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Abstract
A commonly identified problem in open-air sites is the poor preservation of bone 
surfaces because of the multiple agents and processes that act on them. In these 
assemblages, surface modifications of anthropic origin can be scarce or null, and 
its activity is mainly inferred through the stone tools and evidence of anthropogenic 
breakage. Carnivore activity is also frequent. La Mina and El Forn (Barranc de la 
Boella), Isernia La Pineta, and Torralba are open-air assemblages from the Early 
and Middle Pleistocene that have contributed to our knowledge of the activities that 
Lower Paleolithic hominins developed in open spaces. These sites show poorly pre-
served bone surfaces, evidence of carnivore activity, and few indications of human 
use on the faunal remains, although stone tools recovered are unequivocal sign of 
a hominin presence at those sites. Here, we present a synthesis of the taphonomic 
conducted at these sites with the aim of describing how this kind of work can be 
conducted at Paleolithic open-air sites using several different proxies, considering 
the limitations commonly identified in assemblages with poorly preserved bone sur-
faces. The absence or scarcity of cut marks could be related to the poor preservation 
of the faunal remains. However, it is impossible to affirm that any such marks were 
originally present, as hominins may have performed activities not linked to animal 
carcasses. Anatomical profiles have been presented as a useful tool for reconstruct-
ing the paleoecological environments and for allowing inferences to be made about 
the levels of competition among large predators. The assemblages reflect similarities 
in the deposition type of the remains and the use of these open spaces by hominins 
at different times during the Lower Paleolithic.
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Introduction

Pleistocene fossil accumulations may occur in very diverse sedimentary environ-
ments, reflecting the different ecological contexts in which archaeological and 
paleontological sites were set (Butzer, 1982; Shipman, 1981). The sedimentary 
context also exerts an enormous influence on the conservation conditions of the 
biological remains deposited (Shipman, 1981). Butzer (1982) synthesized the 
sedimentary environments in which archaeological assemblages are found, which 
can be grouped into two types: those formed in covered sedimentary environ-
ments, mainly caves and shelters; and those formed in the open-air, which include 
a wide range of environments, such as water sources or springs, coastlines, lake 
banks, and marshes or deltaic or river plains.

Covered sedimentary environments usually exhibit greater and better preserva-
tion of osteological remains. In these contexts, the bones are deposited in gener-
ally more stable temperature and humidity conditions, as, according to Capaldo 
(1998), they are not completely exposed to meteorological phenomena during the 
sub-aerial and post-burial phases of their taphonomic history (Brain, 1981). It is 
in these environments, therefore, where there is a greater possibility of finding 
well-preserved archaeological remains of biotic origin, especially bones and teeth 
(Butzer, 1982). This, in turn, makes it possible to perform paleoecological and 
paleoeconomic reconstructions with, on many occasions, precise interpretations 
of the different periods of human evolution and, very specifically, paleoeconomic 
behavior. This interpretations included the identification of, e.g., home bases in 
early chronologies (Saladié et al., 2011), as well as caves employed as site of 
communal hunting of large ungulates (Rodríguez-Hidalgo et al., 2017), which is 
indicative of a high level of territorial control and a high capacity for acquiring 
and transporting resources to protected habitat sites.

Open-air sites, on the other hand, can also provide a great deal of information 
on hominin behavior from early chronologies. Domínguez-Rodrigo and Barba 
(2007a) have proposed the use of open spaces where there could be tree cover for 
the establishment of home bases in the absence of cavities, while other research 
suggested the repeated transit of hominins in these spaces for the acquisition of 
resources of various kinds, in coexistence and cohabitation with other predators 
(Domínguez-Rodrigo et al., 2007; Egeland, 2008, 2014). Recent taphonomic 
studies carried out at the late Early Pleistocene open-air site of Barranc de la 
Boella (Spain) have suggested a greater presence and intensity of hominin activ-
ity at times of high competition with other predators (Pineda et al., 2017a). In this 
site, the almost total absence of pieces of evidence of anthropogenic modification 
of the carcasses on bone surfaces have let to propose a possible scenario of the 
formation of the site in which the hominin groups carried out a restricted role 
in the accumulation and modification of the carcasses. Subsequent revisions of 
the known assemblages of Isernia La Pineta and Torralba have led researchers to 
consider, or at least not to rule out, this scenario in the formation of these assem-
blages, given the low or even zero percentages of anthropogenic intervention on 
the faunal remains (Pineda & Saladié, 2019; Pineda et al., 2020). The study of 
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these three assemblages has revealed a common problem, which is not unusual 
in open-air assemblages: the poor preservation of the bone surfaces as a conse-
quence of the multiple processes that end up altering the remains exposed to the 
elements. From a zooarchaeological and taphonomic point of vsssiew, a correct 
identification of these processes and its effect on the faunal assemblages is indis-
pensable to avoid misinterpretation of the origin of the bone accumulations and 
the make correct inferences about the hominin behavior. Processes such as weath-
ering, trampling, hydric abrasion, or lixiviation contribute to the alteration of the 
bone remains and, where existed, altering or obliterating the bone surface modi-
fications preserved (e.g., Behrensmeyer, 1978; 1986; Shipman & Rose, 1983b; 
Cook, 1986; Petraglia & Potts, 1994; Pineda et al., 2014).

Weathering is one of the most commonly identified processes in open-air sites 
and is produced by the action of physical and chemical agents operating on bio-
logical remains exposed in situ (Behrensmeyer, 1978), which are exposed to more 
intense and rapid atmospheric changes (Behrensmeyer, 1978; Lam, 1992; Lyman, 
1994) and more pronounced temperature and humidity fluctuations (Pokines et 
al., 2016, 2018). Factors such as temperature and humidity changes, the incidence 
of sunlight, and freeze–thaw cycles modify any remains deposited on the ground 
surface (Behrensmeyer, 1978; Junod & Pokines, 2014; Pokines et al., 2016, 2018; 
Tuross et al., 1989). Weathering usually may result in the destruction and the disap-
pearance of the remains (Behrensmeyer, 1978), but surviving ones can be deposited 
and incorporated into the archaeological or paleontological record.

Trampling, although it is obviously not exclusive to open environments, is an 
important modification in these deposits, which is caused by friction between sedi-
mentary particles and bones. Trampled bones may present striations on their sur-
faces that can blend in with pre-existing striae, such as cut marks, and even con-
tribute to obliterating any previous marks (Behrensmeyer et al., 1986; Olsen & 
Shipman, 1988). Several studies have tried to establish valid criteria for differenti-
ating trampling marks from cut marks (Andrews & Cook, 1985; Behrensmeyer et 
al., 1986; Olsen & Shipman, 1988; Domínguez-Rodrigo et al., 2009a; Courtenay 
et al., 2019, 2020a, b); however, the high morphological variability of trampling 
marks (Behrensmeyer et al., 1986; Domínguez-Rodrigo et al., 2009a), the existence 
of posterior processes that may have further altered the bone surfaces and modifica-
tions (Pineda et al., 2014, 2019), and the fact that criteria usually employed to cor-
rectly identify trampling marks and differentiate it from cut marks are less objective 
than originally considered (Domínguez-Rodrigo et al., 2017; Domínguez-Rodrigo, 
Saladié, et al., 2019) mean that these criteria are still being revised today.

The preservation of remains deposited on river or flood plains, or lake or delta 
shores, is also affected by the action of flowing water, where internal erosive pro-
cesses threaten the preservation of the remains (Butzer, 1982). Water flow can cause 
spatial taphonomic associations of objects, since they tend to segregate from their 
original positions and form new associations related to their density, weight, and 
shape, giving rise to lagged or dragged assemblages (Behrensmeyer, 1975; Petra-
glia & Potts, 1994; Aslan & Behrensmeyer, 1986; Pante & Blumenschine, 2010; 
Giusti & Arzarello, 2016; Domínguez-Rodrigo et al., 2018). The influence of flow-
ing water can be identified in assemblages through the rounding and polishing of 
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bone edges and surfaces, sometimes completely altering the original morphology of 
the bones (Shipman & Rose, 1983a, b; Behrensmeyer et al., 1989; Fernández-Jalvo 
& Andrews, 2003; Gaudzinski-Windheuser et al., 2010; Rabinovich et al., 2012), 
and even modifying and obliterating pre-existing modifications (Behrensmeyer et 
al., 1989; Gaudzinski-Windheuser et al., 2010; Pineda et al., 2019; Rabinovich et 
al., 2012; Shipman & Rose, 1983b).

The presence of water, or simply damp environments, can also lead to processes 
such as the leaching of soluble elements from sediments or the precipitation of 
manganese (IV) oxide. When soluble elements are leached from the sediment, sub-
sequent chemical action on the bone surfaces leads to the rapid alteration of any 
modification (Pineda et al., 2014). In humid and aerobic environments with a neu-
tral or close to neutral pH, the action of bacteria can also cause the precipitation of 
manganese (IV) oxide; this is evidenced as dark pigmentation of the bone surfaces 
(Cáceres, 2002; Fernández-Jalvo, 1992; Potter & Rossman, 1979).

Other biochemical agents, like fungi or bacteria, can also affect osteologi-
cal assemblages. In the open air, the most common indication of taphonomic pro-
cesses is root-etching. Produced by the action of fungi (Mychorrizae) and bacteria 
(Rhizobium), it is evidence of the absorption and transfer of phosphorus from the 
bones to the roots (Fernández-Jalvo, 1992) and indicative of an environment con-
ducive to plant growth (Lyman, 1994). This process generally produces vermicula-
tion, dendritic grooves characteristic of root growth, which contribute to the dis-
solution of bone surfaces. These are usually easy to distinguish from anthropic cut 
marks (Andrews, 1990; Lyman, 1994), although they can be confused with the tooth 
marks produced by carnivores (Domínguez-Rodrigo & Barba, 2006, 2007a). Ver-
miculation can affect remains either prior to or during the burial phase (Cook, 1986; 
Lyman, 1994), although it usually affects buried remains (Fernández-Jalvo & Marín-
Monfort, 2008) and requires relatively long exposure times (Cook, 1986; Fernán-
dez-Jalvo & Marín-Monfort, 2008).

The action of all these processes and agents on open-air Pleistocene osteologi-
cal assemblages has contributed to altering bone surfaces and modifications on 
them, such as cut marks and tooth marks, obliterating these and even generating new 
marks (Shipman & Rose, 1983b; Behrensmeyer et al., 1986, 1989; Olsen & Ship-
man, 1988; Domínguez-Rodrigo et al., 2019a; Gaudzinski-Windheuser et al., 2010; 
Rabinovich et al., 2012; Pineda et al., 2014, 2019). The primary consequence is that 
they hinder zooarchaeological research focused on the nutritional phase of the car-
casses (Egeland, 2008), the purpose of which, among other things, is to determine 
the activities carried out by hominin groups and their relationship with the fauna of 
the environments they inhabited. The action of these processes also makes it harder 
to pinpoint the role hominins played in the formation of Pleistocene accumula-
tions in open-air sites (e.g., Behrensmeyer, 1978; Shipman, 1981; Shipman & Rose, 
1983b; Behrensmeyer et al., 1986; Olsen & Shipman, 1988; Domínguez-Rodrigo & 
Barba, 2006, 2007a; Egeland, 2008; Egeland & Domínguez-Rodrigo, 2008; Marín-
Arroyo et al., 2008; Domínguez-Rodrigo et al., 2019a; 2009b; Pineda et al., 2014; 
Yravedra et al., 2016; Courtenay et al., 2020a).

The recognition of different associations between stone artifacts and faunal 
remains in the archaeological record has been employed to differentiate various 
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types of assemblages in which hominin activities can be more or less intense (Isaac 
& Crader, 1981; Leakey, 1971). These are interpreted, for example, as base camps 
factory or butchering sites. The various types of occupations can be characterized 
by differences in the presence/absence of certain artifacts and/or bone remains, and 
by the spatial relationships between the different types of objects (Carr, 1984, 1987; 
Domínguez-Rodrigo & Cobo-Sánchez, 2017; Isaac & Crader, 1981; Kroll & Price, 
1991; Leakey, 1971; Whitelaw, 1991).

Home bases are defined as residential camps occupied for some length of time 
or usually reoccupied in which hominin groups carried out their daily live activities 
and related with subsistence (Isaac, 1971, 1978). Home bases have been identified 
in early chronologies, such as the FLKK and BK in Olduvai Gorge (Domínguez-
Rodrigo et al., 2002; 2009b; Domínguez-Rodrigo & Barba, 2007a), as well as Level 
TD6.2 at the Gran Dolina site (Saladié et al., 2011, 2014) in the Sierra de Atapu-
erca. However, during the Middle Pleistocene, the archaeological record reveals an 
expansion and diversification of this type of assemblage, including the German site 
of Bilzingsleben (Mania & Mania, 2005); Orgnac 3 (Moncel et al., 2005, 2012), 
Payre (Moncel et al., 2007) and Aragó Cave (Moigne, 1983; Moigne & Barsky, 
1999) in France; and Level Td10.1 at Gran Dolina (Rodríguez-Hidalgo et al., 2015) 
and Bolomor Cave (Blasco, 2008; Blasco & Fernández-Peris, 2009) in Spain. Out 
of Europe, the Israeli site of Qesem Cave (Blasco et al., 2016; Stiner et al., 2009) or 
the Middle Stone Age African sites of Klasies River Mouth in South Africa (Klein, 
1978, 1982) has been described as home bases.

Other types of accumulations are not a manifestation of residential areas, but 
reflect activities directly related to the procurement of resources, generally of ani-
mal origin, referred to as kill/butchering sites. The processing of large ungulates 
acquired by hunting has been documented at sites such as Schöningen (Voormo-
len, 2008), Cuesta de la Bajada (Domínguez-Rodrigo et al., 2015), and Gran Dolina 
level TD10.2 (Rodríguez-Hidalgo et al., 2017). Other sites show evidence of mega-
herbivorous carcass exploitation, including proboscidean carcasses like in Olorge-
sailie (Kübler et al., 2015), Fuente Nueva 3 (Espigares et al., 2013), Notarchirico 
(Moncel et al., 2020), and Áridos 1 and Áridos 2 (Ollé, 2005; Yravedra et al., 2010), 
although the mode of acquisition is unknown; hippopotamus, such as in the hip-
popotamus/artifact site (HAS) locality of Koobi Fora in Kenya (Isaac, 1971; Isaac 
& Crader, 1981); or giraffe, such has been proposed in ST4 (Peninj) (Domínguez-
Rodrigo et al., 2002). A third type of fossil assemblage, such as the Galería com-
plex, has been interpreted as natural traps, where hominin groups would have had 
access to the carcasses of fallen animals (Cáceres, 2002; Díez Fernández-Lomana, 
1993; Huguet et al., 1999). In this type of environment, we are also able to identify 
accumulations resulting from the superposition of independent events produced in 
more or less extensive periods of time. Lake shores, deltaic limits, and flood plains 
are excellent places for settlements, but also for the exploitation of various resources 
(vegetables, meat, water or raw materials), therefore being places of transit for 
Pleistocene foragers and carnivores (Binford, 1983). Added to this archaeological 
evidence is the possible transport of remains in catastrophic flows, and accumu-
lations produced by the natural deaths of animals. For this reason, these contexts 
often involve several actors and processes that would have played different roles and 
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participated in the formation of the deposits, with no single agent standing out as the 
main accumulator.

The recent taphonomic reviews of the late Early Pleistocene open-air site of Bar-
ranc de la Boella (Tarragona, Spain), and the Middle Pleistocene sites of Isernia 
La Pineta (Molise, Italy) and Torralba (Soria, Spain) have revealed the existence 
of common problems that have conditioned taphonomic studies (Fig.  1). These 
are open-air sites in areas of presumed availability of resources of various kinds in 
which human presence is clearly attested through the stone tools recovered, but the 
poor preservation of the bone surfaces and the modifications on them prevent the 
identification of anthropogenic intervention of the carcasses and limit subsistence 
interpretations linked to the exploitation of this type of material. The aim of the 
present manuscript is to expose the problem commonly associated with this type 
of assemblages from a holistic perspective and to discuss how these faunal assem-
blages could be studied in view of the poor preservation of bone surfaces and the 
modifications on them.

Barranc de la Boella (Tarragona, Spain)

The Barranc de la Boella gully is located in the municipality of la Canonja, 3 km 
from the city of Tarragona. The excavation work began in 2007, since which time 
there have been interventions in three different pits: Pit 1 (P1), La Mina (LM), and 
El Forn (EF), located on both sides of the gully, with a distance of no more than 
200 m between all of them (Fig. 2).

Barranc de la Boella presents a lithostratigraphic sequence of 9  m in which 
six lithostratigraphic units have been identified, named I-VI from bottom to top, 
and described in detail in Vallverdú et al. (2014b). All three pits share the same 
lithostratigraphic sequence, although archaeological levels are not correlated 
between them. The majority of the material recovered in the gully is concentrated in 
various archaeo- and paleontological levels identified in Unit II. This unit comprises 
a 2-m homogeneous sequence of poorly stratified sands and gravel, characteristic of 

Fig. 1  View of the Western Mediterranean region and location of Barranc de la Boella, Isernia La Pineta 
and Torralba sites in the Iberian and Italian Peninsula
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subaerial and underwater mass flow deposits (Vallverdú et al., 2014a). The unit has 
been dated using biochronology, paleomagnetism, and cosmogenic nuclides as late 
Early Pleistocene, ca. 960–781 Ka (Lozano-Fernández et al., 2014; Vallverdú et al., 
2014b).

Work in Pit 1 has focused on level II.2, from which multiple remains of Mam-
muthus meridionalis have been recovered, including a pair of tusks, teeth, skull 
fragments, ribs, and a scapula, associated with 125 lithic artifacts (Mosquera et al., 
2015, 2016; Vallverdú et al., 2014b), in an area of 13  m2. At La Mina, four archaeo-
logical levels have been documented in a surface of 40  m2. To date, level II.2, which 
ranges between 30 and 65 cm, is the most prolific, with over 500 faunal remains and 
more than a hundred lithic remains recovered. From level II.3, on the other hand, 
more than 200 hyena coprolites have been recovered, and it has been identified as a 
latrine. Finally, at El Forn, seven levels have been identified in an excavated area of 
68  m2, belonging to the units III (EF1) and II (EF2-EF7). The higher levels (EF1-
EF4), which ranges between ~ 20 and 40 cm each, concentrate the largest number of 
remains and where taphonomic studies have been focused. In sum, data presented in 
this work provide from level II.2 of Pit 1, level II.2 of La Mina (LM2) and levels 1 to 
4 of El Forn site (EF1-EF4).

Barranc de la Boella Archaeological Sample

Barranc de la Boella has provided an extensive faunal record of macromammals 
of diverse taxa, with 1786 remains distributed between Pit 1, level II.2 (n = 480), 

Fig. 2  A Panoramic view of the Barranc de la Boella site. White arrows indicate the place of each site; 
(B) View of La Mina site and location in the gully; (C) View of El Forn and location in the gully; (D) 
View of Pit 1 and location in the gully; (E) Lithostratigraphic units and archeopaleontological levels 
identified at La Mina and El Forn (Modified from Vallverdú et al., (2014a, b))
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La Mina, Level II.2 (n = 578), and the different levels of El Forn (EF1 to EF4) 
(n = 718) (Tables  1 and 2). The well-represented taxa are medium and large 
ungulates (e.g., Equus altidens, Dama vallonnetensis, and Megaloceros sp.) and 
megaherbivores (Mammuthus meridionalis, Hippopotamus antiquus, and Stepha-
norhinus hundsheimensis). The taxonomic list also includes a wide variety of car-
nivores (Ursus sp., Panthera sp. (large), Canis mosbachensis, Vulpes sp., Lynx sp., 
and a large felid), although all but the bear remains are scarce (Madurell-Mala-
peira et al., 2019). The presence of hyenas has been inferred through traces of 
their activity, mainly in the form of coprolites and modifications of the osteologi-
cal complex (Pineda et al., 2017a; Vallverdú et al., 2014b). The micromammals 

Table 1  Taxonomic list of macromammals recovered from the three areas excavated at Barranc de la 
Boella. NISP/MNE/MNI. Data from Mosquera et al. (2016) and Pineda et al. (2017b)

Taxa Pit 1 La Mina El Forn El Forn El Forn El Forn
II.2 II.2 III.1 II.2 II.3 II.4

Macaca sylvanus - 1/1/1 - - - -
Mammuthus meridionalis 160/9/2 1/1/1 - 1/1/1 1/1/1 6/5/1
Hippopotamus antiquus - 5/1/1 1/1/1 5/2/1 6/4/2 12/10/2
Stephanorhinus hundsheimensis - - 2/2/1 3/2/1 3/2/1 7/4/1
Dama vallonnetensis 4/4/2 49/23/3 21/10/2 13/7/2 18/14/2 13/9/3
Megaloceros sp. - 5/3/2 3/2/1 1/1/1 1/1/1 3/3/1
Cervidae indet—medium/small sized - 24/4/- 16/2/- 5/-/- 6/1/- 13/5/1
Equus altidens 1/1/1 20/15/2 31/12/2 17/7/2 10/8/1 15/14/3
Bovini sp. - 3/3/1 - 1/1/1 1/1/1 2/2/1
Sus strozzi - - 1/1/1 - - -
Castor sp. - - - - - 1/1/1
Ursus sp. - 11/10/1 - - - -
Panthera sp. (medium sized) - 1/1/1 - - - -
Felidae (large sized) - 1/1/1 - - - -
Canis mosbachensis - 3/1/1 - - - -
Vulpes sp. - 1/1/1 - - - 1/1/1
Lynx sp. - 1/1/1 - - - -
Chelonia - 1/1/1 - - - -
Leporidae - 14/14/1 - - 1/1/1 -
Aves - 3/3/1 1/1/1 1/1/1 1/1/1 -
Total (NISP/MNE/MNI) 165/14/5 144/89/22 76/32/10 47/24/11 48/34/12 75/55/17
Very large sized 306/-/- 14/-/- 8/-/- 4/-/- 4/-/- 13/-/-
Large sized - 53/-/- 30/-/- 34/-/- 11/-/- 42/-/-
Medium sized 6/3/- 145/-/- 29/-/- 27/-/- 36/-/- 43/-/-
Small sized - 55/-/- 6/-/- 7/-/- 9/-/- 12/-/-
Indeterminate 72/-/- 167/-/- 28/-/- 52/-/- 26/-/- 52/-/-
Total (NR) 549 578 177 171 134 236
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described from Barranc de la Boella are Mimomys savini, Victoriamys chalinei, 
Talpa sp., and Crocidura sp. (Lozano-Fernández et al., 2014).

Hominin activity has been documented principally through large technologi-
cal assemblages recovered from the three pits: 125 remains from Pit 1, level II.2; 
100 from EF1 to EF4; and 80 from La Mina II.2 (Mosquera et al., 2015, 2016). 
The excavation surfaces of Pit 1 and La Mina are currently being expanded and the 
excavation is ongoing. According to Mosquera et al. (2016), the three pits show a 
similar record, mainly comprising simple and retouched flakes, generally denticulate 
and notched, cores, and “percussion materials.” The knapping methods were uni-
polar longitudinal and centripetal, and the raw materials are local, with chert being 
employed for flake acquisition and quartzite, hard-wearing schist, and porphyry used 
as percussion materials and for large cutting tools, including a schist pick from Pit 
1 and a cleaver-like tool recovered from El Forn (Mosquera et al., 2015, 2016; Vall-
verdú et al., 2014b) (Table 2).

Many osteological remains exhibit bone surface preservation problems, display-
ing taphonomic modifications such as weathering, hydric abrasion, or chemical 
alteration as a consequence of leaching (Table 3) (Fig. 3). Weathering affects 50% of 
the sample from levels EF2 and EF3. For LM2, water abrasion has been documented 
as affecting more than 50% of the sample. The correlation of the mineral density of 
bones with the %MAU applying the Spearman’s rho suggests a small, positive, sta-
tistically significant relationship between the preserved remains and their structural 
density for medium and large animals, with the exceptions of large carcasses on EF2 
and Ef4, in which there was an absence of significance (p > 0.05) (Table 4).

Table 2  Quantification of the 
different remains recovered in 
the assemblages studied.

BB data from Mosquera et al., (2015, 2016) and Pineda et al. 
(2017b); Isernia data from Peretto et al. (2015) and Pineda et al. 
(2020); Torralba data from Sánchez-Cervera et al. (2015) and Pineda 
and Saladié (2019). *Quantification of EF2-3 stone tools is shown 
together by Mosquera et al. (2016). **Preliminary data about stone 
tools presented by Peretto et al. (2015) do not provide a number of 
stone tools for 3 col level. ***Quantification of Torralba stone tools 
from Cerralbo and Howell periods are shown together by Sánchez-
Cervera et al. (2015)

Site Level Bones Teeth Coprolites Stone tools

Pit 1 (BB) II.2 472 77 - 125
La Mina (BB) LM2 499 79 38 80
El Forn (BB) EF1 146 31 2 7

EF2 145 26 - 100*
EF3 114 20 -
EF4 203 33 - 7

Isernia La Pineta 3 coll 5128 572 - ?**
Torralba B1 582 74 - 1529***

B2 548 78 -
B4 367 48 -
B5 125 18 -
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The poor preservation of the bone surfaces could be responsible for the almost 
total absence of taphonomic evidence of the anthropic processing of the fauna in 
the different pits. Anthropic breakage has been identified in four limb bones show-
ing clear percussion marks at La Mina, level II.2 (a humerus from a bovid and a 
humerus, a femur, and a metatarsal from a deer), and two more have been recovered 
from el EF1 (two shafts of a medium-sized animal) (Pineda et al., 2017b). This evi-
dence accounts for less than 1% of the total, and is absent in the other levels.

To address this problem, two experimental studies were performed to describe 
how chemical and mechanical alteration of bone surfaces can affect cut and tram-
pling marks, hindering or preventing their identification and correct differentiation 
during taphonomic studies (Pineda et al., 2014, 2019). In Pit 1, level II.2, Mosquera 
et al. (2015) identified three possible cut marks on two mammoth ribs; although 
they were poorly preserved, they did display some diagnostic criteria (a v-shaped 
morphology and symmetrical section), associated with cut marks (Mosquera et al., 
2015). Additionally, in La Mina II.2, 21 striae of uncertain origin were identified, 
mostly on deer remains (jaw, humerus, and femur), on a medium-sized limb bone, 
a bison atlas, and the rib of a very-large sized animal (Pineda et al., 2014, 2017b). 
These striae had been affected by processes such as abrasion, so the agent that had 
originated them was not determined in the taphonomic studies. However, the experi-
mental study and statistical treatment of mechanically altered cut marks and tram-
pling striae conducted by Pineda et al. (2019) does suggest a relationship between 

Fig. 3  Remains recovered from Barranc de la Boella with evidence of bone surface alteration: (A) hip-
popotamus maxilla; (B) horse astragalus; (C) deer jaw; (D) horse vertebra
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the altered cut marks and those identified in Pit 1. At La Mina, it was possible to 
establish the morphological features of marks altered by trampling in the majority of 
cases, although, from a statistical point of view, some of the marks were more simi-
lar to altered cut marks (Pineda et al., 2019).

Carnivore activity has been documented at both La Mina and El Forn, with modi-
fications affecting around 10% of the sample over the different levels studied. The 
majority of these modifications are documented as scores and pits on the bone sur-
faces. A comparison with metric data from current samples identifies the interven-
tion of at least one large carnivore as having modified the assemblages. Other types 
of modification have also been documented, including the furrowing of limb bone 
epiphyses, pitting, and bones affected by gastric acids. The intensity of these modi-
fications, which include the complete destruction of mammoth and rhinoceros epi-
physes, is indicative of hyenas as modifying agents (Haynes & Klimowicz, 2015). In 
line with this, hyena coprolites have also been identified in all the assemblages, in 
particular the latrine identified in La Mina level II.3.

An anatomical profile study, in agreement with the evidence of hominin and carni-
vore presence, shows coincidence of the activity of the two agents during the formation 
of the assemblages. The proxies for measuring competition in the environment suggest 
that the times of the most intense carnivore activity were also when there was the great-
est human presence. LM level II.2 is the clearest example of this trend. This assem-
blage is characterized by the presence of abundant remains of lithic industry made 

Table 4  Correlation of the mineral density of the bones with the %MAU of the different assemblages. 
Data are presented for medium and large-sized carcasses

Site Assemblage Weight category Correlation (r2) Spearman’s rho p

Barranc de la Boella LM2 Medium 0.14 044  < 0.01
Large 0.002s 0.21  < 0.005

EF1 Medium 0.05 0.23  < 0.05
Large 0.03 0.20  < 0.05

EF2 Large 0.01 0.15  > 0.05
EF3 Medium 0.16 0.34  < 0.01

Large 0.06 0.24  < 0.05
EF4 Medium 0.03 0.32  < 0.01

Large 0.08 0.19  > 0.05
Isernia La Pineta 3 coll Medium 0.04 0.24  < 0.05

Large 0.02 0.26  < 0.05
Torralba B1 Medium 0.04 0.19  > 0.05

Large 0.06 0.33  < 0.01
B2 Medium 0.07 0.36  < 0.01

Large 0.10 0.4  < 0.01
B4 Medium 0.01 0.08  < 0.01

Large 0.07 0.3  < 0.01
B5 Medium 0.03 0.03  > 0.05

Large 0.002 -0.14  > 0.05
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from different raw materials and involving various tool types. In addition, remains have 
been found that evidence anthropogenic breakage, as well as abundant marks produced 
by carnivores. According to the analysis of the anatomical profiles, the ravaging and, 
therefore, the competition among predators (intra- or interspecific) may have reached 
high levels of intensity.

Interpretation of the Assemblages

The paleoecological environment inferred during the formation of Unit II at Barranc 
de la Boella seems to correspond to a deltaic ecosystem, as evidenced by the high inci-
dence of aquatic (Hippopotamus antiquus, Castor sp., and Mimomys savini) and open-
air (e.g., Mammuthus meridionalis and Equus altidens) species, consistent with the 
sedimentological descriptions (Rosas et al., 2015; Vallverdú et al., 2014b). The possi-
ble existence of riparian forests has also been described, with the presence of plant taxa 
such as pines (Pinus sp.), junipers (cf. Juniperus), hazel (Corylus), olives (Olea-Philly-
rea), and birches (Betula), as well as animals that inhabited these spaces, like macaque 
and wild boar. In this inferred environment, a wide variety of resources including meat, 
vegetables, water, and raw materials for stone tool production would converge, and be 
within the reach of the hominin populations that transited through this space.

Hominin access to meat resources is reflected in Pit 1, level II.2. The detailed study 
of the assemblage has revealed that Mammuthus meridionalis accounts for > 99% of 
the remains. The spatial distribution and refits identified show the use of few cores to 
obtain flakes. The use-wear analyses of several flakes makes it possible to relate their 
use to butchery activities (Mosquera et al., 2015) and this has been interpreted as a 
butchering site, reflecting a single event of mammoth carcass acquisition by human 
groups (Mosquera et al., 2015).

The archaeological levels of La Mina (LM2) and El Forn (EF1 to EF4) can be inter-
preted as spatial palimpsests, in which different events of various characteristics and 
specificities have not been distinguished. The faunal remains are very fragmented in 
most cases. The presence of hominins in the environment has been identified princi-
pally through the presence of the stone tools recovered from the sites (Mosquera et al., 
2016), since there is scant evidence of carcass processing. The carnivore activity, docu-
mented mainly based on the modifications produced on the osteological assemblage, 
has been described as related to events independent from those of the hominins. Under 
these conditions, it has been proposed that the presence of the hominin groups could 
have been related to foraging activities, without there necessarily having been a direct 
relationship with the acquisition of animal carcasses (Pineda et al., 2017b).

Isernia La Pineta (Molise, Italy)

The Isernia La Pineta site is located in the south-central part of the Italian Peninsula, 
in the town of Isernia (Molise, Italy). It was discovered in the late 1970s, during the 
construction of a highway. Since its discovery, excavation work at Isernia has been 
active for more than four decades (Peretto et al., 2015).
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Peretto and colleagues recently described the complete stratigraphy of Isernia 
(Peretto et al., 2015; Fig. 2). Four major unconformity-bounded stratigraphic units 
(UBSUs) have been identified (referred to as UBSU 1–4), interspersed with four 
paleosols (S1-S4) (Coltorti et al., 1982, 2005; Peretto et al., 2015; Thun Hohen-
stein et al., 2009). UBSU 4, the oldest, has been dated as being from around the 
Early-Middle Pleistocene boundary, while the subsequent one (UBSU 3) contains 
deposits dated as Middle Pleistocene (Peretto et al., 2015). This UBSU comprises 
sands, gravels, and salts that contain a series of levels of coarse-grained pyroclasts 
(pumice) (Coltorti & Pierucchini, 2014).

Four archeosurfaces have been identified and excavated in two different sectors 
of the site: 3c, 3a, and 3s10, in sector I; and 3a in sector II (Peretto et al., 2015). 
The four archeosurfaces, which are very differentiated in the stratigraphic sequence, 
are distinguished by their extent and the density and degree of conservation of the 
fossil remains (Thun Hohenstein et al., 2009). In addition to the aforementioned 
archeosurfaces, various fossiliferous levels have been identified. Level 3 Colluvio (3 
coll), with an excavated surface of 100  m2, is one of the most prolific of the site. A 
taphonomic review of the faunal materials has recently been conducted, from which 
the data included in this study are derived. This level is located on the third archeo-
surface of sector I (Marrocchino & Vaccaro, 2006; Thun Hohenstein et al., 2009). 
40Ar/39Ar dating performed after the discovery of a human remnant (Homo sp. cf. 
heidelbergensis) provided a chronology of 583–561 ka (Peretto et al., 2015).

The Isernia La Pineta, Level 3 Colluvio Archaeological Record

Isernia La Pineta has an extensive record of macromammals, both bone and teeth 
(Table 2), being the remains of Bison schoetensacki, Palaeoloxodon antiquus, and 
Stephanorhinus hundsheimiensis predominant. Other ungulates represented at the 
site are Hippopotamus cf. antiquus, Premegaceros solilhacus, Cervus elaphus cf. 
acoronatus, Dama cf. roberti, Capreolus sp., Sus scrofa, and Hemitragus cf. bon-
ali. Among the carnivores, the most abundant remains are from Ursus deningeri, 
although other taxa have also been identified, including Panthera pardus and Pan-
thera leo fossilis (Ballatore & Breda, 2013; Breda et al., 2015; Peretto et al., 2015; 
Sala, 1996; Thun Hohenstein et al., 2005, 2009). A deciduous upper incisor (pos-
sibly di2) identified as belonging to Homo sp. cf. heidelbergensis (Peretto et al., 
2015), as well as some bird (Tonon, 1989) and leporid (Thun Hohenstein et al., 
2009) remains complete the taxonomic list (Table  5). In this work, a taphonomic 
analysis of the entire 3 coll assemblage is presented, with the exception of the 
human tooth.

The surfaces of the bones from level 3 coll show signs of alteration due to 
the action of processes such as weathering, which affects 59.4% of the remains, 
and modifications produced by water abrasion, which affects 54.2% of the osteo-
logical sample. Other modifications identified are trampling striae and notches, 
which affect 30.9% of the remains, chemical corrosion (8.6%), and root-etching 
(7.9%) (Table 3) (Fig.  4). The correlation of the mineral density to the %MAU 
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was positive and significant for medium (rho = 0.24; p =  < 0.05) and large sized 
carcasses (rho = 0.26; p =  < 0.05) (Table 4).

Anthropogenic modifications are scarce in level 3 coll and, indeed, throughout 
the whole Isernia La Pineta sequence (Anconetani, 1996a, b; Anconetani & Per-
etto, 1996; Thun Hohenstein et al., 2005; 2009), possibly due to the poor preser-
vation of the bone surfaces. In level 3 coll, 18 remains (0.3%) present cut marks: 
on a bison’s jaw, humerus, and tibia; on a rhino’s cranial fragment and femur; on 
a bear’s undetermined metapodial; and on an elephant shaft fragment. Also were 
found on non-identified specimens: six shaft fragments, one cranial fragment, one 
large sized vertebra, and on three unidentified remains. All cut mark located on 
limb bones were identified on the mid-shaft (Pineda et al., 2020).

Anthropogenic breakage, identified by preservation of percussion marks and 
notches, is the main evidence of hominin activity, having been documented in 
211 remains (3.7%) from level 3 coll. This breakage is mainly seen in the long 
bones (n = 153) of bison, especially femora and humeri, although it has also been 
documented in flat bones, mainly jaws from bison (n = 8) and bears (n = 1).

Table 5  Taxonomic list 
of macromammal remains 
recovered from Isernia La 
Pineta, level 3 coll. Data from 
Peretto et al. (2015) and Pineda 
et al. (2020)

Taxa NISP MNE MNI

Homo sp. cf. Heidelberguensis 1 1 1
Palaeoloxodon antiquus 110 8 2
Hippopotamus cf. antiquus 8 2 1
Stephanorhinus hundsheimensis 166 55 2
Bison schoetensacki 423 125 8
Bison/rhino 48 11 -
Praemegaceros solihacus 8 6 2
Cervus elaphus cf. acoronatus 4 3 1
Dama cf. roberti 1 1 1
Cervidae 50 6 -
Sus scrofa 5 4 2
Hemitragus cf. bonali 5 4 1
Capreolus sp. 1 1 1
Artiodactyla 15 - -
Herbivorous indet 51 - -
Ursus deningeri 114 42 3
Panthera pardus 1 1 1
Canis mosbachensis 1 1 1
Carnivora 8 1 -
Aves 1 1 1
Cf. Oryctolagus 5 4 1
Total (identified) 1026 2277 29
Indeterminate 4675 - -
Total 5701 - -
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Carnivore activity has been documented through the identification of scores 
and pits (n = 44; 0.8%). Limb bones have the highest number of tooth marks 
(n = 15), particularly the shafts (n = 12), although these marks have also been 
documented on flat and articular bones. A metric comparison of the tooth marks 
has allowed us to identify the intervention of at least one large carnivore on the 
assemblage. In one case, it has been possible to identify the co-occurrence of 
both hominins and carnivores on the same carcass, where carnivore tooth marks 
and cut marks were both identified on the proximal shaft of a bison tibia.

Analyses of the skeletal representation reveal a pattern in which the disappear-
ance of the less dense elements (e.g., axial skeleton and epiphyses of limb bones) 
exhibits different trends. The axial-to-appendicular ratio shows a relatively high sur-
vival rate for the axial elements (0.76). The epiphysis-to-shaft ratio shows a high 
disappearance rate of epiphyses in level 3 coll (0.12), while an evaluation of epiphy-
sis survival based on the percentage of change of the minimum number of elements 
(MNE) shows values close to 50% for all sizes. These data point to a moderate level 
of disappearance of the less dense elements in the assemblage, which has been cor-
related with a low to moderately competitive context (Pineda et al., 2020).

Fig. 4  Jaws recovered from Isernia La Pineta, 3 coll, with evidence of bone surface alteration belonging 
to a rhinoceros (A), deer (B), and suid (C) materils hosted at UNIFE
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Interpretation of the Site

The reconstructed environment of Isernia La Pineta has been described as an open, 
arboreal steppe landscape, and the best-represented fauna (e.g., Palaeoloxodon 
antiquus and Stephanorhinus hundsheimensis) and flora (identified through pol-
len studies, predominated by herbaceous plants (Arobba et al., 2004; Peretto et al., 
2004; Sala, 1996)) are typical of these biomes. The identification of aquatic (e.g., 
Hippopotamus antiquus and Arvícola cantianus) and riparian (e.g., Bison schoeten-
sacki, Sus scrofa, and Quercus sp.) species suggests the presence of ponded water 
and deciduous forests in the surrounding area (Arobba et al., 2004; Peretto et al., 
2004; Pineda et al., 2020).

The traditional interpretation of the archeosurfaces and paleosols suggests the 
accumulations had an anthropic origin (Anconetani, 1996a, b; Anconetani & Per-
etto, 1996; Thun-Hohenstein et al., 2003; 2009; Peretto et al., 2004). They are char-
acterized by the predominance of cranial and appendicular bison elements (attrib-
uted to a differential transport of the carcasses), with a prevalence of adult and 
sub-adult individuals and abundant anthropic breakage. A large Middle Pleistocene 
stone tool assemblage has also been described, made mainly of flint and limestone 
and with complete chaînes opératoires that suggest in situ knapping (Peretto et al., 
2004, 2015). Use-wear studies of several flakes have indicated butchery activities 
(Vergès, 2002).

According to the interpretations of the team leading the excavation work, human 
groups would have systematically hunted, transported, and consumed the carcasses, 
although opportunistic scavenging of some specimens is not ruled out (Peretto et al., 
2004; Thun Hohenstein et al., 2009). However, there has always been debate about 
the anthropic origin of these accumulations (Brugal, 1999). This researcher stated 
that the accumulations could have been produced by lions and that humans had sec-
ondary access to them. Indeed, the poor preservation of the bone surfaces made it 
difficult to test these hypotheses.

Recently, a new sequencing model of hominin and carnivore access to the car-
casses at level 3 coll has been proposed. The modifications generated by these 
agents on the bone surfaces (cut marks and tooth marks) in both cases indicate pri-
mary access to different carcasses. According to this data, the accumulation would 
have formed through a succession of independent events produced by both hominins 
and carnivores (Pineda et al., 2020).

Torralba (Soria, Spain)

The Torralba site is located in Torralba del Moral (Soria, Spain), on the dividing line 
between the Duero, Tajo, and Ebro river basins. This site has been excavated inter-
mittently since the beginning of the twentieth century, first by Enrique de Aguilera y 
Gamboa, XVII Marquis of Cerralbo, between 1909 and 1913 (Aguilera y Gamboa, 
1913), and later by a team headed by Howell, between 1961 and 1963 (Howell et 
al., 1962). In the 1990s, an area near that originally excavated by the Marqués de 
Cerralbo was excavated, in a project focusing on the neighboring site of Ambrona 
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(Santonja et al., 2005). Currently, scheduled excavations have been resumed at both 
sites.

The only detailed stratigraphy of the site was logged during the time when How-
ell was excavating, and involves a N-S section through the site (Butzer, 1965). 
According to Santonja et al. (2014), the majority of the materials recovered in the 
different excavation phases at Torralba come from a 1-m thick deposit comprising 
gray sands interspersed with angular and sub-angular carbonate gravel facies. The 
most recent chronology dates Torralba as late Middle Pleistocene, around 200 Ka 
(Santonja et al., 2014).

The Torralba Archaeological Record

In Villa’s (1990) taphonomic review of the materials from this site, she noted 
a bias in the Torralba record, with a loss of the smallest remains (both bone and 
stone tools), due to the absence of a systematic screening during excavation work. 
Added to this are the problems deriving from the dispersion of materials, which 
were deposited in different institutions and with no standardized record. Results 
summarized in this manuscript become from 3345 faunal remains studied by Pineda 
and Saladié (2019), deposited in the Museo Numantino de Soria (MNS), the Museo 
Arqueológico Nacional de Madrid (MAN), and the Museo Nacional de Ciencias 
Naturales de Madrid (MNCN-CSIC).

A third problem deriving from the study of the collections that were done dur-
ing the early years of archaeological and paleontological research is the absence of 
data on the origin of part of the materials. The level from which materials most 
likely derived has been determined in 55.3% of the cases and has been correlated 
with levels B1-B5 and B7, as described by Butzer (1965). The majority of materials 
assigned to a specific level are concentrated in levels B1 (656), B2 (626), B4 (415), 
and B5 (143). The remainder of the material (1597 elements; 44.7%) could not be 
attributed to a specific level, and 7.3% of the sample could only be attributed to the 
excavation period (Cerralbo period or Howell period), with the rest being consid-
ered material of indeterminate origin.

Elephant (Palaeoloxodon antiquus), horse (Equus caballus (torralbae)), bovid (Bos 
antiquus), and rhinoceros (Stephanorhinus hemitoechus) are the predominant taxa 
in the studied assemblage (Adam, 1961; Aguilera y Gamboa, 1913, Aguirre, 2005; 
Fuentes, 2005; Howell et al., 1963; Santonja et al., 2014; Sesé & Soto, 2005) (Table 6).

Bone fragments represent the ~ 88–90% of the material in each level. In gen-
eral, the bone surfaces are poorly preserved, as a consequence of processes such as 
weathering (affecting about 80% of the sample), abrasion (around 50%) and, to a 
lesser extent, trampling and chemical alteration of the surfaces (approximately 10%) 
(Table  3) (Fig.  5). The correlation of the mineral density to the %MAU suggests 
a positive and statistically significant correlation for the medium-sized animals of 
levels B2 and B4 and the large animals of levels B1, B2, and B4. The correlation is 
negative in the case of the large animals of level B5, but lacking statistical signifi-
cance (> 0.05) (Table 4).
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Evidence of anthropic activity is limited to four cut-marked remains: on a large 
radius on the level B2 and on three remains without level assignation: a horse jaw, a 
bovid tibia, and an elephant fragment. During the studies of the materials carried out 
by Howell et al., four bone fragments were identified as tools (Howell et al., 1963). 
However, in a later review of the materials, Domínguez-Rodrigo (2005) rejected the 
anthropic origin and attributed their morphology to hyena activity. In Torralba, the 
activity of carnivores has been documented through tooth marks on 78 remains in 
the different levels, ranging between 0.7 and 4.3 in each one. In addition, other mod-
ifications have been recorded, such as pitting on a horse metatarsal and furrowing on 
13 remains, including a bovid humerus and an elephant phalanx. A metric analysis 
of the tooth marks, added to the other evidence, has allowed us to infer the participa-
tion of at least one large carnivore as a modifying agent.

The analysis of the skeletal representation patterns of the different levels has 
allowed us to associate the human presence to times of low or low-to-moderate 
inferred competition, where the less dense elements (such as the epiphyses of the 
limb bones and axial elements) are well represented.

The excavations conducted by the Marqués de Cerralbo and Howell also provided 
a high number of Acheulean-type lithic remains (Aguilera y Gamboa, 1913, How-
ell et al., 1963), which have been studied in various works (Carbonell et al., 1987; 
González Echegaray & Freeman, 1998; Sánchez-Cervera et al., 2015; Santonja & 
Villa, 1990). From the Cerralbo period, wood remains were recovered, studied by 
Howell and his team, who highlighted the presence of traces of anthropic origin in 
nine of them, as well as evidence of the use of fire (Howell, 1966; Howell et al., 
1962). However, a recent review carried out by Postigo-Mijarra et al. (2017), has 
rejected any evidence of the anthropic processing of these remains, taxonomically 
identified as Pinus cf. sylvestris.

Interpretation of the Site

As a consequence of the predominance of elephant remains and their importance 
in the reconstruction of hominin behavior, the majority of zooarchaeological and 
taphonomic studies have focused on these taxa (Binford, 1981, 1987; Domínguez-
Rodrigo, 1998; Haynes, 1991; Klein, 1987; Shipman & Rose, 1983a; Villa et al., 
2005; Yravedra, 2000). The initial interpretations of the site pointed to hominins as 
accumulators of proboscidean carcasses (Aguilera y Gamboa, 1913), going as far 
as to describe complex strategies for hunting these animals, which could have been 
led to mudflats where they would have been killed, disarticulated, and defleshed for 
consumption (Biberson, 1968; Freeman & Howell, 1982; Howell, 1966; Howell et 
al., 1962).

The interpretations expounded in the 1980s assigned hominins a much more 
minor role as accumulators and modifiers of the proboscidean carcasses, mainly 
due to the almost total absence of evidence of anthropic processing (Binford, 1981, 
1987; Domínguez-Rodrigo, 1998; Klein, 1987; Pineda & Saladié, 2019; Shipman 
& Rose, 1983a; Villa, 1990; Villa et al., 2005; Yravedra, 2000). The other taxa 
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(hippopotamus, horse, bovid, deer, and goat) also show little evidence of anthropic 
processing (Pineda & Saladié, 2019).

The sedimentological context described for Torralba corresponds to an open-air 
space on a lake shore (Butzer, 1965). Elephants would have died on the shores of 
this paleolake, as suggested by various ethological studies (Haynes, 1988, 1991, 
2005), in an environment in which there would be resources of various kinds of 
interest to hominins and other predators. The recent review of the assemblage allows 
us to propose a scenario in the form of a spatial palimpsest to which stone tools are 
associated, although not necessarily related to the faunal remains. In this panorama, 
an analysis of the anatomical profiles has evidenced a scenario of low-to-moderate 
competition between predators for the resources, with low levels of anthropic and 
carnivore activity being documented. However, the poor preservation of the bone 
surfaces could have obliterated pre-existing modifications, so any interpretations 
based on bone surface modifications should be taken with caution.

Discussion

The archaeological sites of Barranc de la Boella, Isernia La Pineta, and Torralba 
are open-air sites with similarities in the composition of the assemblages and the 
taphonomic features (Table 7), which have contributed to broadening our knowledge 
of the activities that hominin groups developed in open spaces in different phases of 
the Lower Paleolithic. Paleoenvironmental scenarios with common characteristics 
have been described for these assemblages, such as their locations in fluvial-deltaic 
zones (Arobba et al., 2004; Butzer, 1965; Peretto et al., 2004; Santonja et al., 2014; 
Vallverdú et al., 2014b), contexts characterized by the availability of resources of 
interest to both animal and hominin communities.

In these contexts, evidences of the presence and the activity of both carnivores 
and hominins are usually more abundant than their remains. May be the most expli-
cative case is the level II.3 of La Mina, a hyena latrine composed almost exclusively 
by coprolites, hyenas become the main accumulator (defecator) agent of the assem-
blage (Pineda et al., 2017a). In fact, the activity of hyena was inferred in the sites, 
although no remains belonging to this taxon have been recovered so far (Pineda 

Fig. 5  Remains recovered from Torralba with evidence of bone surface alteration: (A) elephant limb 
bone fragment (hosted at MNCN-CSIC); (B) rhinoceros jaw (hosted at MNS)
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et al., 2017b; Vallverdú et al., 2014a, 2014b). The presence of carnivores in these 
paleoecological contexts is indicative of the availability of resources of interest, 
such as the existence of prey and water (Domínguez-Rodrigo & Barba, 2007b; Ege-
land, 2008, 2014).

In the case of hominin groups, in addition, there are other resources such as veg-
etation and the availability of raw materials for tool making manufacture of tools 
(Domínguez-Rodrigo et al., 2007; Egeland, 2008, 2014). At all the sites, lithic 
remains are frequent and show the presence of human groups in the territory (Mos-
quera et al., 2015, 2016; Peretto et al., 2015; Sánchez-Cervera et al., 2015), although 
the evidence of their action on the animal carcasses is scarce at all of the sites. 
This situation reflects a common characteristic of assemblages from open-space 
sites: the recovery of lithic industry and faunal remains, with little or no evidence 
of anthropic processing (e.g., Shipman & Rose, 1983a; Díez Fernández-Lomana et 
al., 1997; Villa et al., 2005; Egeland, 2007, 2008; Egeland & Domínguez-Rodrigo, 
2008; Espigares et al., 2013). Additionally, in this type of assemblage, bone surface 
conservation problems are frequently documented (Egeland, 2007, 2008; Egeland 
& Domínguez-Rodrigo, 2008; Yravedra et al., 2016), including in the Barranc de 
la Boella pits (Pineda et al., 2014, 2015; 2017b; Mosquera et al., 2015), at Iser-
nia La Pineta (Díez Fernández-Lomana et al., 1997; Malerba et al., 2000; Pineda et 
al., 2020), and Torralba (Binford, 1981; Pineda & Saladié, 2019; Shipman & Rose, 
1983a, b; Villa et al., 2005; Yravedra, 2000). Despite the chronological distance 
separating these assemblages, they share a series of common taphonomic features: 
(a) they comprise mainly large and medium-sized ungulates and megaherbivores; 

Table 7  Comparison of the main features of the assemblages studied. Black cells represent presence of 
the feature, while white cell represents the absence
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(b) the bone surfaces show little or no evidence of anthropic processing; and (c) car-
nivore activity is documented despite the scarcity of their remains.

Interpreting the relationship between the faunal remains and the activities of 
human groups can be extremely complex and, at times, even lead to contradictory 
interpretations. Perhaps one of the best examples of this is Ambrona, a site near 
Torralba that has a similar history of interventions. At Ambrona (350–400 Ka), the 
predominant taxon is the elephant, and the site was described as an elephant hunting 
ground for much of the twentieth century (Howell et al., 1963; 1995; Howell, 1966), 
until the relationship between the faunal remains and stone tools began to be ques-
tioned, beginning in the 1980s (Binford, 1981, 1987; Domínguez-Rodrigo, 1998; 
Klein, 1987; Shipman & Rose, 1983b; Villa et al., 2005; Yravedra, 2000). As previ-
ously mentioned, the elephant is also the predominant taxon in the faunal record of 
the Torralba site, although there, evidence of human intervention on the remains is 
scarce and the processing of these taxa has also been questioned since the 1980s 
(Binford, 1981, 1987; Domínguez-Rodrigo, 1998; Klein, 1987; Pineda & Saladié, 
2019; Shipman & Rose, 1983a; Villa, 1990; Villa et al., 2005; Yravedra, 2000).

Primary access of Pleistocene hominins to large amounts of meat, at least since 
the Early Pleistocene, is proven (Domínguez-Rodrigo et al., 2002; Saladié et al., 
2011, 2014; Espigares et al., 2013; Mosquera et al., 2015). Level II.2 of Pit 1, at 
Barranc de la Boella, shows a clear spatial relationship between the stone tools and 
the remains of Mammuthus meridionalis, and this link is supported by the use-wear 
study of some flakes, which suggests their use for defleshing, despite the poor con-
servation of bone surfaces and the scarcity of taphonomic signs of anthropic pro-
cessing (Mosquera et al., 2015). This evidence has led to the location being classi-
fied as a butchering site where a mammoth carcass was processed by the hominin 
groups (Isaac, 1978). On the Iberian Peninsula, this type of accumulation is abun-
dant. Middle Pleistocene sites of Áridos 1 and Áridos 2 (Madrid) (~ 384 Ka) and 
the Early Pleistocene site of Fuente Nueva 3 (Granada) (1.4 Ma) are open-air sites 
that have been similarly interpreted. At both Áridos 1 and Áridos 2, Acheulean tools 
were recovered associated to elephant remains (Elephas (Paleoxodon) antiquus). 
At Áridos 2, anthropic processing of the animals has been interpreted through 
some cut marks on a scapula and a rib (Yravedra et al., 2010); however, at Ári-
dos 1, no cut marks have been identified and the exploitation of these animals has 
been inferred from the spatial relationship of the materials and use-wear studies 
(Ollé, 2005). Likewise, at Fuente Nueva 3, Espigares et al. (2014) interpreted the 
exploitation of a mammoth (Mammuthus meridionalis) carcass by hominins as the 
primary access, followed by hyenas, based on the spatial relationship between the 
mammoth remains, stone tools, and hyena coprolites. No signs of anthropic activ-
ity on bone surfaces have been documented. Beyond the Iberian Peninsula, the hip-
popotamus/artifact sites (FxJj 3) locality of Koobi Fora (1.89–1.65 Ma), is one of 
the first and most paradigmatic butchering sites (Isaac, 1971). African Early Stone 
Age assemblages such as Olorgesailie (Kenya) (1.2–0.5  Ma), attributed to Homo 
erectus (Kübler et al., 2015), and the 1.4  Ma ST4 assemblage (Peninj formation, 
Tanzania) have also been interpreted as butchering sites, with evidence of a fauna-
industry association that seems to support these interpretations. Similar interpreta-
tions have been proposed for the Homo erectus Middle Pleistocene assemblages of 
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Notarchirico (Piperno & Tagliacozzo, 2001; Moncel et al., 2020) and La Cotte de 
Saint Brelade (Jersey).

The almost total absence of cut marks on proboscidean or other megaherbi-
vores is a topic widely discussed, since some researches have shown that cut 
marks produced during its processing could appear at low frequencies and are 
sometimes difficult to identify (Crader, 1983; Haynes, 1991; Haynes & Klimow-
icz, 2015; Haynes et al., 2020; Villa et al., 2005). A recent experimentation con-
ducted and published by Haynes and Krasinski (2021) has shown different strate-
gies of exploitation of the carcasses, with different results in the bone surface 
modifications resulting in each case. In a satisficing carcass processing, butchers 
were satisfied to take tusks, largest parts of muscle masses, and skin before aban-
doning the carcasses, resulting in low frequencies of cut marks. However, in an 
extended carcass processing in which efforts are made to completely strip meat 
scraps remaining on the largest limb bones, cut marks could appear clearly vis-
ible on limb bone shafts (Haynes & Krasinski, 2021). The absence of cut marks 
on these remains in Paleolithic contexts, as in the case of Torralba, could respond 
to a satisficing carcass processing, although a second factor should be taken into 
account: the bad preservation of bone surfaces. If the hominins at Torralba did 
take advantage of the biomass of these animals, unfortunately, the poor preserva-
tion of the bone surfaces will have reduced any evidence of anthropic activity 
on the elephant remains. Precisely for this reason, we cannot rule out the fact 
that these populations did not act as carcass modifying agents, as previously sug-
gested for both this and the neighboring Ambrona site (Domínguez-Rodrigo, 
1998; Shipman & Rose, 1983b; Villa et al., 2005; Yravedra, 2000), although 
we can discard a leading role of the hominins in the accumulation of elephant 
remains in Torralba, as suggested by Shipman and Rose (1983b). In fact, despite 
the similarities that may exist between the compositions of the Torralba and Pit 1 
faunal records, where the proboscidean is the predominant taxon at both sites, the 
truth is that Torralba seems to be more similar to La Mina and El Forn in regard 
to the limited role played by hominin groups in the accumulation of the deposits.

This type of deposit is common in the open-air archaeological record. Tapho-
nomic reviews of various Olduvai Gorge Bed 1 localities, dated ~ 1.8 Ma and associ-
ated to Homo habilis and Paranthropus boisei, performed in recent decades, have 
been focused on correctly interpreting the processes involved in the formation of 
these assemblages. Hypotheses indicating that water currents played an important 
role in the formation of assemblages at localities such as FLK Zinj, either due to the 
contribution or lagging of materials (Benito-Calvo & de la Torre, 2011; de la Torre 
& Benito-Calvo, 2013), have recently been questioned by Domínguez-Rodrigo, 
Baquedano, et al. (2019), who defend the anthropic origin of this accumulation. In 
contrast, for other assemblages, like FLK N3-4, FLK NN1, FLK N1-2, and FLK 
NN3, which were originally interpreted as anthropic accumulations (Binford, 1981; 
Bunn, 1986; Leakey, 1971; Potts, 1984), the taphonomic reinterpretations suggest 
a scarce or null role of hominins in the accumulation and formation of the depos-
its (Barba & Domínguez-Rodrigo, 2007; Bunn et al., 2010; Domínguez-Rodrigo & 
Barba, 2007b, c; Domínguez-Rodrigo, Mabulla, et al., 2010; Egeland et al., 2004). 
These locales are defined as vertically dispersed deposits and are characterized by 
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the presence of both faunal and lithic remains, although the evidence of anthropic 
processing of the carcasses is very scarce and the fauna-industry and hominin-carni-
vore relationships are not necessarily proven, as the two agents may have independ-
ent taphonomic histories.

From the French site of Bois-de-Riquet, dated 1.3–1.1 Ma, an extensive lithic and 
faunal assemblage has been documented, where the evidence of carcass processing 
is limited to two cut marks on ungulate limb bones. Researchers have suggested that 
this could be an accumulation resulting from carnivore activity, with a very limited 
contribution from hominins (Bourguignon et al., 2016).

Several assemblages dated as Middle Pleistocene also fit these descriptions. The 
Italian site of Fontana Ranuccio (Muttoni et al., 2009; Segre & Ascenzi, 1984) (450 
Ka) presents fossil levels with Acheulean stone tools and an extensive taxonomic 
list in which medium and large ungulates predominate and in which human tooth 
related with ancient Neanderthal populations (Segre-Naldini et al., 2009; Rubini et 
al., 2014). To date, there are no taphonomic studies that evaluate the role of the 
hominin groups in the accumulation or processing of the faunal remains. In addi-
tion, the Kärlich-Seeufer site (Germany) (396–240 Ka) has an extensive lithic and 
faunal assemblage, with a predominance of elephant remains, but the anthropic pro-
cessing of the carcasses is limited to some cut marks on elephant bones (Gaudz-
inski et al., 1996). At the Castel di Guido site (Italy) (327–260 Ka), a fluvial ori-
gin has been proposed for the accumulation of the remains, which included cranial 
fragment attributed to Homo heidelbergensis, intermingled with events of anthropic 
intervention on some remains (mainly horse and bovid) (Boschian and Saccà, 2010; 
2015). Also in Italy, recent studies have been conducted at the abovementioned site 
of Notarchirico. Moncel et al. (2020) described a large lithic and faunal assemblage 
dating back to 700 Ka, in whsssich there is no evidence of processing or consump-
tion by human groups. Evidence of anthropic activity is also scarce at the German 
site of Bilzingsleben (420–250 Ka). In this site, the existence of various accumula-
tion processes has been proposed, with no single agent being particularly responsi-
ble (Müller & Pasda, 2011).

As mentioned earlier, La Mina, El Forn, Isernia La Pineta, and Torralba are four 
assemblages that are part of this wide list of Lower Paleolithic sites in which the role 
of the hominins in the formation of the deposits and the processing of the carcasses 
seems to be scarce. Weathering becomes the main process of alteration of the bone 
surfaces at Isernia, El Forn, and Torralba. Its identification is indicative of a more or 
less prolonged exposure of the remains in the open-air (Behrensmeyer, 1978; Junod 
& Pokines, 2014). “Taphonomic times” could be very different among environment, 
reason why the analysis of weathering does not always allow us to make inferences 
about the time of formation of the assemblages (Lyman, 1994; Lyman & Fox, 1989). 
This premise is especially relevant if we take into account that the environmental 
conditions that could affect our assemblages are not comparable to those in which 
Behrensmeyer (1978) conducted her experiments (Amboseli Park, Kenya). In the 
absence of new reference works that allow us to develop more robust analogies, the 
presence of weathering in our assemblages allows us to infer an exposure of the 
remains in the open-air, but no information about periodization is determined. In 
a later work, Haynes and Klimowicz (2015) determined that elephant remains can 
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remain on the surface for 4 decades prior being buried. In the assemblages presented 
in this study, similarly to those of Pit 1 (Mosquera et al., 2015), a high degree of 
weathering of the proboscidean remains has been documented, reflecting a pro-
longed exposure time for these carcasses, and inferring slow burial processes. At La 
Mina, on the other hand, the weathering is less intense and seen on fewer remains, 
suggesting the remains were exposed for less time and, therefore, a faster sedimenta-
tion process. However, in this group, lixiviation is the main process that has altered 
the bone surfaces and the striae found on these, obliterating the diagnostic criteria 
used to identify them (Domínguez-Rodrigo et al. 2019a; 2017). The problem at Iser-
nia involves the high number of striations identified on the bone surfaces (around 
30% of the sample) due to friction with the sedimentary particles of volcanic origin 
comprising the deposit. These have altered the surfaces and make it difficult to dis-
tinguish between the cut marks and the new striations of taphonomic origin (Ancon-
etani et al., 1996; Malerba et al., 2000; Thun Hohenstein et al., 2004). Although 
various processes have been described that would have acted on the assemblages 
studied, they all exhibit poorly preserved bone surfaces, altered pre-existing striae, 
and the appearance of new striae that may mimic or obliterate cut marks or other 
signs of anthropic origin. Domínguez-Rodrigo, Mabulla, et al. (2010) suggested 
that the identification of human-produced modifications should be limited to assem-
blages or remains with well-preserved surfaces, to avoid incorrect identification and 
erroneous behavioral interpretations.

Poor preservation could explain why there is so little evidence of anthropic cut 
marks on bone surfaces in the assemblages studied. A multiple linear regression 
analysis has been carried out in order to check if the number of cut marks preserved 
in the studied assemblages has been affected by the action of four variables: pres-
ence of weathering, water abrasion, trampling, and chemical corrosion on the bone 
surfaces (Table 8). The regression statistics show a high multiple correlation coef-
ficient (r = 0.990.1973), including the adjusted R^2 (0.9678886), which takes into 
account the sample size and the number of variables. The analysis of variance shows 
a high, positive, and statistically significance (F = 76.3; p < 0.05). Finally, the analy-
sis of the coefficients of each variable shows that three of the four variables analyzed 
(weathering, water abrasion, and chemical corrosion) have a negative T value, which 
means that their presence negatively affects the number of preserved cut marks.

However, this in no way implies the presence of cut marks that were subsequently 
obliterated (Domínguez-Rodrigo, Mabulla, et al., 2010). In fact, carnivore activ-
ity has been documented in these assemblages in form of tooth marks on the bone 
surfaces. Multiple linear regression analysis has also been carried out to test how 
these variables affect tooth-mark survival (Table 9). The multiple correlation coef-
ficient is lower than in the case of cut marks (r = 0.895746375), especially if we take 
into account the adjusted R^2 (0.670602615), which takes into account the sample 
size and the number of variables. The analysis of variance shows a very low signifi-
cance (F = 6.08; p < 0.05). A possible explanation for the major documentation of 
tooth marks rather than cut marks, then, would be that the first one can be deeper, 
and some of them could survive to alterations better than cut marks. An alterna-
tive explanation would be that cut marks can be easily confused with other non-
anthropogenic striae, such as trampling marks, and even more in the case of altered 
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surfaces (Domínguez-Rodrigo, Mabulla, et al., 2010; Pineda et al., 2014, 2019), 
resulting in a lower number of cut marks identified. A third explanation for the bet-
ter documentation of the tooth marks would be that hominin groups never acted on 
the faunal carcasses (or, at least, over a major part of them), which is why evidence 
of anthropogenic activity in the form of modifications to bone surfaces was never 
present. In recent taphonomic reviews of these assemblages, we have proposed that 
anthropic evidence could reflect the transit of hominin groups through these spaces, 
without interaction with faunal remains recovered (Pineda & Saladié, 2019; Pineda 
et al., 2017b, 2020). This hypothesis cannot be ruled out, especially if we take into 
account the fact that there is other evidence indicating the access of human groups 
to these resources. Use-wear studies of the lithic tools evidence defleshing activities 
at Isernia La Pineta (Vergès, 2002), as also documented at Pit 1 (Mosquera et al., 
2015).

Green breakage is predominant in almost all the levels studied, with values close 
to or exceeding 50%. This kind of breakage is produced by biological agents (homi-
nins and bone-cracking carnivores) in order to access the marrow. In itself, green 
breakage does not allow us to distinguish between the different biological agents 
that could have been responsible for fracturing in our assemblages, although it does 
indicate the existence of nutritional resources of interest to the agents that inhabited 
these environments.

Only when the existence of diagnostic criteria such as percussion pits is docu-
mented, is it possible to attribute the breakage to hominins (Blumenschine & Sel-
vaggio, 1988; Pickering & Egeland, 2006). At Isernia, anthropic breakage is the 
main hominin carcass-processing sign throughout the entire sequence, in which cut 
marks are scarce (Anconetani & Peretto, 1996; Thun Hohenstein et al., 2005, 2009; 
Pineda et al., 2020). Through the association of tooth marks and anthropic breakage, 
and due to the scarcity of cut marks, secondary access of human groups to at least 
a portion of the carcasses was previously proposed for Isernia (Thun Hohenstein et 
al., 2009). In level 3 coll, tooth marks are seen primarily on the mid-shafts of the 
limb bones, although they have also been documented on ribs (Pineda et al., 2020). 
These locations respond to a pattern of primary access by carnivores (Blumen-
schine, 1987). Cut marks on mid-shafts (Pineda et al., 2020) also suggest primary 
access of hominins to the carcasses (Capaldo, 1997, 1998; Selvaggio, 1994). For 
this reason, we consider it plausible that the two agents accessed different carcasses 
independently (Pineda et al., 2020). Poor preservation of bone surfaces could mask 
evidence of human intervention, so, while we cannot rule out possible scavenging 
events, support for this idea based on the absence of cut marks should be treated 
with caution in assemblages with poorly preserved bone surfaces, such as Isernia, 
where the absence of these modifications could simply be the result of taphonomic 
processes. At La Mina and El Forn, anthropic breakage, although scarce, is present. 
This is not the case at Torralba, where no clear signs of anthropic fracturing of the 
carcasses have been found.

Our deposits are characterized by a mixture of spatially segregated episodes, 
in which temporal relationships are blurred and difficult to individualize, accord-
ing to the Bailey’s (2008) description of spatial palimpsest. In these depositional 
contexts, the spatio-temporal relationships of the aggregates that compose them are 
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blurred and difficult to establish, reflecting events of different natures and ecological 
compositions.

The use of anatomical profiles has proved a useful tool for reconstructing the 
paleoecological environments inhabited by Pleistocene hominins through an anal-
ogy with current naturalistic environments. These have been effective for inferring, 
for example, levels of ravaging produced by bone-crushing carnivores (Domínguez-
Rodrigo & Organista, 2007; Faith et al., 2007; Egeland, 2008). The greater the 
abundance of carnivores competing for the same resource, the greater the ravag-
ing of the carcasses (Faith & Behrensmeyer, 2006). This, in turn, can be correlated 
with increased competition in the environment (Domínguez-Rodrigo & Organista, 
2007). Factors like nutritional stress can cause carnivores to produce high levels 
of ravaging, even in low-competition contexts, so the relationship between ravag-
ing and paleoecological trophic dynamics requires future in-depth studies, and any 
extrapolations should be carried out with caution (Domínguez-Rodrigo & Organista, 
2007). Furthermore, these contexts involve an additional actor, absent in actualist 
contexts: hominin populations. The highest levels of inferred competition have been 
documented at La Mina. One of the hypotheses considered is that this was due to 
the low availability of meat resources. However, the presence of lithic (Mosquera 
et al., 2016) and taphonomic signs produced by carnivores would indicate the co-
occurrence of these actors in the same space, indicative of the existence of resources 
of interest to both actors (hominins and carnivores) (Egeland, 2014). The abundance 
of carnivores and the consequent increase in competition levels in Early and Middle 
Pleistocene environments were part of the daily life of these groups; indeed, factors 
such as the availability of resources would have had greater weight in the choice of 
habitat than any competition with other predators (Egeland, 2014). At El Forn, Iser-
nia La Pineta, and Torralba, the levels of inferred competition are moderate or low, 
although the presence of human groups infers the existence of foraging practices in 
these environments. Despite having had different taphonomic histories, the studied 
assemblages share certain common features that reflect the degree of similarity in 
the mode of deposition of the remains and the use of these open-air spaces by homi-
nins at different times during the Lower Paleolithic.

Conclusions

A commonly identified problem in open-air Plio-Pleistocene osteological assem-
blages is the poor preservation of bone surfaces as a result of the multiple agents 
and processes that can act on these. As a consequence of this action, the assem-
blages tend to present little or no evidence of anthropic activity, hindering zooar-
chaeological inferences related to hominin access to animal carcasses or the use of 
these spaces. At La Mina and El Forn sites, hominin activity seems to be related 
with foraging activities, not necessary linked to the exploitation of faunal carcasses. 
At Isernia la Pineta, evidences of faunal exploitation are documented and the site 
has been recently interpreted as a succession of multiple independent events in 
which hominin acted as accumulator/modifier agent in, at least, some cases. Finally, 
evidences identified in the faunal remains studied from Torralba suggest a scarce 
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relationship between faunal and stone tools. In fact, La Mina, El Forn, Isernia La 
Pineta, and Torralba are four assemblages from the Lower Paleolithic character-
ized by poorly preserved bone surfaces, where evidence of carcass processing is 
scarce and, in many cases, limited to anthropic breakage. The lithic industry is the 
main element identifying the presence of hominin groups. The total or almost total 
absence of cut marks could be related to the alteration of the bone surfaces, although 
their absence in origin cannot be ruled out, since hominins may have carried out 
foraging activities in these environments, not necessarily linked to animal carcass 
exploitation. In this scenario, taphonomic studies have been conducted using various 
proxies, including the use of anatomical profiles, which is presented as a useful tool 
for reconstructing the paleoecological environments inhabited by hominins and ena-
bling inferences to be made about the levels of competition among large predators. 
The assemblages reflect the degree of similarity between the mode of deposition of 
the remains and the use of these open-air spaces by hominins at different times dur-
ing the Lower Paleolithic.
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