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Abstract

In this study, we examine the role of foxes in Palaeolithic economies, focusing on sites of the Middle Palacolithic, Aurignacian,
Gravettian and Magdalenian of the Swabian Jura. For this purpose, we used published faunal data from 26 assemblages from the
region, including new information from the Magdalenian layers of Langmahdhalde. We explore how the abundance of foxes
changes over time, how they were used by humans, and how they were deposited at the sites, with a special focus on fox hunting
methods. To evaluate these hunting methods, we use the prey choice model of optimal foraging theory (OFT) and simulate
possible hunting scenarios, which we test based on the published faunal assemblages. Our research indicates that foxes were
hunted since the early Upper Palaeolithic for their meat, fur and teeth, possibly with traps. We find that the abundance of fox
remains in the archaeological record of the region increased continuously starting in the Aurignacian, which cannot be explained
by taphonomic factors. The trend of foxes to adapt to human-influenced environments with commensal behavior may also have

contributed to them being hunted more often.
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Introduction

The transition from the Middle Palaeolithic, which was dom-
inated by Neanderthals, to the Upper Palacolithic, which is
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associated with the appearance of anatomically modern
humans, is an important and very active field of research in
archaeology (Arrighi et al. 2019; Benazzi et al. 2011; Fa et al.
2016; Jones et al. 2019; Jones et al. 2018; Morales et al. 2016;
Peresani et al. 2016; Pirson et al. 2012; Pleurdeau et al. 2016;
Richard et al. 2019; Romandini et al. 2019). In
zooarchaeological studies, this transition is often interpreted
as a change in human hunting behavior or an expansion of the
food spectrum (Romandini et al. 2019; Starkovich 2012;
Starkovich 2014; Stiner 2009; Stiner et al. 2000; Stiner et al.
1999). Although recent studies suggest that Neanderthals had
a broad diet in some regions (Droke et al. 2020; WiBling et al.
2019; WiBling et al. 2016; Wroth et al. 2019; Yravedra et al.
2019), many sites in Europe and the Middle East have rapid
increases in faunal diversity from their Middle to Upper
Palaeolithic layers (Conard et al. 2013; Starkovich 2012;
Starkovich 2014; Stiner 2009; Stiner et al. 2000), which can
be interpreted as a result of a higher population density of
modern humans and a resulting over-hunting of certain food
resources (Stiner et al. 1999). In this context, representation of
primarily small prey animals, such as hares, birds, fish and
foxes, increases. While archacological evidence strongly sup-
ports the use of hares, fish and birds as additional components
of human diets (Conard et al. 2013; Stiner 2009; Stiner et al.
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2000; Stiner et al. 1999), the use of foxes for both fur and meat
is less strongly supported but is likely to have occurred
(Camaros et al. 2016; Conard et al. 2013; Yeshurun et al.
2009). In modern hunter-gatherer cultures, such as some
Inuit tribes of the eastern Arctic (Eber 1989), it is common
to consume foxes regularly only in times when no other food
is available. This makes the presence of fox remains an im-
portant indicator for over-hunting of main prey and human
population growth, following the hypothesis of Stiner et al.
(1999). Furthermore, in some contexts, it is also possible that
humans were not responsible for depositing fox remains at the
sites. Our study focuses on the human use of foxes from the
Middle Palaeolithic to the Magdalenian in the Swabian Jura of
southwestern Germany, a region with some of the most well-
researched Palaeolithic sites in Europe.

Researchers have studied the archaeofaunal remains from
the Swabian Jura for decades. The sites are particularly fa-
mous for their rich Middle and Upper Palaeolithic layers.
While the Middle Palaeolithic settlement of the region appears
to have been sparse, most archaeological sites dating to the
Upper Palaeolithic seem to have been used more intensively
(Conard et al. 2012). In the Swabian Jura, the Upper
Palaeolithic is represented by the Aurignacian (42,000—
34,000 cal BP (Conard and Bolus 2003; Conard and Bolus
2008; Hahn 1982; Higham et al. 2012)), Gravettian (34,000—
24,000 cal BP (Conard and Bolus 2008; Housley et al. 1997,
Taller and Conard 2019)), and after the Last Glacial
Maximum (LGM), the Magdalenian (16,300 to approximately
12,700 cal BP (Gaudzinski and Street 2003; Hahn 1995;
Housley et al. 1997; Kind 2003; Taller et al. 2014)).

In general, archaeological sites in the Ach and Lone valleys
of the Swabian Jura are dominated by remains of cave bear
and ungulates throughout the Palaeolithic (e.g. Bertacchi
(2017); Camaros et al. (2016); Conard et al. (2013);
Kitagawa et al. (2012); Kronneck (2012); Lykoudi (2017);
Miinzel (2019); Miinzel and Conard (2004a); Miinzel and
Conard (2004b); Napierala et al. (2014); Wong et al.
(2017)). However, there are also small numbers of carnivore
taxa in almost all of the sites, including red fox (Vulpes vulpes)
and arctic fox (Vulpes lagopus) (Bertacchi 2017; Camaros
et al. 2016; Conard et al. 2013; Kitagawa et al. 2012;
Kronneck 2012; Lykoudi 2017; Miinzel 2019; Miinzel and
Conard 2004a; Miinzel and Conard 2004b; Napierala et al.
2014; Wong et al. 2017). We know that carnivores must have
played an important role in the lives of Palaeolithic peoples,
based on, among other things, the presence of perforated car-
nivore teeth in the archacological record, which were most
likely used as pendants (Camaros et al. 2016; Conard 2003;
Hahn 1992; Langguth and Malina 2003; Miinzel 2019). The
earliest evidence of these pendants in the Swabian Jura comes
from the Aurignacian layers of Hohle Fels and
GeilBenklosterle. In the Gravettian, perforated teeth of carni-
vores are found even more frequently (Camar6s et al. 2016;
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Conard 2003). In addition to pendants made of carnivore
teeth, felids and bears were illustrated in mobile art in hunting
poses (Hahn 1986). Although no Palaeolithic figurines have
been interpreted as depicting foxes, the regular presence of
foxes in the faunal record, as well as the use of their teeth as
pendants, indicates that these animals were important to
humans during these periods. However, the nature of this re-
lationship has not yet been studied in detail.

A particular behavior in foxes could be related to their
occurrence in archacological sites: commensalism.
Commensal behavior is a symbiotic behavior between two
species, which benefits one species and does not affect the
other (Hulme-Beaman et al. 2016; Yeshurun et al. 2009).
Modern foxes show two types of commensalism. In one type,
they are commensal to large predators (Pulliaines 1993;
Wandeler and Liips 1993), such as wolves or polar bears
and, and in the other type, they are commensal to humans
(Jedrzejewski and Jedrzejewska 1992; Kidawa and
Kowalczyk 2011; MacDonnald 1977; Panek and Budny
2017; Pulliaines 1993; Savory et al. 2014; Sidorovich et al.
2006; Soe et al. 2017; Wandeler and Liips 1993). In both
cases, the foxes benefit by obtaining food more easily without
positively or negatively affecting the large predators or
humans (Hulme-Beaman et al. 2016; Kays and Feranec
2011; Merkle et al. 2011; Murray et al. 2015; Newsome
et al. 2010; Newsome et al. 2015; Warsen et al. 2014).
Recent research has indicated that this phenomenon is not
restricted to modern foxes (West and Yeshurun 2019;
Yeshurun et al. 2009), but also likely occurred during the
Magdalenian (Baumann et al. 2020).

This paper has three primary goals. First, we seek to deter-
mine how the abundance of foxes has changed from the
Middle Palaeolithic to the Magdalenian in the Swabian Jura.
Second, we explore how foxes were used during these differ-
ent periods. Finally, we discuss the circumstances under
which fox remains were likely deposited in the Palaeolithic
sites of the Swabian Jura, including possible methods of fox
hunting by humans. We address these goals by conducting a
meta-analysis of previously published studies and presenting
new data from recent excavations at Langmahdhalde.
Furthermore, we interpret our results through the paradigm
of human behavioral ecology and the prey choice model
(Charnov 1976) in order to explore possible hunting scenarios
Palaeolithic people might have used to procure foxes.

Material and methods

Our studied material consists of 26 assemblages from twelve
different cave and rock shelter sites from the Ach and Lone
valleys in the Swabian Jura that date to the Middle Palaeolithic
(MP), Aurignacian (A), Gravettian/Aurignacian transition
(G/A), Gravettian (G) and Magdalenian (M) (Fig. 1,
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Fig. 1 Map of sites included in
this study. 1 = Langmahdhalde;
2 =Fetzershaldenhohle; 3 =
Vogelherd; 4 = Bockstein; 5 =
Hohlenstein-Stadel; 6 = Grof3e
Grotte; 7 = Brillenhohle; 8 =
Geillenklosterle; 9 = Sirgenstein;
10 = Hohle Fels and Helga Abri;
11 =Kogelstein. Map made in
QGIS version 3.4 with
topographic data from SRTM
NASA version 3, hydrology data
from the Landesanstalt fiir
Umwelt Baden-Wiirttemberg,
administrative boundaries from
©FEuroGeographics, and ocean
data from Natural Earth

Table 1). From the Ach Valley, we have included Kogelstein,
Hohle Fels, Helga Abri, Sirgenstein, Geillenkldsterle,

helklm

AA 1(1,4

Brillenhohle and Grof3e Grotte, and the Lone Valley is repre-
sented by Hohlenstein-Stadel, Fetzershaldenhohle,

Table 1 List of assemblages included in this study with key references. AH archaeological horizon, MP Middle Palaeolithic, A Aurignacian, G/A
Gravettian/Aurignacian transition, G Gravettian, M Magdalenian

Region Site Assemblage Period Reference
Ach Valley Brillenhohle AH IV M Riek 1973; Boessneck et al. 1973
AH V-VII G
AH XIV A
Geillenklosterle AH Io M Miinzel 2019
AH G
AH II-11T A
AH IV-VIII MP
Grofe Grotte AH II-XI MP Weinstock 1999
Helga Abri AH 11 F7-111d M Miinzel et al. (In prep.)
Hohle Fels AH 0-Ila (light) M Napierala et al. 2013
AH Ilb-cf G Conard et al. 2013
AH Ild-e G/A
AH Illa-Vb A
AH VI-IX MP
Kogelstein MP Béttcher et al. 2000
Sirgenstein AH I-1IT G Bertacchi 2017 (unpublished Master’s thesis)
AH IV-VIL A
Lone Valley Bockstein BT IV-VI G Krénneck 2012
BT VII A
GH3 & BSI-V MP
Fetzershaldenhohle GH III G/A Lykoudi 2017 (unpublished Master’s thesis)
Hohlenstein-Stadel A Kitagawa 2014
MP
Langmahdhalde AH IV-VI M Wong et al. 2017 and new data from this paper
Vogelherd AHIII M Niven 2006
AH IV/V & HL/KS A Boger et al. 2014; Niven 2006
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Vogelherd, Langmahdhalde and Bockstein. We report the
publications we used as sources for the NISP values (number
of identified specimens, Grayson (2014); Lyman (2008)) in
Table 1.

The data we present in this paper are based on both piece-
plotted finds from excavations of the 1970s onwards and in-
dividual collected finds from excavations before this date. In
the following, we will refer to them as “single finds”. Even if
many excavation sites were wet-sieved, the majority of these
wet-sieved remains have not yet been published. The pub-
lished NISP values for the Middle Palaeolithic assemblages
of Kogelstein group the wet-sieved and single finds together;
in order to address any biases this may introduce, we analysed
Kogelstein separately. Wong et al. (2017) calculated the NISP
values for the faunal remains from the Magdalenian site of
Langmahdhalde using both single finds and wet-sieved mate-
rial, but, as this site is still under excavation, these NISP values
do not reflect the most current values. Therefore, supplemen-
tary Table S1 presents the most up-to-date NISP values from
the Langmahdhalde Magdalenian assemblage for the taxo-
nomic groups in this study and we use the values based only
on single finds.

In general, fox remains are not well-represented at these
sites compared to other mammalian taxa, except in
Kogelstein, probably as a result of including screened mate-
rials. Calculating the relative abundance of foxes using percent
NISP (%NISP) does not provide reliable results as the total
number of foxes is very small in relation to the total NISP.
Therefore, we use the ratio of the NISP of foxes to the NISP
of large herbivores (fox/LH index), following Tchernov (1994)
and Yeshurun et al. (2009). We only use faunal remains that
are identified to the genus (i.e. Vulpes sp.) or species level (i.e.
arctic fox: Vulpes lagopus and red fox: Vulpes vulpes). The
category of large herbivore (LH) includes mammoth
(Mammuthus primigenius), horse (Equus ferus), wooly rhinoc-
eros (Coelodonta antiquitatis), giant deer (Megaloceros
giganteus), red deer (Cervus elaphus), reindeer (Rangifer
tarandus), bison (Bison sp.), aurochs (Bos primigenius), ibex
(Capra ibex), chamois (Rupicapra rupicapra) and the size
classes “mammoth/rhino”, “horse” and “reindeer.” Similarly,
we calculated the ratio of hare (specimens identified to
European hare, Lepus europaeus, mountain hare, Lepus
timidus and Lepus sp.) to large herbivores (LH). It is possible
that fox teeth are overrepresented in the single find material
since they are easily identified during excavation. However,
we have decided to include both postcranial and cranial ele-
ments, including teeth, in our analysis, because an overrepre-
sentation of teeth is only present in the Magdalenian layers of
Geillenklosterle (see Fig. S1), and because at some sites (e.g.
Brillenhohle and Grof3e Grotte), no distinction was made be-
tween cranial and postcranial remains for fox or hare.

Another method we used to calculate the relative abun-
dance of foxes is the ratio of foxes within the carnivores

@ Springer

(NISP fox/NISP all carnivores, including foxes), or %fox of
Carnivora. The carnivore category includes foxes, cave lion
(Panthera leo spelaea), lynx (Lynx Iynx), wild cat (Felis
silvestris), wolf (Canis lupus), wolverine (Gulo gulo), martens
(Martes sp.), weasels (Mustela sp.), otter (Lutra lutra) and
cave hyena (Crocuta crocuta spelaea). We excluded the
European badger (Meles meles) from our analysis, because
we could not exclude the possibility that modern badgers in-
vaded the archaeological layers of some of the sites, such as
Vogelherd (Niven 2006).

Moreover, we have excluded the cave bear (Ursus
spelaeus), which belongs to the order Carnivora, but did not
have a carnivorous diet (Bocherens et al. 1994; Miinzel et al.
2014; Naito et al. 2016; Nelson et al. 1998; Pacher and Stuart
2009). Furthermore, due to their hibernation behavior, it is
possible that cave bears died in the cave sites without human
influence (Baca et al. 2016; Kitagawa et al. 2012; Miinzel and
Conard 2004a; Nelson et al. 1998; Pacher and Stuart 2009;
Stiner 1999). To get an impression of whether the number of
foxes is related to the human occupation density, we use fox
density (NISP of fox/m® excavated sediment) and lithic arte-
fact density (number of lithic artefacts/m> excavated sediment,
from Conard et al. (2012)). The sites and values we include in
this analysis are given in supplementary Table S2.

Since the sample size within archaeological assemblages is
very small, we applied Bayesian statistics to measure fox and
hare abundance. Bayesian statistics have the advantage that
they provide usable probability and likelihood information
even with small sample sizes (n>5, Gelman et al. (2014)).
Meanwhile, Bayesian statistics are increasingly used in ar-
chaeological studies (Borradaile 2003; Gearey et al. 2009;
Halekoh and Vach 1999; Halekoh and Vach 2004; Otarola-
Castillo and Torquato 2018). One way to evaluate the reliabil-
ity of the statistical analysis is by using the credibility interval
(CT; 95% by default) of the regression line. The narrower the
CI, the more certain is the given regression trend.

For the correlation between fox and hare indices (fox/
LH and hare/LH, respectively), the fox abundance within
the carnivore sub-assemblages (%fox of Carnivora) be-
tween periods and the analysis of the relationship between
fox density and lithic artefact density, we use a normal
linear model (lm) analysis in a Bayesian framework (R
package arm; Gelman and Hill (2006)), following the pro-
tocol of Korner-Nievergelt et al. (2015). The Im analysis
gives an adjusted (adj.) 7* value between 0 and 1, which
can be used for the interpretation of the regression line
(Korner-Nievergelt et al. 2015): positive values indicate a
positive correlation and negative values indicate a nega-
tive correlation. The use of Bayesian statistics eliminates
the need for the p value (probability value in frequency
analyses), as this is generally too strongly biased by the
sample size (Gelman et al. 2014; Halekoh and Vach 1999;
Halekoh and Vach 2004; Korner-Nievergelt et al. 2015;
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Otarola-Castillo and Torquato 2018). All Bayesian analy-
ses were done with R Version 3.6.1.

Results

In this section, we present the relative abundance and frequen-
cy distributions of foxes from the Swabian Jura Middle
Palaeolithic to Magdalenian. We also summarize incidences
of human-made modifications on fox remains, such as cut
marks and perforated tooth pendants, and the abundance of
hares and foxes.

Fox representation from the Middle Palaeolithic to
the Upper Palaeolithic

The majority of fox bones in all sites are from adult animals.
We have recorded only 28 bones and teeth from foxes youn-
ger than | year. Seventeen juvenile fox bones/teeth come from
the Middle Palaeolithic layers at Hohlenstein-Stadel
(Kitagawa 2014), one from the Aurignacian of Vogelherd
(Niven 2006), four from the Gravettian layer at
Geillenkldsterle (Miinzel 2019) and six from the
Magdalenien layers of Vogelherd and Langmahdhalde (1
and 5, respectively; Niven (2000)).

In most assemblages, fox remains make up only 1 to 5% of
the faunal material (Bertacchi (2017); Boessneck et al. (1973);
Boger et al. (2014); Boéttcher et al. (2000); Conard et al.
(2013); Kitagawa (2014); Kitagawa et al. (2012); Krénneck
(2012); Lykoudi (2017); Miinzel (2019); Napierala et al.
(2014); Niven (2006); Weinstock (1999); Wong et al.
(2017); Table S1). Only in the Middle Palaeolithic layers of
Kogelstein Cave are foxes the dominant taxa by NISP count,
with 418 specimens (37.5% of the assemblage) (Bottcher et al.
2000). Nevertheless, in all of the other assemblages, we see an
increase in the relative abundance of foxes within the carni-
vore sub-assemblages (%fox of Carnivora) from the Middle
Palaeolithic to the Magdalenian (Fig. 2a, Table 2). Similar to
the increasing abundance of foxes within the carnivores, the
fox/LH index increases from the Middle Palaeolithic to the
Magdalenian layers, as does the hare/LH index (Fig. 2b,
Table 2).

In five assemblages (Fig. S2, Table 2) from the Middle
Palaeolithic layers (excluding Kogelstein), the index of both
foxes and hares is very low (on average 0.06 and 0.03, respec-
tively). In the Aurignacian layers, the average frequency of
both taxa remained low, with the exception of the assemblages
from Brillenhdhle, Hohlenstein-Stadel and Sirgenstein. In the
faunal material of Hohlestein-Stadel, both indices clearly in-
creased (on average 0.34 and 0.29, respectively). In the
Brillenhdhle and Sirgenstein material, only the hare/LH index
increased (0.25 and 0.29, respectively). With the transition to
the Gravettian (i.e. the G/A layers from Hohle Fels and

Fetzershaldenhohle), as well as throughout the Gravettian,
there is an increase in the two indices (G/A: on average 0.18
and 0.21, respectively; G: on average 0.14 and 0.59, respec-
tively). The average frequency of hares in the faunal material
was higher than that of foxes, both in the G/A transition and in
the Gravettian. This was particularly evident in Brillenhohle
(hare/LH =2.07) and Sirgenstein (hare/LH =1.74), where
hares outnumber large herbivores by NISP count.

When we look at the Magdalenian, we see that the average
frequency of foxes continued to increase, while the average
frequency of the hares decreased slightly. For the foxes, the
highest value is from Geillenkldsterle (fox/LH =0.72).
However, the number of faunal remains from the
Magdalenian in Geillenklosterle is generally low (NISP =
229) compared to the other archaeological layers.

Previous studies have found that including fox teeth in fox
abundance data leads to an overrepresentation of foxes in the
assemblage of Geilenklosterle (Camaros et al. 2016; Conard
et al. 2012; Conard et al. 2013; Hahn 1988; Miinzel and
Conard 2004b). For the Magdalenian in Gei3enklosterle, for
example, 20 out of 28 fox specimens are teeth. To test whether
this is also true of the other assemblages, we calculated two
fox/LH indices, one with and one without isolated teeth, and
plotted them against each other (Fig. S1). We found that the
abundance of fox remains from the Magdalenian of
Geillenklosterle is particularly affected by tooth representa-
tion, but with all other assemblages, the difference between
the two indices was minor. Based on these results and the fact
that the published faunal results for the sites in this study do
not all indicate how many isolated fox teeth are in the assem-
blages (e.g. in Hohlenstein-Stadel and Kogelstein), we con-
sider only the fox/LH index that includes teeth in discussions
below. In addition, we tested the inclusion of teeth (of foxes
and hares) on the relationship between foxes and hares (Fig.
S4). We found that the linear correlation for both taxa is lower
when teeth are not included (all remains: adj. 7 =0.13, only
postcranial: 72 =0.05). There are two reasons for this. Firstly,
teeth and bone were not reported separately for all sites, which
leads to a smaller sample size and thus to a higher uncertainty.
Secondly, because of its high mineral content, enamel gener-
ally preserves better than bone and is thus represented in
higher proportions. However, we consider including teeth to
be useful because it enables us to compare even the sites that
do not provide separate data on teeth and bone.

The increasing frequency of foxes through time seems to
coincide with an increase in hare frequency. Examining fox
frequency in relation to hare may yield some important in-
sights, as these taxa are similar in size, share the same habitats
and are nocturnal (Averianov et al. 2003; Pulliaines 1993;
Thulin and Flux 2003; Wandeler and Liips 1993). Figure 3
shows a comparison of the fox/LH index and the hare/LH
index. In order to examine whether foxes and hares were cap-
tured in a similar manner, we analysed the correlation between

@ Springer
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Fig. 2 a Relative abundance of 100%
foxes in relation to other a
carnivores. Red solid line shows
the calculated mean regression
based on Bayesian linear model,
red shaded area shows 95%
credibility interval. b Index of the
relationship between foxes and
large herbivores (LH) and be-
tween hares and large herbivores
(LH). Solid lines show the calcu-
lated mean regressions based on

75%

50%

25%

%Fox of Carnivora

Bayesian linear model, shaded 2.0 —
areas show 95% credibility inter- b
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both indices for each period. If the correlation yields a positive
linear relationship, it would mean that both taxa were caught
in similar proportions to one another (Yeshurun et al. 2009).
This could then indicate that humans used an unselective
hunting strategy, such as snares on an open landscape, to catch
these animals. For the Middle Palaeolithic (z =5), we found a
very low negative correlation (adj. 7% =—0.26), while there is
positive correlation for the Aurignacian (n =7, adj. »* =0.50)
and a much higher positive correlation in the Gravettian (n =
5, adj. r* = 0.88). We also see a strong positive correlation for
the Magdalenian (n =15, adj. 2= 0.99); however, we had to
exclude the data from Geillenklosterle, again because of the
overrepresentation of fox teeth and the resulting bias to the
index (see Fig. S1).

In order to investigate whether foxes became more frequent
when humans were using the sites, we compared lithic artefact
density to the density of fox remains in the Middle Palaeolithic
and early Upper Palaeolithic (Fig. 4). The assemblages from
the early Upper Palaeolithic (n =6) show a strong positive
correlation between lithic artefact density and fox density
(adj. #2=0.72). In contrast, the correlation in the Middle
Palaeolithic sites (n = 5) is much lower (adj. > = 0.37).

Human modification of fox remains in the Middle and
Upper Palaeolithic

Cut marks on fox bones are generally rare in the Palaeolithic,
even if foxes are well-represented in assemblages (Lipecki
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and Wojtal 2015; Street and Turner 2013; Wilczynski et al.
2015; Wojtal and Wilczynski 2015; Wojtal et al. 2012), and
the sites of the Swabian Jura are no exception. Cut marks were
found on only ten fox bones in our study. From the Middle
Palaeolithic layer of Bockstein, Kronneck (2012) observed a
phalanx with a circular cutting line. In the Aurignacian, there
are five bones with cut marks: two mandibles from Vogelherd,
one with cuts on the buccal side and the other with cuts on the
lingual side (Niven 2006), a fifth metacarpal from
GeilBlenklosterle (Hahn 1988; Miinzel 2019) and a rib and an
ulna from Hohle Fels (Conard et al. 2013). Additionally, the
only two bones with butchering marks from the Gravettian
come from Hohle Fels: a pelvis and a femur (Conard et al.
2013). There are two modified bones from the Magdalenian:
an ulna from Hohle Fels (Napierala et al. 2014) and a mandi-
ble with parallel cuts from Langmahdhalde (Wong et al.
2017). While cut marks on the pelvis and femur can come
from meat removal, cut marks on the outside of the mandible
and on phalanges tend to come from skinning (Andersson and
Paulsson 1993; Binford 1981; Valensi 1991).

The fox remains from Kogelstein Cave

The Middle Palaeolithic layer of Kogelstein is a special case in
our analysed assemblages. It stands out from the other sites in
our study because it has 418 fox specimens, a fox abundance
in relation to other carnivores of approximately 70% and a
fox/LH index of 1.05. As mentioned above, Bottcher et al.



Archaeol Anthropol Sci (2020) 12:208 Page 7 of 17 208

Table2  NISP data and the %fox of Carnivora, fox/LH and hare/LH indices of the different assemblages. A Aurignacian, G/A Gravettian/Aurignacian
transition, G Gravettian, M Magdalenian, LH Large herbivores

Period/site Fox Hare Other Large herbivores % Fox of Carnivora Fox/LH Hare/LH
carnivores (LH)
M Brillenhohle 63 183 20 108 75.9% 0.58 1.69
M GeiBenkldsterle 28 13 26 39 51.9% 0.72 0.33
M Helga Abri 4 15 0 51 100.0% 0.08 0.29
M Hohle Fels 41 122 12 313 77.4% 0.13 0.39
M Langmahdhalde 10 14 5 109 66.7% 0.09 0.13
M Vogelherd 2 0 1 97 66.7% 0.02 0.00
Magdalenian (n =6) 148 347 64 717 69.8% 0.21 0.48
G Bockstein 8 11 16 356 33.3% 0.02 0.03
G Brillenhdhle 181 738 36 357 83.4% 0.51 2.07
G GeiBenklosterle 109 240 19 782 85.2% 0.14 0.31
G Hohle Fels 74 497 52 1389 58.7% 0.05 0.36
G Sirgenstein 56 324 38 186 59.6% 0.30 1.74
Gravettian (n =5) 428 1810 161 3070 72.7% 0.14 0.59
G/A Fetzershaldenhohle 140 161 72 644 66.0% 0.22 0.25
G/A Hohle Fels 14 22 14 212 50.0% 0.07 0.10
G/A Transition (n =2) 154 183 86 856 64.2% 0.18 0.21
A Bockstein 6 8 12 125 333% 0.05 0.06
A Brillenhohle 3 6 4 24 42.9% 0.13 0.25
A Geillenkldsterle 159 209 111 6700 58.9% 0.02 0.03
A Hohle Fels 29 37 40 876 42.0% 0.03 0.04
A Hohlenstein-Stadel 36 31 72 107 33.3% 0.34 0.29
A Sirgenstein 24 73 37 255 39.3% 0.09 0.29
A Vogelherd 122 133 212 9802 36.5% 0.01 0.01
Aurignacian (n =7) 379 497 488 17889 43.7% 0.02 0.03
MP Bockstein 36 10 115 993 23.8% 0.04 0.01
MP Geiflenklosterle 26 8 32 211 44.8% 0.12 0.04
MP Grofe Grotte 16 35 7 241 69.6% 0.07 0.15
MP Hohle Fels 2 0 4 37 333% 0.05 0.00
MP Hohlenstein-Stadel 50 22 223 739 18.3% 0.07 0.03
Middle Palaeolithic (n =5) 130 75 381 2221 25.4% 0.06 0.03
MP Kogelstein 418 65 179 397 70.0% 1.05 0.16
Middle Palaeolithic (n = 6) 548 140 560 2618 49.5% 0.21 0.05

(2000) included wet-sieved material in the NISP counts of the
faunal remains. Since small elements and fragments, such as
phalanges and epiphysis fragments, are often not recovered

result of human activity. Therefore, factors other than the in-
clusion of wet-sieved material likely influenced the high rep-
resentation of fox remains in the Middle Palaeolithic horizons

without screening, this could explain why Kogelstein has  of Kogelstein.
such high NISP values for fox compared to the other sites.
We would therefore assume that the hares and other small taxa
would be represented in higher numbers in the Kogelstein ~ Discussion

faunal assemblage. However, this is not the case; Bottcher

et al. (2000) report only 65 hare remains from the Middle =~ We now consider Palaeolithic foxes from the Swabian

Palaeolithic horizons at the site. This site is considered to have
been a hyena den that had only a short human occupation
during the Middle Palaeolithic (Béttcher et al. 2000), meaning
that the fox remains were not necessarily deposited as the

Jura in a broader context and focus on three topics: the
extent to which foxes were used as food or raw material
sources by humans, the population structure of foxes and
finally human hunting methods used in the Upper
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Fig. 3 Plot of the fox/large herbivore (LH) and hare/large herbivore (LH)
indices. The cluster in the lower left corner indicates a balanced relation-
ship between hare and fox remains in the assemblages. The Gravettian
layer of Sirgenstein and both layers from Brillenhohle (BH) show an
overrepresentation in hares, while the two assemblages in the lower mid-
dle part indicate an overrepresentation in foxes. All values are based on
NISP data (including teeth). GK = GeiBlenklosterle, Si= Sirgenstein,
KS =Kogelstein, BH = Brillenhohle, MP = Middle Palaeolithic, G/A =
Gravettian/Aurignacian transition layer

Palaeolithic for foxes. For the first topic, we will compare
our results with those of other studies in the Swabian Jura
(Camaros et al. 2016; Conard et al. 2013; Kitagawa et al.
2012), Gonnersdorf (Street and Turner 2013) and the
Gravettian sites of the Czech Republic (Wilczynski et al.
2015; Wojtal et al. 2012). In the second and third topics
that deal with population structures and hunting methods,
we will compare our results with modern behavioral stud-
ies of foxes and consider the prey choice model from
optimal foraging theory (OFT) to explain human hunting
behavior.

Fox use in the Central European Upper Palaeolithic

As we have shown in our study, humans living in the Swabian
Jura during the Palaeolithic likely considered foxes to be both
food resources and sources of raw material, such as fur and
teeth. Other studies have come to similar conclusions, with
Camards et al. 2016 focusing on their use for food and
Conard et al. (2013) highlighting their use for fur.

In our sample, we find only three specimens that
suggest the use of foxes for their fur: one specimen
from the Middle Palaeolithic at Bockstein, one from
the Aurignacian at Vogelherd and one from the
Magdalenian at Langmahdhalde. However, not every
cut leaves a mark and analysts have shown that experienced
hunters or butchers leave hardly any marks on bone during the
butchering process (Andersson and Paulsson 1993; Binford
1981; Charles 1997). Furthermore, cut marks are often found
on small bones, such as phalanges, which, due to their small
size, are usually only recovered using finer methods of exca-
vation, such as wet-sieving (Charles 1997). As this study does
not consider wet-sieved finds, this may affect our results.

There have been several studies demonstrating that carni-
vore teeth were used as raw material for ornaments in the
Swabian Jura during the Aurignacian and Gravettian
(Camaros et al. (2016); Conard (2003); Hahn (1988); Hahn
(1989); Hahn (1992); Kitagawa (2014); Kitagawa et al.
(2012); Langguth and Malina (2003); Miinzel (2019);
Wehrberger (2007); Table 3, Fig. 5). This includes not only
fox teeth, but also perforated cave lion, wolf and other carni-
vore teeth (Camards et al. 2016; Conard 2003; Kitagawa et al.
2012; Langguth and Malina 2003; Pacher 2005). Together,
the number of perforated teeth from the Aurignacian and
Gravettian increases through time in archacological assem-
blages (Camaros et al. 2016; Conard et al. 2013; Kitagawa
et al. 2012). If only foxes are considered, however, more

BS

GK

2.5
I

2
|

HF (G/A)
[ )

Fox density (NISP/m3)
1.5

HE

0 500

I I
1000 1500

Lithic artefact density (n/m?3)

Fig. 4 Relationship between lithic artefact density (published in Conard
et al. (2012)) and the density of foxes. Orange points = Middle
Palaeolithic sites. Blue points = Aurignacian sites (Exception: G/A =
Gravettian/Aurignacian transition layer). Blue solid line shows the
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calculated mean regression based on Bayesian linear model, blue shaded
area shows 95% credibility interval. GK = Geienklosterle, BS =
Bockstein, HF = Hohle Fels, VH = Vogelherd, HS = Hohlenstein-Stadel,
Si = Sirgenstein, GG = Grofie Grotte, MP = Middle Palacolithic
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Table 3 Number of fox tooth ornaments in the Swabian Jura, based on
publications (Camaroés et al. 2016; Conard 2003; Hahn 1988; Hahn 1989;
Hahn 1992; Kitagawa 2014; Kitagawa et al. 2012; Langguth and Malina

2003; Miinzel 2019; Wehrberger 2007). The values in brackets refer to
the Archaeological Horizon (AH). G/A Gravettian/Aurignacian transition

Geillenklosterle Hohle Fels Hohlenstein-Stadel
Gravettian 7 (AHI) 2 (AH IIb and Ilc)
G/A 1 (AH IId)
Aurignacian 5 (AH III) 5(AHIV) 5

ornaments are found in the Aurignacian than Gravettian
layers. However, the number of fox tooth ornaments and or-
nament fragments may increase if the finds from wet-sieving
are eventually included. Based on the current evidence, fox
tooth ornaments might have been more important in the

Aurignacian than later in the Gravettian, where ornaments of
other carnivores became more abundant.

In order to understand whether the Swabian Jura is an ex-
ception in the case of fox use, we will examine other European
Gravettian sites. The most suitable sites are Dolni Véstonice I

Fig. 5 a Nine fox tooth
ornaments from the Aurignacian
layers of Geiflenklosterle (GK)
and Hohle Fels (HF). Photos/
drawings taken from (1)
Langguth and Malina (2003), (2)
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and Pavlov I of the Czech Republic, because they are well-
researched and contain relatively high numbers of fox remains
(NISP =766 and 5460, respectively). Since for Pavlov I only
the south-eastern area was evaluated, it is likely that the num-
ber of fox remains is even higher. Both sites are open-air sites.
While Dolni Véstonice I has been described as a specialized
mammoth hunting camp, Pavlov I has been described as a
long-term base camp (Wilczynski et al. 2015; Wojtal et al.
2012). Only adult foxes, which are represented by all skeletal
parts, have been found at Dolni Vestonice I (Wilczynski et al.
2015). No cut marks were found on fox bones at the site,
making it unclear what purpose, if any, the humans that used
the site had for these animals (Wilczynski et al. 2015).

Pavlov I shows a similar scenario, though the number of
fox bones is much higher. Archaeologists recovered several
fox bones with cut marks, which indicate that the animals
were skinned and butchered. Furthermore, there are also very
deep cuts on fox long bones from this assemblage, which
could not be assigned to specific human activities (Wojtal
et al. 2012). Both sites demonstrate that foxes were common
faunal elements in Czech Gravettian open-air sites and, at least
in Pavlov I, foxes were exploited by humans for both their fur
and meat.

Pavlov I also provides evidence that carnivore teeth were a
preferred material for making personal ornaments. In total,
284 perforated fox teeth and 65 perforated wolf teeth were
found at this site. Dolni Vestonice I and Pavlov I include
wet-sieved material (Wilczynski et al. 2015; Wojtal et al.
2012), which may account for the large number of small car-
nivore remains at these sites compared to those in the Swabian
Jura.

Consider now the situation in the Magdalenian. For the
sites of the Swabian Jura, the calculated indices (%fox of
Carnivora and fox/LH) indicate a high abundance of foxes.
However, only two cut marks indicate the use of these animals
by humans. There is also no evidence for the use of fox teeth
as ornaments or pendants. In order to contextualize these re-
sults, we compare the data of the Swabian Jura with the
Magdalenian of Gonnersdorf, in western Germany. A large
number of fox remains were found at this open-air site
(Street and Turner 2013). These are mainly arctic fox
(NISP =2810), but 12 specimens are red fox. About half of
the finds are cranial elements, including isolated teeth which
dominate the fox remains from the site (NISP = 907). Similar
to the Swabian Jura sites, in Gonnersdorf there are rarely cut
marks indicating the use of these animals for fur. Despite the
high representation of cranial elements, only five bones show
cut marks which were clearly the result of skinning (Street and
Turner 2013). A few more cut marks (n = 30), which indicate
butchering, were found on long bones, the pelvis, ribs,
vertebrae and scapulae. These modifications allowed Street
and Turner (2013) to argue that hunter-gatherers at
Gonnersdorf used the open skinning technique for the
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production of flat pelts. Furthermore, they suggest that differ-
ent methods were used for butchering the foxes. As in the
Swabian sites, it seems likely that foxes were also used as
food at Gonnerdorf (Street and Turner 2013). Unlike in the
Swabian Jura, perforated fox teeth occur in the Magdalenian
layers of Gonnersdorf. While the fox ornaments of
GeilBlenklosterle, Hohle Fels and Hohlenstein-Stadel were
mainly limited to canines, both canines and other perforated
teeth (n=45), most frequently premolars, were found in the
Gonnersdorf assemblage (Alvarez-Fernandez 2000; Alvarez-
Fernandez 1999; Street and Turner 2013).

Population structure and the prey choice model

As discussed above, foxes were exploited by humans through-
out the Upper Palaeolithic, which leads us to the question,
what methods did humans use to hunt foxes? Fox hunting
probably differed from large mammal hunting due to differ-
ences in social structure, diurnal vs. nocturnal behavior, and
meat yield, among other factors. We explore this topic using
optimal foraging theory (OFT) and, specifically, the prey
choice model (Charnov 1976) which has been used to exam-
ine hunter-gatherer subsistence in many different contexts
(e.g. Jones (2004); Nagaoka (2019); Starkovich (2014);
Stephens and Krebs (1986); Stiner (2009)).

Following the prey choice model, we assume that foragers
take into account the time and energy required to search for
and handle a food resource when making decisions about
which resources to pursue. Foxes and hares have approxi-
mately the same body proportions (Averianov et al. 2003;
Pulliaines 1993; Thulin and Flux 2003; Wandeler and Liips
1993), so we assume they have similar net energetic returns
and are, therefore, ranked similarly in terms of caloric return
(Broughton et al. 2011). Furthermore, we assume that the
handling costs (i.e. the killing and processing of the prey)
are similar for both taxa. The main difference between the
two taxa would therefore be search time. To quantify search
time for fox and hare, it is necessary to have a look at the
ecology and population structure of these animals.

The number of red or arctic foxes living in an area and their
reproductive rate is mainly determined by the food supply
(Pulliaines 1993; Wandeler and Liips 1993). Studies of the
average population density of modern foxes find 4 to 18 red
foxes and 0.03 to 2.5 arctic foxes per 10 km? (Pulliaines 1993;
Wandeler and Liips 1993). Within modern red fox popula-
tions, randomly taken samples have shown that 49 to 77%
of the animals were younger than 1 year of age (Bogel et al.
1974; Jensen and Nielsen 1968; Lloyd et al. 1976; Van
Haaften 1970; Wandeler and Liips 1993). Modern red and
arctic foxes in the wild have a maximum lifespan of 10 years
(Pulliaines 1993; Wandeler and Liips 1993).

Modern hares, in comparison, generally have much higher
population densities and a shorter lifespan (maximum age of
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four years, Averianov et al. (2003); Thulin and Flux (2003)).
On average, 200 to 300 European hares occur per 10 km?
(Averianov et al. 2003) and mountain hare numbers vary
strongly from 10 animals per 10 km? in Sweden
(Bergengren 1969) to up to 2450 animals per 10 km? in some
parts of Scotland (Watson and Hewson 1973; Watson et al.
1973). In both hare species, population densities can increase
dramatically if conditions are favorable, such as mild winters
and more food availability in the spring (Averianov et al.
2003; Thulin and Flux 2003). Based on this information, the
average ratio of modern foxes to hares in the environment
(Europe) is approximately one fox to 20 hares (Averianov
et al. 2003; Pulliaines 1993; Wandeler and Liips 1993;
Watson and Hewson 1973; Watson et al. 1973).

In most of the Swabian Jura sites, we find higher NISP
values for hare than fox in the assemblages, but not in all. In
the Aurignacian layers of Hohlenstein-Stadel and the
Magdalenian layers of Geienklosterle and Vogelherd, as well
as in all Middle Palaeolithic layers (except Grofle Grotte),
foxes are more abundant than hares. In the case of the
Middle Palaeolithic, this difference in hare and fox represen-
tation is probably due to the low number of small mammal
remains overall and higher likelihood that foxes would enter
the sites naturally. The values of the two Magdalenian layers
of GeiBenklosterle and Vogelherd can also be explained by
the low number of hare and fox remains. At both sites,
Magdalenian humans occupied the caves only for a short time
(Miinzel 2019; Niven 2006). With regard to the ratio of foxes
to hares in the assemblages, we find a ratio of 1:7 in the
Gravettian of Hohle Fels, which is the layer with the highest
difference between foxes and hares. Some of the other layers
in the Swabian Jura sites even have more fox than hare re-
mains (Table 2). We hypothesize that there is a discrepancy
between the relative abundance of fox and hare remains in the
archaeological record and in the natural environment.

We do not assume that taphonomic processes and excava-
tion methods provide a suitable explanation for this discrep-
ancy because, as already mentioned, foxes and hares have
similar body sizes and their bones are similarly proportioned.
This means that post-depositional taphonomic processes and
the time depth of the assemblage should affect both taxa
similarly.

All the sites considered in our study show this discrepancy
between the relative abundance of fox and hare remains in the
faunal assemblages and in the natural environment, even those
with very low human occupation densities. As we found at
Kogelstein Cave, humans do not have to be involved in the
accumulation of many foxes remains (Bottcher et al. 2000).
Since this cave was a hyena den, the foxes could have been
hunted by hyenas or could have lived commensal to them.
Alternatively, foxes might have used the cave as a den behav-
ior hyenas were not around. Similar commensal behavior to
large predators has been demonstrated among modern foxes

(Hartova-Nentvichova et al. 2010; Kidawa and Kowalczyk
2011; Murdoch et al. 2010; Pulliaines 1993; Roth 2003;
Wandeler and Liips 1993; Wikenros et al. 2017).

Another important point is that hares may also have been
brought to the sites by carnivores, as described, for example,
by Krajcarz and Krajcarz (2014). However, these bones
should then show evidence of bite marks. This is the case in
Kogelstein, Langmahdhalde, and in the archaeologically ster-
ile layers of the other examined sites. In the layers of most of
the sites we studied that showed considerable human activity,
more cuts were found on the bones than bite marks. We can,
therefore, assume that hares were introduced and used by
humans rather than carnivores.

Kogelstein Cave and Langmahdhalde are exceptions for
the sites examined in this study in this respect. At
Kogelstein, fox and hare remains were deposited naturally.
Further, at Langmahdhalde, there is evidence that some of
the hare remains were deposited or scavenged by non-
human predators in the form of puncture marks, bite marks
and gnawing (Wong et al. in review). Therefore, we argue that
fox behavior and human hunting methods can provide the best
explanations for the large differences between the expected
and observed ratios of hare and fox, assuming our expected
ratio estimates are correct.

Palaeolithic fox hunting methods

As discussed above, we assume that the decision to hunt foxes
vs. hares was made due to differences in the search time as-
sociated with each taxon. Therefore, we will now discuss four
scenarios with different hunting methods that have a direct
influence on search time. Scenario 1 is a hunt for individual
animals with long-range weapons such as a throwing spear,
throwing stick, sling or bow and arrow. In this case, the stron-
gest influence on search time is the population size of the taxa,
assuming these taxa are distributed similarly. Since hares oc-
cur in much higher population densities than foxes, hares
would be taken more often than foxes because they would
have been encountered more often. We would expect the ratio
of hares to foxes in the archacological assemblage be about
the same as the natural population density ratio. Furthermore,
we assume that mainly adult foxes (and hares) would be
hunted, because adults are ranked higher than juveniles, based
on their body size/weight (Broughton et al. 2011).

In the second scenario, traps are used to hunt both taxa.
These are set up at game passes in an open landscape, which
are used by small game. Since trap hunting only requires time
to find the right place and set up the traps, there is no search
time, unlike in scenario 1. Hares, which have higher popula-
tion densities, should be more likely to be caught than foxes.
We would therefore expect that in scenario 2, like scenario 1,
the ratio between hare and fox remains in the archaeological
assemblage would be similar to the population density ratio.
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Furthermore, we assume that mainly adult foxes (and hares)
would be hunted, because adults are more mobile than juve-
niles (Averianov et al. 2003; Pulliaines 1993; Thulin and Flux
2003; Wandeler and Liips 1993).

Scenario 3 involves setting traps near fox dens. Similar to
scenario 2, this would mean that search time is low. It would
also mean that hares would be less likely to be caught in these
traps. We would therefore expect foxes to be more common
than hares in the faunal assemblages. Furthermore, trapping
near fox dens would sample a fox population randomly and
should result in trapping approximately 49 to 77% young
animals (Bogel et al. 1974; Jensen and Nielsen 1968; Lloyd
et al. 1976; Van Haaften 1970; Wandeler and Liips 1993).

The fourth scenario is trapping with meat as bait. Similar to
the third scenario, this is a specialized hunt for foxes
(Monchot and Gendron 2011). Despite the higher population
density of hares, they would be unlikely to be trapped because
they would not be attracted to the bait. In this scenario, we
would expect there to be more foxes in zooarchaeological
assemblages than hares. Furthermore, the trapped foxes would
be mostly adult individuals, because adults are more mobile
than juveniles (Pulliaines 1993; Wandeler and Liips 1993).

Looking at all the sites from the Aurignacian in the
Swabian Jura, there is an almost balanced 1:1 ratio be-
tween fox and hare remains (Table 2). In the Gravettian,
there is an average ratio of 1:4, in some sites even 1:6
(Sirgenstein) or 1:7 (Hohle Fels). This shows that hares
have gained in importance as a food and/or fur source
from the Aurignacian to the Gravettian. Nevertheless,
foxes were also important prey animals, as their NISP
values also rose from the Aurignacian to the Gravettian.
In the Magdalenian, the ratio between these two taxa is
approximately 1:2 on average. None of the time/cultural
periods studied, therefore, have a fox to hare ratio cor-
responding to the natural population density of both
taxa (approximately 1:20), indicating that scenarios 1
and 2 probably do not alone describe how foxes were
hunted during the Palaeolithic in the Swabian Jura. In
scenarios 3 and 4, the number of fox remains is higher
than the number of hare remains, a situation that does
not fit with our results from the Aurignacian or
Gravettian. Furthermore, scenario 3 predicts more young
foxes than adults, which we are unable to evaluate in
this study. Currently, analysts have identified 28 bones
and teeth from foxes younger than 1 year in the
Swabian Jura, though it is likely this number will in-
crease when wet-sieved finds are evaluated. However,
the Czech sites reviewed above show that young ani-
mals are also underrepresented there, despite the analy-
sis of wet-sieved materials (Wilczynski et al. 2015;
Wojtal et al. 2012). Another reason may be the poorer
preservation of juvenile bones and teeth as opposed to
adult bones and teeth, as argued by Street and Turner
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(2013). For our discussion of hunting methods, we will
therefore not look at juveniles any further.

If we now consider the data for the individual periods, it
becomes apparent that there can be no general statement as to
the agent of accumulation for the fox remains across all periods.
During the Middle Palaeolithic, which has a large depth of time
compared to the other periods studied here, most of the sites
contained more fox remains than hare remains (Table 2).
Additionally, human occupation at this time was less intense
in the Swabian Jura (Conard et al. 2012), indicating that the
majority of the fox remains were likely deposited in the cave
sites naturally and that humans were only sporadically involved.

The data from the Aurignaican and Gravettian show an
increase in fox and hare remains, and the importance of fox
teeth as ornaments demonstrates clearly that foxes were used
by humans. Therefore, we hypothesize that foxes, as well as
hares, were caught primarily with traps and snares at game
passes in the early Upper Palaeolithic of the Swabian Jura.
Further, the higher number of foxes in the find material could
reflect a partial baiting of the traps with food remains.
However, we cannot exclude the targeted hunting of foxes at
their dens because of the limited information about juveniles
in the record.

With the exception of Geiflenkldsterle, the trend continues
in the two indices fox/LH and hare/LH with a lower number of
finds in the Magdalenian of the Swabian Jura. We assume that
some foxes were also hunted by humans, but due to the low
occupation density in some of the studied sites compared to
the early Upper Palaeolithic (Conard 2019; Miinzel 2019;
Niven 2006; Taller et al. 2014; Weniger 1987a; Weniger
1987b), they may have been introduced naturally. For this
period, we also hypothesize that humans used traps and snares
to hunt foxes, although to a lesser extent than in the
Aurignacian and Gravettian.

It is also possible that there was a behavioral change, such
as the development of a commensal relationship between fox-
es and humans, during the Upper Palaeolithic that influenced
how often humans encountered foxes versus hares in their
territories.

Commensalism between foxes and humans could explain
the number of fox remains in the Swabian Jura during some
periods of the Palaeolithic and has been discussed to explain
trends in Levantine sites (Yeshurun et al. 2009) and in the Late
Holocene of Alaska (West and Yeshurun 2019). Modern com-
mensal animals appear in larger groups than their non-
commensal relatives and are therefore more tolerant of other
species, including humans (Dell'Arte et al. 2007; Hulme-
Beaman et al. 2016; Panck and Budny 2017; Reshamwala
et al. 2018; Wandeler and Liips 1993). Especially for foxes,
this behavior is an adaptation to a human-influenced environ-
ment (Lord et al. 2019) and has been shown to have occurred
at Kesslerloch, a Magdalenian site in Switzerland (Baumann
et al. 2020).
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If we refer to the prey choice model, commensal behavior
in foxes changes the search time for foxes because commensal
foxes would have higher population densities within the vi-
cinity of human settlement areas. This decrease in search time
associated with commensal foxes would increase the success
rate of hunting these animals compared to non-commensal
foxes, making them more likely to have been included as prey
for Palaeolithic hunter-gatherers. The positive correlation of
Aurignacian foxes with occupation density (Fig. 4) could also
be an indication of commensal behavior during the Upper
Palaeolithic in the Swabian Jura. It is likely that not only one
factor was decisive, but several. Thus, commensal, food-
habituated foxes may have been hunted more often with traps,
alongside non-commensal animals that were trapped or occa-
sionally hunted as single prey items.

Conclusion

In this paper, we have established that the abundance of
foxes at sites in the Swabian Jura changed from the
Middle Palaeolithic to the Magdalenian. While only a
few foxes were found in most sites of the Middle
Palaeolithic, NISP values of these animals increased
steadily beginning in the Aurignacian. A similar phe-
nomenon was observed with the hare remains. Based
on the assumptions of the prey choice model, this indi-
cates that the suppression of higher-ranked ungulate
taxa in the Upper Palaeolithic led foragers to turn to
lower-ranked prey or, alternatively, that the introduction
of different hunting methods (i.e. snares or traps) or
desire for different currencies (i.e. fur or fox teeth) in-
fluenced the abundance of different taxa at the sites.

Fox teeth, which were used as a raw material for the pro-
duction of pendants and ornaments (Camaros et al. 2016;
Conard 2003; Conard et al. 2013; Langguth and Malina
2003; Miinzel 2019), appear to be an important aspect of the
human use of foxes in the Swabian Jura during the
Palaeolithic. However, we also found some evidence for the
use of foxes as a source of fur and meat. Finally, we discussed
the circumstances under which fox remains were likely depos-
ited in the Palaeolithic sites of the Swabian Jura: while we
found no clear evidence of humans hunting foxes during the
Middle Palaeolithic, the data from the Aurignacian and
Gravettian show a pattern that suggests primarily trap hunting.
It is also possible that foxes became commensal to humans
and were therefore hunted more often during these periods. In
the Magdalenian of the Swabian Jura, the human occupation
of the region appears to have been smaller than in the early
Upper Palaeolithic, which is also reflected in the lower density
of faunal remains at the sites. We hypothesize that foxes were
hunted by humans during this period and were also introduced
naturally to the sites.

With our study, we have shown that, since the early Upper
Palaeolithic, the fox gained in importance as a resource, sim-
ilar to hares, fish and birds. If we apply these results to the
hypothesis of Stiner et al. (1999), we can predict an increase in
the population density of humans from the Aurignacian on-
wards. This result is consistent with previous studies in the
region (Conard et al. 2012; Schmidt and Zimmermann 2019).
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