
The Early-Middle Pleistocene environmental and climatic change and the human 
expansion in Western Europe: A case study with small vertebrates (Gran Dolina, 
Atapuerca, Spain)'" 

G. Cuenca-Bescos a.*, M. Melero-Rubio a, ]. Rofes a, I. Martinez b, ].L. Arsuaga c, H.-A. Blain d, 
].M. Lopez-Garcia d, E. Carbonell d, J.M. Bermudez de Castro e 

a Paleontologfa, Aragosaul11s-IUCA, Facultad de Ciencias, Universidad de Zaragoza. £-50009 Zaragoza, Spain 
h Paleontologfa. Departamento de Geologfa. Universidad de AicalG de Henares. 28801 AlcalG de Henares. Centro de Investigacion (UCM-ISCIII) sobre 
Evoluci6n, y Comportamiento Humanos, c/Sinesio Delgado, 4, Pab. 14, E-28029 Madrid, Spain 
C Centro de Investigaci6n (UCM-ISCIII) sobre Evoluci6n, y Comportamiento Humanos, c/5inesio Delgado, 4, Pab. 14, E-28029 Madrid, Spain 
d Institut de Pa/eoecologia Humana i Evoluci6 Social, Area de Prehistona, U. Ravira i Virgi/l, Plar;a Imperial Tarmco I, £-43005 Tarragona, Spain 
e Centro Nacional de Investigacion sobre la Evoluci6n Humana, Avenida de la Paz 28, £-09004 Burgos, Spain 

Keywords: 
Environmental change 
Early-Middle Pleistocene 

Human population impact 

Atapuerca 

Western Europe 

Jordan Valley 

Introduction 

ABSTRACT 

The dispersal of hominins may have been favored by the opening of the landscape during the Ear

ly-Middle Pleistocene transition (EMP) in Western Europe. The structure of the small-vertebrate 

assemblages of the archaeo-paleontological karstic site of Gran Dolina in Atapuerca (Burgos, Spain) 

shows important environmental and climatic changes in the faunal succession, across the Matuya

ma-Brunhes boundary at 780 ka. These changes are interpreted to indicate impoverishment of the 

forests, along with an increase in dry meadows, and open lands in general that entailed a tendency 

towards the loss of diversity in small-vertebrate communities above the EMP. We evaluate variation in 

diversity of the faunal succession of Gran Dolina using Shannon's Second Theorem as an index of 

ecosystem structure. The long cultural-stratigraphic sequence of Gran Dolina during the EMP is some

what similar in its completeness and continuity to that in the locality of Gesher Benot Ya'aqov in the 

Upper Jordan Valley. We also evaluate related data including faunal and floral (pollen) succession. Both 

localities present cold, dry and humid, warm fluctuations at the transition between the Early and the 

Middle Pleistocene. Comparisons between these sites present opportunities to understand large-scale 

climatic changes. 

The climate change around the Early-Middle Pleistocene tran
sition in the Upper Jordan Valley between ca. 800 and 700 ka is the 
main focus of this Special Issue in which we are trying to establish 
correlations and make comparisons with what occurred in distant 
regions. Overall, we hope to assess the impact of climate change on 
the environment, and on hominins, and its potential for predicting 
future scenarios. The sediments of the Early-Middle Pleistocene 

locality of Gesher Benot Ya'aqov (GBY), in the Jordan Valley, 

provides a good stratigraphic sequence for correlating with the 
events recorded in the westernmost part of Europe, particularly 
the locality of Gran Dolina in Atapuerca, Burgos, north of Spain. 
The Early to Middle Pleistocene sediments of GBY are located at the 
shores of the pal eo-Lake Hula, in the Dead Sea Rift (Goren-Inbar 
et al.. 2000; Alperson-Afil et al.. 2009; Spir� et al.. 2009. 2011). 
The fossil vertebrates at GBY derive primarily from the upper half of 
the section, above the Matuyama-Brunhes boundary. Here, faunal 
assemblages are dominated by Microtus guentheri, the Levant vole 
(Goren-Inbar et aI., 2000). The species M. guentheri is an extant 
arvicoline rodent that lives in colonies in the eastern Mediterra
nean, preferring dry grasslands with sparse vegetation on well 
drained soil, riverbanks and grassy meadows (<;:olak et aI., 1998). It 
is considered a pest in Israel's agricultural fields (Cohen-Shlagman 

et aI., 1984). The ecologic and isotopic studies of molluscs at GBY 
indicate that the EMP transition coincides with an environmental 



change from a relatively cold dry climate towards a warmer 
temperate subtropical climate in this region (Almogi-Labin et al., 
2011; Spiro et aI., 2009, 2011). 

Global climate changes of the past can be studied using the 
paleontological and archaeological record in stratigraphic sequences 
of different localities throughout Eurasia. Dating the sequences on the 
basis of biostratigraphic, radiometric, or paleomagnetic readings is 
essential for establishing correlations among remote regions. More
over, understanding the causal relationship between changes in 
climate and the natural environment, and their impact on the human 
population, represents pressing issues of global importance. 

Our short-term objectives are to detect climate changes through 
the ca. SOO k.yr. sequence at the karstic site of Gran Dolina in the 
Sierra de Atapuerca, Burgos (northern Spain) by studying the small
vertebrate faunal assemblages and the faunal succession 
throughout the Gran Dolina stratigraphic sequence, with special 
emphasis across the Early-Middle Pleistocene transition repre
sented at layers Gran Dolina 6 to Gran Dolina S-9 (TD6-1DS-9). 
We concentrate mainly on the small vertebrates and refer to studies 
of large mammals and pollen for discussion. In concentrating on 
small vertebrates, we expect to track changes that could have had 
an impact on the hominin populations during the Early-Middle 
Pleistocene transition in Western Europe. Such influences could 
have impacted dispersal from the Mediterranean areas to the north 
of Europe, as well as the correlations of events between these two 
different regions, the Jordan Valley and the Atapuerca sites. We also 
briefly consider the implications of published data on large 
mammal faunal assemblages and pollen data for our results. 

The Atapuerca sites 

The archaeological and paleontological sites of Atapuerca, located 
near the city of Burgos on St.James's Way in northern Spain (Fig. 1), 
contain the world's most extraordinary accumulation of Pleistocene 

fossil humans and related stone artifacts (e.g., Carbonell et al., 1995, 
1999, 2005; Arsuaga et al., 1997, 1999a, b; Bermudez de Castro 
et al., 1997, 2004; Arsuaga and Martinez, 2004; Martinez et al., 2004). 

The Atapuerca sites are part of at least two cave complexes 
known as the Sierra de Atapuerca karst system (Ortega Martinez, 
2009). The Sierra is a small Mesozoic-core hill connected to the 
Iberian Range, which constitutes a scarcely pronounced fossil 
relief in the middle of the nearly flat, Neogene sediments of the 
Bureba Corridor, which connects the Ebro and Duero Basins 
(Mediterranean and Atlantic realms). For a detailed geo
morphologic study see Benito (2004) and Benito-Calvo et al. 

A 

(200S). The Sierra de Atapuerca has three main cave systems 
(Fig. 1). From east to west these are El Mirador, Cueva Mayor, and 
Trinchera del Ferrocarril (La Trinchera). The first has provided one 
of the best Holocene sequences in the Iberian Peninsula (Verges 

et al., 2002). The second comprises the sites of Sima de los 
Huesos, Galeria del Silex, Galeria Baja-Sima del Elefante (note that 
Sima del Elefante outcrops at the railway trench, and is thus one 
of the "Railway" or Trinchera localities), Galeria del Silo, Galeria de 
las Estatuas and El Portalon. The fossils of Sima de los Huesos 
represent one of the most important collections of fossil human 
remains from the Middle Pleistocene (Arsuaga et al., 1997; 
Martinez et al., 2004; Bischoff et al., 2007). The El Portalon 
sequence includes the end of the Upper Pleistocene and a good 
part of the Holocene (L6pez-Garcia, 200S). The third, Trinchera del 
Ferrocarril, is an ancient railway cutting that exposed several 
fossiliferous caves, comprising the sites of Gran Dolina, Trinchera 
Penal and Zarpazos-Galeria-Tres Simas. The sequences of Gran 
Dolina and Sima del Elefante have the oldest hominin record in 
Europe, ca. O.S-l.4 Ma (Bermudez de Castro et al., 1997, 2004; 
Carbonell et al., 1995, 1999, 200S; Berger et al., 200S). The Gale
ria-Zarpazos system has provided human remains from the 
Middle Pleistocene (ca. 0.5 Ma), allowing correlation of these 
levels with Sima de los Huesos (Arsuaga et al., 1999a, b; Bischoff 
et al., 2007). The conspicuous red cave sediments from the 
railway trench have attracted the attention of archaeologists since 
the middle of last century. Nevertheless, it was not until the 1960s 
that the enterprise of archaeological studies was initiated by 
Clark, Straus and Apellaniz (Ortega Martinez, 2009). The first 
work in the palaeontology of the Sierra was done by Torres in 
1976, consisting of an investigation into the fossil Ursidae from 
Spain (Torres, 19S5). It was Emiliano Aguirre who in 1975 set in 
motion the Atapuerca Project that continues today (Aguirre, 1995, 
2007). 

The sedimentary infilling ofthe cave of Gran Dolina represents the 
longest stratigraphic sequence of the Sierra de Atapuerca sites, 

comprising lS-19 m of outer cave-filling sediments, actually divided 
into 19 stratigraphic levels (Fig. 2). The Gran Dolina site is famous for 
having delivered some of the oldest hominin remains of Western 
Europe in Gran Dolina level 6 (Aurora stratum, Carbonell et al., 1995, 
1999,2005), which, in 1997, were recognized as a new species, Homo 
antecessor, ca. SOO ka (Bermudez de Castro et al., 1997, 2004; 
Carretero et al., 1999). Moreover, the evidence of lithic industries 
throughout the long vertical section suggests frequentation on the 
part of hominins from the latest Early Pleistocene levels Gran Dolina 
4, 5, and 6 to the Middle Pleistocene level Gran Dolina 10. 

Porlalon de N 
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Figure 1. A Location of the Sierra de Atapuerca (Burgos. Spain): Latitude: 42° 22' N. Longitude: 3° 38' W. B. Plan view of the cave system and the Trench of the Ferrocarril 
(La Trinchera) of the Atapuerca Sites. 
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Figure 2. A. Synthetic stratigraphic column of the cave sequence of Gran Dolina (from 
Pares and Perez-Gonzalez, 1995). B. The topography of the infillings (according to R. 

Perez Martinez in Huguet Pamies [20071. The excavation-test to the South(Trinchera 

Dolina Sandeo Sur [TDS, in grey]), is indicated, as well as the Aurora stratum where the 

fossils of Homo antecessor were found (in black). 

Materials and methods 

In this research, we assume that, in the course of the expansion 
of the genus Homo in Europe during the nearly 200 k.yr. 
(800-600 ka) that separate the Early Pleistocene from the Middle 
Pleistocene, the European landscape underwent a general opening 
that favored the general expansion of the Homo heidelbergensis 
species. We hypothesize that, its predecessor, Homo antecessor, was 
confined to the Mediterranean areas by the dense covered lands 
(Cuenca-Bescos et al., 2005). The small-mammal fossil assemblages 
of the Gran Dolina stratigraphic sequence show a general trend 
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towards the opening of the landscape during the Early to Middle 
Pleistocene transition (EMP). 

Analyses of the species diversity of small, non-flying mammals 
are common in ecology for the description of present-day 
communities (McCain, 2004; Rowe, 2009). The determinants of the 
species richness of present-day non-flying small-mammal associ
ations (Rowe, 2009) are limited by numerous variables, including 
temperature, precipitation, productivity, habitat heterogeneity, 
area and restrictions peculiar to the distribution of the species, as 
well as the mid-domain effect or topography (McCain, 2004). 
According to McCain (2004), the geometric constraints of montane 
topography appear to influence the diversity pattern of small 
mammals, although climatic conditions (rainfall and temperature 
regime) are correlated with the pattern of species richness. The 
topography of the area around the Gran Dolina cave and the Sierra 
de Atapuerca seems to have been very similar from the Early 
Pleistocene to the present, apart from the fact that the rivers near 
the caves of Atapuerca, the Arlanzon and the Pico, are now probably 
about 100 m lower than they were during the Early-Middle 
Pleistocene (Benito, 2004), when the difference in altitude between 
the river valley and the cave mouths was some 10-50 m less 
(Fig. 3). As such, we assume that the changes in the diversity and 
structure of the small-vertebrate assemblages of Gran Dolina are 
related to taphonomy, climate changes and changes in the land
scape of the Sierra de Atapuerca and vicinity during the period of 
time when the death assemblages were accumulating inside the 
cave. 

The role of small-mammal fossil assemblages in reconstructing the 
past environments during the Early-Middle Pleistocene transition 

An assessment of the structure of the associations of fossil 
small vertebrates from the Pleistocene site of Gran Dolina by 
means of a statistical description has previously only been carried 
out for the small-mammal associations (Lopez Antofianzas and 
Cuenca-Bescos, 2002; Cuenca-Bescos et al., 2005), including 
chiropterans. The habitat change detected with small mammals 
by Cuenca-Bescos et al. (2005) reported that levels TD5 and 1D6 
have higher habitat diversity than TDS, 1DS-9 and 1D10 (Fig. 4). 
The open-land, wet and dry habitats have by far the best repre
sentation in the whole sequence. Within the open-land habitat, 
TD5-TD6 have less than 50% open-dry land dwellers but more 
than 50% open-wet land dwellers, and TDS, TDS-9, TDlO have an 
increase in the open-dry land dwellers to almost 100% at the 
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Hgure 3. Altitudinal profile of the Sierra de Atapuerca. Burgos. Spain (modified from Benito. 2004: Figure 3.18). 
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Figure 4. Distribution of the Early-Middle Pleistocene habitats of small-mammal associations throughout the Gran Dolina sequence, Sierra de Atapuerca, Burgos, Spain (modified 

from Cuenca-Bescos et ai., 2005). Level TD7 does not appear in the figure because the number of specimens was insufficient for the statistical analysis. 

upper part of Gran Dolina, while the open-wet habitat decreases 
to its minimum rates (Fig. 4). 

The Pleistocene small-vertebrate fossil record is characteristi
cally multivariate because each separate taxon in the fossil record 
provides one variable. Moreover, this record is multiscale, involving 
both temporal (biostratigraphy, sampling resolution) and spatial 
scales (biogeography, unique sections, composite sections, multi
regional sections), because data from different levels at different 
localities and/or sections can be analysed separately. As a result, it 
has the potential to yield a wealth of palaeoenvironmental infor
mation. Although calibrations of small-vertebrate fossil data in 
terms of environmental variables can be made in various ways, all 
techniques for making palaeoenvironmental reconstructions from 
such data depend upon accurate taphonomic studies as well as the 
actualistic assumption that the present is the key to the past, and 

most researchers utilize data from contemporary biological, 
ecological, and biogeographical studies (Pokines, 1998; L6pez 
Antofianzas and Cuenca-Bescos, 2002; Cuenca-Bescos et al., 2001, 
2008,2009). 

Although continuous or semi-continuous fossil records 
extending more than a few thousand years in the Early-Middle 
Pleistocene transition (EMP) are rare, the insights they provide into 
past communities and environments are especially valuable. The 
case of Gran Dolina, in the Sierra de Atapuerca, is a special one 
because this site provides a semi-continuous record of the fauna, 
flora and human presence during the EMP. Another example of 
a semi-continuous archaeological and paleontological record in the 

Early-Middle Pleistocene transition is the site of Gesher Benot 
Ya'aqov (GBY), in Israel (Goren-Inbar et al., 2000; Rabinovich et al., 
2008; Sharon et aI., 2011). 



Taphonomy 

The large accumulations of small mammals in the different 
levels of the locality of Gran Dolina stem mostly from fossil pellets 
which enter the cave with sediment and are allochthonous in origin 
(Fernandez Jalvo and Andrews, 1992). Recent taphonomic obser
vations of the collections of small vertebrates at Gran Dolina 
corroborate this hypothesis. Given the type of digestion and the 
breaks in the fossils, these are due mostly to nocturnal birds of prey 
such as the barn owl and the eagle owl, opportunists that hunt 
a broad range of prey (Bennasar Serra, 2010). 

Spedes count 

Since the early 1990s, the current Atapuerca team has been 
carrying out excavations, in various phases, in all the stratigraphic 
sequences of the caves of the Sierra de Atapuerca. Microfauna were 
separated from the sediment with sieves of 0.5 mm, S mm and 
10 mm mesh aperture size. The Gran Dolina Sondeo South (lDS, 
a large testing borehole, of ca. 9 m2, carried out between 1993 and 
1999 for evaluating the richness ofthe locality) has furnished a great 
number of small-vertebrate remains obtained with the wash
ing-sieving technique. The product of this technique consists of 
several thousand samples, accurately kept in separated plastic bags 
and consisting mainly of small limestone fragments and the fossil 
remains of small vertebrates. Sometimes seeds (Celtis) and inver
tebrate fragments (Gasteropoda) also appear. Each plastic bag was 
duly labelled with an abbreviation indicating the site and strati

graphic level from which it came, the archaeostratigraphic level (T), 
the excavation grid unit, the depth (Z, in metres above sea-level), 
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and the year in which the remains were recovered. The wash
ing-sieving technique allowed recovery an important collection of 
small vertebrates (Cuenca-Bescos et al., 1995, 1998, 1999, 2001, 
2005; Blain et al., 2008, 2009; Rofes and Cuenca-Bescos, 2009a, b). 

The species richness and the abundance of small mammals, 
reptiles and amphibians were reviewed for the entire stratigraphic 
column of the locality of Gran Dolina, at the Gran Dolina Sondeo 
South. 

The small-vertebrate assemblage comprises the sum of the 
individuals from each taxon identified in a sample. As explained 
previously, the sample is the result of collecting a spatia-temporal 
unit equivalent to the sediment contained in an archaeostrati
graphic level or a given stratum (labelled T in sample-labels and in 
Fig. 5) of volume x x y x z. The excavation grid is the area 
(space = area = x x y), and the depth or thickness is time 
(time = thickness = upper z - lower z). The archaeostratigraphic 
levels are arbitrary divisions of the stratigraphic level, because their 
depth is determined by those digging, whereas the stratigraphic 
level is defined in terms of its lithological composition and geom
etry. The time scale is provided by the different biostratigraphic, 
palaeomagnetic and radiometric dating of Gran Dolina (Carbonell 
et al., 1995; Pares and Perez-Gonzalez, 1995; Cuenca-Bescos et al., 
1999, 2001, 2010; Falgueres et al., 1999; Cuenca-Bescos and 
Garcia, 2007; Berger et al., 2008). 

Taxonomy and systematic palaeontology 

Most of the fossil remains consist of postcranial bones and iso

lated teeth. The mammals were classified in accordance with works 
by Chaline (1972), van der Meulen (1973), Alcalde et al. (1981), 

H'ra H't! 
Figure 5. The Shannon Index. The columns. from left to right. represent age in thousands of years (ka) from Falgueres et al. (1999). Berger et al. (2008) and this paper. stratigraphic levels 

of Gran Dolina. Burgos. Spain (ID): T refers to the archaeostratigraphic levels of Sondeo Oolina Sur (TOS): the graphs for H' correspond to those for the small mammals (H' mm: 
insectivores. rodents and lagomorphs): the amphibians and squamate reptiles (H'ra): and the two groups mixed (H·tt). Note the slight difference in T for the small mammals and the 

amphibians and reptiles. resulting in asmall discrepancy between the three graphs. indicated by the broken horizontal lines. In the lower part oftheGran Oolina sequence. the MIS labels 

highlighted in light grey are the ages from this study. The peaks of H' are correlated with the marine isotopic stages. based on the radiometric dating and correspondence with the H' 

peaks of the levels of the upper part of the Gran Dolina sequence. The GBY label indicates the most probable stratigraphic situation of the eastern Mediterranean locality Gesher Benot 
Ya'aqov. Israel (Goren-Inbar et al.. 2000: Spiro et al.. 2009. 2011). As in Fig. 4. the level ID7 has insufficient number of specimens for the analysis. 



Cuenca-Bescos (2003), and Cuenca-Bescos et al. (1995, 1999). The 
amphibian and reptile fragments were identified following the 
general criteria given by B6hme (1977), Bailon (1999), Esteban and 
Sanchiz (1985, 1991), Holman (1998) and Gleed-Owen (2000) for 
Anura, and Bailon (1991), Szyndlar (1984) and Blain (2005) for 
Squamata. The taxonomy has been improved by the recent works of 
identification and analysis of amphibians and reptiles (Blain et al., 
200S, 2009) and a closer study of the systematic and taxonomy of 
insectivore mammals, such as the recent definition of DoIinasorex 
glyphodon (Rofes and Cuenca-Bescos, 2009a), a new venomous 
giant insectivore previously designated as Beremendia (Cuenca
Bescos et al., 1999; L6pez Antofianzas and Cuenca-Bescos, 2002) 
or Soricinae indet. (Cuenca-Bescos and Rofes, 2007). The taxonomic 
status of some species of rodents is still in preparation. 

For counting the minimum number of individuals, we followed 
the criteria of Cuenca-Bescos et al. (2005, 2009) and Blain et al. 
(2008,2009). 

Analysis 

In this paper, the structure of fossil communities is analysed in 
statistical terms, using Shannon's Second Theorem (Shannon and 
Weaver, 1949) because Shannon's expression (H') is a function 
that meets the desirable conditions of an index of diversity. 

Shannon's formula. 
The main formula used to describe diversity is: 

H' � -k Lpilnpi 
Where Pi = ni/N, ni is the number of specimens per taxon, and N is 
the total number of individuals in the sample, such that '2:ni = N. 
The terms of the summation are '2:, from i to S is equal to the total 
number of taxa of insectivores, rodents, lagomorphs, reptiles and 
amphibians identified. The indices were calculated using Excel (a 
Microsoft Office application) and PAST (Hammer et al., 2001), 
obtaining the same results. 

Results 

In total we analyzed 71 samples corresponding to 71 archae
ostratigraphic levels of the Gran Dolina site sequence. A total of 49 
taxa were identified, including 2S mammals and 21 amphibians 
and reptiles; from a total of 12,359 individuals, 6205 are mammals 
and 6154 are amphibians and reptiles (Table 1). 

Shannon distribution 

The Shannon Diversity Index provides one of the best reflections 

of the structure of a community, in comparison with other indices 
including those of Simpson, Berger-Parker, evenness indices, etc. 
(Hammer et aI., 2001). 

The distribution of the Shannon index, based on only the small
mammal inventory from Gran Dolina Sondeo South plus the 
excavations at Gran Dolina level TD4W, fluctuates in the course of 
the sequence (Fig. 5), shown previously by L6pez Antofianzas and 
Cuenca-Bescos (2002). Nonetheless, the continuing work of 
extraction and analysis of new samples has allowed us to provide 
a better outline of this distribution, producing slightly different 
results in which the fluctuations become more marked, obtaining 
more peaks of equilibrium-dominance. The fluctuations of the 
Shannon diversity index show alternating peaks of high Shannon 

diversity index values or lower Shannon values. Here we assume 
that high H' are related to warm, humid conditions, while low H' 
are related to cooler, dry conditions. 

There is an important decrease in the Shannon index related to 
a loss of diversity slightly before the Matuyama-Brunhes boundary 
that may be correlated with dry and cold conditions. On the other 
hand, high Shannon values and peaks are correlated with Marine 
Isotope Stages (MIS) 29-7 (Fig. 5). An important hiatus in Gran 
Dolina S is reflected in the sequence by the lack of MIS lS-15 (see 
Cuenca Bescos et al., 1995). The correspondence of high diversity 
peaks to warm MIS concurs with radiometric dating, at least for the 
upper part of the Gran Dolina sequence (Falgueres et al., 1999; 
Berger et al., 200S). 

In the Early-Middle Pleistocene transition a substantial loss 
of diversity can be observed some 200 k.yr. after the Matuya
ma-Brunhes boundary (MMB) (Fig. 5) at the level of Gran Dolina 
S-9 (TDS-9). The transition appears to be more marked in 
mammals than in reptiles and amphibians, but significantly affects 
both groups of vertebrates (H'mm, H'ra, and H'tt, respectively 
[Fig. 5]. This loss of diversity coincides with the environmental 
change illustrated by the habitat indices by Cuenca-Bescos et al. 
(2005), as is shown in Fig. 4. Likewise, above the MMB that 
occurs at Gran Dolina level TD7, and between TDS and TDS-9 there 
is an important faunal change. This faunal change represents the 
last appearance data of Early Pleistocene faunal assemblages (i.e., 
Mimomys savini, Stenocranius gregaloides, PIiomys episcopalis and 
the giant venomous shrews among other small mammals) and the 
first appearance of Middle Pleistocene faunas (i.e., Arvicola aff. 
sapidus, Microtus agrestis jansoni, PIiomys lenki) see Cuenca-Bescos 
and Garcia (2007). 

Discussion 

Evolution of habitats of the Gran DoIina sequence 

Evidence for woodland, rocky small mammals and water envi

ronments is scarce and our analyses indicate pulses and hiatuses in 
the sequence. Open habitats predominate. Just above the Matuya
ma-Brunhes boundary the habitats are relatively humid and 
forested, but these change to dry and open lands slightly after this 
paleomagnetic event (Fig. 4). These changes probably indicate 
a colder climate. Of particular note is the general demise of these 
habitats following TDS-9 up through the end of the sequence. An 
environmental change took place between levels TDS and TDS-9. In 
lDS-9, faunal remains disclose a good representation of open areas, 
and we should note that rabbits increase at this level. The domi
nance of open-dry small mammals indicates the dominance of an 
open landscape with sparse forests. 

Comparisons with large mammal fauna assemblages 

The large mammals (Cuenca-Bescos and Garcia, 2007) of the 
Early Pleistocene levels of Gran Dolina (lD3-TD7) indicate 
a climatically variable episode that characterises the post-Jaramillo 
faunas. Both dry and wet open-country mammals are found in lDS, 
especially, TD5a-d (i.e., Equus altidens, Dama vaIIonnetensis, 
EucIadoceros giuIii, Bison cf. voigtstedtensis, Cervus EIaphus, Crocuta 
crocuta, Ursus doIinensis, Vulpes praegladaIis, Homotherium latidens, 
Panthera gombaszoegensis and Sus scrofa). The H' index for small 
vertebrates is lower here than in the following level TD6, and the 
changes are relatively more marked as well (TD5 and lD6 are 
similar in thickness, at roughly 2.5 m). In TD6 a warmer and rela
tively wooded landscape may be represented by Canis mosba
chensis, Mustela palerminea and Lynx sp., in addition to all the 
species registered in TD5. Nevertheless, the presence of Mammu

thus sp. shows that open-country was also significant at this time, 
although the small vertebrates do not show any significant change, 
except in the upper part of lD6 (TD6-1, TD6-2 in Fig. 5). 
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In level T08, the presence of the porcupine (Hystrix) and the 
hippopotamus suggest a relatively warm and humid interval. just 
above the Matuyama-Brunhes transition. Levels ID8-9 and IDI0 
may represent a long and complex period with the climate alter
nating between warmer and cooler conditions (Cuenca-Besc6s and 
Garda, 2007). TIle H' index shows that levels T08-9, TOI0-4 and the 

bottom of IDI0-3 have higher diversity and from here up there is 
a transition to lower diversity (Fig. 4). which recovers slightly at the 
end of the sequence (TOIO-l). 

Comparison with the pollen assemblages of Gmn Dolina 

The pollen and spores have been studied by Garda-Ant6n (1995, 
1998). Here we summarize the pollen record of Gran Oolina for 
discussion with the results obtained through the study of the small 
vertebrates. The pollen record is scarce though present in some 

levels, thus allowing interpretation of the vegetation in TO. 
Following Garda-Anton (1995, 1998) the pollen spectra from the 

TO generally indicate the presence of deciduous and evergreen 
Quercus. Conifers (Pinus) and Cupressaceae are important at some 

strata. In ID5 the tree pollen is predominantly that of Quercus. In 
the upper part of T05, evergreen Quercus indicates more xeric 
conditions. In T06 Cupressaceae, evergreen and deciduous Quercus 
and Olea are well represented, with Cupressaceae more abundant 
in the lower part. Quercus and Ericaceae increase from the bottom 
to top, suggesting that dry conditions gradually gave way to a moist 

situation. The presence of the pollen of Mediterranean taxa towards 

the top of ID6 suggests a temperate climate. This coincides with 
the Mediterranean character of Hystrix, also present here. Level ID7 
includes less Cupressaceae than in the preceding levels, and Pinus 
together with Querrus, and Olea, Vias and Fagus are the character
istic floral elements of this unit. Garcia-Anton (1995, 1998) 
concluded that the contemporaneous climate indicated by these 

spectra was neither cold nor particularly temperate during T07. 
This level displays the final "high peak" in H' for amphibians and 
reptiles prior to their decrease towards the upper levels. Small 
mammals are too scarce on this level to be analysed. 

The two pollen samples from T08 include significant numbers of 
Casranea together with the usual Gran Oolina taxa: both types of 
Quercus and other taxa such as Betula, Acer, Alnus, Hedem, Fagus, 
Salix and Ericaceae. Together they indicate warm, temperate and 
humid conditions. The woodland habitat index here shows the 

highest peak of the Gran Oolina sequence, also indicating wooded 
conditions. The H' diversity index is also at one of its highest levels 

both for small mammals and for amphibians and reptiles and is the 

highest prior to its progressive decline towards Gran Oolina levels 
8-9 and 10 (T08-9 and TOIO). 

There is no pollen in level ID8-9. In TOlO pollen is present only 
at the lower part. Pinus is abundant while Mediterranean compo
nents (Olea) and temperate species (deciduous Quercus) are less 

abundant. This probably represents a transition to a cold phase 
(Garda-Ant6n, 1995). Our results are in accordance with this, since 
we found that the base of ID10 is more diverse in terms of its small
vertebrate contents than the middle part (TOlO-3) though it seems 
to recover at the end of the TOlO sequence, TOlO-2 and TOlO-1 
(Figs. 4.5). 

Comparison with the iocaIicy of Gesher Benor Ya'aqov 

The Early-Middle Pleistocene locality of Gesher Benot Ya'aqov 
shows alternating humid, dry, or cooler conditions at GBY. The 

isotopic studies of molluscs indicate that the EMP transition coin

cides with an environmental change from a relatively cold dry 
climate towards a warmer temperate subtropical climate above the 
MMB in GBY (Spiro et al., 2011). Although we have no fauna in 

common between the Gran Oolina and the GBY localities, it seems 
that the same pattern is shared in both sequences: the transition of 
slightly dry and cold conditions to warm and humid conditions just 
in the ca. 200 k.yr. of the EMP transition. 

Conclusions 

The evolution of the structure of the associations of small 

vertebrates (12,359 individuals distributed in 49 taxa) at the site of 
Gran Oolina in Atapuerca (Burgos, Spain) show important envi
ronmental and climatic changes in the EMP, ca. 800-600 ka. The 
comparison of the distribution of the Shannon index (H/) calculated 
for the small-vertebrate taxa, with the data for the habitat distri
bution, large mammals and pollen of former studies, reveals that 
the environments fluctuated between warm and humid and cold 
and dry. Around the MMB pal eo magnetic event there is a change 
from dry and cold to humid and warm conditions, whereas some 
200 ka after this limit there is a decline in humidity and wooded 
habitats towards the end of the Gran Oolina sequence. The final 
history of the faunal associations of the Gran Oolina section 
entailed an impoverishment of the species diversity, reflected in 
a decrease in Shannon's index not only for small mammals but for 
amphibians and reptiles as well. The peaks of H' at the Gran Oolina 
sequence, are correlated with the marine isotopic stages (MI5). 
based on the assumptions that high H' values are correlated with 
warm, humid MI5 stages and low values correspond to dry, cold 

MI5. Some of these peaks are calibrated with radiometric, paleo
magnetic and biostratigraphic dating. 

The small-vertebrate fossil assemblages of the Gran Oolina 
section show a general trend towards the opening of the landscape 
slightly after the Early-Middle Pleistocene transition. In Gesher 
Benot Ya'aqov there is a pattern similar to Gran Oolina. The opening 
of the landscape could reflect the ideal conditions in which homi
nins expanded their territories from the south to the north and 
central Europe. 
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