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Abstract
The ongoing refinement of archaeological excavation and recording methods over
the last decades has led to a significant increase in quantitative Middle Palaeolithic
datasets that provide a record of past Neanderthal behaviour. Stone tools and
butchered animal remains are the two main categories of Middle Palaeolithic
archaeological remains and both provide distinctive insights into site formation
and Neanderthal behaviour. However, the integration of these quantitative lithic
and zooarchaeological datasets is key for achieving a full understanding of both
site-specific and broader-scale patterns of Middle Palaeolithic subsistence. To
explore novel ways to enhance the incorporation of these datasets, we organised
a session at the 82nd annual meeting of the Society for American Archaeology in
Vancouver. An underlying theme was the problem of linking lithic and faunal
variability. Are variations in subsistence strategies reflected by changes in toolmaking decisions? This paper will briefly introduce the possible ways these
Middle Palaeolithic datasets can be integrated, illustrated with the papers included
in this special volume, and discuss its potential for understanding the variability
and interconnectedness of Neanderthal technologies and subsistence strategies.
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Introduction
The procurement of animal resources and the production of stone tools are intertwined
throughout the narrative of hominin evolution, from studies of early hominin subsistence
through to models of Middle Palaeolithic variability. Neanderthal fossils are securely
associated with a vast number of Middle Palaeolithic assemblages across Eurasia between ca. 300,000 and 40,000 years ago. This large behavioural repertoire, containing
both faunal remains and lithic implements, has the potential to provide unique insights
into the interplay between these two categories and the mechanisms underlying their role
through human behavioural evolution (Chase 1986; Stiner and Kuhn 1992; Delagnes and
Rendu 2011; Discamps et al. 2011; Seetah and Gravina 2012).
The ongoing refinement of archaeological excavation and recording methods over
the last decades has led to a significant increase in quantitative Middle Palaeolithic
datasets that provide a record of past Neanderthal behaviour. These now commonly
comprise detailed geoarchaeological, taphonomic, spatial, lithic and faunal data and are
available as part of elaborate site monographs (Boismier et al. 2012; Carbonell 2012;
Gaudzinski-Windheuser and Roebroeks 2014; Dibble et al. 2018), as supplementary
information in journal articles (Morin 2012; Rendu et al. 2019) or still less frequently as
online databases (e.g. http://oldstoneage.com/). Many specialist studies focus on
analysing either the recovered stone tools or the butchered animal remains, the two
main categories of archaeological remains at Middle Palaeolithic sites. Typically,
results from the analyses of these data sets are studied independently and form
separate chapters or sections within monographs and papers. While both provide
distinctive insights into site formation and Neanderthal behaviour, their integration is
key to coming to a full understanding of both site-specific and broader-scale patterns of
Middle Palaeolithic subsistence. An underlying theme is the question of linking lithic
and faunal variability. Are variations in subsistence strategies linked to changes in
toolmaking decisions?
The interpretive potential of this dataset integration, which often still remains
underexplored, led us to organize a session at the 82nd annual meeting of the Society
for American Archaeology in Vancouver aimed at examining the interplay of these
lithic and zooarchaeological datasets; how can they inform on each other and in what
ways can they be integrated? This included both a methodological focus, assessing how
faunal remains can directly inform on lithic technology and vice versa (e.g. cut mark
morphology, damage signatures, use wear), as well as the exploration of new and
existing taphonomic and behavioural models that have been based on the integration of
faunal and lithic data, including theoretical constructs, archaeological applications and
site-based and regional studies. This paper will briefly introduce the possible ways
these Middle Palaeolithic datasets can be integrated, illustrated with the papers included
in this special volume, and discuss its potential for understanding the variability and
interconnectedness of Neanderthal technologies and subsistence strategies.

Direct Inferences from Lithic and Faunal Data
Direct traces of lithic use and faunal exploitation are the foundation for further site
based and more regional perspectives on Neanderthal behaviour. Although in some
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scenarios, the direct association between lithic and faunal materials at one site can be
problematic due to taphonomic processes and/or time-averaging (Chazan and Horwitz
2006; Smith 2012; Bargalló et al. 2016; Real et al. 2020), in many instances direct links
can inform on lithic use through faunal analyses and vice versa (Stiner and Kuhn 1992;
Stiner 1994; Delagnes and Rendu 2011; see Hovers and Belfer-Cohen 2020 for
critique).
Surface modifications on animal bones (such as cut marks) provide direct evidence
of the use of stone tools in the butchery of animal carcasses. While studies of these
modifications have reignited debates into the earliest stone tool use and meat exploitation (e.g. McPherron et al. 2010; Domínguez-Rodrigo et al. 2011; Sahnouni et al.
2018) within a Middle Palaeolithic context the systematic exploitation of large terrestrial mammals is well established (e.g. Morin 2012; Gaudzinski-Windheuser and
Roebroeks 2014; Smith 2015). Zooarchaeological studies at Middle Palaeolithic sites
have been focused largely on how Neanderthal groups exploited different animal
species at both a site and at a more regional perspective. Some faunal studies have
integrated lithic datasets to investigate aspects of butchery practice and social learning
(Blasco et al. 2013), stone tool morphology (de Juana et al. 2010; Val et al. 2017;
Moclán et al. 2018), stone tool manufacture and shaping (e.g. retouchers (Daujeard
et al. 2014; Mallye et al. 2012) and hunting weapons (e.g. puncture holes (Iovita et al.
2014, Gaudzinski-Windheuser 2016; O’Driscoll and Thompson 2018; GaudzinskiWindheuser et al. 2018, Smith et al. 2020)).
The identification of direct traces of exploited fauna on Middle Palaeolithic stone
tools is more problematic, although it has been attempted through both usewear and
residue analysis (Hardy 2004; Hardy and Moncel 2011), FTIR spectroscopy
(Solodenko et al. 2015; Monnier and May 2019) and new methodologies might be
applicable in the future, e.g. zooarchaeology by mass spectrometry (ZooMS) and/or
DNA data from residues on stone tools (Welker 2018). Results from these studies can
be compounded further because many Middle Palaeolithic tools appear to have been
used for multiple tasks (Monnier et al. 2012). The development of more systematic,
quantitative experimental approaches and methodologies (Rots et al. 2016; Martisius
et al. 2018; Calandra et al. 2019a, 2019b) will help to provide new insights into the
formation of such signatures within the archaeological record and their interpretive
potential and drawbacks.
Experimental studies are a key component in our understanding of the marks left
behind on bones from stones and vice versa. Many experimental studies have a strong
focus on recreating very specific marks encountered in the archaeological record (e.g.
Churchill et al. 2009; Gaudzinski-Windheuser et al. 2018). However, more and more
studies also employ a more systematic approach to create experimental reference
databases for comparison with archaeological material (see for example Rots and
Plisson 2014; Rots et al. 2016). This is important in understanding the specific
formation history of both bone surface modifications and lithic surface and edge
damage and in assessing how these types of data can inform on site formation and
taphonomic history as a whole (McPherron et al. 2014; Thompson et al. 2017).
In this volume, Smith et al. discuss current experimental frameworks, especially for
the use of projectiles in the Middle Palaeolithic. These authors emphasise the importance of integrating both lithic and faunal data sets in the creation of more quantitative
experimental protocols producing more standardised data sets that can be more easily
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compared. Further, the paper highlights the variation in experimental methodologies
and terminology, which could limit the identification and comparison of projectile
impact marks. These authors address the issue of an ‘absence’ of projectile points and
diagnostic impact marks on both lithic and bone within the Middle Palaeolithic,
suggesting this may result, in part, from difficulties in differentiating these signatures
in the often fragmentary archaeological record. Overall, Smith et al. (2020) illustrate
that Neanderthal hunting technology appears varied across time and space, which
seems characteristic of their behaviour as a whole.

Integrating Lithic and Faunal Data at the Site Level
The extensive integration of lithic and faunal datasets recovered from a specific
archaeological context has huge potential to provide additional insights into both site
formation (e.g. spatial distributions, fragmentation, weathering and artefact condition)
and occupation (e.g. site use, occupation duration and exploitation intensity). Site
formation processes can be reconstructed through the integration of taphonomic variables such as damage patterns (including edge damage and weathering), chemical
alterations (including patination and surface readability) and fragmentation (including
presence/absence of small fraction). In addition, spatial data, including orientation
analysis (e.g. García-Moreno et al. 2016; McPherron 2018) and refit studies (Vaquero
et al. 2017; Discamps et al. 2019; Romagnoli and Vaquero 2019), can further help to
understand the distribution of material across a site. Site use and function, including
occupation duration and intensity, can be further explored by looking at patterns of
burning (Pop et al. 2016; Leierer et al. 2019), seasonality data (Rendu and Armand
2009; Rendu 2010; Sánchez-Hernández et al. 2019; Britton et al. 2019) and raw
material transport distances (Turq et al. 2017; Moncel et al. 2019).
Two site-based contributions to this volume, the Abrigo de la Quebrada (Spain; Real
et al. 2020) and Lakonis I (Greece; Starkovich et al. 2020), aptly demonstrate the
potential of integrating lithic and faunal datasets to address site use and taphonomy
issues. Real et al. (2020) use lithic and faunal data concomitantly to address several
aspects of Neanderthal occupation at the site: spatial analysis, the question of palimpsest, the length of occupation of the site, hunting activities and mobility patterns. They
further compare these patterns to other sites in the Iberian Mediterranean area stressing
the difficulty of relating the density of material to occupation duration, frequency and
site function. Starkovich et al. (2020) address the intra-site activity patterns at Lakonis I
to understand spatial aspects of Neanderthal behaviour. Using principally three lines of
evidence, geoarcheology, faunal, and lithic analyses, they focus on the use of fire and
the ways hearth-related features were used and maintained. This approach helped
differentiate intentional burning of food remains and the hearth cleaning activity that
included dumping the material from the hearth areas.

Building Broader Models of Neanderthal Behaviour
Besides reconstructing site-specific behaviour, the integration of lithic and faunal
datasets at a broader geographic and/or temporal scale also has the potential to provide
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additional insights, such as region-, time- or environment-specific trends, into Neanderthal behaviour (e.g. Stiner 1994; Kuhn 1995). This includes assessing links between
lithic and faunal diversity, mortality and seasonality (including prey choice, hunting
technology and carcass processing) and mobility patterns (e.g. isotopes, raw material
and sourcing). Recently, this has been done in a comprehensive way for the various
Mousterian entities from southwest France (Delagnes and Rendu 2011; Discamps et al.
2011; Morin et al. 2014).
However, it is also important to note that causal links between lithic and faunal
variation are not always straightforward, as was pointed out in relation to the production and use of points from the early Middle Palaeolithic and African Middle Stone Age
onwards (Hovers and Belfer-Cohen 2020; Smith et al. 2019). Generally, we assume
that innovations in technology, specifically in the most visible technology, lithic
technology, resulted in more efficient subsistence systems, and therefore we should
see changes in lithic technology correlating with changes in faunal assemblages.
However, Hovers and Belfer-Cohen’s (2020) contribution uses the record of the
Levantine Middle Palaeolithic as a case study to argue against a strict functional
interpretation of the relationship between lithics and fauna. They find that while we
have assumed that the appearance of pointed implements must have been linked to a
change in hunting methods, these innovations do not seem to correlate with trends in
current faunal data. They argue that we should seek alternate explanations for lithic
diversity, and in doing so, they discuss a few options.

Discussion and Conclusion
The papers in this volume illustrate aptly both the potential and pitfalls of
reconstructing site formation and Neanderthal behaviour through the integration of
Middle Palaeolithic lithic and faunal datasets. The increasing availability of quantitative
data, alongside several novel methodologies, allows the establishment of direct links
between lithic technology and faunal exploitation at artefact, site and regional levels.
An extensive integration of lithic and faunal data results in a more in-depth understanding of the geoarchaeological and taphonomic processes at play at a site and the
integrity of the various assemblages (see also Discamps et al. 2019; Reeves et al. 2019).
This is key to assessing the interpretive potential of the lithic and faunal datasets in
relation to both the units of excavation and analysis and, ultimately, how these are (or
are not) related to past Neanderthal behaviour.
In general, the characteristics of a lithic assemblage (such as its overall size,
reduction intensity and shape variability) cannot be studied in a vacuum and should,
where possible, be linked to the faunal remains recovered. The reflection of subsistence
behaviour into the archaeological record is skewed through a range of
geoarchaeological and taphonomic processes, making it difficult to untangle the role
of site type, antiquity or lithic entity (Vaquero 2008; Smith et al. 2019; Režek et al.
2018, 2020). As a result, the Neanderthal archaeological record can be described both
as static and dynamic depending on the scale of analysis. On a macro-regional scale,
there is consistency in the recovered faunal remains with a recurring dominance of
medium- and large-sized ungulates (such as bison, horse and deer) despite climatic and
environmental change (Stewart 2004; Discamps et al. 2011; Stiner 2013; Smith 2015;
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Morin et al. 2016). At this scale, Neanderthal lithic technology, characterised by the
production of flakes and retouched tools, is also consistent across the Neanderthal range
(Režek et al. 2018, 2020).
This contrasts with the behavioural versatility and flexibility that can be recognised
in both Middle Palaeolithic faunal remains and stone tools at a site scale; adapting
knapping methods to available raw materials and required functionalities and adapting
procurement (hunting, scavenging) and exploitation methods to the available faunal
spectrum (e.g. occasionally exploiting megafauna (Smith 2015), marine resources
(Stringer et al. 2008; Zilhão et al. 2020) or birds (Peresani et al. 2011; Blasco et al.
2014; Gómez-Olivencia et al. 2018)). There seems to be no one-on-one relationship
between a lithic type or technology and a specific animal species exploited. At
individual sites, all stone tool types and technologies are found in combination with a
range of exploited species (e.g. mammoth remains with and without handaxes, pointed
implement with and without deer remains). Patterns in relation to site type (cave vs
open-air) are also difficult to establish and form an interesting avenue for further
research.
Certain spatial-temporal trends in Neanderthal behaviour are difficult to explain
merely in terms of this behavioural flexibility. For example, the sparsity of lithic
hunting implements in western Europe (Villa et al. 2009; Smith et al. 2020), the reoccurrence of single species hunting (Farizy et al. 1994; Delpech 1996; Gaudzinski and
Roebroeks 2000; White et al. 2016) or the presence of region-specific lithic characteristics within a restricted time slice (e.g. expedient Eemian assemblages (Valoch 1984;
Pop 2014, 2015), regional bifacial tool variability during MIS-3 (Ruebens 2013;
Ruebens and Wragg Sykes 2016)). These trends are usually defined on either lithic
or faunal characteristics and ones that incorporate both are few and require further
contextualisation, especially also in terms of their chronological resolution (e.g. Quina
Mousterian associated with reindeer remains, e.g. Costamagno et al. 2006; Niven et al.
2012; Discamps et al. 2011; Castel et al. 2017).
The question if changes in toolmaking decisions are linked to variations in subsistence strategies is far from being solved, despite some regional studies indicating no
causal links (e.g. see Smith et al. 2019 for Middle Pleistocene Africa, and Hovers and
Belfer-Cohen 2020 for Middle Palaeolithic Levant). It is clear that no single mechanism
underlies all the observed variability in faunal and lithic remains; rather it reflects a
dynamic interplay of various taphonomic and behavioural factors. Unravelling their
dynamics remains one of the key challenges of Neanderthal archaeology.
As illustrated throughout this volume and discussed throughout our SAA session,
the ways lithic and faunal data can be collected, analysed, integrated and presented are
numerous. Large sets of quantitative data, new methodologies and novel interpretive
frameworks are now available to more extensively develop and test models of Middle
Palaeolithic variability at various scales. The key here will also be the further application of a range of new methodologies, including microscopic, experimental, modelling
and molecular approaches. For example, a wider application of ZooMS to faunal
assemblages will greatly enhance our understanding of the species composition at a
site regardless of post-depositional fragmentation (Welker et al. 2015; Sinet-Mathiot
et al. 2019). The collection of meta-level data at various geographic and temporal scales
can feed into statistical models which can further test causal links between lithic and
faunal change (e.g. Smith et al. 2019).
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Unravelling the mechanisms underlying Neanderthal behavioural variability through
the large Middle Palaeolithic faunal and lithic databases is a crucial step in coming to a
better understanding of the interplay between lithic and faunal resources in relation to
other hominin species for which the archaeological records are more sparse. With this
SAA session and this volume, we hope to put different ways to integrate Middle
Palaeolithic datasets further into focus, provide a first platform for showcasing some
ideas and help researchers think outside of the classic data frameworks to come up with
innovative ways to explore and integrate their various archaeological datasets.
Acknowledgements We would like to thank the authors of the eight excellent presentations that formed the
core of our session “Connecting Middle Palaeolithic datasets: the interplay of zooarchaeological and lithic data
for unravelling Neanderthal behaviour” held at the 82nd annual meeting of the Society for American
Archaeology in Vancouver. Furthermore, we would like to thank the numerous attendees who contributed
to the various discussions throughout this session. We are especially grateful to the authors of the papers in this
volume for their insightful submissions and their patience throughout the publication process. We are also
thankful to the editors of the Journal of Paleolithic Archaeology for providing us with the platform to publish
papers from this session as a special issue.
Funding Information

Open access funding provided by Projekt DEAL.

Compliance with Ethical Standards
Conflict of Interest

The authors declare that they have no conflict of interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the
article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the article's Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.
To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
Bargalló, A., Gabucio, M. J., & Rivals, F. (2016). Puzzling out a palimpsest: testing an interdisciplinary study
in level O of Abric Romaní. Quaternary International, 417, 51–65.
Blasco, R., Rosell, J., Domínguez-Rodrigo, M., Lozano, S., Pastó, I., Riba, D., Vaquero, M., Fernandez Peris,
J., Bermudez de Castro, J. M., & Carbonell, E. (2013). Learning by heart: cultural patterns in the faunal
processing sequence during the Middle Pleistocene. PLoS One, 8(2), e55863.
Blasco, R., Finlayson, C., Rosell, J., Marco, A. S., Finlayson, S., Finlayson, G., Negro, J. J., Pacheco, F. G., &
Vidal, J. R. (2014). The earliest pigeon fanciers. Science Reports, 4, 5971.
Boismier, W. A., Gamble, C., & Coward, F. (2012). Neanderthals among mammoths: excavations at Lynford
Quarry, Norfolk UK. English Heritage Monographs.
Britton, K., Pederzani, S., Kindler, L., Roebroeks, W., Gaudzinski-Windheuser, S., Richards, M.P. and Tütken,
T. (2019). Oxygen isotope analyses of Equus teeth evidences early Eemian and early Weichselian
palaeotemperatures at the Middle Palaeolithic site of Neumark-Nord 2, Saxony-Anhalt, Germany.
Quaternary Science Reviews, 226, p.106029.
Calandra, I., Schunk, L., Bob, K., Gneisinger, W., Pedergnana, A., Paixao, E., Hildebrandt, A., & Marreiros, J.
(2019a). The effect of numerical aperture on quantitative use-wear studies and its implication on
reproducibility. Scientific Reports, 9(1), 1–10.

104

Journal of Paleolithic Archaeology (2020) 3:97–107

Calandra, I., Pedergnana, A., Gneisinger, W., & Marreiros, J. (2019b). Why should traceology learn from
dental microwear, and vice-versa? Journal of Archaeological Science, 110, 105012.
Carbonell, E. (Ed.). (2012). High resolution archaeology and Neanderthal behavior. Time and space in level J
of Abric Romaní (Capellades, Spain). Vertebrate Paleobiology and Paleoanthropology Series Springer,
Netherlands.
Castel, J-C., Discamps, E., Soulier, M-C., Sandgathe, D., Dibble, H.L., McPherron, S.J.P., Goldberg, P. &
Turq, A. (2017). Neandertal subsistence strategies during the Quina Mousterian at Roc de Marsal
(France). Quaternary International, 433, 140–156.
Chase, P. G. (1986). Relationships between Mousterian lithic and faunal assemblages at Combe Grenal.
Current Anthropology, 27(1), 69–71.
Chazan, M., & Horwitz, L. K. (2006). Finding the message in intricacy: the association of lithics and fauna on
Lower Paleolithic multiple carcass sites. Journal of Anthropological Archaeology, 25(4), 436–447.
Churchill, S. E., Franciscus, R. G., McKean-Peraza, H. A., Daniel, J. A., & Warren, B. R. (2009). Shanidar 3
Neandertal rib puncture wound and Paleolithic weaponry. Journal of Human Evolution, 57(2), 163–178.
Costamagno, S., Meignen, L., Beauval, C., Vandermeersch, B. & Maureille, B. (2006). Les Pradelles
(Marillac-le-Franc, France): A Mousterian reindeer hunting camp? Journal of Anthropological
Archaeology, 25, 466–484.
Daujeard, C., Moncel, M. H., Fiore, I., Tagliacozzo, A., Bindon, P., & Raynal, J. P. (2014). Middle Paleolithic
bone retouchers in southeastern France: variability and functionality. Quaternary International, 326, 492–
518.
de Juana, S., Galán, A. B., & Domínguez-Rodrigo, M. (2010). Taphonomic identification of cut marks made
with lithic handaxes: an experimental study. Journal of Archaeological Science, 37(8), 1841–1850.
Delagnes, A., & Rendu, W. (2011). Shifts in Neanderthal mobility, technology and subsistence strategies in
western France. Journal of Archaeological Science, 38(8), 1771–1783.
Delpech, F. (1996). L’environnement animal des Moustériens Quina du Périgord. Paleo, 8, 31–46.
Dibble, H. L., McPherron, S. J., Goldberg, P., & Sandgathe, D. M. (2018). The Middle Paleolithic site of Pech
de l’Azé IV. Springer International Publishing.
Discamps, E., Jaubert, J., & Bachellerie, F. (2011). Human choices and environmental constraints: deciphering
the variability of large game procurement from Mousterian to Aurignacian times (MIS 5-3) in southwestern France. Quaternary Science Reviews, 30(19–20), 2755–2775.
Discamps, E., Bachellerie, F., Baillet, M., & Sitzi, L. (2019). The use of spatial taphonomy for interpreting
Pleistocene palimpsests: an interdisciplinary approach to the Châtelperronian and carnivore occupations at
Cassenade (Dordogne, France). Paleoanthropology, 2019, 362–388.
Domínguez-Rodrigo, M., Pickering, T.R. and Bunn, H.T. (2011). Reply to McPherron et al.: Doubting Dikika
is about data, not paradigms. Proceedings of the National Academy of Sciences, 108(21), E117-E117.
Farizy, C., David, F. & Jaubert, J. (1994). Hommes et Bisons du Paléolithique Moyen à Mauran (Haute
Garonne). Paris: CNRS.
García-Moreno, A., Smith, G. M., Kindler, L., Pop, E., Roebroeks, W., Gaudzinski-Windheuser, S., &
Klinkenberg, V. (2016). Evaluating the incidence of hydrological processes during site formation through
orientation analysis. A case study of the Middle Palaeolithic Lakeland site of Neumark-Nord 2
(Germany). Journal of Archaeological Science: Reports, 6, 82–93.
Gaudzinski, S. & Roebroeks, W. (2000). Adults only. Reindeer hunting at the Middle Palaeolithic site of
Salzgitter-Lebenstedt, northern Germany. Journal of Human Evolution, 38, 497–452.
Gaudzinski-Windheuser, S. (2016). Hunting lesions in Pleistocene and Early Holocene European bone
assemblages and their implications for our knowledge on the use and timing of lithic projectile technology. In Iovita, R., Sano, K. (Eds.), Multidisciplinary approaches to the study of Stone Age weaponry (pp.
77–100). Dordrecht: Springer Netherlands.
Gaudzinski-Windheuser, S., & Roebroeks, W. (2014). Multidisciplinary studies of the Middle Palaeolithic
record from Neumark-Nord (Germany) (Vol. 1). Halle: LDASA.
Gaudzinski-Windheuser, S., Noack, E. S., Pop, E., Herbst, C., Pfleging, J., Buchli, J., Jacob, A., Enzmann, F.,
Kindler, L., Iovita, R., & Street, M. (2018). Evidence for close-range hunting by last interglacial
Neanderthals. Nature Ecology & Evolution, 2(7), 1087.
Gómez-Olivencia, A., Sala, N., Núñez-Lahuerta, C., Sanchis, A., Arlegi, M. & Rios-Garaizar, J., (2018). First
data of Neandertal bird and carnivore exploitation in the Cantabrian region (Axlor; Barandiaran excavations; Dima, Biscay, Northern Iberian Peninsula). Scientific Reports, 8(1), p.10551.
Hardy, B.L. (2004). Neanderthal behaviour and stone tool function at the Middle Palaeolithic site of La Quina,
France. Antiquity, 78(301), 547–565.
Hardy, B. L., & Moncel, M. H. (2011). Neanderthal use of fish, mammals, birds, starchy plants and wood 125250,000 years ago. PLoS One, 6(8), e23768.

Journal of Paleolithic Archaeology (2020) 3:97–107

105

Hovers, E., & Belfer-Cohen, A. (2020) Are lithics and fauna a match made in (prehistoric) heaven? Journal of
Paleolithic Archaeology.
Iovita, R., Schönekeß, H., Gaudzinski-Windheuser, S., & Jäger, F. (2014). Projectile impact fractures and
launching mechanisms: results of a controlled ballistic experiment using replica Levallois points. Journal
of Archaeological Science, 48, 73–83.
Kuhn, S. L. (1995). Mousterian lithic technology: an ecological perspective. Princeton legacy library, volume
301, Princeton University Press.
Leierer, L., Jambrina-Enríquez, M., Herrera-Herrera, A. V., Connolly, R., Hernández, C. M., Galvan, B., &
Mallol, C. (2019). Insights into the timing, intensity and natural setting of Neanderthal occupation from
the geoarchaeological study of combustion structures: a micromorphological and biomarker investigation
of El Salt, unit Xb, Alcoy, Spain. PLoS One, 14(4), e0214955.
Mallye, J. B., Thiébaut, C., Mourre, V., Costamagno, S., Claud, É., & Weisbecker, P. (2012). The Mousterian
bone retouchers of Noisetier cave: experimentation and identification of marks. Journal of Archaeological
Science, 39(4), 1131–1142.
Martisius, N.L., Sidéra, I., Grote, M.N., Steele, T.E., McPherron, S.P. & Schulz-Kornas, E. (2018). Time wears
on: assessing how bone wears using 3D surface texture analysis. PLoS One, 13(11), e0206078.
McPherron, S. P. (2018). Additional statistical and graphical methods for analyzing site formation processes
using artifact orientations. PLoS One, 13(1), e0190195.
McPherron, S. P., Alemseged, Z., Marean, C. W., Wynn, J. G., Reed, D., Geraads, D., Bobo, R., & Béarat, H.
A. (2010). Evidence for stone-tool-assisted consumption of animal tissues before 3.39 million years ago at
Dikika, Ethiopia. Nature, 466(7308), 857.
McPherron, S. P., Braun, D. R., Dogandzic, T., Archer, W., Desta, D., & Lin, S. C. (2014). An experimental
assessment of the influences on edge damage to lithic artifacts: a consideration of edge angle, substrate
grain size, raw material properties, and exposed face. Journal of Archaeological Science, 49, 70–82.
Moclán, A., Huguet, R., Márquez, B., Domínguez-Rodrigo, M., Gómez-Miguelsanz, C., Vergès, J. M.,
Laplana, C., Arsuaga, J.L., Perez-Gonzalez, A., & Baquedano, E. (2018). Cut marks made with quartz
tools: an experimental framework for understanding cut mark morphology, and its use at the Middle
Palaeolithic site of the Navalmaíllo Rock Shelter (Pinilla del Valle, Madrid, Spain). Quaternary
Internationa,l 493, 1–18.
Moncel, M.-H., Fernandes, P., Willmes, M., James, H., & Grün, R. (2019). Rocks, teeth, and tools: New
insights into early Neanderthal mobility strategies in south-eastern France from lithic reconstructions and
strontium isotope analysis. PLoS One, 14, e0214925.
Monnier, G., & May, K. (2019). Documenting the degradation of animal-tissue residues on experimental stone
tools: a multi-analytical approach. Archaeological and Anthropological Sciences, 11(12), 6803–6827.
Monnier, G. F., Ladwig, J. L., & Porter, S. T. (2012). Swept under the rug: the problem of unacknowledged
ambiguity in lithic residue identification. Journal of Archaeological Science, 39(10), 3284–3300.
Morin, E. (2012). Reassessing Paleolithic subsistence: the Neandertal and modern human foragers of SaintCésaire. Cambridge University Press.
Morin, E., Delagnes, A., Armand, D., Castel, J. C., & Hodgkins, J. (2014). Millennial-scale change in
archaeofaunas and their implications for Mousterian lithic variability in Southwest France. Journal of
Anthropological Archaeology, 36, 158–180.
Morin, E., Speth, J. D., & Lee-Thorp, J. (2016). Middle Palaeolithic diets: a critical examination of the
evidence. In Lee-Thorp, J. & Katzenberg, M.A. (Eds.) The Oxford handbook of the archaeology of diet
(pp. 1–33). Oxford University Press.
Niven, L.B., Steele, T.E., Rendu, W., Mallye, J-B., McPherron, S., Soressi, M., Jaubert, J. & Hublin, J-J.
(2012). Neandertal mobility and large-game hunting: the exploitation of reindeer during the Quina
Mousterian at Chez-Pinaud Jonzac (Charente-Maritime, France). Journal of Human Evolution, 63,
624–635.
O’Driscoll, C. A., & Thompson, J. C. (2018). The origins and early elaboration of projectile technology.
Evolutionary Anthropology, 27, 30–45.
Peresani, M., Fiore, I., Gala, M., Romandini, M. & Tagliacozzo, A. (2011). Late Neandertals and the
intentional removal of feathers as evidenced from bird bone taphonomy at Fumane Cave 44 ky BP,
Italy. Proceedings of the National Academy of Sciences, 108(10), 3888–3893.
Pop, E. (2014). Analysis of the Neumark-Nord 2/2 lithic assemblage: results and interpretations. In
Gaudzinski-Windheuser S., Roebroeks W. (Eds.) Multidisciplinary Studies of the Middle Palaeolithic
Record from Neumark-Nord (Germany). Volume I (pp. 143-196). Veröffentlichungen des Landesamtes für
Denkmalpflege und Archäologie Sachsen-Anhalt no. 69 Halle: Landesmuseum für Vorgeschichte.
Pop, E. (2015) Neandertal adaptations to Interglacial conditions: a case study from the Eemian site NeumarkNord 2 (Germany). PhD thesis, University of Leiden.

106

Journal of Paleolithic Archaeology (2020) 3:97–107

Pop, E., Kuijper, W., van Hees, E., Smith, G., García-Moreno, A., Kindler, L., Gaudzinski-Windheuser, S., &
Roebroeks, W. (2016). Fires at Neumark-Nord 2, Germany: an analysis of fire proxies from a Last
Interglacial Middle Palaeolithic basin site. Journal of Field Archaeology, 41(5), 603–617.
Real, C., Eixea, A., Sanchis, A., Morales, J.V., Klasen, N., Zilhao, J., & Villaverde, V. (2020) Abrigo de la
Quebrada level IV (Valencia, Spain): interpreting a Middle Palaeolithic palimpsest from a
zooarchaeological and lithic perspective. Journal of Paleolithic Archaeology.
Reeves, J. S., McPherron, S. P., Aldeias, V., Dibble, H. L., Goldberg, P., Sandgathe, D., & Turq, A. (2019).
Measuring spatial structure in time-averaged deposits insights from Roc de Marsal, France.
Archaeological and Anthropological Sciences, 11(10), 5743–5762.
Rendu, W. (2010). Hunting behavior and Neanderthal adaptability in the Late Pleistocene site of Pech-del’Aze I. Journal of Archaeological Science, 37, 1798–1810.
Rendu, W. & Armand, D. (2009). Saisonnalité de prédation du Bison du gisement moustérien de la Quina
(Gardes-le-Pontaroux, Charente), niveau 6c. Apport à la compréhension des comportements de
subsistance. Bulletin de la Société préhistorique française, 106, 679–690.
Rendu, W., Renou, S., Soulier, M. C., Rigaud, S., Roussel, M., & Soressi, M. (2019). Subsistence strategy
changes during the Middle to Upper Paleolithic transition reveals specific adaptations of human populations to their environment. Scientific Reports, 9(1), 1–11.
Režek, Ž., Dibble, H. L., McPherron, S. P., Braun, D. R., & Lin, S. C. (2018). Two million years of flaking
stone and the evolutionary efficiency of stone tool technology. Nature Ecology & Evolution, 2(4), 628–
633.
Režek, Ž., Holdaway, S. J., Olszewski, D. I., Lin, S. C., Douglass, M., McPherron, S. P., Iovita, R., Braun, D.
R., & Sandgathe, D. (2020). Aggregates, formational emergence, and the focus on practice in stone
artifact archaeology. Journal of Archaeological Method and Theory, 1–42.
Romagnoli, F., & Vaquero, M. (2019). The challenges of applying refitting analysis in the Palaeolithic
archaeology of the twenty-first century: an actualised overview and future perspectives. Archaeological
and Anthropological Science, 11, 4387–4396.
Rots, V., & Plisson, H. (2014). Projectiles and the abuse of the use-wear method in a search for impact.
Journal of Archaeological Science, 48, 154–165.
Rots, V., Hayes, E., Cnuts, D., Lepers, C., & Fullagar, R. (2016). Making sense of residues on flaked stone
artefacts: learning from blind tests. PLoS One, 11(3), e0150437.
Ruebens, K. (2013). Regional behaviour among late Neanderthal groups in Western Europe: a comparative
assessment of late Middle Palaeolithic bifacial tool variability. Journal of Human Evolution, 65(4), 341–
362.
Ruebens, K., & Wragg Sykes, R. M. W. (2016). Spatio-temporal variation in late Middle Palaeolithic
Neanderthal behaviour: British bout coupé handaxes as a case study. Quaternary International, 411,
305–326.
Sahnouni, M., Parés, J. M., Duval, M., Cáceres, I., Harichane, Z., van der Made, J., Alfredo Pérez-González,
A., Abdessadok, S., Kandi, N., Derradji, A., Medig, M., Boulaghraif, K., & Semaw S. (2018). 1.9million-and 2.4-million-year-old artifacts and stone tool–cutmarked bones from Ain Boucherit, Algeria.
Science, eaau0008.
Sánchez-Hernández, C., Gourichon, L., Pubert, P., Rendu, W., Montes, R. & Rivals, F. (2019). Combined
dental wear and cementum analyses in ungulates reveal the seasonality of Neanderthal occupations in
Covalejos Cave (Northern Iberia). Scientific Reports, 9, 14335.
Seetah, K. & Gravina, B. (2012). Bones for tools – tools for bones: the interplay between objects and
objectives. McDonald Institute Monographs, Cambridge.
Sinet-Mathiot, V., Smith, GM., Romandini, M., Wilcke, A., Peresani, M., Hublin, J-J., Welker, F. (2019)
Combining ZooMS and zooarchaeology to study Late Pleistocene hominin behaviour at Fumane (Italy).
Scientific Reports 9 (1).
Smith, G.M. (2012). Middle Palaeolithic subsistence: the role of hominins at Lynford, Norfolk, UK.
Quaternary International, 252, 68–81.
Smith, G.M. (2015). Neanderthal megafaunal exploitation in Western Europe and its dietary implications: a
contextual reassessment of La Cotte de St Brelade (Jersey). Journal of Human Evolution, 78, 181–201.
Smith, G. M., Ruebens, K., Gaudzinski-Windheuser, S., & Steele, T. E. (2019). Subsistence strategies
throughout the African Middle Pleistocene: faunal evidence for behavioral change and continuity across
the Earlier to Middle Stone Age transition. Journal of Human Evolution, 127C, 1–20.
Smith, G.M., Noack, E., Behrens, N., Ruebens, K., Iovita, R., & Gaudzinski-Windheuser, S. (2020) When
lithics hit bones: evaluating the potential of a multifaceted experimental protocol to illuminate Middle
Palaeolithic weapon technology. Journal of Paleolithic Archaeology.

Journal of Paleolithic Archaeology (2020) 3:97–107

107

Solodenko, N., Zupancich, A., Cesaro, S. N., Marder, O., Lemorini, C., & Barkai, R. (2015). Fat residue and
use-wear found on Acheulian biface and scraper associated with butchered elephant remains at the site of
Revadim, Israel. PLoS One, 10(3), e0118572.
Starkovich, B., Elefanti, P., Karkanas, P., Panagopoulou, E. (2020) Site use and maintenance in the Middle
Palaeolithic at Lakonis I (Peloponnese, Greece). Journal of Paleolithic Archaeology.
Stewart, J. R. (2004). Neanderthal–modern human competition? A comparison between the mammals
associated with Middle and Upper Palaeolithic industries in Europe during OIS 3. International
Journal of Osteoarchaeology, 14(3–4), 178–189.
Stiner, M. C. (1994). Honor among thieves: a zooarchaeological study of Neandertal ecology. Princeton:
Princeton University Press.
Stiner, M. C. (2013). An unshakable Middle Paleolithic? Trends versus conservatism in the predatory niche
and their social ramifications. Current Anthropology, 54(S8), S288–S304.
Stiner, M. C., & Kuhn, S. L. (1992). Subsistence, technology and adaptive variation in Middle Paleolithic
Italy. American Anthropologist, 94, 306–339.
Stringer, C. B., Finlayson, J. C., Barton, R. N. E., Fernández-Jalvo, Y., Cáceres, I., Sabin, R. C., & RiquelmeCantal, J. A. (2008). Neanderthal exploitation of marine mammals in Gibraltar. Proceedings of the
National Academy of Sciences, 105(38), 14319–14324.
Thompson, J. C., Faith, J. T., Cleghorn, N., & Hodgkins, J. (2017). Identifying the accumulator: making the
most of bone surface modification data. Journal of Archaeological Science, 85, 105–113.
Turq, A., Faivre, J.-P., Gravina, B., & Bourguignon, L. (2017). Building models of Neanderthal territories
from raw material transports in the Aquitaine Basin (southwestern France). Quaternary International,
433, 88–101.
Val, A., Costamagno, S., Discamps, E., Chong, S., Claud, E., Deschamps, M., Mourre, V., Soulier, M.-C., &
Thiébaut, C. (2017). Testing the influence of stone tool type on microscopic morphology of cut-marks:
Experimental approach and application to the archaeological record with a case study from the Middle
Palaeolithic site of Noisetier Cave (Fréchet-Aure, Hautes-Pyrénées, France). Journal of Archaeological
Science: Reports, 11, 17–28.
Valoch, K. (1984). Le Taubachien, sa géochronologie, paléoclimatologie et paleoethnologie. L’Anthropologie,
88, 193–208.
Vaquero, M. (2008). The history of stones: behavioural inferences and temporal resolution of an archaeological assemblage from the Middle Palaeolithic. Journal of Archaeological Science, 35(12), 3178–3185.
Vaquero, M., Fernández-Laso, M. C., Chacón, M. G., Romagnoli, F., Rosell, J., & Sañudo, P. (2017). Moving
things: comparing lithic and bone refits from a Middle Paleolithic site. Journal of Anthropological
Archaeology, 48, 262–280.
Villa, P., Boscato, P., Ranaldo, F., & Ronchitelli, A. (2009). Stone tools for the hunt: points with impact scars
from a Middle Paleolithic site in southern Italy. Journal of Archaeological Science, 36(3), 850–859.
Welker, F. (2018). Palaeoproteomics for human evolution studies. Quaternary Science Reviews, 190, 137–147.
Welker, F., Soressi, M., Rendu, W., Hublin, J. J., & Collins, M. (2015). Using ZooMS to identify fragmentary
bone from the late Middle/Early Upper Palaeolithic sequence of Les Cottés, France. Journal of
Archaeological Science, 54, 279–286.
White, M., Pettitt, P., & Schreve, D. (2016). Shoot first, ask questions later: interpretative narratives of
Neanderthal hunting. Quaternary Science Reviews, 140, 1–20.
Zilhão, J., Angelucci, D. E., Igreja, M. A., Arnold, L. J., Badal, E., Callapez, P., Cardoso, J. L., d’Errico, F.,
Daura, J., Demuro, M., & Deschamps, M. (2020). Last interglacial Iberian Neandertals as fisher-huntergatherers. Science, 367(6485), eaaz7943.
Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

