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Since the founding work of Efremov in 1940 [1], the discipline called “taphonomy” has
developed considerably, and its importance is now unquestionable in terms of revealing the
processes of the formation and preservation of fossil assemblages (and the surrounding sed-
imentary deposits) and the establishment of reliable palaeoenvironmental reconstructions.
Several reference books have been published on this subject [2–6]. Hundreds of articles
have subsequently strengthened and complemented these seminal works, particularly
from a methodological and experimental point of view and with applications to fossil
assemblages, leading to the landmark production of the Atlas of Taphonomic Identifica-
tions [7]. The continuing strong interest of the international scientific community in this
discipline is still visible, notably through two prominent events simultaneously held in June
2022 in Madrid: the 9th International Meeting on Taphonomy and Fossilization (TAPHOS)
coupled with the 6th Meeting of the ICAZ Taphonomy Working Group (TWG-ICAZ), in
honour of the 80th anniversary of Efremov’s proposal of taphonomy as a new branch
of palaeontology.

It has long been established that taphonomy and palaeoecology are inseparable.
A taphonomic analysis of a fossil assemblage is an essential prerequisite for palaeoe-
cological studies, particularly for identifying the origin of faunal assemblages and potential
biases in species and anatomical representation [6,8–10]. In turn, palaeoecology uses fossil
data to examine how organisms and environments change throughout time [11–13]. By
studying the patterns of evolution and extinction under environmental change, palaeoecol-
ogists can examine the concepts of vulnerability and resilience in species and environments
at different scales [14–16]. The Quaternary period is well represented in geographically
extensive and high-temporal-resolution records and is particularly important to human
evolution. Vertebrate remains, whether accumulated by humans or non-human agents,
are frequently well preserved in Quaternary palaeontological and archaeological deposits.
Recently, the number and methods of taphonomic and palaeoecological analyses on Quater-
nary vertebrate assemblages have significantly increased and developed, and this Special
Issue aims to highlight the recent works illustrating these advances in palaeontology, zooar-
chaeology, and paleoenvironmental studies, in light of modern taphonomic referentials
and experiments.

We are pleased with the success of this Special Issue, which has resulted in the pub-
lication of 16 articles with an extensive global, geographic, and temporal scope, present-
ing seminal research conducted by internationally recognised specialists from Argentina,
Mexico, Brazil, USA, Canada, Australia, Israel, Indonesia, Philippines, Thailand, UK, Spain,
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Portugal, Belgium, and France. We briefly summarise them below arranged by the nature
of their contributions into different domains that are not mutually exclusive.

1. Methodological Development/New Fields of Research

Certain processes and taphonomic alterations are less studied than others, although
they really require interest and attention. This is notably the case for insect marks on
bone remains, for which few studies are available and modern referentials are lacking.
Escosteguy et al. [17] explored the aspect and measurement of insect marks observed on
bone remains from La Guillerma in Argentina (ca. 1400–600 years BP). They compared them
with a variety of marks described in the literature, using a specific classification of insect-
produced modifications, and providing high-quality images of a variety of marks, which
can be very useful for future studies. The authors also highlighted the utility of studying
this type of trace to better understand bioturbation phenomena and to contribute to palaeoe-
cological information based on the ecological requirements of the trace-maker insects.

In addition to providing information on taphonomic and environmental contexts, the
study of microvertebrate assemblages can also shed light on the timing and frequency
of occupation of sites by humans and non-human predators. In taking the example of
La Roche-à-Pierrot in France (Middle-Upper Palaeolithic), Lebreton et al. [18] showed
a negative correlation between the proxies for human occupation and micromammal
densities. Stratigraphic layers rich in micromammal remains were thus correlated with
periods of abandonment or less intense occupation of the site by humans, while other
predators were more frequently present.

The pattern of the fragmentation of micromammal bones is often used to charac-
terise the taphonomic impact of predators on prey remains in modern referentials (owl
pellets, faeces) but is rarely applied in fossil contexts. Durocher et al. [19] proposed a new
methodology based on geometric morphometric analyses on rodent mandibles, allowing
the characterisation of fragmentation patterns in modern and fossil assemblages in a “con-
tinuous” and adaptable way, without restriction/resorting to a priori categories based on
subjective criteria.

2. Modern Referentials and Experiments

Modern referentials are essential to better understand and disentangle taphonomic
processes, characterise the specific marks produced by biotic and non-biotic agents, and
generate transpositions to fossil assemblages in reliable and reproducible ways. Several
papers in this collection have made methodological contributions by initiating experimental
studies and successfully applying these to archaeological contexts.

Fernández-Jalvo et al. [20] designed a trampling experiment using equipment that
allows the control of different parameters. They explored and characterised the effects
of trampling on modern small mammal bones, raising interesting issues related to site
formation processes. The different patterns of breakage observed on modern bones were
then applied to the fossil site of Wonderwerk Cave in South Africa. Their comparative
analysis showed that trampling was an important factor responsible for the high degree of
breakage observed in the assemblage, together with other factors such as predator digestion
and excavation procedures.

Significant strides have also been made in the field of traceology in recent years.
Okaluk and Greenfield [21] specifically explored chop marks, which were produced on
sheep, cattle, pig, and deer bones through an experiment using a variety of implements
(chipped stone, ground stone, copper, and bronze axe heads). The macroscopic observations
made by the authors, supported by high-quality images, allow the effective discrimination
of traces left by various tools and also open the way for future microscopic studies. Here,
again, the patterns observed on modern material were applied to an archaeological faunal
assemblage (Göltepe in Turkey), and the taphonomic evidence suggests the use of metal
tools in the butchery process.
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Few studies on modern assemblages produced by avian and mammalian predators
opt for a multi-taxa approach, and even fewer are interested in inter-observer variability.
Stoetzel et al. [22] applied this integrative approach to the analysis of barn owl pellets
from Dominica Island in the French Antilles, in which two observers were used for each
considered taxon (rodents, bats, birds, squamates). The authors found high similarities in
the taphonomic results obtained for the considered faunal groups, but some differences
emerged at several levels: between observers, between taxa, between elements, and even
between different parts of the same element. This methodological contribution raises
important considerations relating to the reliability and reproducibility of neo- and palaeo-
taphonomic analyses.

3. Analysis of Fossil and Sub-Fossil Assemblages

Most studies presented in this Special Issue focus on the new analyses of fossil and sub-
fossil faunal assemblages that incorporate taphonomic methods, including investigations
on the origin of the assemblages and post-depositional processes and consideration of their
cultural and archaeological contexts.

Powley et al. [23] provided a taphonomic analysis of Stegodon remains from Mata
Menge in Indonesia, a Middle Pleistocene site that has yielded the earliest fossil evidence
for Homo floresiensis. The authors observed several surface alterations (weathering, frag-
mentation, trampling, fluvial abrasion), notably highlighting the effects of fluvial transport
and long exposure of bones before burial. Although incontrovertible evidence for human
modification could not be clearly established, the evidence regarding the formation of the
Stegodon bonebed provides important additional context for this hominin-bearing layer.

Wattanapituksakul et al. [24] performed a zooarchaeological analysis of the faunal
assemblage of Ban Rai Rockshelter in Thailand (Terminal Pleistocene to Middle Holocene).
They highlighted the human exploitation of the diversity of species among large and small
mammals, birds, reptiles, fish, and arthropods, with differences between the archaeological
layers. Although the relative abundance of taxa is influenced by site preservation processes,
these differences may be due to an adaptation of human populations to a changing envi-
ronment during the Pleistocene–Holocene transition and beyond, becoming more focused
on arboreal taxa during the Early and Middle Holocene.

Competition between human groups and large carnivores for shelter and prey is
also the subject of multiple studies, which span an extensive geographical and time range.
Daura et al. [25] delved into this question through the analysis of faunal and human remains,
lithic assemblages, and the chronostratigraphic context of Cova del Gegant in Spain (Middle
Palaeolithic). The detailed analysis of the large mammals, birds, and microvertebrates
revealed a high level of faunal diversity at the site, as well as the intervention of both
human and non-human predators in the accumulations. The site was mainly used by
carnivores such as hyenas, but also by Neanderthals as a brief stopping place, within the
context of high human mobility during the Middle Palaeolithic.

Rofes et al. [26] explored the potential of micromammals to reconstruct human activ-
ities, biostratigraphy, and palaeoenvironments at El Portalón de Cueva Mayor in Spain
(Early Late Chalcolithic). The authors demonstrated the differences in the small-mammal
spectrum among different areas and phases of human activity (e.g., burials, prepared
floors, activity floors, and fumiers) and provided the first Holocene sub-fossil record of
multiple rodent, shrew, and bat species in the Sierra de Atapuerca. They also showed
the presence of the specimens of Late Pleistocene age into the Late Chalcolithic prepared
floors, arguing for pollution from allochthonous sediment and advising caution regarding
paleoenvironmental conclusions for this unit.

Royer et al. [27] focused on the question of the origin of the small mammal assem-
blage from Ittenheim in France (Late Saalian–Late Weichselian). They compared the fossil
assemblage of Ittenheim with two modern accumulations produced by a red fox and a bad-
ger, alongside data from the literature. In light of the data on anatomical representation,
the presence of tooth marks, and the intensity of digestion, the authors concluded that
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a small mammalian carnivore was the main accumulator of the Ittenheim assemblage.
They also pointed out that the taphonomic impact of small carnivores is still too little
known compared with that of owls, and that differences are observable according to the
considered prey, i.e., medium-sized prey such as European hamster vs. small prey such as
small microtines.

Tilby et al. [28] provided a preliminary taphonomic analysis of the micromammal
assemblage from Shanidar Cave in Iraqi Kurdistan (Middle Palaeolithic levels). They
especially considered the fragmentation of bones and teeth, and surface alterations such as
digestion, black staining, and root etching. The authors concluded that, in most respects,
the taphonomic processes remained constant throughout the sequence and micromammals
were accumulated by category 1 or 2 predators. They discussed the potential predators that
could have been involved and linked the slight increase in Manganese staining and root
etching in the lower layers to the relatively wet and warm conditions at this time.

Compared with large and small mammals, other taxa such as amphibians, reptiles s.l.,
and birds have received less attention in taphonomic studies. Two works published in the
present Special Issue focus on these poorly known taxa.

Rufà and Laroulandie [29] presented the taphonomic history of the bird assemblage of
Grotte Vaufrey in France (Middle Pleistocene). The faunal spectrum, as well as anatomical
representation, digestion traces, and tooth/beak/claw marks, pointed to a non-human
accumulation for most of the assemblage. Moreover, the origin may differ considering
the species, and some of them may have frequented and died in the site naturally. Some
examples, however, displayed clear anthropic action (such as burning and cutting marks),
arguing for the occasional consumption and exploitation of some birds by Neandertals.

Finally, Rubinatto Serrano et al. [30] provided an interesting archaeological and ethno-
graphic overview of sub-fossil assemblages dominated by anuran remains in the Tiwanaku
sites of Peru (700–1100 CE), exploring the respective roles of humans and other predators
in these accumulations, and showing the need for further taphonomic analysis for such
peculiar assemblages. The authors discussed the environmental, cultural, and taphonomic
explanations related to the anomalously high quantity of anuran remains found in the
Tiwanaku sites in comparison to other sites in the area.

4. Palaeoenvironmental Inferences

Two studies published in this Special Issue are especially focused on the palaeoecolog-
ical implications and palaeoenvironmental models deduced from faunal analyses.

Arroyo-Cabrales et al. [31] considered the entire faunal spectrum (molluscs, amphib-
ians, reptiles, birds, and mammals) of San Josecito Cave in Mexico (45,000–11,000 BP).
A revision of the faunal assemblage and site taphonomy, stratigraphy, and geochronol-
ogy showed the presence of numerous extinct species at the site and the succession of
several local faunas throughout the sequence, with high potential for Late Quaternary
climatic reconstructions.

Traditionally, paleoenvironmental reconstructions are based on the faunal spectra and
ecology of present-day species. However, in recent years, new methods have emerged that
can provide valuable information on landscape and climatic changes through time. Uzuni-
dis [32] used morphometric and use-wear analyses on archaeological Equus remains from
European sites in an attempt to observe changes under climatic pressure and vegetation
changes during the Middle Pleistocene, also exploring geographic and seasonal variability.

In conclusion, owing to all these multidisciplinary contributions, this Special Issue
provides both new data and new avenues to explore the importance of taphonomic studies
and multi-taxa approaches for understanding depositional processes and palaeoenviron-
mental reconstructions based on faunal remains in archaeological and palaeontological
contexts. We are also attentive to the development of new methods, such as biomolecular
approaches, which have not necessarily been mentioned here but can provide new proxies
and ways to ascertain taphonomic contexts and taxonomic designations. This diverse array
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of methods ensures the integrity of the assemblages and surrounding deposits and thus
helps in understanding biases in palaeoenvironmental reconstructions.

Acknowledgments: We would like to sincerely thank all the participants who responded positively
to the call for this Special Issue of Quaternary, as well as the three managing editors of the journal who
were always supporting us. We also extend our deepest gratitude to all the reviewers who allotted
their generous time and efforts to carefully assess the manuscripts included in this volume.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Efremov, I.A. Taphonomy: A new branch of paleontology. Pan-Am. Geol. 1940, 74, 81–93.
2. Behrensmeyer, A.K.; Hill, A.P. Fossils in the Making: Vertebrate Taphonomy and Paleoecology; University of Chicago Press: Chicago,

IL, USA, 1981; p. 338.
3. Brain, C.K. The Hunters or the Hunted? An Introduction to African Cave Taphonomy; University Chicago Press: Chicago, IL, USA,

1981; p. 365.
4. Shipman, P. Life History of a Fossil: An Introduction to Taphonomy and Paleoecology; Harvard University Press: Cambridge, UK, 1981;

p. 223.
5. Andrews, P. Owls, Caves and Fossils; Natural History Museum Publications: London, UK, 1990; p. 231.
6. Lyman, R.L. Vertebrate Taphonomy; Cambridge University Press: Cambridge, UK, 1994; p. 524.
7. Fernández-Jalvo, Y.; Andrews, P. Atlas of Taphonomic Identifications; Vertebrate Paleobiology and Paleoanthropology Series;

Springer: Dordrecht, The Netherlands, 2016; p. 359.
8. Andrews, P. Taphonomic effects of faunal impoverishment and faunal mixing. Palaeogeogr. Palaeoclimatol. Palaeoecol. 2006, 241,

572–589. [CrossRef]
9. Domínguez-Rodrigo, M.; Musiba, C.M. How accurate are palaeoecological reconstructions of early paleontological and archaeo-

logical sites? Evol. Biol. 2010, 37, 128–140. [CrossRef]
10. Fernández-Jalvo, Y.; Scott, L.; Andrews, P. Taphonomy in palaeoecological interpretations. Quat. Sci. Rev. 2011, 30, 1296–1302.

[CrossRef]
11. Belyea, L.R. Revealing the emperor’s new clothes: Niche-based palaeoenvironmental reconstruction in the light of recent

ecological theory. Holocene 2007, 17, 683–688. [CrossRef]
12. Nógues-Bravo, D. Predicting the past distribution of species climatic niches. Glob. Ecol. Biogeogr. 2009, 18, 521–531. [CrossRef]
13. Huntley, B. Reconstructing palaeoclimates from biological proxies: Some often overlooked sources of uncertainty. Quat. Sci. Rev.

2012, 31, 1–16. [CrossRef]
14. Birks, H.J.B.; Heiri, O.; Seppä, H.; Bjune, A.E. Strengths and weaknesses of quantitative climate reconstructions based on

Late-Quaternary biological proxies. Open Ecol. J. 2010, 3, 68–110. [CrossRef]
15. Sandweiss, D.H.; Kelley, A.R. Archaeological contributions to climate change research: The archaeological record as a paleoclimatic

and paleoenvironmental archive. Annu. Rev. Anthropol. 2012, 41, 371–391. [CrossRef]
16. Lyman, R.L. Paleoenvironmental Reconstruction from Faunal Remains: Ecological Basics and Analytical Assumptions. J. Archaeol.

Res. 2017, 25, 315–371. [CrossRef]
17. Escosteguy, P.D.; Fernandez, A.E.; González, M.I. Insect Marks on Bones from La Guillerma Archaeological Locality (Salado River

Depression, Buenos Aires, Argentina). Quaternary 2021, 4, 45. [CrossRef]
18. Lebreton, L.; Morin, E.; Gravina, B.; Michel, A.; Bachellerie, F.; Beauval, C.; Flas, D.; Laroulandie, V.; Marot, J.; Rougier, H.; et al.

The Potential of Micromammals for the Stratigraphy and the Timing of Human Occupations at La Roche-à-Pierrot (Saint-Césaire,
France). Quaternary 2021, 4, 33. [CrossRef]

19. Durocher, M.; Grouard, S.; Nicolas, V.; Maestri, R.; Evin, A. Defining fragmentation patterns of archaeological bone remains
without typologies: A landmarks-based approach on rodent mandibula. Quaternary 2022, 5, 14. [CrossRef]

20. Fernández-Jalvo, Y.; Rueda, L.; Fernández, F.; García-Morato, S.; Marin-Monfort, D.; Montalvo, C.; Tomassini, R.; Chazan, M.;
Horwitz, L.K.; Andrews, P. Understanding the Impact of Trampling on Rodent Bones. Quaternary 2022, 5, 11. [CrossRef]

21. Okaluk, T.R.; Greenfield, H.J. Macroscopic chop mark identification on archaeological bone: An experimental study of chipped
stone, ground stone, copper, and bronze axe heads on bone. Quaternary 2022, 5, 15. [CrossRef]

22. Stoetzel, E.; Bochaton, C.; Bailon, S.; Cochard, D.; Gala, M.; Laroulandie, V. Multi-Taxa Neo-Taphonomic Analysis of Bone
Remains from Barn Owl Pellets and Cross-Validation of Observations: A Case Study from Dominica (Lesser Antilles). Quaternary
2021, 4, 38. [CrossRef]

23. Powley, M.J.; Sutisna, I.; Mikac, K.M.; Wibowo, U.P.; van den Bergh, G.D. The Stegodon Bonebed of the Middle Pleistocene
Archaeological Site Mata Menge (Flores, Indonesia): Taphonomic Agents in Site Formation. Quaternary 2021, 4, 31. [CrossRef]

24. Wattanapituksakul, A.; Shoocongdej, R.; Conrad, C. Terminal Pleistocene to Middle Holocene Hunter-Gatherer Subsistence at
Ban Rai Rockshelter, Northwest Thailand. Quaternary 2022, 5, 51. [CrossRef]

http://doi.org/10.1016/j.palaeo.2006.04.012
http://doi.org/10.1007/s11692-010-9087-2
http://doi.org/10.1016/j.quascirev.2010.07.022
http://doi.org/10.1177/0959683607079002
http://doi.org/10.1111/j.1466-8238.2009.00476.x
http://doi.org/10.1016/j.quascirev.2011.11.006
http://doi.org/10.2174/1874213001003020068
http://doi.org/10.1146/annurev-anthro-092611-145941
http://doi.org/10.1007/s10814-017-9102-6
http://doi.org/10.3390/quat4040045
http://doi.org/10.3390/quat4040033
http://doi.org/10.3390/quat5010014
http://doi.org/10.3390/quat5010011
http://doi.org/10.3390/quat5010015
http://doi.org/10.3390/quat4040038
http://doi.org/10.3390/quat4040031
http://doi.org/10.3390/quat5040051


Quaternary 2023, 6, 8 6 of 6

25. Daura, J.; Sanz, M.; Vaquero, M.; López-Gracía, J.M.; Blain, H.A.; Sánchez Marco, A. Neanderthal fossils, mobile toolkit and
a hyena den: The archaeological assemblage of Lateral Gallery 1 in Cova del Gegant (NE Iberian Peninsula). Quaternary 2022,
5, 12. [CrossRef]

26. Rofes, J.; Ordiales, A.; Iriarte, E.; Cuenca-Bescós, G.; Galindo-Pellicena, M.Á.; Pérez-Romero, A.; Carretero, J.M.; Arsuaga, J.L.
Human Activities, Biostratigraphy and Past Environment Revealed by Small-Mammal Associations at the Chalcolithic Levels of
El Portalón de Cueva Mayor (Atapuerca, Spain). Quaternary 2021, 4, 16. [CrossRef]

27. Royer, A.; Mallye, J.-B.; Pelletier, M.; Griselin, S. Who Killed the Small Mammals of Ittenheim? An Integrative Approach and New
Taphonomic Data for Investigating Bone Assemblages Accumulated by Small Carnivores. Quaternary 2021, 4, 41. [CrossRef]

28. Tilby, E.; Miracle, P.; Barker, G. The Microvertebrates of Shanidar Cave: Preliminary Taphonomic Findings. Quaternary 2022, 5, 4.
[CrossRef]

29. Rufà, A.; Laroulandie, V. Unravelling the Taphonomic Stories of Bird Bones from the Middle Pleistocene Layer VIII of Grotte
Vaufrey, France. Quaternary 2021, 4, 30. [CrossRef]

30. Rubinatto Serrano, J.; Valejo-Pareja, M.C..; deFrance, S.D.; Baitzel, S.I.; Goldstein, P.S. Taphonomic and Paleoecological Insights
from Anurans on Tiwa-naku Sites in Southern Peru. Quaternary 2022, 5, 16. [CrossRef]

31. Arroyo-Cabrales, J.; Johnson, E.; Cruz, J.A. San Josecito Cave and Its Paleoecological Contributions for Quaternary Studies in
Mexico. Quaternary 2021, 4, 34. [CrossRef]

32. Uzunidis, A. Middle Pleistocene Variations in the Diet of Equus in the South of France and Its Morphometric Adaptations to
Local Environments. Quaternary 2021, 4, 23. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/quat5010012
http://doi.org/10.3390/quat4020016
http://doi.org/10.3390/quat4040041
http://doi.org/10.3390/quat5010004
http://doi.org/10.3390/quat4040030
http://doi.org/10.3390/quat5010016
http://doi.org/10.3390/quat4040034
http://doi.org/10.3390/quat4030023

	Methodological Development/New Fields of Research 
	Modern Referentials and Experiments 
	Analysis of Fossil and Sub-Fossil Assemblages 
	Palaeoenvironmental Inferences 
	References

