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ABSTRACT

Estimates of adult body mass are usually considered as equivalent of mean population body size
in most studies of ancient mammals. However, given that any population is composed in part of
subadult individuals, this approach overestimates the mean population body mass and biomass.
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For this reason, more realistic estimates of mean population body mass should be used. In this
paper, we: 1) test five different proxies of population mean mass; and 2) estimate the total prey
biomass in the paleoecosystems from the Orce and Atapuerca sites as an approach for estimating
their carrying capacity. Our results for past ecosystems support the use of survival profiles derived
from the Weibull model (SPW), as they show values in better agreement with those of extant
populations. They also estimate higher carrying capacities for the faunal assemblages of Orce than
for those of Atapuerca. We suggest that the environmental conditions of Orce could have played
an important role in the first peopling of Europe.

RESUME

Estimation de la taille moyenne des grands mammiféres et calcul de la biomasse dans les écosystémes du passé :
une application aux sites pléistocénes de ['Orce et de la Sierra de Atapuerca (Espagne).

Les estimations de la masse corporelle des adultes sont généralement considérées comme équivalentes
ala masse corporelle moyenne de la population dans la plupart des études paléoécologiques des mam-
miferes anciens. Cependant, étant donné que toute population est composée en partie d’individus
subadultes, cette approche surestime la masse corporelle et la biomasse moyennes de la population.
Cest pourquoi il convient d’utiliser des estimations plus réalistes de la masse corporelle moyenne de la
population. Dans cet article, nous : 1) testons cinq différentes approximations de la masse corporelle
moyenne de la population; et 2) estimons la biomasse totale des proies dans les paléoécosystemes
des sites d’Orce et d’Atapuerca comme approche pour estimer leur capacité de charge. Nos résultats
pour les écosystémes passés soutiennent utilisation des profils de survie dérivés du modele de Wei-
bull (SPW), car ils montrent des valeurs en meilleur accord avec celles des populations existantes. Ils
estiment également des capacités de charge plus élevées pour les assemblages fauniques de 'Orce que
pour ceux de ’Atapuerca. Nous suggérons que les conditions environnementales de I'Orce pourraient
avoir joué un r6le important dans le premier peuplement de 'Europe.

INTRODUCTION

Although the concept of carrying capacity is complex, it is
widely used in life sciences (Sayre 2008). Among biologists,
it covers a wide focus, from the molecular to the ecological
level (see review in Chapman & Byron 2018). In a broad
review, Sayre (2008) defined four basic uses of the concept
of carrying capacity: 1) a characteristic of artificial elements
or systems; 2) a property of species and natural systems;
3) K, the ceiling of population size; and finally; 4) the
number of humans that the Earth can sustain.

According to the third definition, K refers to the logistic
function defined by Verhulst in 1838 (see Bacaér 2011):

EQuATION 1
N —¥N(1=N/K)
ar | 9%

where NVis the number of individuals, 7" denotes time, ris the
intrinsic rate of growth, and K'is the maximum population
size (i.e., the upper limit of population growth).

When applied to paleoecological studies, obtaining accurate
estimates of biomass for past ecosystems is key for determin-
ing their predator-prey relationships and trophic dynamics
of their food webs (Bermudez de Castro ez al. 1995; Farifa
1996; Palmqvist ez al. 2003; Vizcaino et al. 2004, 2010;
Barnosky 2008; Marin Arroyo 2010; Palombo 2010, 2016;
Meloro & Clauss 2012; Rodriguez-Gémez et al. 2012,
2013, 2014a, b, 20164, b, 2017a, b, ¢; Volmer & Hertler
2016; Domingo ez al. 2017; Rodriguez & Mateos 2018).
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Explicitly or implicitly, these papers use the concept of car-
rying capacity under the third definition of Sayre (2008),
with K as the intrinsic growth limit of a population after
long-term environmental stability. However, some authors
use the term on-crop biomass as an alternative to carrying
capacity in order to refer to the biomass sustained by a
paleoecosystem (e.g. Palmqvist e /. 2003; Vizcaino et al.
2004, 2010; Palombo 2016). In this study, we consider both
concepts as synonymous and use the term carrying capacity
as equivalent to the biomass of prey species that an ecosystem
can support, as proposed by Coe ez al. (1976).

ABBREVIATIONS
Ma million years ago or megaannum.

Faunal assemblage parameters
A fossil assemblage;

MNI minimum number of individuals;
MPR Mid-Pleistocene Revolution;
NISP numbers of identified specimens;

SC numerical codes assigned in this study for identifying
each species.

Populﬂtz’on dynamz’cy parameters

D population density;
MPBM population body mass;
T, population turnover rate.

Approaches for estimating population biomass
ABM adult body mass;

COMPTES RENDUS PALEVOL e 2022 « 21 (10)



AFBM adult female body mass;
%AFBM three quaters of adult female body mass;
SPW survival profiles-Weibull.

Sierra de Atapuerca sites

G Galerfa;

TD Gran Dolina;

TE Sima del Elefante.
Orce sites

BL Barranco Ledn;
FN-3 Fuente Nueva-3;

VM Venta Micena.

POPULATION BIOMASS AND CARRYING

CAPACITY OF PAST ECOSYSTEMS

There are two basic methodologies for estimating the maxi-
mum number or biomass of organisms that an ecosystem can
support in the long term: 1) to consider the fossil record as
an actual reflection of past ecosystems (e.g. Volmer & Hertler
2016; Domingo e al. 2017); and 2) to use the abiotic and
biotic attributes (e.g. soil nature and composition, topography,
climate, ecology) of past ecosystems inferred from the informa-
tion locked in the fossil record for delivering these estimates
(e.g. Farifia 1996; Palmqvist ez /. 2003; Rodriguez-Gémez
et al. 2013; Rodriguez ez al. 2014). When the preservational
completeness of the record is high, it can be considered as
a reliable picture of ancient communities, as occurs in the
case of the bone assemblages generated in some extant com-
munities (e.g. Western & Behrensmeyer 2009; Miller 2011,
2012). In these cases, the estimates of minimum number of
individuals (MNI) can be assumed to reflect the proportion
of the living individuals of those species that inhabited in
the past ecosystem and these numbers can be used as proxies
for population densities in the long term. However, MNI
counts tend to underestimate the abundance of common spe-
cies and to overestimate the abundance of rare ones in those
assemblages of small size; in such cases, it is more reliable to
estimate species abundances using the numbers of identi-
fied specimens (NISP) of each species (Arribas & Palmqvist
1998). Moreover, apart from estimating taxonomic richness
and community structure, NISP counts allow studying prey
selection and provide information on the abundance of past
resources (Stiner 1992; for the use of NISP values for juveniles
and adults as envidence of prey selection in Venta Micena,
see Palmqpvist ez al. 1996).

Once species abundances are estimated, the biomass of past
populations and communities can be computed if body mass
estimates are available for the individuals. However, in many
cases the information of the fossil record is taphonomically
biased, which makes it impossible to consider the relative
abundances of the species preserved in a site as proportional
to those shown in the original ecosystem. Damuth (1982)
showed that the relative abundance of each species in a fossil
assemblage (A) depends on its mean population density (D)
in the paleocommunity and its population turnover rate (T,).
A number of studies (e.g. Western 1979, 1980; Damuth
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1981, 1987, 1991; Calder 1982, 1984; Peters 1983) have
shown that population density (i.e., number of individuals
per unit area) scales inversely and allometrically to the -0.75
power of species body mass (M): D = K; * M—-0-75. In con-
trast, several parameters related to population turnover rate
(e.g. birth rate, duration of postnatal growth, or reciprocal
of life expectancy at birth) scale with a slope close to —0.3:
T, =K, * M-03, Asa function of both equations, the original
abundance (A) of bones of those species present in a fossil
assemblage is determined by: A = DT, = K; * M-075*K, *
M-03 = K3 * M-1.05, with a 95% confidence interval for this
slope that ranges between —0.8 and —1.3 (Damuth 1982). It
should be noted that these scaling relationships relate to the
species of a given trophic level (e.g. herbivores), as popula-
tion density decreases for a given body size as trophic level
increases (which results in changes in the Y-intercept). In
this way, if the slope that relates species abundances with
species masses in a fossil assemblage for a given trophic
level is included within this interval (-1.05 + 0.25), this
would mean that the composition of the assemblage did
not experience significant taphonomic bias with respect to
the original paleocommunity (i.e., community structure was
preserved during fossilization; this analysis is usually made
with ungulates, given their greater abundance in most fossil
sites). In contrast, a value for the slope departing from the
confidence interval would indicate that the relative frequen-
cies of species do not fit the size/abundance relationship
of recent communities. This would suggest the bias of the
assemblage by taphonomic processes or other factors (e.g.
sampling or curating errors; see Damuth 1982; Arribas &
Palmqvist 1998). In most cases, the departure from the mass/
abundance relationship expected results from differences in
the size of species. The reason is that, apart from differences
in the preservation potential of compact vs. spongy bones or
rounded vs. elongated and/or flactened bones (see review in
Arribas & Palmqvist 1998), the body size of a species (and
of its skeletal elements) is one of the factors with greatest
influence on the fossilization potential of terrestrial vertebrates
(Behrensmeyer ez al. 1979; Behrensmeyer & Dechant-Boaz
1980; Damuth 1982). The reason is that the bones of large-
sized species use to be more resistant to physico-chemical
weathering (e.g. exposure to sun radiation, salt precipitation,
changes in relative humidity, etc.) and destruction by biotic
agents (e.g. trampling by ungulates, carnivore gnawing,
root growth, etc.) due to their lower outer surface to inner
volume ratio. Damuth (1982) proposed a correction factor
(dy) for estimating this loss of information during the time
the bones were exposed on the surface before burial in the
sediment: d; = 0.68*log(M,,/M;), where “M;” is the mass
estimated for species “i” and “M,,” is the mass of the largest
species identified in the assemblage. In this way, the amended
original abundance (A*) of each species can be estimated
as: log(A*) = log(A;) + d;. Following this procedure, if the
slope of the least-squares regression of log(A;) on log(M;)
is close to —1.05, this would mean that the main loss of
information during the taphonomic history of the assemblage
was due to the greater destruction of the skeletal remains
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of those species of smaller body size, which biased their rep-
resentation in the fossil assemblage. This was evidenced in
the taphonomic analysis of the large mammals” assemblage
from Venta Micena in Orce (Arribas & Palmqvist 1998).
The population densities of species in the original community
(i.e., number of individuals per unit area) can be estimated using
allometric equations like those proposed by Damuth (1981):

EQUATION 2

log(D) = a (logM) + b,

where 4 is the slope and & is the intercept of the least-squares
regression of log;, transformed values of population density
(D, individuals per km-2) on mean adult body mass (M,
in g). Damuth (1981, 1993) published several equations for
different trophic levels and ecosystem types. This provides an
indirect way for obtaining individual numbers for the species
preserved in the site. Once the species abundance is known,
estimates of the population biomass of each species can be
obtained multiplying their body mass by their number of
individuals (Cyr & Pace 1993):

EQUATION 3

B;=M;x D,

where B; is the population biomass of species 7, M; is its mean
body mass, and D; is its population density. This approach has
been used in a number of papers for estimating the population
biomass of mammalian species in past ecosystems, considering
the sum of all population biomasses as the carrying capacity
of the paleocommunity (e.g. Bermtdez de Castro ez al. 1995;
Farifia 1996; Palmqvist ez al. 2003; Vizcaino 2004, 2010;
Barnosky 2008; Marin Arroyo 2010; Meloro & Clauss 2012;
Palombo 2016). However, it should be noted that the body
mass of extinct species is often estimated from skeletal remains
of adult specimens (see Damuth & MacFadden 1990). In
the papers cited above, the adult body mass of each species
was used to estimate its population biomass, using the mean
body mass estimated for the adult individuals as a proxy of
population body mass. This procedure tends to overestimate
the population biomass, as a fraction of the population is
composed of sub-adult individuals with lower body masses
than the adults. Moreover, in a number of ungulate groups
(e.g. ruminants with cranial appendages such as bovids and
cervids), the males are usually greater than the females and
their remains are usually better preserved in the sites thanks
to the presence of anatomical structures that are well mineral-
ized and have greater fossilization potential, such as the bovid
horn-cores in the large-sized males. A good example of this is
the site of Oued Sarrat (c. 0.7 Ma) in Tunisia, which records
the earliest appearance of Bos primigenius. In this site, only bull
remains have been determined (Martinez-Navarro et 2/. 2014b).
Similarly, in the site of Venta Micena, Orce (see below), the
estimates of minimal numbers of individuals for the medium-
sized deer Metacervocerus rhenanus based on antler bases (only
present in the males) are greater than those based on teeth
(Martinez-Navarro 1991; Palmgqvist ez al. 1996). Therefore,
it would be more realistic to calculate the mean body mass of
the population in order to estimate with greater accuracy the

210

population biomass. In the case of extant ecosystems, this can
be addressed if population structure is known. For doing so,
the average body mass of each age class and the proportion
of individuals per age class must be considered. Thus, we can
multiply both parameters, as in the Cyr and Pace’s equation
(equation 3 in this paper). However, this is difficult to achieve
in extant communities of large mammals. Schaller (1972)
used as an approach the “three-quarters of the weight of an
average adult female times the number of animals to obtain
the biomass figure for a species”. Owen-Smith (1988) applied
also this method in a study on the effects of body mass on
ecological parameters. Similarly, Hayward ez al. (2007) used
it for estimating the carrying capacity of several African com-
munities. Furthermore, Hatton ez 2/ (2015) used adult female
body mass as a proxy for population body mass. In the field
of paleontology, however, it is difficult to use these proxies
for those species with a low degree of sexual dimorphism, and
especially in those taxa which are not abundantly preserved
in the fossil record of each site.

In the case of extant communities, the best way to avoid these
problems is to use the population structures of the constitu-
ent species or, alternatively, to obtain estimates of them from
life tables. For instance, Coe et al. (1976) used population
structures derived from the bibliography for quantifying the
mean population biomass of large herbivores supported by
a number of African ecosystems. However, the information
used in this study for inferring the unit weights of several
species was not enough for obtaining accurate estimates, as
suggested by Mentis (1970). Moreover, these population
structures were considered to represent situations distant from
stability conditions (e.g. Laws 1966; Mentis 1970). In order
to use this approach more accurately, decades of census data
would be necessary. In such situation, life tables can be used
as a proxy, because they are useful tools to deliver inferences
on population ecology, including mortality profiles, life traits,
population growth, and stability in the long term (Deevey
1947; Banfield 1955; Laws 1968; Caughley 1970a, b; God-
dard 1970; Watson 1970; Corfield 1973; Sinclair 1974; Klein
1978; Ashby & Henry 1979; Attwell 1982; Melton 1983;
Payne 1984; Simmons et al. 1984; Nesse 1988; Messier ez l.
1988; Garrott & Taylor 1990; Dinerstein & Price 1991;
Benton et al. 1995; Schwartz et al. 1998; Ha et al 2000;
Storz et al. 2002; Schindler ez a/. 2012). Life tables are built
using census data obtained with direct or indirect methods.
Some researchers have also used life tables for reconstructing
fossil populations (Kurtén 1953a, b, 1954, 1983; Van Valen
1963, 1964, 1965; Voorhies 1969; Speth 1983; Frison 1984;
Koike & Obhtaishi 1987; Mihlbachler 2003; Fernandez &
Legendre 2003; Fernandez ez al. 2006, 2017; Fernandez &
Boulbes 2010; Monchot ez al. 2012; Price et al. 2016). Once
population structure is inferred from a life table, it is possible
to estimate the mean body mass of the individuals in the com-
munity. However, it is not possible to apply this procedure
to past ecosystems in which not enough information is avail-
able from the fossil record for constructing the life tables. In
such cases, an alternative method is to reconstruct survival
and mortality profiles of fossil populations. Leslie matrices
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(Leslie 1945, 1948) are widely used to describe population
dynamics in extant communities (Caswell 2000; Keyfitz &
Caswell 2005) and can also be useful for obtaining the profiles
of fossil populations. They have been used in a number of
studies for: 1) analyzing the sustainability of past populations
(Fernandez & Boulbes 2010; Monchot ez 2/ 2012; Martin-
Gonzélez et al. 2016; Fernandez et al. 2017); 2) evaluating
taphonomic biases (Domingo ez a/. 2017; Rodriguez-Gémez
et al. 2017a); and even 3) estimating meat availability and
competition intensity in carnivores and human populations
of hunter-gatherers (Rodriguez-Gémez et al. 2013, 2014a,
b, 2016a, b, 2017a, b; Domingo et al. 2017). Moreover,
Martin-Gonzélez et al. (2016) used the Weibull model, a
parametrical survival model, to estimate the survival and
mortality profiles of fossil populations, which allowed them
to derive their age structure. Therefore, the use of these math-
ematical approaches to obtain survival curves and reconstruct
the population structure of past species can be very useful
when there is a lack of information on the fossil populations
to reconstruct their life tables, or if such information is not
reliable due to taphonomic biases.

The aim of this study is to test which method is better for
estimating the population biomass and carrying capacity
of past ecosystems. For doing so, we focus on the carrying
capacity of prey species of large mammals. More specifically,
in this study we pay special attention to the term M in the
equation by Cyr & Pace (1993) (equation 3 in this study) and
propose the use of population age structures derived from the
Weibull model to estimate the mean mass of each species as a
methodological innovation. In this way, the term D is not a
target of this study (see equation 3) in order to avoid adding
noise to our analyses. For evaluating our proposal, we compare
five approaches that use different proxies of population body
mass (see Material and methods section), three of them used
also in other analyses. This comparison will allow to select
the method more appropriate for future studies. The analy-
ses will be performed at the species and community scales,
in order to estimate the effects of each approach on both
ecological levels. In addition, we will offer an example of the
use of these methods to a number of assemblages preserved
in different taphonomic contexts, modeling with them the
human paleoecosystems for evaluating the influence of these
approaches in the results obtained. For doing so, we have
selected the faunal assemblages of several sites from Sierra
de Atapuerca and Orce in Spain that are key to the study of
human evolution in Western Europe during Early Pleistocene
times. Moreover, we want to address with this analysis if the
carrying capacity of the paleoecosystem was similar in these
sites o, alternatively, if it played a relevant role in determining
the first human settlements in Western Europe.

BACKGROUND ON THE SIERRA DE ATAPUERCA

AND ORCE SITES

The Orce sites are placed in the Baza Basin, placed in eastern
sector of the Guadix-Baza Depression, ¢. 150 km NE of the
city of Granada (SE Spain). This basin was endorheic (i.e.,
characterized by internal drainage) from latest Miocene to latest
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Middle Pleistocene times (Viseras et a/. 2005; Garcia-Tortosa
etal. 2008; Garcia-Aguilar & Palmqvist 2011). The sediments
from the lacustrine environments of the basin preserve huge
assemblages of large mammals, some of them associated to
lithic tools (Martinez-Navarro 1991; Martinez-Navarro &
Palmgqvist 1995; Martinez-Navarro ez al. 1997; Arribas &
Palmqvist 1998, 1999; Oms ez a/. 2000, 2011; Palmqvist &
Arribas 2001; Palmqvist ez al. 2005, 2011; Garcia-Aguilar &
Palmqvist 2011; Espigares ez al. 2013, 2019; Toro-Moyano
etal. 2013; Garcia-Aguilar ez al. 2014a, b, 2015; Ros-Montoya
et al. 2017). Two archaeo-paleontological sites, Barranco Leén
(BL) and Fuente Nueva-3 (FN-3), preserve skeletal remains
of 18 species of large mammals associated with Oldowan (i.c.,
Mode 1) lithic tools and the bones of large mammals unearthed
in them document cut marks and percussion marks (Barsky
eral. 2010, 2016; Espigares ez al. 2013, 2019; Toro-Moyano
etal. 2013). In the case of BL, a human deciduous tooth dated
to ¢. 1.4 Ma is, at the moment, the earliest human fossil in
Western Europe (Toro-Moyano ez al. 2013). The stratigraphy
of BL spans the middle terrigenous member and the upper
silty calcareous member of the Baza Formation, dominated by
limestones, sandstones, carbonate silts and dark mudstones.
These sediments were deposited in a lacustrine system with an
alternation of oligo- to mesosaline waters and the contribution
of thermal waters (Turq ez @l. 1996; Anadén & Gabas 2009;
Garcia-Aguilar ez al. 2014a, b, 2015). The excavated layers of
BL show sediments associated with a swampy environment,
except level D (formerly named as BL5 by Arribas & Palmqyvist
2002), which shows fluvial features and encloses most of the
archaeological assemblage (Toro-Moyano ez al. 2013). This
level is divided in two sub-layers, D1 and D2 and the time
elapsed in their deposition was very short, which indicates that
the site was not time-averaged and cannot be considered as a
palimpsest (Arribas & Palmqvist 2002; Toro-Moyano ez al.
2013). In the case of FN-3, the semi-horizontal stratigraphy
of this site shows three sedimentary cycles deposited in a
lutitic-carbonate lacustrine to swampy environment, each
with limestones at the top of the sequence separated by clays,
fine sands and marly lutites. Subaerial pedogenesis is evident
in all stratigraphic levels, including the archaeological ones.
The fertile stratum comprises six layers, which group in two
main archacological levels: a Lower Level (layers 1-3) and an
Upper Level (layers 4-6) (Turq ez al. 1996; Martinez-Navarro
eral. 1997; Espigares er al. 2013), which show no differences
in the composition of their faunal assemblages and probably
represent two events very close in time. The age of the fertile
levels of BL and FN-3 has been estimated in 1.43 + 0.38 Ma
and 1.19 £ 0.21 Ma, respectively, using a combined approach
based on biostratigraphy, magnetostratigraphy and electron
spin resonance (ESR) applied to optically bleached quartz
grains and fossil teeth (Duval ez /. 2012; Toro-Moyano
et al. 2013). In addition, an age of 1.50 + 0.31 Ma has been
derived for FN-3 based on cosmogenic nuclides (Alvarez et al.
2015). Another interesting site in the vicinity of the town of
Orce is Venta Micena (VM). This site, which is slightly older
(1.6-1.5 Ma) than BL/FN-3, does not preserve conclusive

evidence of human presence. However, it has provided a rich
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record of large mammals, with >24 000 skeletal remains of
21 species unearthed from an excavation area of ¢. 400 m? that
show an excellent state of preservation (>90% of bones show
weathering 0) and probably represent a single event of bone
accumulation by the hyenas during few years at the surround-
ings of their denning site (Martinez-Navarro 1991; Palmqvist
et al. 1996; Arribas & Palmqvist 1998; Palmqyvist & Arribas
2001). The study of the Orce sites has contributed insightful
inferences on a number of autecological and synecological
aspects of the species of large mammals of Southern Europe
during the Early Pleistocene and their paleocommunities (e.g.
Martinez-Navarro & Palmqvist 1995, 1996; Turner & Antén
1996; Arribas & Palmqyist 1998, 1999; Palmqyist ez /. 1999,
2002, 2003, 2008a, b, 2011; Espigares er a/. 2013, 2019;
Garcia-Aguilar ez al. 2014a, 2015). Moreover, these sites have
been employed to model the ecological conditions before and
after the first human arrival in Western Europe during the late
Early Pleistocene (Rodriguez-Gémez e al. 2016a, 2017a).
The Sierra de Atapuerca cave sites are located at ¢. 15 km
east of the city of Burgos (NW Spain). The sedimentary
infillings of this karst system have been dated between the
Early Pleistocene (¢. 1.2 Ma) and the Holocene (Arsuaga
et al. 1997; Carbonell et al. 1999a, b, 2008; Carretero et 4l.
2008; Vergés et al. 2008; Rodriguez et al. 2011; Ollé ez 4l
2013). These sites preserve exceptional paleoanthropological
records and have provided remains of up to four different
human species: Homo sp., H. antecessor Bermidez de Castro
Arsuaga, Carbonell, Rosas, Martinez & Mosquera, 1997,
H. heidelbergensis/neanderthalensis Schoetensack, 1908/ King,
1864, and H. sapiens Linnaeus, 1758 (Arsuaga ez al. 1997;
Bermudez de Castro ez al. 1997, 1999; Carbonell ez al. 1995,
2005, 2008; Carretero et /. 1999, 2008, 2012). In addition,
those of Early Pleistocene age preserve rich faunal assemblages
associated to Oldowan artifacts, as in the case of the Orce
sites (Carbonell ez 2/ 1995, 2005, 2010; Made 1999, 2013;
Rodriguez ez al. 2011; Garcia-Medrano ez al. 2014). Specifi-
cally, analysis of the stone tools has documented the whole
operative lithic chain (Carbonell ez 2/. 1999a), the consump-
tion by hominins of a varied diet (Blasco ez a/. 2011, 2013;
Huguet ez al. 2013), their early access to ungulate carcasses
(Diez et al. 1999; Saladié ez 2. 2011) and the oldest evidence
of human cannibalism (Ferndndez-Jalvo et 2/. 1996; Ferndn-
dez-Jalvo et al. 1999; Saladié et al. 2012). An area named as
Trinchera del Ferrocarril in Atapuerca has three cavities filled
with Pleistocene sediments: Sima del Elefante (TE), Galerfa
(G) and Gran Dolina (TD) sites. The TE site is a cave with
a 16 m thick sequence of sediments, which is divided into
16 stratigraphic units, named TE7 to TE21 from bottom to
top, and whose lower units (TE7 to TE16) are dated as Early
Pleistocene (1.2-0.78 Ma), whereas its upper ones (TE17 to
TE21) dated to the Middle and Late Pleistocene (0.78-0.25 Ma)
(Rosas et al. 2006; Carbonell et al. 2008; Lépez-Garcia et al.
2011; Rodriguez et al. 2011; Arnold & Demuro 2015). The
G site is a cave sedimentary infilling 17 m thick that shows
six lithostratigraphic units, named GI to GIV from bottom
to top and dated to 0.50-0.25 Ma (Berger e# al. 2008; Rod-
riguez eral. 2011; Falgueres et al. 2013; Demuro ez al. 2014).

212

Finally, the TD site is a cave with a 25 m thick sedimentary
infilling that can be divided in 11 stratigraphic units, named
TD1 to TD11 from bottom to top and dated to 1.2-0.25
Ma. Levels TD1-TD6 belong to the Early Pleistocene and
TD7-TD11 to the Middle Pleistocene 