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Abstract Terrasses de la Riera dels Canyars (Gavà, Barcelona, Spain) is an Upper
Pleistocene fluvial deposit dated to 39.6 cal. ka BP with a few Aurignacian stone tools.
Faunal remains recovered in this site contained, apart from large mammals, an important
assemblage of leporid remains. This taxon (especially the European rabbit, Oryctolagus
cuniculus) is very abundant in most Paleolithic and Epipaleolithic sites in the Iberian
Peninsula. For this reason, it has been proposed that this kind of small prey must have
played a key role for human prehistoric communities. Since a considerable group of
non-human predators can contribute in the formation of this kind of assemblages,
identification of different taphonomic signatures produced by other predators must be
implemented. Based on actualistic studies carried out on modern leporid remains
produced by nocturnal and diurnal raptors, terrestrial carnivores, and humans, diagnostic
taphonomic indicators of different predators were identified. In this paper, the patterns
observed for these predators are applied to the taphonomical analysis of archaeological
leporid remains from level middle lutitic unit (MLU) of Terrasses de la Riera dels
Canyars in order to understand the origin of the accumulation. The study was carried out
based on the analysis of the age of death, anatomical representation, degree of breakage
and digestion, types of fractures, cut marks, tooth and beak marks, and burnt marks. Our
results suggest that small terrestrial carnivores (probably Iberian lynx) were the main
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responsible agent for the leporid accumulations at Terrasses de la Riera dels Canyars
with a very sporadic and punctual activity of humans. Canyars moves away from other
coetaneousMediterranean Iberian sites where the anthropic systematic use of small prey
beginning in the Early Upper Paleolithic has been described.

Keywords Early Upper Paleolithic . Aurignacian . Terrasses de la Riera dels Canyars .

Leporid remains .Oryctolagus cuniculus . Small prey taphonomy

Introduction

Leporids (rabbits and hares), and especially the European rabbit (Oryctolagus
cuniculus), are one of the most abundant taxa among faunal remains in most Upper
Paleolithic and Epipaleolithic archaeological sites in the Iberian Peninsula (Aura et al.
2002; Hockett and Haws 2002). However, up until recently their occurrence has been
undervalued in archaeological research because they were considered of little impor-
tance to human populations (Davidson 1972; Morales et al. 1998; Villaverde and
Martínez Valle 1992). Over the last decades, studies on this type of small prey have
become a major focus of interest for many researchers (Cochard 2004a, b; Cochard
et al. 2012; Cochard and Brugal 2004; Hockett 1995, 1996, 1999; Hockett and Haws
2002; Jones 2006; Lloveras et al. 2008a, b, 2009a, b, 2010, 2011, 2012a, b; Martínez
Valle 1996; Pérez Ripoll 1992, 2001, 2004, 2005; Schmitt and Juell 1994; Sanchis
2000, 2010; Sanchis and Fernández Peris 2008). The substantial introduction of
leporids into the human diet from the Upper Paleolithic is interpreted as an indication
of diet widening by many authors (Aura et al. 2002, 2009; Hockett and Haws 2002;
Jones 2006; Stiner and Munro 2002; Pérez Ripoll 2001; Villaverde et al. 1996). This
trend is revealed by the presence of cut marks and other anthropogenic pieces of
evidence, such as characteristic bone breakage patterns (e.g., the presence of significant
amounts of long bone cylinders) and combustion brands, on rabbit bones from this
period (Aura et al. 2002; Cochard and Brugal 2004; Hockett and Haws 2002; Manne
and Bicho 2009; Pérez Ripoll 1992, 2001, 2004, 2005; Villaverde et al. 1996).
Although several studies have recently demonstrated that leporid exploitation can be
found in even the oldest archaeological sites (Cochard et al. 2012; Rodríguez-Hidalgo
et al. 2013a; Sanchis and Fernández Peris 2008), their consumption seems to clearly
increase from Upper Paleolithic coinciding with the arrival of anatomically modern
Homo sapiens (Aura et al. 2002). To explore Early Upper Paleolithic rabbit accumu-
lations is of particular interest, in order to understand shift dynamics in human
subsistence activities and to asses at what point the substantial introduction of leporids
into the human diet is related to anatomically modern Homo sapiens strategies.

The origin of the archaeological leporid remains is a key issue underlying this
debate, as small preys (and especially rabbits) are an important source of food for a
large number of non-human predators (Delibes and Hiraldo 1981). Terrestrial carni-
vores and raptors are regular visitors to caves and rock shelters where their prey
leftovers, pellets, or scats may accumulate. In addition, leporid accumulations could
be intrusive as a result of natural death in their burrows (Mallye 2011). In fact,
taphonomic studies on archaeological assemblages have shown that they are often
the product of combinations of the activity of different anthropogenic and/or non-
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anthropogenic agents (Hockett and Haws 2002; Lloveras et al. 2010, 2011; Pérez
Ripoll 2004; Rodríguez-Hidalgo et al. 2013a; Sanchis and Fernández Peris 2008).
Therefore, in order to understand human subsistence activities in the past, it is essential
to establish how a given faunal assemblage was accumulated. With such an aim, over
the last years, systematic actualistic studies on modern leporid remains originated by
natural death, terrestrial carnivores, raptors and humans have been carried out in order
to identify the corresponding taphonomic signatures (Lloveras et al. 2008a, 2008b,
2009a, 2009b, 2012a, 2012b, 2014; Rodríguez et al. 2013b). The data provided have
proved to be a useful tool to be applied to the analysis of leporid archaeological remains
(Lloveras et al. 2010, 2011).

In this paper, the patterns described in the actualistic studies mentioned above are
applied to the assemblage of rabbit and hare remains recovered at the site Terrasses de
la Riera dels Canyars (henceforth Canyars) located at Gavà (Barcelona) on the north-
east of the Iberian Peninsula (Fig. 1a). This is an Early Upper Paleolithic site dated to
39.6 cal. ka BP, a period still not very well known in relation to small prey acquisition
in the Iberian Peninsula because data are still very scarce. The aims of this work are
twofold: first, to show how the taphonomical analysis of the remains may help in the
identification of the agent responsible for the accumulation and second, to assess the
anthropogenic role in the formation of such complex. The approach followed here
provides an opportunity to add new data to the ongoing research on Upper Paleolithic
small prey accumulations.

Archaeological Context

Canyars is a fluvial terrace (41° 17′ 46″ N, 01° 58′ 47″ E) located in an abandoned
gravel pit in la Sentiu valley, one of the creeks originating at the foot of the Garraf
massif and flowing into the beaches of the Mediterranean seaboard (Daura and Sanz
2009; Daura et al. 2013).

Canyars is located at the confluence of two creeks, Riera dels Canyars and Riera de
Can Llong. The former is the main stream, and its distal part probably consisted of a
floodplain crossed by channels, nowadays modified by farming activity (Daura et al.
2013). A total of nine lithological units have been described, consisting of a poorly
sorted and coarse-grained complex of gradational and incised fluvial deposits. Paleon-
tological and archaeological remains come from unit middle lutitic unit (MLU). The
bone material deposited by carnivores on the excavated palaeochannel (LDU) was
covered by a thick coarse and medium sandy mud of 30 to 50 cm transported in a event
that preserved the material nearly in situ. After the formation of MLU, other upper units
sealed the archaeological level (MLU), in posterior events (MDU, USU, and UDU)
made of a matrix containing more massive elements as gravels and cobbles (Daura
et al. 2013, Table 1).

Several charcoal samples were collected for radiocarbon dating, with a 14C dating
result of ~34.6 14C (~39.6 cal.) ka BP (overall mean age estimate from four radiocarbon
dating by Daura et al. (2013)).

Faunal assemblage from Canyars comprise 42 taxa and >5,000 large mammal
remains (including indeterminate shafts). Excluding rabbits and based on minimum
number of individual (MNI) counts, the composition is dominated by herbivores
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(60 %) (including Artiodactyla, Perissodactyla, and Proboscidea), and carnivore
(Carnivora) taxa are almost evenly represented (40 %). The most represented herbi-
vores are the equids, Equus ferus (27) and Equus hydruntinus (4), followed by the large
bovids, Bos primigenius (MNI 15); red deer, Cervus elaphus (MNI 7); and woolly
rhino, Coelodonta antiquitatis (MNI 2). Wild boar, Sus scrofa; goat, Capra sp.; and
elephantids, cf.Mammuthus sp., are present but with MNIs of 1 in all cases. Among the
carnivores, lynx, Lynx pardinus (MNI 13), and hyena, Crocuta crocuta (MNI 13), are
largely dominant while other taxa are merely present, such as lion, Panthera leo (MNI
2); leopard, Panthera pardus (MNI 1); wildcat, Felis silvestris (NMI 2); brown bear,
Ursus arctos (NMI 1); wolf, Canis lupus (MNI 4); dhole, Cuon alpinus (MNI 1); and
fox, Vulpes vulpes (MNI 3) (Daura et al. 2013).

The site has been used as a den mainly by hyenas, as the abundance of coprolites
(NR 133), the dominance of juvenile individuals (12 of 13 MNI) of this taxon, and the
anatomical representations demonstrate. Taphonomical study is still in progress, but
herbivore bones show damage inflicted by hyenas, as whole cylinders, and the

Fig. 1 The Canyars site. a Location of Canyars in the Iberian Peninsula. b Site plan showing the excavated
areas. c Distribution of large mammals and position of leporidae sampling plotted against the excavation grid
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anatomical representation suggests transport of selected body parts in herbivores, which
contrasts with carnivore representation. The role of the carnivores is unknown (Daura
et al. 2013).

Materials and Methods

The leporid remains analyzed here come from the site’s archaeological unit MLU, Cala
A (Fig. 1b). We have worked with a representative sample corresponding to the total
amount of 3,458 rabbit remains from square M24 (Fig. 1c). The remains were collected
manually during fieldwork and in the process of dry sieving through 5 to 1-mm
superimposed meshes. Then, the material was sorted in La Guixera Laboratory
(Castelldefels City Council), packed up, and studied and classified at the University
of Barcelona.

The methodology used in the study follows that applied in previous works carried
out with modern leporid assemblages originated by different predators (Lloveras et al.
2008a, b, 2009a, b, 2012a, b).

For the sake of clarity, the variables considered within each of the analytical
parameters studied are presented below.

Anatomical Representation

Numbers of identified skeletal elements (N) were counted. Minimum number of
elements (MNE) and MNI were calculated. Relative abundance (RA%) was also
calculated for every skeleton element using the formula proposed by Dodson and
Wexlar (1979). Proportions of skeletal elements were calculated using several indices
(Lloveras et al. 2008a): postcrania in relation to crania (PCRT/CR, PCRLB/CR), loss of
distal limb elements (AUT/ZE, Z/E) and the ratio of forelimb to hind limb elements
(AN/PO) (see footnotes of Table 2 for abbreviations).

Breakage

Breakage patterns were described by the maximum length of all identified skeleton
elements. The mean value and percentages of remains less than 1 mm were calculated.
Percentages of complete elements, isolated teeth, and articulated elements were also
estimated. For immature individuals, diaphyses of long bones with unfused epiphyses
were considered as complete elements. Unfused proximal or distal epiphyses were classi-
fied as fragments of long bones. Long bone cylinders were also counted and registered.

Different breakage categories were used depending on bone type (Lloveras et al.
2008a):

& Humerus, radius, ulna, femur, tibia, metacarpus, and metatarsus were classified as
complete (C), proximal epiphysis (PE), proximal epiphysis+shaft (PES), shaft (S),
shaft+distal epiphysis (SDE), and distal epiphysis (DE).

& Innominate elements were recorded as complete (C), acetabulum (A), acetabulum+
ischium (AIS), acetabulum+ischium+illium (AISIL), acetabulum+illium (AIL)
ischium (IS), and illium (IL).
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& Scapula was registered as complete (C), glenoid cavity (GC), glenoid cavity+neck
(GCN), neck+fossa (NF), and fossa (F).

& Elements composing the skull were registered separately. Cranium elements were
classified as complete (C), incisive bone (IB), incisive bone+maxilla (IBM), maxilla
(M), zygomatic arch (AZ), and neurocranium (NC), while mandible elements were
categorized as complete (C), incisive part (IP), mandible body+incisive part (MBI),
mandible body (MB), mandible body+branch (MBB), and condylar process (CP).

& Carpals, tarsals, patellae, calcanea, artragali, phalanges 1/2, phalanges 3 and ribs
were sorted as complete (C) and fragment (F).

& Vertebrae were recorded as complete (C), vertebral body (VB), vertebral epiphysis
(VE), and spinous process (SP).

Long bone cylinders (fragments of long bones with snapped ends as a result of
consumption) were also recorded. Long bone fragments were also analyzed while
attempting to distinguish green from dry fractures (Villa and Mahieu 1991).

Breakage of teeth was calculated separately for isolated and in situ elements. They
were classified as complete (C) and fragment (F).

Bone Surface Damage

Damage to the bone was examined both macroscopically and microscopically. All of
the skeletal remains were observed under light microscope (×10 to×40).

Digestion

Assessment of digestion damage on bone surface was based on methods proposed by
Andrews (1990) and Fernández-Jalvo and Andrews (1992), and modified by Lloveras
et al. (2008a, b). Five degrees of digestion were recorded: null (0), light (1), moderate
(2), heavy (3), and extreme (4). These were valued separately for bone and dental
remains.

Tooth/Beak Marks

Tooth/beak marks caused by predators were also identified and registered. Tooth/beak
marks were classified as follows: tooth punctures (TPU), tooth pits (TPI), notches
(NO), scoring (SCO), and crenulated/fractured edges (CRE) (Binford 1981; Haynes
1980, 1983). Data provided by other studies dealing with tooth/beak marks on small
prey were also taken into account (Landt 2007; Lloveras et al. 2008a, b, 2009a, b,
2012a, b; Rodríguez-Hidalgo et al. 2013b; Sanchis 2012; Sanchis et al. 2011).

Cut Marks and Burnt Marks

Following the same methodology used in Lloveras et al. (2009b) with rabbit
remains, cut marks were recorded according to the element type and the section
of the bone. They were classified as longitudinal, transversal, or oblique
depending on their orientation to the axis of the skeletal element on which
they occurred.
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Bones with burnt marks were identified by visual examination; color of burning damage
was recorded (Stiner et al. 1995) and described as light, moderate, and strong. Areas with
burnt damage were registered on each skeletal element according to portion and side.

Age Estimation

Age estimation of the individuals was based on epiphyseal fusion state of long bones,
metapodials, scapulae, and innominate following Hale (1949) and Taylor (1959).

Results

Anatomical Representation

A total of 3,458 rabbit remains were identified, and hare remains were not found. Based
on calcanei counts, the estimated MNI is 33. Table 1 shows the anatomical composition
of the identified remains. The entire skeleton is well represented. The most abundant

Table 1 Oryctolagus cuniculus
skeletal elements identified in level
MLU from Terrasses de la Riera
dels Canyars

N number of skeletal elements,
N% percentage of skeletal ele-
ments,MNEminimum number of
elements, RA% relative
abundance

Skeletal elements

N N% MNE RA%

Mandible 106 3.1 49 74.2

Cranium 260 7.5 22 66.6

Incisors 112 3.2 112 56.6

Upper molars 221 6.4 221 55.8

Lower molars 170 5 170 51.5

Humerus 83 2.4 38 57.6

Radius 113 3.3 52 78.8

Ulna 125 3.6 46 69.7

Femur 68 2 38 57.6

Tibia 124 3.6 49 74.2

Patellae 2 0.1 2 3

Scapula 54 1.6 39 59

Innominate 127 3.7 53 80

Metacarpus 132 3.8 112 33.9

Metatarsus 300 8.7 231 87.5

Phalanges 1/2 338 9.8 323 28.8

Phalanges 3 95 2.7 95 15.9

Calcaneum 63 1.8 62 93.9

Astragalus 11 0.3 11 16.7

Carpal/tarsal 12 0.3 12 1.5

Vertebrae 433 12.5 320 21.1

Ribs 509 14.7 273 34.5

Total 458
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elements (N%) were vertebrae, ribs, phalanges 1/2, and metatarsal while patellae,
scapulae, calcanei, astragali, and carpal/tarsals were the scarcest. Relative abundance
of skeletal remains (RA%) is also shown in Table 1 and Fig. 2. The mean value
(50.8 %) indicates an important loss of skeletal elements. The most represented
elements are calcanei, metatarsus, long bones, mandibles, and cranium elements.
Mandibles, scapulae, innominate, and teeth also show high percentages (Fig. 2).
Skeletal elements like carpals/tarsals, patellae and phalanges 3 are poorly represented.

Relative proportions of skeletal elements are shown in Table 2. Results show the
following:

& Indices that compare postcranial to cranial elements (PCRT/CR, PCRAP/CR)
points to a deficiency in the numbers of postcranial remains (59.3 and 56.9).

& When cranial elements are compared to long bones (PCRLB/CR), the sample
shows a deficit of cranial elements (124.3), indicating a good representation of
long bones.

& Comparing upper limb elements (AUT/ZE), there is an important loss of distal
elements (38.7). The value of the Z/E index shows a greater representation of
elements corresponding to zigopodium (128.9).

& The AN/PO index reveals that posterior limb elements survived better than anterior
limbs (60.2). The difference observed falls primarily on the various values obtained
for metapodial elements.

Breakage

The size of the analyzed remains varies, with values of maximum length
between 3 and 105.1 mm. The average maximum length was 17.7 and more
than 83.3 % of the rabbit remains had length values over 10 mm. No articu-
lated elements were found.

Table 2 Proportions of different parts of the skeleton

Indices Percent (%)

PCRT/CR 59.3

PCRAP/CR 56.9

PCRLB/CR 124.3

AUT/ZE 38.7

Z/E 128.9

AN/PO 60.2

PCRT/CR total numbers of postcranial (limb elements, vertebrae, and ribs) compared with total numbers of
cranial elements (mandibles, maxillae, and teeth), PCRAP/CR limb elements (long bones, scapulae, innom-
inate, patellae, metapodials, carpals, tarsals, and phalanges) compared with cranial elements (mandibles,
maxillae, and teeth), PCRLB/CR long bones (humeri, radii, ulnae, femorae, and tibiae) compared with cranial
elements (mandibles and maxillae), AUT/ZE autopodium elements (metapodials, carpals, tarsals, and phalan-
ges) compared to zygopodium and stylopodium (tibiae, radii, ulnae, humeri, femorae, and patellae), Z/E
zygopodium elements (tibiae, radii, and ulnae) compared to stylopodium (humeri and femorae), AN/PO
humeri, radii, ulnae, and metacarpals compared with femorae, tibiae, and metatarsals
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The average percentage of complete elements was 39.6 % (Table 3; Fig. 3). If we
consider only the long bones, the percentage of complete bones is reduced to 6 %. As
expected, values obtained vary depending on the size of the skeletal elements. The
smallest ones, like patellae, astragali, teeth, phalanges, and carpals/tarsals, appear less
fragmented.

Breakage categories (Table 3) show that

& Cranial elements never appeared complete, and they were mainly identified by parts
of the NC, AZ, M, and IB.

& Mandibles were mostly represented by body fragments (MB) and body fragments
including the incisive part (MBI).

& For the innominate, it was common to find fragments containing the acetabulum
(AIS, AIL, and AISIL).

& Scapulae never appeared complete. Most fragments contained the GCN.
& Eighty-seven percent of isolated teeth and all the in situ teeth were complete.
& Vertebrae were complete in 44.1 % of the cases. The fragments were represented

mainly by the VB and by the SP.
& Ribs were always fragmented.
& All breakage categories were represented for limb bones. The humerus, femur, and

tibia were complete in almost 10 % of cases. Femur remains are best represented by
fragments of PES, whereas humeri and tibiae remains were well represented by S
and SDE fragments. For the radius, fragments from the distal part (SDE) are more
abundant. The ulna was especially represented by shaft fragments.

& Metacarpals were 68.2 % complete while metatarsals were 42.3 % complete.
& Astragali and patellae were all complete. Carpals/tarsals were always complete

(91.7 %) and so were also calcanei (82.5 %), phalanges 1/2 (90.8 %), and phalanges
3 (91.6 %).

Fig. 2 Relative abundance of the different parts of the skeleton in Canyars leporid samples.Mdmandible, Cr
cranium, Inc incisors, UM upper molars, LM lower molars, Hum humerus, Rad radius, Uln ulna, Fem femur,
Tib tibia, Pat patella, Sca scapula, IN innominate, Mtc metacarpals, Mts metatarsals, Phal 1/2 phalanges 1/2,
Phal 3 phalanges 3, Cal calcaneum, Ast astragalus, C/T carpal/tarsal, Ver vertebrae, Rib ribs
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The study of long bone fragments revealed a significant number of shaft fragments, but
the number of cylinders is scarce; only a total of ten cases were registered. Long bones
(18.1 %) show green fractures (FF), 22.3 % show dry fractures (DF), while 59.6 %
presented modern fractures (MF) due to the excavation and transport of the materials.

Digestion

Only 46 cases (1.3 %) from the sample presented digestion corrosion damage (Table 4);
among them there were no dental remains. Of the 46 cases, most show a light degree of
digestion (82.6 %). Moderate and heavy degrees of digestion were equally represented
by 8.7 % (Fig. 4).

Tooth/Beak Marks

Tooth/beak marks were observed on 87 skeletal elements (2.9 % of the sample). The
presence of gnawing damage, the number of punctures and pits which were often multiple
(in the same bone), and the location of marks (many bones with bilateral punctures)
suggested that most of the marks appeared to be caused by the carnivores’ teeth.

Fig. 3 Percentage of complete Oryctolagus cuniculus remains in MLU from Terrasses de la Riera dels
Canyars. Rib ribs, Ver vertebrae, C/T carpal/tarsal, Ast astragalus, Cal calcaneum, Phal 3 phalanges 3, Phal 1/2
phalanges 1/2, Mts metatarsals, Mtc metacarpals, IN innominate, Sca scapula, Pat patella, Tib tibia, Fem
femur,Uln ulna, Rad radius,Hum humerus, LM lower molars,UM upper molars, Inc incisors, Cr cranium,Md
mandible
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Taking into account the total of bone remains with tooth/beak marks, 60.9 % of TPU
were registered, followed by a 27.5 % of TPI, 8.0 % of SCO, 2.3 % of CRE, and 1.1 %
of NO associated with tooth marks. The skeletal element with the largest number of
marks was the innominate with a total of 26 cases (29.9 % of the cases), followed by
the tibia, 19.5 % (Table 5). In the innominate remains, tooth marks are mostly located in
the internal face, beneath the acetabulum. Tooth punctures and tooth pits can be
observed in long bone’s epiphysis. Calcanei remains also show tooth pit marks. Scoring
marks were visible in epiphysis and diaphysis.CRE are best seen in innominate
remains, in the illium area. A unique notch mark was seen in a fragmented rib (Fig. 5).

Cut and Burnt Marks

A total of six bones display cut marks. They were observed on long bones (two),
metapodials (two) (Fig. 6), innominates (one), and ribs (one). Most of the cut marks
were oblique to the principal axis of the bone. The two long bone diaphysis shows
various parallel marks in transversal orientation and of moderate intensity. In the case of
the innominate remain, transversal and oblique marks, of moderate intensity, were
recorded in the ischium area. The only remain with possible burning damage was a
distal epiphysis of an ulna.

Table 4 Numbers and percentages of Oryctolagus cuniculus bones included in each digestion category

Digestion in bone remains Null Light Moderate Heavy Extreme

N % N % N % N % N %

Mandible 106 100 0 0 0 0 0 0 0 0

Cranium 259 99.6 1 0.4 0 0 0 0 0 0

Humerus 76 91.6 6 7.2 1 1.2 0 0 0 0

Radius 107 94.7 5 4.4 0 0 1 0.9 0 0

Ulna 121 96.8 2 1.6 2 1.6 0 0 0 0

Femur 63 92.6 5 7.4 0 0 0 0 0 0

Tibia 121 97.6 2 1.6 0 0 1 0.8 0 0

Patellae 2 100 0 0 0 0 0 0 0 0

Scapula 54 100 0 0 0 0 0 0 0 0

Innominate 120 94.5 7 5.5 0 0 0 0 0 0

Metacarpus 130 98.5 1 0.8 1 0.8 0 0 0 0

Metatarsus 299 99.7 1 0.3 0 0 0 0 0 0

Phalanges 1/2 338 100 0 0 0 0 0 0 0 0

Phalanges 3 95 100 0 0 0 0 0 0 0 0

Calcaneum 58 92.1 3 4.8 0 0 2 3.2 0 0

Astragalus 10 90.9 1 9.1 0 0 0 0 0 0

Carpal/Tarsal 12 100 0 0 0 0 0 0 0 0

Vertebrae 431 99.5 2 0.5 0 0 0 0 0 0

Rib 507 99.6 2 0.4 0 0 0 0 0 0
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Age Estimation

Taking into account the fusion stage of long bones and metapodial epiphyses, scapulae,
calcanei, and innominate, the percentage of adult individuals was 79 %.

Discussion

A matter of great importance in taphonomic studies is to determine whether faunal
assemblages, in this case leporid accumulations, are the result of intrusive activity
(natural cause), non-human predators, or anthropogenic activity. This type of informa-
tion is critical in the analysis of Upper Paleolithic archaeological sites since there is an
apparent systematic consumption of small prey by human groups from this period
onward. Given that a large number of rabbit remains recovered in Canyars appear in a
single context, with other faunal remains probably accumulated by carnivores and with
lithic tools that demonstrate the anthropic presence, it is essential to identify the nature
of the leporid. With such an aim, our results are compared to the taphonomic signatures
of some raptors, terrestrial carnivores, and humans as recorded in previous studies.

Fig. 4 Digestion corrosion. a Distal epiphysis of a radius affected by moderate (2) degree; b, c Calcaneum
affected by a heavy (3) degree of digestion
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Accumulations of intrusive origin are characterized for presenting an age range similar
to that of a living community (with all ages represented in different proportions depending
on the type and cause of death of the population); fragmentation of the remains are located
in most fragile areas (related to structural density values); and traces of predators do not
appear (Callou 2003; Cochard 2004a). None of these features are met in the study sample
of Canyars where the individuals were mostly adults (79 %), and when compared to
Pavao and Stahl’s (1999) independent measures of rabbit bone density, it was found that
there was no statistically significant correlation between the frequency of rabbit skeletal
portions and their density (rs=0.07, p=0.78). This indicates that preservation of rabbit
remains at Canyars have been generally unaffected by structural density-mediated attri-
tion. Therefore, the available evidence appears to rule out the intrusive character of the
Canyars leporid assemblages. Works carried out with modern leporid remains accumu-
lated by nocturnal and diurnal raptors and terrestrial carnivores show that the percentage
of adult individuals consumed can vary depending on the abundance of prey (Table 6,
Lloveras et al. 2012b). Furthermore, in anthropic accumulations, the sample is character-
ized by values of 85 % or more of adult individuals (Brugal 2006; Cochard 2004a;
Hockett 1991; Hockett and Bicho 2000; Lloveras et al. 2011); however, this type of
accumulations could also show important variability, with percentages of 60 % (Martínez
Valle 1996; Sanchis and Fernández Peris 2008). Therefore, the percentage of adult
individuals registered in Canyars (79 %) could correspond to an anthropic accumulation
as well as an accumulation produced by other types of predators.

The indicators of anatomical representation show that all skeletal elements are well
represented. No selective transport of the rabbit carcasses was detected. The relative
abundance profile show that the best-represented skeletal elements are calcanei, meta-
tarsals, innominate, long bones (especially radii, ulnae, and tibiae), skull remains
(particularly mandibles), and scapulae (Fig. 2). This is a profile that approximates to
the one expected in anthropic accumulations, where despite the important variability
that may exist, the best-represented skeletal elements use to be long bones, mandibles,
scapulae, and innominate (Brugal 2006; Cochard 2004a; Hockett 1991; Hockett and
Haws 2002). By comparison with our data for non-human predators (Table 6) the
closest anatomical representation pattern appears to be that of terrestrial carnivores,

Table 5 Number of tooth/beak
marks counted in skeletal elements
from Oryctolagus cuniculus re-
mains recovered at Canyars

TPU tooth punctures, TPI tooth
pits, SCO scoring, CRE crenulat-
ed edges, NO notches, Md man-
dibles, Sca scapulae, Cal
calcanea, Tib tibiae, Phal phalan-
ges, Fem femorae, IN innomi-
nate, Rib ribs, Hum humeri, Ver
vertebrae

Skeletal element TPU TPI SCO CRE NO Total

Md 1 0 0 0 0 1

Sca 2 3 1 1 0 7

Cal 1 2 0 0 0 3

Tib 8 7 2 0 0 17

Phal 5 0 0 0 0 5

Fem 11 3 1 0 0 15

IN 16 8 1 1 0 26

Rib 2 0 1 0 1 4

Hum 5 1 1 0 0 7

Ver 2 0 0 0 0 2

Total 53 24 7 2 1 87
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particularly non-ingested remains accumulated by lynx (Fig. 7), since samples coming
from scats suffer considerable destruction, and consequently, bone percentage values
are lower than those here obtained (Lloveras et al. 2008a, 2012a).

In Canyars, cranial elements are more abundant than postcranial elements
(PCRT/CR=59.3); long bones are also abundant (PCRLB/CR=124.4); distal elements
are scarcer than proximal elements (AUT/ZE=38.7); and elements from the forelimbs
are less represented than elements from the hind limbs (AN/PO=60.2). When compar-
ing these proportions with the values obtained for terrestrial carnivores and diurnal and
nocturnal raptors (Table 6), again our results resemble the values obtained for terrestrial
carnivores. However, it is observed that our results could also fit a pattern of human
activity such as that registered in anthropic accumulations of leporid remains at
Anecrial and Caldeirão caves in Portugal (Brugal 2006; Lloveras et al. 2011).

Fig. 5 Tooth/beak marks. a Innominate presenting tooth punctures (TPU) on the internal face and beneath the
acetabulum; b Calcaneumwith tooth pit (TPI) marks; c Innominate showing crenulated edges (CRE) in the illium
area; d Femur shaft with TPI and scoring (SCO); e Fragment of a rib with traces of SCO and notches (NO)
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As for the long bone breakage, only 16.7 % of the analyzed remains present a
maximum length inferior to 10 mm. Most accumulations created by different types of
predators give values higher than 50 % (Table 6). This result is similar to that obtained
with sets of non-ingested remains accumulated by terrestrial carnivores such as foxes
(28 %) (Lloveras et al. 2012a) and especially the lynx (17.4 %) (Rodríguez-Hidalgo
et al. 2013b). The percentages of complete remains (39.6 %) and complete long bones
(6 %) are lower than those registered in modern eagle owl accumulations and higher
than those obtained for diurnal raptors (Table 6). These values could fit within a set of
remains accumulated by terrestrial carnivores that may present variable frequencies of
complete bones depending on the origin of the remains (scats, ingested or mixed). Still,
two factors that may have contributed to underestimate the percentage of complete
bones in our sample should be taken into account. First, some skeletal elements of
small size (carpal/tarsal, third phalanges, patella) are poorly represented, which suggest
a loss of these elements during the process of recovery on the field; second, the high
presence of elements showing modern fractures (46.1 %).

Ethnographically, it has been documented that people may create small animal limb
shafts by snapping or biting off the proximal and distal ends of long bones (Jones
1983). Similarly, it has also been well documented that prehistoric hunters extracted
bone marrow from the medullary cavity of rabbit long bones, creating large numbers of
rabbit bone cylinders in archaeological sites (Brugal 2006; Cochard 2004a; Hockett
1991; Hockett and Bicho 2000; Hockett and Haws 2002; Pérez Ripoll 1992, 2002,
2004; Sanchis and Fernández Peris 2008). Cochard (2004a) note that the evidence of

Fig. 6 Humerus shaft with cut marks
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human predation of leporids results in more than 5 % of long bone cylinders (especially
femorae, tibiae, and humeri) and multiple fragments of epiphysis. However, it has also
been noted that most predators (raptors and carnivores) may also create samples with
some amount of bone cylinders (Hockett 1991; Hockett and Bicho 2000; Pérez Ripoll
2005). Those created by carnivores and raptors may mimic cylinders created by
humans, but these bones are usually scarce and vastly outnumbered by complete to
nearly complete rabbit limb bones deposited in the same site by these predators
(Hockett 1995; Pérez Ripoll 1993). This is the case of the Canyars sample where the
number of long bone cylinders is low (ten cases, 3.6 % of long bone fragments) and so
are the epiphysis fragments. Although this does not rule out a human intervention
without evidence of marrow procurement, the scarce number of cylinders is clearly
closer to a non-anthropic accumulation.

The remains that present damage caused by digestion are very scarce, only 1.3 % of
the sample. This result does not match the values recorded in accumulations created by
raptors, nor these derived from terrestrial carnivores scats (Table 6). It is closer to the
values found in anthropogenic assemblages or terrestrial carnivore accumulations of
non-ingested remains. An additional factor worth examining is the degree of digestion
displayed on the surface of the remains. In the Canyars sample, most of the digested
remains were altered in a light degree being the extreme category absent. This category
of damage is always well represented in modern rabbit remain accumulations (of
ingested remains) created by carnivores (Lloveras et al. 2008a, 2012a). However, it
should be taken into account that extreme digestion degree tends to be underestimated
in archaeological samples in comparison with modern referential material because due
to their fragility, strongly digested remains do not preserve well. For this reason, the
activity of carnivore terrestrial mammals cannot be discarded from this data.

The percentage of remains with tooth/beak marks in the Canyars sample is 2.5 %.
This value clearly indicates a non-human intervention on the sample. The occurrence of

Fig. 7 Relative abundance of the different parts of the skeleton in Canyars leporid samples compared to
remains recovered in lynx scats (Lloveras et al. 2008a) and non-ingested remains (Rodríguez-Hidalgo et al.
2013b) (for abbreviations, see caption to Fig. 2)
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perforations on opposite sides of a single bone is indicative of the activity of carnivores;
this may correspond to either fox or lynx activity (Lloveras et al. 2008a, 2012a;
Rodríquez-Hidalgo et al. 2013b). On the other hand, the marks analyzed in our sample
are quite different from those observed in experimental studies on the human con-
sumption of rabbits. The human marks are characterized by broad but not deep
punctures related with cracks and the association of teeth marks and bending fractures
(Sanchis 2012; Sanchis et al. 2011).

The presence of cut marks, although in a low percentage (0.2 %), clearly relates to
human activity. These kinds of marks are usually abundant in accumulations of anthropic
origin; however, they are subject to an important degree of variability (Brugal 2006;
Cochard 2004a; Hockett and Bicho 2000). The number of cut marks is too low to
confidently infer a specific butchery activity; however, taking into account their location
and orientation, they may be related to the skinning and disarticulation of rabbit carcasses.
The nearly absence of remains showing burnt damage rules out the accumulated rabbit
remains were in direct contact with a heat source as a result of a cooking process.

In summary, rabbit remains from level MLU of Canyars, analyzed in this work,
display attributes that can be created by different types of predators. The anatomical
representation, the degree of breakage, and the presence of tooth marks point to a
terrestrial carnivore as the main agent responsible for accumulation. The scarce number
of elements affected by digestion and the high frequency of complete remains indicates
that it could be an accumulation mainly formed by non-ingested remains with a small
contribution of scat remains. The taphonomical pattern obtained is close to that
described for Iberian lynx from actualistic studies (Rodríguez-Hidalgo et al. 2013b).
The preliminary taphonomic analysis carried out by Daura et al. (2013) on the large
faunal remains recovered at Canyars suggested that carnivores were the responsible
agents for the bone, specifically, large carnivores such as hyenas and lynx. Our results
agree with this hypothesis; however, hyenas should be discarded as the predators of the
leporid accumulation. Numerous taphonomical studies have been conducted in hyenas’
dens (Cruz-Uribe 1991; Kuhn et al. 2010; Lansing et al. 2009; Pickering 2002; Pokines
and Kerbis Peterhans 2007; Schick et al. 2007). These works show that these carni-
vores, and especially the larger species Crocuta crocuta, are specialized hunters of large
ungulates. Small prey remains, such as leporids, are never accumulated in so large
amounts as in Canyars site. Furthermore, when large carnivores prey on small mam-
mals (such as rabbits) most of the prey carcasses are consumed, and non-ingested
remains are scarce and much more fragmented than in Canyars sample.
Zooarchaeological studies also show that the sites of hyena bone deposits were also
often used in the Middle and Upper Pleistocene as dens or food storage of common
smaller carnivores or raptors, which resulted in the accumulation of bones from smaller
animals such as leporids (Diedrich and Zák 2006; Steele and Klein 2013). This may be
the case of Canyars site; the taphonomic analysis of leporid remains shows that a small
carnivore, probably the Iberian lynx, mostly accumulated rabbits. The significant
number of remains of this taxon recovered among the carnivore sample present on
the site (MNI 13, Daura et al. 2013) is consistent with this inference. This emphasizes
the role that this carnivore may have played in Canyars small prey accumulation; the
site was also probably used as a den by this carnivore.

On the other hand, the anatomical profile and the scarce presence of cut marks points
to a minor anthropogenic contribution, but significant enough to slightly alter the
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characteristic pattern defined for carnivores. Palimpsests in which various agents
intervened independently are common in prehistoric sites. The results are bone and
artifact accumulations composed of multiple singular events that could make the
archaeological interpretations difficult (Binford 1981). From this perspective, animals
that compose the assemblages could reflect more than one method of acquisition. At
Canyars, site formation scenario showed that a flash flood acted as an agent of
concentration in a single locus of remains originally deposited over a wider area of a
paleochannel and the immediately adjacent floodplain (Daura et al. 2013). Our results
suggest that the leporid assemblage was mostly accumulated in the framework of
Iberian lynx denning in the riverside area. This material eventually came together with
a large number of other faunal remains (most of them primarily accumulated by
hyenas), and a few artifacts, burnt bones, and charcoal from a human camp site
(Daura et al. 2013).

In the Iberian Mediterranean regions, the regular anthropic acquisition and con-
sumption of small prey, particularly rabbits, has been described since the Aurignacian
levels at the beginning of the Early Upper Paleolithic. The emphasis on rabbits
documented from this period has been related to the arrival of the anatomically modern
Homo sapiens, as a consequence of changes in settlement structure and in the consol-
idation of a short-radius migration model that was well adapted to the characteristics of
the Mediterranean environment. This territorial system was based on the seasonal
exploitation of deer and ibex by alternating between coastal and mountainous inland
areas and was characterized by the use of rabbits and other small prey as complemen-
tary resources (Aura et al. 2002; Martínez Valle 2001; Villaverde et al. 1996). How-
ever, this is an issue that needs to be further explored. On one hand, in light of the
evidence from Cova Bolomor, where leporids and other small prey were exploited by
Neanderthals (Blasco and Fernández Peris 2012; Sanchis and Fernández Peris 2008).
On the other hand, data about Aurignacian rabbit accumulations is still scarce, basically
limited to three archaeological sites: Arbreda Cave, Cova Beneito, and Cova de les
Malladetes. In all these sites, rabbit remains dominate the fauna from the Aurignacian
levels analyzed (80–90 % NISP) and evidence for their use by humans has been
described through the presence of butchery marks, burnt bones, and anthropic fractures
(Davidson 1989; Estévez 1987; Maroto et al. 1996; Martínez Valle 1996). The problem
is that up until now, deep taphonomic studies of rabbit accumulations from these sites
have not been conducted, which does not allow us to make comparisons with results
obtained in the present study. Anyway, concerning to the anthropic activity, it is clear
that Canyars moves away from these coetaneous Mediterranean sites where the
anthropic systematic use of small prey beginning in the Early Upper Paleolithic has
been evidenced. In any case, Canyars should not be understood as an archaeological
station itself but as a carnivore’s occupation with a certain human activity in Canyars
riverside.

Conclusions

The taphonomic analysis of rabbit remains from Canyars excludes the possibility of it
being of an anthropogenic origin. This is consistent with the archaeological record of
the site: There is little human activity (few lithic tools) to support the existence of a
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human settlement. The analysis also rules out the possibility that the leporid accumu-
lation was intrusive.

Instead, the characteristics of the assemblage data are consistent with an accumula-
tion generated by terrestrial carnivores, especially exhibiting a pattern of non-ingested
remains. Moreover, anatomical representation and breakage patterns rule out the
hyenas, a species well represented in the site, as the main agents responsible for the
accumulation. Therefore, we conclude that the main accumulator of rabbit remains was
probably the lynx, another species well represented at the site.

Despite the low impact of humans on the leporid accumulation, the results do not
contradict the general pattern established for the human consumption of small prey
between the Middle Paleolithic and Upper Paleolithic in the Iberian Peninsula. This
model is applicable to sites where human impact is important but not at places where
human activity seems marginal as in Canyars.
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