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Abstract
The composition and organisational patterns of Pleistocene human groups are a main research when it comes to the evolution of
human behaviour. However, these studies are often limited by the restricted characteristics of the archaeological records and do
not show enough resolution tomake approaches with the necessary precision. The travertinic formations of the Abric Romaní site
(Capellades, Barcelona, Spain) provide an ideal scenario to answer some questions about the European Middle Palaeolithic
occupational patterns. The hearth-related accumulations from this site show many similarities with those generated by several
contemporary forager groups, so each could represent the activity area of a specific social unit. This work contributes to the
existing research by examining the faunal refits recovered in six stratigraphic units (H, I, J-Ja, K, L and M) that cover the
chronological period between 44 and 55 ka. Faunal refits are analysed using the metric parameters of ethnographic hearth-related
accumulations (the hearth itself and its corresponding drop and toss zones); significant relationships are found between many of
these elements and the areas of influence of the hearths. In addition, connections between the activity areas from these refits are
seen in several stratigraphic units. This phenomenon allows for greater diversity in the occupational patterns of this site to be
identified than those recorded only from taphonomic studies. From this perspective, two main occupational models are proposed:
(1) the simple model, in which isolated and unconnected hearth-related accumulations are identified (units H, L and—to a lesser
extent—K) and (2) the complex model, primarily represented by the identification of several long-distance faunal refits
connecting different activity areas (units I, J-Ja and M). Thus, this work provides deeper insights into the behavioural diversity
of Middle Palaeolithic human groups, their social organisation and composition and their evolution in the region.
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Introduction

An intrasite management analysis is one of the main archaeo-
logical tools used to uncover the details of past human

behaviour. The initial research related to this issue was based
on direct readings of maps that identified the relationships
between objects, empty areas and possible structures (or sim-
ilar elements) (e.g. Clark 1954; Leroi-Gourhan and Brézillon
1966, 1972; Leakey 1971). The interpretation of these associ-
ations was understood as a reflection not only of the cultural
and technological capabilities of the human communities in
each of the studied periods but also of the action of other non-
anthropogenic taphonomic phenomena, such as animal activ-
ities, vegetables or post-depositional processes. Over time,
these types of studies have been progressively enriched by
the incorporation of data from other disciplines, chiefly by
the application of statistical tests such as multivariate analyses
of variance and nearest-neighbour or k-means tests, among
others (e.g. Whallon 1973, 1974; Rigaud and Simek 1991).

Actualistic comparisons, which are mainly those based on
ethnoarchaeology, have been a basic approach in the
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interpretation of results. Most observations describe a gener-
alised pattern among which current and subcurrent forager
groups are organised by the familial units around a fireplace
(Yellen 1977). From this point of view, hearths appear to act as
cohesive elements for the members of the group at the social
level and, by extension, asmain focus ofmany of the domestic
activities carried out in settlements, such as in the preparation
and consumption of food and the development of tools. This
situation has been observed among geographically separate
groups, including, among others, the Kua San (Bartram et al.
1991), !Kung (Yellen 1977), Hadza (O'Connell 1987;
O'Connell et al. 1991) and Efe Pygmi (Fisher and Strickland
1991) in Africa, Alyawara (O'Connell 1987) in Australia and
Ache (Jones 1993) and Inuit (Binford 1978, 1983) in
America. Places shared by different social units (or families)
usually follow a similar pattern. Individual social units orga-
nise around their hearth, leaving empty spaces that are consid-
ered communal and are used for leisure activities or to share
products, among other functions. In most cases, therefore,
each hearth can be understood as a posteriori as the product
of a social unit (Gron 1991).

Based on observations carried out among the Inuit, Binford
(1978) divides these domestic activity areas into three main
subareas: (1) the hearth itself, (2) a drop area where group
members congregate and conduct activities and (3) a toss area
where waste is thrown, which is usually located behind the
individuals. Binford uses the hearth centre as a reference point
to provide radial measures of each subarea and reports that the
drop area usually occupies the space between 0 and 1.2 m
from the hearth’s edge, while the toss area appears to be more
external, mainly between 1.5 and 2.5 m from the hearth’s
edge. Although these measures are clearly subject to signifi-
cant variables (such as the number of group members, their
corporal volume and floor topography), the measures can gen-
erally be used to establish a valid model.

From an archaeological perspective, the role played by
hearths as nuclear activity areas shares features with the
hearth-related accumulations observed at many sites where
fire is common, primarily during the Middle and Late
Palaeolithic (Rolland 2004). Vaquero and Pastó (2001) used
the well-preserved conditions of theMiddle Palaeolithic upper
stratigraphic units of the Abric Romaní (Barcelona, Spain) to
describe the distinctive characteristics of the archaeological
materials recovered around hearths, which can be extended
to many other assemblages of the same period (see, e.g. Tor
Faraj in Henry 2003). According to these researchers, the lith-
ic and faunal remains located around hearths are often distin-
guishable by their small size: small flakes and fragments that
are the result of knapping, configuration and bone breakage
activities. On the contrary, larger objects that are more suitable
for use and, therefore, more easily moved are usually located
in more remote areas. Vaquero and Pastó (2001) interpreted
the associations among these larger objects as a combination

of cleaning activities and disposal after use in the production
areas. The similarities between the archaeological record and
the drop/toss ethnographic model observed by these re-
searchers have led them to propose an extremely early origin
date for these people’s behavioural patterns using fire, which,
according to new data, may even predate the Middle
Palaeolithic (Blasco et al. 2016).

The living floors observed in archaeological sites, however,
are usually the result of multiple and overlapped events (pa-
limpsests), which adds a significant level of complexity to
understanding how the space was used. In this respect, one
of the main problems is how to establish whether different
hearth-related accumulations are contemporaneous.
Understanding these types of relationships would help to infer
some aspects about the social composition of human groups.
In the case of Abric Romaní, lithic refits have been used as a
key tool to identify the connections between areas and to
observe the preferential directions of tool movements (e.g.
cores vs. flakes) (e.g. Vaquero et al. 2007, 2012, 2017;
Romagnoli and Vaquero 2016). However, lithic materials
can be subject to reuse and recycling processes that can be
widely separated timewise. This occurrence has frequently
been observed in different assemblages of Abric Romaní,
hence reducing the ability of lithic refits to establish temporary
criteria between areas (Vaquero et al. 2007, 2015).

Faunal refits from this site have been examined with the
same objective. Research into several assemblages shows the
significant and regular intrasite mobility of bone fragments
(Fernández-Laso 2010; Rosell et al. 2012a, b; Gabucio et al.
2016; Modolo and Rosell 2017). Most of the interpretations
derived from these studies are still based on the direct view of
the connection lines traced between the refitted elements.
However, the relationship between the various refitted objects
and their respective hearth-related accumulation has always
been made following the untested criteria of proximity. The
present work contributes to these previous studies by consid-
ering this issue from three different perspectives: (1) establish-
ing the relationship of the refitted fragments to the nearest
activity area by using the metric features described in the
Mask Camp by Binford (1978), (2) identifying the possible
contemporaneous relationships between the activity areas
using faunal refits and (3) contributing to understanding the
motivation for mobility between areas with faunal fragments.
Nevertheless, the comparison between the different strati-
graphic units requires a better understanding of their main
zooarchaeological features in terms of the type of prey and
transport and consumption decision making. These aspects
could vary from group to group because of external causes,
such as climatic variations and the subsequent transformations
of the environment, or because of changes in the cultural and
social patterns of the groups (Blasco et al. 2013a, b); these
aspects have been largely discussed in several works, specif-
ically those related to the Abric Romaní (e.g. Fernández-Laso
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2010; Rosell et al. 2012a, b; Gabucio et al. 2016; Marín et al.
2017; Modolo and Rosell 2017).

The main aim of the current work is to validate bone refits
as another tool to understand the composition and occupation-
al patterns developed in the different assemblages of the Abric
Romaní site. In this respect, applying taphonomic techniques
to the different studied assemblages and doing so specifically
to the refitted bones helps test the origin (and intentionality) of
such movements. The aim here is to avoid possible misinter-
pretations, as has been noticed by some authors in other sites
where the main movements of the objects seem to respond to
causes other than anthropogenic, such as from animal activity
or geological and post-depositional processes, that is, debris
flow and water transport (e.g. Villa 1982; Todd and Stanford
1992; Morrow 1996).

The Abric Romaní rock shelter

The town of Capellades (Barcelona, Spain) is built on a trav-
ertine platform that was generated by regional aquifer springs
during the Lower and Middle Pleistocene (Giralt and Julià
1996; Vallverdú et al. 2012). Its coordinates are 1° 41′ 30″
longitude E and 41° 32′ latitude N, and it is located
265 m a.s.l. (Fig. 1). During the formation of this travertine
platform, water drained through several cascades into the
Anoia River via a cliff about 30 m high on the east side.
These conditions generated a distinct cliff morphology
(known today as Cinglera del Capelló), which resulted in
multiple rock shelters.

The Abric Romaní is part of this complex of travertinic
shelters. The site, discovered in 1909 by Amador Romaní, is
known primarily for its Middle Palaeolithic record and is lo-
cated at the northeast end of the Cinglera del Capelló. From a
sedimentary point of view, the site is filled by a succession of
travertine platforms that were generated largely by water
surges located by the walls. These travertine platforms cover
the entire surface of the site and are separated from one anoth-
er by fine detrital deposits of silt, clay and red sand that were
deposited during dry periods (Fig. 2). Thus, the archaeological
layers can be found inside these interbedded detrital sedi-
ments. The travertinic platforms are ∼ 50 m thick and have
been dated byU-Series and 14CAMS as being between 110 ka
at the bottom and 40 ka at the top (Bischoff et al. 1988;
Vaquero et al. 2013; Sharp et al. 2016).

Hearths are one of the most common archaeological ele-
ments that have been recovered from Abric Romaní. Usually,
these structures are flat and without recognisable elements of
preparation; only a few specific cases have identified associ-
ations constructed with travertine blocks. Lithic assemblages
are mostly made from local raw materials: chert, quartz and
limestone. Flakes, which are occasionally modified into den-
ticulates, are the most common artefacts. Cores have been
recovered in scarce numbers from all assemblages, and they

usually show advanced cases of exploitation. This phenome-
non, together with the high number of small flakes, indicates
the significance of the site’s knapping and retouching activi-
ties. In contrast, important intra- and extra-site stone tool mo-
bility at several archaeological units has been identified thanks
to the discovery of isolated objects, the absence of elements
configured at the site and several instances of use and reuse of
previously patinated or burned artefacts (Vaquero et al. 2007).

Materials and methods

The present study examines the faunal refits from stratigraphic
units H, I, J–Ja, K, L and M, which cover the chronological
period between 44 and 55 ka (Vaquero et al. 2013) (see Fig. 2).
Many of these data have been previously discussed in other
works (e.g. Rosell et al. 2012a, c; Fernández-Laso 2010;
Vaquero et al. 2017). All assemblages were excavated follow-
ing a modern methodology based on the simultaneous inter-
vention of the entire site surface and the 3D location of all
recovered objects (~ 10 mm) (Table 1).

The zooarchaeological and taphonomic characteristics of
the archaeological assemblages presented here have also been
published in several separate works (e.g. Cáceres et al. 1998;
Vallverdú et al. 2005; Rosell et al. 2012a, b, c; Fernández-
Laso 2010; Vaquero et al. 2017). The samples were quantified
following the main standards defined by several authors: num-
ber of identified specimens (NISP), minimum number of ele-
ments (MNE) and minimum number of individuals (MNI).
MNE is calculated according to the age, portion and size of
the bones; MNI is obtained chiefly from the repetition of den-
tal pieces and the reconstruction of dental series according to
the individuals’ age at death. These indices provide the data
required to establish the percent of skeletal survival rate
(%SSR) and percent of minimal anatomic units (%MAU),
which are used to estimate the proportion between the recov-
ered and expected elements (%SSR) and the main represented
elements according to their abundance (%MAU) (e.g. Brain
1969, 1981; Grayson 1984; Lyman 1994, 2008a).
Unidentified remains are classified according to their morpho-
logical criteria—long, flat and compact bones—hence
allowing for a more accurate view of the assemblages. The
remains can be separated into very large-sized (> 1000 kg),
large-sized (1000–300 kg), medium-sized (300–100 kg) and
small-sized animals (< 100 kg) by considering the weight of
the identified ungulates.

Horses and red deer are the most dominant ungulates in all
of the studied assemblages (in NISP,MNE andMNI) although
a slight increase of aurochs in the lower units is observed
(Table 2). Other ungulates, such as proboscidean, rhino and
chamois, are also documented but in smaller proportions.
Therefore, the assemblages of Abric Romaní are composed
mainly of large- and medium-sized ungulates, with the

Archaeol Anthropol Sci



occasional presence of very large- and small-sized animals. In
contrast, carnivores correspond to isolated individuals and
show a higher diversity at the taxonomical level. Some are
located inside the travertinic tufa and hence are unrelated to
the archaeological contexts. These remains indicate the use of
the rock shelter as a den or refuge during some site formation
periods. Other remains, however, appear inside the archaeo-
logical assemblages although only two cases show the pres-
ence of cut marks on their bones that would indicate direct
contact between the animal and human groups (Saladié and
Aïmene 2000; Gabucio et al. 2014). The rest of the remains
seem to correspond to natural intrusions during periods with-
out human presence. These individual remains, together with
the evidence of their activities (carnivore tooth marks and
coprolites), display the palimpsest character of most of the
assemblages.

The faunal assemblages in this archaeological context are
composed mainly of mid-shafts of long bones of large- and
medium-sized animals. Maxillae, mandibles and isolated teeth
are also common. In contrast, axial bones (pelvis, vertebrae,

ribs and flat bones in general) are exceedingly scarce in all of
the assemblages (Tables 3, 4 and 5). The isolated teeth, max-
illae and mandibles indicate that prime adults are the most
represented individuals although the occasional remains of
immature and aged animals have also been recovered.
However, the high degree of bone fragmentation (~ 80% of
the 3D-located fragments did not exceed 5 cm in maximum
length) that has resulted in a low percentage of identification
must be considered. The bones identified at the anatomical
and taxonomical level never exceed 16%. Instead, the ends
and shafts attached to the ends are quite scarce. These bone
parts never represent more than 3% of the total bones in all of
the assemblages and usually are small fragments or isolated
portions of spongy tissue of reduced dimensions.

According to the criteria set by Villa and Mahieu (1991), a
high percentage of bones broken in fresh state describes right
and oblique angles and curved edges, and the surfaces are
usually smooth. These features can be observed in ~ 70% of
the analysed bones in all of the assemblages. On the contrary,
dry fractures (~ 30%) seem to correspond to different

Fig. 1 Location of Abric Romaní in Europe and a map of one of the surfaces of the site (unit J–Ja). At the bottom is the view of the Cinglera del Capelló
(left) and a view of the surface of unit M (right)
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processes; of these, fire appears to play a role because the way
fire rapidly dries remains produces high fragility in bones. In
addition, other processes, such as trampling and weathering,
must also be considered. Burning damage is the most signif-
icant anthropogenic damage among all the assemblages, with
a general average of 44.9% of the total remains. This damage
can be observed in different degrees for all of the assemblages,
per the criteria described by Stiner et al. (1995). However, this
modification seems to be stronger in the lower units: the av-
erage for units H, I and J-Ja is 35.3%, while the same value for
units K, L and M is 54.4%.

Evidence of anthropogenic bone breakage is also common
(average of 8.1%) (Table 6). This modification is analysed

using the criteria described by several authors (see, e.g.
Blumenschine and Selvaggio 1988; Capaldo and
Blumenschine 1994; Pickering and Egeland 2006; Blasco
et al. 2014). Notches and impact flakes are the most common
evidence although percussion pits, adhered flakes and peeling
are also recorded but not as frequently. Cut marks are also
present, here with an average of 5.9% for all of the studied
assemblages. Most cut marks are isolated and clustered inci-
sions on mid-shafts. Scraping and saw marks have occasion-
ally been recorded as well.

Carnivore activity appears to be scarce in all stratigraphic
units. Tooth marks are analysed following the criteria pro-
posed by several authors (see, e.g. Haynes 1980, 1983,

Fig. 2 Synthetic stratigraphic
sequence from the Abric Romaní
archaeological site
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1988; Binford 1981; Stiner 1994; Blumenschine 1995). Only
at unit K does the number of tooth marks reach 3%, while in
the other units, carnivore activities never exceed 1% of the
total number of bones. Regarding post-depositional processes,
the presence of root-etching and eroded edges on some bone
surfaces appears to be indicative of water and vegetable roots
during the formation of the site. These processes seem to have
occurred with a different intensity in each archaeological unit
and sometimes are relatively located at the spatial level.

Faunal refits are made in the current study following the
methods established by Fernández-Laso (2010). Based on the
Lyman's (1994, 2008b) works, Fernández-Laso (2010)
established four types of faunal refits: (1) mechanical refits
by conjoining fragments, (2) anatomical refits, (3) bilateral
pairs and (4) intermembral refits. The characteristics of the
faunal assemblages presented here are composed mainly of

fragments from the mid-shafts, with an almost total absence
of epiphyses and axial bones (vertebrae, ribs and pelvises)
—this has led mainly to mechanical refits, and in the case of
the dental series, to anatomical refits. These refits involve all
of the diaphyseal fragments larger than 2 cm. To identify the
activity areas where the bones were broken, smaller bone
flakes resulting from intentional breakage are also included
because of their spatial and technical significance.

The methods used in the current study consider the spatial
position of the involved specimens and their correspondence
to specific hearth-related areas. To simplify the work, faunal
fragments are grouped by their taxa and anatomical portions.
In the case of unidentified mid-shafts, these are classified by
weight sizes (large- or medium-sized animals). Bones are test-
ed square by square, progressively extending the test to the
surrounding squares of the same hearth-related area. This

Table 2 Macro-mammals from Abric Romaní classified by archaeological units

Unit H Unit I Unit J–Ja Unit K Unit L Unit M

NISP MNE MNI NISP MNE MNI NISP MNE MNI NISP MNE MNI NISP MNE MNI NISP MNE MNI

Equus ferus 101 22 2 83 16 9 351 88 15 56 15 4 34 9 4 58 15 6

Equus hydruntinus 2 2 1

Cervus elaphus 53 33 2 168 42 6 497 202 12 335 72 8 96 39 5 479 110 9

Bos primigenius 3 2 1 88 47 5 15 9 1 6 6 1 15 10 3

S. hemitoechus 1 1 1 33 17 3

Rupicapra pyrenaica 6 5 2

Ursus sp. 1 1 1 1 1 1

Lynx sp. 1 1 1 1 1 1

Canis lupus 2 2 2

Vulpes vulpes 1 1 1

Carnivora indet. 1 1 1 4 2

Large size 238 20 290 32 2150 87 60 10 60 9 123 17

Medium size 444 30 304 21 2165 109 957 28 214 18 555 56

Small size 76 19 19 8 352 35 158 17 59 11 423 41

Unidentified 244 628 1087 983 669 5959

Total 1159 127 6 1496 122 17 6738 597 42 2564 151 13 1138 92 10 7614 251 20

Taxa recovered inside the travertine layers (outside the anthropogenic contexts) are not listed

Table 1 Main archaeological
features of the stratigraphic units
and faunal refits

Stratigraphic unit Used surface (m2) No. lithics Fauna (NISP) Identified
hearths

Identified
hearth-related areas

H 220 320 1164 9 8

I 225 555 1833 18 8

J–Ja 300 5446 6738 52 8

K 279 1796 2570 25 5

L 260 1191 1002 23 7

M 247 6087 7656 37 6
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method is applied to all accumulations separately. The last
step is trying to conjoin bones among the different accumula-
tions: first among the closest ones and, finally, all together.

Both the anatomical refits (including dental series) and
conjoined fragments of the same bone as classified by me-
chanical processes are considered (Table 7). The hearth-
related areas of each archaeological unit are determined sche-
matically by using the centre of the hearth as the centroid and
establishing two outer circles (the drop and toss areas) accord-
ing to the measures observed by Binford (1978). These pre-
established areas of influence are considered when the refitted
elements are examined to determine how they corresponded to
the hearth-related areas. However, the palimpsest conditions
of the studied archaeological units and their possible differ-
ences in time-scale formation make it difficult to establish
direct comparisons between them. In this respect, all of the
units are treated using R statistical language. This software is
used to analyse the dimensions of hearths and the location of
hearths and bone refits. Several R packages are used to obtain
histograms, clusters and maps: ggplot2, ggpubr, ggforce and

pvclust. First, bivariant tests (Pearson’s r and Spearman’s ρ)
that search for the number of hearths with NISP and MNI are
used to identify the (dis)similarities between the faunal assem-
blages of each archaeological unit. In this context, the north-
south (NS) and east-west (EW) dimensions of the hearths are
recorded for each archaeological unit. Statistical tests are ap-
plied to determine the potential differences in hearth dimen-
sions between the archaeological levels. Concerning the 3D
location of the hearths, bootstrapped cluster analyses are run
using the Ward method and Euclidean distance for every ar-
chaeological unit. The goal of these analyses is to see how
many hearth areas could be identified. Red bootstrapping p-
values for every unit are considered, and here, the higher the
level, the higher the support of the cluster in that specific unit.
Two complementary histograms are created per level. First,
the distances among the refits themselves are evaluated.When
a refit is formed by two bones, only one distance is considered
(1 to 2); when it is formed by three bones, three distances are
considered (1 to 2, 1 to 3 and 2 to 3). Then, the distances from
every refit to their closest hearth are measured. Finally, the

Table 4 Large-sized mammals percent skeletal survival rate (%SR) vs. percent minimum animal units (%MAU) by each archaeological unit

Unit H Unit I Unit J–Ja Unit K Unit L Unit M

%SSR %MAU %SSR %MAU %SSR %MAU %SSR %MAU %SSR %MAU %SSR %MAU

Cranium 100 100 0 0 47.1 60.9 0 0 33.3 40 0 0

Maxilla 100 100 40 50 50 60.9 50 75 33.3 40 42.8 75

Mandible 100 100 100 100 64.7 87 50 75 83.3 100 57.1 100

Vertebra 0 0 0 0 0.3 0.3 1.1 1.9 1.1 1.5 0 0

Rib 1.9 1.9 0 0 0.6 0.7 1.8 3.8 0.9 1.5 0 0

Pelvis 0 0 0 0 5.9 8.7 0 0 0 0 0 0

Scapula 75 75 5 6.3 20.6 26.1 33.3 50 16.7 20 14.3 25.0

Humerus 75 75 20 25 55.9 100 50.0 75 16.7 20 14.3 25.0

Radius 50 50 15 18.8 61.8 82.6 33.3 100 50.0 60 0 12.5

Metacarpus 0.0 0 0 0 11.9 21.7 0 0 16.7 20 0 0

Femur 50 50 5 6.3 47.1 69.6 33.3 50 16.7 20 21.4 37.5

Tibia 100 100 15 18.8 64.7 87.0 66.7 100 33.3 40 21.4 37.5

Metatarsus 50 50 0 0 11.9 26.1 0 0 0 0 14.3 25

Metapodial 37.5 37.5 0 0 14.3 17.4 33.3 25.0 16.7 10 14.3 12.5

Phalanx 4.2 4.2 0 0 10.9 1.4 2.1 4.2 0 0 0 0

Carpal/tarsal 4.2 4.2 0 0 0.3 1.1 0 0 0 0 0 0

Table 3 NISP, MNE and MNI of
each archaeological unit Unit H Unit I Unit J–Ja Unit K Unit L Unit M

LS MS LS MS LS MS LS MS LS MS LS MS

NISP 347 574 398 477 2622 3020 131 1450 100 369 196 1034

MNE 45 82 40 63 239 313 34 117 24 68 42 207

MNI 3 3 10 6 23 14 5 8 5 5 9 9

The indexes are classified by weight size into large- (LS) and medium-sized (MS) animals
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density maps of the hearths and bone refits are generated to
see how these areas overlap in every archaeological unit.
Additional maps with XY coordinates are drawn for the size
and drop and toss zones (radii of 120 and 250 cm, respective-
ly, from the centre) of the hearths and the bone refits; each refit
is identified by a different colour.

Results

Hearths are one of the most characteristic elements of the
Abric Romaní site and are very well defined macro- and
micro-stratigraphically (Vallverdú et al. 2012). Their general
dimensions show significant variations, even in the same strat-
igraphic unit (from a few centimetres in diameter to more than
1 m). Taken together, however, they show a progressive re-
duction in size from the lower units to the upper ones (Fig. 3).
Unit I is the only exception to this general tendency, which
could invalidate the idea of a correlation between hearth size
and the lithological composition of the units (more detritic in

the lower units and more travertinic in the upper ones, espe-
cially for units H and I).

The number of identified hearths differs significantly for
each unit. Unit H has the fewest (nine hearths), and all of them
are scattered across the excavated surface without any appar-
ent relationship. In contrast, unit J-Ja has the highest quantity
of hearths (52); most are clustered, and many overlap, forming
areas of hearths that can be identified by their clustered and
overlapping centroids. According to this, eight distinct areas
could be identified; they are situated at regular intervals and
separated by zones relatively empty of archaeological mate-
rials (see more details in Carbonell 2012). The remaining ar-
chaeological units do not appear to be as organised. However,
in a more discrete way, they seem to reproduce a pattern sim-
ilar to unit J–Ja. The maps show a preference for hearths that
are positioned centrally and close to walls. In the case of units
H, I and—to a lesser extent—J-Ja, the areas closest to the wall
have been previously dug by other researchers and hence
show possible biases in this respect. Even so, unit J-Ja con-
tains the highest number of used zones.

Table 6 Summary of hominid
and carnivore-induced damage
(%) on faunal record by archaeo-
logical units

% Damage Unit H Unit I Unit J–Ja Unit K Unit L Unit M

Cut marks 9 8.1 6.6 4.1 6.7 3

Bone breakage 9.4 9.9 11.9 10.7 3.4 3.1

Burned bones 35.8 33.5 31.3 50.7 51.2 61.3

Carnivore tooth marks 0.9 0.8 0.9 3 0.8 0.3

Specific data and details can be found in Fernández-Laso (2010), Rosell et al. (2012a, b, c) andModolo and Rosell
(2017)

Table 5 Medium-sized mammals percent skeletal survival rate (%SR) vs. percent minimum animal units (%MAU) by each archaeological unit

Unit H Unit I Unit J–Ja Unit K Unit L Unit M

%SSR %MAU %SSR %MAU %SSR %MAU %SSR %MAU %SSR %MAU %SSR %MAU

Cranium 100 100 16.7 16.7 81.8 54.5 22.2 33.3 16.7 25 33.3 37.5

Maxilla 100 100 50 50 50 63.6 12.5 8.3 33.3 50 38.9 43.8

Mandible 50 100 100 100 45.5 59.1 44.4 66.7 41.7 62.5 88.9 100

Vertebra 3.6 0 0.6 1.3 5.6 8.0 0.8 1.3 0.6 1 2.1 2.4

Rib 8.9 1.9 0.9 1.9 5.6 5.9 3.8 5.8 1.3 1.9 1.7 1.9

Pelvis 0 0 0 0 0 0 11.1 16.7 8.3 12.5 5.5 6.3

Scapula 25 75 8.3 8.3 27.3 31.8 5.5 8.3 8.3 12.5 2.1 25

Humerus 75 75 33.3 33.3 95.5 90.9 16.7 25 25 37.5 33.3 37.5

Radius 50 50 50 50 45.5 50 27.8 50 25 37.5 11.1 56.3

Metacarpus 25 0 50 50 86.4 86.4 44.4 66.7 41.6 62.5 66.7 75

Femur 100 50 41.7 41.7 77.3 77.3 22.2 33.3 25 37.5 38.9 43.8

Tibia 50 100 41.7 41.7 95.5 100 38.9 58.3 66.6 100 83.3 93.8

Metatarsus 100 50 50 50 68.2 68.2 66.7 100 25 37.5 66.7 75

Metapodials 0 37.5 8.3 16.7 4.6 9.1 11.1 16.7 8.3 12.5 22.2 25

Phalanx 6.3 4.2 1.4 1.4 3.8 3.4 2.8 4.2 0 0 37.5 4.7

Carpal/tarsal 8.3 4.2 1.4 1.4 2.2 3 0 0 0 0 0 0
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The faunal assemblages also differ quantitatively. J-Ja is
the unit with the most elements (NISP), as reflected in both
MNE andMNI. However, all of the units are similar regarding
the diversity of the ungulates: horses and red deer dominate
for all the units. However, tests comparing the number of
hearths to the NISP in the stratigraphic units seem to indicate
that there are certain similarities between the different studied
assemblages: Pearson’s r test produces a value of 0.8601034
(p value = 0.02799, 95% confidence), and Spearman’s ρ test
produces a value of 0.7714286 (p value = 0.1028). The same
seems to occur between the number of hearths and MNI:
Pearson’s r test produces a value of 0.9170403 (p value =
0.01004, 95% of confidence), and Spearman’s ρ test produces
a value of 0.8285714 (p value = 0.05833).

Among all of the studied units, 466 elements are refitted,
affecting a total of 1049 bone and dental fragments (Table 7).
Most of these refits (430) are mechanical (direct) (Fig. 4). The
other 28 are anatomical and correspond only to dental series.
However, it is necessary to consider that the generalised lack of
epiphyses in all of the assemblages makes the identification of
anatomical conjoins difficult. That being said, the number of
achieved refits is proportional to the NISP for all of the archae-
ological units. From this point of view, the bivariant tests show
a correspondence between the number of hearths and the num-
ber of refits: Pearson’s r test produces a value of 0.9382625 (p
value = 0.0056, 95% of confidence), and Spearman’s ρ test
produces a value of 0.9428571 (p value = 0.01667).

Direct refits of two elements are the most common for all of
the assemblages. However, all of the units show direct refits
involving three or more fragments (Fig. 5). Regarding the spa-
tial location inside the site, local refits (> 2 m between frag-
ments) are dominant.Most correspond to fragments broken in a
dry state and whose fragments are narrowly separated. Given
the aims of the present work, however, the most significant
results are the long-distance bone refits, which involve frag-
ments from different hearth areas (or groups of hearths).
These types of refits are the least common. Units H and L are
the only assemblages without long-distance refits. On the con-
trary, unit J–Ja shows a larger number of long-distance bone
refits. The remaining units (I, K andM) also have long-distance

refits but not to the same extent as observed in unit J–Ja. Most
of the fragments involved in these long-distance refits are from
different hearth areas. Only on rare occasions are fragments
found to be from outside the rock shelter or far from the com-
monly used zones (centre or close to the wall). These condi-
tions are observed in units I, J–Ja and M, which show some
accumulations of refitted bones from the outer areas.

Regarding the distances between the refitted elements, four
patterns can be identified (Fig. 6): (1) units H/L, where all of
the distances are below 5 m; (2) units I/K, where the number
of refits is low compared with the other levels and where the
refit distances are present until around 10m but are distributed
in a slightly flat pattern; (3) unit J–Ja, which contains a large
number of refits showing a pattern of negative exponential
regression from the shortest distances to the largest ones (>
15 m); and (4) unit M, which contains a high number of short-
distance refits (> 1 m), even though the presence of some
long-distance refits is remarkable (12–13 m). However, the
number of these patterns can be reduced to three if each refit
closest to the fireplace is considered (Fig. 7): (1) units H–I,
where this distance is flatly distributed until the fourth metre;
(2) units J–Ja/M, where most of the refits are very close to the
fireplaces, following a negative exponential regression; and
(3) units K/L, where most of the refits are very close to the
fireplaces but show a clear disruption approximately at 1.5 m
(from this distance and farther, it is relatively flat).

Discussion

The described anthropogenic assemblages show faunal sim-
ilarities, providing some homogeneity among the units.
First, the dominance of horses and red deer in all of the
stratigraphic units could be the result of the specific
palaeoecological conditions of the landscape that made it
very favourable for the development of both taxa.
However, the presence of other ungulates, such as aurochs,
rhino and chamois, along with a relatively high diversity of
carnivores, indicates a more diversified landscape in which
human groups focused their hunting activities mainly on

Table 7 Main features of faunal refits by archaeological units

Unit NISP Green Dry Anatom. 2 frg 3 frg 4 frg 5 frg > 5 frg Total refits %

H 1164 23 2 2 18 4 3 25 2.15

I 1833 19 9 9 23 5 28 1.53

J–Ja 6738 185 9 11 162 26 6 1 1 196 2.91

K 2570 38 5 1 26 10 2 1 39 1.52

L 1002 26 4 21 4 1 26 2.59

M 7656 139 14 5 113 22 3 2 4 144 1.88

Specific data and details can be found in Fernández-Laso (2010), Rosell et al. (2012a, b, c) and Modolo and Rosell (2017)

Frg number of fragments involved in the refit

Archaeol Anthropol Sci



these two taxa (Rosell et al. 2012a, b, c). Second, the an-
thropogenic assemblages are predominantly composed of
mid-shaft fragments, mandibles and maxilla of large- and
medium-sized prime-adult animals (Fig. 8). These skeletal
profiles can initially be interpreted as the product of the
different methods used to transport the portions of the car-
casses, which include mainly heads and limbs. Indeed,
bones from the trunks are usually abandoned where the

carcasses are obtained, and portions of the axial skeleton
are rarely included in the pack. Alternatively, the lack of
epiphyses could be explained by their posterior destruction
that occurred through a combination of different processes.
The first could be the anthropogenic activities related to
consumption and cleaning. In this respect, Abric Romaní
does not differ from many other Middle Palaeolithic sites
in which the crushing of the epiphyses for fat procurement

Fig. 3 Comparison of the
hearths’ size by archaeological
units: a a box plot comparing the
diameter E-W (in centimetre), b a
box plot comparing the diameter
N-S (in centimetre) and c a scatter
plot comparing the areas of the
hearths (in square centimetre)
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and/or their burning for cleaning or as fuel have been sug-
gested (see a discussion in Costamagno and Rigaud 2014;
Yravedra and Uzquiano 2013). Another possibility is the
action of scavengers, as has been observed in several current
and experimental assemblages (Isaac 1983; Binford et al.
1988; Marean and Bertino 1994; Blumenschine 1995).

Recently, this hypothesis has been criticised byMarín et al.
(2017). Following the methods of Faith and Gordon (2007),
these researchers analysed the skeletal profile of units K, L
and M and compared their results with the assemblages gen-
erated by the Hadza in Tanzania; they found that Faith and
Gordon’s method produced significant differences between

Fig. 4 Some examples of bone refits from unit M showing anthropogenic and/or green fractures. Modified from Fernández-Laso (2010)
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the units, leading them to suggest a higher diversity in the
strategies of transport than what has been proposed in previ-
ous works. Such diversity could range from the complete

transport of carcasses to preferential transport of the anatom-
ical portions considered to be of high and medium nutritional
value. On the other hand, they interpreted the lack of

Fig. 5 Map of the different archaeological units showing the hearth centroids (black), their area of influence (grey) and the faunal refits (colours). The
dark grey colour corresponds to the wall and travertine blocks
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vertebrae, ribs and limb bone ends as the result of a systematic
and deliberate destruction during consumption and cleaning
activities, which could include crushing, boiling and burning.
Marín et al. (2017) also used the statistically significant cor-
relation between %MAU in unit M and bone mineral density
to show the importance of post-depositional processes in the
differential preservation of bones at this site. They concluded
that there are similarities between the Abric Romaní assem-
blages and those generated by the Hadza, which, according to
them, fit the unconstrained model described by Faith and
Gordon (2007).

However, Marín et al. (2017) failed to consider several
aspects that could significantly alter their results. First, they
attempted to assess the skeletal profiles of whole assemblages
by using only the bones that have been identified at the ana-
tomical level and that are classified by size. Considering the
low degree of identification in all of the assemblages, a sig-
nificant number of bones (mostly mid-shafts) are not included
in their statistical tests. In addition, and following the methods
proposed by Faith and Gordon (2007), low-survival bones
must also be excluded from tests to prevent any bias caused
by the possible visits of carnivores to the assemblages and

Fig. 6 Distances between the refitted elements
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other differential preservation phenomena. These exclusions
mainly affect thin-cortical bones, corresponding to those with
a low-density (axial bones, both girdles and long-bone ends)
and compact bones (carpal, tarsal and phalanges). Therefore,
the observed diversity comes only from limb bones but always
obviating the axial skeleton. Away to minimise this issue is to

analyse the assemblages using the categories of bones and
class size. Figure 8 shows a similar composition of the assem-
blages in which the lack of axial elements is significant.

On the other hand, the generalised lack of axial bones and
limb ends at Abric Romaní cannot be explained only by anthro-
pogenic causes (crushing, boiling and burning) and—especially

Fig. 7 Distances of every single refit to its closer hearth
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in the case of unit M—post-depositional processes. The lithol-
ogy and sedimentary characteristics do not differ excessively
between the stratigraphic units. Therefore, the ability of differ-
ent post-depositional agents at level M to produce significant
phenomena of differential preservation by the mineral density
of the bones must be identified by other methods as well, such
as important chemical attacks on the surface of the bones.
Alternatively, the destruction and total disappearance of this
quantity of axial and end bones of large- and medium-sized
animals (i.e. horses, red deer and aurochs) to the hearths would
be a slow process, one that requires a significant amount of time
and calorific intensity (Costamagno et al. 1999). In other words,
there may be more evidence, including at the micromorpholog-
ical level, from important amounts of burned bones in the thin
sections. In this respect, the number of burned bones in these
assemblages is not high and is mainly represented in the differ-
ent degrees of thermal alteration among which the medium and
slow degrees are the most common (Rosell et al. 2012a, b, c;
Modolo and Rosell 2017). Only in units K, L and M do these
indices slightly exceed 50% (Fernández-Laso 2010).

Finally, the tests used by Marín et al. (2017) show a signifi-
cant overlap between the unconstrained and bulk models (trans-
port of high-utility elements). Therefore, from this perspective,
the initial hypothesis cannot be completely discarded, and the
idea of homogeneity between assemblages should still be con-
sidered. However, the diversity between the stratigraphic units
comes from the bone refits, mainly from those of a long dis-
tance, hence connecting different hearths (or areas of hearths).
Except for a few specific cases, the conjoined fragments are
located on hearths or within their areas of influence. These con-
ditions are very clear in units H, I, L andM, supporting Vaquero
and Pastó (2001)’s assertion about the structuration of these
human groups (and their activities) around hearths. These hearth

areas are separated by free zones without hearths and bone refits.
In this respect, the bone refit areas in levelM, where five distinct
and roughly equidistant areas have been identified, are remark-
able (Vaquero et al. 2017).

Unit K presents an exceptional situation because the bone
refits are scarce and mostly local. Only one refit connects the
two hearths at the centre of the rock shelter. However, there is
a significant isolated area with bone refits outside of the rock
shelter (at the northern corner) that is completely disconnected
from the hearth areas. This situation is not observed for the
other archaeological units. The involved remains, however, do
not show taphonomic modifications that are distinct from
those observed for the rest of the assemblage, such as a higher
intensity of carnivore damage or rounded edges related to
hydric transport. Therefore, their presence in this area is diffi-
cult to explain by processes other than anthropogenic ones. A
possible parallel may be the site of Gatecliff Shelter (USA),
where Thomas (1983) observes the presence of a toss area
outside the rock shelter that is composed of the largest items
related to a central hearth and that is far from the drop area.
According to Thomas (1983), the principal domestic activities
seem to have been carried out inside the rock shelter, so any
unwanted elements were systematically thrown outside. This
area of unit K may have had similar activity.

Unit J–Ja shows the most complexity. It contains the
greatest quantity of faunal remains and hearths, which seem
to correspond to an environment with more occupational in-
tensity and events. This quantity of items makes it difficult to
define empty zones outside the hearths’ areas of influence,
which are mainly in central areas and those close to the walls.
However, there are empty zones outside of the rock shelter
beyond the accumulation of the fallen blocks of the roof that
delimit the used area.

Fig. 8 Ternary plots showing the main anatomical elements (%SR) clustered by the main segments: cranial, axial and appendicular skeleton
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There are numerous faunal refits in unit J–Ja. However, they
do not differ percentagewise from the number identified in
other units. In general, long-distance refits show significant
connections between the hearths, and some are located in dif-
ferent areas. Most connect the areas located along all the central
zone of the rock shelter. Hence, a preferential EW direction of
these refits can be observed, which could be interpreted as the
result of some movements of the materials following the slope
of the rock shelter and that was first produced by human tram-
pling or natural/gravitational processes. However, this phenom-
enon should affect all of the recovered items, selecting them by
sizes. The lithic refits show both N-S and E-W refits, some of
which are arranged opposite the slope (Vaquero et al. 2012). In
addition, it is necessary to note three cases in which connections
between the areas closer to the wall and the central zones (N-S
direction) can be identified. Two of them avoid the stalagmitic
formation located at squares R–S/50–51–52, which is very dif-
ficult to explain without seeing them as intentional.

Several alternative hypotheses to the anthropogenic one
have been proposed and tested to explain the primary motiva-
tion for the long-distance movements of these bones. The first
hypothesis considers the role played by carnivores as the usual
scavengers of anthropogenic assemblages. The waste left by
humans in their abandoned campsites has always attracted
these animals.Many researchers have tested the activities con-
ducted by scavengers both in nature and experimentally (Isaac
1983; Binford et al. 1988; Marean and Bertino 1994;
Blumenschine 1995; Camarós et al. 2013). All of these au-
thors agree that these animals prefer epiphyses and vertebral
bodies, which usually retain nutrients, mainly fat, after human
consumption. Thus, carnivore activities could account for the
disappearance of some elements, such as spongy tissues, be-
cause the carnivores eating them or—especially in the case of
heavier or larger bones—by the carnivore transporting the
bones to other places outside the site. The difficulty here lies
in the scarce taphonomic signal that these activities leave in
the archaeological record. In the case of Abric Romaní, carni-
vore marauding has been detected in all of the archaeological
units by some tooth marks and/or isolated coprolites over the
hearths (Rosell et al. 2012b). However, this could partially
explain the lack of some bones but not the movements be-
tween hearths and their areas of influence.

Another alternative hypothesis is related to unintentional
movements caused by human trampling. Yellen (1977) exam-
ines this possibility, identifying a significant dispersion of
hearths and their associated materials. However, the hearths
in Abric Romaní are usually well defined, and the materials
(including long-distance refits) are clustered around the
hearths and are not scattered about randomly. The 3D
position of the bones also refutes a third hypothesis that
indicates that bones could be moved by postdepositional
processes such as hydric transport or gravity. In this respect,
Rosell et al. (2012a, c) state that most of the burned bones in

unit J–Ja are placed on hearths (the assemblage with more
items), and this could be extended to the other units
(Fernández-Laso 2010; Rosell et al. 2012a; Modolo and
Rosell 2017). In the same way, no selection by size is ob-
served by these authors, as would be expected in the case of
hydric and gravitational movements.

At this point, only anthropogenic and intentional processes
can explain the movements of the faunal remains between the
hearths. However, the theory regarding the use of these bones
as raw materials for making bone tools or retouchers must be
abandoned because these kinds of elements have not been iden-
tified in the studied assemblages: only one possibly pointed
object made from an auroch mandible in unit J–Ja has been
recognised (Rosell et al. 2012c). In addition, fresh bone breaks
are observed on many of these refits, which could indicate that
the bones were moved when they still contained nutrients
(Fernández-Laso 2010). A prime example is found in unit M,
where one refitted tibia of a red deer is composed of 11 frag-
ments (Fernández-Laso 2010; Vaquero et al. 2017). Nine of
these fragments are located in the areas of influence of two
hearths from the west area of the site (squares R-S/41–42 and
P/44), and the other two are located in themain accumulation of
the east side of the site (squares O/52–53). Both areas are sep-
arated by more than 10 m. All the refitted items show evidence
of green fractures. Except for two unburned fragments located
at the R–S/41–42 hearth-related accumulation, the rest show
different degrees of burning damage, meaning that the
thermo-alteration processes occurred after the fragments were
first displaced. From this perspective, the movements seem to
have occurred when the bones still contained nutrients; there-
fore, they could be related to nutritional purposes. On the con-
trary, the limited lifespan of meat, fat and marrow, as well as the
complete absence of the use of bones as rawmaterials, seems to
reject the possibility that the bone movements are linked to the
processes of reusing or recycling.

Long-distance refits could also be considered as evidence of
the contemporary coexistence of two (or more) activity areas in
some units. This circumstance is clearly evident in units I, J–Ja,
M and—to a lesser extent—K. However, units H and L seem to
be formed by disconnected and (probably) non-
contemporaneous activity areas. All these data imply at least
two different occupational models at Abric Romaní: (1) the
simple model, which is represented by those units with isolated
activity areas (units H and L), and (2) the complex model,
which is primarily defined by a significant number of refits
between the areas (units J–Ja, M and—to a lesser extent—I).
Obviously, both models are not exclusive and could coexist in
the same stratigraphic unit. Considering the palimpsest charac-
teristics of all of the units, it is possible that some isolated
activity areas typical of the simple model could overlap with
the occupations of the complex model and hence be hidden
inside the most intense occupations. An example could be unit
K, where only one refit connecting the two hearths at the centre
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area is identified, while the rest of the hearths are completely
isolated. These conditions add more complexity to the identi-
fied models and allow for a significant issue to be raised, one
that should be investigated in the future: these complex models
may be the result of the replication of multiple simple models
or, conversely, both models may have evolved in parallel direc-
tions without the chance to converge. From this perspective, the
data obtained by the method proposed here must be aligned
with the results of lithic refits. Although the mobility of many
lithic artefacts in Abric Romaní seem to be affected by several
processes of recycling and reuse, the directionsmarked by these
objects could reinforce the faunal results and help understand
the development of the occupational patterns at the site. This
data confrontation has been tested recently in unit M (Vaquero
et al. 2017), and the results show clear intentional and nonran-
dom movements of both materials but with different patterns.
The main differences have been explained by the major dura-
bility of the lithic remains and the possibility that they were
reused and recycled. Even so, Vaquero et al. do not see exces-
sively randommovements in both short- and long-distance lith-
ic refits. On the contrary, the lithic artefacts seem to have been
intentionally moved to specific places, reinforcing the high res-
olution of this stratigraphic unit and the validity of the spatial
studies at this site.

At this point, the diversity observed from the lithic and
faunal refits may answer other questions related to the forma-
tion processes of the site, such as the durability of the human
occupations and the main influences that the physical and
topographic characteristics had over the respective floors
(presence of large blocks, flat zones, flooded areas, etc.).
Together, these points can allow for more accurate data to be
obtained and to aid in the research of the composition of the
human groups in terms of their numbers, their intrasite
organisational patterns and their evolution over time.

Conclusions

The well-preserved anthropogenic assemblages at Abric
Romaní provide the high-resolution properties required to car-
ry out studies on human groups’ lifestyles at the end of the
Middle Palaeolithic and their ability to manage dwelling
spaces. From this perspective, the taphonomy shows relatively
similar subsistence strategies and processing patterns for all of
the assemblages, which focus mainly on the transport of limbs
and heads of large- and medium-sized ungulates (horses, red
deer and aurochs).This apparent homogeneity could reflect the
persistence of a cultural tradition over time. Nevertheless,
some changes can be detected in the occupational patterns.
Most archaeological items are located in the areas of influence
around hearth-related accumulations, reinforcing the hypothe-
sis developed by Vaquero and Pastó (2001) for this site based
on the drop or toss ethnographic model of Binford (1978).

According to this idea, hearths represent the centre of the core
domestic activities and may be interpreted as the product of a
social unit. Most of the faunal refits, both those that are local
and long distance, are found inside these hearth-accumulation
areas, indicating the intentionality of their displacements. In
this respect, no significant movement of archaeological items
produced by carnivores or post-depositional processes, such as
the accumulations of selected materials by size caused by hy-
dric transport or gravity, can be identified. Instead, the lack of
evidence related to the reuse and recycling of these bones
implies that nutritional purposes may be the main motivation
behind these movements.

Regarding the occupational patterns developed at this site, the
specific analyses of the faunal refits allow for a higher diversity
between the assemblages than is shown by taphonomic studies
alone. These results indicate two possible models: (1) the simple
model, which is represented by isolated hearths and dominated
by local faunal refits (units H, L and—to a lesser extent—K) and
(2) the complex model, in which several hearth-related accumu-
lations are connected by long-distance faunal refits (units I, J–Ja
and M). These differences could be linked to the composition of
the human groups, the number of social units in each occupa-
tional event and, probably, to the function and durability of the
occupations. From this perspective, the major spatial require-
ments needed for the complex model could be related to the
presence of large groups or several social units using the rock
shelter at the same time. In contrast, the units of the simplemodel
could be the result of the rock shelter being used by several small
social units that did not significant spatial requirements and that
did so at different time periods.

Considering the palimpsest character of the assemblages,
these models are not exclusive, and both could have devel-
oped in the same stratigraphic unit at different times. Thus,
occupations belonging to the simple model could be masked
by the greater intensity of events related to the complex mod-
el. In this scenario, a taphonomy could not differentiate be-
tween the two models because the subsistence strategies
would be similar. This should be further investigated.

In summary, studies of faunal refits can contribute to the
knowledge of occupational patterns at archaeological sites.
This technique is especially advantageous at high-resolution
sites like Abric Romaní, where the faunal refits allow for
several features related to the social composition of human
groups and the durability of their occupations to be assessed
to a certain degree of certainty. These results, however, must
be checked against other elements of the record, such as lithics
or hearths, which provide information key to making accurate
assessments about howMiddle Palaeolithic human communi-
ties functioned in the region and evolved over time.

Acknowledgments This study was carried out in the framework of the
workshop entitled “The Big Puzzle 30 Years After: a Multidisciplinary
Palaeolithic Perspective” with funding from The Wenner-Gren

Archaeol Anthropol Sci



Foundation. J. Rosell and R. Blasco develop their work within the
Spanish MINECO/FEDER projects PGC2018-093925-B-C31C,
GL2016-80000-P and CGL2015-68604-P and the Generalitat de
Catalunya-AGAUR projects 2017 SGR 836 and CLT009/18/00055.

References

Bartram LE, Kroll EM, BunnHT (1991) Variability in camp structure and
bone food refuse patterning at Kua San hunter-gatherer camps. In:
Kroll EM, Price TD (eds) The interpretation of archaeological spa-
tial patterning. Plenum Press, New York, pp 77–148

Binford LR (1978) Dimensional analysis of behavior and site structure:
learning from an eskimo hunting stand. Am Antiq 43(3):330–361

Binford LR (1981) Bones: ancient men and modern myths, vol 320.
Academic Press, New York

Binford LR (1983) In the pursuit of the past: Decoding the archaeological
record. Thames and Hudson, London

Binford LR,MillsMGL, StoneNM (1988)Hyena scavenging behaviour and
its implications for interpretation of faunal assemblages from FLK22
(the Zinj Floor) at Olduvai Gorge. J Anthropol Archaeol 7:99–135

Bischoff JL, Julià R, Mora R (1988) Uranium series dating of the
Mousterian occupation at Abric Romaní, Spain. Nature 332:68–70

Blasco R, Rosell J, Domínguez-Rodrigo M, Lozano S, Pastó I, Riba D,
VaqueroM, Fernández Peris J, Arsuaga JL, Bermúdez de Castro JM,
Carbonell E (2013a) Learning by heart: cultural patterns in the fau-
nal processing sequence during the Middle Pleistocene. PLoS One
8(2):e55863

Blasco R, Rosell J, Fernández Peris J, Arsuaga JL, Bermúdez de Castro
JM, Carbonell E (2013b) Environmental availability, behavioural
diversity and diet: a zooarchaeological approach from the TD10-1
sublevel of Gran Dolina (Sierra de Atapuerca, Burgos, Spain) and
Bolomor Cave (Valencia, Spain). Quat Sci Rev 70:124–144

Blasco R, Domínguez-Rodrigo M, Arilla M, Camarós E, Rosell J (2014)
Breaking bones to obtain marrow: a comparative study between
percussion by batting bone on an anvil and hammerstone percus-
sion. Archaeometry 56(6):1085–1104

Blasco R, Rosell J, Sañudo P, Gopher A, Barkai R (2016) What happens
around a fire: faunal processing sequences and spatial distribution at
Qesem Cave (300 ka), Israel. Quat Int 398:190–209

Blumenschine RJ (1995) Percussion marks, tooth marks, and experimen-
tal determinations of the timing of hominid and carnivore access to
long bones at FLK Zinjanthropus, Olduvai Gorge, Tanzania. J Hum
Evol 29:21–51

Blumenschine RJ, Selvaggio M (1988) Percussion marks on bone sur-
faces as a new diagnostic of hominid behavior. Nature 333:763–765

Brain CK (1969) The contribution of Namib desert Hottentots to an
understanding of australopithecine bone accumulations. Sci Paper
Namib Desert Res Stn 39:13–22

Brain, CK (1981) The Hunters or the Hunted? An Introduction to African
Cave Taphonomy. University Press, Chicago.

Cáceres I, Rosell J, Huguet R (1998) Séquence d'utilisation de la
biomasse animale dans le gisement de l'Abric Romaní (Barcelone,
Espagne). Quaternaire 9(4):379–383

Camarós E, Cueto M, Teira LC, Tapia J, Cubas M, Blasco R, Rosell J,
Rivals F (2013) Large carnivores as taphonomic agents of space
modification: an experimental approach with archaeological impli-
cations. J Archaeol Sci 40:1361–1368

Capaldo SD, Blumenschine RJ (1994) A quantitative diagnosis of
notches made by hammerstones percussion and carnivore gnawing
on bovid long bones. Am Antiq 59(4):724–748

Carbonell E (ed) (2012) High resolution archaeology and Neanderthal
behavior. Time and space in level J of Abric Romaní (Capellades,
Spain). Springer, Dordrecht

Clark JGD (1954) Excavations at Star Carr: an early Mesolithic site at
Seamer near Scarborough, Yorkshire. Cambridge University Press,
Cambridge, p 252

Costamagno S, Rigaud JP (2014) L’exploitation de la graisse au
Paléolithique. Costamagno, S. (Ed.). Histoire de l’alimentation
humaine : entre choix et contraintes. Paris, Édition électronique du
CTHS (Actes des Congrès des Sociétés Historiques et
Scientifiques), pp 135–152

Costamagno S, Griggo C, Mourre V (1999) Approche experimentale
d’un probleme taphonomique: utilisation de combustible osseus au
Paleolithique, vol 13. Préhistoire Européenne, pp 167–194

Faith JT, Gordon AD (2007) Skeletal element abundances in
archaeofaunal assemblages: economic utility, sample size, and as-
sessment of carcass transport strategies. J Archaeol Sci 37:872–882

Fernández-LasoMC (2010) Remontajes de restos faunísticos y relaciones
entre áreas domésticas en los niveles K, L y M del Abric Romaní
(Capellades, Barcelona, España). Ph.D. Thesis. Universitat Rovira i
Virgili, Tarragona

Fisher JW, Strickland HC (1991) Dwellings and fireplaces: keys to Efe
Pygmy campsite structure. In: Gamble CS, Boismier W (eds)
Ethnoarchaeological approaches to mobile campsites. Michigan,
International Monographs in Prehistory, pp 215–236

Gabucio MJ, Cáceres I, Rodríguez-Hidalgo A, Rosell J, Saladié P (2014)
Awildcat (Felis silvestris) butchered by Neanderthals in Level O of
the Abric Romaní site (Capellades, Barcelona, Spain) Quat Inter
326–327: 307–318

Gabucio J, Cáceres I, Rivals F, Bargalló A, Rosell J, Saladié P, Vallverdú
J, VaqueroM, Carbonell E (2016) Unraveling a Neanderthal palimp-
sest from a zooarcheological and taphonomic perspective. Archaeol
Anthropol Sci 10(1):197–222

Giralt S, Julià R (1996) The sedimentary record of the Middle-Upper
Palaeolithic transition in the Capellades area (NE. Spain). The last
Neandertals/the first anatomically modern humans. Cultural change
and human evolution: the crisis at 40 Ka BP. E. Carbonell and M.
Vaquero. Igualada (Barcelona, Spain), pp 365–376

Grayson DK (1984) Quantitative zooarchaeology: topics in the analysis
of archaeological faunas. Academic Press, Orlando

Gron O (1991) A method for reconstruction of social organization in
prehistoric societies and examples of practical application. In:
Gron O, Engelstad E, Lindblom I (eds) Social space. Human spatial
behaviour in dwellings and settlements. Odense University Press,
Odense, pp 100–117

Haynes G (1980) Evidence of carnivore gnawing on Pleistocene and
recent mammalian bones. Paleobiology 6:341–351

Haynes G (1983) Frequencies of spiral and green-bone fractures on ungulate
limb bones in modern surface assemblages. Am Antiq 48:102–114

Haynes G (1988) Spiral fractures, cutmarks and other myths about early
bone assemblages. Anthropol Pap AmMuseumNat Hist 21:145–151

Henry DO (2003) Behavioral organization at Tor Faraj. In: Henry DO (ed)
Neanderthals in the Levant. Behavioral organization and the beginnings
of human modernity. Continuum, London-New York, pp 237–269

Isaac GL (1983) Bones in contention: competing explanations for the
juxtaposition of Early Pleistocene artifacts and faunal remains.
Clutton-Brock J. G. (Ed.). Animals and archaeology: 1. Hunters
and their prey. BAR International Series 163, 3–17

Jones KT (1993) The archaeological structure of a short-term camp. From
bones to behavior: ethnoarchaeological and experimental contribu-
tions to the interpretation of faunal remains. J Hudson, Centre for
Archaeological Investigations. Occasional Papers 21. Southern
Illinois University, pp 101–114

Leakey MD (1971) Olduvai Gorge. In: Excavations in beds I and II.
1960-1963, Vol. 3. Cambridge University Press, Cambridge

Leroi-Gourhan A, Brézillon M (1966) L'habitation magdalènienne n° 1 de
Pincevent, près Montereau (Seine-et-Marne). Gallia Préhistoire 9(2):
263–385

Archaeol Anthropol Sci



Leroi-Gourhan A, Brézillon M (1972) Fouilles de Pincevent. Essai d'an-
alyse ethnographique d'un habitat magdalénien: la section 36. Gallia
Préhistoire VIIé (Supplément, 2 vols.), 263–385

Lyman RL (1994) Vertebrate taphonomy, vol 550. Cambridge University
Press, Cambridge

Lyman RJ (2008a) Quantitative paleozoology. Cambridge University
Press, Cambridge

Lyman RL (2008b) (Zoo)archaeological refitting a consideration of
methods and analytical search radius. J Anthropol Res 64:229–248

Marean CW, Bertino L (1994) Intrasite spatial analysis of bone:
subtracting the effect of secondary carnivore consumers. Am
Antiq 54:748–767

Marín J, Saladié P, Rodríguez-Hidalgo A, Carbonell E (2017) Ungulate
carcass transport strategies at the Middle Palaeolithic site of Abric
Romaní (Capellades, Spain). Comtes Rendus Palevol 16:103–121

Modolo M, Rosell J (2017) Reconstructing occupational models: bone
refits in level I of Abric Romaní. Quat Int 435:180–194

Morrow TM (1996) Lithic refitting and archaeological site formation
processes. A case study from the Twin Dicht Site, Greene County,
Illinois. In: Odell GH (ed) Stone tools: theoretical insights into hu-
man prehistory. Plenum Press, New York, 345–373

O'Connell JF (1987) Alyawara Site Structure and Its Archaeological
Implications. Am Antiq 52:74–108

O'Connell JF, Hawkes K, Blurton Jones N (1991) Distribution of refuse-
producing activities at Hadza residential base camps: implications
for analyses of archaeological site structure. In: Kroll EM, Price TD
(eds) The interpretation of archaeological spatial patterning. Plenum
Press, New York, pp 61–76

Pickering TR, Egeland CP (2006) Experimental patterns of hammerstone
percussion damage on bones: implications for inferences of carcass
processing by humans. J Archaeol Sci 33:459–469

Rigaud JP, Simek J (1991) Interpreting spatial patterns at Grotte XV: a
multiple-method approach. In: Kroll EM, Douglas Price T (eds)
Interpretation of archaeological spatial patterning. Plenum Press,
New York, pp 199–220

Rolland N (2004) Was the emergence of Home Bases and domestic fire a
punctuated event? A review of the Middle Pleistocene record in
Eurasia. Asian Perspect 43(2):248–280

Romagnoli F, Vaquero M (2016) Quantitative stone tools intra-site point
and orientation patterns of a Middle Palaeolithic living floor: a GIS
multi-scalar spatial and temporal approach. Quartär 63:47–60

Rosell J, Blasco R, Fernández-Laso C, Vaquero M, Carbonell E (2012a)
Connecting areas: faunal refits as a diagnostic element to identify
synchronicity in the Abric Romaní archaeological assemblages.
Quat Int 252(2):56–67

Rosell J, Cáceres I, Blasco R, Bennàsar M, Bravo P, Campeny G, Esteban-
Nadal M, Fernández-Laso C, Gabucio J, Huguet R, Ibáñez N, Martín
P, Rivals F, Rodríguez -Hidalgo A, Saladié P (2012b) A
zooarchaeological contribution to establish occupational patterns at
Level J of Abric Romaní (Barcelona, Spain). Quat Int 247:69–84

Rosell J, Blasco R, Huguet R, Cáceres I, Saladié P, Rivals F, Bennàsar M,
Bravo P, Campeny G, Esteban-Nadal M, Fernández-Laso C,
Gabucio J, Ibáñez N, Martín P, Muñoz L, Rodríguez -Hidalgo A
(2012c) Occupational patterns and subsistence strategies in level J of
Abric Romaní. In: Carbonell E (ed) High resolution archaeology
and Neanderthal behavior. Time and space in level J of Abric
Romaní (Capellades, Spain). Springer, pp 313–372

Saladié P, Aïmene M (2000) Análisis zooarqueológico de los niveles
superiores del Abric Romaní (Cataluña): actividad antrópica. Actas
do 3° Congresso de Arqueologia Peninsular. Oporto, II, pp 189–201

Sharp WD, Mertz-Kraus R, Vallverdú J, Vaquero M, Burjachs F,
Carbonell E, Bischoff JL (2016) Archeological deposits at Abric
Romaní extend to 110 ka: U-series dating of a newly cored, 30
meter-thick section. J Archaeol Sci Rep 5:400–406

Stiner MC (1994) Honor among thieves: a zooarchaeological study of
Neandertal ecology. Princeton University Press, Princeton, p 447

Stiner MC, Kuhn SL,Weiner S, Bar-Yosef O (1995) Differential burning,
recrystallization, and fragmentation of archaeological bones. J
Archaeol Sci 22:223–237

Thomas DH (Ed) (1983) The archaeology of Monitor Valley 2. Gatecliff
Shelter, Anthropological Papers of the American Museum of
Natural History, vol 59(1)

Todd LC, Stanford DJ (1992) Application of conjoined bone data to site
structural studies. In: Hofman JL, Enloe JG (eds) Piecing together
the past: applications of refitting studies in archaeology, vol 578,
Oxford, BAR International Series, pp 21–35

Vallverdú J, Allué E, Bischoff JL, Cáceres I, Carbonell E, Cebrià A,
Garciá-Antón, Huguet R, Ibáñez N, Martínez K, Pastó I, Rosell J,
Saladié P, Vaquero M (2005) Short human occupations in the
Middle Palaeolithic level I of the Abric Romaní rock-shelter
(Capellades, Barcelona, Spain). J Hum Evol 48:157–174

Vallverdú J, Gómez de Soler B, Vaquero M, Bischoff J (2012) The Abric
Romaní site and the Capellades Region. In: Carbonell E (ed) High
resolution archaeology and Neanderthal behavior. Time and space in
level J of Abric Romaní (Capellades, Spain). Springer, pp 19–46

Vaquero M, Pastó I (2001) The definition of spatial units in Middle
Palaeolithic sites: the hearth-related assemblages. J Archaeol Sci
28:1209–1220

Vaquero M, Chacón MG, Rando JM (2007) The interpretive potential of
lithic refits in a Middle Paleolithic site: Abric Romaní (Capellades,
Spain). In: Schurmans U, De Bie M (eds) Fitting rocks. Lithic
refitting examined. BAR International Series 1596. Archaeopress,
Oxford, pp 75–89

VaqueroM, ChacónMG, Cuartero F, García-AntónMD, Gómez de Soler
B, Martínez K (2012) The lithic assemblage of level J. In: Carbonell
E (ed) High Resolution Archaeology and Neanderthal Behavior.
Time and space in level J of Abric Romaní (Capellades, Spain).
Springer, Dordrecht, pp 189–311

Vaquero M, Allué E, Bischoff J, Burjachs F, Vallverdú J (2013)
Environmental, depositional and cultural changes in the Upper
Pleistocene and Early Holocene: the Cinglera del Capelló sequence
(Capellades, Spain). Quaternaire 24(1)

VaqueroM, Bargalló A, Chacón G, Romagnoli F, Sañudo P (2015) Lithic
recycling in a Middle Paleolithic expedient context: evidence from
the Abric Romaní (Capellades, Spain). Quat Int 361:212–228

Vaquero M, Fernández Laso C, Chacón G, Romagnoli F, Rosell J,
Sañudo P (2017) Moving things: comparing lithic and bone refits
from a Middle Paleolithic site. J Anthropol Archaeol 48:262–280

Villa P (1982) Conjoinable pieces and site formation processes. AmAntiq
47(2):276–290

Villa P, Mahieu E (1991) Breakage patterns of human long bones. J Hum
Evol 21:27–48

Whallon RJ (1973) Spatial analyses of occupation floors I: application of
dimensional analysis of variance. Am Antiq 38:267–278

Whallon RJ (1974) Spatial analyses of occupation floors II: the applica-
tion of nearest neighbor analysis. Am Antiq 39:16–34

Yellen JE (1977) Archaeological approaches to the present: models for
reconstructing the past, vol 259. Academic Press, New York

Yravedra J, Uzquiano P (2013) Burnt bone assemblages from El
Esquilleu cave (Cantabria, Northern Spain): deliberate use for fuel
or systematic disposal of organic waste? Quat Sci Rev 68:175–190

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Archaeol Anthropol Sci

View publication statsView publication stats

https://www.researchgate.net/publication/334279042

