
ABSTRACT

The human-elephant interactions during the 
Lower Palaeolithic are an intriguing issue that has 
been the subject of several studies, however, the 
multifaceted aspects of the interaction dynam-
ics are still imperfectly known and divide most 
of the researchers dealing with this topic. Vari-
ous sources of evidence point out the contem-
poraneous presence of Palaeolithic humans and 
proboscideans during the Early and early Mid-
dle Pleistocene of Africa and Eurasia in different 
ecosystems, environments and climatic contexts. 
This research aims to scrutinize the role (if any) 
that non-cultural related factors, such as environ-
mental context, resource availability and fauna 
functional diversity, may have had in regulating 
the human-elephant interactions from ~1.5–1.4 
Ma to 80 ka (approximately MIS 49 to MIS 5), 
focusing mainly on the Lower Palaeolithic. We 

analyze by means of some multivariate statisti-
cal analyses (cluster analysis, neighbour joining 
clustering method, PCA) the environmental con-
text and the human behavior at main sites from 
the Mediterranean area (North Africa, Arabian 
Peninsula and Southern Europe), as well as at a 
few selected Western and Eastern European sites, 
where butchering activities on elephant carcass-
es have been firmly documented. The obtained 
results suggest that: i) the butchery behavior 
did not substantially change in the course of the 
late Early and Middle Pleistocene; ii) during the 
Lower Palaeolithic the human-elephant interac-
tions were more affected by chance rather than 
by cultural/environmental factors; iii) during the 
Late Pleistocene, conversely, the exploitation of 
mammoth carcasses was more related to a hunt-
ing activity, selectively targeted to young individ-
uals, although other large games were preferred at 
least by Neanderthal hunters.
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4.1 INTRODUCTION

“…. In the forest lashed by the great rain
Father elephant walks heavily, baou, baou,

careless, without fear, sure of his strength…”
(Tracking Father Elephant, translated by Bowra, 

1962).

An extraordinary diversity of species, from very 
specialized to highly ecologically flexible, originat-
ed in the course of the long and complex evolu-
tionary history of the polyphyletic and polymorph 
proboscidean group, which originated in North 
Africa about 60 million years ago (Gheerbrant, 
2009). Proboscidean taxa, including the subfami-
ly Elephantinae, have inhabited the most different 
environments, such as rain forests, deserts, tundra, 
savannah, grasslands and bush lands. The higher 
ecological flexibility a species had, the wider its 
geographical range was, sometimes attaining a very 
wide geographic distribution, as in the case for in-
stance of the woolly mammoth Mammuthus primi-
genius (Kahlke, 2015).

The capacity of adaptation, dispersal and diffu-
sion of proboscidean representatives were to some 
extent similar to the most recent primates and per-
haps archaic humans. During the Pleistocene for 
instance, the recurring climate changes triggered 
significant modifications in the structure of eco-
systems, and the mammal fossil record documents 
a complex history of dispersal events and species 
turnovers. The dispersal processes involved differ-
ent human and proboscidean species. As a result, 
the geographic range of hominins (Hominina) and 
proboscideans (i.e., some representative of Mam-
mutidae, Anancinae, Stegodontidae and Elephan-
tidae, in particular elephants belonging to the tribe 
Elephantini —Palaeoloxodon, Mammuthus and El-
ephas, as regards to Eurasia) frequently overlapped 
under a variety of environmental conditions, in-
cluding even very peculiar ecosystems, such as 
islands. During the Late Pleistocene for instance, 
the Flores Island (Indonesia) was inhabited by a 
dramatically impoverished and unbalanced fauna 
(Meijer et al., 2010), including the dwarf human 

species Homo floresiensis. The archaic human from 
the Liang Bua cave, representative of a long-term 
population that frequented the cave for about 80 
years (95–74 to 12 ka), butchered not only giant 
rodents (e.g., Papagomys armandvillei), but also the 
dwarf proboscidean Stegodon florensis insularis; the 
behavioral capabilities of Liang Bua humans in-
cluded also the use of fire (Morwood et al., 2005).

The widespread presence of proboscideans in 
the territories inhabited by Homo spp. may have 
facilitated the human-proboscidean interactions 
that go perhaps back to the emergence of our own 
genus, developing throughout time in different 
ways, from simple coexistence, to opportunistic 
exploitation by humans, to highly conflicting re-
lationships as documented in some African and 
Asian countries today (see e.g., Pant et al., 2016; 
Evans and Adams, 2018; Anuradha et al., 2019; 
Hulme et al., 2020; Kitratporn and Takeuchi, 
2020; Xu et al., 2020).

The cut marks on equid and bovid bones 
found at Gona (Ethiopia), dated approximate-
ly between 2.58 and 2.1 Ma, provide one of the 
oldest evidence of human butchery activity in 
a site where proboscidean remains (Anancus) are 
also recorded (Semaw et al., 1997; Semaw, 2000; 
Domínguez-Rodrigo et al., 2005). Proboscidean 
remains were present indeed in archaeological lev-
els of African sites, where lithic artifacts and cut 
marks on medium- and large-sized mammals have 
been reported, such as Bouri (~2.5 Ma, Ethiopia; 
de Heinzelin et al., 1999) and Ain Boucherit (Al-
geria; Sahnouni et al., 2018; Duval et al., 2019). 
The lithic artifacts and cut-marked bones found at 
Ain Boucherit in the layers dated to ~1.9 Ma and 
2.4 Ma (Sahnouni et al., 2018; Duval et al., 2019), 
indicated that scavenging hominins inhabited the 
North African Mediterranean region earlier than 
was previously supposed, based on the evidence 
from the nearby Ain Hanek site (Algeria), dated to 
~1.8 Ma (Sahnouni et al., 2013).

In Europe, at sites dated to ~1.5–1.4 Ma, where 
Mammuthus meridionalis is recorded, the presence 
of cut-marked bones of middle- and large-sized 
herbivores, as well as of bones broken for marrow 



107HUMAN-ELEPHANT INTERACTIONS DURING THE LOWER PALAEOLITHIC

extraction, provides the earliest evidence of archaic 
human faunal exploitation. In particular, such kind 
of evidence comes from two Spanish sites located 
in the Guadiz Baza basin (Barranco León 5 dated 
to ~1.4 Ma and Fuente Nueva 3 to ~1.2 Ma, on 
the basis of biostratigraphical, magnetostratigraph-
ical and ESR data, and to ~1.5 Ma based on cos-
mogenic nuclides for Fuente Nueva 3 (Espigares et 
al., 2019, this volume and references therein; Rosell 
and Blasco, this volume), and from the Italian site 
Pirro Nord 13 (Chelli-Cheheb et al., 2019, 2020).

Although the coexistence of archaic humans 
and proboscideans is documented in a number 
of Early Pleistocene sites during time and across 
continents, the available data are not compelling 
enough for either proving or rejecting an exploita-
tion of proboscidean carcasses by humans at the 
earliest butchery sites recording proboscideans re-
mains. In the absence of firm butchery evidence 
on proboscidean bones, the same uncertainty 
concerns the majority of Pleistocene sites, where a 
spatial association of artifacts and elephant bones 
is documented. The association of stone tools and 
proboscidean bones —e.g., Mammutinae, Mam-
mut; Stegodontidae, Stegodon; Elephantinae (El-
ephantini: Mammuthus, Palaeoloxodon, Elephas; 
Loxodontini: Loxodonta)— is indeed a recurrent 
phenomenon, distributed across continents and 
palaeobioprovinces.

Several hypotheses and tentative explanations 
have been formulated to account for this associa-
tion. The actual meaning may change depending 
on a number of factors, such as the spatial distri-
bution of bones and artifacts, the depositional con-
text, the taphonomic signatures, which may suggest 
that: i) the spatial association of stone artifacts and 
elephant remains results from a natural accumula-
tion and is not functionally related to any human 
activity; ii) the place was visited by humans, who 
accidentally found the carcass they scavenged; iii) 
the place was located in a territory, where archa-
ic humans hunted on proboscideans; iv) the place 
was a butchery site, where the carcass obtainment 
strategy cannot be identified (cf. Yravedra et al., 
2010 and references therein). The frequency of the 

association and the widespread presence of tools 
made on elephant bones evidence the important 
role as a valuable source of food and raw material 
the proboscideans had for the Lower Palaeolithic 
humans (e.g., Reshef and Barkai, 2015; Agam and 
Barkai, 2016; Barkai, 2019a, b). The high nutri-
tional value related to the large amount of flesh 
and fat a single elephant carcass can provide, could 
find support in considering that most elephants in 
central Africa are likely poached nowadays more 
for their meat rather than for their ivory.

The question whether the Lower Palaeolithic 
humans were scavengers or hunters is one of the 
most intriguing and debated issues in literature, 
and hypotheses and ideas about early human be-
havior are especially controversial as regards to 
proboscideans. Although proboscideans were like-
ly pursued and killed by Middle and Upper Palae-
olithic hunters in different ways (e.g., by a single 
individual carrying a spear and stabbing the ele-
phant in the belly or by cooperative hunters as Af-
rican hunter-gatherers did in historical time) (see 
e.g., Anzidei et al., 2015 and references therein; 
Agam and Barkai, 2018; Ichikawa, this volume; 
Lewis, this volume; Yasuoka, this volume) the de-
bate “hunting vs. scavenging” (which is beyond 
the scope of our research) is nearly impossible to 
solve for the majority of the Lower Palaeolithic 
sites. Moreover, it is worth noting the objective 
difficulty of detecting whether archaic humans ex-
ploited or not elephant remains at several sites re-
cording butchery activity on other large mammals. 
This is mainly related to the difficulties to identify 
defleshing traces on elephant bones. It is indeed a 
challenging task to find such evidence on probos-
cideans, because the large muscle masses, cartilage, 
tendons and strong ligaments hamper the contact 
between stone tool edges and bone surfaces, and 
if so, the thick periosteum on several bones may 
prevent any stone tool modification on the bone 
surface, as confirmed by actualistic butchery obser-
vations (Haynes and Klimowicz, 2015).

Firm proofs of the human exploitation of pro-
boscidean carcasses have, however, to be found to 
avoid misinterpretations in detecting actual butch-
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ery sites. The presence of cut marks still remains 
the most straightforward evidence. Cut marks 
on mammoth bones have been documented in a 
number of European Late Pleistocene archaeologi-
cal sites. During the last decade, detailed studies of 
faunal remains at various sites led to the identifica-
tion of butchery activities on elephant remains at 
some late Early and Middle Pleistocene sites.

The oldest evidence of human butchery activ-
ity on proboscideans, however, dates back to the 
Early Pleistocene of Africa. In the faunal assem-
blage of HWK EE (Olduvai Gorge, Tanzania), 
a site older than 1.664 ± 0.0194 (cf. discussion 
and fig. 2 in McHenry and Stanistreet, 2018), cut 
marks have been detected mainly on bone surfaces 
of middle-sized mammals, but also on a probosci-
dean astragalus (Pante et al., 2018). Later, in East 
Africa, at the late Early Pleistocene Olorgesaile 
butchery site (0.99 Ma; Fig. 4.1a, Appendix 4.1), 
more than 2300 stone artifacts were found sur-
rounding several Palaeoloxodon recki bones (Potts, 
1989). Sharp flakes could have been used to re-
move flesh, as shown by cut marks on one elephant 
rib, some vertebrae and the hyoid bone, where the 
tongue muscles are attached. In Europe, the oldest 
proboscidean cut-marked bones (two ribs of M. 
meridionalis about 30 years old) are recorded at 
the late Early Pleistocene Barranc de la Boella Pit 
1 (Spain), together with 125 lithic artifacts includ-
ing several refitting chert groups (Mosquera et al., 
2015; Rosell and Blasco, this volume) (Fig. 4.1a, 
Appendix 4.1).

Although cut marks on mammoth carcasses 
are well documented in several Late Pleistocene 
sites of Europe, very few have been reported in 
Early and Middle Pleistocene sites. It is interest-
ing to note that, in the course of the Pleistocene 
the number of elephant butchery sites substantially 
augmented from the Early to the Late Pleistocene, 
but the percentage of sites recording cut marks un-
derwent only a moderate increase (Fig. 4.3).

Together with the presence of cut marks and 
bones intentionally broken for marrow extraction, 
hints of elephant (i.e., Mammuthus, Palaeoloxodon) 
exploitation by archaic humans are also provided 

by the use-wear analysis of lithic implements and 
by isotope analysis (e.g., Venditti et al., 2019 and 
references therein). The spatial association between 
elephant skeletons (either complete or partially 
preserved, in anatomical connection or disartic-
ulated showing a moderate dispersion of bones) 
and artifacts (particularly the presence of refitting) 
may be considered as an indirect evidence of some 
butchery activity at the place. At some sites, such 
as La Polledrara di Cecanibbio (~325 ka, MIS 9, 
Italy; Anzidei et al., 2012; Pereira et al., 2017), the 
functionality suggested by the association is con-
firmed by more firm evidence, e.g., cut marks, use-
wear analysis on lithic artifacts, and bones inten-
tionally broken for marrow extraction and artifact 
manufacturing (Anzidei et al., 2012; Santucci et 
al., 2016; Cerilli and Fiore, 2018). In some cases, 
the exploitation can be inferred from the presence 
of selected elephant body parts carried by humans 
into their temporary camps, such as the Terra Am-
ata open-air site (~400 ka, MIS 11, France; Valen-
si et al., 2011), where one of the oldest evidence 
in Europe of a recurrent exploitation of small fast 
game is documented (Morin et al., 2019), and 
caves, such as Spy (MIS 3, Belgium; Germonpré et 
al., 2014, this volume; Wißing et al., 2016, 2019; 
Bocherens and Drucker, this volume) (Fig. 4.1a, b, 
Appendix 4.1).

Based on these criteria, we have selected the 
late Early to early Late Pleistocene sites studied 
herein. Our idea was to provide a few hints in or-
der to contribute to deconstructing the intriguing 
issue of the evolutionary dynamics of human-ele-
phant interactions during time and across space, 
in the light of the profound late Early and Middle 
Pleistocene environmental changes. Our purpose 
is two-folded: i) to appraise the role (if any) that 
either the ecosystem functioning and environ-
mental factors or simple chance may have had in 
promoting the butchery activity of the late Early 
and Middle Pleistocene Homo representatives on 
elephant carcasses, and ii) to highlight the similar-
ities/differences in archaic human behavior at each 
site in the light of the environmental context, re-
source availability and fauna diversity.
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Figure 4.1: Location of the main Early–early Late Pleistocene (a) and Late Pleistocene, MIS 4–MIS 2 (b) sites recording 
butchery activity on elephants (Palaeoloxodon and Mammuthus) (made with Natural Earth, naturalearthdata.com).
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Accordingly, we intend to scrutinize the re-
liability of the following hypotheses: i) Did the 
way in which humans exploited elephant carcass-
es change during the focal time, according to the 

changing human species and material culture? ii) 
Did the human butchering activity on elephants 
depend to any extent on physical/biotic factors, 
e.g., geographical region, elephant species, vegeta-

Figure 4.2: Chronological scheme and biochronological setting of the Early, Middle and Late Pleistocene elephant butchery sites 
selected for this study.
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tion type, functional diversity/ecological structure 
of mammalian palaeocommunities (particularly 
number and strength of top predators), human 
species and material culture? iii) Was the way in 
which humans interacted with elephants more af-
fected by chance rather than by cultural/environ-
mental factors?

Aiming to scrutinize whether the biotic and 
physical environmental factors or a simple chance 
had any role in promoting the butchery activity on 
elephant carcasses during the late Early to the early 
Late Pleistocene, we examined three different sce-
narios: i) around the time that early human groups 
moved for the first time from Africa to Eurasia; ii) 
slightly later, when the global climatic conditions 
underwent the dramatic reorganization known as 
EMPT (Early to Middle Pleistocene Transition); 
iii) from the time that the Acheulean culture spread 
in Europe until the appearance of the Middle Pa-
laeolithic culture, briefly glancing at the period of 
climate worsening recorded from MIS 4 to MIS 2.

4.2 MATERIAL AND METHODS

4.2.1. MATERIAL

For a firm detection of elephant butchery locali-
ties we selected late Early to early Late Pleistocene 
(MIS 49–MIS 5; Fig. 4.1a, Appendix 4.1) sites, 
following in a very rigorous and restrictive way the 
criteria mentioned above, e.g., presence of cut-
marked elephant bones or intentionally broken 
for marrow extraction; elephant skeletons (from 
articulated to moderately spatially dispersed) sur-
rounded or associated with lithic implements and 
presence of refitting; use-wear analysis of the lith-
ic implements and isotopic data related to their 
organic residues, documenting activities referable 
to butchering (e.g., cutting meat/soft material 
and scraping off the meat from the hide); and 
compelling presence of elephant bones carried 
by humans at the place. Moreover, we excluded 
from the analysis sites for which data related to 
the variables we have considered in the statisti-

cal analysis (see below) were not informative or 
complete enough. Accordingly, the selected sites 
represent only a subset of the numerous alleged 
sites reported in literature; however, the sample 
can be regarded as adequate for a first investiga-
tion about the role that environmental aspects 
may have had in regulating the human-elephant 
interactions during the Lower Palaeolithic. A few 
European Late Pleistocene sites (MIS 4–MIS 2) 
have been also included in the statistical analysis 
for comparison purposes (Appendix 4.1). The to-
tal number of the considered localities is 39. 

Stratigraphical data, absolute geochronology, 
palaeomagnetism and biochronological principles 
were applied for ordering the selected sites in a 
chronological sequence and gathering them into 
faunal complexes (see e.g., Palombo, 2009, 2018) 
(Fig.  4.2). Considering that new discoveries and 
absolute chronological assessments might change 
any previously established biochronological 
scheme, the current chronological assessment can 
be regarded as the “best-fit” allowed by the avail-
able data.

Figure 4.3: Comparison among the number of selected ele-
phant (Palaeoloxodon and Mammuthus) butchery sites and the 
percentage of sites recording cut marks on elephant (Palaeo-
loxodon and Mammuthus) bones during the Early Pleistocene 
(1), Middle and early Late Pleistocene (2), and Late Pleistocene 
(MIS 4 to MIS 2) (3).
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4.2.2. METHODS

To estimate the putative influence of physical and 
biotic aspects on human butchery behavior during 
time and across space, we performed statistical 
(univariate and multivariate) analyses by using as 
cases the selected late Early to Late Pleistocene sites 
(see above) and a large set of variables.

SELECTED VARIABLES | We selected three main 
groups of variables for the analysis: 1) variables re-
lated to the most general aspects of the site, such as 
chronology, geographical location and climate; 2) 
variables considered as appropriate for describing 
the environmental context and some aspects of the 
ecosystem functioning, such as the basic different 
types of landscape (e.g., plain, hill, mountain) and 
the depositional environments, e.g., the various 
alluvial contexts, cave, volcanic); of vegetation at 
the site and/or in the surrounding territory; fauna 
richness and ecological diversity of the large mam-
mal fauna found at the site (highly, and poorly 
diversified mammalian fauna assemblage); the spe-
cies and number of butchered elephants, as well as 
their ontogenetic age; the amount and spatial dis-
tribution of elephant remains; number and power 
of top predators; 3) and variables related to archaic 
humans, and their activity and behavior (e.g., hu-
man species identified based on human remains or 
inferred according to the material culture and the 
age of the site, material culture, cut marks on ele-
phant bones, elephant bones broken for marrow 
extraction, cut marks and broken bones of other 
mammals).

We considered the presence of top predators, 
because it may hamper the access to carcasses by 
archaic humans and other scavengers [see Koni-
daris and Tourloukis (this volume) for a discussion 
on the role of large carnivores in human-elephant 
interactions]. During the Early Pleistocene for in-
stance, the presence of the saber-toothed cat Homo-
therium latidens and the powerful short-faced hye-
na Pachycrocuta brevirostris, likely hampered human 
groups to access the carcasses they were scavenging. 
Therefore, carnivores and humans alternated each 

other in exploiting carcasses. The same might have 
sometimes occurred during the Middle Pleistocene, 
even if the composition of the carnivore guild had 
changed. During the Late Pleistocene, more orga-
nized and better-equipped hunter groups competed 
successfully even with the most powerful predator, 
the cave lion Panthera spelaea.

As regards to the vegetation, we considered 
the classic broad vegetation types (e.g., type of 
forest —rain, evergreen, deciduous, mixed etc.—, 
grassland, savannah, tree grassland/savannah, 
shrubland, tundra, taiga, Mediterranean macchia), 
which substantially differ each other in structure 
and plant species richness, as well as in environ-
mental productivity (e.g., Mucina, 1997 and ref-
erences therein).

It is worth noting that the identification of the 
Homo species interacting with proboscideans may 
be controversial and debated at some sites. In par-
ticular, it is generally accepted that Homo heidel-
bergensis, whatever its phyletic relationships could 
be, was the human species that spread the Acheule-
an culture widely in Europe. Recently, the attribu-
tion to this species of some key human samples has 
been questioned. For instance, the human remains 
from the extraordinary rich Sima de los Huesos 
(~430 ka, MIS 12, Atapuerca, Spain; Bermúdez 
de Castro et al., 2019 and references therein) have 
been identified by some scholar as H. heidelber-
gensis, whereas others regarded them as belonging 
to the Neanderthal lineage (Stringer, 2012; Buck 
and Stringer, 2014; Manzi, 2016; Roksandic et al., 
2018, 2019; Arsuaga et al., 2019; Bermúdez de 
Castro et al., 2019). In our database, we indicated 
the most recent in literature specific name given 
to the humans acting at each site. Concerning the 
Late Pleistocene sites, if the human species was not 
specified, we preferred to indicate it as Anatomi-
cally Modern Human (AMH), but we have to be 
aware that many Eastern European sites fall into a 
chronological interval in which the overlapping/re-
placement of Homo neanderthalensis and/by Homo 
sapiens was in progress.

To facilitate the comparison, sites have been 
grouped into three main categories, based on the 
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completeness of the elephant skeleton(s): 1) sites 
with a single carcass found in association with 
stone artifacts, and with some bones in anatomical 
connection and few others dispersed within a short 
distance; 2) sites, where a single carcass was butch-
ered, but the bones are characterized by a certain 
degree of disarticulation, and bones are dispersed 
over a small area; 3) sites documenting a polypha-
sic accumulation of portions of carcasses or indi-
vidual bones.

MULTIVARIATE STATISTICAL ANALYSIS | The 
environmental sensu lato based resemblance among 
elephant butchery sites was evaluated by means of 
two clustering methods (the classic cluster analy-
sis and the neighbour joining clustering method) 
and one ordination method (principal component 
analysis-PCA).

Cluster analysis, a multivariate analysis 
technique by which it is possible to group cases 
minimizing the distance within each group and 
maximizing the distance between groups, is a clas-
sification method aimed at grouping cases based 
on the similarity of their attributes. It is commonly 
used to group a series of samples based on multiple 
variables that have been defined from each case. 
Accordingly, we use the hierarchical clustering rou-
tine to explore if and to which extent the selected 
sites cluster depending on their age, geographical 
position, and physical and biotic environmental 
characteristics. As clustering technique, we used 
the unweighted pair-group average method (UP-
GMA). In UPGMA, the level at which a member 
(case, herein a site) joins an existing cluster is based 
on average similarities of all the existing members, 
calculated from the original matrix of coefficients. 
Each member of a cluster, therefore, has an equal 
weight at all levels of clustering. Clusters are joined 
based on the average distance between all members 
in the two groups.

The neighbour joining clustering is an alter-
native, bottom-up (agglomerative) method for 
hierarchical cluster analysis originally developed 
for phylogenetic analysis (Saitou and Nei, 1987), 
but regarded by some as sometimes superior to 

UPGMA for processing ecological data. In the re-
sulting unrooted dendrogram, two branches from 
the same internal node do not need to have equal 
branch lengths, because the branch length is pro-
portional to the amount of change.

We carried out the ordination method to fur-
ther investigate the structure of the data and better 
understand the main factors influencing the sim-
ilarities/differences among the analyzed butchery 
sites. According to this method, the positions of 
cases (sites) plotted against two or sometimes three 
axes (each corresponding to a dimension in space) 
depict the gradient of greatest variation along the 
“first” axis, the second largest gradient of vari-
ation along the “second” axis etc. In particular, 
the PCA finds new hypothetical variables (linear 
combinations of the original variables) accounting 
for as much as possible of the variance in multi-
variate data. The eigenvalues and eigenvectors of 
the variance-covariance matrix or the correlation 
matrix are determined with the SVD algorithm, 
highlighting the factors (variables) that contribute 
more to join/separate cases (sites) each other. We 
used PCA as a descriptive and exploratory multi-
variate technique, because it is found to be useful 
in summarizing all the information that describes 
the similarities of a set of cases in a small number 
of dimensions, regardless of the statistical propri-
eties of the data (Hammer and Harper, 2006).

Analyses were executed with the PAST (PA-
leontological STatistics) 3.16 software (Hammer 
et al., 2001).

4.3 RESULTS: A CRITICAL OVERVIEW

4.3.1. CLUSTER ANALYSIS

The cluster analysis was performed in three steps. 
First, we considered all the cases and variables 
(Fig. 4.4). Second, we performed the analysis by 
excluding the “geographical setting” and “chronol-
ogy” variables (Fig.  4.5a), and then by using the 
variables related to the environment sensu lato and 
to human behavioral/cultural aspects (Fig. 4.5b), 
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or alternately using one (Fig.  4.5c) or the other 
(Fig. 4.5d). Third, we considered as cases the sites 
dated from the late Early to the early Late Pleisto-
cene using either all the variables, or the variables 
related to the environment sensu lato or to human 
behavioral/cultural aspects.

CLUSTER ANALYSIS OF SITES DATED FROM 
THE LATE EARLY PLEISTOCENE TO THE LAST 
GLACIAL MAXIMUM (APPROXIMATELY MIS 
49 TO MIS 2) (ALL VARIABLES) | In the den-
dogram obtained by using all cases and all vari-
ables (Fig.  4.4), a chronological ordering mainly 
prevails. Two well-separated clusters are detectable. 
The cluster A that includes nearly all the Early to 
last interglacial Pleistocene localities, and the clus-
ter B that mainly includes the last glacial localities. 
In the cluster A, the Early and Middle plus last 
interglacial Pleistocene localities form two sister 
clusters (respectively A.1.2 and A1.1), gathered 
in the group A1. The cluster A includes also, as 
separate rami, the Spanish sites Fuente Nueva 3 
(Early Pleistocene, may be older than 1.4 Ma; 1.50 
± 0.31 Ma according to the cosmogenic nuclide 
burial age provided by Álvarez-Posada et al., 2015, 
cf. Espigares et al., 2019 and references therein) 
and Bolomor Cave (late Middle Pleistocene, 152 
± 23 ka). Fuente Nueva 3 is the oldest site with a 
partial, articulated skeleton of M. meridionalis and 
lithic artifacts (Espigares et al., 2013, this volume 
and references therein; Rosell and Blasco, this vol-
ume). Bolomor Cave is the only site in the data-
base, where bones and teeth of a butchered young 
straight-tusked elephant were recovered (Blasco 
and Fernández Peris, 2012, this volume; Blasco 
et al., 2013; Rosell and Blasco, this volume). The 
peculiarity of both Spanish sites is highlighted by 
the quite great distance they show from all other 
localities gathered in cluster A.

However, some more departures from the gen-
eral chronological trend are present. For instance, 
the post-Jaramillo Early Pleistocene Barranc de 
La Boella Pit 1 (~0.96–0.78 Ma; Vallverdú et al., 
2014; Mosquera et al., 2015) falls into the group 
of the late Middle Pleistocene (MIS 11–MIS 6) lo-

calities, as does the early Middle Pleistocene Italian 
site Notarchirico (A1 level, dated to ~660 ka, MIS 
16, although the ecological structure of the large 
mammal fauna suggests temperate climatic con-
ditions) (Pereira et al., 2015 and references there-
in). This conceivably depends on the presence at 
both sites of large cutting tools/Acheulean artifacts 
(Mosquera et al., 2016; Moncel et al., 2019).

At Belchatów (Poland, Middle Pleistocene, 
MIS 11 or 9? in Pawlowska et al., 2014; MIS 9 in 
Marks et al., 2019), cut marks, attributed probably 
to flesh filleting, were detected on a Mammuthus 
trogontherii rib (Pawlowska et al., 2014). Accord-
ingly, the anomalous setting of the site likely relates 
to the presence of a representative of the genus 
Mammuthus; that is, together with the species M. 
primigenius, the elephant recorded in the last gla-
cial sites, whereas P. antiquus is the most common 
elephant species butchered at the Middle Pleisto-
cene Southern European sites.

The presence in the group B of the late Middle 
Pleistocene (MIS 6) levels of the long stratigraphic 
sequence of La Cotte de St Brelade (Jersey, U.K.; 
spanning in age from ~238 to 40 ka, Scott et al., 
2014 and references therein) and the last glacial 
site of Spy cave (inhabited by Homo neandertha-
lensis until ~33 ka; Semal et al., 2009) accounts 
for the overall similarity between the British and 
Belgian sites. Interesting to note is that the Spanish 
PRERESA site (OSL dated to ~84 ka; MIS 5a), 
but whose age is debated ranging from early MIS 6 
to MIS 5 (see discussion in Yravedra et al., 2019a, 
b and Moreno et al., 2019), and EDAR Culebro 1 
(dated to ~121 ka by the OSL method and ~150–
95 by the AAR method; Manzano et al., 2010), 
show a degree of similarity with the Middle Pleis-
tocene sites higher than that shown by the German 
sites of Lehringen (well-known due to the presence 
of a 2.4 m long wooded spear found within the 
area of the skeleton belonging to an adult male 
straight-tusked elephant) and Gröbern. The rea-
son behind the apparently anomalous setting of 
the German sites cannot be easily explained, be-
cause both are correlated to the Eemian (MIS 5e), 
based on the large mammal assemblages and the 
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vegetation type, which show some similarities to 
that recorded on various late Middle–early Late 
Pleistocene European localities (e.g., Litt, 1990; 
van Kolfschoten, 2000; Weber, 2000). A tentative 
explanation might relate to the similarity in the ge-
ometry of the dispersed elephant bones and in the 
occasional attendance at the sites of human groups 
that possibly alternated with carnivores. The same 
reason could explain the similarity that shows the 
Middle Pleistocene site of Belchatów with the last 
glacial sites Asolo, Oporow and Lynford in the 
cluster obtained by using only the human-related 
variables (Fig. 4.5d).

All things considered, the results highlight the 
complex interplay among several factors in regulat-
ing the clustering of the butchery sites dated from 
the late Early Pleistocene to the Last Glacial Max-
imum. On the one hand, indeed, the geological 
age of the deposits (on which elephant and human 
species, and material cultural depend) may be re-
garded as the variable that mainly contributes to 
the clustering of the analyzed sites. This is suggest-
ed, for instance, by the setting of the most recent 

sites that generally show certain homogeneity and 
some degree of similarity. On the other hand, a 
number of departures from the chronological or-
dering have been detected. At some cases, we have 
tentatively explained anomalous clusterings in 
terms of environmental context, material culture 
among sites differing in age, presence/absence of a 
particular elephant species, fauna structure or the 
peculiar interplay of more than one factors. How-
ever, it is sometimes difficult to find a compelling 
explication.

CLUSTER ANALYSIS OF SITES DATED FROM 
THE LATE EARLY PLEISTOCENE TO THE LAST 
GLACIAL MAXIMUM (APPROXIMATELY MIS 
49 TO MIS 2) (ENVIRONMENTAL AND HU-
MAN RELATED VARIABLES) | Assuming that 
the most influential variable in the site clustering 
is their geological age, we attempt to further scru-
tinize to which extent the other factors may have 
influenced the similarity among the analyzed sites. 
We performed cluster analyses first by excluding 
the “geographical setting” and “chronology” vari-

Figure 4.4: Q-mode dend-
rogram showing how the 
selected elephant butche-
ry sites ranging from the 
late Early Pleistocene to 
the Last Glacial Maximum 
(from MIS 54–MIS 39 to 
MIS 2) cluster using all va-
riables. Clusters are joined 
based on the average dis-
tance between all members 
in the groups (unweighted 
pair-group average, UP-
GMA) (for the chronologi-
cal context see the legend 
in Fig. 4.7).
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ables, and then by using either the variables related 
to the environment sensu lato or to human behav-
ioral/cultural aspects.

Excluding the variables “geographical setting” 
and “chronology”, the clustering does not sub-
stantially change, although few variations can be 
observed with respect to the results obtained by 
using all the variables (Fig.  4.5a). Worth noting 
is the setting of the sites dated to the last glacial 
(MIS 4–MIS 2) that form a sister group A2 with 
the group A1. A1 gathers nearly all the other late 
Early (group A1.1) and Middle–early Late Pleis-
tocene localities (A1.2). The localities gathered in 
A1.2 show a quite high similarity. This accounts 
for a considerable affinity in physical and biotic 
aspects among the sites, in particular as regards to 
the fauna structure and the human behavior. Some 
peculiarity in the fauna structure and human be-
havior might explain the odd position of Bolomor, 
La Cotte de St Brelade and Spy. These three sites 
gather together with the Austrian Krems-Wacht-
berg cave (last glacial, MIS 2) in a separate group 
(B), which shows a great distance from the group 
A. The unicity of the Early Pleistocene site Fuente 
Nueva 3 is further confirmed by its distance from 
all the other localities. The Fuente Nueva 3 po-
sition may in part depend on the absence of cut 
marks, which are instead recorded on M. meridi-
onalis ribs at Barranc de la Boella (the only other 
butchery place of the species), the remarkable pres-
ence of powerful top predators, including the giant 
hyena Pachycrocuta brevirostris that had access to 
the same mammoth carcass the humans exploited 
and may have competed with them, and the very 
warm and humid climate reconstruction for the 
site (Espigares et al., 2013, this volume; Blain et 
al., 2016; Rodriguez-Gomez et al., 2016; Rosell 
and Blasco, this volume).

It should be furthermore underlined that if on 
the one hand the early Late Pleistocene Spanish 
localities (PRERESA and EDAR Culebro 1) still 
fall in the same group (A1.2), gathering the Mid-
dle Pleistocene sites (plus the late Early Pleistocene 
Barranc de la Boella Pit 1), on the other hand the 
German Eemian sites Lehringen and Gröbern are 

part of the group A2, which includes sites not only 
more recent, but also characterized by different en-
vironmental conditions, in particular as regards to 
the climate, a variable still included in the analysis. 
The unexpected position of the two sites seems to 
be related more to the combined influence of var-
ious biotic environmental factors (the large mam-
mal fauna structure is poorly diversified at both 
sites) rather than to human related aspects.

The comparison among the dendrograms ob-
tained by using as variable either both the envi-
ronmental and human related (Fig. 4.5b), or the 
environmental (Fig.  4.5c), or the human related 
variables (Fig.  4.5d) shows indeed, that the po-
sition of the two German sites remains substan-
tially unchanged when the environmental related 
variables are taken into account, while they gather 
together with the Middle Pleistocene sites if the 
dendrogram is based only on the human related 
variables.

In the dendrogram based on these variables 
(Fig. 4.5d), the clustering is mainly related to the 
geological age of the sites and, in turn, firstly to the 
human species inferred as present at the site, and 
secondarily to the material culture; however, other 
aspects interact also in the site clustering, as sug-
gested by the anomalous position of a few localities 
(some already mentioned above). In the cluster A, 
the Early–Middle Pleistocene sites gather together 
in the groups A1 and A2. It is worth noting, how-
ever, the peculiar position of Barranc de la Boella 
(group A.1.1.2.2). The Spanish Early Pleistocene 
site shows a high similarity with the Middle Pleis-
tocene Greek site Marathousa 1, dated to ~500–
400 ka (Konidaris et al., 2018; Tourloukis et al., 
2018 and references cited in both), in spite of the 
different human and elephant species present at 
the two sites. In addition, the late Middle Pleisto-
cene Italian site Poggetti Vecchi (~171 ka, MIS 7), 
recording the presence of H. neanderthalesis (Ara-
ngunen et al., 2018, 2019; Capalbo et al., 2018), 
gathers together with the quite older Spanish sites 
Áridos 1 and Ambrona A3 (group A.1.1.2.1), as 
well as Áridos 2 and Terra Amata (France), cor-
related to MIS 12–MIS 11. At the latter sites, the 
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presence of H. heidelbergensis (or perhaps humans 
close to those present at the penecontemporaneus 
site of Sima de los Huesos, see above) has generally 
been accepted, based on the chronology and geo-
graphical position of the sites (e.g., de Lumley et 
al., 2009; Panera et al., 2011; Santonja et al., 2018 
and references therein). The similarity may relate 
to the human activities at these sites interpreted as 
residential or butchery places, where humans had 
an early access to a carcass in a non-competitive 
situation. 

The cluster B includes the sites correlated to 
MIS 4–MIS 2 recording the presence of H. nean-
derthalesis or Anatomically Modern Human/H. 
sapiens. They form two sister clusters based main-
ly on the chronology. B1 includes the MIS 4 and 
MIS 3 sites, and B2 the late MIS 3/MIS 2 ones. 
Once again Belchatów (likely MIS 9) shows an 
anomalous position, gathering together with the 
localities of B1, close to the Italian MIS 4 site Aso-
lo (Mussi and Villa, 2008), probably due to the 
aspects discussed above.

Figure  4.5: Q-mode dendrograms showing how the elephant butchery sites ranging from the late Early Pleistocene to the Last 
Glacial Maximum (from MIS 54–MIS 39 to MIS 2) cluster excluding from the variables the geographical position and the chronology 
(a); using the environmental and human related variables (b), the environmental related variables (c), and human related variables 
(d) (for the chronological context see the legend in Fig. 4.7).
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It is worth noting that the distance among 
groups (and sites) progressively decreases as the 
number of variables reduces and that the similari-
ty increases performing the analysis only using the 
human related variables. This suggests that, despite 
all sets of factors contribute to the clustering struc-
ture by differentiating the sites even if in different 
ways, the difference are less pronounced regarding 
the human behavior, as highlighted by the pre-
vailing influence of variables, such as the human 
species and material culture, rather than butchery 
activities.

CLUSTER ANALYSIS OF SITES DATED FROM 
THE LATE EARLY PLEISTOCENE TO THE EARLY 
LATE PLEISTOCENE (APPROXIMATELY MIS 49 
TO MIS 5) | In the attempt to scrutinize better the 
factors that might have influenced the butchery 
activity of early humans, we decided to repeat the 
analysis focusing on the Early to early Late Pleis-
tocene elephant sites, thus leaving outside the last 
glacial ones (MIS 4–MIS 2) (Fig. 4.6).

Overall, the dendrogram obtained by using all 
the variables (Fig. 4.6a) shows a clustering struc-
ture rather comparable to those obtained in the 
previous analyses, but somehow either chrono-
logically (extra-European sites) or geographically 
(European sites) more consistent. As regards to the 
chronological setting, some of the inconsistencies 
showed by the dendrograms obtained including all 
the localities (Figs. 4.4, 4.5) are still present. Bo-
lomor and La Cotte de St Brelade gather together 
in a separate cluster (B), the similarity of Fuente 
Nueva 3 with the other localities included in clus-
ter A is very low, and Barranc de la Boella Pit 1 is 
close to Acheulean sites ranging in age from MIS 
16 to MIS 11, but also the Middle Palaeolithic site 
Poggetti Vecchi that confirms its peculiarity. The 
group A1.1. includes also both the Spanish and 
German early Late Pleistocene, possibly because 
the multiple influence of a number of variables, 
including the environmental characteristics.

It has to be noted that excluding the influence 
of the last glacial sites, Belchatów is positioned in 
the group A1.2 together with British, Spanish and 

Italian sites ranging in age from MIS 12 to MIS 7, 
even though showing the lowest degree of similar-
ity. A high similarity characterizes the Italian site 
Castel di Guido (Boschian et al., 2019 and ref-
erences therein) and La Polledrara di Cecanibbio 
(Anzidei et al., 2012; Santucci et al., 2016; Pereira 
et al., 2017), which are located in the same terri-
tory, are possibly close in age, but show minor dif-
ferences in the fauna structure and perhaps human 
behavior.

A few changes can be detected if the chronol-
ogy and geographical position are removed from 
the variables (Fig. 4.6a, b, c), although the envi-
ronmental and/or human-related factors seem to 
have a major influence in the clustering. This is 
suggested for instance by the high similarity shown 
by some couples of sites that differ in age, such as 
the couples of La Polledrara di Cecanibbio (MIS 9) 
plus Torralba (MIS 7), and Arriaga II (MIS 6) plus 
Tafesa (MIS 12–11). La Polledrara di Cecanibbio 
plus Torralba share a fauna dominated by straight-
tusked elephants and aurochs. At Arriaga II and 
Tafesa, the traces of human activity may result 
from isolated occupation events related to the pro-
cessing of elephant carcasses, deer and auroch (Vil-
la, 1990; Anzidei et al., 2012; Panera et al., 2014; 
Pineda and Saladié, 2019; Yravedra et al., 2019a 
and references therein; Rosell and Blasco, this vol-
ume). The hypothesis finds some support in the 
way they group together in the dendrogram re-
sulting from the analysis performed by using only 
the environmental related variables (Fig.  4.6c), 
where the clustering of sites does not substantial-
ly change. We note the reduced distance among 
group that reaches its lowest value in the dendro-
gram resulting from the analysis performed by us-
ing only the human related variables (Fig. 4.6d). In 
this case, chronology and human species seem to 
have a fundamental role in the clustering, although 
other “human” characteristics, such as artifact 
technology, anthropogenic modifications and use 
of sites, also contribute to the group organization. 
This could confirm the chronological/human spe-
cies similarity, as well as explain the anomalous po-
sitions of some sites. For instance, human species 
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and material culture account for the new position 
of Fuente Nueva 3, which gathers with the Early 
Pleistocene sites (A2), while Barranc de la Boella is 
still included in the group gathering the Middle–
early Late Pleistocene sites (A1).

4.3.2. NEIGHBOUR JOINING METHOD

The results obtained by applying the neighbour 
joining method roughly support the supposition 

that all the variables contribute to the clustering 
structure, even if some environmental and human 
related aspects are among the most influencing 
variables (Fig. 4.7). The peculiar position of some 
sites, such as Fuente Nueva 3, characterized by a 
rich mammalian fauna with a high diversity of 
secondary consumers (Espigares et al., 2013, this 
volume; Blain et al., 2016; Rodríguez-Gómez et 
al., 2016), might account for the influence of vari-
ables related to the environment sensu lato char-
acteristics in the neighbour joining. We need to 

Figure 4.6: Q-mode dendrograms showing how the elephant butchery sites ranging from the late Early to the early Late Pleistocene 
(from MIS 54–MIS 39 to MIS 5) cluster using all the variables (a); using the environmental and human related variables (b), the en-
vironmental related variables (c), and human related variables (d) (for the chronological context see the legend in Fig. 4.7).
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note, however, that Bolomor Cave, where a gen-
eralist human exploited a broad spectrum of prey 
including young elephants (Blasco et al., 2013; 
Sañudo et al., 2016; Blasco and Fernández Peris, 
this volume), is not separated as in the classic clus-
tering analysis (see Fig.  4.4), but joins with La 
Cotte de St Brelade and Spy, suggesting that the 
human behavior contributed also to the clustering 
of these sites.

4.3.3. PRINCIPAL COMPONENT ANALYSIS

The PCA was computed using all the variables, 
first considering the entire set of sites (Fig.  4.8) 
and subsequently only the sites dated from the late 
Early to the early Late Pleistocene (approximately 
MIS 49 to MIS 5) (Fig. 4.9).

The PCA results obtained from the total dataset 
roughly confirm some influence of the chronology 
in the site distribution, but also evidence that of 
the climate or climate related factors (e.g., vegeta-
tion type, which has the highest weight on the first 
component) (Fig. 4.8). Conversely, some biological 
factors, such as the fauna characteristics, the num-

ber and power of top predators, and human signa-
tures on bones (cut marks and intentional breakage 
for marrow extraction), are the variables with the 
lowest weight on the second component, and seem 
to have negligible influence. Variables related to 
the butchered elephants, such as species and spatial 
distribution of bones, and humans (Homo species 
and lithic tool technology) have a major influence 
in the second component, as well as the chronology 
of the site to which the human and elephant species 
are actually related. A chronological assessment is 
also evident as regards to the first axis. However, 
the PCA results cannot be regarded as compelling 
on account of the low values of the two first princi-
pal components. The variance accumulated by the 
first principal component, which accounts for as 
much as possible of the variability in the data, and 
the second component, reaches only 35.196% and 
15.695%, respectively. Accordingly, the total vari-
ance accumulated by the two components is rough-
ly the same percentage reached by the succeeding 
components, accounting for as much as possible of 
the remaining variability.

The PCA results obtained reducing the case to 
the Early to early Late Pleistocene butchery sites 

Figure 4.7: Hierarchical clus-
tering tree of the elephant 
butchery sites resulting from 
the neighbour joining cluste-
ring analysis performed by 
using all variables.
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(Fig.  4.9) are more compelling than those ob-
tained including the few last glacial sites selected 
for the purpose of comparison (Fig. 4.8), because 
the first and second components account respec-
tively for the 45.6% and 42.5% (total 88.1%) of 
the variance.

The vegetation type is the most influential 
variable both in the first and second components, 
as expected due to the key role that the vegetation 
cover plays in the ecosystem structure and func-
tioning. Conversely, the biological factors (fauna, 
number and power of top predators, and partic-
ularly human modifications on elephant bones) 
seem to be less influential.

4.3.4. UNIVARIATE ANALYSIS

A further attempt to find any potential trend during 
time was made by comparing the number of, and 
the anthropogenic modifications on elephants and 
other animal bones at the elephant butchery local-
ities (Figs. 4.10, 4.11). The results have to be con-
sidered with caution, because the sites (39) we se-
lected in a very rigorous and exclusive way are only 
a subset of the numerous alleged sites reported in 
literature. The “absence of evidence”, such as cut 
marks and/or intentionally broken bones at some 
sites recording elephant remains associated with 
artifacts, cannot be considered as the “evidence of 

Figure 4.8: Diagram resulting from the principal components analysis (PCA) computed by using all variables and the elephant 
butchery sites ranging from the late Early Pleistocene to the Last Glacial Maximum (from MIS 54–MIS 39 to MIS 2). The component 
loadings (below) show the degree to which the different original variables enter into the components 1 (on the left) and 2 (on the 
right).
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absence” of elephant exploitation by humans, es-
pecially if this kind of activity is documented in 
other mammals found at the site. Moreover, we 
include in the analysis only a few among the sites 
dated to the last glacial (MIS 4–MIS 2) present in 
the literature, because for most of the sites the ba-
sic information, especially related to taphonomic 
analysis, is missing or not exhaustively provided.

The results (Fig. 4.10) highlight an augment of 

sites recording anthropogenic modifications on ele-
phant bones (cut marks, percussion marks, fractured 
bones) from the Early to the Middle Pleistocene and 
a decrease in the Late Pleistocene, at least regarding 
the sites selected for the analysis. The significant in-
crease of anthropogenic modifications in the Mid-
dle Pleistocene relates possibly to some augment of 
the exploitation of elephant carcasses, even if it is 
a challenging task to assert whether this tendency 

Figure  4.9: Diagram resulting from the principal components analysis (PCA) computed by using all variables and the elephant 
butchery sites ranging from the late Early to the early Late Pleistocene (from MIS 54–MIS 39 to MIS 5). The component loadings 
(below) show the degree to which the different original variables enter into the components 1 (on the left) and 2 (on the right).
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depends mainly on some change in the human be-
havior or on the interaction of other factors, such as 
an increase in the occupancy by archaic humans and 
the need to exploit a large spectrum of resources.

During the Middle Pleistocene, there is also a 
marked increase in both the percussion marks and 
bones of elephants and other animals intentionally 
broken for marrow. Cut marks have especially been 
detected on ribs, mostly located on their ventral or 
lateral sides, likely created during the removal of 
organs or flesh filleting (Fig. 4.11).

The exploitation of elephant carcasses is some-
times associated to that of other mammals. The 
latter, documented by cut-marked and fractured 
bones, tends to be dominant in the Late Pleistocene 
(Fig. 4.11). This fact suggests that the exploitation 
of proboscideans, in particular of M. primigenius, 
was an important component in subsistence strat-
egies, but secondary to the exploitation of other 
small and large mammal species.

4.3.5. REMARKS

Overall, the results obtained by processing site 
characteristics by means of multivariate statistical 
analyses (cluster analysis, neighbour joining clus-
tering method, PCA) suggest that the butchery be-
havior did not substantially change in the course of 
the late Early and Middle Pleistocene.

The environment characteristics, particular-
ly the vegetation type, had, however, an indirect 

effect on animal and human occupancy, because 
they affected the productivity, the amount of avail-
able resources, the faunal structure, and, in turn, 
the presence and consistency of human groups in 
a territory. Conversely, the geographical location 
and the butchered elephant species likely had a 
marginal effect. We need to note that in the Ear-
ly Pleistocene humans and predators succeeded 
each other in exploiting elephant remains. Nearly 
the same occurred during the Middle Pleistocene, 
although the composition of the carnivore guild 
changed. During the last glacial, better-equipped 
and organized AMH hunter groups successfully 
competed with top predators.

The results obtained by processing site charac-
teristics, such as number of compelling butchery el-
ephant sites, and the anthropogenic modifications 
on elephants and other animal bones by means of 
univariate statistical analyses, suggest that: i) in the 
course of the Pleistocene the number of compelling 
elephant butchery sites significantly augmented; ii) 
at the oldest sites, cut marks on elephant bones are 
mainly documented on ribs and scapulae; iii) cut 
marks on elephant long bones are reported since 
the Middle Pleistocene; iv) percussion marks and 
intentionally broken elephant bones prevail in the 
sites dated to the last glacial phases, apparently in 
agreement with a progressively increasing system-
atic exploitation of elephant carcasses during time.

Considering the results of both multivari-
ate and univariate analyses, the hypothesis that 
during the Lower Palaeolithic the human-elephant 

Figure  4.10: Histogram 
showing the variation of 
anthropogenic modificati-
ons on animal bones in the 
elephant butchery sites 
ranging from the late Early 
Pleistocene to the Last Glaci-
al Maximum (from MIS 54–
MIS 39 to MIS 2).
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interactions were more affected by chance rather 
than by cultural/environmental factors seems to 
be conceivable, at least based on the analysis of 
the available data from the sites selected for this 
research. During the Late Pleistocene, conversely, 
the exploitation of mammoth carcasses was more 
related to hunting activity, selectively addressed 
to young individuals, although other large games 
were preferred at least by Neanderthal hunters (see 
e.g., Germonpré et al., this volume).

4.4 DISCUSSION

During the last couple of decades, the increasing 
interest on early human behavior in resource ex-

ploitation, and the determination to contribute to 
the debate on scavenging vs. hunting large game, 
by providing firm evidence supporting one or the 
other theory, promoted the development of re-
search and a considerable increase in striking data. 
However, the question of human-proboscidean in-
teractions remains a challenging issue, difficult to 
deconstruct especially as regards to the Lower Pa-
laeolithic. This is in particular due to: i) the discon-
tinuity and incompleteness of the fossil record in 
time and space; ii) the defective information avail-
able for some sites (for instance the localities dis-
covered, excavated and studied several decades ago, 
and the nowadays no longer accessible or available 
collections); and iii) the objective impossibility to 
identify all the sites, where archaic humans actually 

Figure 4.11: Pie charts showing the variation of anthropogenic modifications on elephant and other animal bones (a), and on 
elephant bones (b) at the elephant butchery sites ranging from the late Early Pleistocene to the Last Glacial Maximum (from MIS 
54–MIS 39 to MIS 2)
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exploited proboscidean carcasses for meat. It is the 
case, for instance, of the numerous sites recording 
both proboscidean remains and butchery activity 
on large and small animals, or where dispersed pro-
boscidean remains are associated with artifacts, as it 
frequently occurs in alluvial depositional contexts.

Manifold factors could interact each oth-
er and contribute to promote and shape the way 
that archaic humans exploited food resources in 
a variety of environments, from open savannah 
and grasslands to riparian woodlands. It is indeed 
a challenging task to deconstruct the conceivable 
causal factors, remote and proximate, relating to 
the human behavior and the type of interaction 
they had with the elephant populations inhabit-
ing their own territory due to the complexity of 
the interplay network, and related feedback loops 
(Fig. 4.12).

The behavior of early humans was obviously 
driven, like in all other living organisms, by the 
need to maximize the foraging rate and minimize 
the energetic cost for exploiting available resources 
and surviving. However, it is a challenging task to 
hypothesize a univocal evolutionary pattern of hu-
man behavior over time and across space. The mo-

dalities of human active participation in the eco-
system dynamics actually evolved over time, but 
the archaic human ability to perceive and adapt to 
the changing physical and biotic environmental 
conditions and the varying of its equilibrium, may 
also have changed during the same slice of time 
even across the same geographic area. On the one 
hand, physical and some biotic factors (such as dis-
persal, turnovers, resource availability, competition 
dynamics, faunal structure and functional diversi-
ty) could have had a major influence in constrain-
ing the presence and the occupancy of both archaic 
human and proboscidean species in a territory. On 
the other hand, the human-elephant interaction 
dynamics were likely affected mainly by the archaic 
human behavior, habits, group size and their dis-
persion/diffusion on the territory, as well as by any 
kind of inter- and intra-group cooperation, and 
material cultural aspects.

Specific evidence and several lines of reason-
ing suggest that the environmental scenario and its 
changes throughout time played a significant role in 
regulating time and mode of human evolution and 
constraining population dynamics. However, we 
are far from deconstructing the complex network 

Figure 4.12: Relationships 
among physical, biotic and 
cultural factors, and their 
influence on human-ele-
phant interactions.



126 MARIA RITA PALOMBO, EUGENIO CERILLI

of causal factors (climate driven environmental 
changes, catastrophic events, resources availability, 
geomorphology, landscape characteristics, compe-
tition, demographic pressure, cultural aspects such 
as technology, cognition, communication among 
others), which may have constrained the human 
dispersal towards and settlement in any territory 
during the Early (2.6–0.78 Ma; MIS 103–MIS 19) 
and early Middle Pleistocene (0.78–0.47 Ma; MIS 
19–earliest MIS 12) and, consequently, the con-
ceivable fluctuation in the distribution and density 
of human groups across space during this time. Pe-
riods of dramatic changes in climate regimes and 
distribution of Palaearctic biota may have played a 
crucial role in generating adaptive patterns within 
the primitive human populations, perhaps exert-
ing some influence on human behavioral flexibility 
in exploiting resources and aggregating either into 
small groups or rather large bands. However, it re-
mains difficult to answer the somehow speculative 
question regarding the extent to which such envi-
ronmental factors may have affected the structure, 
size, cohesion and intra-group social interactions of 
the Pleistocene archaic human groups (e.g., Zhou 
et al., 2005; Hamilton et al., 2017). It is rationale 
to suppose that physical/environmental factors 
and “cultural” aspects synergistically act in shaping 
and regulating prehistoric population size, partic-
ularly group size. Disentangling the relationship 
between the group cohesion/fission and coopera-
tion, and competition due to intrinsic motivation 
or external factors, is somehow difficult for extant 
hunter-gatherer populations, and becomes barely 
possibly regarding the Early Pleistocene humans, 
as it is to hypothesize the dynamics of intra-group 
social interactions.

Although it is widely accepted that coopera-
tion among individuals facilitates to achieving op-
timal results in foraging, and reduces time and en-
ergy expenditure in any kind of human activity, a 
number of questions arise, related to the “cause-ef-
fect relationships” among demography, occupancy, 
productivity, resource exploitation and partition-
ing, and human behavior and the spillover effects 
on human-elephant interactions. Consequently, a 

number of issues deserve to be attentively scruti-
nized and discussed in more detail. For instance, 
the matter whether the potential effect exerted on 
the exploitation and partitioning of resources by 
the augment of human territory occupancy, and 
the increase in number and size of populations may 
have promoted any significant modification of the 
archaic human behavior. Moreover, the strict se-
lective criteria we have adopted might have led to 
the exclusion of a number of potential butchery 
sites, and this may question the hypothesis that 
during the Lower Palaeolithic the human butchery 
activity on elephant carcasses was mainly affected 
by chance. Therefore, the intriguing question arises 
whether the augment of the number of sites from 
the Early to the Middle Pleistocene merely related 
to the increased population density, or due to any 
beginning of some hunting activity.

Moreover, it is rational to suppose that the 
group size could have influenced the intra-group 
cooperation and in turn hunting behavior, but it 
is a challenging task to find any evidence suitable 
for inferring the inter-group cooperation dynamics 
even for the Middle Palaeolithic hunters.

Other intriguing issues deal with the role that 
the technological innovation, tool efficiency and 
the progressive developing of archaic human skills 
may have exerted in shaping the way in which hu-
mans interacted with elephants.

Based on the data available in literature, and 
at least as regards to the sites analyzed herein, no 
compelling evidence supports the existence of 
any relationship between the typology and the 
amount of tools found at a site and potential 
presence and characteristics of the anthropogenic 
signatures on elephant bones (cut and percussion 
marks, intentionally broken bones). In particular, 
the presence/absence, number and shape of han-
daxes seem to not correlate with the presence and 
characteristics of cut marks. It could actually be 
an expected result due to the scarce likelihood that 
any kind of cutting tool may leave on elephant 
bones a signature suitable to persist after tapho-
nomic and diagenetic processes (see e.g., Haynes 
and Klimowicz, 2015).
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A number of studies highlight the key role of 
small tools in carcass exploitation activities since 
the Lower Palaeolithic (Venditti et al., 2019 and 
references therein), although this does not neces-
sarily imply the exclusive use of such kind of tools 
in sites where also handaxes are present. For in-
stance, at the Middle Pleistocene site of Revadim 
Quarry (Israel) the use-wear and residual analyses 
of lithic implements demonstrate the large em-
ployment of small flakes in the butchery processes, 
but also a possible utilization of heavier tools (e.g., 
handaxes, bifaces, large flakes) for the heavy-duty 
butchery operations (Venditti et al., 2019; Mari-
nelli et al., this volume). Additionally, the late 
Middle Pleistocene site La Polledrara di Cecanib-
bio, where bifaces are absent, is among the sites 
where small flakes (mainly obtained from a simple 
reduction sequence and sometimes not or slight-
ly retouched) were systematically employed in the 
butchering activities (Santucci et al., 2016).

At La Polledrara, as well as in other sites differ-
ing in age, human species and elephant butchered 
species (e.g., Fuente Nueva 3), lithic implements 
(cores, tools, flakes, some with wear traces testify-
ing for their use on soft animal tissues, and work-
ing debris) were associated with an elephant skel-
eton, documenting the human exploitation of the 
carcass, likely by scavenging (Espigares et al., 2013, 
this volume; Santucci et al., 2016).

However, the presence of an elephant skeleton 
surrounded by tools could have different implica-
tions as regards to the origin of the carcass (a hunt-
ed elephant? a carcass incidentally discovered? a 
carcass found during a systematic survey by archaic 
humans across their home range?). In addition, the 
spatial connection between skeletal remains and 
lithic industry may be not enough to indisputably 
identify a butchery site. An accurate analysis of the 
depositional context (e.g., stratigraphy, sedimen-
tology, faunal association, spatial distribution of 
the skeleton bones, particularly presence of skeletal 
elements in anatomical connection/physiological 
position, degree of disarticulation and their origin 
—natural, due to animal intervention and disper-
sion, or anthropogenic— and taphonomy, with 

particular attention to the reconstruction of bio-
stratinomic processes) could provide clues valuable 
to answer the questions.

La Polledrara provides a valuable case study, 
which documents the cause of death of an adult 
straight-tusked elephant and the scavenging activ-
ity of a human group (likely H. heidelbergensis), 
including a child 5–10 years old (Anzidei et al., 
2012). The P. antiquus skeleton lies gently bent 
on its left side with the preserved forelimb bones 
in anatomical connection, some of them in phys-
iological position. The front limbs bend on them-
selves, while the left hind limb lies in a sub-hor-
izontal position, stretched backwards. This 
peculiar position suggests that the elephant slid on 
the mud-covered bank at the edge of a palustrine 
zone and was trapped in the muddy sediments of 
a puddle, where it died. The skeleton is surround-
ed on both sides by hundreds of lithic imple-
ments, produced in situ (as the refitting of various 
flint flakes proves) and used for cutting soft tis-
sues (meat and hide), as indicated by the use-wear 
analysis (Santucci et al., 2016). Overall, evidence 
from La Polledrara suggests that the human group 
scavenged an elephant carcass, which died from 
natural causes, as it likely occurred at Poggetti 
Vecchi (MIS 6), where H. neanderthalensis butch-
ered the carcasses of straight-tusked elephant (see 
Aranguren et al., 2019). Moreover, at La Polle-
drara the distal epiphyses of both femurs are in-
tentionally broken for marrow extraction. On the 
broken right femur the still in place percussion 
flake offers further evidence of human exploita-
tion at the site (Santucci et al., 2016), suggesting 
that the archaic human groups may have visited 
time after time the zone surrounding the swampy 
La Polledrara area. The idea that during the late 
Middle Pleistocene this territory and its resourc-
es were attractive for humans is supported by the 
evidence provided by the neighbouring butchery 
site of Castel di Guido. At this site, several stone 
and some bone tools show clear evidence of recy-
cling, suggesting that the bones of large mammals, 
mostly elephant, were part of a complex subsis-
tence system characterized by hunting and scav-
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enging during a quite long time of permanence or 
perhaps several phases of human presence at the 
site (Boschian and Saccà, 2015).

Other sites may represent a single and short 
phase of use (e.g., Barogali, Olorgesailie basin mem-
ber 1-Site 15, Gesher Benot Ya’akov, Notarchirico 
A1 level, Southfleet Road unit 3, Gröbern (?), Ári-
dos 1, Áridos 2, Marathousa 1, and perhaps Aso-
lo), whereas for some others recording an elephant 
skeleton associated with lithic implements, data are 
not enough to propose any reasonable hypothesis, 
as for instance Ficoncella (Italy; MIS 13; Aureli et 
al., 2015, 2016). Although at the latter site some 
remains of an adult P. antiquus (thus far only par-
tially retrieved from the sediments) were found in 
close spatial connection with small lithic artifacts 
showing an original reduction sequence, the sed-
imentary context, the small thus far investigated 
area and the rarity of accompanying fauna remains 
hamper to properly infer the characteristics of this 
potential butchery site.

All things considered, evidence of elephant 
flesh and bone marrow consumption, as well as 
bone artifacts from various Lower Palaeolithic 
sites, attests that the elephant carcasses constituted 
a valuable resource for food and raw material, ex-
ploited by humans for a slice of time, which could 
vary from a place to another in an unpredictable 
way. In the wild, indeed, a number of physical and 
biotic factors (e.g., temperature, humidity, rain, 
predator and scavenger animal activity) account 
for the time that could elapse from the death of an 
animal and the exposure of skeletal bones.

In the case of Lower Palaeolithic archaeological 
sites, where there is evidence that archaic humans 
have exploited elephant carcasses for both meat/
marrow and raw material in bone tool production, 
it is a challenging task to ascertain whether these 
activities took place or not in a short period of time. 
This is particularly true considering that bone break-
age for marrow consumption did not necessarily oc-
curred immediately after the removal of soft tissues, 
due to the low rate of marrow fat degradation, still 
edible after about two months of exposure (Blasco 
et al., 2019). The arduous to solve issue therefore 

arises as whether an elephant carcass was intention-
ally visited many times by the same human group, 
or by different groups at different times.

Available data on the one hand do not enable 
us to answer some questions, on the other high-
light some issues, which deserve to be scrutinized 
in depth, as, among others, the association “arti-
facts-proboscidean bones” in alluvial depositional 
context. What is, for instance, the actual signifi-
cance of fluvial deposits, recording elephant re-
mains, bone artifacts and lithic tools (including 
some used to cut flesh), in the light of the very 
rare findings of elephant bone fragments with cut 
marks in this depositional context? For example, 
at La Polledrara a single cut-marked bone (a di-
aphysis fragment) was identified among more than 
40 elephant bones (analyzed in a selected area of 
100 square meters not far from the butchered skel-
eton) accumulated both on the bottom of the river 
during flooding events and in the filling deposit 
(Cerilli and Fiore, 2018; Cerilli et al., 2019). To 
date, no cut marks have been detected among the 
remains found in the sediments deposited during 
the swampy phase giving rise to areas with stagnant 
and muddy waters, where some elephants became 
trapped. Accordingly, as mentioned above, the 
number of butchery sites could be sensibly higher 
that the number of sites providing firm indisput-
able evidence of proboscidean carcass exploitation.

The issues discussed above are only a few 
among the aspects potentially influencing the way 
in which Lower Palaeolithic humans interrelated 
with probo scideans, although many others are 
worth considering and debating, stressing once 
again the multifaceted, intriguing aspects of the 
human-proboscidean interaction dynamics during 
the Early and Middle Pleistocene.

4.5 CONCLUSIONS

Evidence provided by the palaeontological and 
archaeological record clearly indicates that differ-
ent proboscidean species coexisted with different 
archaic human species in different environments, 
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varying in climatic conditions, landscapes, veg-
etation cover, faunal structure and availability of 
resources. Accordingly, this study aimed to ex-
plore whether and to which extent physical and 
biotic environmental aspects may have affected 
human-proboscidean (mainly Elephantini) inter-
actions during time and across space, either as re-
mote and proximate causal factors. To this goal, we 
analyzed the critically revised environmental con-
text at selected elephant butchery sites (chosen fol-
lowing very critical selection criteria) by processing 
data by means of statistical analyses.

Taken together, the results support as conceiv-
able the hypothesis that during the Lower Palaeo-
lithic the human-elephant interactions were more 
affected by the chance to find a carcass, rather than 
were strictly dependent on environmental factors 
and/or cultural aspects (sensu lato). We are aware, 
however, that the sites analyzed are only a subset of 
all the potential late Early–early Late Pleistocene 
sites, and the results cannot be regarded as exhaus-
tive and conclusive. Although we need more re-
search and data to properly deconstruct the mode 
and extension of such interaction, the results of 
this research provide some food for thought.

On the one hand, the chosen statistical ap-
proach certainly provides some informative results 
and fresh clues for setting the matter of the archaic 
human behavior towards elephants, and the casual-
ty vs. intentionality of elephant carcass processing. 
On the other hand, the lack of compelling evidence 
supporting a purported butchery activity on ele-
phants may depend on an unpredictable number of 
factors that hamper the possibility to know the orig-
inal environmental context of the human-elephant 
interactions. In addition to the objective difficulty 
of creating cut marks on elephant bones, there exist 
also biases related to biostratinomic and taphonom-
ic processes that may sensibly reduce the amount 
of information, and the disparity in the amount of 
sites and information during time and across space. 
For instance, the Early to early Late Pleistocene ar-
chaeological sites yielding elephants remains (main-
ly belonging to Palaeoloxodon and subordinately to 
Mammuthus species) are much more numerous 

than those, where the characteristics of the elephant 
remains can be indisputably associated with human 
exploitation of carcasses. Finally, we do not have, of 
course, solid data on butchery places that may exist, 
but have not been found yet.

Keeping these limitations in mind, we can try 
to answer our focal questions. Regarding the ques-
tion “did the way in which humans exploit pro-
boscidean carcasses change during time, according 
to the changing human species and material cul-
ture?”, the obtained results suggest that the archa-
ic human butchery behavior did not substantially 
change in the course of the late Early and Middle 
Pleistocene. The augment in the number of sites 
seems to be related to the increased demography 
and territory occupancy, although we are aware 
that occupancy statistics in palaeontology are bi-
ased upward by the intrinsic incompleteness of the 
fossil record. The magnitude of this bias increas-
es as the number of sites investigated decreased. 
Moreover, based on the analyzed data, we are un-
able to conclude on some issues, such as whether 
any relationship may exist between tools and cut 
marks, and its potential relevance.

As regards to the question “did the human 
butchering activity on elephants depend in any ex-
tent on one or the other physical/biotic factors”, 
focusing on the late Early to early Late Pleisto-
cene, the results underline the role of environment 
characteristics, particularly the vegetation type. 
The latter, in particular, had likely an indirect ef-
fect on occupancy, because on vegetation depends 
the primary productivity, and in turn the faunal 
structure, the amount of available resources, and, 
consequently, the presence of human groups in a 
territory. We could speculate that the higher the 
amount of resources was, the higher distribution 
and density a human population had, having as a 
feedback an impact on the resources partitioning, 
which may have in turn promoted some changes 
in human behavior. Concerning the matter of the 
competition with top predators, the available data 
suggest that during the Early Pleistocene humans 
and predators succeeded each other in exploiting el-
ephant remains, as sometimes occurred during the 
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Middle Pleistocene, although the carnivore guild 
had changed. During the last glacial (MIS 4–MIS 
2), better equipped and organized AMH hunter 
groups successfully competed with top predators.

Finally, concerning the question whether the 
human butchery activity on elephants depended 
mainly on casualty or was in some way related to 
cultural sensu lato and/or environmental aspects, 
the results seem to support the hypothesis of pre-
vailing accidental findings, at least as regards to the 
elephant carcasses butchered by Lower Palaeolithic 
humans. The chance to find a carcass is expected 
to augment in the course of time, depending on 
the factors discussed above. Conversely, during the 
Late Pleistocene the exploitation of mammoth car-
casses was more related to a hunting activity, selec-
tively addressed to young individuals, even if other 
large games were preferred at least by Neanderthal 
hunters.

Overall, this study highlights once again the 
complexity of the evolutionary dynamics of hu-
man-elephant interactions, and the need to ex-
plore all the diverse aspects, even those apparently 
marginal, in order to be able to answer the many 
questions still remaining unsolved.
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Geographical 
location

Locality Latitude N Longitude W

1 Africa Republic of Djibouti Barogali 11.09141389 42.0976

2 Kenya Olorgesailie basin member 1, Site 15 -1.58 36.45

3 Nadung’a 4 4.251111111 35.83361111

4 SW Asia (Levant) Israel Gesher Benot Ya’akov 33.008 35.629

5 Revadim Quarry 31.784 34.818

6 NW Europe United Kingdom Southfleet Road unit 3 51.440 0.323

7 La Cotte de St Brelade 49.1756167 -2.1881444

8 Lynford 52.520 0.687

9 W Europe Germany Lehringen 52.87 9.38

10 Gröbern 51.68 12.44

11 Belgium Spy 50.478 4.674

12 Austria Krems-Wachtberg 48.415 15.604

13 Krems-Hundssteig 47.413 15.587

14 S Europe Spain Fuente Nueva 3,  layer c.III.1 37.71 -2.40

15 Barranc de la Boella, level 2 at Pit 1 41.13 1.16

16 Ambrona, AS3 41.16 -2.498

17 Tafesa 40.35 -3.68

18 Áridos 2 40.29 -3.51

19 Áridos 1 40.29 -3.51

20 Torralba 41.16 -2.498

21 Bolomor Cave level XII 39.0722 -0.2658

22 Arriaga II 40.30 -3.56

23 EDAR Culebro 1 40.30 -3.60

24  PRERESA 40.30 -3.59

25 France Terra Amata C1 43.698 7.289

26 Italy Notarchirico, A1 level 40.967937 15.826531

27 La Polledrara di Cecanibbio 41.935 12.302

28 Castel di Guido 41.89 12.28

29 Poggetti Vecchi 42.819140 11.072058

30 Asolo 45.4757 11.5454

31 Greece Marathousa 1 37.41 22.08

32 E Europe Poland Bełchatów 51.3 19.3

33 Oporów in Wroclaw Site A1 51.10 17.02

34  Kraków Spadzista Street (B) 50.053 19.924

35  Jaksice II 50.1436111 20.5038333

36  Russia Kostenki 1 51.66 39.16

37  Kostenki 12 51.66 39.16

38  Kostenki 14 51.66 39.16

39 Kostenki 15 51.66 39.16
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Absolute Chronology Marine Isotopic Stage Elephant species

1 1.6–1.3 Ma (ESR) between MIS 54 and MIS 39 Palaeoloxodon recki 

2 0.992±0.039 – 0.974±0.01 Ma MIS 28/MIS 27 Palaeoloxodon recki

3 ~0.780 Ma MIS 19 Palaeoloxodon recki

4 ~0.780 Ma MIS 19 Palaeoloxodon antiquus 

5 younger than 780 ka and older than 500-300 ka between MIS 19 and MIS 9 Palaeoloxodon antiquus

6 400 ka (AAR MIS 11) MIS 11 Palaeoloxodon antiquus 

7 238–240 ka;  238±35 ka MIS 7 Mammuthus primigenius

8 67±5 ka; 64±5 ka (OSL); 53.7±3.1 ka; >49.7 ka (AMS 14C) MIS 4 to MIS 3 transition Mammuthus primigenius

9 ~125 ka MIS 5e Palaeoloxodon antiquus

10 120 ka MIS 5e Palaeoloxodon antiquus

11 from ~42.75 ka to 25.67 ka (1) MIS 3-MIS 2 Mammuthus primigenius

12 ~28.3–26.8 ka (14C) MIS 2 Mammuthus primigenius

13 28 ka MIS 2 Mammuthus primigenius

14 1.19±0.21 Ma (upper archaeological level); cosmogenic 
nuclide burial age 1.50±0.31 Ma

? Mammuthus meridio-
nalis 

15 between 0.96 Ma and 0.78 Ma between MIS 27 and MIS 19 Mammuthus meridionalis

16 ~470–430 ka (2) MIS 12 Palaeoloxodon antiquus

17 --- MIS 12-MIS 11 Palaeoloxodon antiquus

18 --- late MIS 11 Palaeoloxodon antiquus

19 --- MIS 11, ?MIS 9 Palaeoloxodon antiquus

20 200 ka MIS 7 Palaeoloxodon antiquus

21 152±23 ka (AAR-TL) MIS 6 Palaeoloxodon antiquus

22 >133 ka, 134±50 ka (TL) MIS 6 Palaeoloxodon antiquus

23 105±10 ka, 133±28 ka (AAR); 121±7 ka (OSL) (?MIS 6) MIS 5 Mammuthus sp.

24 --- early MIS 6 to MIS 5 Palaeoloxodon vel 
Mammuthus

25 C1a level: 380±80 ka (ESR) MIS 11 Palaeoloxodon antiquus

26 from 663±3 ka to 660±3 ka (40Ar/39Ar) MIS 16 Palaeoloxodon antiquus

27 325±2 ka (40Ar/39Ar) MIS 9 Palaeoloxodon antiquus

28 327–260 ka (U/Th-ESR) MIS 9 Palaeoloxodon antiquus

29 171±3 ka (U-series); 170±13 ka (ESR/U-series) MIS 6 Palaeoloxodon antiquus

30 (3) MIS 4 or MIS 3 Mammuthus primigenius

31 500-450 ka (ESR); 450-400 ka (post-IR ISRL) MIS 12 Palaeoloxodon antiquus

32 bout MIS 11 Mammuthus trogontherii

33 66–41 ka (TL-ESR) MIS 4 Mammuthus primigenius

34 between 24.0±0.3 ka and 19.45±0.12 ka (AMS-conven-
tional 14C)

MIS 2 Mammuthus primigenius

35 between 40.6±5.7 ka and 30.4±4.6 Ka (TL); between 
24.14±0.18 ka and 21.19±0.14 ka (AMS 14C)

MIS 2 Mammuthus primigenius

36 between 38.08±5.46 ka and 20.9±1.6 ka (AMS-conven-
tional 14C); between 30.67±2.75 and 30.58±2.74 ka (OSL)

MIS 3 or MIS 2 Mammuthus primigenius

37 between 36.28±0.36 and 28.5±0.14 ka (AMS-conventional 
14C); between 52.44±3.85 ka and 19.89±1.73 ka (OSL)

MIS 3 or MIS 2 Mammuthus primigenius

38 between 37.24±0.43 ka and 26.7±0.19 ka (AMS-conventional 
14C); between 47.78±3.48 ka and 26.34±1.92 ka (OSL)

MIS 3 or MIS 2 Mammuthus primigenius

39 ~30 ka (14C) MIS 3/ MIS 2 boundary Mammuthus primigenius
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Spatial distribution of 
elephant bones

Homo species identified 
on skeletal remains

Homo species inferred 
according artifacts and age

Selected refe-
rences

1 a skeleton partially disarticulated H. erectus vel H. ergaster 1
2 a skeleton partially disarticulated H. erectus (?) 2, 3
3 a skeleton partially preserved, 

bones mainly dispersed
H. erectus (?) 4

4 skull with tusks H. erectus 5, 6
5 bones mainly dispersed, some 

element conjoined
H. erectus (?) 7, 8, 9

6 partial skeleton of an adult with 
bones mainly dispersed bones

H. heidelbergensis (?) 10

7 bones mainly dispersed H. neandethalensis 11
8 bones mainly dispersed H. neandethalensis 12
9 bones mainly dispersed H. neandethalensis (?) 13, 14
10 partially articulated H. neandethalensis (?) 14
11 bones mainly dispersed H. neandethalensis / 

AMH-H. sapiens
15

12 bones partially dispersed, some 
each other articulated

H. sapiens 16

13 bones partially dispersed, some 
each other articulated

H. sapiens 17

14 a skeleton partially disarticulated H. heidelbergensis (?) 18, 19, 20, 21
15 disarticulated axial elements of 

an adult individual
H. heidelbergensis (?) 22, 23

16 partial skeleton of a fully adult/
old male

H. heidelbergensis 24, 25, 26, 27

17 bones mainly dispersed H. heidelbergensis 28
18 a skeleton partially disarticulated H. heidelbergensis 29, 30, 31
19 a skeleton partially disarticulated H. heidelbergensis 28, 29, 31, 32, 33
20 complete skeletal remains H. heidelbergensis / H. neandetha-

lensis
26, 29, 32, 34, 
35, 36

21 partially represented H. neandethalensis (?) 35, 37, 38, 39
22 bones mainly dispersed H. neandethalensis (?) 28, 35, 40, 41
23 bones mainly dispersed H. neandethalensis 28, 35, 41, 42, 43
24 bones mainly dispersed H. neandethalensis 28, 35, 41, 42, 44
25 bones mainly dispersed H. heidelbergensis 45, 46, 47, 48, 

49, 50
26 skull with both tusks still in situ H. heidelbergensis 51, 52, 53
27 bones mainly dispersed H. heidelbergensis 54, 55, 56, 57
28 bones mainly dispersed H. heidelbergensis 58
29 bones mainly dispersed H. neandethalensis 59, 60, 61
30 bones mainly dispersed H. neandethalensis 62
31 a skeleton partially disarticulated H. heidelbergensis (?) 63, 64, 65, 66
32 bones mainly dispersed H. heidelbergensis (?) 67, 68, 69
33 bones mainly dispersed H. neandethalensis (?) 70, 71
34 bones mainly dispersed H. sapiens 71, 72, 73, 74, 75, 

76, 77, 78
35 bones mainly dispersed H. neandethalensis / AMH-H. 

sapiens
79, 80, 81, 82

36 bones mainly dispersed AMH-H. sapiens 83
37 bones mainly dispersed AMH-H. sapiens 83
38 bones mainly dispersed AMH-H. sapiens 83
39 bones mainly dispersed AMH-H. sapiens 83
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Spatial distribution of 
elephant bones

Homo species identified 
on skeletal remains

Homo species inferred 
according artifacts and age

Selected refe-
rences
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6 partial skeleton of an adult with 
bones mainly dispersed bones

H. heidelbergensis (?) 10

7 bones mainly dispersed H. neandethalensis 11
8 bones mainly dispersed H. neandethalensis 12
9 bones mainly dispersed H. neandethalensis (?) 13, 14
10 partially articulated H. neandethalensis (?) 14
11 bones mainly dispersed H. neandethalensis / 

AMH-H. sapiens
15
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15 disarticulated axial elements of 

an adult individual
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16 partial skeleton of a fully adult/
old male
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18 a skeleton partially disarticulated H. heidelbergensis 29, 30, 31
19 a skeleton partially disarticulated H. heidelbergensis 28, 29, 31, 32, 33
20 complete skeletal remains H. heidelbergensis / H. neandetha-

lensis
26, 29, 32, 34, 
35, 36

21 partially represented H. neandethalensis (?) 35, 37, 38, 39
22 bones mainly dispersed H. neandethalensis (?) 28, 35, 40, 41
23 bones mainly dispersed H. neandethalensis 28, 35, 41, 42, 43
24 bones mainly dispersed H. neandethalensis 28, 35, 41, 42, 44
25 bones mainly dispersed H. heidelbergensis 45, 46, 47, 48, 

49, 50
26 skull with both tusks still in situ H. heidelbergensis 51, 52, 53
27 bones mainly dispersed H. heidelbergensis 54, 55, 56, 57
28 bones mainly dispersed H. heidelbergensis 58
29 bones mainly dispersed H. neandethalensis 59, 60, 61
30 bones mainly dispersed H. neandethalensis 62
31 a skeleton partially disarticulated H. heidelbergensis (?) 63, 64, 65, 66
32 bones mainly dispersed H. heidelbergensis (?) 67, 68, 69
33 bones mainly dispersed H. neandethalensis (?) 70, 71
34 bones mainly dispersed H. sapiens 71, 72, 73, 74, 75, 

76, 77, 78
35 bones mainly dispersed H. neandethalensis / AMH-H. 

sapiens
79, 80, 81, 82

36 bones mainly dispersed AMH-H. sapiens 83
37 bones mainly dispersed AMH-H. sapiens 83
38 bones mainly dispersed AMH-H. sapiens 83
39 bones mainly dispersed AMH-H. sapiens 83

Appendix 4.1: List of elephant butchery sites selected for this 
study, including some geographical, chronological, palaeontolo-
gical and palaeoanthropological information, and selected refe-
rences.

(1) Lower level 42.75 +0.80 -0.65 ka; Intermediate level 29.04 
+ 0.18 -0.16 ka / 34.58 +0.33 -0.29 ka / 36.92 +0.40 -0.35 ka; 
Upper level 25.67 +0.13 -0.12 ka (AMS 14C).

(2) An age contemporary of MIS 9 or the end of MIS 11 has been 
suggested by Falguères et al. (2006), based on combined ESR/U-
series dates.

(3) The radiocarbon date of 27.8 ka obtained for the mammoth 
remains has to be rejected because the bones were consolidated 
using fish glue.

ESR, Electron Spin Resonance; AAR, Amino Acid Racemisation; 
OSL, Optically-Stimulated Luminescence; TL, Thermoluminescen-
ce; AMS, Accelerator Mass Spectrometry; post-IR, post-infrared 
Infrared Stimulated Luminescence.

References: 1, Berthelet, 2002; 2, Potts, 1989; 3, Potts et al., 
1999; 4, Delagnes et al., 2006; 5, Rabinovich and Biton, 2011; 
6, Melamed et al., 2016; 7, Rabinovich et al., 2012; 8, Agam and 
Barkai, 2016; 9, Solodenko et al., 2015; 10, Wenban-Smith (Ed.), 
2013, 11; Smith, 2015; 12, Smith, 2012; 13, Movius, 1950; 14, 
Weber, 2000; 15, Germonpré et al., 2014; 16, Fladerer et al., 
2014; 17, Bosch, 2012; 18, Duval et al., 2012; 19, Espigares et al, 
2019; 20, Blain et al., 2016; 21, Duval et al., 2019; 22, Mosquera 
et al., 2015; 23, Pineda et al., 2019; 24, Shipman and Rose, 1983; 
25, Falguères et al., 2006; 26, Santonja et al., 2016; 27, Sánchez-

Romero et al., 2016; 28, Yravedra et al., 2019a, 29; Villa, 1990; 
30, Santonja et al., 2001; 31, Yravedra et al., 2010; 32, Villa, 
1996; 33, Santonja et al., 2005; 34, Shipman and Rose 1983; 35, 
Santonja et al., 2016; 36, Postigo-Mijarra et al., 2017; 37, Blasco 
and Fernández Peris, 2012; 38, Blasco et al., 2013; 39, Rosell et 
al., 2015; 40, Silva-Barroso et al., 2012; 41, Panera et al., 2014; 
42, Moreno et al., 2019; 43, Yravedra et al., 2014; 44, Yravedra 
et al., 2019b; 45, Valensi, 2001, 46–50; de Lumley (Ed.), 2009, 
2011, 2013, 2015, 2016; 51, Piperno, 1999; 52, Piperno and Ta-
gliacozzo 2001; 53, Pereira et al., 2015; 54, Anzidei et al., 2012; 
55, Santucci et al., 2016; 56, Pereira et al., 2017; 57, Cerilli and 
Fiore, 2018; 58, Boschian et al., 2019; 59, Capalbo et al., 2018; 
60–61, Aranguren et al., 2018, 2019; 62, Mussi and Villa, 2008; 
63, Konidaris et al. 2018; 64, Tourloukis et al., 2018; 65–66, 
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