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Amud and Kebara caves (northern Israel) are two broadly contemporaneous
Middle Paleolithic sites dated to ca. 70–50 Ka BP, both located in the
Mediterranean realm of the southern Levant. Neanderthal occupations at these
sites are represented by considerable amounts of lithic artifacts, combustion
features and abundant faunal material as well as human remains. As similar
mammalian taxonomic distributions were observed in these two Neanderthal
cave sites, we explore the complexity and diversity of their animal resources
processing techniques by comparing cut-marks characteristics and patterns.
A total of 344 animal bone fragments bearing cut-marks were selected from
specific stratigraphic contexts from both sites, and studied using macroscopic
and microscopic techniques (i.e., Focus Variation microscopy) to quantify,
characterize, and measure the cut-marks left on the bones. The observations
were compared across the stratigraphic units and between the sites. Despite
comparable taxonomic distributions, there are notable di�erences in the density
and layout of cut-marks between the two caves. The micro-morphometric
characteristics of these marks also highlight intra- and inter-site di�erences
and similarities. This evidence might suggest distinctive butchering strategies
between the Neanderthal populations in Amud and Kebara caves despite
comparable occupation intensities, similar lithic technologies, and access to
similar food resources. Such discrepancies could possibly reflect inter-group
cultural di�erences related to carcass processing preferences, organization of
tasks within the group, or socially transmitted traditions.

KEYWORDS

cut-marks, Middle Paleolithic, Southern Levant, animal resources processing,

subsistence practices, bone surface modifications

1 Introduction

Neanderthal diet was diverse and flexible, with the composition of faunal assemblages
in sites occupied by Neanderthals across Eurasia shown to vary depending on the eco-
geographical location of the sites. This suggests that Neanderthals were capable of adapting
to different landscapes, environments, and local resources (e.g., Lorenzen et al., 2011;
Blasco et al., 2013, 2016; Morin et al., 2015; Rivals et al., 2022; Romagnoli et al., 2022).
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FIGURE 6

Alicona images (10× lens) and schematic sketches for cut-marked specimens from Amud (A) and Kebara (B) caves, illustrating the di�erence in
cut-marks density between the two sites. In the sketches, thick borders represent the outer borders of the specimen, and the thin lines represent the
observed cut-marks.

range of cut-mark lengths that could be measured in their entirety
potentially leading to an underestimation of cut-mark length at
Amud in comparison to Kebara, and thus explaining our results
regarding this characteristic.

It might be tempting to argue that the difference in fragment
size stems from different butchery strategies. Indeed, when
comparing bone surface area in the two sites for only small
ungulates (prey size 1), the two samples differ significantly,
suggesting that the difference is not related to prey size. One
could then argue that the smaller surface area of bone fragments
in the Amud detailed sample and its lower size variability
(Figure 4C) resulted from specialized butchery strategies meant

to break bones into very small fragments. This interpretation,
however, is not consistent with the limited amount of percussion
damage observed at Amud relative to the size and number
of fragments recovered. Another possible explanation is that
the high frequency of burning at Amud (Section 4.1) led
to its extreme bone fragmentation. Indeed, as suggested by
previous studies, the bone fragments in Amud, burned in large
proportions, would have been more friable and thus more
susceptible to fragmentation due to post-depositional agents such
as sediment compaction (Stiner et al., 1995; Rabinovich and
Hovers, 2004; Reidsma, 2022). This topic would require further
detailed study.
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Despite the higher frequencies of burning, and potentially more
post-depositional stresses on the bones of Amud in comparison to
Kebara, it would seem that cut-mark morphology was preserved at
both sites. At both sites, cut-marks outlines appeared pristine, with
visible shoulder effects, internal microstriations and Hertzian cones
visible in the SEM images (Supplementary Figure 5).

5.2 Faunal assemblage composition and
stone tools: implications for the
interpretation of butchery patterns

Cutting tools. One of themost prominent trends observed in the
lithic assemblages of both open-air and cave sites in the late Middle
Paleolithic in the Levant is the production of subtriangular short
blanks, such as triangular flakes and points, often removed from
unidirectional convergent Levallois cores. At Amud and Kebara,
this similarity in morphology is obtained through slightly different
site-specific knapping procedures (Meignen, 1995, 2019; Hovers
and Belfer-Cohen, 2013; Krakovsky, 2017). Still, flint was the main
raw material used for tool production at both sites. The two lithic
assemblages are generally similar also in the preponderance of
Levallois flaking strategies and in the production of flakes including
points and triangular flakes and the low frequencies of retouched
items (Goder-Goldberger, 1997; Hovers, 1998, 2004; Alperson-
Afil and Hovers, 2005; Ekshtain et al., 2017; Meignen, 2019
and references therein). The general overlap in cut-mark micro-
morphometrics across the two detailed samples (in particular the
width and opening angle of the cut) is therefore not surprising
when considering the broad similarities of the lithic assemblages
(Section 2.1). The similarities in raw material used and in toolkit
is a plausible explanation of the inter-assemblage similarities in
micro-morphometric characteristics of the cut-marks.

Faunal spectrum, body parts representation and butchering

activities. Most of our Amud sample consists of fragments of
long-bone diaphysis from small ungulates. These anatomical areas
typically undergo a reduced range of butchery activities (e.g.,
fileting), which would result in a high number of small, clustered
cut-marks (as shown in Figure 6; Soulier and Morin, 2016; Soulier
and Costamagno, 2017). In contrast, given the higher proportion
of medium-sized and large ungulates, as well as the wider range
of skeletal elements represented in the Kebara sample, we would
expect a wide range of butchering techniques in this sample (such
as skinning, disarticulating, and fileting; Speth, 2012 and references
therein; Gifford-Gonzalez, 2018). This may explain the greater
variability observed in cut-marks length and depth (greater depth
of cut as been associated with the cutting of larger muscles; Bello
et al., 2009; Wallduck and Bello, 2018) at the two sites.

However, when comparing only small ungulates (prey size 1),
we still observe a greater density of incisions, higher proportion
of overlapping marks and lower proportion of linear marks in
the Amud sample compared to Kebara (Sections 4.3.1). These
macroscopic differences cannot be related to the presence of
different prey sizes. Moreover, at both sites, prey size 1 includes
nearly exclusively mountain gazelles. Thus, taxonomic variation
within this group can be considered minimal and unlikely
to account for the observed differences between assemblages.

Therefore, these patterns may suggest behavioral differences in the
processing of small ungulates (see Section 5.4).

5.3 Intra-site variation within Amud cave

The Amud sample in our study consists of three stratigraphic
sub-units. Given their chronologies, we expected that if modes of
faunal exploitation changed through time, B1 and B2 (both within
MIS 3) would be more similar to one another and differ from the
earlier B4 (dated to the end of MIS 4). However, the variations
observed in the detailed sample across the various sub-units were
contrary to our expectations, with some aspects of the B1 sample
differing from the two other sub-units. Firstly, B1 fragments are
larger, show a lower density of incisions and are less frequently
burnt than in any of the other sub-units. Secondly, specimens
from B1 are the most variable in terms of cut-mark micro-
morphometrics, bearing generally wider cut-marks with a larger
floor radius compared to specimens from B2 and B4. Interestingly,
it also appears that within the Amud sample, the sub-sample from
sub-unit B1 appears to be the most similar to the Kebara unit IX
sample in its micro-morphometric measurements, as well as in
terms of cut-marks density (Figure 4B).

It is important to note however that sub-unit B1 is only present
in the peripheral area of the cave (Area A; Supplementary Figure 2).
Hence the intra-site differences might not necessarily reflect
chronological variation, but might instead relate to differential use
of the space in each cave, with different butchery activities being
carried out in the central occupation area (Areas B–C; represented
in our sample by specimens attributed to sub-unit B2) compared
to the peripheral area of the cave (Area A; represented in our
sample by specimens attributed to sub-unit B1). Indeed, Alperson-
Afil and Hovers (2005) suggested that in sub-unit B2, knapping
and living activities were carried out in Area C, while Area A was
used as a refuse area. This interpretation was further supported by
archaeomagnetic data (Zeigen et al., 2019) documenting variable
heating intensities in this area. Thus, the presence of relatively large
bone fragments variably exposed to heat (based on bone coloration)
in sub-unit B1 may be explained as the result of cleaning of the
central area. Interestingly, previous publications have suggested
that the concentrations of bones along the northern wall during
accumulation of unit IX in Kebara likely represented a discard
midden (Speth, 2019). It is therefore possible that the similarities
between Kebara IX and Amud B1 stem from the similar use of
the two areas as discard area. Still, we are unable to explain the
differences in cut-mark densities within the Amud sample through
this spatial functional perspective.

5.4 Potential cultural di�erences in carcass
processing at Amud and Kebara sites

Experimental work combined with ethnographic and
archeological case studies have shown that cut-marks may attest
to behavioral variations. While the processes leading to these
phenomena are not well-understood (Domínguez-Rodrigo et al.,
2017), several authors noted behavioral variations related to
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modes of exploitation and processing of the hunted fauna. For
example, humans may opt for different timing and ways of
obtaining meat off carcasses (i.e., preparing drying, boiled or
rotten meat as opposed to fresh meat; e.g., Abe, 2005; Soulier
and Morin, 2016; Soulier, 2021; Wallduck and Bello, 2018; Speth
and Morin, 2022). Differences in group organization and social
modes of food sharing were also suggested as underlying drivers of
variation in the patterning of cut-marks (Stiner et al., 2009, 2011).
Interestingly, experimental work on differences between expert
vs. novice butchers suggested that skill cannot be correlated with
the amount and morphologies of cut-marks (Pobiner et al., 2018;
Soulier, 2021). For this reason, we consider that an interpretation
suggesting that butchers were generally less skilled at Amud
compared to butchers at Kebara does not sufficiently explain the
higher density, clustered appearance and lower linearity of the
cut-marks in Amud compared to Kebara.

Possibly, differences between cut-marks in the Amud and
Kebara samples could stem from a more intensive exploitation of
the carcasses at Amud cave. Such behavior could have resulted from
a higher pressure on resources in a somewhat drier environment
at Amud compared to Kebara (Section 1). Alternatively, more
intensive occupations in Amud Cave, estimated through lithic
frequencies per volume per duration (cf. Hovers, 2001, p. 133),
could have necessitated a higher intensity of carcass use. However,
experimental work has suggested that the frequencies of cut-marks
are poorly correlated with the intensity of butchering activities
(Egeland, 2003; Pobiner et al., 2018).

Another possible explanation for differences in cut-mark
density and linearity between the two sites is that the butchering
of meat in more advanced states of decomposition took place
in Amud, but less frequently in Kebara. It has been shown that
decaying carcasses tend to be more difficult to process, often
resulting in the production of haphazard, deep, and sinuous
cut-marks (Speth, 2017; Wallduck and Bello, 2018). The higher
frequencies of non-linear marks in the Amud samples, compared to
Kebara, could therefore suggest that the acquisition of meat off the
prey was approached differently in the two sites, with, for example,
decaying carcasses being processed more often at Amud Cave than
at Kebara. Further experimental research and comparative work is
needed to better assess the influence of these factors on cut-mark
patterns. Additional variables, such as group organization (e.g.,
number of individuals involved simultaneously in butchering one
carcass, see Egeland et al., 2014) and the types of gestures employed
by the butcher(s) would also benefit from further investigation,
which could help identifying the range of factors that could result
in high frequencies of cut-marks.

6 Conclusion

The Amud samples show a number of patterns that are repeated
over time and, despite observed intra-site variations, differ from
Kebara IX. We discussed the similarities and differences in cut-
marks patterns observed between the Amud and Kebara samples,
from environmental, functional, and site-use perspectives. While
we cannot fully untangle the various factors that resulted in the
cut-mark patterns reported in this study, our results do suggest
that the broadly contemporaneous groups of Neanderthals that

occupied Amud and Kebara caves exploited similar communities
of ungulates in nuancedly different ways. Our study suggests
that animal exploitation can leave archeological evidence that
reflects group-specific butchering strategies. Thus, detailed analysis
of butchery marks can provide useful information to our
understanding of group-specific action choices. This hypothesis
can be tested by future comparative studies to reveal potential
underlying patterns of socially-transmitted traditions—as it is the
case with lithic technology.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding authors.

Author contributions

AJ: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Visualization, Writing – original
draft, Writing – review & editing. LC: Conceptualization,
Data curation, Formal analysis, Investigation, Methodology,
Visualization, Writing – original draft, Writing – review &
editing. SB: Conceptualization, Funding acquisition, Resources,
Supervision, Writing – review & editing. EH: Conceptualization,
Funding acquisition, Investigation, Resources, Supervision,
Writing – review & editing. RR: Conceptualization, Funding
acquisition, Investigation, Resources, Supervision, Writing –
review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This paper is part
of the Ph.D. project of A. Jallon at the Hebrew University of
Jerusalem (2021–2025), funded as part of R. Rabinovich’s Israel
Science Foundation (ISF 1273/20) funded project “Two caves so
close but different – comparison of Amud and Kebara caves
faunal assemblages.” Further financial support was provided by the
International PhD Talent Scholarship of the Hebrew University of
Jerusalem (A. Jallon) and the ISF grant #1232/15 (E. Hovers). L.
Crété and S. Bello contributions have been supported by the Calleva
funded project “Human behavior in 3-dimensions.”

Acknowledgments

We thank the teams of the National Natural History Collections
of the Hebrew University, Jerusalem, as well as colleagues from
the Prehistory department of the Institute of Archaeology, and
in particular Gali Beiner and Alice Rodriguez. We also thank
colleagues from the Natural History Museum (London, UK) who
facilitated this study, and in particular Alex Ball and Tom Ranson
from the Imaging and Analysis Centre, and Roula Pappa from the
Fossil Mammals collections. We would also like to thank John
Speth for kindly providing access to his record database of the

Frontiers in Environmental Archaeology 17 frontiersin.org

https://doi.org/10.3389/fearc.2025.1575572
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org


Jallon et al. 10.3389/fearc.2025.1575572

faunal material from Kebara Cave. Finally, we thank the teams
and staff of the “Institut de Paléonthologie Humaine” (UMR7194—
HNHP, Paris, France) for their hospitality and support between
October 2023 and April 2024.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fearc.2025.
1575572/full#supplementary-material

References

Abadi, I., Bar-Yosef, O., and Belfer-Cohen, A. (2020). Kebara V-A contribution for
the study of the middle-upper paleolithic transition in the levant. PaleoAnthropology
2020, 1–28. doi: 10.4207/PA.2020.ART139

Abe, Y. (2005). Hunting and butchering patterns of the Evenki in the Northern
Transbaikalia, Russia (PhD dissertation). Stony Brook University, Stony Brook, NY,
United States.

Abe, Y., Marean, C.W., Nilssen, P. J., Assefa, Z., and Stone, E. C. (2002). The analysis
of cutmarks on archaeofauna: a review and critique of quantification procedures, and a
new image-analysis GIS approach. Am. Antiq. 67, 643–663. doi: 10.2307/1593796

Albert, R.M., Bar-Yosef, O., andWeiner, S. (2007). “Use of plant materials in Kebara
Cave: phytoliths and mineralogical analyses,” in Kebara Cave, Mt. Carmel, Israel: The
Middle and Upper Paleolithic Archaeology, Part I, eds. O. Bar-Yosef and L. Meignen,
American School of Prehistoric Research Bulletin 49 (Cambridge: PeabodyMuseum of
Archaeology and Ethnology, Harvard University), 147–164.

Alperson-Afil, N., and Hovers, E. (2005). Differential use of space in the Neandertal
site of Amud Cave, Israel. Eurasian Prehistory 3, 3–22.

Andrews, P. (1995). Experiments in taphonomy. J. Archaeol. Sci. 22, 147–153.
doi: 10.1006/jasc.1995.0016

Asouti, E., Kabukcu, C., White, C. E., Kuijt, I., Finlayson, B., and Makarewicz, C.
(2015). Early Holocene woodland vegetation and human impacts in the arid zone of
the southern Levant. Holocene 25, 1565–1580. doi: 10.1177/0959683615580199

Bar-Yosef, O., and Meignen, L. (2007). Kebara Cave, Mt. Carmel, Israel: The Middle
and Upper Paleolithic Archaeology, Part I, 352p. Cambridge: American School of
Prehistoric Research, Peabody Museum, Harvard University Press.

Bar-Yosef, O., Vandermeersch, B., Arensburg, B., Belfer-Cohen, A., Goldberg, P.,
Laville, H., et al. (1992). The excavations in Kebara Cave, Mt. Carmel [and comments
and replies]. Curr. Anthropol. 33, 497–550. doi: 10.1086/204112

Behrensmeyer, A. K., Gordon, K. D., and Yanagi, G. T. (1986). Trampling
as a cause of bone surface damage and pseudo-cutmarks. Nature 319, 768–771.
doi: 10.1038/319768a0

Bello, S. M. (2011). New results from the examination of cut-
marks using three-dimensional imaging. Dev. Quat. Sci. 14, 249–262.
doi: 10.1016/B978-0-444-53597-9.00013-3

Bello, S. M., De Groote, I., and Delbarre, G. (2013). Application of 3-dimensional
microscopy and micro-CT scanning to the analysis of Magdalenian portable art on
bone and antler. J. Archaeol. Sci. 40, 2464–2476. doi: 10.1016/j.jas.2012.12.016

Bello, S. M., and Galway-Witham, J. (2019). Bone taphonomy inside and out:
application of 3-dimensional microscopy, scanning electron microscopy and micro-
computed tomography to the study of humanly modified faunal assemblages. Quat.
Inter. 517, 16–32. doi: 10.1016/j.quaint.2019.02.035

Bello, S. M., Parfitt, S. A., and Stringer, C. (2009). Quantitative micromorphological
analyses of cut marks produced by ancient and modern handaxes. J. Archaeol. Sci. 36,
1869–1880. doi: 10.1016/j.jas.2009.04.014

Bello, S. M., and Soligo, C. (2008). A new method for the quantitative
analysis of cutmark micromorphology. J. Archaeol. Sci. 35, 1542–1552.
doi: 10.1016/j.jas.2007.10.018

Binford, L. R. (1978). Dimensional analysis of behavior and site structure: learning
from an Eskimo hunting stand. Am. Antiq. 43, 330–361. doi: 10.2307/279390

Binford, L. R. (1981). Bones: Ancient Men and Modern Myths. New York, NY:
Academic Press.

Blasco, R., Rosell, J., Peris, J. F., Arsuaga, J. L., Bermúdez de Castro, J. M., and
Carbonell, E. (2013). Environmental availability, behavioural diversity and diet: a
zooarchaeological approach from the TD10-1 sublevel of Gran Dolina (Sierra de
Atapuerca, Burgos, Spain) and Bolomor Cave (Valencia, Spain). Quat. Sci. Rev. 70,
124–144. doi: 10.1016/j.quascirev.2013.03.008

Blasco, R., Rosell, J., Peris, J. F., Cáceres, I., and Vergès, J. M. (2008). A new
element of trampling: an experimental application on the Level XII faunal record of
Bolomor Cave (Valencia, Spain). J. Archaeol. Sci. 35, 1605–1618. doi: 10.1016/j.jas.2007.
11.007

Blasco, R., Rosell, J., Smith, K. T., Maul, L. C., Sañudo, P., Barkai, R., et al. (2016).
Tortoises as a dietary supplement: a view from the Middle Pleistocene site of Qesem
Cave, Israel. Quat. Sci. Rev. 133, 165–182. doi: 10.1016/j.quascirev.2015.12.006

Blumenschine, R. J., Cavallo, J. A., and Capaldo, S. D. (1994). Competition
for carcasses and early hominid behavioral ecology: a case study and conceptual
framework. J. Hum. Evol. 27, 197–213. doi: 10.1006/jhev.1994.1042

Bunn, H. T. (1986). Patterns of skeletal representation and hominid subsistence
activities at Olduvai Gorge, Tanzania, and Koobi Fora, Kenya. J. Hum. Evol. 15,
673–690. doi: 10.1016/S0047-2484(86)80004-5

Courtenay, L. A., Herranz-Rodrigo, D., Yravedra, J., Vázquez-Rodríguez, J. M.,
Huguet, R., Barja, I., et al. (2021). 3D insights into the effects of captivity on wolf
mastication and their tooth marks; implications in ecological studies of both the past
and present. Animals 11:2323. doi: 10.3390/ani11082323

Courtenay, L. A., Yravedra, J., Mate-González, M. Á., Aramendi, J., and
González-Aguilera, D. (2019). 3D analysis of cut marks using a new geometric
morphometric methodological approach. Archaeol. Anthropol. Sci. 11, 651–665.
doi: 10.1007/s12520-017-0554-x

DeViva, J. C. (2014). Treatment utilization among OEF/OIF veterans referred
for psychotherapy for PTSD. Psychol. Serv. 11, 179–184. doi: 10.1037/a003
5077

Domínguez-Rodrigo, M. (2019). Successful classification of experimental bone
surface modifications (BSM) through machine learning algorithms: a solution to
the controversial use of BSM in paleoanthropology?. Archaeol. Anthropol. Sci. 11,
2711–2725. doi: 10.1007/s12520-018-0684-9

Domínguez-Rodrigo, M., de Juana, S., Galán, A. B., and Rodríguez, M. (2009). A
new protocol to differentiate trampling marks from butchery cut marks. J. Archaeol.
Sci. 12, 2643–2654. doi: 10.1016/j.jas.2009.07.017

Domínguez-Rodrigo, M., and Pickering, T. R. (2003). Early hominid hunting
and scavenging: a zooarcheological review. Evol. Anthropol. 12, 275–282.
doi: 10.1002/evan.10119

Domínguez-Rodrigo, M., Saladié, P., Cáceres, I., Huguet, R., Yravedra, J.,
Rodríguez-Hidalgo, A., et al. (2017). Use and abuse of cut mark analyses: the Rorschach
effect. J. Archaeol. Sci. 86, 14–23. doi: 10.1016/j.jas.2017.08.001

Frontiers in Environmental Archaeology 18 frontiersin.org

https://doi.org/10.3389/fearc.2025.1575572
https://www.frontiersin.org/articles/10.3389/fearc.2025.1575572/full#supplementary-material
https://doi.org/10.4207/PA.2020.ART139
https://doi.org/10.2307/1593796
https://doi.org/10.1006/jasc.1995.0016
https://doi.org/10.1177/0959683615580199
https://doi.org/10.1086/204112
https://doi.org/10.1038/319768a0
https://doi.org/10.1016/B978-0-444-53597-9.00013-3
https://doi.org/10.1016/j.jas.2012.12.016
https://doi.org/10.1016/j.quaint.2019.02.035
https://doi.org/10.1016/j.jas.2009.04.014
https://doi.org/10.1016/j.jas.2007.10.018
https://doi.org/10.2307/279390
https://doi.org/10.1016/j.quascirev.2013.03.008
https://doi.org/10.1016/j.jas.2007.11.007
https://doi.org/10.1016/j.quascirev.2015.12.006
https://doi.org/10.1006/jhev.1994.1042
https://doi.org/10.1016/S0047-2484(86)80004-5
https://doi.org/10.3390/ani11082323
https://doi.org/10.1007/s12520-017-0554-x
https://doi.org/10.1037/a0035077
https://doi.org/10.1007/s12520-018-0684-9
https://doi.org/10.1016/j.jas.2009.07.017
https://doi.org/10.1002/evan.10119
https://doi.org/10.1016/j.jas.2017.08.001
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org

