%

Table 6.17 Frequency and % of specimens with bgrriviH burning specimen not collected

The use of bone as fuel is the most frequent fdramthropogenic modification with
the exception of GK in the MP (Table 6.17). Bumotcurs most frequently at Bockstein
(11.9%) and Hohle Fels (8.6%) while it is leastamdered in the GK (0.8%) and HS
assemblage (2.7%). We observe a clear increasariof &dnimal remains at BS and HF (26%)
and relatively low occurrence of burning at GK hugignificant increase from the MP. This
pattern speaks to an intensified use of combus$tiatures associated with modern humans.
The use of bone as fuel is underestimated at VHalaebias against unidentifiable faunal
material, but there is clear documentation of costiba features with a concentration of
burnt material in the Aurignacian layer uncoveredr excavation (Niven, 2006; Riek,
1934), and it is likely that burnt faunal remaisoaincreased over time. It is only at HS

where there is a reduced amount of burnt materitile Aurignacian.

MP A
butchering | Frequency % Frequency %
HS 11 0,10 16 0,30
VH 21 3,10 1357 10,21
BS 212 6,22 8 0,89
HF 14 1,87 220 7,73
GK 38 3,03 395 4,26

Table 6.18 Frequency and % of specimens with butupenarks.
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Some anthropogenic modifications are more susdepblother post-depositional
processes, which override other human signatutesidentifiability of cutmarks and impact
fractures depends on the preservation of bonesefidre, it is possible that the evidence of
butchering is somewhat underestimated in the MPrevtie skeletal remains show a greater
level of weathering (in this study and Niven, 2Q0R)e frequency of processing marks is
high in the BS assemblage of the MP (Table 6.18ptRAer sites, evidence of cutmarks and
impact fractures ranges between 1.9-3.1% at VHahktFGK. HS assemblage reveals the
lowest rate of butchering traces at 0.1%. DurirggAlarignacian, VH assemblage indicate the
greatest frequency of butchering, followed by HF ) and GK (4.3%), revealing a
significant increase from the MP to the Aurignaci@ntmarks and percussion marks are
extremely low at HS and BS. Simple counts of medifspecimens show intensified use of

fauna by humans both in terms of butchering andihgracross all sites except for HS.

Lithics

A simple count of lithics is direct evidence of hioim presence and a rough measure
of occupational intensity. In the MP, the lithicsamblage is large at HS and BS. The
assemblage of HF and GK includes debitage artifagts waterscreened finds, which make
the assemblage proportionally larger. There igaiitant correlation between the number of
lithics (Conard et al., 2012 and reference witlaindl the number of anthropogenically
modified material during the MP. In the Aurignacidime correlation is low, likely due to the
inclusion of small artifacts at GK and HF, skewthg abundance of lithics. Nonetheless, the
correlation of lithics and modified animal remaiasighly significant. Therefore, it is likely
that an increase of modified animal remains isflacton of greater hominin use of the cave

and thus a contribution to the faunal remains afsite.

Exploitation of cave bears
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Exploitation of non-prey animals such as carnivanes bears is not a phenomenon
that is readily observed in the Paleolithic. We sgstematic hunting of carnivores only
toward the later Upper Paleolithic when huntersapetp pursue small carnivores, largely
foxes, for their skin (Charles, 1997). In the Sveabiura, exploitation of carnivores and cave

bears is documented at several sites.

Cutmarks on few cave bear remains were identifredpecimens from HS. While
they are infrequent, their occurrence are noneskatensistent with a hypothesis held by
Minzel, who claims that modern humans began expipdave bear remains in the Swabian
Jura (Munzel and Conard, 2004a). HF has yieldednibst abundant evidence of ursid
remains with anthropogenic modification. Cave Isgmcimens bear traces of both defleshing
and skinning (Kitagawa et al., 2012). Further, ssemains were modified into artifacts.
Similar to discussions surrounding the questiomammoth hunting by hominins (Niven,
2006), little evidence directly attests to actiwmting of the cave bears in the Aurignacian,
although it is documented in the Gravettian (MUrazed Conard, 2004a). Due to the high
mortality rate of cave bear in cave deposits, likisly that humans encountered the remains
as carcasses. More systematic taphonomic anafysg&/e bear remains may falsify this

statement.

Bear remains with anthropogenic traces do occusideiof the Swabian Jura, pointing
to opportunistic exploitation of bears (Armand, 80Bitinzel and Conard, 2004a; Quiles,
2003). Some evidence extends back to the MiddlistBtene (Quiles, 2003; Stiner, 2005)
while there is documentation from recent periodshsas the Mesolithic (Bar-Oz et al., 2009).
Thus, the exploitation of bears is not exclusiwalyibuted to modern humans. Such evidence
is not geographically limited, occurring from Wastésia (Stiner, 2005) to Iberia (Martinez-
Sanchez et al., 2011). Cave bears were more frédguargeted in the earlier phases of the

Paleolithic and brown bear becomes common in tlugliaito later Upper Paleolithic
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(Armand, 2006; Gernonpre and Sablin, 2001). Winéedata may not be representative of
bear and hominin interaction in the past, it appéaat the evidence of bear exploitation
occurs more intensively in the Gravettian periagthsas at HF (Minzel and Conard, 2004a)

and Covolo Fortificato di Trene (Romandini and Nanr2012).

The extinction of cave bears occurred around 2&.1 ithe Swabian Jura and overall
in Europe toward the end of the Gravettian perMdr(zel et al., 2011; Pacher and Stuart,
2009). The extinction of mammals in the late P&aene has multiple causes, and is mainly
attributed to climate change, humans, or a comioinatf both (Koch and Barnosky, 2006).
In Eurasia, abrupt episodes of extinction are woudiented, and instead, gradual contraction
of animal populations occurred over an extendewgaf time. Studies of genetic diversity
in cave bears also demonstrated that the declpopglation of cave bears preceded their
final disappearance in the fossil record from #te Pleistocene (Stiller et al., 2010). The data
reveal that there is a decrease in the geneticgiy®f the females in the population, which
is explained by the decrease in the number of baaes. This gradual decrease does not

appear to be correlated with climate changes.

The arrival of modern humans roughly correspondbédoeginning of the decrease in
the cave bear population. Kurten was the firstrgua for humans as the possible cause of the
decline of cave bear populations (Kurten, 1958)s Has also been suggested by Grayson and
Delpech (2003) to explain the demise of cave bat@rotte XVI in southwestern France.

The decrease of cave bear does not necessarilfydigat humans had a negative impact
through hunting, but instead through intensifiedecaccupation that resulted in opportune
shelters for winter hibernation (Kurten, 1958; I8tikt al., 2010). The relationship between
the increase in the occupational intensity of husrduring the Upper Paleolithic and the
gradual decline in the diversity of cave bears sdede investigated further, but the current

view on the extinction of cave bears holds that anstmay have had an adverse effect on the
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population dynamics of cave bears during the UBadeolithic. This phenomenon is also
mirrored in the Swabian Jura, where there is infiealshuman occupation of caves and
evidence of active exploitation of cave bears baigim from the Aurignacian and intensifying

in the Gravettian (Minzel and Conard, 2004a).

Hohlenstein-Stadel in a regional context
The faunal assemblages support the notion thdtutietion of the sites varied and that

there are differences in the way sites were exgiaih the Swabian Jura. In this context, past
hunter-gatherers exploited preys differently at ldabktein-Stadel compared to the rest of the
caves. The abundance of cave bears at GK and Hkinemelatively high, but the growing

presence of modern humans contrasts with the usaves by Neanderthals.

The decisions made by hunter-gatherers to exgieitered areas are informed by the
conditions of the cave, including the size of tage; accessibility, the size of the opening of
the cave, location (relative altitude, topographgirain, visibility, as well as the distance to
water sources and the favorable orientation witgadte sunlight (Garcia-Moreno, 2013a, b).
Hohlenstein-Stadel, compared to other sites, imomarand although the surface area of the
cave does not differ significantly, the cave wassiloly unfavorable for long-term occupation

or as an aggregation site for large groups.

The cave did not serve as a functional site fogutar settlement during the
Aurignacian. Thd.dwenmensclwvas not found intermixed with other settlement deldfew
traces of human activities exist except for person@aments relative to other sites. Further,
as noted before, the abundance of shed juveni#erfemale antlers has been interpreted as
an intentional collection and deposit of antlershioynans. Kind and Wehrberger (2013) noted
that it is possible that Hohlenstein-Stadel represa “ritual cache area ... reserved for cultic,
totemic or shamanistic rituals with the mysteridissh man at their center” (159). This

interpretation cannot be tested against the ardbgieal record and remains an open question.
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However, given that there is a clear increase énsettlement intensity of modern humans in
contrast to Neanderthals, scarce human presertbes aite is an outlier to the pattern in the
Swabian Jura. The regional pattern helps explaip tndices of carnivores decrease, but not
necessarily account for the decrease in anthropogetivity at Hohlenstein-Stadel. Thus, it

is possible that the role of the site differed frémat of a habitation site such as Vogelherd

with assemblages that point to intensified cave use

Subsistence practice of Neanderthals and modermamsim the Swabian Jura
The subsistence practice of Neanderthals has spiydembedded in the question of

non-human predators and their roles in the cortinhuo the faunal remains of the caves in
the Swabian Jura. Some MP deposits show cleareamsignatures than others, the
prominent example being Bocksteinschmiede Il @ Bockstein complex. Horse was a
preferred prey in the MP with the relative abundaotjuvenile and adult remains in this
assemblage. This possibly points to the tendenteahderthals to target family herds with
many young. Other prey animals including reindewl a@oolly rhinoceros were also targeted.
In situ attrition and extensive weathering of prey remain®rtunately give us a limited view
on the patterns of killing, transportation and @%8ing of animal carcasses. The dominance
of horse in other assemblages, such as HS, refleztsatural abundance of horses during the
Pleistocene period. While this is evident in theé&d/alley, it is also reflected in the
abundance of horse at Kogelstein in the Ach Valldyother sites, the degree of carnivore
involvement remains ambiguous and cannot be quechtilt is possible that like Hohlenstein-

Stadel, many deposits represent a mixture of carej\cave bear and hominin activity.

Horses remain the most abundant herbivorous taxtimei Aurignacian assemblages
both measured by NISP, with an exception of Bo¢kstequids are the highest ranked prey
in both valleys, a pattern that does not alter ftbenMP. In terms of biomass, mammoth,
rhinoceros, aurochs/bison and giant elk would leéepred over horses. However, the

252



population density of preys varies significantly\& et al., 2001) and the encounter rate with
larger preys was likely low. Thus, it appears thatses were selectively targeted by hunters
over other ungulates and proboscideans due tolitweirass and abundance on the landscape.
The mortality profile of the horses reveals that death assemblage represents a living
structure with a slight predominance of prime agluuch a pattern reflects non-selective

mortality and hunting practiced by humans in VH &14.

At the same time, the change in the abundancarafeer signifies that it was also
preferentially hunted during the Aurignacian. Tloatcibution of reindeer grows across all
sites, although less significantly at HS, whicHeetls the economic importance of this taxon.
The increase of reindeer corresponds to the dexiddabhe horse NISP in the Lone Valley,
expressed in AR values between the MP and the Aacign. In terms of biomass, the horse
is roughly 60% heavier compared to reindeer amhé getically more beneficial as a target

of prey. Nonetheless, the increase of reindeecatds certain possibilities.

On the one hand, the population of reindeer likgbw in the Swabian Jura, which
was triggered by environmental changes. While piassible that the population density of
horse fluctuated, their contribution to human diees not alter significantly, and no other
faunal or environmental data suggest any decredserse population during the early Upper
Paleolithic. On the other hand, climatic deterimmaevidenced by micromorphological
analyses (Miller, 2009) and microfaunal study (Zéegin press) may have spurred growth
among the local reindeer population. There is semgence that link cooler climate with an
increase in reindeer (Grayson and Delpech, 2005iny12008). Thus, greater contribution
reflects natural abundance of the living populati®keletal representation shows
overrepresentation of appendicular parts includimger hindlimbs and metapodials.
Therefore, Minzel (in press) suggests that reinteragins, especially metatarsals, were also

exploited for tool production.
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Mammoth also gains considerable significance inAthegnacian that is heavily
represented at Vogelherd. Niven (2006) concludasttie selection and transportation of
body parts were not based on meat utility but am-matritional importance, such as the use
of fauna for architectural purpose, tool producionl fuel for fire. Ivory becomes a
prominent component of the Aurignacian assemblageih is found in forms of artifacts
and debitage (Mlnzel, in press; Wolf, 2013). Insegamammoth exploitation is better
documented through the exploitation of non-nutnéibelements than of elements with high

caloric return for food.

Overall, there is little change in the subsistenelavior from the Middle Paleolithic
to the early Upper Paleolithic. Continuity in hungt behavior has been documented outside
of the Swabian Jura such as in France (Graysomatpmech, 2006) or Caucasus (Adler et al.,
2006). Specifically, study on large game animalsicty comprise the majority of faunal
assemblages, documents few notable shifts betveediddle Paleolithic and the early
Upper Paleolithic (Stiner, 2013). Lack of changierts the ecological principles such as
optimal foraging models that govern the economitaveor regardless of the species and are
more dependent on the environmental context. Liacabrs largely influenced what modern
humans and Neanderthals foraged in their giveindags, providing a complex picture that
permits no generalization on economic behaviohefftominin species. Therefore, the notion
that modern humans and Neanderthals behave diffg@ngrounds of subsistence activities

needs reconsideration.

The possibility of dietary diversification, oftessaciated with modern humans
(Hockett and Haws, 2003; Hockett and Haws, 2005abdo be explored in the Swabian Jura
(Conard et al., 2013; Kronneck, in press; Owerl.e2813). Studies on small game in other
regions, many around the Mediterranean Basin, &t€lithat prey choice of small game

shifted from slow-moving animals to fast-moving gadue to hunting pressure (Stiner and
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Munro, 2002; Starkovich, 2012; Stiner et al., 20@&)ch shifts demonstrate that greater
hunting pressure was driven by demographic chaofjiesagers, Neanderthals and modern
humans (Stiner et al., 2002). This pattern rem@irze tested in the Swabian Jura through

systematic analysis of small mammalian remainsedkas bird and fish remains.

Settlement pattern and interaction between homiamasanimals

Conard and colleagues (Conard, 2011; Conard €2G2) discuss how Neanderthals
had ‘low impact’ on the environment that alloweed ttoexistence of hominins and cave bears
(Conard et al., 2012). The settlement pattern afriderthals in the region is mostly
characterized by repetitive short-term occupatiansnterpretation drawn from lithic
analysis of Hohlenstein-Stadel that applies to nviidtlle Paleolithic deposits in the Swabian
Jura (Beck, 1999). During the Aurignacian, thera shift in the site occupation in the Lone
valley from Bockstein to Vogelherd, and the Ach lgglshows greater anthropogenic input in
the valley. Recent studies indicate that moderndngvare represented by a higher artifact
density than Neanderthals, calculated by the ise@aumber of lithic and organic artifacts
and greater intensity of combustion features nadab the volume of excavated sediment
(Conard, 2011; Conard et al., 2012). While freqyas@ rough measure, the increase in the
guantity of artifacts represents relatively higlpplation density or longer occupational

periods.

The change in artifact density is a direct refl@ctof increased human presence. This
pattern is mirrored in the faunal assemblagesgesgmted in forms of increased anthropogenic
modification on animal carcasses and input of pmaynals by modern humans. While results
of one or two deposits may be a localized phenomeihe pattern observed in most sites of
the Swabian Jura is a signal that speaks to changepulation density on a regional scale.

Quantification of such intensity faces certain trages, mostly due to intersite variability
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both geologically (i.e., depositional history) aarx@haeologically (i.e., site function).
Nonetheless, this change is still significant oroetinal scale and the difference in the

intensity of site settlement between Middle Patbaliand the Aurignacian is evident.

This trend attests to the increasing predominahoeooern humans on the landscape
and also correlates with the decrease of non-preyads. Current data do not necessarily
support the notion that the population of cave loegreased in the Aurignacian period. Cave
bears remained on the landscape until their deimigee Gravettian period. On the other hand,
carnivores show a decline from the Middle Paleditb the Aurignacian. There is a notable
decrease in the frequency of hyenas at most sitessathe Swabian Jura. Further, the
carnivore modification of animal remains also daed significantly at most sites. Therefore,
these trends are indicative of the diminishing neme presence in the caves of the region.
While direct causality cannot be inferred based@¢aumnts of animal abundance and
modification, it is possible that modern humans maye outcompeted the carnivores for

resources and habitation/denning sites.
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7 Summary and Conclusions

The Swabian Jura is a geographically defined ardaRaleolithic deposits and
archaeological research in this region helps ugrstand the temporal trends of the past
cultures and reconstruct hominin behavior in Cefitaope. Hohlenstein-Stadel is one of the
sites with the Middle and early Upper Paleolithepdsits and the analysis of the fauna helps
to fill the gap’ in understanding the site function the one hand, and the nature of faunal
assemblages on a regional scale on the other.

During the Middle Paleolithic, the number of siedibit clear overlap in the use of
caves by carnivores and Neanderthals, documentadiegrease in carnivores as well as
traces of non-anthropogenic modification on fauealains. Bockstein is a possible exception
to this pattern where greater frequency of preyamtropogenically modified faunal
material are recovered. Horse makes up a signtfiganportion of prey assemblages at all
sites, while cervids, large bovids and woolly rldams are found at lower frequency.
Hohlenstein-Stadel confirms to the general pattéfaunal composition with short term
occupation of Neanderthals, documented by burmtgaund mortality profile of horse as well
as carnivores, evidenced by carnivore remainsepesof juvenile hyena as well as high
frequency of carnivore modification. Further, faat@umulated by Neanderthals and

carnivores are overlain by cave bears that occugelddied during the winter hibernation.

In the Aurignacian, faunal remains yield greatdahespogenic signal, with increased
input of game animals and human-induced modificeéioross most sites in the Swabian Jura.
Persistence of horse and significant increaseinfleer characterize many prey assemblages.
The increased abundance of reindeer in the Aurignas observed outside of the Swabian
Jura. Grayson and Delpech (2006) observed simaitieqm in France based on data over 200
assemblages dated to the Mousterian, Chatélperranid the Aurignacian period. This has

also been demonstrated at St. Cesaire (Morin, 200f) increase is attributed to
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environmental changes (Grayson and Delpech, 2005n\2008). Further, ivory fragments
attest to the increase in the use of faunal renfaim®ol production and are likely collected
by modern humans (Minzel, in press). To date, earavidence for active mammoth

hunting is documented in the Swabian Jura (Nive062.

In the early Upper Paleolithic, cave bears remamidant at Hohlenstein-Stadel and
overwhelm signals of other animals. Cave bearsisbexth humans at other sites, and persist
through the Aurignacian. No drastic fluctuatiorthe cave bear population is observed,
although opportunistic exploitation of cave beadagumented (at Hohlenstein-Stadel and
Hohle Fels). On the other hand, we observe chantfeeifrequency of carnivores in sheltered
contexts, notably hyenas, which decrease signifigah most sites. Further, the majority of
sites show a decline in carnivore damage on skebateins. From this pattern, we infer that
the decrease in carnivore presence correlatesmateasing human presence in caves. Such

increase is a rough measure of larger group sizesger residential times.

Hohlenstein-Stadel is distinct from other Aurigraacsites, many of which are
characterized by high input of artifacts that slgiang term human occupation. The site
remains an outlier among other caves in that theesentation of symbolic behavior in forms
of mobiliary art occurred in a cave with low lewdlhuman activity. While this is not the case
with other forms of symbolic representation suclca& painting or engraving (Clottes,
2003), Hohlenstein-Stadel is one of the few sieshich mobiliary art is recovered with

sparse evidence of human presence.

There is a clear intention behind the producticemgportation and deposition of
Léwenmenschnlike other portable artifacts with symbolism lsas bodily ornaments, which
could be incorporated accidentally into the depasie due to its large size and another due to

relatively low frequency of visits documented & Hite. Therefore, Aurignacian people left
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the figurine and artifacts leaving little tracesottier economic or functional activities. It
appears that Hohlenstein-Stadel served a uniquidumnunlike other sites with greater

human presence.

On a larger scale, we observe trends in the faassmblages that reflect
environmental changes and geographical variatibng.zooarchaeological record of the
Swabian Jura thus far indicates no clear shifh@dubsistence practice between the Middle
to early Upper Paleolithic. Change in the abundarceindeer is likely caused by climatic
shifts and greater input of ivory is driven by ftinoal needs for raw material. Increase of
ivory corresponds to the emergence of symbolic/éigtin the Aurignacian and reflects
diversified use of faunal remains. Thus, no brestkveen subsistence practice between
Neanderthals and modern humans is evident frorddbeeset considered in this study.
Continuity in the pattern of large game exploitatias been documented in areas with
different geographic and environmental setting {Goa and Delpech, 2003; Hoffecker,

2009; Stiner, 2013) and Swabian Jura fits to thisegal trend.

The difference between the Middle Paleolithic dmel Aurignacian in the Swabian
Jura pertains to changing intensity in the useawes by Neanderthals and modern humans.
The population density of two hominins has beearneid through various approaches
including measures of artifact and site frequer@@gn@ard et al., 2012; Mellars and French,
2011) and patterns in small game exploitation €iB000; Stiner et al., 2012). Tracking
demography in the past faces several issues (Ddgaauwad McPherron, 2013), but analyses
on an ordinal scale has the potential to shed iigbta rough measure of population density
over time. With some exceptions (Morin, 2008),dpaars that the population density of

modern human was significantly greater than Nedhdks.
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This study alone cannot tackle the large questioroanding the mechanism behind
the transition from the Middle to early Upper Péitbec and the causes for the extinction of
Neanderthals. Nonetheless, the study is one dirteattempts to understand the pattern of
faunal assemblages from a regional perspectivéaserve basis for comparison between
modern humans and Neanderthals. Future study datima from the Swabian Jura will
continue to fill the gap in our understanding ofaNderthal and human behavior and to help

us explore variability and similarity amoifpmospecies of the past.
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