MODELING FOOD RESOURCE AVAILABILITY IN THE EARLY PALEOLITHIC
INSIGHTS FROM SIERRA DE ATAPUERCA

Mateos A.?, Rodriguez-Gémez G.?, Martin-Gonzalez J.A.2®, Rodriguez J.2

® Centro Nacional de Investigacion sobre la Evolucién Humana (CENIEH), Paseo Sierra de Atapuerca s/n, 09002, Burgos, Spain.

CENIEH

Centro Nacionaldelnvestigacion
<PeEvolucion Humana

w ana.mateos@cenieh.es

® Departamento de Matematicas y Computacidn, Universidad de Burgos, Burgos, Spain. Temporarily assigned to CENIEH

INTRODUCTION

rophic resource availability is one of the main constraints for the survival and dispersal of any species and it is generally This model is relevant to:

accepted that animal resources were also essential to Pleistocene hominins. Resource availability and competition with _ _
& Understand the human role in a palaeocommunity.

carnivores have been repeatedly proposed to be a main limiting factor for the migration and settlement of Early Pleistocene
European populations. The ability of hominins to obtain animal resources from their environment is conditioned by the abundance of @Q Test whether there available was niche space for a hominin with a relevant proportion of meat in its diet.
prey, their ecological characteristics and the intensity of the competition with other secondary consumers. \We present a model which

includes the prey-predator interactions in a community and quantifies the available biomass for secondary consumers and the

intensity of intraguild competition.

MODELING TROPHIC RELATIONSHIPS |

A model for a Pleistocene palaeocommunity

Primary consumers

@9 Evaluate hypothesis relating the presence/absence of human settlement with low/high resource availability.

THE ATAPUERCA HOMININ POPULATIONS

Gran Dolina

Secondary consumers

Age Kyr.

Several factors should be taken into account to evaluate food

oL : Physiological Expected
resource availability for a hunter-gatherer population: v};Srli(;t(;I%fa Dgnsity
1) the amount of biomass that can be extracted from the prey
populations. k/leastlrlii

2) the intensity of competition within the carnivore guild.

3) the human strategies to obtain the food resources.
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The computational model based on Leslie Matrix

Total Biomass
Output (TBO)

We developed a model using Leslie matrices (Leslie, 1945,
1948), a tool currently used in population dynamic studies.

Our model determines the age structures that make the

populations of primary consumers stable, the average biomass that can be sustainably
extracted in the long term and its distribution in body size. It is developed under the
assumption that all the variations in population size and composition may be taken as
oscillations around a mean value that is constant through time, an assumption widely
accepted in population dynamics research. We represent the average long term condition of

every population, following the matrix:
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Total Demanded o Sierra de Atapuerca is located 15 km east of Burgos, in
1 =
Biomass (TDB) § © o the North of the Iberian Peninsula. This Cretaceous
T (]
Yo E = limestone massif shows different cavities filled with well-
o -}
Distribution of C_,? g 3 stratified Pleistocene sediments. Gran Dolina (TD) is a
Resources L = cavity approximately 18 m. height that was filled with
Lower and Middle Pleistocene sediments. Evidence of
E human presence at Sierra de Atapuerca during the
- | 1 Pleistocene is recorded in several sites and stratigraphic
a
v iy levels (Rodriguez etal., 2011).

Secondary Consumers

_ _ ran Dolina Cave (Burgos, Spain) at Sierra de Atapuerca is one of the
Estimated Density

best sites to address the study of resource availability for an Early
Paleolithic population. The results will provide us information about
the main features of the palaeoecosystem and the survival opportunities for

human populations inhabiting Sierra de Atapuerca during the Pleistocene.
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We selected two assemblages from Gran Dolina: TD6 and TD8 (aprox. 0.8 Ma.
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and 0.6 Ma). The TD8 level is chronologically situated on around 600 kyr (602 +
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52 kyr, Falgueéres et al., 1999). From an archaeological point of view, evidence

journal homepage: www.elsevier.com/locate/jhevol

Adetailed description of this model is provided in Rodriguez-Gémez, G., Rodriguez, J., Martin-

Gonzalez, J.A., Goikoetxea, |., Mateos, A., 2013. Modeling trophic resource availability for the Guillermo Re

firsthuman settlers of Europe: The case of Atapuerca TD6. J. Hum. Evol. 64, 645-657.
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of human presence was not documented at TD8. The TD6 unit has a reversed
polarity, intepreted as post-Jaramillo (0.99 - 0.780 Ma.) (Parés and Pérez-
Gonzalez, 1999). ltincludes the subunit TD6-2, also known as “Aurora stratum”,

which yielded a remarkable collection of human remains attributed to Homo

RESOURCE AVAILABILITY AND INTRAGUILD COMPETITION IN TD6 AND TDS

antecessor, associated to numerous stone tools and abundant faunal remains
(Carbonell etal., 2005; Carbonell etal., 1995).

TD6 TD8

conewmons

‘/High food availability at TD6 (0.8 Ma.) implies a low to moderate level of competition for resources between carnivores and humans. An

empty niche for a highly carnivorous omnivore existed in Europe during the Early Pleistocene and it was successfully exploited by Homo. In
contrast, an ecosystem poorer in resources and with higher intraguild competition at TD8 suggests a more hostile environment at Atapuerca
600 kyrago.

‘/ Human ecodynamics in the late Early Paleolithic was constrained by the structure of the mammalian palaeocommunity and the intensity

of competition among the secondary consumers.

‘/ Hominin population densities could be constrained by the composition of carnivore guild but the abilities of human predation may help
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e model both the TD6 population (Homo antecessor ) and an hypothetical human

population at TD8 (Homo sp.) as species that cover a significant amount of its energetic

requirements (3,000 kcal/day) with large mammals. Two different levels of animal food in
the diet of Homo were tested to represent either a diet with a low (30%,) or high (60%) meat
component. It should be retained that given the key role of animal food in the human diet, hominins
were highly carnivourous omnivores and only as members of the carnivore guild they were able to

maintain high population densities.

Application of the model to TD6 shows that the environment was able to sustain the expected
population densities of a diverse predatory guild including Homo antecessor. In contrast, when the
model is applied to TD8 the higher values of the competition index (Rodriguez-Goémez et al., 2013)
suggest an environment poorer in resources and with higher intraguild competition. In TD8
assemblage, without Homo, the total biomass output is insufficient to satisfy the secondary
consumers requirements. The competition in TD8 was high in comparison to TD6, even when Homo is

included in the computation with high meat consumption requirements. This last scenario is the one

with the highest competition in the predatory guild.
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them to sustain the viability of these populations.

‘/ Mathematical modeling of palaeocommunity trophic relationships is a useful tool for investigating food resource availability for

Palaeolithic populations.
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