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Abstract
Endscrapers are specialized tools that are usually recovered in great quantities in every Upper Paleolithic site in Europe. 
Although they make their first ephemeral appearance in the Middle–late Middle Paleolithic transitional technocomplexes, 
endscrapers commonly appear in toolkits from initial and early Upper Paleolithic traditions onwards. Nevertheless, endscrap-
ers and, in general, domestic tools have attracted relatively little attention in debates revolving around the significance of tech-
nological change, tool function, and tool specialization after the end of the Middle Paleolithic. With the aim to overcome this 
paucity of information, here, we present the results of a techno-functional study performed on the large endscraper assemblage 
recovered from the early and late Protoaurignacian layers at Fumane Cave in northeastern Italy. We analyzed these artifacts 
using technological, morpho-metrical, typological, and functional approaches. Despite the large morphological variability, 
use-wear traces reveal functional consistency and high levels of specialization for these tools. Almost all the use-wear traces 
we recorded developed from hide working with transverse motion. Moreover, we find no evidence that endscrapers were 
involved in the production of bone and antler tools during the late Protoaurignacian. Macroscopic and microscopic wear on 
the lateral edges of tools point to a considerable number of hafted endscrapers, which implies systematic time investment 
and planning depth. Comparison with the few endscrapers from transitional industries that have been analyzed highlights 
marked differences in the production, morphology, and use of these tools and reinforces our view of the Aurignacian as a 
complex not directly related with preceding European traditions.

Keywords Endscraper · Technology · Use-wear traces · Hafting · Aurignacian · Italy

Introduction

The emergence of the Upper Paleolithic in Eurasia is tradi-
tionally considered to have been an abrupt rupture with the 
Middle Paleolithic that occurred between 48 and 39 ky cal 
BP, when Neanderthal populations were replaced by ana-
tomically modern humans (Fu et al. 2016; Higham et al. 
2014; Hublin et al. 2020). This first spread of anatomically 
modern humans (hereafter AMH) is associated with the 
appearance of the initial Upper Paleolithic (hereafter IUP) 
(Kuhn and Zwyns 2014), Uluzzian, and Aurignacian cultural 
units, marking an abrupt change in many aspects of human 
beings like sociality, communication, economy, and tech-
nology, and coinciding with clear-cut implications on the 
design of stone tool sets. Complexity increased, as well as 
specialization and standardization, in toolkits, traits gener-
ally considered hallmarks of modern behavior (Bar-Yosef 
2002; Mellars 2011, 2004; Teyssandier 2008).
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Paleolithic sites offer an abundance of tools made from 
a variety of organic and inorganic raw materials. In many 
cases, however, their exact use and function are still scarcely 
understood in that the typological system used by archaeolo-
gists is insufficient to reconstruct past behaviors. A techno-
logical and functional examination of stone tools is therefore 
necessary to comprehend the role played by stone artifacts 
in the changes associated with the beginning of the Upper 
Paleolithic. Previous functional studies performed on early 
Upper Paleolithic (hereafter EUP) assemblages highlighted 
the importance of rethinking the traditional concept of tool-
type (Hardy et al. 2008; Hays and Lucas 2000). The relation-
ship between stone artifact form and function is variable and 
often context-dependent (Tomáŝková 2005) in relation to 
behaviors such as use duration, resharpening, and reshaping.

Specialized Upper Paleolithic stone tools, and specifically 
endscrapers, are an ideal subject for exploring these issues. 
Endscrapers make their first systematic appearance in EUP 
complexes like the Châtelperronian, Bohunician, and Uluz-
zian (Djindjan et al. 1999; Palma di Cesnola 1989; Pelegrin 
and Soressi 2007; Škrdla 2017). They mark an abrupt rup-
ture with the preceding Middle Paleolithic tradition, which 
is characterized by the manufacture of different side scraper 
types like single-edged scrapers, double and convergent 
scrapers, transverse scrapers, and Quina and demi-Quina 
scrapers among the most common (Bordes 1961). Endscrap-
ers are also a systematic component of the common tool 
assemblages in the subsequent periods: the Protoaurigna-
cian and Aurignacian. Despite the high frequency in which 
they occur in IUP and EUP industries, they have attracted 
relatively little scientific attention. Endscrapers’ function 
as specialized tools for processing soft animal materials 
is often inferred without sufficient supporting information 
from functional analysis. Detailed examinations may reveal 
a wide range of activities or task specialization depending, 
among other factors, on site function and environmental set-
ting (Andrefsky 1997). Besides, evidence of hafting traces 
on a tool category where hafting is not a prerogative for use 
sheds light on deliberate choices of hunter-gatherers regard-
ing technological strategies, tool design, and tool curation 
(Rots 2005; Taipale 2019). A techno-functional reexami-
nation of these artifacts, beyond stone-tool typology, will 
further strengthen our understanding of cultural innovations 
among AMH hunter-gatherers and help develop criteria to 
distinguish and recognize their adaptive success.

Roughly two hundred endscrapers have been found in the 
early and late Protoaurignacian layers at Fumane Cave in 
northeastern Italy. With its detailed stratigraphic sequence 
ranging from the Middle to the Upper Paleolithic, includ-
ing the Uluzzian, Fumane represents a key site for investi-
gating different aspects of the Middle to Upper Paleolithic 
transition (hereafter MP-UP transition). The cave is one of 
the best-known and well-dated EUP sites in Europe and 

preserves traces of intense and repeated human occupation 
(see references in Sect. 2.1). The abundance and variabil-
ity of stone tools, most of them recovered at optimal state 
of preservation, offers a unique opportunity to explore past 
human behavior. Here, we present the results of an exten-
sive analysis of the endscrapers using a combined techno-
functional approach designed to shed light on tool manufac-
ture, blank selection, tool shaping, use, and maintenance. 
Further, this analysis gives us the opportunity to investigate 
possible relationships between blank morphology and tool 
type. In this paper, we seek to address the following research 
questions:

– Are the endscrapers shaped with a recurring and stand-
ardized morphology? Is it possible to define a shared set 
of features defining the Protoaurignacian endscraper?

– Are the Protoaurignacian endscrapers from Fumane 
designed to perform specific activities, as usually postu-
lated, or are they meant to address different activities?

– How does the production and use of endscrapers in 
Fumane fit into the context of the Upper Paleolithic in 
Western Eurasia?

Materials and methods

The early and late Protoaurignacian at Fumane Cave

Fumane Cave is located in the Monti Lessini Plateau 
(Venetian Prealps, northeastern Italy, 45° 35′ 30.52″ Lat. 
North–10° 54′ 18.67″ Long East Greenwich). The cave has 
been meticulously excavated for decades and details are 
available in numerous publications (Abu-Zeid et al. 2019; 
Broglio et al. 2003; Broglio and Dalmeri 2005; Higham 
et al. 2009; López-García et al. 2015; Peresani 2012). A 
main cave and two associated tunnels preserve a finely lay-
ered sedimentary succession spanning the late Middle Paleo-
lithic and the early Upper Paleolithic (macro-units A and D), 
with features and dense scatters of remains associated with 
the Mousterian, Uluzzian, and early and late Protoaurigna-
cian (Bertola et al. 2013; Cavallo et al. 2017; Falcucci et al. 
2017; Peresani 2012; Peresani et al. 2016).

At the top of the stratigraphic macro-unit A, there are 
layers A2 and A1. Layer A2 dates the appearance of the Pro-
toaurignacian to 41.2–40.4 ky cal BP (Higham et al. 2009). 
Its lower boundary with layer A3 is clear and is marked by 
a dispersion of ocher over a large extent of the area (Cavallo 
et al. 2017, 2018; Peretto et al. 2004) and by a considerable 
change in the content of anthropogenic material (Broglio 
et al. 2009). In the cave entrance, layer A2 is covered by 
layer A1, a thin anthropogenic level with horizontal bedding 
which makes it indistinguishable from A2 in the cave mouth. 
A2 thus extends throughout the whole cave entrance and 
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cave mouth. The latest Protoaurignacian phase is recorded 
in the macro-unit D which includes several layers embedded 
in coarse-sandy sediments. Layers D3a and D3b are the most 
extended, while layer D6 is a loose stony layer limited to the 
eastern zone of the cave. Traces of human presence are less 
dense than in A2–A1; however, hearths and other surface 
features had been exposed (Broglio et al. 2006).

The most relevant features of the Protoaurignacian lithic 
industries at Fumane are systematic bladelet production and 
the dominance of retouched bladelets among tools (Falcucci 
et al. 2017). Most of the artifacts discarded at the site belong 
to bladelets and by-products of lamellar reduction strategies. 
Bladelets are produced from independent reduction strate-
gies that are, in most cases, not related to the reduction of 
larger blade cores (Falcucci et al. 2017, 2018). Blades of 
variable morphometric attributes represent the second goal 
of the lithic production system. The bigger blanks were usu-
ally selected to manufacture formal tools, independently of 
their shape and the presence of cortex. Layers A2–A1 and 
the ensemble of layers D6–D3 do not show significant dif-
ferences in the blade and bladelet technologies, while flake 
production seems to be more systematic in D6-D3 (Falcucci 
2018; Falcucci et al. 2020). Most of the flake cores display 
sets of unidirectional flake scars, removed from different 
striking platforms, during independent reduction phases (De 
Stefani et al. 2012; Falcucci et al. 2020).

Ornamental objects represent a regular cultural compo-
nent of the Aurignacian layers. They consist of grooved red 
deer incisors and several hundreds of perforated shell beads 
belonging to over sixty different taxa, most of them marine 
(Peresani et al. 2019a, b). The bone and antler industries are 
composed of a variety of tools. Split-based bone points are 
found only in layers D6 and D3, except one incomplete tool 
found at the interface between D3 and A1 (Bertola et al. 
2013). The same is true for five stones painted with red ocher 
(Broglio and Dalmeri 2005; Broglio et al. 2009).

The studied sample: quantification 
and technological approach

The sample consists of 205 endscrapers, excavated from 
1988 to 2006 and in 2014, divided into complete and bro-
ken specimens, scraper-head fragments, and fragmented 
endscrapers with intact functional extremity. We analyzed 
endscrapers using an integrated techno-morphological and 
functional approach (Fig. 1). The tools are made from fine to 
fine-coarse chert of different carbonatic formations collected 
within 5–15 km acf from the site. The most exploited are 
from Maiolica, Scaglia Variegata Alpina, Scaglia Rossa, and 
Ooliti di San Vigilio formations and in lower extent Juras-
sic and Tertiary calcarenites (Bertola et al. 2013). Chert is 
abundant, resulting in low levels of tool reduction recycling 
(sensu Andrefsky 1994). In this study, we have grouped the 

endscrapers into two main assemblages. Most of the artifacts 
(n = 138) come from layers A2 and A1. A smaller number 
(n = 67) comes from the lower part of the macro-unit D, 
most of them from layers D6 and D3 and a few from lay-
ers D1, D2, D5, and D7 (Table 1). We excluded from our 
analysis several endscrapers from the inner squares of the 
cave because of their alteration due to post-depositional dis-
turbance, two endscrapers currently on display in the per-
manent exhibition of the Paleontological and Prehistoric 
Museum of Sant’Anna d’Alfaedo, and one endscraper cur-
rently on display in the permanent exhibition of the Museum 
of Sciences (MUSE) at Trento.

In this study, we employed a holistic approach, which 
aims to integrate technological, morpho-metric, and tra-
ceological methods. The technological analysis combines 
two complementary approaches: reduction sequence (Ini-
zan et al. 1995) and attribute analysis (Andrefsky 1998). 
We created a database to record several discrete and metric 
attributes, with particular attention devoted to the scraper-
heads. The metric attributes of each artifact were recorded 
using a digital caliper and size differences were assessed 
in IBM SPSS Statistics 24. We performed non-parametric 
Mann–Whitney because the sample violated the assump-
tion of normality necessary for Shapiro–Wilk and Kolmog-
orov–Smirnov tests. We recorded the scraper-head width 
(maximum width of the retouched functional extremity) only 
on complete specimens, while we excluded from the metric 
analysis extremely fragmented endscrapers, those with only 
the functional extremity preserved or fragments of scraper-
heads. We documented the longitudinal profile for complete 
and almost complete blanks, to verify a possible relation 
between tool morphology and its functional efficiency. The 
longitudinal profile was not recorded in extremely frag-
mented artifacts and in tools made on flakes with uneven 
morphologies. We focused particularly on tool orientation, 
tool morphology, tool cross-section, and retouching of the 
working edge. In order to examine whether or not the scrap-
ers were used hafted, we documented lateral scars and/or 
retouch. Besides, we created a specific typological list start-
ing from a simplified version of the primary types defined 
by G. Laplace (Laplace 1964).

Investigation of reduction intensity has significant impli-
cations for reconstructing past human behaviors. Different 
studies (e.g., Beyries and Cattin 2015; Donahue and Fischer 
2015; Jacquier and Naudinot 2015; Loebel 2013; Morales 
and Vergès 2014; Rots 2005; Shott and Weedman 2007) 
demonstrated that the combination of stone tool manage-
ment processes analysis and use-wear observations can 
contribute to a better understanding of the organization of 
lithic production, site function, occupation intensity, raw 
material availability, and exploitation/maintenance. Thus, 
we documented the presence of resharpening to better under-
stand tool life cycles. Resharpening may occur for different 
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reasons, such as to rejuvenate a tool’s edge to restore its 
efficiency, after an accidental breakage or to modify its 
morphology. Sharpening aims to restore the working edge 

of the instrument, probably for the same use for which it 
was designed. It is, therefore, considered an indicator of 
maintenance (Morales and Vergès 2014, p. 303). This is 

Fig. 1  Sample of endscrapers 
from Fumane (RF) macro-units 
A and D. Endscrapers on regu-
lar blade (3, 55), on blade with 
lateral scalar retouch (2, 126, 
107), on blade with bladelet 
scars (17), on flake (245,164), 
on laminar flake with blade 
scars (123), on crested blade 
(53, 31, 166), on thick cortical 
flake (167, 52, 23). Arrows 
show the direction of the blow. 
Photos: A. Falcucci and A. Aleo

Table 1  Distribution of the 
endscrapers from early and late 
Protoaurignacian layers from 
Fumane Cave

Macro-unit A Macro-unit D

A1 A2 A2R D D1 D2 D3 D3 + D6 D3a D3a + b D3b D3bα D3d D3l D5 D6 D7

20 104 14 1 1 1 1 7 2 5 10 5 11 2 2 18 1
Total 138 Total 67
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different from recycling, a process that implies a modifica-
tion of the tool in order for it to be used for new functions 
(Schiffer et al. 1981; Shott 1995; Beyries and Cattin 2015; 
Jacquier and Naudinot 2015). Some tools can be resharpened 
a great number of times, with a consequent progressive loss 
of mass. This implies that the artifact’s shape changes pro-
gressively from the first use to its discard (Bamforth 1986; 
Blades 2003; Dibble 1997; Frison 1968; Torrence 1989), 
with a decrease in size and modification in form. It also has 
consequences for the preservation of functional evidence 
since each retouching tends to partially remove use-wear 
and residues (though not hafting wear, cf. Rots 2005). Small 
flakes potentially from resharpening of the scraper-heads 
have not yet been analyzed.

We employed technological and functional approaches 
also for the analysis of a group of carinated pieces from 
both assemblages to evaluate whether they were endscrapers 
designed for scraping, as the name implies, or if they were 
used as specialized cores to produce bladelets. It is also pos-
sible to contemplate a recycling or a secondary utilization of 
these pieces once exhausted as cores. Indeed, the presence of 
secondary retouching and edge damage leads to the hypothe-
sis that they were used as tools. To understand their function, 
we documented the morphology of the blank, the length, 
width, and orientation of the removals. The microscopic 
examination of the use-wear traces included edge damage, 
edge modifications, and micro-wear (polish and striations).

Traceological analysis

For the functional analysis, we detected both macroscopic 
and microscopic traces with the aid of a Zeiss stereomi-
croscope Stemi 2000C with an external light source and 
magnifications up to × 56 and a Zeiss Vario metallurgical 
microscope with incident light and bright-field illumination 
using magnifications up to × 500. The analysis was carried 
out at the TraceoLab of the University of Liège. Observa-
tions under a stereomicroscope are particularly helpful in 
the identification of the relative hardness of the worked 
material and the use motion (Odell 1977; Semenov 1964; 
Tringham et al. 1974) on the basis of the characteristics and 
distribution patterns of edge damage, rounding, polish, and 
striations. Higher magnifications (up to × 500) using incident 
light allow for detailed observations of polishes, rounding, 
striations, and edge damage, enabling more exact identifi-
cation of the worked material and the use motion (Keeley 
1980; Keeley and Newcomer 1977). Attention was devoted 
to the combination of different trace types, as well as their 
distribution and patterning over the edges and surfaces of 
the tools in relation to technological features. We interpreted 
the tools within the context of their life cycle and evaluated 
in detail any potential evidence of resharpening and hafting 
(cf. Rots 2003, 2009, 2010a, b, 2013; van Gijn 2010). Such 

an approach allows for an improved understanding of Paleo-
lithic assemblages and human behavior (Rots 2003, 2005).

We based the interpretations of the wear traces on an 
experimental reference collection that is representative 
of a broad range of use activities and other potential trace 
causes (knapping, retouch, hafting, trampling, etc.) (e.g., 
Rots 2010a, 2010b). Archaeological wear traces observed 
on Fumane endscrapers were visually compared with the 
ones on the experimental tools and pictures of the most sig-
nificant evidence of use were taken. The large experimental 
collection available at the TraceoLab at the University of 
Liège consists of more than 4000 stone tools. It categorizes 
a large variety of scrapers based on their use for different 
activities, including a large-scale experimental set specifi-
cally related to hide working (118 tools). The experimental 
tools embrace a range of fine to coarse-grained raw materials 
that is representative of the differences in roughness and tex-
ture characterizing our archaeological sample. The reference 
collection also includes a broad range of stone tools used in 
various hafting arrangements, which aids in the identifica-
tion of these practices in archaeological assemblages follow-
ing the methodology designed in earlier studies (Rots 2003, 
2010a; Rots et al. 2001, 2006).

Attention was also devoted to residues but given that 
the material had been washed and handled long after the 
excavation campaigns for previous typological analyses, 
only strongly adhering residues were considered (Cnuts 
et al. 2018). Residue analysis is still ongoing and will be 
not addressed here.

The state of preservation was evaluated systematically 
and even though alterations were observed, these mostly 
consisted of a light general polishing that did not hinder the 
functional analysis and did not prevent accurate observations 
or interpretations. Also, thermal alterations were observed, 
but those could be so intense as to make a functional analysis 
impossible. Such tools were excluded from more detailed 
analysis.

After the excavation, the tools were stored in individual 
plastic/paper bags to ensure minimal contact between arti-
facts. Only a few endscrapers were identified in a later stage 
of the analysis of the lithic assemblage and sorted from large 
plastic bags where they were stored with other flint imple-
ments. Post-excavation damage was thus minimal and did 
not affect the functional interpretation.

Prior to the functional analysis, we cleaned all endscrap-
ers with tap water to remove any post-depositional deposits. 
During the analysis under high magnification, we cleaned 
the tools with cotton pads soaked with ethanol and/or ace-
tone in order to remove grease from handling or other resi-
dues that hinder observation of the wear phenomena on tool 
edges. In some cases, the tools were immersed in water in an 
ultrasonic tank (Elmasonic) for 10 min to remove strongly 
adhering sediment from the edges of the tool.
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All the functional observations were entered in a database 
that records the state of preservation of the tools, presence 
or absence of edge rounding, polish, striations, residues, and 
the presence of resharpening. We inferred the worked mate-
rials and the use motions from the different attributes of the 
use-wear. Depending on the combination of the aforemen-
tioned evidence, we attempted to class the tools based on the 
intensity of the wear traces observed. The degree of wear 
varies from poorly to heavily developed. Schematic draw-
ings of the tools showing the location and distribution of 
use traces were also made during the microscopic analysis.

Results

Technological, typological, and morphometric 
features of the tools

Table 2 summarizes the frequency of the main blank types 
across macro-units A and D and provides a technological 
overview for each class. Laminar products are more common 
in layers A2 and A1, while in layers of macro-unit D flake 
blanks clearly increase in frequency. This is not surprising 
since the overall frequency of flakes is higher in macro-unit 
D. Flake production is more important in the late Protoau-
rignacian of Fumane Cave, where flake cores show, in some 
cases, a degree of predetermination that was not found in 
the early Protoaurignacian (Falcucci et al. 2020). It is also 
evident that Protoaurignacian knappers selected those blanks 
with desired morphometric features, whether they came 
from the optimal production phase or from the initialization 
and maintenance phases carried out on bladelet and blade 
cores (Falcucci et al. 2017).

Endscraper types are listed in Table 3. Single endscrapers, 
made on blades or flakes, are the most numerous tools in 
both units. In layers A2 and A1, single endscrapers made on 
thin blanks prevail on thick ones, while in layers of macro-
unit D, the number of tools made on thick blanks is higher. 
Nosed and carinated endscrapers are rarely represented in 
both samples. As Table 3 shows, the frequency of carinated 
endscrapers slightly increases in macro-unit D.

In both assemblages, the most common profiles are con-
vex and slightly convex, while intense curved blanks are 
rare. Straight profiles are also common among blades. Only 
a small number of endscrapers display sinuous and twisted 
profiles. Their percentage is lower than 10% in A, while in 
D, the number of twisted blanks is around 15%. Twisting is 
slightly pronounced in all specimens (see Table 4).

Table 5 summarizes all relevant metric values of the 
endscrapers. The selection of varied blank types belonging 
to different phases of core reduction sequences (Falcucci 
et al. 2017) explains the remarkable difference in the range 
of values within each assemblage (Fig. 2). Although lami-
nar blanks are less common in D, there are no significant 

Table 2  Distribution of blank types

Blank types A % D %

Blade 75 54.3 27 40.3
Non-cortical 40 53.3 13 48.1
Cortical 2 2.7 0 0
Semi-cortical 15 20 8 29.6
Crested 9 12 1 3.7
Maintenance 9 12 5 18.5
Bladelet 1 0.7 0 0
Flake 59 42.8 39 58.2
Non-cortical 27 45.8 11 28.2
Cortical 4 6.8 3 7.7
Semi-cortical 18 30.5 17 43.6
Crested 2 3.4 1 2.6
Maintenance 8 13.6 7 17.9
Undetermined 3 2.2 1 1.5
Total 138 100.0 67 100.0

Table 3  Inventory of endscraper types

Type A % D %

Single on thin blade/flake 52 37.7 18 26.9
Single on thick blade/flake 25 18.1 22 32.8
Double 3 2.2 0 0
On retouched thin blade/flake 12 8.7 4 6
On retouched thick blade/flake 5 3.6 4 6
Circular 2 1.4 0 0
Flat-nosed 6 4.3 2 3
Thick-nosed 1 0.8 1 1.5
Carinated 8 5.8 7 10.4
Endscraper-burin 6 4.3 1 1.5
Endscraper-splintered piece 1 0.8 1 1.5
Undetermined 17 12.3 7 10.4
Total 138 100.0 67 100.0

Table 4  Longitudinal profile curvature categories for flakes/blades. 
Profile was not recorded in extremely fragmented artifacts and in 
tools made on flakes with uneven morphologies

Longitudinal profile A % D %

Convex 23 16.6 5 7.5
Slightly convex 29 21 26 38.8
Sinuous 11 8 10 14.9
Straight 19 13.8 6 8.9
Twisted 12 8.7 5 7.5
Undetermined 44 31.9 15 22.4
Total 138 100.0 67 100.0
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differences in the distribution of length (Mann–Whitney 
U = 3593, p = 0.9) and width (Mann–Whitney, U = 2978, 
p = 0.06) values when directly compared with A. End-
scrapers from D are, however, significantly thicker 
(Mann–Whitney, U = 2638.5, p < 0.01). Interestingly, 
scraper-heads are slightly broader in D (Mann–Whitney, 
U = 2607.5, p < 0.01), despite the similarity in the over-
all width of tools’ blanks. This difference might reflect a 
specific functional specialization of these tools; they may 
have been used to work different materials or they may 
have carried out various activities. Through the subsequent 
functional examination of all the endscrapers, we attempt 
to test this hypothesis.

Figure 3 shows the distribution of length/width ratios 
and thickness values for complete endscrapers considered 
whole. Endscrapers can be divided into three groups: (i) the 
homogenous group of endscrapers made on blades from the 
optimal production phase, characterized by reduced thick-
ness ranging 0.5 cm up to 0.7 cm in most cases and variable 
length/width ratio influenced by the presence of both intact 
and almost complete blades; (ii) the group of endscrapers 
made on by-products from the initialization and mainte-
nance phases of blade and flake cores, characterized by the 
highest metric variability, as demonstrated by length/width 
ratios ranging from 1.56 to 4.35 cm and thicknesses ranging 
from 0.4 to 1.7 cm; (iii) the group of endscrapers on flakes 

Table 5  Metric maximal values (in millimeters) of the studied end-
scrapers. Macro-units A and D values are given in the same column 
to allow a direct comparison. Endscrapers’ extremities were excluded 

from the metrical analysis. Scraper-head width was recorded only in 
specimens with intact working edge. Measures are given in millim-
eters.

*SD standard deviation

Number Range Average Mode Median SD*

A D A D A D A D A D A D

Length 120 60 20–119 22–84 46.2 45.2 35 43 44 45 15.3 12.5
Width 120 60 11–49 15–46 26.7 28.1 18 33 26 27 7.4 7.1
Scraper-head width 104 56 8–38 12–41 23.2 25 20 30 23 25.5 6.7 6.9
Thickness 120 60 4–24 3–23 9.6 10.8 8 7 6 11 4.2 4.4

Fig. 2  Box-plots of metric values (in millimeters) of the endscrapers from Fumane (RF) macro-units A and D. Broken endscrapers with only the 
functional extremity preserved were excluded. Scraper-head width was recorded only in specimens with complete working edge
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characterized by a length/width ratio always lower than 2 cm 
and a wide thickness ranging from 0.3 to 2.4 cm.

Morphological attributes of the scraper‑heads

Almost all the endscrapers display a single scraper-head 
located in both the distal and proximal part of the blank. 
Only three endscrapers from A display a double scraper-
head, which means that both blank’s extremities were mod-
ified by retouch into scraper-heads. The total number of 
scraper-heads we analyzed is 208: 141 for A and 67 for D.

Table 6 summarizes the main morphological attributes of 
the analyzed scraper-heads. Over half of the specimens have 
their working edge on the distal extremity, while only 20% 
have working edges on the proximal part. Convex, oblique, 
and irregular morphologies are represented most often, with 
most being convex. The possible relationship between a spe-
cific scraper-head morphology and different materials must 
be microscopically verified.

We recorded evidence of resharpening of the functional 
extremity for 184 (88%) endscrapers from both A and D. 
One tool does not show any traces of resharpening, while we 
classified 23 as undetermined because of the high post-depo-
sitional alteration of the surface and edges. At a macroscopic 
level, intense resharpening may cause a variation in the cur-
vature or shape of the scraper-head. The presence of stepped 
or hinged small scars overlapping one another on the dorsal 
face of the retouched edge marks another evidence allow-
ing us to identify multiple resharpening attempts (Fig. 4). 
Scraper-heads with plano-convex longitudinal cross-sections 
are the most abundant (65%). This may be linked to the 
intense degree of resharpening observed. Repeated resharp-
ening sessions caused the scraper-head to recede and its edge 

angle to increase. These scraper-heads are characterized by 
a semi-abrupt and crossed-abrupt retouch and an average 
angle of 54.8°. Twenty-nine percent of the scraper-heads 
exhibit a concave-convex (en concorde) longitudinal cross-
section. This shape results in a slightly curved profile of 
the working edge, which may provide better contact with 
the worked material. The scraper-head has mostly a semi-
abrupt, low-angle retouch. Evidence of resharpening was 
recognized also on these tools, but the removal of invasive 
retouch flakes maintained a low edge angle, averaging 43.4°.

Evidence of use

We first examined the whole assemblage (constitute of 205 
endscrapers) under low magnification to evaluate whether 
the tools showed signs of use. Scars, edge rounding, stria-
tions, and polish were systematically documented when 
visible. Based on this first analysis, an evaluation of poten-
tial evidence of hafting and resharpening was also made. 
Our functional hypotheses were further systematically 
tested under high magnification. Overall, most endscrapers 
proved to be affected by some degree of post-depositional 
alteration. This alteration may consist of a gentle general 
polishing to an intensive alteration polish, generally asso-
ciated with rounding, that hinders straightforward identi-
fication and interpretation of the traces of use (Levi Sala 
1986). Moreover, we observed damage from exposure to 
fire or heat. For tools affected by minor thermal alterations, 
we were able to confidently interpret use-wear traces (cf. 
Rutkoski et al. 2020). When thermal alterations were more 
important, no wear analysis was possible. In some cases, 
damage and metal scratches from contact with excavation 
equipment could be observed as well, but generally did not 

Fig. 3  Distribution of length/
width ratio (elongation index—
y-axis) and thickness values 
(in millimeters—x-axis) for 
the endscrapers on complete 
and fragmented blade (red), 
complete and fragmented by-
product (blue), complete and 
fragmented flake (green) from 
Fumane (RF) macro-units A 
and D. Endscrapers with post-
depositional fractures and bro-
ken endscrapers with only the 
functional extremity preserved 
were excluded



Archaeological and Anthropological Sciences          (2021) 13:137  

1 3

Page 9 of 27   137 

prevent the interpretation of the use-related wear traces. For 
all tools, we evaluated the alteration intensity on a relative 
scale from 0 (unaltered) to 4 (heavily affected by alteration). 
We excluded 14 endscrapers from high magnification analy-
sis due to intense post-depositional alterations. These tools 
did not display any trace of use during the initial screening 
under the stereomicroscope. Serious heat damage, general 
rounding, and extended alteration polish have likely oblit-
erated any potential original trace of use. Therefore, 191 
endscrapers were analyzed under high magnification.

Following the first observations under low magnifica-
tion and the follow-up under high magnification, tools 
were also classified with regard to hafting and the hafting 

technique. As a result, a small sample of endscrapers 
(n = 11) was selected for more detailed analysis to tenta-
tively interpret the hafting arrangement used.

Endscrapers proved to be predominantly used for work-
ing hides, even though traces of use were variably devel-
oped and ranged from poorly to heavily developed. In the 
poorly developed stage, we usually cannot interpret traces 
with certainty. The same holds for endscrapers that were 
heavily affected by alterations. In the latter cases, edge 
rounding was generally still visible, which is a typical fea-
ture of hide use-wear but cannot be considered a reliable 
identifier of a hide working activity, in itself, as other pro-
cesses or uses can also produce this feature. However, we 
could make more reliable interpretations when we could 
observe rounding in combination with a hide working pol-
ish (rough texture, poorly reflective or dull, intrusive, cf. 
Keeley 1980; Vaughan 1985) and/or striations. Striations 
were systematically oriented perpendicular to the scraper 
edge, implying the orientation of the tool during scraping.

We documented resharpening wear on most of the tools. 
A distinction between resharpening and macro-wear traces 
is generally possible since resharpening interrupts and 
removes use-wear evidence, which results in a distinct 
differential development of the use traces between the 
resharpened and non-resharpened parts (Rots 2010a, b). 
Moreover, we also observed striations linked to resharp-
ening processes, and in several cases, we were able to 
identify bone as the hammer used (Rots 2010b). Stria-
tions from retouch are associated with the concavity that 
results from the removal of a retouch flake (Fig. 5: RF 
18). These negatives typically cut through the use-wear 
if the tool was discarded during resharpening because it 
was either unsatisfactory or caused a fracture in the tool 
or tool edge. Even when resharpening could be completed 
and a subsequent use session took place, evidence of use 
could still occasionally be observed based on the presence 
of retouch striations (that differ from those related to hide 
working).

Table 7 summarizes the distribution of use-wear traces 
on the endscrapers across macro-units A and D. One hun-
dred forty-seven of the examined tools display traces on 
their identified functional edge (Fig. 5: RF 31, 55, 2, 157), 
49 did not show any trace, while only nine were recorded 
as uncertain given either poor or confusing traces. It is 
reasonable to assume that some of the tools that show no 
evidence of use may have been completely resharpened or 
used too briefly. Used endscrapers were divided into two 
main groups: those that were clearly used on hide—with 
traces evident under low and high magnification—and 
those with poorly developed traces or traces preserved in 
small spots only—visible under high magnification—and 
probably resulting from hide working.

Table 6  Distribution of the main morphological attributes of the ana-
lyzed scraper-heads

Scraper-head A % D %

Position
Axial-distal 70 49.7 36 53.7
Distal 21 14.9 10 14.9
Axial-proximal 14 9.9 5 7.5
Proximal 14 9.9 9 13.4
Dejetè 3 2.1 2 3
Lateral 5 3.6 3 4.5
Continuous 4 2.8 0 0
Undetermined 10 7.1 2 3
Morphology
Convex 46 32.6 15 22.4
Slightly convex 8 5.7 7 10.4
Oblique 27 19.1 8 11.9
Slightly oblique 9 6.4 3 4.5
Straight 7 5 3 4.5
Irregular 27 19.1 17 25.4
Irregular-pointed 5 3.6 6 9
Undetermined 12 8.5 8 11.9
Cross-section
Plano-convex 93 66 42 62.7
En concorde 39 27.6 21 31.3
Undetermined 9 6.4 4 6
Retouch
Abrupt 11 7.8 2 3
Crossed-abrupt 18 12.8 9 13.4
Semi-abrupt 94 66.6 40 59.7
Low 9 6.4 12 17.9
Undetermined 9 6.4 4 6
Resharpening
Yes 129 91.5 55 82.1
No 0 0 1 1.5
Undetermined 12 8.5 11 16.4
Total 141 100.0 67 100.0
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Layers A1–A2

Seventy-four percent (n = 102) of the 138 endscrapers exam-
ined show clear traces of use. The 74 endscrapers used in 
the processing of hide show clear and well-developed traces 
of use. Rounding, a typical feature of hide use-wear, was 
recorded on all the tools and it is, generally, partially cut by 
resharpening without entirely removing the use-wear traces 
so that these remained recognizable (Fig. 5: RF 31, 2). At 
least 16 endscrapers display use-polish in association with 
rounding (Fig. 5: RF 157). The polish distribution is con-
tinuous and follows every protrusion or indentation of the 
edge. On six endscrapers, the polish appears slightly brighter 
and associated with a gentle/moderate edge rounding. These 

traces seem associated with fresh or moistened hide work-
ing (cf. Keeley 1980; Loebel 2013). On eight endscrapers, 
striations, perpendicular to the edge, are also associated with 
use-polish and rounding. On another 28 endscrapers, intense 
resharpening partially removed the traces of use. The traces 
are visible only on the prominent points between resharpen-
ing negatives. Despite this, preserved spots of well-devel-
oped rounding permitted us to attribute these traces to hide 
working as well. On five endscrapers, use-polish is also asso-
ciated with rounding. Striations perpendicular to the edge, 
indicative of the use motion, were documented on two tools.

Only one endscraper appeared to provide evidence for 
contact with hard materials, but the localized polish proved 
to be a result of contact with the bone hammer during 

Fig. 4  Example of endscrapers and sketches showing different 
degrees of resharpening of the functional extremity. Remnants of the 
original scraper-heads are in dark blue, while resharpening retouch 

and post-depositional edge damages are lighter. Intentional retouch, 
post-depositional damages and scars on the proximal extremities due 
to platform preparation are in white. Photos and drawings: A. Aleo
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resharpening. This contact generally leads to the formation 
of striations, but it may also occasionally lead to specific 
polish spots. Striations are associated with the concavity of 
the negative scar of the resharpening flake, while limited 
spots of polish are located only in the adjacent areas (cf. Rots 
2010a, b) (Fig. 6a, b, c). Due to their pattern of distribu-
tion on the tool and the absence of any additional distinctive 
evidence, we have ruled out that these traces resulted from 
bone working. The occurrence of about one hundred bone 
retouchers in the assemblage (Jéquier et al. 2018) is an addi-
tional supporting evidence for this. Besides, the scraper-head 
has numerous indications of intense resharpening, with spots 
of use-wear polish on hide preserved only near the lateral 
edges (Fig. 6a). In the more central zone of the scraper-head, 
remnants of the hide use-wear are visible but without the 
area showing the impact on the edge, as may be expected on 

resharpened edges (Fig. 6d). For eight endscrapers, traces 
are unclear or insufficiently developed and cannot be inter-
preted with confidence.

The functional edge is located either on the distal or on 
the proximal extremity of the blank, with a high percentage 
of the former (66%). Endscrapers with interpretable wear 
traces were used almost exclusively in the different stages 
of hide working with transversal movement. Two tools 
show traces on the lateral edges, probably related to differ-
ent actions, as for, e.g., cutting or scraping soft materials 
like hide.

Layers of macro‑unit D

Among the 67 endscrapers examined, 44 (66%) show traces 
of use localized on the scraper-head. Thirty-two endscrapers 

Fig. 5  Selection of manufac-
turing and use-wear traces 
documented on the endscrapers 
from Fumane (RF) macro-units 
A and D. Endscraper 18: left, 
retouch striation (indicated 
by the arrow) on the ventral 
distal scraper-head due to 
impact with the bone retoucher 
(× 200); right, retouch striation 
(indicated by the arrow) associ-
ated with edge damage on the 
ventral distal scraper-head prob-
ably from impact with a bone 
retoucher (× 200); endscraper 
31: well-developed rounding cut 
by resharpening on the ventral 
distal scraper-head (× 200); 
endscraper 55: edge damage, 
edge rounding and striations on 
the ventral distal left scraper-
head (× 200); endscraper 2: 
edge rounding interrupted by 
resharpening on the ventral 
proximal scraper-head display-
ing non-detached resharpening 
flake (× 200); endscraper 157: 
edge rounding and bone pol-
ish from the contact with the 
hammer on the ventral distal 
scraper-head showing incipi-
ent crack from unsuccessful 
resharpening attempt (× 200). 
Micrographs: A. Aleo, V. Rots, 
N. Taipale
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were used for scraping hide and starkly display well-devel-
oped traces of use. The use-wear polish, documented in five 
tools, is associated with explicit rounding and, in one case, 
also with striations indicative of the use motion. Based on 
the characteristic of the polish, one tool may have been used 
for working fresh or moistened hide. On 12 endscrapers, the 
use-wear traces are poorly developed, given that these were 
partially removed by resharpening. However, isolated spots 
of developed rounding in between resharpening scars allow 
us to attribute these traces also to hide working even though 
they are less well-developed. In two cases, striations, per-
pendicular to the edge, are also associated with edge round-
ing. We cannot interpret with confidence the traces on two 
endscrapers, because they are insufficiently developed. None 
of the endscrapers provided explicit evidence of use in bone 
or wood working.

The functional edge is almost exclusively located on the 
distal extremity of the blank (83%). Only four tools (9%) 
have their scraper-head manufactured on the proximal 
extremity. All tools with interpretable traces of wear were 
used in scraping hides with a transverse motion.

Fragmented scrapers with intact scraper‑heads

Our sample of 205 specimens also includes 20 broken end-
scrapers with only the functional extremity preserved. We 
excluded these fragments from the metric analysis, but they 
were examined microscopically to understand the cause 
of the fracture. Eighteen fragments show evidence of use 
related to hide working, and they are already comprised in 
the aforementioned number of used pieces (n = 147). All 
fragments share similar dimensions and have fractures 

that are systematically initiated in bending, very close to 
the retouched edge (see Fig. 7). It is, thus, likely that these 
fractures were accidents that occurred during resharpening. 
In most of the cases, we could confirm this on the basis 
of microscopic analysis, as the resharpened areas did not 
show any sign of use, either within the concavity of the 
negatives or on the prominent points as would be the case if 
the fracture had occurred in (subsequent) use. Besides, we 
documented secondary damage in association with the frac-
ture, in some cases in combination with bright spots or other 
friction wear, which indicates that these fractures likely 
occurred at the haft limit (Fig. 7a, b) (Rots 2005, 2010a). 
Experimental evidence has indicated that fractures occurring 
at the haft limit are generally initiated in bending and show 
an important amount of secondary damage around the initia-
tion and termination, as well as on the edges (Rots 2010a). 
This secondary damage is the result of counter-pressure 
against the haft (Rots 2010a) and often leads to intense local-
ized friction leading to bright spot formation (Rots 2002b). 
Two endscrapers show a complex fracture that only occurs 
when a tool is submitted to a high stress, like in the case of 
high-pressure motions. In both cases, frictional spots on the 
fracture surface are associated with damage (Fig. 7b). In 
one case, poorly developed traces of use-wear are visible 
on the resharpened edge. All this evidence combined seems 
to indicate that the fractures on these two fragments likely 
occurred during hafted use (cf. Rots 2010a).

Tools, cores, or both?

Carinated technology is common in all studied Protoaurig-
nacian assemblages at Fumane Cave. We identified several 
carinated endscrapers in the macro-units A and D. In the 
latter, their frequency slightly increases (Falcucci et al. 
2020). In a previous technological study, Falcucci and 
Peresani (2018) proposed the classification of carinated 
endscrapers at Fumane as bladelet cores, confirming data 
produced at several other sites (e.g., Dinnis 2008; Domingo 
et al. 2012; Hays and Lucas 2000; Le Brun-Ricalens 2005, 
Schulte im Walde 1987). A lithic refit supports this interpre-
tation. They are distinguishable from the rest of the blade-
let cores because the frontal regression of the flaking pen-
etrates orthogonally along the longitudinal axis of the blank. 
Carinated endscrapers are usually made from thick blanks 
and the steep striking platform is always located above the 
ventral face (Fig. 8). The knapping pattern is strictly uni-
directional, and its progression is semi-circumferential. In 
most cases, the reduction pattern is convergent. Common 
maintenance operations consist of the isolation of the flak-
ing surface by knapping broad, plunging flakes. These flakes 
are removed at the intersection with the core flanks and are 
transversal to the main production axis. These operations 
are conducted at different phases throughout the reduction 

Table 7  Distribution of use-wear traces on the analyzed Protoaurig-
nacian endscrapers of Fumane. The “used” group comprises: tools 
with clear traces from hide working and tools with traces probably 
resulting from the contact with hide. The “no use-wear traces” group 
consists of tools completely resharpened, tools affected by intense 
post-depositional surface modifications (PDSM), and tools with no 
evidence of use at all. Endscrapers affected by intense post-deposi-
tional alterations were analyzed only under low magnification

A % D %

Used 102 73.9 44 65.7
Hide working 74 32
Probable on hide 28 12
Bone working 0 0
Uncertain 8 5.8 2 3
No use-wear traces 28 20.3 21 31.3
Totally resharpened 5 2
Intense PDSM 9 7
Unused 14 12
Total 138 100.0 67 100.0
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sequence and give some specimens a characteristic nosed 
morphology. This procedure is similar to the reduction pro-
cedure described for semi-circumferential bladelet cores, 
supporting the classification of these artifacts as bladelet 
cores (Falcucci and Peresani 2018). The goal of the produc-
tion is to produce bladelets with curved profiles, whereas 
twisted blanks are rare (Falcucci et al. 2017). Overall, blade-
lets are shorter if compared to those produced from blade-
let cores oriented according to the longitudinal axis of the 
blank. These differences might be strictly related to the need 

of Protoaurignacian knappers to obtain blanks with variable 
morphometric features (Falcucci et al. 2018).

The eight examined cores/scrapers, made on thick flakes, 
display a regular convex edge shaped by the removal of small 
blades. Some also exhibit two lateral notches or removals 
that control the transverse convexity of the removal surface. 
No traces of use have been noticed. The only traces that are 
visible are incipient cracks, microflaking, knapping polish, 
and striations, all of which are a consequence of contact with 
the hammer during knapping or platform preparation. The 

Fig. 6  Use-wear and hafting trace distribution on endscraper 157 
(black dotted line: poorly developed traces; black solid line: well-
developed traces; red solid line: haft limit. (a) Preserved hide use-
wear (rectangle) interrupted by resharpening removal showing stria-
tion from contact with the bone hammer (arrow) (× 200); (b) incipient 
crack due to unsuccessful resharpening blow (arrow) and spot of 
well-developed bone polish (rectangle) on the ventral scraper-head 

(× 200); (c) detail of (b), as indicated (× 500); (d) remains of hide 
use-wear polish on the ventral scraper-head, the impact on the edge 
has been removed by resharpening (× 500); (e) cracks and damage 
from friction in the haft around the haft limit on the ventral medial 
left edge (× 200); (f) intense friction wear including hafting bright 
spots from friction within the haft on the ventral proximal right edge 
(× 200). Photos and micrographs: V. Rots, A. Aleo
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functional analysis thus confirms that these carinated end-
scrapers were not used as tools, but primarily served as cores 
for bladelets. There are also no indications that the carinated 
scrapers would have been used as tools between different 
knapping sessions. While bladelet production would obvi-
ously have removed potential use-wear, it remains a fact that 
none of the carinated endscrapers were discarded in a state 
that suggests any (intermediate) use.

Hafting

Following Rots’ (2002a, 2003, 2010a) methodology, we also 
examined whether the endscrapers showed any evidence of 

hafting. Indeed, we did find evidence of hafting, but the type 
of evidence varied, leading to varying degrees of certainty. 
We examined 205 endscrapers in total for use-wear: 146 
show evidence of use on hide, at least nine show reliable evi-
dence of hafting (Fig. 9), at least 10 show probable evidence 
of hafting, and at least 31 show possible evidence of hafting. 
The high number of broken endscraper extremities further 
suggests that hafting occurred regularly, as resharpening of 
hand-held scrapers does not lead to the types of fractures 
observed (cf. Rots 2010a) (see Sect. 3.4).

Subsequently, we selected 11 endscrapers with potential 
hafting evidence to examine whether indications for a par-
ticular hafting arrangement could be identified based on the 

Fig. 7  Sample of four fragmented endscrapers with intact scraper-
head accidentally fractured during resharpening and use, from 
Fumane (RF) macro-units A and D. In focus: dorsal and ventral view 
of the endscraper 202 showing (a) edge damage on the ventral right 

point of the fracture (× 20); (b) friction spot associated with edge 
damage on the fracture (× 200). The use-wear indicates that the frac-
ture likely occurred while hafted and at the haft limit. Photos: A. 
Aleo, N. Taipale
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wear traces. The selection of these tools attempted to cover 
the range of morphological variation and variation in use-
wear evidence in the assemblage. These pieces were exam-
ined in detail under low and high magnification.

We cannot easily identify the way in which these end-
scrapers were exactly hafted (cf. Rots et  al. 2006), but 
several features provide clues that can help in this respect. 
First, intense edge damage is initiated within the handle, 
which is indicated by its association with bright spots (cf. 
Rots 2002b) and striations, whose formation necessitates 
intense localized friction (Fig. 9c, d, e). Secondly, sev-
eral pieces have a fracture on the proximal extremity that 
occurred within the handle, as demonstrated by the fracture 
characteristics in combination with the associated damage 
and flint-on-flint friction wear. In addition, on some lateral 
edges, contact with hide has also been noted. It, therefore, 
seems most likely that a juxtaposed and partially slotted han-
dle was used, with the proximal extremity being secured in 
the slot and the remainder of the hafted part of the blank 
being secured against the handle with bindings. This hafting 
method permitted some movement to occur within the haft, 
which explains the hafting polish present in zones close to 
the lateral edges, on the bulb and on the ridges. The mate-
rial of the handle is difficult to determine. In some areas, 
polish reminiscent of a bone handle was observed, but the 
possibility of a wooden handle cannot be entirely excluded 
due to similarities between dry/seasoned wood polish and 
bone polish (cf. Vaughan 1985). Given that wood is used for 

handles when it is dry, the polish characteristics overlap to 
some extent with bone (cf. Rots 2010a).

Tool life cycles, morphology of scraper‑head, 
and tool use

The detailed analyses of the endscrapers provide informa-
tion about scraper-head morphologies and their use-life, 
including use, resharpening, and reasons for discard. In 
general, endscrapers are subjected to repeated resharpen-
ing sessions during their use-life (Blades 2003). A gradual 
decrease in size and change in shape of the distal part are 
some of the visible modifications caused by the physical 
action of resharpening stone tools, like also in the case of 
endscrapers (Morales and Vergès 2014, p. 303). However, 
minimal morphological variations accumulated after each 
sharpening event could result in a slightly different scraper-
head morphology compared to the initial one (Collin and 
Jardon-Giner 1993). On a morphological level, we classi-
fied all analyzed scraper-heads into three main groups (see 
Fig. 10). The first group consists of endscrapers (n = 76) 
shaped with regular convex scraper-heads (Fig. 10: RF 71, 
2). In the second group, endscrapers (n = 47) have oblique 
scraper-heads (Fig. 10: RF 13, 17). It is unclear whether 
this shape is intentional or results from uneven resharpen-
ing. This shape may have been designed to address specific 
tasks in different phases of hide working or to fit a particular 
hafting arrangement. Further detailed microscopic analyses 

Fig. 8  Example of carinated 
endscrapers and their schematic 
drawings from Fumane (RF) 
layer D3b (194) and layer A2 
(140). Arrows show the direc-
tion of bladelet removals, here 
numbered in ascending order 
accordingly to their chrono-
logical succession. The oldest 
reduction phases turn darker, 
while the successive phases turn 
lighter. Photos and drawings: A. 
Falcucci
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might clarify this point. In the third group, scraper-heads 
(n = 44) are irregular (Fig. 10: RF 278, 54). Microscopic 
analysis proves that this shape is not intentional, but that it 
is a consequence of intense and repeated resharpening. A 
small sample of endscrapers (n = 10) display a straight work-
ing edge. This morphology also seems to be a direct conse-
quence of resharpening but resharpening that occurred when 
close to the haft limit. Previous studies (e.g., Jardon-Giner 
and Sacchi 1994; Rots 2005) demonstrated that the shape of 

the scraper-head after resharpening can be influenced by the 
proximity to the haft. The proximity of the haft end inhibits 
the creation of a convex scraper-head, so the last series of 
resharpening may result in a straighter working edge (Mor-
row 1997).

By looking at the distribution of use-wear along the 
worked edge, we were able to identify two different 
resharpening strategies because of the existence of par-
tial or incomplete resharpened scraper-heads. In the first 

Fig. 9  Use-wear and hafting trace distribution patterns on endscraper 
245 used for hide working (black dotted line: poorly developed traces; 
black solid line: well-developed traces; red solid line: haft limit). (a) 
Use-wear polish on the ventral distal left scraper-head (× 200); (b) 
use-wear polish and striations on the ventral distal left scraper-head; 

(c) hafting striation (arrow) associated with edge damage on the ven-
tral mesial left edge (× 100); (d) hafting bright spots associated with 
edge damage on the ventral mesial right edge (× 200); (e) friction haft 
polish on the ventral proximal right edge (× 200). Photos and micro-
graphs: A. Aleo, V. Rots, N. Taipale
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strategy, resharpening started from both tool edges towards 
the center of the scraper-head. This resulted sometimes in 
an irregular-pointed scraper-head morphology with evi-
dence of use preserved almost exclusively on a protru-
sion located around the middle of the working edge. We 
detected this particular shape on 11 endscrapers. In the 
second one, resharpening started from one lateral edge 
of the tool to continue gradually towards the other lateral 
edge. Incompletely resharpened endscrapers found in that 
group are characterized by a more or less marked change 
in the curvature of the scraper-head. The best developed 
use-wear traces are preserved in the unsharpened part at 
the extremity of the scraper-head towards one of the lateral 
edges.

At least two endscrapers provide features that might 
indicate the presence of beginner flintknappers (cf. Rots 
2005). We distinctly observed differences in resharpening 
skill on endscraper 223 (Fig. 11). The scraper-head is dis-
mantled by an intense, clumsy, and irregular resharpening, 
with the distal margin affected by multiple overlapping step/
hinged fractures (Fig. 11b). While well-developed use-wear 
traces are preserved only on a small area on the left side of 
the original scraper-head (Fig. 11e), incipient cracks and 
undetached resharpening chunks are widespread all over 
the working edge (Fig. 11b, c). The well-developed edge 
rounding on the left is connected to a use cycle preceding the 
resharpening. The dorsal ridge of the tool exhibits scarring 
probably due to resharpening on an anvil (Fig. 11a). The 

Fig. 10  Ventral view of a 
sample of endscrapers from 
Fumane (RF) macro-units A 
and D showing the most distinc-
tive scraper-head morphologies 
subjected to modification after 
use, resharpening or incomplete 
resharpening. (71, 2) regular 
convex (× 8), (13, 17) slightly 
oblique (× 10), (278) irregular-
pointed (× 10), (54) irregular 
(× 5.6). Photos: A. Aleo, N. 
Taipale
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intense resharpening resulted in a proximal fracture. The 
endscraper was likely discarded because of the morphology 
of the distal edge and because the angle of the scraper-head 
did not allow for further resharpening.

Endscrapers were discarded after several episodes of use. 
The majority of the studied endscrapers display evidence of 
resharpening attempts before final discard (cf. Loebel 2013). 
Edge damage, superimposed step fractures, protrusions, and 
incompletely resharpened edge sections all resulted from 
these failed resharpening efforts. Tools were also discarded 
when the scraper-head angle became too obtuse to perform 
subsequent edge resharpening or because of a fracture. We 
found evidence that the endscrapers were resharpened while 
still secured in their haft, as is also demonstrated by the 
frequent fractures at the haft limit.

Discussion

The design and maintenance of endscrapers 
at Fumane within the Protoaurignacian 
and Aurignacian cultural framework

Endscrapers in the Protoaurignacian and Aurignacian are 
characterized by a substantial morphometric variability 
which makes it difficult to define a prototype. Reports from 
a large group of sites illustrate the morphometric profiles of 
these tools in relation to the technological provenance of the 
original blanks with the intention to shed light on the criteria 
driving their selection. For instance, according to A. Palma 
di Cesnola (2004), long endscrapers made on blades are not 
present in the Protoaurignacian layer 24BII at Paglicci Cave 
in southern Italy. A majority of these tools have nosed and 
ogive type fronts, with extensive retouch along the sides, 
even on the very few carinated types. Far west in France, the 
early Aurignacian endscrapers from Tuto de Camalhot (40ky 
BP-Ariège) were mostly made on blades, with retouched 
sides on one-fourth of the total number of these tools (Bon 
2002). Shortening due to resharpening affected 70% of this 
category, which does not include those specimens that are 
5 cm in length with thickness values ranging 0.4–0.6 cm to 

Fig. 11  Layer D3l, the endscraper 223 shows the effects of ineffec-
tive resharpening. (a) Damage on the dorsal ridge probably due to 
resharpening on anvil (× 8); (b) incipient cracks from resharpening on 
the ventral distal scraper-head (× 100); (c) overlapping resharpening 

scars with hinged termination (× 10); (d) non-detached resharpening 
flakes on the ventral distal scraper-head (× 200); (e) edge rounding 
from use on the ventral left side of the scraper-head (× 100). Photos 
and micrographs: A. Aleo, N. Taipale
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1.2 cm. A small group of endscrapers was made on flakes 
selected opportunistically but with attention to their thick-
ness. These endscrapers on flakes are thicker than endscrap-
ers on blades (Bon 2002). The Aurignacian endscrapers of 
Grotte des Hyènes à Brassempouy (Landes) come in various 
forms, including double front, circular, ogive-like, nosed, 
and carinated tools (Bachellerie et al. 2011). The blanks 
selected for production of the endscrapers are blades with 
unretouched or unequally retouched sides—and flakes (in 
a higher percentage), although other flaked products were 
used. Flakes look thicker than blades and were also modi-
fied in nosed endscrapers. These endscrapers were manu-
factured on primary flake products and on by-products of 
blade-making and were interpreted as proper tools (Bon 
2002). Régismont-le-Haut, one of the oldest Aurignacian 
sites in Mediterranean Languedoc, is also characterized by 
high variability in endscrapers’ shapes and forms (Ander-
son et al. 2018; Bon 2002). Here, flakes and laminar flakes 
are used more often than blades. The latter were modified 
by leaving the sides unretouched or unequally retouched. 
Lengths are generally short, with most of the pieces less than 
or equal to 5 cm. Carinated pieces are also made on cortical 
flakes. At Grotte de L’Observatoire, among the seven end-
scrapers recovered in layers G and F, one is carinated, while 
the others are made on thick blades, only a few of which are 
retouched (Porraz et al. 2010).

From this brief review, it appears that the production 
of endscrapers mainly varied according to the raw blank 
selected for their manufacture, as is also the case at Fumane. 
This assemblage contains both intact and fractured regular 
blades and a variety of by-products issued from the whole 
laminar reduction sequence. Variation in thickness is a con-
sequence of the presence of by-products, which are thicker 
than blanks coming from the optimal production phase. This 
morpho-metrical variability is also increased by the fact that 
complete endscrapers were discarded at different stages of 
use. Repeated resharpening sessions lead to a reduction in 
tool length and may result in breaking the blank. However, 
the endscrapers show some recurring attributes. The Fumane 
assemblage is dominated by endscrapers made on regular 
blanks with limited thickness, slightly convex profiles, axial 
and distal active edges, and convex scraper-heads, mostly 
characterized by intense resharpening. Typologically, single 
frontal endscrapers are the most common endscrapers in the 
assemblage, carinated and nosed forms are less numerous. 
Lateral retouch occurs on only a few specimens.

Furthermore, the endscrapers from the two Protoaurigna-
cian complexes at Fumane do not provide evidence for any 
type of diachronic trend expressed through a change in the 
tool features at every morphometric and functional level. 
In contrast to the Fumane evidence, new tool morpholo-
gies are recorded in other regions during later chronologi-
cal phases. This is the case in the Aquitaine basin, France, 

where Caminade-type endscrapers appear in a group of sites 
(Anderson et al. 2016; de Sonneville-Bordes and Mortureux 
1955). The Caminade endscraper is a short flake converted 
into a modulated tool composed by a front adjacent to finely 
retouched sides. However, unlike the other endscrapers, the 
purpose here was to make insets to be hafted into composite 
tools, with the final goal to carry out fine butchering activi-
ties (Anderson et al. 2016).

Maintenance: resharpening The endscrapers were resharp-
ened frequently during their life. Tools were used, main-
tained, and used again. Different sessions of resharpening 
were detected on a high number of scrapers from both units 
at Fumane. In multiple cases, we were able to determine that 
the resharpening was performed with a bone hammer, as 
indicated by the morphology of the striations and the impact 
features (Rots 2010b) and the presence of bone retouchers in 
the assemblage (Jéquier et al. 2018). Resharpening was also 
observed on 19 tools lacking evidence of use. It is reason-
able to suppose that these tools may have been used and then 
extensively resharpened.

Our study shows that endscrapers were used and con-
tinuously resharpened until they became exhausted and dis-
carded. Despite the abundance of high-quality raw materi-
als in the site’s surroundings, a high number of endscrapers 
were abandoned in a late stage of reduction. One explanation 
for the abundance of resharpened tools might have been the 
fact that most of them were likely hafted, as demonstrated 
by macroscopic and microscopic observations. Hafted tools 
require more technological investment in terms of their 
manufacture. Therefore, they were curated and maintained 
for as long as possible.

Functionality The macroscopic and microscopic investiga-
tions of the use traces on the Fumane endscrapers shed light 
on the activities that were carried out in the cave, which used 
a large number of tools (71% of the sample) to process hides 
using transverse motion. In most cases, only one edge, the 
distal end, was used. We systematically detected the distinc-
tive features of hide working (edge rounding, polish with 
rough texture and dull appearance, rare striations) on the 
scraper-heads. Even though several tools display only poorly 
developed use-wear traces (see the Results section), their 
association and combination, their distribution pattern along 
the edge, and the extremely high consistency of use-wear 
across the whole studied sample allowed us to interpret them 
as hide working related. Although the traces resulting from 
processing hides exhibit specific traits that are fairly easy to 
recognize (see Keeley 1980; Vaughan 1985), the exact state 
of the hide is more difficult to determine. As briefly pointed 
out in the Results section, slightly brighter polish and light 
edge rounding were observed on ten well-preserved pieces 
and interpreted as resulting from working fresh or moistened 
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hides. According to Keeley (1980), dry hide polish is gener-
ally dull, rough, and pitted while fresh hide polish is usually 
greasier and brighter (cf. Loebel 2013). There seems to also 
be a correlation between the degree of edge rounding and the 
dryness of the hide (Rots 2005). Working dry hide normally 
consists of a heavier rounding of the functional edge (Col-
lin and Jardon-Giner 1993; Keeley 1980). This difference 
in fresh versus dry hide traces is well documented in the 
experimental hide working tools in the reference collection 
we used for this study.

The presence of such a specialized group of tools for 
working animal soft tissues may reflect an increased need for 
hides, as highlighted by the number of carnivores exploited 
during the Uluzzian and Protoaurignacian occupation of the 
cave (Tagliacozzo et al. 2013; Malerba and Giacobini 1995). 
The occurrence of butchering marks on wolf, fox, bear, and 
lynx bones, which point to skinning, suggests that these spe-
cies were primarily hunted for skins and furs rather than for 
food (Romandini et al. 2020; Tagliacozzo et al. 2013).

None of the tools showed clear sign of a use on bone, 
emphasizing the role of the endscrapers as highly specialized 
tools for working hide. The Protoaurignacian layers have 
produced a varied industry of bone and antler comprising 
five spear points in the late Protoaurignacian layers (four 
on antler and one on bone) and one antler point recovered 
at the interface between units A1 and D3. Four of these are 
split-based points. While bone tools usually require little 
modification, Aurignacian points are intensively worked to 
produce a functional projectile point through a complete 
modification of the original blank (Tejero 2014; Tejero and 
Grimaldi 2015). Fine, long longitudinal striations, parallel to 
each other, were systematically observed on the surfaces of 
the bone and antler artifacts from Fumane. These traces were 
likely produced using a lithic tool using transverse motion 
with a working edge that is oriented perpendicular to the 
longitudinal axis of the point (Bertola et al. 2013). Although 
endscrapers seem to be the most suitable tools for this activ-
ity, our study demonstrates that they were not involved in the 
manufacture of bone points during the late Protoaurignacian 
use of the cave. A use-wear study that also integrates classes 
of lithic tools other than endscrapers and pebbles (Caricola 
et al. 2018) may help to clarify whether other tool types were 
used to produce, finish, or maintain these objects. However, 
we also cannot exclude that bone points were imported into 
the site as finished products.

Toolkit specialization is a proxy generally used to point 
out technological and behavioral modernity. The prolifera-
tion of tool types during the Upper Paleolithic is often seen 
as a direct reflection of a specific tool versus function corre-
lation (Mellars 2004; Roebroeks 2008; Villa and Roebroeks 
2014). Unfortunately, only a few EUP assemblages have 
been functionally examined and these arguments have not 
been methodologically tested. The endscraper assemblage 

from Fumane is characterized by a high functional con-
sistency and specialization. The results of our macro- and 
micro-wear study support the argument that endscrapers at 
Fumane primarily functioned as hide working tools. In con-
trast, the results of residue and use-wear analyses of Aurig-
nacian artifacts, including endscrapers from Hohle Fels, 
Vogelherd, and Geißenklösterle in southwestern Germany, 
highlighted the absence of a specialized group of tools. A 
wide range of resources was exploited by a wide range of 
mainly hand-held tool types (Hardy et al. 2008). At Grotte 
de l’Observatoire, two endscrapers were heavily used to pro-
cess hard animal material, according to Porraz et al. (2010). 
Carinated endscrapers from the Aurignacian levels of the Le 
Flageolet rock shelter were secondarily used to work bone 
and antler when exhausted as cores. (Hays and Lucas 2000).

Carinated endscrapers Initially classified as items used for 
scraping or engraving by the first typologists, these artifacts, 
typical of Upper Paleolithic industries, have mainly been 
studied in recent years using a functional approach to assess 
their exact meaning in lithic assemblages (Domingo et al. 
2012; Hardy et al. 2008; Le Brun-Ricalens et al. 2006). It 
has long been recognized that Aurignacian lithic technol-
ogy is characterized, among other things, by the presence 
of carinated pieces, in particular endscrapers and burins. 
Given the scarcity of analysis on Aurignacian lithic tools, 
their function is still debated. Hays and Lucas (2000), who 
examined burins and scrapers from the Aurignacian layers 
of Le Flageolet (France), proposed that these pieces were 
meant as specific cores for the production of Dufour blade-
lets and occasionally used as tools only at the end of the 
production sequence. However, other studies (e.g., Dinnis 
et al. 2009) demonstrated an actual use of carinated forms 
highlighting the great variability of tool functions in the 
past. Given the correlation between carinated implements 
and bladelets in several Aurignacian sites, this hypothesis 
must be considered. The evidence from Fumane supports 
this view. Microscopic and technological observations of 
the carinated endscrapers from units A and D confirm their 
use as bladelet cores. Specifically, small bladelets with 
curved profiles were produced and subsequently modified 
into bladelets with convergent or lateral retouch (Falcucci 
et al. 2017, 2018). No evidence of use was observed on the 
alleged working edge of the pieces.

Endscrapers in late Middle Paleolithic and early 
Upper Paleolithic of Europe

In the complex ensemble of innovations in the cultural 
framework of the EUP, several aspects have to be taken into 
account when assessing the significance of a stone tool type 
that proves to be as specialized as the endscraper.
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Do endscrapers mark a novelty in post-Mousterian assem-
blages? “Il existe, dans le Paléolithique inférieur et moyen, 
une variété surprenante de types de grattoirs, bien que, pris 
dans leur ensemble, ces outils arrivent rarement à former 
un pourcentage important.” With these words, Francois 
Bordes, in 1961, commented on the anecdotal presence of 
endscrapers in the Lower and Middle Paleolithic industries 
of Europe, leading him to reduce refinements in the descrip-
tive criteria of the variability of Upper Paleolithic tools in 
his typology (Bordes 1961). Numerous reports on the com-
position of Middle Paleolithic toolkits mention the presence 
of retouched fronts placed at the apex of simple, double or 
convergent scrapers of flakes or blades, with frontal, nail-
like types, or carinated types like in the Quina Mousterian. 
The scraper-head should take its shape, thus, as a result of 
invasive retouching usually started from one side of the tool, 
rather than from a clear design with the goal of making an 
endscraper.

Endscrapers, thus, result from a deliberate design starting 
from the MP-UP transition. Despite their marked presence 
in the Châtelperronian, the Uluzzian, the Bohunician, and 
other industries (see references below), these tools have, 
unfortunately, only rarely been studied.

The Châtelperronian is the most representative EUP 
industry of Western Europe, geographically distributed in 
southwestern France and northern Spain (Pelegrin and Sor-
essi 2007). In this technocomplex, the main aim of lithic 
knapping is the production of regular blades for specific 
points, whereas blanks deviating from the required metric 
and technical standards were shaped into other types of tools 
(Roussel 2013), with endscrapers being the most numer-
ous. Endscrapers were manufactured on blanks selected 
among large and elongated flakes (Bachellerie 2011; Bail-
let et al. 2014; Roussel 2011). Large flakes equipped with 
a semi-circular scraper-head are considered diagnostic of 
this complex, as they have been documented at several sites 
under different names such as “circular,” “discoid,” “circu-
lar arc,” or “large front” endscraper (see Arambourou and 
Jude 1964; Connet 2002; Delporte 1953; Leroi-Gourhan and 
Leroi-Gourhan 1964; Pelegrin 1995; Pradel 1959, 1961; 
de Sonneville-Bordes 2002). On these objects, retouching 
shaped the front in continuity with the adjacent edges with 
a consistent degree of invasiveness (Roussel et al. 2016). At 
Quinçay, several endscrapers were made on large laminar 
rejuvenation flakes (length range 1.2 to 5.8 cm and 4 to 9 cm 
in width; Roussel et al. 2016). The only functional data cur-
rently available on Châtelperronian endscrapers are from a 
small sample found at the open-air site Canaule II (Crey-
sse, Dordogne, France; Bachellerie 2011). This study has 
revealed that, despite their great morphological variability, 
all the endscrapers with reliable evidence of use have been 
used for scraping dry hide. Use-wear traces have a limited 
distribution on the scraper-head, with no traces of use or 

hafting observable on the lateral edges, suggesting little 
technological investment (Bachellerie 2011; Baillet et al. 
2014).

The Uluzzian was originally identified in central-southern 
Italy but is also found in northern Italy and in the south of 
the Balkans (Douka et al. 2014; Kaczanowska et al. 2010; 
Moroni et al. 2013; Palma di Cesnola 1989; Peresani et al. 
2016, 2019a, b). This technocomplex is characterized by 
the production of flakes and laminar flakes in addition to 
small blades and bladelets, with a toolkit composed of con-
vex backed pieces and crescents, splintered pieces, denticu-
lates, scrapers, endscrapers, truncations, retouched blades, 
and bladelets (Moroni et al. 2013; Peresani 2014). Gener-
ally, endscrapers are scarcely represented in Uluzzian lithic 
assemblages and make up less than 5% of the total amount 
of retouched tools. However, at Cavallo Cave, these tools 
have been reported in large numbers and represent the most 
abundant tool type (42.7%; Moroni et al. 2018) in layer 
EIII, previously assigned by A. Palma di Cesnola to the 
Archaic Uluzzian (Palma di Cesnola 1989). At Castelcivita 
Cave, endscrapers have primarily been found in levels a to f 
(included in sub-layers rsa, rpi, pie) and are made on flakes, 
with short types with unretouched lateral edges being the 
most predominant. The typological range of endscrapers also 
includes nosed or frontal carinated forms, or others on flake 
with an additional retouched side or an opposed pole modi-
fied by splintering (Gambassini 1997). At Cavallo, these 
artifacts are mostly characterized by semicircular scraper-
heads and are made on thin slabs of siliceous limestone 
(lastrine), naturally fragmented or deliberately shortened by 
retouching the pole opposed to the scraper-head. Retouch 
extends from the front to the sides on only a few specimens. 
Maximum sizes are generally short as a result of a deliberate 
design (Moroni et al. 2018). Riparo Broion, in the north of 
Italy, is another Uluzzian site with endscrapers. In total, six 
endscrapers are present, nosed and shouldered types, manu-
factured on wide and thin flakes (Peresani et al. 2019a, b). At 
Fumane, the Uluzzian layer A3 yielded only one endscraper 
made on a cortical flake that was extensively thinned on 
its ventral face opposite to the scraper-head (Peresani et al. 
2016). Additionally, the tools recorded at La Fabbrica Cave 
and Colle Rotondo were made on short thick flakes. One 
from La Fabbrica preserves traces of hafting adhesive on 
the lateral side (Villa et al. 2018). Further information on 
the technology and function of these tools is not available.

Endscrapers are a key component of the retouched tool 
equipment in Bohunician assemblages in Central Europe 
(Škrdla 2017; Svoboda 2003). However, data on these arti-
facts are still poor and limited to typology. Blanks range 
from cortical and non-cortical flakes to Levallois flakes and 
Levallois points, blades (cortical, non-cortical, and crested), 
and thin flakes (Škrdla 2017). Detailed information is avail-
able from Stránská-Skála, where endscrapers are the most 
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numerous type of tool made on flat unretouched blades and 
flakes. Some of these have lateral retouch. The scraper-
heads are mostly frontal type, but nail or nosed types are 
also present (Svoboda 2003). Further, Stránská-Skála is the 
only source of information on the function of endscrapers 
in the Bohunician. Tools from Stránská-Skála III, 1982, and 
from Stránská-Skála IIIa, 1984, revealed correspondence 
between the number of scraper-heads and the actually used 
areas (AUAs) and hide working performed with transversal 
motion using a very uniform angle of the used edge (57–89°; 
aver. 70.5°). Only one tool bears probable traces of hafting 
(Šainerová 2003).

From the data abovementioned, it clearly emerges that 
the systematic adoption of endscrapers is a shared trait of 
EUP assemblages. Despite the variability in types, size, and 
shapes in which they occur, endscrapers were a regular com-
ponent of the toolkit in the traditions preceding the Protoau-
rignacian and the Aurignacian.

Conclusion

The results of this integrated techno-functional study shed 
light on a standardized class of stone tools that are present 
across Upper Paleolithic technocomplexes but have been 
neglected in past research.

Endscrapers from the Protoaurignacian layers A2 and 
A1 and the late Protoaurignacian layers of macro-unit D of 
Fumane Cave are characterized by a marked techno-morpho-
logical and functional homogeneity, while no evolutionary 
trend across the sequence has been noticed in terms of type 
or function. In most cases, both laminar products and flakes 
were regularly selected and transformed into endscrapers 
by retouching, with only one exception. Despite the high 
morpho-metrical variability of the blanks, we highlighted 
a trend in the selection of blanks with suitable attributes 
(regular shape, reduced thickness, slightly curved profile). 
However, we were unable to isolate a possible set of features 
diagnostic to the design of the Protoaurignacian endscraper. 
Macro- and micro-wear analyses underlined that endscrap-
ers primarily functioned as hide working tools, in the hand 
or most often while inserted into a haft, for different hide 
processing stages. Our results emphasize the high potential 
of these tools for reconstructing past activities and behaviors 
through detailed functional analyses.

Based on the available information, endscrapers from 
EUP sites have shown different kinds of uses that range from 
working hides to working hard animal materials (bone, ant-
ler) and, to a limited extent, possibly also wood. At Fumane, 
the endscrapers were exclusively used for hide working and 
this for different stages in the hide working process. Our 
study raises questions about the exact tasks, within the con-
text of hide working, these tools were set to; an issue that 

is yet to be addressed and will certainly guide and inspire 
future works. While certain scraper-head morphologies were 
a consequence of incomplete resharpening, at this stage, we 
can only postulate the functional correlation between other 
scraper-head morphologies (convex, oblique) and specific 
processing tasks, or hafting arrangements. A more detailed 
use-wear analysis that also integrates specific hypothesis 
testing through experimentation, inspired by relevant eth-
nographic studies (e.g., Beyries and Rots 2008, 2011; Sahle 
et al. 2012; Shott and Weedman 2007; Weedman 2002, 
2006), will provide a better understanding of the exact tech-
nological and functional choices.

The Fumane endscrapers are essentially different in terms 
of their frequency, morphology, and in the fact that many 
of them were used hafted in comparison with other EUP 
technocomplexes. The high frequency of end-products and 
other regular laminar by-products used as blanks for sin-
gle endscrapers that feature our assemblage appears to be 
a common trait shared by all Protoaurignacian industries. 
Carinated forms that generally spread during later stages 
of the Aurignacian are rare at Fumane, and only show a 
slight increase in their frequency in the late Protoaurigna-
cian layers (Falcucci et al. 2020). However, our case study 
demonstrates that systematic use-wear analysis is required 
to assess their function as tools.

To conclude, this study confirms that the endscraper 
was already a task-oriented domestic tool in the early 
phase of the Upper Paleolithic. The tools’ functional spe-
cialization we highlighted necessarily implies a direct con-
nection with a request for hides among Upper Paleolithic 
hunter-gatherers for personal and/or group use, regardless 
of their cultural context. The use of animal skins roots 
long back in the Paleolithic time to indicate a continu-
ous need for equipment or for protecting and thermally 
isolating bodies, regardless of the latitude position of 
the settled regions. Nonetheless, the advent of the Upper 
Paleolithic coincides with an increase in the composition 
of the toolkit used for tanning, treating, and finalizing 
skins and furs removed from a wide variety of herbivore 
and carnivore preys. The morpho-functional standardiza-
tion to which endscraper working edges were subjected 
reflects a template shared between groups at the conti-
nental scale, aside from the many variants raised in rela-
tion to the specific cultural background or the ecological 
condition. The spreading of the endscrapers in the ear-
liest Upper Paleolithic cultures also coincides with the 
systematic use of awls and needles. Awls were a stable 
component of the Châtelperronian and Aurignacian bone 
tool industries in Western Europe like at Grotte du Renne, 
France (d’Errico et al. 2003; Julien et al. 2019). Further-
more, comparable tools were also described in different 
Uluzzian sites in southern Europe (d’Errico et al. 2012). 
Uluzzian bone tools were made from limbs of red deer 
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and horses, while reindeer, horse, and, occasionally, car-
nivore long bones were exploited in the Châtelperronian. 
Their use like perforators of soft tissues like fresh skins 
and furs (d’Errico et al. 2003, 2012) has recently been 
revealed also for a set of awls discovered at Bacho Kiro 
Cave, Bulgaria, in the 47ky cal BP old IUP contest, which 
predates of a few thousand years the appearance of the 
Châtelperronian and Uluzzian technocomplexes (Higham 
et al. 2014; Hublin et al. 2020). Given the certain attribu-
tion of the initial Upper Paleolithic assemblage to the first 
introgression of AMH in Europe, this chronological set-
ting consolidates previous suggestions that the adoption 
of comparable awl-based bone industries results from a 
trans-cultural diffusion (Hublin et al., 2020). Sewing firstly 
appears as an original innovation at the onset of the Upper 
Paleolithic. The lack of evidence in Europe is counterbal-
anced by findings in Siberia and Caucasus associated with 
blade-based lithic technology of the EUP (d’Errico et al. 
2018). Although needles are more sophisticated tools than 
awls, both foster our inference that clothes (Collard et al. 
2016), as well as bags and other portable containers, were 
manufactured.

Furthermore, during this long period, a combination of 
economic and cultural grounds supports the ensemble of 
morpho-technical changes we observe across the cultures, 
especially from the middle to the late phase of the Upper 
Paleolithic. Endscapers were not spared from this process 
(Peresani et al. 2014), and they do not deviate from their 
main functional purpose tied to the processing and treat-
ment of hide and fur. The challenge of future integrated 
techno-functional applications in the examination of tool 
assemblages stands in the refinement of hide and fur pro-
cessing in consideration with the evolution of endscrapers 
throughout the Upper Paleolithic and Mesolithic.
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