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Abstract
Because it is often assumed that fundamental behavioral differences distinguish 
Neanderthals and Homo sapiens, the ability to structure space within the sites they 
occupied into distinct activity areas is often invoked as a key distinctive trait of our 
species. However, this behavior has never been assessed for both groups at a single 
site, hindering direct comparisons to date. To help resolve this question, this study 
uses a single methodology to evaluate the spatial organization in the Protoaurigna-
cian levels (A1-A2, associated with Homo sapiens) and the latest Mousterian lev-
els (MS1-MS2, associated with Neanderthals) at Riparo Bombrini (Liguria, Italy) 
to assess the changes over these three stratigraphic units vis a vis other information 
about site use. Combining GIS and quantitative methods allows the study of the spa-
tial distribution of plotted finds and features in these levels, showing that Neander-
tals and Homo sapiens organized their living spaces in accordance with the duration 
of occupation, the occupation intensity, the tool assemblage and the faunal exploi-
tation. Our results indicate that there is a logic behind the distribution of plotted 
finds and the use of the space, suggesting comparable cognitive capacities for both 
anatomically modern humans and Neanderthals. This contributes further data that 
undermines the notion of ‘behavioral modernity’ as a useful heuristic in human ori-
gins research.
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Introduction

This paper presents the results of the spatial analysis of the Protoaurignacian and 
last Mousterian levels of the site of Riparo Bombrini (Liguria, Italy), a collapsed 
rockshelter that has yielded early modern human and Neandertal levels in very 
close succession thus allowing meaningful diachronic comparisons of the spatial 
behavior of the two populations in the same locale.

The ability to structure space within occupied sites is often considered a 
distinctive Homo sapiens behavior (Bar-Yosef, 2002; Henry et al., 2004; Mel-
lars, 2005; Wynn & Coolidge, 2011). Because of the rapidity and extent of the 
appearance of new behaviors during the Upper Palaeolithic linked to the arrival 
of anatomically modern humans in Europe, as well as the almost contemporary 
disappearance of Neanderthals, this period has been described as also marking a 
"cognitive revolution" (Bar-Yosef, 1998; Mellars & Stringer, 1989). This notion 
has led some researchers (Mellars & Stringer, 1989; Stringer and Gamble 1993; 
Soffer, 1994; Klein, 1995) to suggest the appearance of "behavioral modernity" 
during the Upper Paleolithic. However, recent research seems to indicate that the 
elements of the "cognitive revolution" did not appear suddenly during the Upper 
Palaeolithic, but gradually, and usually earlier in Africa (McBrearty & Brooks 
2000, Scerri & Will 2023), and that Neanderthals mastered most of these ele-
ments as well: complex tools, personal ornaments, use of ocher, wall engraving 
and above all a social and economic organization allowing planning and adapt-
ability (Clark & Riel-Salvatore, 2006; Finlayson, 2019; Hovers et al., 2011; 
Romagnoli et al., 2022; Spagnolo et al., 2019; Vallverdú et al., 2010).

Spatial organization and the ability to structure one’s space are elements often 
mentioned as an indicator of modern human behavior to distinguish our species from 
other representatives of the genus Homo (Bar-Yosef, 2002; Mellars, 2005). It is assumed 
that multiple concentrations of distinct activities characterized modern human’s complex 
social structures whereas the spatial organization of Neanderthals was simple and static, 
composed of areas of general activity concentrated around a single hearth: “Archaic 
site structures are thought to display a single central hearth or, more commonly, none 
at all in conjunction with artifacts and bones pointing to overlapping, superimposed, 
diverse activities in living areas.” (Henry, 2012: 263) Some even argued that, during 
the Middle Palaeolithic, artifacts were grouped randomly in aggregations of debris 
with little if any organization (Stringer and Gamble 1993; Mellars, 1996; Pettitt 1997; 
Kolen, 1999). This alleged lack of organization would be evidence of evolutionary and 
cognitive characteristics separating Neanderthals from anatomically modern humans. 
Alternatively, some have maintained that spatial organization in and of itself may be 
the result of non-intentional or even non-human processes, which requires identifying 
and eliminating the influence of such processes before a purposeful organization can be 
inferred (e.g., Dibble et al., 1997). Further, recent research has also demonstrated that 
although it is often assumed that modern human use of space is characterized by clearly 
distinct activity areas, the ethnographic record indicates that hunter-gatherers’ use of 
space is more fluid and adaptable to social and practical factors and does not necessarily 
translate materially into strictly defined activity areas (Clark, 2017).
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As a result, the analytical methods devised to study spatial organization have grown 
in sophistication over the past decades. Indeed, systematic reassessments of Middle 
Paleolithic sites have demonstrated that their spatial organization is much more complex 
than previously recognized. Recent analyses of sites attributed to Neanderthals have 
provided undisputable evidence of the use of space in a structured way (Alperson-Afil 
& Hovers, 2005; Jaubert and Delagnes, 2008). Such examples notably include the 
sites of Amud (Hovers et al., 2011) and Kebara (Speth et al., 2012) in Israel, La Folie 
(Bourguignon et al. 2002; Bourguignon et al., 2006) and Grotte du Lazaret (Mellars, 
1996) in France, Grotta Fumane (Peresani, 2012), Riparo l’Oscurusciuto (Spagnolo et 
al., 2019) and Riparo del Molare (Boscato & Ronchitelli, 2008) in Italy, Kůlna in Czech 
Republic (Neruda, 2017), Abric Romani in Spain (Gabucio et al., 2018; Carbonell 2012) 
and Molodova I in Ukraine (Gamble, 1986; Hayden, 2012). The structures at Bruniquel, 
deep underground and away from the entrance further reinforce this (Jaubert et al. 
2016). The purposeful organization of space identified even in earlier hominins is also 
increasingly accepted (e.g., Gesher Benot Ya’aqov in Alperson-Afil et al., 2009), although 
the question of the antiquity of spatial differentiation, of its practice and its variability of 
expression by other hominins continues to be explored (Alperson-Afil & Hovers, 2005).

In sum, there is currently little debate that, at least in some contexts, purposeful 
organization of space appears to have been part of the Neanderthal behavioral 
repertoire (see discussion in Clark et al., 2022). This, along with the recent 
‘deconstruction’ of other alleged ‘uniquely modern’ behavioral traits, has led an 
increasing number of scholars to question whether ‘modern human behavior’ is 
even still a useful heuristic for paleoanthropological research (Nowell, 2010, Shea, 
2011, Villa and Roebroeks 2014; Roberts, 2016; Zilhão, 2018; Romagnoli et al., 
2022; Nowell, 2023). However, the question of whether Neanderthal behavior may 
have differed from that of modern humans in degree rather than kind remains an 
open question. As concerns spatial organization, assessing this has so far been 
impossible because analyses have focused on documenting the spatial organization 
of either one of the populations as opposed to comparatively approaching the issue. 
The most straightforward way of doing this would be to analyze and compare the 
spatial organization of the two groups using the same methods in a single site, to 
hold constant and rule out our site morphology as a possible confounding factor.

The present study aims to correct this by identifying the spatial organization in 
Protoaurignacian and Final Mousterian levels excavated in the same site, Riparo 
Bombrini. It builds on a preliminary study of the Mousterian spatial organization at 
Bombrini that suggested Neanderthals structured their use of space within the site 
according to different mobility strategies (Riel-Salvatore et al., 2013). However, it 
expands on this earlier study by including Protoaurignacian levels and data from 
2015–2022 excavations that explored the Final Mousterian and Protoaurignacian 
over a larger spatial area than that reported in 2013.

The analysis of Protoaurignacian faunal and lithic remains resulted in the iden-
tification of distinct mobility strategies, which could correlate with specific spa-
tial behaviors and organizational patterns for Levels A1 and A2 (Riel-Salvatore & 
Negrino, 2018a; Pothier Bouchard et al., 2020). Additionally, the spatial organi-
zation results agree with the overall mobility patterns observed in the Protoaurig-
nacian, indicating a coherent relationship between spatial arrangements and the 
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strategies employed during that period. If the Final Mousterian exhibits comparable 
"modern" characteristics to the Protoaurignacian or adheres to similar behavioral 
principles, then its spatial organization should align with the same rationale and cor-
respond to its mobility pattern.

We begin with a brief overview of the site of Riparo Bombrini that highlights its 
relevance and regional particularities for understanding Neanderthals and Homo sapi-
ens behavior across the Middle to Upper Paleolithic transition. We then present the 
methodological framework used in this study, followed by a discussion of the results 
obtained with the quantitative and qualitative methods applied to the spatial distribu-
tion of the Protoaurignacian levels (A1 and A2), and so-called ‘semi-sterile’ Final 
Mousterian levels (MS1 and MS2). The paper concludes with a comparison of spatial 
organization across stratigraphic units and a broader discussion on the implications 
for debates about cognitive differences between Neanderthals and Homo sapiens.

Riparo Bombrini: An Overview of Prior Work

Riparo Bombrini is a collapsed rockshelter located in the Paleolithic site complex of 
the Balzi Rossi in Liguria (Italy), a distinctive limestone cliff formation located near 
the French-Italian border and abutting the Tyrrhenian Sea (Fig. 1). Before railway 
construction in the late nineteenth century isolated it, Riparo Bombrini probably 
constituted the eastern end of a large talus that sprawled towards the sea from the 
entrance of the Grotta del Caviglione (Villeneuve, 1906). Two previous excavation 
campaigns (1976; 2002–2005) revealed a stratigraphy that comprises Late Mous-
terian (Middle Paleolithic) and Protoaurignacian deposits (Upper Paleolithic) char-
acterized by an abundance of lithic and faunal plotted finds, among others (Vicino 

Fig. 1  Map of the Balzi Rossi cave complex (Ventimiglia, Italy) showing Riparo Bombrini, Riparo 
Mochi and Grotta del Caviglione (after Pothier Bouchard  et al., 2020)
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1984; Negrino & Riel-Salvatore, 2018; Holt et al., 2019). In the Protoaurignacian 
Level A2, a deciduous incisor attributed to an anatomically modern human child 
was discovered, representing one of the very few known diagnostic Homo sapiens 
remains from the earliest Upper Paleolithic (Benazzi et al., 2015; Formicola, 1989). 
More recently (2015–2022), a third project led by Fabio Negrino and Julien Riel-
Salvatore explored the site to better document the transition from the Middle to 
Upper Paleolithic by increasing the excavation area and employing new analytical 
methods (see Pothier Bouchard et al., 2019, 2020; Hirniak et al., 2019; Riel-Salva-
tore et al. 2022).

A series of radiocarbon dates complemented by cryptotephra analysis converge 
to situate the Mousterian occupation between 45 to 42 ka cal. BP (Fig. 2), making it 
among the most recent known in Eurasia (Benazzi et al., 2015; Higham et al., 2014; 
Negrino & Riel-Salvatore, 2018; Riel-Salvatore & Negrino, 2018a). Levels A1 and 
A2 are dated between 41.5 ky and 36 ky cal BP (Higham et al., 2014; Benazzi et 
al., 2015; Riel-Salvatore & Negrino, 2018a; Holt et al., 2019). While absolute dates 
have yet to be obtained for the MS1 and MS2 levels, they likely accumulated start-
ing around 42.75 ka cal. BP (Riel-Salvatore et al. 2022). A stratigraphic discontinu-
ity resulting from an apparent erosional event marks the transition to the Protoaurig-
nacian (Holt et al., 2019), but it is likely that the two phases of occupation were not 
separated by a significant hiatus, if any (Riel-Salvatore & Negrino, 2018a).

The Protoaurignacian Levels A1 and A2

The sedimentary matrix of the Protoaurignacian is   a 10–20 cm thick layer of yellow-
ish clay with small pebble inclusions, which accumulated over large blocks of roof 
collapse in the immediately underlying levels (see below). A third Protoaurignacian 
level (A3) is limited to a narrow 15 cm band of deposit along the rockshelter wall. 
Although largely eroded and undated, with limited finds, it represents the earliest 
Protoaurignacian occupation of the site (Holt et al., 2019, Pothier Bouchard et al., 

Fig. 2  Stratigraphic profile of Riparo Bombini: A: Protoaurignacian levels, MS: semi-sterile Mousterian 
levels, M: Mousterian levels. (Drawn by Fabio Negrino, from Riel-Salvatore & Negrino, 2018a: 166)
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2020). Due to its exiguity, we exclude it from consideration here, although it is rep-
resented on the maps for Level A2 to account for a gap in artifact distribution (see 
below). Hearths are present in Levels A1 and A2, always located close to the wall of 
the rockshelter (Fig. 4), and an additional hearth is documented in Level A1 outside 
the shelter. A pit in the same position is also documented in both levels (Pothier 
Bouchard et al., 2020).

The Protoaurignacian, as a cultural manifestation of the initial dispersal of ana-
tomically modern humans into Europe, is characterized by a suite of technologi-
cal and symbolic innovations that easily distinguish it from the Mousterian (Kuhn, 
2002; Anderson et al. 2015; Negrino & Riel-Salvatore, 2018; Marciani et al., 2020). 
In Italy, the Protoaurignacian is best viewed as an archaeological and behavioral 
adaptation rather than a precise chronological phase (Douka et al., 2012; Higham 
et al., 2009; Marciani et al., 2020; Riel-Salvatore & Negrino, 2018b). Levels A2 
and A1 contain rich archaeological assemblages that include numerous retouched 
bladelets (including classic Dufour types), bone tools, ocher fragments and decora-
tive objects including pierced shells, drilled soapstone beads, and incised bird bones 
and fossil belemnites (Holt  et al. 2019; Arrighi et al., 2020). The breadth of raw 
materials implies a circulation or exchange network over a large territory of sev-
eral hundred kilometres extending from the Rhône Valley to the Central Apennines 
(Negrino et al., 2016).

Despite the technological homogeneity of the Protoaurignacian levels, differences 
in mobility strategies and subsistence patterns are clearly documented (Riel-Salva-
tore & Negrino, 2018a, b). Level A2 displays a more expedient lithic technological 
organization, reflecting a logistical mobility strategy. In contrast, the lithic techno-
logical organization of Level A1 favors greater use of local raw materials and retool-
ing activities, corresponding to a more residential mobility strategy.

These differences are also borne out by differences in the acquisition and manage-
ment of animal resources in both levels (Pothier Bouchard 2022; Pothier Bouchard 
et al., 2020). Despite a rather low degree of resolution, zooarchaeological analy-
ses show clear indications of bones having been broken by percussion to recover 
the marrow in both Protoaurignacian levels outside the rockshelter, specifically in 
squares C1 and C2 (Pothier Bouchard pers. comm.). The faunal data suggest an area 
of carcass processing activity linked to marrow extraction, particularly focused on 
red deer. However, evidence of butchery of the same taxon is documented inside the 
shelter, and the taphonomic resolution is not high enough for the entire site.

The Final Mousterian Levels MS1 and MS2

The sedimentary deposit corresponding to the ‘semi-sterile’ Mousterian levels 
(MS1-MS2) consist of an orange clay matrix 30–40 cm thick, incorporating numer-
ous large limestone blocks spalled from the roof of the rockshelter as a result of 
intense cryoclastic activity at the time (Riel-Salvatore et al. 2022). A distinct con-
centration of charcoal inside the rockshelter signifies a discrete combustion fea-
ture. The artifacts are characteristic of the Late-Final Mousterian of the region: dis-
coid cores, scrapers, and denticulates (Riel-Salvatore & Negrino, 2018b). The raw 
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material is almost exclusively local flint from the I Ciotti conglomerate with a hand-
ful of exceptional long-distance imports, such as quartzite from Castellane (France).

The scarcity of archaeological material and the presence of animal coprolites in 
these levels suggests sporadic, low-intensity human occupations. However, recent 
data from the 2015–22 excavations, and corresponding ones at Riparo Mochi located 
a few dozen meters away, challenge the characterization of this level as ‘semi-sterile’ 
(Riel-Salvatore et al. 2022). Notably, this Mousterian occupation is now also docu-
mented outside the rockshelter and its assemblage has grown eightfold compared 
to previous assessments (cf. Negrino & Riel-Salvatore, 2018; Riel-Salvatore et al., 
2013). The most significant clarification of human activity during this period comes 
from the combustion zone in units DD2 and EE2 excavated from 2016 to 2018. This 
zone has yielded the majority of the new material, tripling the documented presence 
of ocher and confirming its association with the hearth at the back of the shelter. 
Shells are also much more abundant than previously reported (Riel-Salvatore et al. 
2022; Gazzo, 2021).

Previous Work on Spatial Organization at Riparo Bombrini

To date, only the Mousterian and semi-sterile Mousterian levels at Riparo Bombrini 
have undergone a preliminary spatial analysis, revealing different forms of spatial 
organization in the Mousterian levels, likely reflecting different land-use strategies 
(Riel-Salvatore et al., 2013). These analyses proposed that Levels MS1-2 repre-
sented the site’s use as an ephemeral extraction site (task site), while Levels M1-5 
served as a logistical base camp. In contrast, Levels M6-7 corresponded to a resi-
dential base camp. Baseline information about M1-7 can be found in Riel-Salvatore 
et al. (2013).

Levels associated with residential mobility were correlated with informal com-
bustion areas and although the spatial distribution was not well known, the authors 
suggested a more limited range of tasks. However, it was correlated with lower lithic 
densities outside the shelter. The use of the site as a logistical base camp, in contrast, 
was correlated with formal hearths and efforts to segregate activities associated with 
waste production towards the front of of the shelter. Most noisome debris was con-
centrated outside the dripline, as illustrated by the overwhelming frequency of ani-
mal remains outside of the shelter. The assemblage corresponding to use of the site 
as a task site (MS) was mostly found inside the shelter with fairly abundant ochre 
use, and a relatively dense fauna accumulation inside the shelter; no structure was 
documented. This accumulation at the back of the shelter suggests a potential animal 
butchering and processing zone.

The overall degree of mobility appears to have been higher in the Protoaurig-
nacian relative to the Mousterian (Riel-Salvatore, 2010; Riel-Salvatore & Negrino, 
2018b). However, despite differences between the Protoaurignacian and the Mouste-
rian both industries indicate the ability to adapt land-use and technological organiza-
tion strategies along a continuum of residential to logistical mobility (Riel-Salvatore 
& Negrino, 2018a).
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Data

The data utilized in this study includes all piece-plotted finds constituting the assem-
blages from Protoaurignacian levels (A1 and A2) and the semi-sterile Mousterian lev-
els (MS1-MS2) recovered during the 1976, 2002–2005, and 2015–2022 excavations 
(Table 1). Unplotted finds are excluded from this study as their analysis is pending. 
However, it is crucial to note that the assemblages, if incorporating these data, would 
be considerably larger, involving thousands of pieces, as evident from the extensive 
faunal and lithic material analyzed in the Protoaurignacian levels (see Riel-Salvatore 
& Negrino, 2018a and Pothier Bouchard et al., 2020). Following Riel-Salvatore et 
al. (2022), the ‘semi-sterile’ Mousterian levels MS1 and MS2 were combined in this 
analysis to create a level comparable to the Protoaurignacian. By combining these 
two levels, which represents two short-term palimpsests with similar spatial patterns, 
a better resolution of the organizational patterns is also obtained since the palimp-
sests are accepted as indicators of behavioral tendencies across a larger temporal 
horizon. The underlying Mousterian levels (M1-M7), investigated over smaller areas, 
are excluded in the present analysis but will be the focus of future studies.

Excavations at Riparo Bombrini since 1976 have exposed a   26  m2 area com-
prising 6  m2 from G. Vicino’s initial excavation and 8  m2 of undisturbed deposits 
considered as the interior of the collapsed rockshelter today (Fig. 3). Artifacts over 
2  cm, shells, ochre and charcoal have been systematically piece plotted since the 
site’s earliest work. Vicino’s categorization of piece-plotted finds into five broad cat-
egories (lithics, bones, shell, ochre, charcoal) was maintained for consistency in the 
2002–05 and the 2015–22 projects, facilitating integration of previous and recent 
data. Ongoing efforts to process the small debris into a unified database prevent 
holistic analysis at this stage (Fig. 4).

The excavated area at Riparo Bombrini offers a sample of the total prehistoric 
occupation. While the exterior deposits (Levels A1 to M5) were disturbed during the 
 XIXth century railway construction, limiting archaeology study, the dripline boulders 
appear to naturally segregate activities and constrain artifact dispersion. Although 
acknowledging information loss, it’s improbable that the exterior material would have 
a direct connection to the inner shelter activities. Despite challenges, the excavation is 
considered representative of diverse activities, with the dripline’s natural boundaries 
mitigating autocorrelation concerns and the 5  m2 trench providing insights into 
potential activities. Overall, confidence exists in the sample’s representativeness of 
various hominin activities at Riparo Bombrini.

It’s essential to stress that the archaeological levels at Riparo Bombrini do not 
represent occupation floors, as per Dibble et al. (1997). Rather, the Protoaurignacian 
and Mousterian levels are palimpsests reflecting thousands of years of site reoccupation 
by different groups at varying intervals. The observed distributions are thus not the 
product of a single event, but rather the accumulation of recurrent events, disturbances 
and activities. It is these accumulations that allow archaeologists to zero in on the 
time-averaged expression of recurrent strategies over time and to interpret the levels 
as macrounits that express general and long-term behavioral tendencies (Reeves et al., 
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2019). Riparo Bombrini has been affected by several distinct post-depositional forces 
over the millennia, most recently the construction of the railway, the blasting of the 
cliff face, and the construction of the footbridge, not to mention the partial collapse 
of the rockshelter in the deep past. The sundry taphonomic factors, as well as the 
nature of the occupations of the site, clearly do not allow the study of individual 
occupation events, and this study does not claim to be able to reach this type of 
resolution, recognizing that these factors hinder the reconstruction of behavioral 
tendencies specific to time-averaged contexts in Pleistocene and Early Holocene 
deposits (Barton & Riel-Salvatore, 2014; Perreault, 2019).

Methods

As mentioned, the spatial analysis is based on the position of the following materi-
als: lithics, bones, shell, ochre, charcoal, and structures (hearth and pit). Possible 
equifinality problems may arise from the coarse classification. Details such as size, 
macro-traces, retouch, cut marks and the state of carbonization can help identify 
with more certitude the nature of the activity areas. The present study thus employs 
this coarse classification scheme of the piece-plotted artifacts to use the largest data-
set possible to develop a first comprehensive approach to Protoaurignacian and Final 
Mousterian spatial organizations at a single site. Our results can subsequently be 
tested with finer-grained classification in future studies and provide guidelines and 
hypotheses to test.

Fig. 3  General planimetry of Riparo Bombrini indicating all excavated units (from Vallerand, 2021: 32)
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It is important to emphasize the preliminary nature of this work and the impact of 
lacking qualitative data for all types of artefacts, which limits our interpretation. For 
example, there is no direct correlation between a high-density area and an activity 
area. For instance, the qualitative distinction of lithic material is essential to under-
standing the different stages of activities associated with lithic production. Micro-
debris represent the best proxy to identify a knapping area as it could indicate an 
actual working zone. Large-sized production waste could indicate cleaning behavior 
(Spagnolo et al., 2019). Given the limitations related to the resolution of the data at 
this point in the analysis, we cannot precisely identify a de facto refuse area or a pri-
mary (or secondary) refuse area. We can, however, emphasize the importance of the 
lithic material at a location and suggest that some part of the lithic work took place 

Fig. 4  Protoaurignacian hearth in Level A2 inside the rockshelter (by Fabio Negrino, 2003)
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there. Further work involving the plotted and unplotted findings could statistically 
test the correlations between them.

However, some interpretations of the material remain accessible. For instance, 
high densities of animal remain associated with a hearth or a combustion area would 
suggest meat processing/consuming (Spagnolo et al., 2019). Moreover, the co-
occurrence of lithic tools and high densities of fauna suggest a specialized area for 
the processing/butchering of animal remains (Bartram et al., 1991; Binford, 1983; 
Keeley, 1991). Although shellfish were only used for dietary purposes during the 
semi-sterile Mousterian (Gazzo, 2021), non-dietary shells and ocher can be consid-
ered materials correlating to social or symbolic activities although their precise use 
is still unknown (Riel-Salvatore et al., 2013). However, ocher also has potentially 
utilitarian purposes such as the making of resin glues (e.g. Sano et al., 2019), anti-
septic properties, and the working of animal skins (Rifkin, 2011).

Hearths are often considered central elements of occupation since their versatil-
ity allows the framework of several activities and the identification of individual 
events during temporal resolution analysis (Conard et al., 1998; Henry, 2012; Henry 
et al., 2004; Speth et al., 2012; Vaquero & Pastó, 2001). Clusters or all types of 
artefacts debris would suggest some type of floor clearing, especially if concentrated 
in a marginal area (e. g. Bartram et al., 1991; Binford, 1983; Thomas et al., 1983; 
Vaquero, 2012). The distinction in the use of the inner and outer areas of the shelter 
is also used to discern domestic activities from accumulations of refuse away from 
the social and living areas (Binford, 1983; Thomas et al., 1983).

Moreover, while we do not have the information for the non-plotted pieces, we 
assume that they behave in the same general pattern as the plotted finds. Pothier 
Bouchard et al. (2020) use both plotted and unplotted finds to analyse the fauna of 
the Protoaurignacian levels. This study indicates similar results and interpretation 
of the fauna material, at the least. While this study remains preliminary, it serves as 
groundwork for more advanced and detailed analysis.

Forager Strategies Continuum

To build on the results of a preliminary spatial analysis of the Mousterian levels 
(Riel-Salvatore et al. in 2013) and prior lithic analyses at Riparo Bombrini (Riel-
Salvatore, 2010; Riel-Salvatore and Negrino, 2018a, b) we use here, as a heuris-
tic, the same general categorization of forager mobility strategies (see Table  2). 
These categories are themselves based on the mobility spectrum of hunter-gatherers 
defined by Binford (1980), who viewed mobility strategies as behavioral responses 
conditioned by the distribution of resources within a given spatial and temporal 
frame. ‘Logistical’ land-use strategies imply the occupation of sites as home bases 
for prolonged periods, from which task groups are sent to a range of "satellite sites" 
to provision them with resources from afar (Binford, 1980; Kuhn 1992, 1995; Riel-
Salvatore, 2010). This strategy is better suited to environments where resources are 
more patchily distributed, and their availability is more difficult to predict. Residen-
tial mobility strategies imply the use of sites as home bases that are moved more 
frequently, where the resources are mostly procured in the site’s immediate vicinity. 
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Overall, it is a strategy that aims to bring people to known and abundant resources 
(Binford, 1980; Kuhn 1992).

However, logistical and residential mobility represent two ends of a continu-
ous spectrum, and Binford did not intend to create a typology of foragers (Kelly, 
2013). We integrate this concept to understand the patterns related to the use of the 
landscape and spatial behaviors. It should also be noted that distinguishing between 
activities limited by frequent group movements and between activities related to 
special task groups from a residential base is particularly difficult, and to date, no 
one has resolved the specific material correlates of this.

Methodological Approach

A central axiom of this analysis is the non-random position of plotted finds: because 
human behavior is not random in space, the material residues associated with these 
behaviors are distributed non-randomly (Alperson-Afil & Hovers, 2005; Binford, 
1983; Newell, 1987; Schiffer, 1972, 1975). The use of space, on a landscape and in 
a site, is thus considered an important aspect of hominin adaptation (Reeves et al., 
2019). The segregation of activities is a way of organizing and manipulating cultural 
and physical environments and codifying social relations (Alperson-Afil & Hov-
ers, 2005). It occurs during normal activities of daily life and helps distinguish and 
maintain relationships in groups (Clark et al., 2022; Hovers et al., 2011). Consider-
ing the influence of mobility strategies and survival decisions on site usage, one can 
anticipate that these factors would similarly affect the distribution and composition 
of identified artifact groups at Riparo Bombrini.:

Therefore, we first sought to determine whether we can reject the spatial random-
ness of the distribution of plotted finds in three successive Paleolithic levels (Alp-
erson-Afil & Hovers, 2005). Subsequently, we sought to characterize these organi-
zational models for each level and to define the aggregates and co-occurrences 
of plotted finds and structures to identify the general patterns of the three levels 
(Table 3). Finally, we define types of organization by comparing the levels from a 
diachronic and cultural perspective and begin addressing the question of whether 
similarities in spatial organization may represent a shared evolutionary trait.

An integrated methodology combining visual and quantitative methods was 
developed to characterize the type of distribution and to identify statistically signifi-
cant groups and their composition. The three levels are subject to the same analyses 
to implement a uniform methodology that can provide directly comparable results 
(see also Sánchez-Romero et al., 2021). The analyses presented in the paper were 
performed using R Statistical Software (v4.1.2; R Core Team, 2021) with cluster 
and psych packages, and ArcMap 10.8.1 (ArcGIS Desktop 10.8.1).

The first step was to create distribution maps and to delimit the dripline in each 
level. To facilitate inter-analysis comparisons, the definition of this area, which sep-
arates the ‘inside’ (dripline to back wall) and ‘outside’ (dripline outwards) parts of 
the shelter was based on the criteria outlined in Riel-Salvatore et al.’s (2013) pre-
liminary analysis. A recurrent and narrow linear space runs through the site at an 
approximate NW–SE angle through units AA1 and BB1 more or less parallel to 
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the back of the rockshelter (see also Reeves et al., 2019). The precise cartography 
undertaken since 2015 extended the dripline to the EE5 unit. The outward limit of 
the dripline is defined by the continuous erosion of the entrance and by the rocks 
deposited during its progressive collapse across time and archaeological levels. In 
this sense, the limit of the dripline is dynamic and differs (i.e., contracts) slightly 
from Level MS to Level A1 to account for this diachronic phenomenon.

Global Moran’s I

To assess the spatial relationships, quantitative methods were used. Global Moran’s 
I autocorrelation test assesses the level of spatial autocorrelation and the trend of 
the data globally for each level. Spatial autocorrelation measures the similarities 
between features in a spatial framework and determines the level of interdependence 
in a sample (see Wandsnider, 1996; Bivand et al., 2008; Carrer, 2017; Reeves et al., 
2019; Sánchez-Romero et al., 2020; Carrer, 2022). It analyzes the organization of 
plotted finds along a continuum (clustered, random, or dispersed) to characterize the 
relationship of elements in a space.

Optimized Outlier Analysis (Anselin Local Moran’s I)

Once the spatial randomness of the distribution is rejected, Optimized Outlier Anal-
ysis is used to analyze the attributes of a data set, identifying groups of high and low 
values as well as significant outliers according to the Anselin Local Moran’s I sta-
tistical calculation (Sánchez-Romero et al., 2020:11). This analysis helps to indicate 
statistically intense (high) or diffuse (low) groups as well as outliers by evaluating 
apparent similarities or differences more pronounced than a random scatter. Outliers 

Table 3  Summary of the integrated methodology

Contiguity Analysis

Assessing the contiguity

K-Means
Characterizing the composition and position of clusters

Sum of Squared Error (SSE)
Selecting a cluster solution

Unconstrained Clustering

Creating a matrix of the frequencies of each artifact category

Optimized Outlier Analysis (Anselin Local Moran’s I) 
Defining the main local clusters of high and low statistical values, as well as outliers      

Global Moran's I
Rejecting the spatial randomness of the distribution
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represent results that do not correspond to the dominant relational tendencies of the 
surrounding plotted finds (i.e. high-value cluster in a diffuse pattern or low-values in 
a clustered pattern). We aim to identify the positions of statistically significant areas 
of interest.

Unconstrained Clustering Analysis

This intrasite analysis strategy, initially developed by Whallon (1984) and later 
refined by Kintigh (1990), involves partitioning the site’s space based on the rela-
tive proportions of categories of plotted finds according to their specific coordinates 
(Peeples, 2020). Each plotted find is assigned to an individual grid unit, and the 
total of artefacts are then tallied by units. This results in a matrix displaying the 
frequencies of each plotted find category in each grid unit. Row percentages are sub-
sequently calculated.

Whallon (1984) recommends using a square grid, creating a moving analysis 
window to regularize the data and produce clear and simple interpretable models. 
Considering the site data’s nature and size, as well as following several tests, we 
opted for a grid composed of 50 × 50 cm cells to enhance representation and achieve 
a more nuanced interpretation. This scale also corresponds to the minimum scale 
used during the excavation, preventing blurring of spatial patterns.

Charcoal is excluded from this analysis as it was not systematically collected dur-
ing excavation. When enough samples were gathered to potentially date a feature, 
additional charcoal pieces were not consistently plotted. In addition, units contain-
ing five or fewer piece-plotted finds were also excluded to avoid disproportionately 
influencing the dataset.

K‑means Analysis

We then apply K-mean cluster analysis, drawing upon the R script developed by 
Matthew Peeples (2011), to the matrix of artefacts percentage by units to define 
the composition and infer the behavioral meaning of the groups we identified. The 
K-means algorithm is probably the best-known and most widely used method for 
cluster analysis (see Whallon, 1984; Kintigh, 1990; Rigaud & Simek, 1991; Wand-
snider, 1996; Papalas et al., 2003). This non-hierarchical method partitions data by 
optimizing a set seeking to minimize differences within groups and maximize differ-
ences between groups. The analysis focuses on distribution patterns of the different 
materials, assigning a composition of entities to a specific group number and identi-
fying each area of   a site accordingly.

To establish the optimal number of groups for each level, we utilize the Sum of 
Squared Error (SSE) on the original data and 1,000 randomized versions of this data. 
SSE represents the sum of squared distances between each member and the centroid of 
a group, serving as an overall measure of error. The actual and randomized results are 
compared to identify inflection points and departure from random variation. The num-
ber of groups is selected by balancing the maximum possible detail and identifying the 
pivot point where the reduction in SSE significantly slows down, indicating statistical 
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significance. The minimum number of groups considered for each level is based on the 
four categories of plotted finds, enabling a detailed portrayal of the activities.

Contiguity Analysis

Considering that human activities extend beyond areas of 0.25m2, it can be argued 
that homogeneity, or in this analysis the presence of contiguous units assigned to 
the same group, is a factor underlying a spatial structure. To establish contiguity 
for each group, the number of squares per group and then the number of contiguous 
squares of the same type are tallied. Each unit sharing a side is assigned a value of 1, 
while each corner is assigned a value of 0.5, with complete contiguity amounting to 
6. Subsequently, the data is randomized 1,000 times to create a set of random meas-
urements for comparison with the original dataset. This procedure aids in determin-
ing whether the observation is a result of stochasticity or an underlying structure.

Results

Global Moran’s I

The results of Global Moran’s I analysis allow us to reject the random spatial nature 
of the distribution in each of the three individual levels studied at Riparo Bombrini 
(MS: Z = 11.29, p = 0.00; A2: Z = 3.36, p = 0.00; A1: Z = 9.60, p = 0.00). It suggests 
that the spatial patterns of the distributions were likely not the result of random 
processes.

Artifacts and Structures Distribution

All stratigraphic units of occupation exhibit both high and low-intensity activity 
areas, indicating at least occasionally conspicuous groupings of plotted finds (see 
below). Structures are consistently present in all levels, maintaining recurrent posi-
tions over time, relating to different types of organization. For instance, a pit is situ-
ated in the same location in both Levels A2 and A1, while the internal hearths of the 
Protoaurignacian levels, along with the combustion zone of the semi-sterile Mouste-
rian, are generally positioned near the back wall of the shelter.

Table 1 illustrates that, despite its greater thickness, Level MS yielded the small-
est number of plotted finds. Lithics (n = 362) and faunal remains (n = 362) are 
much less abundant than in the Protoaurignacian levels, while the quantities of 
ocher (n = 38) and shell (n = 30) are comparable to those reported for Levels A2 
(ocher = 52, shell = 44) and A1 (ocher = 50, shell = 50). It is also noteworthy that 
Level MS has the highest proportion of plotted finds within the interior of the rock-
shelter (81%). Levels A1 and A2 exhibit similar total plotted finds by type, but their 
material distribution patterns slightly differ. While both levels contain roughly the 
same amount of material inside (44% and 51%, respectively) and outside of the 
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rockshelter (48% and 46%, respectively), A1 contains a slightly higher proportion 
of material at the dripline (8%).

Level MS

The distribution map indicates that the lithic and faunal plotted finds are mainly 
concentrated inside the rockshelter associated with the combustion zone (Fig. 5). 
The combustion zone serves as the focal point for all categories of plotted finds, 
and the degree of aggregation inside the rockshelter decreases with distance from 
it. Ocher and charcoal, in particular, exhibits a close association with the combus-
tion zone and the back of the rockshelter.

The Optimized Outlier Analysis highlights statistically significant concentrations 
of high values within the rockshelter over a large area, and linked with the combus-
tion zone, notably in units DD2 and EE2 (Fig. 6). This underscores that the interior 
of the rockshelter is the most intensely occupied zone of the site, serving as the pri-
mary area for material deposition and waste. Statistically significant concentrations 
of low values characterize the rest of the space of the rockshelter. However, high 
outliers are visible within these low areas indicating notable aggregations.

The optimal solution based on SSE is identified as five groups (Fig. 7a). Con-
tiguity results indicate high overall adjacency (p < 0.015). The K-means analyses 
determined that Groups 1, 2 and 5 provides us with the best insights into the 
activities on site (Fig. 8, Table 4). Group 1 is predominantly located inside the 

Fig. 5  Distribution map of piece-plotted finds, Level MS
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rockshelter and makes up a large part of the assemblage related to the combustion 
zone over an area of 2  m2. Fauna frequency is greater than that of lithics. Group 
2 is notable for its composition primarily comprising of fauna, representing the 
highest proportion of fauna among all MS groups. This composition extends out-
side and on the periphery of the most intense activity zone of the site. It therefore 
seems that the activities related to these zones were deliberately kept outside the 
rockshelter or at a certain distance from the area of most intense occupation.

Groups 3 and 4 are very poorly represented and are non-contiguous. They 
contain very few plotted finds and bear little significance. Group 5 exhibits simi-
lar proportions to Group 1, with an inverse ratio for lithics and fauna. It is often 
associated with Group 1, especially inside the rockshelter and in the combustion 
zone. The particularity of the group is that it includes the highest proportion of 
shells among all groups. Shells are relatively rare in Level MS (n = 32) and are 
also very little represented in the compositions. However, although ocher also 
does not constitute a large part of the assemblage (n = 38), it is more prevalent in 
the scattered and infrequent groups, particularly Group 4.

Level A2

The distribution map illustrates that the spatial structure is conditioned by internal 
structures and the dripline (Fig. 9). The interior of the rockshelter is highly struc-
tured, and space appears to be organized by these structures. The apparent gap in 

Fig. 6  Optimized Outlier Analysis map, Level MS
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Fig. 7  SSE Solutions for the number of K-means groups for Levels MS(A), A2 (B), A1(C)
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artifacts is due to the presence of Level A3 as a narrow berm of sediment along 
the backwall which is largely devoid of artifacts and remained in place as Level A2 
accumulated. A clear distribution gap at the dripline also delineates the interior and 
exterior spaces. The exterior of the rockshelter is characterized by a large distribu-
tion of plotted finds, mainly lithics, but also a significant co-occurrence of fauna.

The Optimized Outlier analysis reveals the structure of A2 which presents the 
clearest spatial organization of the three levels (Fig. 10). Statistically significant 
groups of high values are closely associated with the hearth and pit, indicating 
intense concentrations of plotted finds. The dripline is sparsely occupied and 
characterized by an abnormally low distribution. The Optimized Outlier analysis 
reveals that the spatial distribution in units B1, C1 and D1 expresses a random or 
regular pattern framed by groups of low values and high values outliers.

Fig. 8  Distribution of K-means Groups 1–5, Level MS

Table 4  Composition of 
K-means groups, Level MS

Group/Type 
(%)

Lithic Fauna Ocher Shell

1 37.57 53.70 5.30 3.70
2 14.06 84.38 0.00 1.56
3 86.67 0.00 13.33 0.00
4 54.52 13.04 30.43 0.00
5 54.55 37.19 3.31 4.96
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Fig. 9  Distribution map of piece-plotted finds, Level A2

Fig. 10  Optimized Outlier Analysis map, Level A2
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SSE indicates an optimal clustering of seven groups (Fig.  7b), and contigu-
ity results indicate a very high overall contiguity (p < 0.000). The groups vary in 
contiguity, but the estimated probabilities suggest robust results reflecting struc-
tural aspects of the site. Groups 3, 4, and 5 are particularly significant and are 
associated with structures and areas of interest (Fig. 11, Table 5).

Lithics dominate the inner hearth at the back of the rockshelter, especially 
Groups 3 and 5. Group 3 is particularly well-represented in relation to the hearth, 
while Group 5, against the wall, contains the majority of the plotted finds related 
to this structure. Fauna is very poorly represented compared to lithics. Group 5 
also dominates the exterior of the rockshelter, particularly in units where the dis-
tribution is more regular with a large majority of lithics (80%), and a large part 

Fig. 11  Distribution of K-means Groups 1–7, Level A2

Table 5  Composition of 
K-means groups, Level A2

Group/Type 
(%)

Lithic Fauna Ocher Shell

1 26.32 73.68 0.00 0.00
2 38.39 33.33 0.00 27.78
3 92.74 3.91 3.35 0.00
4 41.30 46.74 9.78 2.17
5 79.58 13.50 1.77 5.14
6 56.67 13.33 23.33 6.67
7 56.61 31.75 10.58 1.06
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of fauna (15%). Outside outliers exhibit strong lithic components, but a greater 
proportion of fauna (32%) and ocher (11%).

Near the pit, several groups contribute to the area, which is expected given the 
eclectic nature of a waste pit. However, Groups 4 and 7 contain the greatest amount 
of material and are in the centre of the structure. Interestingly, the composition of 
groups associated with the pit differs from activities documented near the hearth 
with a more significant presence of fauna and ocher. We also note the significant 
presence of shells (Group 2), and ocher (Group 6) at the margin of the structure.

Level A1

Level A1 features three structures: a hearth and a pit inside the shelter, and an 
external hearth. The structures seem to condition the greatest densities of plot-
ted finds, excluding the internal hearth (Fig. 12). The Optimized Outlier analysis 
indicates that the statistically significant groups of high values are associated with 
the pit and outer hearth, while the interior of the rockshelter exhibits distinct high-
density areas scattered across a large statistically low-concentrated space (Fig. 13).

High outliers are particularly concentrated in unit DD2, linked to the inner hearth. 
Unlike Levels A1 and MS, the inner hearth is not a particularly dense area, but it 
contains sufficient material to differentiate the activities associated with it from the 
rest of the rockshelter space. The inside of the rockshelter appears to be exploited 
more diffusely, and the material shows fluidity dispersion through the rest of the 

Fig. 12  Distribution map of piece-plotted finds, Level A1
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space. The dripline is actively used, with significantly higher material presence than 
in the other two levels.

SSE has established seven groups as the optimal grouping for plotted finds, with 
a high overall degree of contiguity (p < 0.025) (Fig. 7c). Groups 3 and 6 exhibit the 
most contiguous, with statistically very low probabilities that this is the result of ran-
dom chance (Fig. 14, Table 6). However, contrary to Level A2, a clustering of units 
of a single group is not evident in a straightforward manner (Fig. 14). Analyzing the 
composition of the plotted finds is very challenging due to the very low contiguity.

Nevertheless, Group 1 primarily constitutes the pit, comprising a majority of 
lithic (65%), as well as a significant part of fauna (26%). Ocher and shells form a 
minority of the compositions. High outliers related to the inner hearth consist of 
Group 3, dominated by lithic plotted finds (94%). Groups 4 and 6 represent outliers 
at the dripline. Although these groups are mainly composed of lithic, the fauna con-
stitutes a rather important part of them, and the shells are well represented (Group 
4 = 24%). The outer hearth is made up of Groups 1, 3 and 6, with Group 6 contain-
ing the majority of the plotted finds related to this structure. Lithic pieces (79%) 
dominate this group, but it also contains some faunal remains.

Fig. 13  Optimized Outlier Analysis map, Level A1
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An Integrated Overview of the Changes in the Use of Space: Levels 
MS, A2 and A1

We were able to characterize organizational models for each level and define the 
grouping of plotted finds, that is, their patterns of co-occurrence. The data produced 
for each level allowed the study of spatial organization and the identification of types 
of organization from both a diachronic and intercultural perspective.

Given the results of the spatial analysis (Table 7), and considering the informa-
tion gathered on the types of mobility (Table  2) and the characteristics of Levels 
MS, A2, and A1 (Table 8), it becomes possible to offer an integrated view of the 
evolution of the use of space at Riparo Bombrini. We can then assess how the spatial 

Fig. 14  Distribution of K-means Groups 1–7, Level A1

Table 6  Composition of 
K-means groups, Level A1

Group/Type 
(%)

Lithic Fauna Ocher Shell

1 65.43 25.71 5.43 3.43
2 52.73 12.73 25.45 9.09
3 93.97 3.52 1.51 1.01
4 63.64 12.12 0.00 24.24
5 56.96 39.24 3.80 0.00
6 78.91 14.06 1.04 5.99
7 29.41 70.59 0.00 0.00



1318 A. Vallerand et al.

1 3

Ta
bl

e 
7 

 S
um

m
ar

y 
of

 th
e 

Sp
at

ia
l O

rg
an

iz
at

io
n 

of
 L

ev
el

s A
1,

 A
2,

 a
nd

 M
S 

at
 R

ip
ar

o 
B

om
br

in
i

A
1

A
2

M
S

St
ru

ct
ur

es
Tw

o 
he

ar
th

s a
nd

 o
ne

 p
it

O
ne

 h
ea

rth
 a

nd
 o

ne
 p

it
O

ne
 c

om
bu

sti
on

 z
on

e

In
si

de
- L

ith
ic

 a
nd

 fa
un

a 
di

str
ib

ut
ed

 re
la

tiv
el

y 
eq

ua
lly

 in
 th

e 
sp

ac
e 

(c
ol

d 
zo

ne
s, 

ho
t o

ut
lie

rs
)

- P
un

ct
ua

l u
se

 o
f t

he
 sp

ac
e,

 b
ut

 d
en

se
r a

ro
un

d 
th

e 
pi

t s
ug

ge
st-

in
g 

so
m

e 
fo

rm
 o

f m
ai

nt
en

an
ce

 (h
ot

 z
on

e)
- L

ith
ic

 re
m

ai
ns

 m
or

e 
cl

os
el

y 
as

so
ci

at
ed

 w
ith

 th
e 

in
ne

r h
ea

rth
 

(h
ot

 o
ut

lie
r)

- M
os

t o
f t

he
 m

at
er

ia
l i

s c
on

ce
nt

ra
te

d 
ar

ou
nd

 th
e 

in
ne

r h
ea

rth
 

an
d 

th
e 

pi
t (

ho
t z

on
es

)
- L

ith
ic

 re
m

ai
ns

 su
gg

es
t l

ith
ic

 p
ro

du
ct

io
n 

ar
ou

nd
 th

e 
he

ar
th

- S
he

ll 
re

m
ai

ns
 su

gg
es

t n
on

-u
til

ita
ria

n 
us

es
- T

he
 p

it 
hi

gh
lig

ht
s t

he
 m

ai
nt

en
an

ce
 o

f t
he

 in
si

de
 o

f t
he

 
ro

ck
sh

el
te

r

- C
o-

oc
cu

rr
en

ce
 o

f l
ith

ic
 a

nd
 

fa
un

a 
w

ith
in

 th
e 

co
m

bu
s-

tio
n 

zo
ne

 (h
ot

 z
on

e)
- M

os
t i

nt
en

se
 u

se
 o

f o
ch

re
 

of
 a

ny
 M

ou
ste

ria
n 

le
ve

l
- L

ith
ic

 p
ro

du
ct

io
n 

is
 

do
cu

m
en

te
d 

th
ro

ug
h 

lit
hi

c 
re

m
ai

ns
O

ut
si

de
D

en
se

 fa
un

ic
 a

nd
 li

th
ic

 d
ist

rib
ut

io
n 

as
so

ci
at

ed
 w

ith
 th

e 
ou

t-
si

de
 h

ea
rth

 (h
ot

 z
on

e)
Im

po
rta

nt
 li

th
ic

 a
ss

em
bl

ag
e 

as
so

ci
at

ed
 w

ith
 li

th
ic

 p
ro

du
ct

io
n 

ac
tiv

iti
es

 (n
ot

 si
gn

ifi
ca

nt
 z

on
e,

 h
ot

 o
ut

lie
rs

)
Fa

un
a 

an
d 

lit
hi

c 
co

-o
cc

ur
-

re
nc

e 
su

gg
es

tin
g 

bu
tc

he
r-

in
g 

ac
tiv

iti
es

 (c
ol

d 
zo

ne
, 

ho
t o

ut
lie

rs
)

D
rip

lin
e

M
aj

or
ity

 o
f l

ith
ic

s b
ut

 si
gn

ifi
ca

nt
 re

m
ai

ns
 o

f f
au

na
 a

nd
 sh

el
l 

(c
ol

d 
zo

ne
s, 

ho
t o

ut
lie

rs
)

- R
el

at
iv

e 
eq

ua
l r

em
ai

ns
 o

f l
ith

ic
 a

nd
 fa

un
a

- N
ot

 v
er

y 
us

ed
 (c

ol
d 

zo
ne

)
Fe

w
 p

lo
tte

d 
fin

ds
 (c

ol
d 

zo
ne

)

C
lu

ste
rs

7
7

5
Pl

ot
te

d 
fin

ds
11

60
11

84
80

5



1319

1 3

Homo sapiens and Neanderthal Use of Space at Riparo Bombrini…

Ta
bl

e 
8 

 C
ha

ra
ct

er
ist

ic
s o

f L
ev

el
s A

1,
 A

2 
an

d 
M

S 
at

 R
ip

ar
o 

B
om

br
in

i

A
1

A
2

M
S

O
cc

up
at

io
n 

le
ng

th
Sh

or
t a

nd
 in

fr
eq

ue
nt

Pr
ol

on
ge

d 
an

d 
re

pe
tit

iv
e

Sh
or

t a
nd

 sp
or

ad
ic

A
ss

em
bl

ag
es

- G
re

at
 sh

ar
e 

of
 re

to
ol

in
g

- D
is

ca
rd

in
g 

of
 b

ro
ke

n 
to

ol
s

- R
es

to
ck

in
g 

in
 lo

ca
l r

aw
 m

at
er

ia
ls

- S
el

ec
te

d 
fo

r t
he

ir 
m

ob
ile

 to
ol

ki
t c

or
es

 a
nd

 th
e 

to
ol

s n
ec

es
sa

ry
 to

 p
ro

du
ce

 b
la

de
le

ts

- E
xp

ed
iti

ou
s l

ith
ic

 te
ch

no
lo

gy
- L

on
ge

r a
nd

 n
ar

ro
w

er
 m

ed
iu

m
 fo

r b
la

de
 

pr
od

uc
tio

n
- R

ep
la

ce
m

en
t a

nd
 d

is
ca

rd
in

g 
off

-s
ite

- I
n 

si
tu

 li
th

ic
 p

ro
du

ct
io

n 
ac

tiv
iti

es
 e

m
ph

as
iz

ed
 

by
 la

rg
e 

nu
m

be
rs

 o
f c

or
es

- H
ig

hl
y 

va
ria

bl
e 

an
d 

ad
ap

ta
bl

e 
lit

hi
c 

te
ch

no
lo

gy
- A

rti
fa

ct
s a

re
 ty

pi
ca

l M
ou

ste
ria

n

Re
so

ur
ce

s a
va

ila
bi

lit
y

- L
oc

al
 ra

w
 m

at
er

ia
l (

I C
io

tti
)

- C
irc

um
lo

ca
l m

at
er

ia
l

- E
xo

tic
 ra

w
 m

at
er

ia
l f

ro
m

 th
e 

R
ho

ne
 V

al
le

y 
to

 
th

e 
ce

nt
er

 o
f t

he
 A

pe
nn

in
es

- L
oc

al
 ra

w
 m

at
er

ia
l (

I C
io

tti
)

- C
irc

um
lo

ca
l m

at
er

ia
l

- E
xo

tic
 ra

w
 m

at
er

ia
l f

ro
m

 th
e 

R
ho

ne
 V

al
le

y 
to

 
th

e 
ce

nt
er

 o
f t

he
 A

pe
nn

in
es

- L
oc

al
 ra

w
 m

at
er

ia
ls

 (I
 C

io
tti

)
- F

ew
 e

xc
ep

tio
ns

 o
f i

m
po

rte
d 

m
at

er
ia

ls
 su

ch
 a

s 
qu

ar
tz

ite
 fr

om
 C

as
te

lla
ne

 (F
ra

nc
e)

In
no

va
tio

n
Th

e 
Pr

ot
oa

ur
ig

na
ci

an
 a

ss
em

bl
ag

e 
is

 u
se

d 
as

 
a 

w
ay

 o
f r

ea
ct

in
g 

an
d 

ad
ap

tin
g 

to
 th

e 
un

ex
-

pe
ct

ed
 in

 p
ar

t b
y 

de
ve

lo
pi

ng
 v

er
y 

ex
te

ns
iv

e 
ex

ch
an

ge
 n

et
w

or
ks

Th
e 

Pr
ot

oa
ur

ig
na

ci
an

 a
ss

em
bl

ag
e 

is
 u

se
d 

as
 

a 
w

ay
 o

f r
ea

ct
in

g 
an

d 
ad

ap
tin

g 
to

 th
e 

un
ex

-
pe

ct
ed

 in
 p

ar
t b

y 
de

ve
lo

pi
ng

 v
er

y 
ex

te
ns

iv
e 

ex
ch

an
ge

 n
et

w
or

ks

Th
e 

N
ea

nd
er

th
al

 te
ch

no
co

m
pl

ex
 is

 c
ha

ra
ct

er
iz

ed
 

by
 h

ig
h 

te
ch

no
lo

gi
ca

l v
ar

ia
bi

lit
y 

su
pp

or
te

d 
by

 
lo

ca
l s

ou
rc

in
g

C
lim

at
e

A
ss

oc
ia

te
d 

w
ith

 th
e 

gl
ac

ia
l i

nt
er

st
ag

e 
8 

(G
I 8

) 
w

hi
ch

 is
 sl

ig
ht

ly
 m

or
e 

te
m

pe
ra

te
, a

lth
ou

gh
 

ge
ne

ra
lly

 a
rid

 a
nd

 c
ol

d

C
or

re
sp

on
ds

 to
 a

 p
ha

se
 o

f c
lim

at
ic

 d
eg

ra
da

tio
n 

fo
llo

w
in

g 
th

e 
gl

ac
ia

l i
nt

er
st

ad
ia

l 9
 (G

I 9
) 

an
d 

th
e 

co
ld

 p
er

io
d 

pr
ec

ed
in

g 
th

e 
4 

H
ei

nr
ic

h 
ev

en
t

W
ar

m
er

 a
nd

 m
or

e 
hu

m
id

 th
an

 th
e 

pr
ec

ed
in

g 
M

ou
ste

ria
n 

le
ve

ls

Sp
at

ia
l o

rg
an

iz
at

io
n

- O
ne

 h
ea

rth
 a

nd
 o

ne
 p

it
- L

es
s r

ig
id

 st
ru

ct
ur

in
g

- L
es

s s
ys

te
m

at
ic

al
ly

 c
le

ar
ed

- R
eu

se
 o

f fi
re

pl
ac

es

- T
w

o 
he

ar
th

s a
nd

 o
ne

 p
it

- D
en

se
st 

an
d 

m
os

t s
tru

ct
ur

ed
 la

ye
r

- O
ne

 c
om

bu
sti

on
 z

on
e

- F
ew

er
 a

rti
fa

ct
s i

n 
gr

ea
te

r s
ed

im
en

ta
ry

 d
ep

os
it

- S
ig

ni
fic

an
t p

re
se

nc
e 

of
 c

op
ro

lit
es



1320 A. Vallerand et al.

1 3

organization of artifacts and features changed over these three stratigraphic units vis 
a vis other contextual information about site occupation (climate, cultural indicators, 
faunal exploitation, assemblage type, etc.). Additionally, we aim to assess whether 
patterns of spatial organization align with mobility strategies in these three levels, 
as previously highlighted in various studies (Riel-Salvatore & Negrino, 2018a; Riel-
Salvatore et al., 2013).

Our findings indicate distinct pattern distributions and use of space for each of 
the levels analyzed here. This is not unexpected as previous analyses have suggested 
that each of these palimpsests resulted from different types of dominant occupa-
tion modality and that the compounded accumulations resulting from the decisions 
behind these strategies expressed the spatial organization of space (Riel-Salvatore, 
2007, 2010; Riel-Salvatore & Negrino, 2018a; Pothier Bouchard et al., 2020; Riel-
Salvatore et al., 2013, 2022).

It is crucial to highlight that the number of plotted finds across all levels is sig-
nificantly lower than the total number of analyzed artifacts reported in some previous 
studies (e.g., Pothier Bouchard et al., 2020; Riel-Salvatore & Negrino, 2018b). This 
discrepancy is explained by the fact that many more artifacts have been recovered at 
Bombrini during wet screening than pieces plotted in the field over the years. From a 
methodological perspective, we advise caution. The presence of high-density clusters 
of any type of plotted finds does not necessarily equate to a specific task, given the 
absence of qualitative data for plotted finds or quantitative data for unplotted finds. To 
understand the precise use of the identified area, finer-resolution analyses are necessary. 
We emphasize the preliminary nature of this study in both these regards and present 
probable hypotheses about the site’s use based on a macro categorization of the finds.

Interpretation of the Spatial Organization of Level MS

In terms of the spatial organization of Level MS, lithic and faunal remains are 
primarily concentrated inside the rockshelter in association with the combustion 
zone, while the dripline is largely devoid of traces of discard. The dripline does 
not seem to have been an area chosen for sustained human activities, perhaps as 
a result of greater exposure to the elements or of falling vault clasts, which may 
partially explain why plotted finds are so scant in that part of the site. While this 
absence might also be due to erosion caused by dripping water at the shelter’s 
mouth, it is worth highlighting that hydraulic disturbances are only documented 
at Bombrini in the form of an erosional channel along the back wall of the rock-
shelter between levels MS1 and A2, which is filled in by what remains of level 
A3, which appears to be the only level seriously affected by erosion. Currently, 
there is no evidence suggesting that the absence of finds at the dripline in Level 
MS is the result of non-human processes.

We identified repetitive patterns of organization, as indicated by the presence 
of a conspicuous combustion of area in a single spot inside the shelter. The use of 
ocher is mainly concentrated inside the rockshelter. Although the exact purpose of 
ocher remains elusive, its frequency suggests complexity in Neanderthal behavior, 
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maintaining potential non-utilitarian or complex technical aspects of their culture, 
even when confronted with changing contexts or faced new challenges. Shellfish 
were only used for dietary purposes during the semi-sterile Mousterian indicating 
subsistence activities.

The co-occurrence of fauna and lithics suggests the exterior of the rockshelter 
could have been suitable for butchery activities, or at the least, to a large quantity 
of undesirable waste kept far from the inner space of the shelter. It appears that 
despite the preferential use of part of the interior of the rockshelter, ephemeral 
activities were performed across the rest of the space.

Therefore, the MS level aligns with a more ephemeral human presence and a 
contraction in the range of exploited raw material sources. The significant pres-
ence of coprolites (Holt et al., 2019) suggests that large carnivores alternated 
with humans in occupying the site, which indicates a more sporadic occupation 
of the rockshelter by foragers during this period (Riel-Salvatore et al. 2022). The 
last Neanderthals of the region seem to have undergone a demographic and geo-
graphical contraction at that time, reflected by the use of lithic reduction strate-
gies aimed at exploiting local raw materials as fully as possible.

As discussed elsewhere, the final Mousterian in Liguria represents an expression 
of a Neanderthal “enclave” in a region otherwise occupied by anatomically mod-
ern humans associated with the Uluzzian to the east and the Protoaurignacian to the 
west (Riel-Salvatore et al. 2022). It appears Neanderthals favored strategies to maxi-
mize the utility of their lithic assemblages while tailoring their hunting strategies in 
response to fluctuating conditions, which accounts for their more ephemeral nature 
in what was likely a contraction of ecological refugium at the time. The rarity of 
exotic raw materials in the lithic assemblage from Level MS, mainly brought as non-
local artifacts, suggests short-term occupations of the site at that time, mainly as a 
hunting a retooling site (Riel-Salvatore et al. 2022, Pothier Bouchard 2022).

In summary, as also argued in Riel-Salvatore et al. (2022), Level MS repre-
sents a recurrent stopping point for hypermobile groups in a changing environ-
ment. These data are consistent with interpretations of the MS level as a hunting 
camp used by hunter-gatherers already provisioned with tools (Riel-Salvatore, 
2007, 2010, Pothier Bouchard 2022).

Interpretation of the Spatial Organization of Level A2

The spatial organization of Level A2 represents the densest and most structured of 
the Protoaurignacian at Riparo Bombrini. The structural elements, the high densi-
ties of artifacts associated with them, as well as the relative absence of plotted finds 
beyond the structures, suggest long-term occupations combined with care in main-
taining occupiable surfaces in the shelter.

Considering the importance of the lithic implements and the significant presence 
of shells associated with the hearth, we propose a multipurpose hearth-related activ-
ity area hypothetically related to lithic production with some economic activities. 
While the hypothesis of lithic production is highly probable, exact characterization 
of the stage of lithic production activities cannot be established definitely until a 
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qualitative technological study is conducted. The pit contains a mixture of lithic and 
faunal remains along with ochre, which likely represent the refuse of daily activities 
within the shelter. This pit may have served as a kind of midden used to intention-
ally keep the interior of the rockshelter free of debris, allowing the interior of the 
rockshelter to accommodate a variety of activities while maintaining a space free of 
activities and clutter, potentially serving as a resting or living area.

The high-density areas identified outside the shelter, along with the results of the 
Optimized Outlier analysis (B1, C1, D1), suggest the presence of distinct activity 
or at least a certain intentionality in the distribution. A regular distribution, in the 
context of a site repeatedly occupied by humans, may indicate anthropogenic action 
indicating an underlying systematic structure as it implies planning and organization 
of the site. The exterior of the rockshelter is mostly associated with lithic artifacts, 
possibly indicating the location of retooling activities as it is situated far from the 
inner part of the shelter. It thus appears that over the occupation of level A2, the 
interior and exterior of the rockshelter had different functions targeted and organ-
ized within a precise framework of lithic production and spatial separation of the 
different tasks to be performed on the site. The occupations seem prolonged and 
recurrent, as shown by the robustness of the cluster analysis and spatial results. The 
presence of gaps in the distribution of artifacts is also significant and may be the 
result of habitual clearing of the surface of refuse.

The lithic technological organization and faunal exploitation strategies of Level 
A2 converge to suggest it was used as a ‘logistical’ base camp, supplied with the 
necessary resources by forays to specific procurement sites, sometimes located great 
distances from the site. The patterns of bladelet production indicate retooling activi-
ties, which is supported by the presence of several cores that indicate in situ lithic 
production activities (Riel-Salvatore & Negrino, 2018a).

Interpretation of the Spatial Organization of Level A1

The spatial organization conforms to expectations from shorter-term occupations com-
pared to those observed in Level A2. The structuring of discard patterns at the site is 
less rigid in this level, and the overall space appears to have been less systematically 
cleared, despite the reuse of fireplaces across individual occupations. Discard was more 
extensive inside the shelter, with the most important hot zone being related to the pit. 
The importance of lithic activities is evident in the distributions and concentrations 
analysis, where they dominate, similar to Level A2. However, despite similar assem-
blages, the spatial distribution differs significantly.

The inner hearth shows minimal activity apart from lithic production, while the pit 
confirms the use of fauna and ocher, which were subsequently cleaned from the space, 
as in Level A2, highlighting another recurrent structural element along with the inside 
hearth across the two levels. The diffuse use of the inner space, punctuated by high-
density activity zones, suggests a variety of activities beyond lithic or animal tasks. It 
seems that the interior space was dedicated to activities other than intensive production, 
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allowing for potentially more individuals and avoiding the accumulations of material 
waste in large quantities, or demonstrating a long-term use of the rockshelter.

Although lithic and faunal artifacts are distributed relatively evenly across the 
interior and exterior of the site, the exterior distribution is notably denser and more 
closely associated with the hearth in that part of the site. This level, analyzed in this 
study, is the only one with a clearly defined external hearth. A potential interpreta-
tion regarding the outer hearth and its significant lithic association is that it may 
have been used for the initial stages of artifact production while retooling and shap-
ing could have occurred inside the rockshelter. However, the significant co-occur-
rence of other types of plotted finds (shells, fauna) indicates not only lithic activities 
but also a greater complexity in the nature of the short-lived occupations. In addi-
tion, these activities appear intentionally kept outside the shelter.

The variable and eclectic character of activities in Level A1 supports shorter 
occupations than in Level A2. Despite a relatively similar plotted finds density, A1 
exhibits a less structured occupation than A2, possibly influenced by less overlap-
ping independent events or shorter and more distanced occupations over time. It 
is important to highlight that while the structures of the shelter were reused over 
an extended period, the reuse did not allow for similar patterns of organization to 
emerge, suggesting less frequent and shorter occupations, hindering a cohesive form 
of occupation. Technological and zooarchaeological analyses also support shorter 
and less frequent occupations.

Therefore, Level A1 is characterized as a short-term base camp within an over-
all ‘residential’ land-use strategy. Technologically, this implies a greater emphasis on 
retooling on site, as occupants could restock with local raw material procured from 
the nearby I Ciotti conglomerate, dispose of broken tools, and replace them with new 
ones made on-site. The occupants of the site likely left the site for the next with the 
cores and the tools necessary to produce bladelets (Riel-Salvatore & Negrino, 2018a).

Discussion

Riparo Bombrini’s assemblages constitute palimpsests, with accumulations span-
ning thousands of years that do not represent singular occupations or activities 
(or even subsets of them), but rather signify the gradual accumulation of material 
across occupations by multiple groups. What the present study highlights is thus 
best comprehended as ‘central tendencies’ that distinguish overall adaptive strat-
egies of forager populations over extremely long timespans marked by shifting 
paleoenvironmental and human conditions, among other factors. The position of 
the inner hearths and the pit underscores this, implying continuity in the factors 
shaping the layout of structures at Riparo Bombrini persisting over an extended 
duration across and through the levels (cf. Henry et al., 2004).

At first glance, our results may seem to suggest major differences between 
Neanderthals and Homo sapiens. The hearths, the pit, and the more structured 
use of the interior of the rockshelter suggest a greater resemblance between the 
Protoaurignacian occupations than to the Neanderthal one. However, it is cru-
cial to recognize that these occupations are conditioned by land-use and mobility 
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strategies. In that light, Level MS emerges as a sporadically occupied task site 
(likely a hunting and butchering site – Pothier Bouchard 2022), while Levels A2 
and A1 function as logistic and residential base camps respectively. As such, all 
three levels articulate around a shared degree of behavioral flexibility, encom-
passing variations in occupation duration, reoccupation intervals, the number of 
occupants, and the nature of activities undertaken. One therefore cannot expect 
ephemeral and sporadic occupations to result in the same general spatial signa-
ture as base camps occupations due to intrinsic differences in their characteristics 
and motivations for accumulation. Like archaeological structure, these strategies 
do not inherently signify unique cognitive abilities or qualitatively unique space 
management but rather reflect a degree of behavioral plasticity rooted in adaptive 
poses with a much deeper evolutionary history (Clark et al., 2022). The most par-
simonious interpretation of the analyzed data in this study suggests that using a 
single methodology across levels within a single site occupied by both populations 
does not reveal incoherences in terms of how Neanderthals and Homo sapiens 
occupied the site and that, at Riparo Bombrini. Here, their distinct use of space 
appears to be driven by factors rooted in the same overarching adaptive strategies.

The quantitative and statistical methods employed here enable us to minimize 
bias by providing evidence that surpasses the simple description of structural ele-
ments and the distribution of plotted finds. Another distinctive aspect of our analy-
sis is the direct comparison of Neanderthal and Homo sapiens spatial organization 
within the same site, thus ruling out site morphology as a confounding variable in 
comparing the two populations. This is significant because the structuring of occu-
pations by modern humans in the Upper Paleolithic is often assumed rather than 
demonstrated, resulting in less study and scrutiny of the spatial organization of 
Homo sapiens compared to Neanderthals.

The impact of natural or animal disturbances within the Riparo Bombrini layers 
appears minimal (Holt et al., 2019), limited to the migration of a few small Protoau-
rignacian pieces in contact with the semi-sterile Mousterian, easily identified based on 
raw material (Riel-Salvatore et al. 2022). Thus, we can confidently assert that the spa-
tial distribution of plotted finds in Levels MS, A2 and A1 primarily results from human 
activities and that the documented spatial organization reflects an intentional behavioral 
dimension. Additionally, the statistical tests of autocorrelation confirm the grouped and 
organized nature of the data, to which the analyses of the composition of the groups 
(Unconstrained Cluster Analysis) give meaning.

Our results also allow us to build upon the initial observations presented in Riel-
Salvatore et al. (2013). In particular, the recent excavations at Riparo Bombrini and the 
implementation of new data recording protocols (e.g., systematic use of the total sta-
tion and GIS technologies) have considerably refined our understanding of Level MS. 
While our results confirm that it represents a palimpsest of ephemeral occupations, sta-
tistical analyses have unveiled a coherent spatial organization associated with this kind 
of site-use modality, linked to the recurrent use of structures whose position remained 
relatively stable over time. Moreover, the abundance of plotted finds in that level and 
the discovery of a combustion zone also confirm that calling it ‘semi-sterile’ is a mis-
nomer since it simply reflects a distinct way Neanderthals occupied the Balzi Rossi at 
that time (Riel-Salvatore et al. 2022).
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While the breakdown of plotted finds into only four categories in our study may be 
criticized as presenting too coarse a behavioral record, we argue that in this specific con-
text, it represents a strength. A greater typological refinement might hinder the compara-
bility of our data across the Late Mousterian and Protoaurignacian by imposing a priori 
unbridgeable differences between the two periods. It would then be impossible to com-
pare them directly, as the technological and cultural categories would be too different 
upstream. Specifically, this would impede the comparisons of the results of the Uncon-
strained Cluster and K-mean analyses undertaken for each level. Our approach enables 
us to look beyond the distinctive cultural characteristics of Neanderthals and Homo sapi-
ens, focusing on how plotted finds and structures are distributed through space and in 
relationship to one another. We emphasize here the usefulness and importance of ini-
tiating spatial studies using general archaeological remains categories, especially when 
comparing groups of different human populations. As demonstrated by studies of lithic 
technology (e.g., Riel-Salvatore & Negrino, 2018b), faunal analysis (Pothier Bouchard 
et al., 2020; Pothier Bouchard, 2022), and marine shells (Gazzo, 2021), the results of 
detailed studies can easily be combined with the results of our spatial analyses to yield 
detailed views of the distinctions between – and within – the two groups.

Finally, the interpretations regarding site function and activity areas presented in this 
study provide working hypotheses that can serve as the foundation for future studies. 
These investigations should integrate non-plotted finds and more refined technologi-
cal and faunal data, along with information about the small artifact fraction recovered 
during sieving, which is currently being compiled. It is essential to acknowledge that, 
as mentioned earlier, the results of Pothier Bouchard (2022), by using plotted and non-
plotted findings, reached conclusions that generally align with our results. While fur-
ther studies are needed for a comprehensive understanding, these concordances are 
promising and underscore the utility and the reliability of this analysis as groundwork 
for establishing the general spatial organization of a site.

Conclusion

This work contributes to highlighting the growing dissonance between the current nar-
rative about Neanderthal spatial organization capacity and what the data indicate. By 
introducing the important element of directly comparing their spatial behavior to that 
of Homo sapiens in the same site according to the same parameters, our study provides 
one more indication that they do not seem to differ qualitatively. Indeed, our results 
indicate that both populations could adapt to the nature of their occupation of Riparo 
Bombrini according to decipherable land-use strategies (Table 2). This direct compari-
son reveals no fundamental difference in their understanding of space and the organiza-
tion of their activities. The two species used the site according to their needs and their 
mobility strategies while keeping some elements constant, such as the position of com-
bustion features/hearths and an avoidance of the dripline as a locus of activities.

In summary, Late Middle Paleolithic Neanderthals used Riparo Bombrini 
as a specific task site in the context of rapid climatic change that appears to have 
impacted their social and natural geographies, leading to a much higher degree of 
mobility (Riel-Salvatore et al. 2022). In contrast, anatomically modern humans 
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alternated between logistical and residential mobility strategies to adjust to the dras-
tic climatic events that characterized their expansion into this new territory. Plot-
ted find distributions vary across all occupations, but each fits a particular mobility 
strategy revealing an underlying logic to how the space was used. The differences 
in distribution between Levels A2 and A1 underscore this reality perfectly since the 
composition of the assemblages is relatively similar, but the way of exploiting the 
site was quite distinct (Riel-Salvatore & Negrino, 2018a, b; Pothier Bouchard et al., 
2020). Contextual information about the occupations also indicates that the differ-
ent strategies are used under different circumstances and highlights how the use of 
space changes through time and adaptations.

One of the corollaries of this analysis is that it highlights how necessary it remains 
to systematically unbiased or even decolonize our perception of archaic populations 
like Neanderthals since long-lasting preconceptions about their behavioral capaci-
ties impose conceptual blinders on our interpretations of their assemblages. Because 
they involve important cognitive processes, technological and cultural complexity 
are often taken as a reference (Clark & Riel-Salvatore, 2006), but the expression of 
characteristics is intimately linked to the ecological and social context (Ames et al. 
2013). Archaeological finds reflect only those elements of human knowledge that 
are accepted and incorporated into social norms and whose repeated use has made 
them visible (Hovers & Belfer-Cohen, 2006). In this sense, we should not necessar-
ily expect similar behaviors even in a single biological population whose members 
share equivalent cognitive abilities.
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