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In particular, regular and lateral items (32 %) were the most recycled products used 
during the processing of animal carcasses for activities of dismembering, cleaning bones, 
and filleting meat. This is confirmed by evidence of micro-traces (i.e. polish) interpreted as 
contact with fleshy and greasy animal tissues and sporadic and accidental contact with 
bone (Fig. 8c). The edge damage corresponds to half-moon scars and scars with bending 
initiation and feather termination (associated with fleshy tissues) and hinge and step scars 
(associated with contact to hard material) together with different degrees of the edge round-
ing (mainly low or medium; Fig. 8b). The use-wear interpretations were confirmed by FTIR 
and SEM-EDX residue analysis on 30 tools and in several cases the two techniques provided 
complementary results. FTIR detected micro-residues of Hydroxyapatite (Ca5(PO4)3(OH)) 
at the frequency of ~913 cm-1(Fig. 8g), adipocere at the frequencies of 1575–1536 cm-1  
assigned to the C-O stretching of calcium salt carboxylate of saturated acids, often in asso-
ciation with the C-H stretching mode of generic organic material. Particularly outstanding 
and remarkable is the presence of the bands associated with Amide I, at ~1645 cm-1 found 
along the ventral edge of a unique tool, along with the doublet typical of micro-residues of 
adipocere at the frequencies ~1575 and 1536 cm-1. The presence of these peaks derived from 
the proteinaceous and fatty component of animal tissues testifying to its use during the 
butchery process (for details see Venditti et al. 2019a).

The limited portion of the used edge and the low degree of edge rounding suggests that 
small flakes were utilized for rather short activities but such that necessitate accuracy, pre-
cision and specific gestures. This is especially true for the very small and sharp regular 
flakes, which do not need any modification (e.g., retouch) in order to be efficient. According 
to my butchery experiments, regular flakes are perfectly suitable to process animal body 
parts with very small amounts of meat, such as the metapodials of medium or small-sized 
animals. They prove to be very useful for removing hide, meat, tendon, or the periosteum 
from bone fragments. These data fit well with the abundant cut-marks related to skinning, 
dismembering, disarticulation, fleshing, periosteum and tendon removal found on hun-
dreds of bone fragments at the cave. It is also worth noting that the metapodials comprise 
a fairly high percentage of the long bone fragments found in small and medium-sized un-
gulates at the cave (Blasco et al. 2016a, 2019; Barkai et al. 2017a, b).

Fig. 9: Use-wear trace results: 
a) specimen G10c-565-570; b–c) polish on the dorsal surface interpreted as cutting bone; d) edge damage.
Abb. 9: Ergebnisse der Gebrauchsspurenuntersuchung:  
a) Stück G10c-565-570; b–c) Politur auf der Dorsalfläche, interpretiert als Spuren vom Schneiden von Knochen;  
d) Kantenbeschädigungen.
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A small part of the sample (5 %) is interpreted as having had intentional, more prolonged 
and intensive contact with bone, with or without the weak presence of meat that covered it. 
Bone processing is associated with thicker and stronger edges of lateral and Kombewa items 
suitable to affect such hard material (Fig. 9). Bone micro residues confirmed the use wear 
interpretation detected on these items: the FTIR spectra showed peaks around 913 cm-1 
which are assigned to residues of the mineral part of bone, namely the Hydroxyapatite  
(Fig. 10). The most intense peak of hydroxyapatite unfortunately lies around 1030 cm-1 and 
it is no more visible when FTIR is performed on in-situ residues because it is overlapped by 
the Si-O stretching mode of silica (Prinsloo et al. 2014; Monnier et al. 2017). However, the 
presence of bone produces a broadening in the lower frequency side of this mode and, in 
addition, a shoulder around 913 cm-1 (Taylor and Donnelly 2020). Through SEM-EDX  
observations it was possible to notice the presence of circular or linear matte-textured whit-
ish masses of residues below or along the functional edge of the tools. The two typical bone 
elements of P and Ca at the proper atomic ratio (around 2:1 according to our experimental 
reference collection and to Christensen 1997) confirmed their origin. Bone is the most re-
current residue found at Qesem Cave, and its preservation was facilitated by the alkalinity 
condition of the sediment caused by the rich carbonate water percolating into the cave 
(Frumkin et al. 2009; Venditti et al. 2019a).

Fresh hide-processing is observed on 14 items (8 %), confirmed by a combination of edge 
damage, hide-like polish and micro-residues of adipocere identified by the typical doublet 
absorption bands at ~1575 cm-1 and ~1538 cm-1 assigned to the to the C-O stretching of calci-
um salt carboxylate of saturated fatty acids (Fig. 11).

The morphological observation at SEM performed on one item showed dark greyish res-
idues attached along the ventral edge of the tool, consisting mainly of S associated with Na, 
Cl and K, which are the typical chemical components of meat/hide (see Venditti 2019). Al-
though sulphur may also be found in EDX measurements of micro-skin flakes deposited 
after modern manipulation, I want to stress here that the residues interpreted as animal 

Fig. 10: Use-wear trace and FTIR results:  
a) specimen F11a-645-650; b) edge damage; c) polish on the edge ventral surface associated with cutting bone;  
d) Micro-FTIR spectrum showing the microresidue of bone; e) SEM micrograph on the ventral surface showing 
bone residues (secondary electrons; 5 Kv; mag=600x); f) EDX-histogram showing the high percentages of  
phosphorus (P) and calcium (Ca). Red squares indicate the EDX sampling point. White squares indicate the 
Micro-FTIR sampling areas.  
White scale bar equals 1 mm.
Abb. 10: Gebrauchsspuren und FTIR-Ergebnisse:  
a) Stück F11a-645-650; b) Kantenbeschädigungen; c) Politur an der Kante der Ventralfläche, die auf das  
Schneiden von Knochen zurückgeht; d) Mikro-FTIR-Spektrum, das die Mikroresiduen von Knochen zeigt;  
e) REM-Aufnahme auf der Ventralfläche mit Knochenresten (Sekundärelektronen; 5 Kv; mag = 600x);  
f) EDX-Histogramm, das die hohen Prozentsätze von Phosphor (P) und Calcium (Ca) zeigt. Rote Quadrate zeigen 
den EDX-Abtastpunkt an. Weiße Quadrate geben die Micro-FTIR-Abtastbereiche an.  
Der weiße Maßstab entspricht 1 mm.
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tissues do not show the typical distribution and morphological features of skin flakes when 
observed at the SEM (Pedergnana and Ollé 2016). To the contrary, strict morphological re-
semblance was found with the micro-remains of animal tissues after animal processing 
observed in the reference collection (light grey tonalities and irregular amorphous shapes). 
Its interpretation was considered reliable in light of the hide-like polish observed on the 
active edge of the tool.

The exploitation of vegetal resources is much less represented (4 %), confirmed by the 
processing of tubers and wild plants, demonstrating that other types of resources were 
also consumed or utilized by the Qesem Cave inhabitants (Fig. 12). Residues detected 
through SEM-EDX observation consisted in micro-remains of tuber flesh possibly mixed 
with soil (Fig. 12e, f) found on two items and a fragmented phytolith on a flake that came 
in contact with wild plant and bone (Venditti et al. 2019a SI). Morphological and elemen-
tal characterization of the archaeological residues are consistent with tuber residues found 
on experimental replica. EDX measurements performed on the pure flesh of three different 
tuber species show calcium as the major compositional element. However, it should be 
stressed that calcium may also be related to micro-particles of soil embedded in the tuber 
flesh after processing unpeeled tubers, as shown in the reference collection (Venditti et al., 
2019a).

Overall, longitudinal motions are the most represented within the sample in all the ana-
lyzed areas while transversal and mixed activities are less common and are mainly per-
formed with lateral flakes.

Due to preservation conditions it was only possible to assess the hardness of the worked 
material for 51 % of the items in the sample on the basis of the characterization of edge dam-
age and edge rounding. The processing of soft-medium material through longitudinal mo-
tions is prevalent in all the analyzed areas, while transversal and mixed motions on soft or 
medium material are represented by a low percentage of use (Fig. 13). It should be said that 
several items recognized as being used on soft/medium materials were, quite certainly, used 
for activities involving animal materials. These were, therefore, the most important tasks 
carried out with such implements.

Fig. 11: Use-wear traces and micro-FTIR results:  
a) specimen F10b 635e640; b) edge damage; c) polish located on the ventral edge surface interpreted as the result 
of cutting fresh hide; d) micro-FTIR spectrum showing the measurements on the dorsal edge surface with  
presence of adipocere microresidue. White square indicates the FTIR sampling area.  
White scale bar = 1 mm.
Abb. 11: Gebrauchsspuren und Mikro-FTIR-Ergebnisse:  
a) Stück F10b 635e640; b) Kantenbeschädigungen; c) Politur an der Kante der Ventralfläche, interpretiert  
als Ergebnis des Schneidens von frischem Fell; d) Mikro-FTIR-Spektrum, das die Messungen an der Kante  
der Dorsalfläche bei Vorhandensein von Adipocere-Mikroresiduen zeigt. Das weiße Quadrat zeigt den  
FTIR-Abtastbereich an.  
Weißer Maßstab = 1 mm.
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The general distribution of the use-wear traces along the functional edge of the items 
attests to a free hand manipulation, which has proved to be the best handling mode.  
Micro-polish possibly related to hand-held use was found on 16 specimens exhibiting 
well-preserved lithic surfaces, while no traces of hafting were observed in any of the arti-
facts in the sample. Traces were localized around the bulb area or along the ridge of the flint 
surface (Venditti 2019). According to my experimental work, it appears that certain tool 
mobility during the manipulation of the flakes is required in order to perform fine cutting 
activities and to allow a change in edge angle and edge portion following the required needs 
of accuracy (Venditti 2019).

Along with the reconstruction of the exploited resources and the tasks carried out by the 
inhabitants of Qesem Cave, this work also included the investigation of the spatial distribu-
tion of hominin activities in the cave. The density maps in Figure 14 clearly show a spatial 
interpretation of tool use in the Yabrudian and Amudian contexts of the cave.

The wide distribution throughout the analyzed areas of the items interpreted as used 
during the processing of animal carcasses (with a higher concentration in the shelf area as 
well as in the hearth, especially in square J13; Fig. 14b), confirms that butchery was the most 
common activity performed at the site. The processing of bone was almost exclusively per-
formed in the shelf area (except for one item found in the area south of the hearth) along with 
hide which does not appear to be exploited in the hearth area (Fig. 14a, c). More interesting is 
the fact that the exclusive contact with fresh hide (only one case has shown traces of semi-dry 
hide in transversal motion) was observed with a much higher frequency in the Yabrudian 
rather than Amudian assemblages under the shelf (Fig. 15). The fact that Yabrudian contexts 
are dominated by the production of Quina scrapers may indicate, in a functional perspective, 
some sort of activity that necessitated the use of scraping tools. In fact, scrapers are the best 
suitable tools for defleshing and softening hide, as evidenced by experimental and ethno-
graphic data (Christidou and Legrand 2005; Beyries and Rots 2008). It is no coincidence that 
the use-wear analysis conducted by Andrea Zupancich on the Quina and demi-Quina scrap-

Fig. 12: Use-wear and SEM-EDX results:  
a) specimen I13a 580-585; b) SEM micrograph showing the high degree of rounding on the dorsal edge (secondary 
electrons; 5 Kv; mag=1000X); c) edge damage; d) polish located on the dorsal edge surface associated with mixed 
motion on tubers; e) SEM micrograph showing micro-tuber flesh residues along the dorsal edge (secondary 
electrons; 5Kv; mag=180X); f) EDX-histogram showing the presence of Aluminum and Calcium (Al, Ca). Red squares 
indicate the EDX sampling point.  
White scale bar equals 1 mm.
Abb. 12: Gebrauchsspuren und SEM-EDX-Ergebnisse:  
a) Stück I13a 580-585; b) REM-Mikroaufnahme, die den hohen Verrundungsgrad an der Dorsalkante zeigt (Sekun-
därelektronen; 5 kV; mag = 1000X); c) Kantenbeschädigungen; d) Politur an der Kante der Dorsalfläche, die mit 
verschiedenen Tätigkeiten auf Wurzelknollen verbunden ist; e) REM-Aufnahme, die Mikroresiduen von Wurzelknol-
len entlang der Dorsalkante zeigt (Sekundärelektronen; 5 kV; mag = 180 ×); f) EDX-Histogramm, das das Vorhanden-
sein von Aluminium und Calcium (Al, Ca) zeigt. Die roten Quadrate zeigen den EDX-Abtastpunkt an.  
Der weiße Maßstab entspricht 1 mm.
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Fig. 13 (left): Edge damage interpreted as having been in contact with soft, medium and soft/medium materials:  
a) specimen E11b 690-695; b) E11b 660-665; c) G9c 605-610; d) G10b 650-655; e) G11c 560-565; f) I13c 590-595;  
g) J13b 570-575; h) J14b 595-600. White scale bar equals 1 mm.
Abb. 13 (links): Kantenbeschädigungen, die auf Kontakt mit weichen, mittleren und weichen/mittleren Materialien 
zurückgehen:  
a) Stück E11b 690-695; b) E11b 660-665; c) G9c 605-610; d) G10b 650-655; e) G11c 560-565; f) I13c 590-595;  
g) J13b 570-575; h) J14b 595-600. Der weiße Maßstab entspricht 1 mm.

Fig. 14 (top): Kernel density map showing the spatial distribution of inferred activities in relation to the grid system 
of Qesem Cave. Spatial distribution reflects the results of several occupation stages. a) bone working (8 items); b) 
processing of animal carcass (52 items); c) hide working (14 items); d) vegetal working (6 items).
Abb. 14 (oben): Kernel-Dichtekarte, die die räumliche Verteilung der erschlossenen Aktivitäten in Bezug auf das 
Grabungsraster der Qesem-Höhle zeigt. Die räumliche Verteilung spiegelt die Ergebnisse mehrerer Besiedlungs-
phasen wider. a) Knochenbearbeitung (8 Belege); b) Verarbeitung von Tierkadavern (52 Belege); c) Fellbearbei-
tung (14 Belege); d) Bearbeitung pflanzlichen Materials (6 Belege).

a) b)

c) d)
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ers under the shelf shows that scraping activities on hide were the main tasks carried out in 
the Yabrudian contexts under the shelf (Zupancich, personal communication). To the con-
trary, functional data on the small recycling flakes show that they were exclusively used in 
longitudinal motion for carrying out cutting activities during specific moments of hide pro-
cessing. According to the results of the experimentations, small recycled flakes proved to be 
very powerful during the initial phase of the process, when the fresh hide (with the hair on) 
has to be separated from the animal carcass. The sharp and thin edges are entirely suitable for 
making deep and precise cuts during the skinning process. In the same way, once the hide is 
softened with the use of a scraper, the small blanks can be used to cut strips of fresh hide that 
will be subsequently soaked in agents for tanning. After the drying process, strips of leather 
may be used for further needs, including as wrapping material in hafting or binding.

Following this evidence, I suggest that the small recycling flakes were used by the Qesem 
hominins in a complementary way along with the use of other tools during the same or dif-
ferent working process. In this way, scrapers and small flakes constitute different possibilities 

Fig. 15: Chart showing the Yabrudi-
an versus Amudian functionality 
under the “shelf.”
Abb. 15: Diagramm mit der Gegen-
überstellung der ausgeführten 
Funktionen im Jabrudien und  
im Amudien unterhalb des „shelf“- 
Bereiches.
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within the available tool-kits to be used at the most appropriate time. This behavior testifies 
to planning mechanisms put in place to reach specific goals, including the realization of spe-
cific tasks and the deliberate production of different tools (Venditti 2019; Venditti et al. 2019).

The absence of traces related to the processing of wood either in the Yabrudian or in the 
Amudian industries under the shelf is another interesting aspect of the Yabrudian versus 
Amudian variability observed at Qesem Cave. It is highly likely that the exploitation of vege-
tal resources, including woodworking, was realized to a greater extent with other types of 
tools, in which the Quina and demi-Quina scrapers are definitely included, as confirmed by 
the use-wear analysis on this category of objects (Lemorini et al. 2016; Zupancich, personal 
communication). In fact, only scant evidence of tuber and plant working was identified at 
Qesem Cave, and that evidence was only related to the Amudian context of the cave.

Discussion and conclusion
The data obtained so far testify that the products of recycling hold technological and func-
tional features belonging to a targeted production aimed at obtaining specific tools to satisfy 
immediate and particular needs. Functional results show that small sharp flakes produced by 
lithic recycling were mostly used in exploiting animal carcasses after selected body parts were 
brought to the cave for butchery purposes and food sharing, notably around the fire (Stiner et 
al. 2011). Few cases of processing vegetal resources were recognized as well.

The comparison between Amudian and Yabrudian assemblages shows that animal body 
parts were similarly processed in both and in all the areas studied, demonstrating that small 
flakes were commonly produced for carrying out this task at all times and places at the cave. 
In addition, bone processing is almost exclusively practiced in Yabrudian contexts under the 
shelf, while hide working is performed only under the shelf with no evidence in the fireplace 
areas. This might hint towards a specialized activity area of animal by-products under the 
shelf, with the hearth area being the center for the consumption of animal and vegetal re-
sources, undoubtedly also generating social interaction between group members. Conversely, 
vegetal resources appear to be exploited by recycled flakes only in the Amudian context of the 
cave, while the Yabrudian context in the shelf area lacks such evidence. The results originating 
from the shelf area and from the hearth areas support a spatially related interpretation of the 
Yabrudian and Amudian variability at Qesem Cave, suggesting different activity areas within 
the cave characterized by an emphasis on specific tool-kits.

Despite a good percentage of tools being used for a specific activity on targeted materials, 
there was also a large quantity of unused items, especially within the regular, lateral and 
non-Kombewa categories. The latter category has recorded a higher percentage of unused tools, 
especially in Amudian contexts under the shelf, where their production was common. Follow-
ing the functional results, it could be argued that the non-Kombewa items resulted from knap-
ping mistakes made during production of lateral pieces. This interpretation is supported by the 
fact that most of them are overshot and that the non-Kombewa tools are more abundant in 
Amudian than Yabrudian assemblages, where laminar production is more consistent.
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The regular and the lateral were the most produced types of tools and, consequently, they 
account for a major number of uses. But they also account for a fairly high percentage of un-
used items. In my opinion these data get to the heart of the recycling question: the recycling 
phenomenon is linked to fast production methods that do not necessarily result in tools best 
suited to particular demands and needs (Venditti 2019). We must still bear in mind, though, 
that some recycling tools interpreted as unused may have had very short and fast contact with 
soft materials, and as such, they might exhibit negligible macro- or micro-wear signs. This 
feature was also noticed by other scholars who worked on the functional reconstruction of 
small tool assemblages in Middle Pleistocene sites (Mosquera et al. 2015; Aureli et al. 2106).

The adoption of a recycling procedure has often been related to contexts where raw materi-
als are scarce. It is a way to obtain quickly and easily raw material for a new line of production. 
This behavior has also been considered expedient in nature (Vaquero et al. 2015). However, 
this was not the case at Qesem Cave, where close (up to 5 km) and distant flint sources (up to 
15 km) were known and used by the Qesem hominins (Wilson et al. 2016). This was also the 
case for deeply buried materials used in the production of more complex tools such as hand
axes and Quina scrapers (Boaretto et al. 2009).

The contribution of use-wear and residue analysis has demonstrated that the recycling tra-
jectory was addressed to maximize and optimize lithic production to satisfy specific func-
tional practices, rather than a result of flint shortage. This planned execution of adaptive strat-
egies is outstanding and considerably reverses the idea that the adoption of lithic recycling by 
hunter-gatherers is fundamentally linked to environmental constraints.

However, the deliberate and well-executed manufacture of the products of recycling at 
Qesem Cave can be seen as expedient, to the extent that the production was clearly done 
quickly and provided sharp cutting tools that required no further modification of the edges 
to be useful. However, it does not seem appropriate to categorize Qesem lithic recycling as 
strictly expedient. Although the recycled products are apparently simple ready-made tools, 
produced through a short reduction sequence without need of further modification before 
use, this does not imply there were no reasoned choices or technological complexity behind 
their production. To the contrary, it was a conscious and deliberate behavior that allowed the 
Qesem hominins quickly to obtain simple sharp tools with little effort to be used in a specific 
way for meticulous practical activities (Venditti 2019).

According to my experimental work and the results obtained on the archaeological materi-
al, I suggest we consider the small recycled flakes as non-versatile tools. This conclusion is 
based on their technological features (small dimension, short edges), by their short time of 
utilization, and by the fact that no superimposed activities or materials were observed on the 
archaeological flakes. I suggest that the small flakes were used for activities not involving high 
force but for those requiring more precision, such as the collecting of meat and fat during the 
butchery process, the cutting of hide for removing the subcutis, the tendon and periosteum 
removal for cleaning the bone, the defleshing/filleting of small amounts of meat etc. In this 
scenario, small flakes probably constituted an important addition to the Paleolithic tool-kit 
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alongside larger and more massive tools (e.g., handaxes, scrapers, naturally backed knives) 
used for activities involving more force applications or energetic actions, probably of a less 
precise nature. That is why I suggest considering these recycled small flakes as “finishing touch” 
tools, used in a complementary way with other types of tools mainly during the processing of 
animal materials. These data clearly show how features such as edge morphology, worked ma-
terial, and the motion employed are strictly related and dependant in this category of tools (see 
also Venditti et al. 2019b). The technological and functional aspects of the small recycled flakes 
indicate a high level of know-how demonstrated by the development of structured activities 
(e.g., hide working, butchery) within different actions (e.g., skinning, defleshing, filleting meat, 
periosteum removal), realized by accurate gestures and specific tool-types. The production of 
small flakes at Qesem Cave is part of a varied lithic production and repertoire including many 
thousands of artifacts such as blades, scrapers and backed knives used in specific activities 
according to their technological characteristics. This diversification of the tool-kit according to 
the anticipated needs of the cave’s inhabitants demonstrates a high level of cognitive complex-
ity in planning their activities both in terms of lithic production and use.

If we add these results to the set of novelties already recognized at Qesem Cave (e.g., lami-
nar and Quina production, systematic use of fire, meat roasting, raw material selection, stor-
age and delayed consumption of marrow; see Shahack-Gross et al. 2014; Blasco et al. 2016a, 
2019; Lemorini et al. 2016, 2020; Barkai et al. 2017b) it is clear that “something new” occurred 
in the Levant around 420 ka which has no parallels in the preceding Acheulian.

Who were the hominins bringing with them this set of novelties and why did they replace 
Homo erectus in the Levant at this specific time is still an open question. The geographical 
position of Qesem Cave in the Levant is exceptional as a connection between the Asian, Afri-
can and European continents. The Levantine Corridor was one of the most important contact 
zones between Africa and Eurasia during the Pleistocene, and thus constitutes a potential 
area in which to detect population dispersals. This is a crucial aspect concerning the types of 
Homo once living in this area who conceived the innovative behaviors related to the AYCC.

It has been suggested that the changes occurring during this period resulted from the disap-
pearance of elephants from the Levant around ca. 400 ka which might have caused a need to hunt 
an increased number of smaller and faster animals to maintain an adequate level of fat in the 
hominin diet. This subsistence adaptation led to the emergence of lighter, more agile and cognitive- 
ly capable hominins (Ben-Dor et al. 2011). This idea is confirmed by the fact that the disappearance 
of elephants in the Levant and the emergence of new cultural behaviors coincided in time. More-
over, the morphometrical results of Qesem teeth analyses have revealed that they do not belong to 
H. erectus, highlighting, conversely, a general similarity to Upper Pleistocene local populations of 
Skhul and Qafzeh Caves, on the one hand, and Neanderthal populations, on the other (Hershkovitz 
et al. 2011, 2016; Weber et al. 2016). These data demonstrate that new cultural and biological 
transformations took place during the AYCC period in the Levant. The deliberate production 
and use of the small recycled flakes are an important part of this new mode of adaptation which 
allowed the Qesem hominins to survive and thrive for 200,000 years (Barkai and Gopher 2013).
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