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Bone refits and spatial analyses of units A5-A6 of Fumane Cave contribute to reconstructing

the dynamics of Neanderthal use of space
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Abstract

This paper presents an initial spatial examination based on the refitting of animal bones scattered in
late Middle Palaeolithic units A5-A6 of Fumane Cave. The main goal is to contribute to
understanding past activities and space organisation developed by Neanderthals. The analysed sample
includes 4,234 bone fragments, of which 50 sets of refits were horizontally assembled, and four refits
documented a vertical connection between units A5+A6 and 6. The study highlights a preponderance
of short connections, suggesting that they mainly remain in their original position, although there are
some refits at medium and long distances. The absence of important post-depositional agents, which
could have caused bone movements, indicates that the distribution is mainly due to human actions
resulting from repeated short-term occupations. Applying bone refits, multivariate statistical
techniques, and GIS tools allowed us to identify two main bone accumulations on the east wall of the
cave, far from the hearth positions. This study shows the importance of bone refitting in determining

variability in Middle Palaeolithic occupational patterns.

Keywords: ungulate; spatial distribution pattern; multivariate statistics; conjoined bones; Middle

Paleolithic; MIS3; Italy
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Introduction

The refitting and conjoining, or the identification of two or more pieces of material of the same nature,
has a deep history in archaeology (Hofman, 1981; Schurmans, 2007; Villa, 1991), albeit the first
studies involved the accidental discovery of broken artefact pieces. Even though this method involves
significant time investment, benefits are evident as refit gives information about site formation,
activity areas, stratigraphic mixing (degree of vertical dispersal), and technology. The essential
assumption is that green bone fractures represent contemporaneity: two or more pieces found to refit
are assumed to represent contemporaneous events or processes (Lyman, 2008; Morin ef al., 2005).
However, contemporaneity must be evaluated in every single context because the movements of
elements are influenced by subsequent events (Hofman, 1992; Larson and Ingbar, 1992; Schurmans,
2007). The methodological protocol applies to all materials and foresees determining which fracture
edges or surfaces conjoin. However, for specific classes of materials, such as stone artefacts, there
are more features to be considered, like colour, texture, grain and inclusions, that can suggest the
derivation of flakes and tools from the same core/nodule (Larson and Komfeld, 1997). Applied
initially to lithic studies, this method has raised its importance also in Zooarchaeology (Fernandez-
Laso, 2010; Gabucio, 2014; Gabucio ef al., 2016, 2017, 2018; Modolo, 2017; Modolo and Rosell,
2017; Rosell et al., 2012a,b, 2019), because it is a unique method that consists of finding the joints
between skeletal elements. Moreover, bone refits related to green marrow-bearing bone breakage are
connected to nutritional activities, allowing the reconstruction of subsistence and economic strategies.
As archaeological formation processes can mix up different overlapped occupational events
(palimpsests) (Bailey, 2007; Lucas, 2004), it 1s necessary to distinguish between intra-site activity
areas and whether accumulations are related to anthropogenic features like fireplaces,
dumping/reworking areas, trampled surfaces, occupation horizons, isolated concentrations of
materials (Marcazzan et al., 2022) drop- and toss zone (Binford 1978a,b, 1983). The comparison with
ethnographic models has facilitated the understanding of some aspects of the site organisations
(Audouze, 1987; Binford, 1980, 1983, 1998; Coinman ef al., 1986; Yar, 1994; Yellen, 1977) that
focused on hearths as the essential elements of household areas. Although Mousterian settlement
dynamics have applied these models, comparing archaeological assemblages and
ethnoarchaeological contexts (Binford, 1978a,b; Schiffer, 1985; Tschauner, 1996), these methods
could not be applied to a wide range of sites because they did not take into consideration the temporal
occupation dynamics. To address these problems, the study of refits, distance and direction of
connection lines, combined with taphonomic studies and spatial analyses of remains, allows the
identification of clusters between different domestic units (Chacon ez al., 2015; Fernandez-Laso,
2010; Gabucio 2014; Modolo, 2017; Modolo and Rosell, 2017; Rosell et al., 2012a,b, 2019; Vaquero

and Pasto, 2001). This approach could also contribute to the ongoing research on Fumane Cave, by
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examining the faunal refits analysed in units A5-A6. Fumane represents an excellent study case
thanks to extensively excavated units and anthropic accumulations attested by hearths, trampling
features and archaeological remains. For the first time, methodology-based bone refits and statistical
analyses based on metric parameters of ethnographic accumulations have been applied to understand

occupational patterns.

Fumane Cave and unit AS-A6

Fumane Cave, a European Middle and Upper Palaeolithic reference site, is situated in the Lessini
mountain (Verona, [taly). Extensively explored over the last three decades, it preserves a stratigraphic
sequence resulting from an intense and complex combination of natural and anthropic accumulation,
as corroborated by archaeological remains (Peresani, 2022). The cave is part of a karst system and
comprises a large entrance with the convergence of three tunnels (A, B, C). The uppermost

Mousterian deposits document thin parallel levels and lenses grouped into nine stratigraphic units

(A13-A5) (Fig.1).
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Fig.1



87  The complex of A5-A6 includes units TettoAS, AS, ASBR, A5+A6, A6, and A6BR, extensively
88  excavated until 2006-2008 (Fig.2) and forming a sub-horizontal body of about 20 cm thick, with a

89  slight east/southeast and northeast slope (Peresani ef al., 2011). The units are classified as follows:

90 e A6 is divided into three zones: 1) the western protected by the two main galleries, where there

91 are over 20 anthropogenic features, combustion structures and localised burnt products
92 accumulations; 2) a discard area characterised by the accumulation of materials derived mainly
93 from combustion or altered by heating; 3) a large area extending to the opposite wall, with dense
94 scatters of lithic artefacts, tools, and anthropically modified bones. Combustion structures are
95 rarely larger than 30 cm and are characterised by a reddened horizon, often covered by a charcoal
96 layer, microcharcoal, ash, and dispersed organic matter. Such structures are set directly over the
97 sands of unit A7 (archaeologically sterile) or maybe within or at the top of unit A6 (Marcazzan
98 et al., 2022). These structures document a sequence of human frequentations that maintain, over
99 time, the general spatial organisation of the activities. The unit layer is 3-8 cm thick and gradually
100 thinner toward the cave walls, decreasing to a 1-2 cm fine sheet. In the inner part of the cavity, it
101 shows major variations in the form of folds due to post-depositional deformations.

102 ® AS5+A6 is a unit (10 cm thick) of loose sediments rich in stones lying above unit A6 and
103 underneath the discontinuous unit A5. Human occupations are more ephemeral and less intense

104 compared to unit A6.

105 e ASis a horizon with combustion structures and dump material, documented in the westernmost

106 zone and gradually vanishing in the rest of the excavated area. The unit preserves a combustion
107 area (SIII) associated with artefacts in the immediate vicinity and partially surrounded by squared
108 slabs. Using a modelled Bayesian sequence generated with OxCal 4.0, Higham ef al. (2009)
109 conclude that the latest Mousterian occupation occurred before 43,580-42,980 BP.

110
111
112
113
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Fig.2

Materials and methods

We implemented an extensive refitting program to test the cultural sequence of units A5-A6 by
observing spatial patterns. We analysed a sample of 4,234 bone remains (2.5%) (total for all levels),
representing a selection of the NISP documented in these levels (171,271) (Romandini ef al., 2014).
The choice, as well as for unit A9 (Modolo et al., 2024), was based on the following criteria: the
analysis of taxa identified in previous studies and here re-examined after refittings (Romandini, 2012;
Terlato e al., 2019), plus the integration of all fragments that were considered potentially suitable for
refitting, like burnt bones, bones with cut marks, impact points, percussion notches, carnivore or other

animal traces, flakes and percussion cones, also smaller than 2 cm. This choice was made for different
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reasons: a work plan configured according to the timescales established by the project, of which this
study is the result, and for the conservation of remains. Preliminary archaecozoological analyses of
the bone assemblages found during the 1989-2006 excavation campaigns (Tagliacozzo and Cassoli,
1994; Frescura, 2004-2005; De March 2010) have been followed by a deep comparison (Romandini,
2012; Terlato, 2012) and targeted publications (Jéquier et al., 2010, 2012; Peresani ef al., 2011;
Terlato er al., 2019). All units have been excavated in 33x33 cm squares, with dry collecting of
materials (bones and lithics) and then by wet sieving. All remains larger than 3 cm have been mapped
on-site with geographical coordinates. Several authors have documented a predominance of cervids,
mainly deer and roe deer, followed by elk. Caprids with large bovids are subordinated. Red fox
(sporadic), brown, and cave bears have been documented in all units (Cassoli and Tagliacozzo, 1994;
Peresani ef al., 2011; Romandini, 2012; Romandini ef al., 2018, 2020; Terlato ez al., 2019). Extensive
analyses have also been conducted on avifaunal remains (Peresani e al., 2011). According to
Romandini and colleagues (Romandini ez al., 2014), the number of identified bones is low due to the
high rate of bone fragmentation (more than 88.8% are smaller than 2 cm) and combustion (47.8%).
The percentage of bones smoothed by natural mechanisms, like trampling, rolling, and micro-
scraping, is low (5.4%). Root marks are the most common alterations identified on the surfaces
(26.8%), followed by micro-fissures related to weathering (20.4%), manganese (17.6%) and
exfoliations (6.4%) (Romandini ef al., 2014). Some concretion traces affected fragments located near
the external area, at the limit of the drip line (17.6%). In comparison, the few with trampling abrasions
(0.5%) located in the eastern part of the cave are associated with the highest stoniness of the layer. A
high incidence of burned remains suggests the use of butchering refuse as fuel: 88% were subject to
moderate combustion (200-500°C, black/brown), while 12% were calcined (> 700°C, grey/white).
Data on carnivore remains, except for wolves, show only skinning and defleshing butchering marks
(Romandini et al., 2014; 2018). Anthropic traces have been documented on most ungulate remains,
especially on cervids (red and roe deer). Considering the whole ensemble, butchering traces have
been identified on 1442 remains, determined at the species level (butchering rate is 47% of the total
NISP) and 1954 determined bones (1.2% of the total undetermined) (Romandini ef al., 2014). The
diaphysis of tibias, femurs, metapodials, radii, and humeri from cervids (red deer, roe deer, giant deer,
or elk) and other ungulates (to a lesser extent) were used as retouchers. Some surfaces were scraped
before being used, probably to remove meat, tendon, and periosteum residues, but no further
preliminary preparation has been documented (Jéquier ez al., 2012).

Concerning refitting, we followed the terminology used by Todd (1983, 1987) and Lyman (1994,
2006, 2008), the methodology developed by Fernandez-Laso (2010), standardised during different
works, applied to various Abric Romani levels (Bargallo ef al., 2016; Gabucio et al., 2016; Modolo,
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2017; Modolo and Rosell, 2017; Rosell et al., 2012a,b; 2019). There are four methods of refitting

bones used in this work:
e Mechanical: refitting two or more fragments from the same bone following the fracture plane.

e Intermembral/anatomical (Lyman, 1994): identification of usually articulating specimens (e.g.
distal humerus/proximal radius), disarticulated and dispersed specimens (e.g. distal
tibia/astragalus), inferring that specimens that fit snugly and move smoothly in articulation

represent refitting specimens deriving from the same individual (Todd, 1987).

e Neighbourhood: comparing specimens that normally articulate on the base of size, inferring that
two specimens that correlate closely are likely from the same individual, based on the rule of the

neighbourhood (Kurten, 1953).

e Bilateral symmetry (variant of the anatomical refitting, Lyman, 1994): identification of left and
right elements that seem to be mirror images of one another based on the principle of bilateral
symmetry (Lyman, 2000).

The work planning foresaw six months, for approximately 1890 hours (1 person), including the time

needed to recover, select, distribute, and divide the material over tables. Initially, we selected a sample

of the total fragments recovered in A5-A6 to perform the refitting program. Afterwards, the faunal
material was sorted by taxon and anatomical elements. The refitting program had a two-step process.

The first step compared taxonomically identified specimens with non-identified specimens from the

same size class at each level. In the second step, all fragments were compared across all levels. The

location, distance between refitted elements, and taphonomic modifications, particularly those of an

o hich fraoment
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complexes, fragments less than 3 cm showing significant anthropic traces have also been selected.
We adopted the same procedure for unit A9 (Modolo ez al., 2024). Spongy fragments and those
strongly altered by water action or trampling were not considered, as they are tough to conjoin. The
conjoined elements were taped with reversible glue pads (UHU patafix) to reconstruct bone
morphology, allowing the study of fracture patterns and the acquisition of photographic
documentation. The refits have been classified according to the taxa, weight-size group, and
taphonomic agent, particularly considering the green or dry bone breakage patterns. Following the
standard procedure (Fernandez-Laso, 2010; Gabucio, 2014; Modolo, 2017; Morin et al., 2021), all
cases that were not clear and did not show evidence of human involvement were put into the category
of dry-bone fractures (Haynes, 1983; Villa and Mahieu, 1991). The open-access software QGIS 3.28
was used to compute the length of each connection line, which was subdivided as follows: short (1-2

mt), medium (2-5 mt), and long connections (> 5 mt) (Tab.1). The directionality of connection lines,
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corresponding to anthropic or natural movements has been established, whenever possible, and

plotted into a Rose diagram.

US. Distance (m)

0-1 1-2 2-3 34 45 >5
Nec. lines 57 1 1
96.61% 1,69% 1,69%

Nec. lines 12 1
AS+A6
92,31% 7,69%

Nec. lines 3

100,00%

Totals 7 1 1 1
96,00% 133% 133% 133%

Tab.1

Statistical tests were applied only to unit 6, as the quantity of the selected sample was statistically
representative in determining potential differences in remaining distributions. We used density maps
generated with kernel algorithms as an informal approach to spatial cluster analysis (Baxter et al.,
1997). We considered the radius suggested by the results of Besag’s L (r) functions. Kernel density
estimation (KDE) uses point data to create a smoothed density map considering the proximity
between the points (Baxter ef al., 1997). We used software R (R Core Team, 2018) to create 2D and
3D density maps. In addition, complementary histograms were performed to evaluate the distances
among refits and the distances from every refit to their closest hearth, anthropic feature or cluster of
materials. K-means were used to identify how many clusters exist in unit A6. Before running the k-
means, we used the package factoextra, the function fviz nbclust and the silhouette method to
determine how many clusters could be identified. Based on the number of clusters, we calculated the
linear distance of each refit to its closest centroid.

We captured 2D images using an Epson Perfection V10 scanner at either 1200 or 2400 dpi resolution,
depending on the bone type (tooth, long diaphysis, or tiny fragments), subsequently treating images
with Adobe Photoshop 24.1.0.

Results

Refits of unit A6

In the sample selected for the analysis of refits (2,854 NISP, 1.6% of the total), the red deer is the
most represented animal, with 979 remains, followed by cfr. Cervus elaphus (131) and Capreolus
capreolus (128). Caprids are second to cervids, with Capra ibex (42) and Rupicapra rupicapra (37)
as the main species. Among large cervids, Megaloceros giganteus is the most represented, with 28

remains (20 of them attributed to cfr. Megaloceros giganteus). Both carnivores and small mustelids



228  are attested, although with a low frequency of remains. Among the non-taxonomically identified
229  elements, all weight size classes of mammals have been documented: 332 of big-size, 145 of
230  medium/big-size, 101 of medium-size, 10 of medium/small size, and one fragment of small size. For
231  the remaining 120 fragments, it was not possible to attribute a size/weight category. Finally, the
232 number of unidentified remains amounts to 35.
233 We identified 34 bone refits in this unit, involving 82 fragments (2.8% of the selected bones)
234  translated into 59 connection lines (Tab.2).
235
R
o Anthropic modifications o Post-depositional agents
U.S. Taxa Skeletal element o D (cm) 7
CM SM PN PC R B T CN CR E WA MO RT W
Cervus 12+13+14 (r) 1,5-4-65-2-
A6 elaphus 12+13+14 (1) 6 10 N !
Humerus (r) 2 46 1 i 1 1 2 1
2 in situ 1 il | 1 1 1
Radius 2, 68 1 2 2
Metacarpal 2 in situ 2 I 1 1
2 in situ 1 1
2 in situ 1 1 3l 1 1 2
Femur (1) 3 118 1 il 1 2 1 2 1 11
2 21 2 il 1 11
Tibia () 2 142 1 2 1 1 2 2
Metatarsal 2 31,5 1 2 1 2 1 2 1
2 81 1 11 1 2l
Metapodial 2 814 1 2 2 1 1
II phalanx 2 in situ 3
cfr. Cervus
Humerus 2 9 i 1 2
elaphus
Metacarpal 2 in situ 1 1 1
Capreolus
capreolus Metacarpal (r) 5 in situ 1 1 1
Cervidae ~ Metapodial 2 4 2 1 2 2 2
Ungulata
ind. Metapodial 2 27 2 2
P 49 1 2 2 1
Diaphysis (B-size) 2 12 2 2
Mammal Tibia 2 in situ 1 1 1 1
Diaphysis (M/B-size) 3 1 2 1 2
2 in situ 1 1 1
2 17 1 1 21
Diaphyisis (B-size) 3 in situ 1 1
2 6 1 2 1 R 2
2 2 1 2 0 2 2 1
2 17 2 1
3 20-21-22 3
Unidentifi Diaphysis 2 9 2 2

ed



5-6-10-11-13

5 - 14 - 3 3
18-18-22
2 25,5 2
2 16,5 2
Cervus
AS5+A6 Metacarpal 2 43 2 2
elaphus
Tibia 2 in situ 1 1 1 1
Metatarsal 2 in situ 1
2 163 1 1 1 1
2 35 1 1 1 2
Metapodial 5 in situ 1 1
cfr. Cervus
Ulna (1) 2 38 2
elaphus
Capreolus
Metacarpal 2 in situ 1
capreolus
Capra ibex Tibia (1) 2 93 2
Rupicapra
P2-P3 (1) 2 in situ
rupicapra
Ungulata
) Diaphysis 2 in situ 1
ind.
2) 23 2 1 1
2 20 2
Cervus
AS Tibia 2 in situ 1 1 1 1
elaphus
Ungulata
Fr. of molar 2 53
ind.
Diaphysis 2 in situ 1 1
A6 SXI
Cervus
+ Humerus (1) 2 in situ 1 1 1
elaphus
A7
A5+A6
Cervus
+ Metatarsal 3 339 -423 - 691 1 I 1
elaphus
A6
Metapodial 2 158 2
A6
Cervus
+ Metacarpal 3 8-112-120 1 1 8
elaphus
A5+A6
Femur 2 76,5 1 1
Tibia (1) 2 585 2 1 1 1
Rupicapra MI1+M3 (lower —r) + 3 181,5 - 3745 -
rupicapra  M1/M2 (lower — 1) 379
A5+A6
+
Cervidae ~ Femur 2 8 2 1 1l 1
AS+A6/A
6
A4II
+ Mammal  Diaphysis (B-size) 3 in situ 1
A5+A6
1
TOT. 139 34 4 " 17 8 5 31 2 14 32 7 17
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Tab.2

Classifying them according to the number of refitted fragments, we have one refit of six, two of five,
four of three and 27 of two. Of these, one refit has been classified as bilateral symmetry (teeth of red
deer), and one as intermembral with anthropic fractures (metacarpal + carpal of Capreolus capreolus)
(Lyman, 1994). In contrast, all the others are mechanical, with green and dry bone fractures. By
taxonomic group, we have 33 fragments of Cervus elaphus (14 refits), plus 4 of cfr. Cervus elaphus
(two refits), five of Capreolus capreolus (one refit), two of Cervidae (one refit) and six of Ungulata
ind. (three refits). Among the non-taxonomically identified elements and according to weight-size
classes, 21 fragments belong to mammals (four refits on medium/big-size and five on big-size) and
11 to unidentified (four refits). Cervus elaphus remains mainly documented short connection lines
(in situ refits and distances between a few cm and 2.20 mt) except in one case of the long connection
that involves two fragments of metapodial for a distance of 8.14 m. The only anatomical refit has
been attested on teeth (12, 12, 14 right and 12, 13, 14 left), whereas all others concern long bone shafts,
except for one Il phalanx. The horizontal distribution of connection lines does not show refits between
anthropic structures. In all these cases, anthropic marks and post-depositional agents have been
attested (Tab.2).

Cfr. Cervus elaphus documented two refits on the humerus and metacarpal (maximum 9 cm). In
contrast, Capreolus capreolus is attested by an anatomical refit on the metacarpal that shows
anthropic fracture and butchering marks (in sifu). We have refits on long bones with few anthropic
marks and post-depositional agents (between 4 and 49 cm) among cervids and ungulates. Mammals
classified into weight-size and unidentified fragments do not show particularly anthropic intervention
on bone surfaces, except for a refit involving five elements (unidentified diaphysis), which
documented the conjoin of three percussion cones, therefore attesting an impact action due to bone
fracturing. Seven refits of this group of elements involved burnt fragments of variable size between
3-5 cm. Instead, more traces of post-depositional agents are attested, mainly concretions and

corrosions due to chemical agents, manganese oxides, roots, and weathering cracks.

Refits of unit A5+A46

We analysed a sample of 1,105 bone fragments, 832 of which were identified at the level of species
or families. The other remains (273) represent weight-size mammals (260) and unidentified remains
(13). As for the different levels, Cervus elaphus is predominant, with 318 remains, followed by cfr.
Cervus elaphus (60) and Capreolus capreolus (56); 23 pieces of Cervidae can be included in these
categories. Among large cervids, Megaloceros giganteus is less present than in level A6, with four

fragments, plus 4 attributed to cfr. Megaloceros giganteus. Caprids are second to cervids, with
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Rupicapra rupicapra (33) and Capra ibex (19) as the main species. Carnivores and small mustelids
are attested, although with few remains.

This unit documented 13 bone refits involving 29 fragments translated into 13 connection lines. Of
these, one refit is composed of five remains and 12 of two (Tab.2). By taxonomic group, we have 15
fragments of Cervus elaphus (six refits), plus two cfr. Cervus elaphus (one refit), two of Capreolus
capreolus (one refit), two of Capra ibex (one refit), 2 of Rupicapra rupicapra (one refit) and six of
Ungulata ind. for a total of three. Of these, one refit is anatomical (teeth of chamois), whereas all the
others have been included in the mechanical category, with both green- and dry-bone fractures.
Cervus elaphus remains show only short connection lines (in situ and between 35 cm and 1,60 mt).
The horizontal distribution of connection lines does not show refits between anthropic structures. In
all these cases, anthropic marks and post-depositional agents have been attested (Tab.2), whereas
caprids and ungulates are uncommon for roe deer. The position in which these elements have been

found is primarily in sifu or at a relatively close distance, between 20 and 93 cm.

Refits of unit A5

A sample of 207 bone fragments was analysed, of which 154 were identified at the level of species
or families. The other remains (53) represent weight-size mammals (49) and unidentified remains
(four). Cervus elaphus is predominant, with 31 remains, followed by cfr. Cervus elaphus (nine),
Capreolus capreolus (nine) and cfr. Capreolus capreolus (seven). Follow Rupicapra rupicapra
(seven), cfr. Rupicapra rupicapra (two), Capra ibex (two) and cfr. Capra ibex (one). Among large
cervids, only two elements of cfr. Megaloceros giganteus are present, whereas carnivores (bears and
foxes) are poorly attested. Considering the reduced number of selected remains for refitting protocol,
only three refits of two fragments were identified: a tibia of Cervus elaphus with cut marks and
percussion stigmata, two pieces of molar, and a diaphysis of Ungulata. Both anthropic and post-

depositional traces are very poor, attesting to short-distance refits (Tab.2).

Vertical connections

Data analysed at Fumane Cave show that four refits connect unit A5+A6 with A6, highlighting a
preponderance of long connections, except one case of medium-distance (Tab.2, Fig.3, Fig.4). The
specimens involved are the red deer and the chamois, and concern the following elements:

- Metatarsus (red deer, between 3.4 and 6.9 m - vertical distance between 5 and 25 cm).

- Tibia (deer, 5.8 m - vertical distance of 8 cm).

- Dental series (chamois, between 1.8 and 3.8 m — vertical distance between 3 and 5 cm).

- Metapodial (deer, 1.6 m — vertical distance of 49 cm).



307

308
309
310

311
312
313

Fig.3

-200
5123 (Q.68C) 2111 (Q.136F)
f
-210 -
5 @76D) | ,2138 (Q.135H)
220 2561(Q.135E) . light blue D1509 (Q.130G)
N D891 (Q.75F) | .green D165 (@.135)
N DEISSER) <5 D1924(Q.135
o 230 ] et
1693 (Q.120F) |
s D1916 (Q.95C) /" "D2508 (Q.130H+)
N~ 240 1935(0.130!4)/
/
-250
/
P 3584 (Q.1271)
Fig.4




314
315
316
317
318

319
320

321
322
323
324
8525
326
327

The difference in depth between these refits can be minimal (a few cm) or important, reaching about
half a meter, with directions from northeast to southwest (close to the hearth area) (Fig.5). There are
no traces of post-depositional agents that could have led to the movement of these pieces, except in

one case in which trampling marks have been attested.

270°

Fig.5

Clustering patterns

We plotted the selected bone sample horizontally (X/Y) and then compared the distribution of these
remains with the location of the anthropic elements (e.g. combustion structures). K-means analyses
were used to identify the number of clusters in unit A6. The optimal number of clusters in the k-
means analysis is 2 (Fig.6). However, the average silhouette widths of 3 and 4 clusters are similar. In

this sense, we calculated the means as having either 2, 3, or 4 clusters (Fig.7).
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The resulting scatterplots show that the archaeological remains tend to cluster on the east wall of the
cave (3 clusters). One cluster is located around and within the hearths in the west part of the cave
(Fig.8). In the distribution of refits within the identified clusters, the black squares inside the dots
indicate the burnt fragments. Within those documented, only one refit presents a burnt fragment that
conjoins with a non-burnt bone (square 92c). Overall, most refits are concentrated in proximity to the
large bone accumulations. Furthermore, these areas seem far from the hearths and the anthropic

structures identified by other studies (Marcazzan ef al., 2022).
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Discussions

The analysis of refits carried out in units A5-A6 of the Fumane Cave shows a prevalence of cervids
(Cervus elaphus, Capreolus capreolus), followed by caprids (Capra ibex, Rupicapra rupicapra) as
the most hunted species. Consequently, this data is reflected in the sample of bones refitted for this
study. The pie chart (Fig.9) summarizes the documented refits between species, also including
weight-size mammals and unidentified fragments, specifying the affected anatomical portions, with

the relative percentages and the quantity (in terms of number of remains) of anthropogenic and post-



351  depositional traces found on each refit. The less frequent anatomical portions are teeth, represented
352 by two dental series from unit A6 (red deer incisors), one from A5+A6 (premolars of chamois) and
353  one from AS (fragments of ungulate molars). A vertical refit between unit A6 and A5S+A6 comprises
354  molar fragments of chamois. The other refitted elements are characterised by diaphysis of long bones,
355  classified as follows based on the number of refits: metacarpals (eight), metatarsals (six) and
356  metapodials (six), tibiae (five), humerus (four), femurs (three), radius (one) and ulna (one), phalanx

357  (one) while the rest are elements of undetermined diaphyses (18).

358

359  Fig.9
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360  The distribution of refits in units A5-A6 (Fig.10) greatly differs from unit A9 because, in almost all

361  cases, they are connected by short distances or in situ. Moreover, unlike unit A9 (Modolo ez al.,
362  2024), the presence of carnivores is totally absent in the refitted bones Only a few traces of rodent
363  teeth have left incisions on a red deer metatarsus of unit A5+A6, documented by a refit that connects
364  two fragments located in square 56d and 68c (1,60 m of distance). Considering post-depositional
365  agents, some remains show trampling or water action marks (rounding/smoothing), but none of these
366  documented refits on medium/long distance.
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369  The taphonomical study of refits perfectly aligns with the anthropogenic origin of the assemblage.
370  The abundance of small fragments in the identified clusters, the optimal preservation of brittle
371  remains, and the local or in situ connections exclude the possibility of accumulations due to other
372 agents. Other post-depositional modifications, such as root etching, exfoliation, and micro-cracks,
373  appear minimal across the refitted sample, consistent with findings from the overall assemblage, but
374  no significant displacement was recorded (Fig.11) (Romandini, 2012; Romandini ef a/., 2018, 2020;
375  Terlato et al., 2019).

376
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The horizontal distribution of the bones, primarily found at a rather close distance or in situ, suggests
an exploitation of anatomical portions at the point where they were found during excavation. Thus,
they have not been subject to secondary movements by man or other important post-depositional
agents. A separate discussion regarding the vertical projections between refitted elements among
units must be tackled. The generation of profile projections is considered a key factor in the study of
site formation processes, though is not applied systematically in all studies (see Gabucio ef al., 2023
for more discussions). For instance, vertical profiles show the thickness and slope of the layer, the
possible existence of different sublayers with a greater temporal resolution, and the morphology of
the palaecosurface on which the layer accumulated. In addition, vertical distribution analyses help to
identify massive processes and differentiate between autochthonous and allochthonous assemblages.
The fragments affected by refits between units (mainly deer and chamois remains) show movements
over medium-long distances and a variation in depth between 2 and 50 cm. Since no traces are
attributable to trampling or water action, which may have favoured these movements, we should
consider that man intentionally moved them towards the areas of greatest accumulation, i.e. near the
eastern wall.

Considering the identified clusters, there is a positive skew in all the histograms, indicating a cluster-
based location of refits. This analysis cannot resolve whether this pattern is intentional or taphonomic,
but if there were no pattern, we would not expect any skew but to be flat. Moreover, the low presence
of post-depositional agents on the documented refits indicates that there were practically no post-
depositional processes during the fossilization of all contexts of A5-A6 that could have moved the
finds, except in some cases; therefore, the location of the bones can be defined as in situ.

The considerations discussed above lead us to affirm that the distribution patterns of refitted bones in
these units can largely be attributed to human activities, as corroborated by previous
zooarchaeological studies (Peresani ef al., 2011; Romandini ef al., 2018). The presence of percussion
cones, notches, and impact scars on unidentified bones further supports the evidence of an intense
intentional breakage, meaning that humans are the only agents responsible for bone movements,
especially in the case of medium/long-distance connections. Neanderthals organised their activities
around hearths and other anthropic features, rearranged the space, and left clear evidence of fitting it
and distributing activities and resources. Evidence from refits supports this conclusion: of the total
number of refitted elements, 96% of the connection lines are on short distance or in sifu (72), followed
by medium and long (Tab.1). Short-distance connections dominate across all levels and often occur
in isolated areas with no connections or temporal relationships, suggesting repeated site use. These
indicators are related to the short-term occupation hypothesis, where the group size will likely be

small, based on the occupied areas' reduced surface and single hearths' presence.
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Conclusions

Arrangements of artefacts and features within archaeological sites have often been employed to
isolate activity areas and draw inferences about site function; this assumes that objects found in
proximity were used for the same task and that artefacts were usually discarded where they were
used. In this regard, refitting studies performed at Fumane Cave provided valuable data to achieve
topics like assemblage formation processes, post-depositional dynamics, settlement patterns, and the
definition and integrity of stratigraphic units. The distribution of remains and documented connection
lines in the late Middle Palaeolithic context of units A5-A6 of Fumane Cave (Verona, Italy) that
includes refits, spatial archaeology, and multivariate statistical techniques contributed to interpreting
the anthropogenic use of the site during the occupation of these units, validating the degree of
synchronicity between hearths, other features, and activity areas. In this sense, the spatial organisation
of these ancient human groups reflects several types of adaptive modes in response to internal and
external constraints. Compared with ethnographic data, a multidisciplinary study of the
archaeological record, spatial analysis, and bone refits is essential to identify relevant aspects of space

management.
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Figures and table captions

Fig.1 Sketch of the sagittal section of the cave, with evidence of the late Mousterian (A11-AS),
Uluzzian (A4-A3) and earliest Aurignacian layers (A2) and of their variable content in archaeological
remains (increasing from light grey to dark grey and black). The units A5-A6 are marked in dark red
(by Cremaschi, M. & Peresani, M., redrawn by S. Muratori and modified by Fattorel, L.).

Fig.2 Fumane, A5-A6 Mousterian units: 1) the setting of layer A6 in the internal area of the cave
(sgs. 120,125,126) constrained from the left wall (looking NE, excavation campaign 2002); 2) layer
A6 exposed in the western sector of the cave, with a marmot gallery in the foreground and exposure
of the yellowish-brown sediment patches of layer A7 due to the lack of A6 (looking N, excavation

campaign 2007); 3) A6 during excavation in the western sector of the cave entrance (sqs. 59-69,
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looking W, campaign 2008); 4) transverse section in the inner eastern sector of the cave (sqs. 120-
126/130-136) exposing the stratigraphy from A7 to A5+A6, with ripples produced from post-
depositional deformation in proximity of the wall (looking NE, campaign 2002); 5) bones and chert
artefacts at the top of A6 in sqgs. 129-126 and 137 (looking NW, campaign 2006); 6) sagittal section
exposed in sq. 86 showing the regular bedding of A5, A5+A6 and A6, their gradual thinning towards
the inner cave and layers A7 and A9 in the lower half of the section (looking NW, campaign 2006)
(Photo by Peresani, M., and Duches, R., graphic edit by Fattorel, L.).

Fig.3 3D plotting of refits among units (Graphic edit by Fattorel, L.).

Fig.4 Vertical projection of refitted elements among units (Graphic edit by Fattorel, L.).

Fig.5 Rose diagram with the orientation or refit lines related to medium- and long-distance
connections (Graphic edit by Fattorel, L.).

Fig.6 Number of clusters identified in unit A6.

Fig.7 On the left is the distribution of all archaeological remains, depending on the cluster to which
they belong, in each k-means analysis. The plots to the right represent the density of the distances of
each refit to the closest centroid of the cluster.

Fig.8 Density maps showing refitted element distributions inside the identified clusters, with the
position and distance between all elements within each refit. Most of the refitted elements are less
than 2 meters apart; 15 refits are located next to each other, so there is no difference in their position
(x =0). Only two refits have more than 4 meters of distance.

Fig.9 Pie chart summarising the documented refits between faxa, weight-size mammals and
unidentified fragments, specifying the affected anatomical portions, with the relative percentages and
the quantity (in terms of number of remains) of anthropogenic and post-depositional traces found on
each refit. Forest green: post-depositional marks documented over bone surfaces. Yellow: anthropic
marks.

Fig.10 Spatial and graphic distribution of the refits documented in units A5-A6, with NISP and
percentages of the taxa affected by refitting.

Fig.11 Examples of refitted bones from units A5-A6. A) Red deer: anatomical refits on teeth (adult -
5 years) (short connection - same square); B) Red deer: shaft of radio with anthropic fracture,
manganese oxides and roots (short distance); C) Red deer: diaphysis of left femur with cut-marks,
impact point, scraping marks (long distance); post-depositional damages (trampling, exfoliation,
roots and weathering); D) Red deer: shaft of right femur with cut-maks (long distance); post-
depositional damages (trampling, concretion, fluitation, roots and weathering); E) Red deer: right
tibia with cut-marks and percussion notches; one of the two fragment is a retoucher. Among post-

depositional agents trampling, roots and manganese oxides have been document (short distance).



483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517

F) Red deer: diaphysis of metatarsal with cut-marks, rodent marks and post-depositional damages
(roots and weathering) (long distance); G); Roe deer: diaphysis of right metacarpus + epiphysis; cut
marks and anthropic fractures (short distance); post-depositional agents (exfoliation and roots); H)
Ungulata: shaft of metapodial with cut-maks, weathering and exfoliation (short distance); I)
Ungulata: shaft of metapodial with anthropic fracture (short distance); post-depositional damages
(roots).

Tab.1 Distribution of connection lines by length (m.).

Tab.2 Bone refits of all levels. Legend. N°R.fr: number of refitted fragments; D (cm): distance in
centimetre; CM: cutmarks; SM: scraping marks; IP: impact point; PN: percussion notches; PC:
percussion cones; R: retoucher; B: burned; RO: rodents marks; T: trampling; CN: concretion; CR:

corrosion; E: exfoliation; WA: water action; MO: manganese oxides; RT: roots; W: weathering.

References

Audouze, F. (1987). Des modcles et des faits: les modeles de A. Leroi-Gourhan et de L. Binford
confrontés aux résultats récents. Bulletin de la Société préhistorique frangaise, 84(10/12), 343-352.
Bailey, G. (2007). Time perspectives, palimpsests and the archaeology of time. Journal of
anthropological archaeology, 26(2), 198-223. https://doi.org/10.1016/j.jaa.2006.08.002

Bargallo, A., Gabucio, M. J., & Rivals, F. (2016). Puzzling out a palimpsest: testing an
interdisciplinary study in level O of Abric Romani. Quaternary International, 417, 51-65.
https://doi.org/10.1016/j.quaint.2015.09.066

Baxter, M. J., Beardah, C. C., & Wright, R. V. (1997). Some archaeological applications of kernel

density estimates. Journal of Archaeological Science, 24(4), 347-354.

Binford, L. R. (1978a). Dimensional analysis of behavior and site structure: learning from an Eskimo
hunting stand. American Antiquity, 43(3), 330-361. https://doi.org/10.2307/279390

Binford, L. R. (1978b). Nunamiut Ethnoarchaeology. Academic Press, New York.

Binford, L. R. (1980). Willow smoke and dogs’ tails: hunter-gatherer settlement systems and
archaeological site formation. American antiquity, 45(1), 4-20.

Binford, L., R. (1983). In Pursuit of the Past. Decoding the Archaeological Record. Thames and
Hudson, London.

Binford, L. R. (1998). Hearth and home: the spatial analysis of ethnographically documented rock
shelter occupations as a template for distinguishing between human and hominid use of sheltered
space. In Conrad, N., J., Wendorf, F. (Eds) XIII UISPP Congress Proceedings-Forli, 8-14 September
1996 (pp. 229-239).

Cassoli, P. F., & Tagliacozzo, A. (1994). Considerazioni paleontologiche, paleoecologiche e

archeozoologiche sui macromammiferi e gli uccelli dei livelli del Pleistocene superiore del Riparo di



518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551

Fumane (VR) scavi 1988-91. Bollettino del Museo Civico di Storia Naturale di Verona, 18(1991),
349-445.

Clark, A. E. (2017). From activity areas to occupational histories: new methods to document the
formation of spatial structure in hunter-gatherer sites. Journal of Archaeological Method and
Theory, 24, 1300-1325. https://doi.org/10.1007/s10816-017-9313-7

Coinman, N., Clark, G. A., & Lindly, J. (1986). Prehistoric hunter-gatherer settlement in the Wadi
el’Hasa, West-Central Jordan. In Strass, L., (Ed) The end of the Paleolithic in the Old World, BAR
International Series 284, Oxford, 129-169.

De March, M. (2010). Studio archeozoologico dell’insieme faunistico dei livelli del Musteriano finale
AS5+A6 e A6 della Grotta di Fumane (Mont Lessini, VR). Universita degli Studi di Ferrara. 7esi di
Laurea Specialistica in Scienze Preistoriche. Anno Accademico 2009/2010. 274 p.

Fernandez-Laso, M. C. (2010). Remontajes de restos faunisticos y relaciones entre areas domésticas
en los niveles K, L y M del Abric Romani (Capellades, Barcelona, Espafia). PhD Thesis, Universidad
Rovira 1 Virgili, Tarragona.

Cziesla, E. 1987. L’analyse des raccords ou le concept du dynamisme en préhistoire. Bulletin de la
Société préhistorique du Luxembourg, 9, 77-111.

Frescura, G. (2004-2005). Studio archeozoologico di resti faunistici musteriani della Grotta di
Fumane, complesso A5+A46. Considerazioni paleoecologiche. Facolta di Scienze MM.FF.NN., Corso
di Laurea in Scienze Naturali, A.A. 2004-05.

Gabucio, M. J. (2014). Spatiotemporal study of a palimpsest: Zooarchaeological and taphonomical
analysis of Level O of the Abric Romani (Capellades, Barcelona, Spain). PhD Thesis, University
Rovira 1 Virgili, Tarragona.

Gabucio, M. J., Fernandez-Laso, M. C., & Rosell, J. (2017). Turning a rock shelter into a home.
Neanderthal use of space in Abric Romani levels M and O. Hist Biol 30 (6): 743-766.
https://doi.org/10.1080/08912963.2017.1340470

Gabucio, M. J., Céaceres, 1., Rivals, F., Bargallo, A., Rosell, J., Saladié, P., Vallverdq, J., Vaquero,

M., & Carbonell, E. (2018). Unraveling a Neanderthal palimpsest from a zooarcheological and
taphonomic  perspective. Archaeological — and  Anthropological  Sciences, 10,  197-222.
do0i:10.1007/s12520-016-0343

Gabucio, M. J., Bargallo, A., Saladié, P., Romagnoli, F., Chacon, M. G., Vallverdu, J., & Vaquero,
M. (2023). Using GIS and Geostatistical Techniques to Identify Neanderthal Campsites at
archaeolevel Ob at Abric Romani. Archaeological and Anthropological Sciences, 15(3), 24.
Haynes, G. (1983). Frequencies of spiral and green-bone fractures on ungulate limb bones in modern

surface assemblages. American antiquity, 48(1), 102-114.



952
553
554
555
336
337
558
339
560
561
562
563
564
565
566
567
568
569
570
571
572
373
574
575
576
577
578
379
580
581
582
583
584
585

Higham, T., Brock, F., Peresani, M., Broglio, A., Wood, R., & Douka, K. (2009). Problems with
radiocarbon dating the Middle to Upper Palaeolithic transition in Italy. Quaternary Science
Reviews, 28(13-14), 1257-1267. https://doi-. org/10.1016/j.quascirev.2008.12.018.
Hofman, J. L. (1981). The refitting of chipped-stone artifacts as an analytical and interpretive
tool. Current Anthropology, 22(6), 691-693. https://www.jstor.org/stable/2742619

Hofman, J. L., & Enloe, J. G. (1992). Piecing together the past: applications of refitting studies in
archaeology. BAR Publishing.

Jéquier, C. A., Romandini, M., & Peresani, M. (2010). Osseous retouchers from the final Mousterian
and Uluzzian levels at Fumane Cave (Verona, Italy): preliminary results. In From these Bare Bones:
Raw Materials and the Study of Worked Osseous Objects. Proceedings of the Raw Materials Session
at the 11th ICAZ Conference, Paris (pp. 14-20).

Jéquier, C. A., Romandini, M., Peresani, M. (2012). Les retouchoirs en matieres dures animales: une
comparaison entre Moustérien final et Uluzzien. Comptes Rendu Palevol 11:283-292. https://
doi.or/10.1016/j.crpv.2011.12.001

Kurtén, B. (1953). On the variation and population dynamics of fossil and recent mammal
populations (Doctoral dissertation, Societas pro fauna et flora Fennica).

Larson, M. L., & Komfeld, M. (1997). Chipped stone nodules: Theory, method, and examples. Lithic
technology, 22(1), 4-18.

Larson, M. L., & Ingbar, E. E. (1992). Perspectives on refitting: critique and a complementary
approach. BAR International Series, 578, 151-151. In Hofman, J. L. & Enloe, J. G. (Eds.) Piecing
Together the Past: Applications of Refitting Studies in Archaeology. Oxford, British Archaeological
Reports International Series 578: 151-162.

Lyman, R. L. (1994). Vertebrate taphonomy. Cambridge University Press.

Lyman, R. L. (2006). Identifying bilateral pairs of deer (Odocoileus sp.) bones: how symmetrical is
symmetrical enough?. Journal of Archaeological Science, 33(9), 1256-1265.
https://doi.org/10.1016/].1as.2006.01.002

Lyman, R. L. (2008). (Zoo) Archaeological refitting: a consideration of methods and analytical search
radius. Journal of anthropological research, 64(2), 229-248. https://www.jstor.org/stable/20371224
Lucas, G. (2004). The archaeology of time. Routledge. https://doi.org/10.4324/9780203004920

Maguire, J.M., Pemberton, D., Collett, M.H., 1980. The Makapansgat limeworks grey breccia:
hominids, hyaenas, hystricids or hillwash. Paleontologia africana 23, 75-98.

Marcazzan, D., Miller, C. E., Ligouis, B., Duches, R., Conard, N. J., & Peresani, M. (2022). Middle
and Upper Paleolithic occupations of Fumane Cave (Italy): a geoarchaeological investigation of the

anthropogenic features. Journal of Anthropological Sciences, 101, 37-62. doi.10.4436/JASS.10002



586
587
588
589
590
591
392
593
594
395
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611

612
613
614
615
616
617
618
619

Modolo, M. (2017). Just two questions. Where and why?: reconstruction of Neanderthal
occupational patterns in the mis 3 (Doctoral dissertation, Universitat Rovira 1 Virgili).
https://dialnet.unirioja.es/servlet/tesis?codigo=171524

Modolo, M., Rosell, J. (2017). Reconstructing occupational models: bone refits in level I of Abric
Romani. Quaternary International 435: 180-194. https://doi.org/10.1016/j.quaint.2015.12.098.
Modolo, M., & Peresani, M. (2024, in press). New approaches on the studies of Neanderthal dwelling
space use: bone refits at units A9 and A5-A6 of Fumane Cave (Verona, Italy). Archaeofauna

Morin, E., Tsanova, T., Sirakov, N., Rendu, W., Mallye, J. B., & Lévéque, F. (2005). Bone refits in
stratified deposits: testing the chronological grain at Saint-Césaire. Journal of Archaeological

Science, 32(7), 1083-1098. https://doi.org/10.1016/].jas.2005.02.009

Morin, E., Boileau, A., & Ready, E. (2021). A refitting experiment on long bone
identification. International Journal of Osteoarchaeology, 31(4), 650-662.
https://doi.org/10.1002/0a.2980

Peresani, M. (2022). Inspecting human evolution from a cave. Late Neanderthals and early sapiens
at Grotta di Fumane: present state and outlook. Journal of Anthropological Sciences, 100, 71-107.
doi.org/10.4436/JASS.10016.

Peresani, M., Chrzavzez, J., Danti, A., De March, M., Duches, R., Gurioli, F., Muratori, S.,
Romandini, M., Tagliacozzo, A., Trombino, L. (2011). Fire-places, frequentations and the
environmental setting of the final Mousterian at Grotta di Fumane: a report from the 2006-2008
research: Feuerstellen, Wiederbegehungen und Umweltverhéltnisse des spidten Moustérien der Grotta
di Fumane: Zwischenbericht der Forschungen von 2006 bis 2008. Quartcr—Internationales Jahrbuch
zur Erforschung des Eiszeitalters und der Steinzeit, 58, 131-151.

Romandini, M. (2012). Analisi archeozoologica, tafonomica, paleontologica e spaziale dei livelli
Uluzziani e tardo-Musteriani della Grotta di Fumane (VR). Variazioni e continuita strategico
comportamentali umane in Italia Nord Orientale: i casi di Grotta del Col della Stria (VI) e Grotta del

Rio Secco (PN). PHD thesis, Universita degli Studi di Ferrara.

R Core Team. (2018). R: A Language and Environment for Statistical Computing. Vienna, Austria:
R Foundation for Statistical Computing. Retrieved from https://www.R-project.org/

Romandini, M., Cristiani, E., & Peresani, M. (2014). A retouched bone shaft from the Late
Mousterian at Fumane cave (Italy). Technological, experimental and micro-wear analysis. Comptes
Rendus Palevol, 14(1), 63-72.

Romandini, M., Terlato, G., Nannini, N., Tagliacozzo, A., Benazzi, S., & Peresani, M. (2018). Bears
and humans, a Neanderthal tale. Reconstructing uncommon behaviors from zooarchaeological

evidence in southern Europe. Journal of Archaeological Science, 90, 71-91.



620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652

Romandini, M., Crezzini, J., Bortolini, E., Boscato, P., Boschin, F., Carrera, L., Nannini, N.,
Tagliacozzo, A., Terlato, G., Arrighi, S., Badino, F., Figus, C., Lugli, F., Marciani, G., Oxilia, G.,
Moroni, A., Negrino, F., Peresani, M., Riel-Salvatore, J., Ronchitelli, A., & Benazzi, S. (2020).
Macromammal and bird assemblages across the late Middle to Upper Palaeolithic transition in Italy:
an extended zooarchaeological review. Quaternary International, 551, 188-223.

Rosell, J., Blasco, R., Fernandez-Laso, M. C., Vaquero, M., & Carbonell, E. (2012a). Connecting
areas: faunal refits as a diagnostic element to identify synchronicity in the Abric Romani
archaeological assemblages. Quaternary International, 252, 56-67.

https://doi.org/10.1016/j.quaint.2011.02.019

Rosell, J., Céaceres, L., Blasco, R., Bennasar, M., Bravo, P., Campeny, G., Esteban-Nadal, M.,
Fernandez-Laso, M. C., Gabucio, M. J., Huguet, R., Ibafiez, N., Martin, P., Rivals, F., Rodriguez-
Hidalgo, A. & Saladié, P. (2012b). A zooarchaeological contribution to establish occupational
patterns at Level J of Abric Romani (Barcelona, Spain). Quaternary International, 247, 69-84.
https://doi.org/10.1016/j.quaint.2011.01.020

Rosell, J., Modesto-Mata, M., Fernandez-Laso, M. C., Modolo, M., & Blasco, R. (2019). Refitting

bones to reconstruct the diversity in Middle Palaeolithic human occupations: the case of the Abric
Romani site (Capellades, Barcelona, Spain). Archaeological and Anthropological Sciences, 11(9),
4601-4619. doi.org/10.1007/s12520-019-00887-4.

Schiffer, M. B. (1985). Is there a" Pompeii Premise" in archaeology?. Journal of Anthropological
Research, 41(1), 18-41.

Schurmans, U. (2007). Refitting in the old and new worlds. BAR International Series, 1596, 7.
Terlato, G. (2012). I bovini risorsa alimentare e preda tra il Paleolitico medio recente e superiore in
Italia nord-orientale. I casi studio di Grotta di Fumane e Grotta di San Bernardino. Facolta di
Scienze MM.FF.NN., Corso di Laurea Magistrale in Quaternario, Preistoria e Archeologia, A.A.
2011-12.

Terlato, G., Livraghi, A., Romandini, M., & Peresani, M. (2019). Large bovids on the Neanderthal
menu: Exploitation of Bison priscus and Bos primigenius in northeastern Italy. Journal of
Archaeological Science: Reports, 25, 129-143.

Todd, L. C. (1983). Taphonomy: fleshing out the dry bones of Plains prehistory. The Wyoming
Archaeologist, 26(3-4), 1983.

Todd, L. C. (1987). Taphonomy of the Horner II bone bed. In Frison, G. C., Todd, L. C. (Eds.) 7he
Horner Site: The Type Site of the Cody Cultural Complex (pp. 107-198). Academic Press.
https://doi.org/10.1016/B978-0-12-268566-8.50012-9




653
654
655
656
657
658
659
660
661
662
663
664
665
666
667

Todd, L. E., & Stanford, D. J. (1992). Applications of conjoined bone data to site structural studies.
In Hofman, J., Enloe, J. (Eds.) Piecing Together the Past: Applications of Refitting Studies in
Archaeology. BAR International Series 578, Oxford: 21-35.

Tschauner, H. (1996). Middle-range theory, behavioral archaeology, and postempiricist philosophy
of science in archaeology. Journal of archaeological method and theory, 3, 1-30.

Vaquero, M., & Pasto, I. (2001). The definition of spatial units in Middle Palaeolithic sites: the hearth-
related assemblages. Journal of Archaeological Science, 28(11), 1209-1220.
https://doi.org/10.1006/jasc.2001.0656

Villa, P., & Mahieu, E. (1991). Breakage patterns of human long bones. Journal of human
evolution, 21(1), 27-48.

Yar, B. (1994). De I’Europe a I’Amérique: comparison et analyse de structures d’habitat propres aux
sociétés de chasseurs-cueilleurs et d’agro-pasteurs sédentaires ou nomades. Mémoire de D.E.A.,
Universita Paul-Valéry, Montpellier I11.

Yellen, J. E. (1977). Archaeological approaches to the present: models for reconstructing the past.

Academic Press.









)
et

e

O3 wo«.w»




(1zz10) v8se

(HOSL'®) cc6l
:+_._o2 o) wommo \. (0c6'O) 91610
(40210) €691 ___—

(45€1°0) ve6La \\ 3 ﬁﬁ.g T / (0580) v818a

(Isc1"0) 9891LQ usaib Au_mh O) 1680

(90£1°0) 6051a @niq b~ \ Tadero) vz WSz
. < (@9:0) ¢
(HseL'D) 8¢ 12
(49€1°0) LLLE (089°D) €215

09¢-

0s¢C-

ove-

0ec-

0cc

01¢

00¢-

Z (cm)



0G1

0CL

.08l

012

0¥2

.06

-0=N

0042

-00€

.0€€

0S5k

0¢L

.08l

0LC

0¥2

206

-0=N

004¢

-00€

0€€



Optimal number of clusters

5

4
Number of clusters k

o o
o o
yipim ananoy|is abelony

0.5
0.41
0.01

0.11



2 clusters o

1000 =

500 - - 4
o
oy -
[ B

L} L} L]
0 250 500 750

Y (cm)
4
L |

X (cm)
3 clusters "
1000 -
®
T a8 y
2 W
> 500 * S
o ®
n -
»
(l) 2%0 5(l)0 7%0
X (cm)
4 clusters o
@
— [ ]
£ »
S
> 500-

0 250 500 750
X (cm)

0.006

0.000
100 200 300 400
Minimum distance to the closer k=means centroic

0.0075

ity

0.0050

Dens

0.0025

0.0000
0 100 200 300 400
Minimum distance to the closer k=-means centroi

0.009

0.006

Density

0.003

0.000

0 100 200 300
Minimum distance to the closer k-means centroic



\

T

N\

\\
62 N

60

&5







Un ed
w I$ 7.9%

s elaphus
c%;" @ ' mwx

Tunnel B

h 8
& NISF? 11.5%

l %
NISP 4
% NISP 2,9%

NISP 5
% NISP 3.6%

Legend
UNIT AS
= Occupation horizon

Isolated Concentration
~ of anthropogenic material

3 Hearth

UNIT A6
{£] Occupation horizon

- Iaolated Concentration N s ca
of anthropogenic material % NISP 5%

. Hearth ﬁﬁ"é ggvm Elaphus
Hearth with change in clay Colour % NISP 4.3% 1mt
No data '

SR e

% NISP 1,4%







Us. Distance (m)
0-1 1-2 2-3 3-4 4-5 >5
" N° c. lines 57 1 1
% 96,61% 1,69% 1,69%
N° c. lines 12 1
A5+A6
% 92,31% 7,69%
N° c. lines 3
A5
% 100,00%
Totals 72 1 1 1
96,00% 1,33% 1,33%

1,33%



Anthropic modifications

Post-depositional agents

us. Taxa Slke'eta: R“; D (cm) RO
elemen oUb CM SM IP PN PC R B CN CR E WA MO RT
Cervus 12+13+14 (r)
AB elaphus 12+13+14 (1) 5 15-4-65-2-10 4
Humerus (r) 2 46 1 1 1 1 fl 2
2 in situ 1 1 1 1 il
Radius 2 68 1 2 2
Metacarpal 2 in situ 2 1 1
2 in situ 1 1
2 in situ 1 1 3 1 1 2
Femur (1) 3| 118 1 1 1 1 2 1 1 il
2 221 2. i 1 i
Tibia (r) 2 142 1 2 1 2 2
Metatarsal 2 31,5 1 2 2 1 2
2 81 1 1 1 1 2
Metapodial 2 814 1 2 2 il
Il phalanx 2 in situ 3
cfr. Cervus
elaphus Humerus 2 9 1 1 2
Metacarpal 2 in situ 1 1 1
Capreolus Metacarpal (r) 5 in situ 1 1 1
capreolus
Cervidae Metapodial 2 4 2 1 2 2
Yoadala Metapodial 2 27 2 2
49 1 2 2
Diaphysis (B- 2 12 2 2
size)
Mammal Tibia 2 in situ 1 il
Diaphysis (M/B-
size) 8 1 2 il
2 in situ 1 1 ]
2 17 1 l 2
Diaphysis (B- L
size) &) in situ 1
2 6 2 1 2
2 2 2 il 2 2
2 17 2 il
& 20-21-22 3
Unidentified Diaphysis 2 9 2
5-6-10-11-13-
5! 14 - 3 3 2
18-18-22
2 25,5 2
2 16,5 2 il
Cervus
A5+A6 elaphus Metacarpal 2 43 2 2 2
Tibia 2 in situ 1 1 i ] il
Metatarsal 2 in situ l l
2 163 1 1 il 1 1 2
2 35 1 1 1 2 2
Metapodial 5 in situ 1 il
cfr. Cervus
elaphtts Ulna (r) 2 38 2
Capreolus Metacarpal in situ 1
capreolus
Capra ibex Tibia (1) 93 2 i 2
Rupicapra g
rupicapra P2-P3 (1) 2 in situ
U”%‘(‘j'a‘a Diaphysis 2 in situ 1 1
2 23 2 1 il 2
2 20 2
Cervus _ L
A5 elaphus Tibia 2 in situ 1 1 1 1 1
Ungulata Fr. of molar 2 53
ind.
Diaphysis in situ 1 1 1 1




A6 SXI

Cervus

+ Humerus (r) in situ 1 1 1 i
elaphus
A7
A5+A6
+ Genvus Metatarsal 339 - 423 - 691 1 1 2 3
elaphus
A6
Metapodial 158 2.
AB Cervus
+ elanhus Metacarpal 8-112-120 1 1 3 &
A5+A6 P
Femur 76,5 1 1 i
Tibia (1) 585 2 1 1 1 2 2
M1+M3 (lower —
Rupicapra r)+ R i
rupicapra M1/M2 (lower — 181,5::374,5:319
)]
A5+A6
* ¥
AB+AG/A Cervidae Femur 8 2 1 1 2
6
A4l : ;
+ Mammal D|apshi£|)s (B- in situ 1 1
A5+A6
TOT. 34 10 17 31 14 32 17 21 59 35



