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The Peña Larga site, a rock shelter on the southern slopes of the Cantabrian cordillera (north Spain), is an
archeological deposit covering nearly 4000 years, from the early Neolithic to the middle Bronze Age (Atlantic/
Subboreal chronozones). It was used both as a household and as a stable, with a hiatus in the Chalcolithic
when itwas used as a collective sepulcher. Nearly twenty-eight thousand small vertebrate elementswere recov-
ered from its seven stratigraphic units, of which 2553 items were identified to the genus and/or species levels.
The assemblage is composed of mammals, birds, reptiles, and amphibians. Of these, small mammals were used
for paleoenvironmental reconstruction since they are very sensitive to climatic conditions, the sample sizes
are large, and their preservation is good. Their distributions over time, measured in terms of relative abundance,
serve as reliable proxies of habitat and climate change. The reconstruction of Peña Larga's past environments
based on small mammals roughly coincides with the pollen and the amphibian/reptile records on the local
scale, and with that of an ice core from Central Greenland on the global scale. This makes it a valuable tool for
comparative purposes both in the regional and continental scales.

© 2012 University of Washington. Published by Elsevier Inc. All rights reserved.
Introduction

Due to its peculiar environmental and geologic conditions,
prehistoric archeological sites on the Cantabrian range (northern
Iberian Peninsula) are usually set in caves and rock shelters. Most
of them had different uses over time, alternatively showing evidence
of being temporary hunting camps, long-term occupations, and/or
stabling sites. During unoccupied periods, some sites were even occa-
sionally used as collective sepulchers (e.g., Armendáriz and Etxebarría,
1983; Carnicero, 2006; Etxebarría and Herrasti, 2007; Ruíz-Cobo et al.,
2008).

Most of the large mammal remains at these cave sites are derived
from human consumption, revealing for instance the hunting tech-
niques, carcass treatment, and feeding preferences of past inhabitants.
Stockbreeding is a practice largely documented as beginning in the
Neolithic (Utrilla et al., 1998; Zilhao, 2001; Rojo et al., 2006), and the
gradual process from a hunting to a farming economy has been
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recorded at many caves across the Iberian landscape (e.g., Martí et al.,
1980; Zilhao, 2001; Castaños, 2004; Carretero et al., 2008; Vergès et
al., 2008; Marín-Arroyo, 2010). Peña Larga (Cripán, Álava), an
archeological rock shelter deposit covering nearly 4000 years of his-
tory (from the early Neolithic to the middle Bronze Age; Atlantic to
Subboreal chronozones), is no exception in any of the above men-
tioned aspects, as extensively documented by Castaños (1997) and
Fernández-Eraso (1997).

In contrast, the accumulation of small vertebrate remains in
archeological sites is inversely proportional to human occupation. The
presence of people scares away the predators producing the micro-
vertebrate tanatocenosis, usually nocturnal birds of prey and/or small
carnivores. Periods when caves and/or rock shelters are used for burial
purposes, with scarce or null human occupation, are particularly propi-
tious for those animals to nest at the entrances or to build burrows
inside. Therefore, the digestion sub-products of birds of prey (e.g., owl
pellets) and small carnivores are the main sources for microvertebrate
deposition in caves (Andrews, 1990).

Unlike large mammal remains (most of them product of human
selection), microvertebrate accumulations better reflect local biocenosis,
despite unavoidable biases due to specific predators (Andrews, 1990).
Moreover, small mammals are particularly sensitive to habitat and
climatic changes and can be successfully used for the reconstruction
of past environments (e.g., Bertolini et al., 1996; Pokines, 1998;
c. All rights reserved.
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Repenning, 2001; Cuenca-Bescós et al., 2005; Sesé, 2005; Cuenca-Bescós
et al., 2009; López-García et al., 2010, 2012).

By distributing the different small mammalian species (in terms of
relative abundance) according to their current habitat and climate
requirements, and plotting them against time, the aim of this paper is
to propose a reconstruction of past environments of the landscape
around the Peña Larga rock shelter, and to compare the results with
other paleoenvironmental records on the local, regional and global
scales.
B

The site

The rock shelter of Peña Larga (Cripán, Álava, Spain) is located in
Oligocene conglomerates on the southern slopes of the Cantabrian
cordillera (Fig. 1). It lies nearly 900 m above sea level and is roughly
15 m wide by 4.30 m high, with a depth ranging between 3 and 6 m
(Fig. 2A). The site was casually discovered by Cripán villagers in 1984.
Five seasons of fieldwork (led by Javier Fernández-Eraso), were con-
ducted between 1985 and 1989 (Fernández-Eraso, 1997). In addition, a
small-vertebrate sampling campaign was carried out in 2008.
Figure 1. Location of the Peña Larga rock shelter in the Iberian Peninsula (up), and near
the village of Cripán, Álava, Spain (down).

Figure 2. Plan view (A) and stratigraphic sequence (B) of Peña Larga (Cripán, Álava,
Spain). Gray square in A is the area from where the small vertebrates were obtained.

rg/10.1016/j.yqres.2012.11.002 Published online by Cambridge University Press
Six chrono-cultural levels were distinguished in the ca. 166 cm
stratigraphic sequence of the site on the basis of their different lithol-
ogy, color, and archeological content (Fig. 2B). As lithology was
extensively described in Fernández-Eraso (1997, 2007–2008), and
Fernández-Eraso et al. (2010), we present here only a brief synopsis
of the chronology and cultural filiations. Date calibration was
accomplished using the IntCal09 data set (Reimer et al., 2009) and
OxCal4.10 calibration software (Bronk Ramsey, 2009).

From bottom to top, the six stratigraphic levels of Peña Larga are:
Base level, Level IV, Level Lower-III, Level III, Level II, and Level I,
subdivided in Ia and Ib (Fig. 2B). The base level is sterile and it lies
directly on the bedrock of the cave. Various radiocarbon assays dated
Level IV to 5738–5485 cal yr BP [4890±50 14C yr BP (Beta-242781)]
in its upper part (taken from a cattle molar), 6634–6412 cal yr BP
[5720±40 14C yr BP (Beta-242782)] in its middle section (taken from
a fragment of ovicaprid metapodial), and 7665–7509 cal yr BP
[6720±40 14C yr BP (Beta-242783)] in its lowermost part (another
fragmentary metapodial of ovicaprid). Culturally, it corresponds to the
early and middle Neolithic, having cardiale pottery associated.

Evidence of a hearth containing human bones (which probably
come from the overlying level) was recovered from Level Lower-III,
together with pottery fragments and pieces of worked flint; this
level can be attributed to the late Neolithic. Level III, mainly used
for anthropic burials, was culturally assigned to the early Chalcolithic
period. The radiocarbon date for this level, obtained from an indeter-
minate large mammal bone sample, is 5288–4881 cal yr BP [4450±
40 14C yr BP (Beta-299948)]. Level II exhibits several large alternat-
ing lenses, some reddish, some whitish, which probably correspond
to the occasional burning of barns or areas occupied by animals. A
domestic cattle molar was dated to 4789–4418 cal yr BP [4040±
4014C yr BP (Beta-242780)], and this level could be attributed to
the late Chalcolithic.

Level I is of early andmiddle Bronze Age filiations. Two sublevels (Ia,
Ib) were distinguished. Sublevel Ia yielded artifacts both from modern
times (glazed ceramics, coins) and prehistoric periods (handmade
pottery, flint flakes, bone awls, etc.). Sublevel Ib is much more compact

https://doi.org/10.1016/j.yqres.2012.11.002
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and finer grained than Ia. Among the artifacts found in this unit, a flint
fragment from a sickle deserves special attention.

The largemammalian assemblage of Peña Larga is composed of both
wild and domestic species (Castaños, 1997): Equus ferus and/or Equus
caballus, Bos taurus, Capra hircus, Ovis aries, Cervus elaphus, Capreolus
capreolus, Sus domesticus, Sus scrofa, Canis familiaris, Vulpes vulpes, Felis
silvestris, Lynx pardina, and Martes sp.

The unequal distribution of the macromammal remains in different
levels of the site evidences a change in the economic strategies of its
various dwellers. Peña Larga was used both as a household and as a
stable from the early Neolithic to the middle Bronze Age, with a hiatus
during the Chalcolithic when it was used as a collective sepulcher. The
exploitation of animal resources tends more and more to a livestock
economy and a progressive decrease in hunting (Castaños, 1997), as
recorded in many other cave sites from the Iberian Peninsula covering
the same time span (see Introduction).
Material and methods

Collecting techniques

To obtain the small vertebrate sample, an area of 0.33 m2 was spe-
cifically excavated throughout the entire stratigraphic sequence during
the 2008 field campaign. The sampled area corresponds to sectors 6 and
9 of the B4 square in the archeological grid (Fig. 2A). A sediment volume
of 0.412 m3 was initially obtained. After removal of clods, clasts, and
gravel, the remaining 0.264 m3 was washed and sieved using 0.5-mm
and 250-μm sieves. The small vertebrates were collected from residue
coarser than 0.5 mm. Fossils were sorted, classified, and studied with
the aid of a binocular microscope (7×, 20×, and 40× magnifications).
Figure 3. Selected specimens of small vertebrates from Peña Larga (Cripán, Álava, Spain). Sciur
quercinus (3) leftM1orM2 inocclusal view;Apodemus sylvaticus (4) leftm1 inocclusal view;M
m1 in occlusal view; Chionomys nivalis (7) right m1 in occlusal view; Clethrionomys glareolu
mandibular condyle in posterior view, (9b) left mandible in lateral view; Sorex gr. araneus-cor
right mandibular condyle in posterior view; Sorex minutus (12a) right mandibular condyle in p
nine in lateral view; Rana cf. temporaria (14) incomplete right ilium in lateral view, and (15) in
view; Anguis fragilis (17) trunk vertebrae in ventral view, and (18) osteoderm; Natrix sp. (19)

oi.org/10.1016/j.yqres.2012.11.002 Published online by Cambridge University Press
Most elements are isolated mandibles, skull fragments, teeth, and long
bones.

Taphonomic remarks

Small terrestrial predators hunted the territory near the rock shelter,
providing an accurate view of the local environment, whereas larger
avian predators might have transported prey longer distances to the
site. Little breakage, and the light to moderate digestion observed in
the arvicoline teeth, indicate that the bones were likely accumulated
by an avian predator of category 1 (sensu Andrews, 1990) such as the
barn owl (Tyto alba), which is an opportunistic rather than a selective
hunter. However, there are certain exceptional cases of great to extreme
modification,whichmeans Categories IV to V onAndrews' scale (1990).
In these cases, the agents of depositionweremost probably small mam-
malian carnivores such as foxes, wildcats, and mustelids (Andrews,
1990; Matthews, 2006), all of them present in the large mammal
assemblage of Peña Larga.

Systematic attribution and quantification

More than 27,800 fossil itemswere sorted, ofwhich 2553were iden-
tified to the genus and/or species levels following the general criteria of
small-vertebrate paleontology. Specific attributions rest mainly on
diagnostic elements: first lower molars for the Arvicolinae; mandibles
and isolated teeth for the Soricidae, Chiroptera and Lagomorpha; man-
dibles and humeri for the Talpidae; isolated teeth for the Sciuridae,
Gliridae and Murinae; forelimb elements for birds; skull elements for
the Lacertidae; teeth, vertebrae and osteoderms for the Anguidae;
trunk vertebrae for the Colubridae; humeri and ilium for the
us vulgaris (1) right p4 in occlusal view; Glis glis (2) left M1 orM2 in occlusal view; Eliomys
icrotus (M.) gr. arvalis-agrestis (5) rightm1 inocclusal view;Microtus (T.) lusitanicus (6) left
s (8a) right m1 in occlusal view, (8b) Idem in lingual view; Crocidura russula (9a) right
onatus (10) incomplete right mandible in lateral view; Neomys gr. fodiens-anomalus (11)
osterior view, (12b) incomplete right mandible in lateral view; Chiroptera Indet. (13) ca-
complete left humerus in anterior view; Lacertidae Indet. (16) right dentarium in lingual
trunk vertebrae in ventral view. Scale bar=1 mm.

https://doi.org/10.1016/j.yqres.2012.11.002
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amphibians. The taxonomic classification for small mammals follows
Wilson and Reeder (2005), and that for amphibians and reptiles follows
Speybroeck and Crochet (2007).

Given the taphonomic nature of the deposit (see above), the mini-
mal number of individuals (MNI) per species should be a reasonably
good quantitative measure to reconstruct past environments. The MNI
of the small vertebrate record was calculated based on the amounts of
a specific diagnostic tooth (e.g., first lower molar in arvicolines) or
some equally identifiable cranial or post-cranial element for small
mammals (rodents, insectivores and chiropterans), birds, reptiles, and
amphibians. The low number and lack of precise assignations (i.e., to
the species level) of bird, reptile, and amphibian elements from Peña
Larga make them unsuitable for paleoenvironmental reconstructions.

There is classical debate on whether the NISP (Number of identi-
fied specimens) or the MNI (Minimal number of individuals) is a
better method to quantify a given sample (Grayson, 1984). Both
measures have advantages and drawbacks (Marshall and Pilgram,
1993), but the most frequently used among scholars dealing with
small mammals and paleoenvironmental reconstructions is the
MNI, given the inability in attributing some cranial and post-cranial
specimens to a specific taxon, i.e., the unrooted teeth different from
m1 in medium-sized arvicolines (Pokines, 1998; Cuenca-Bescós et
al., 2005, 2009; López-García et al., 2010; Cuenca-Bescós et al.,
2011; López-García et al., 2012).
Habitat types and climatic categories

Following Cuenca-Bescós et al. (2009), we assigned Peña Larga's
small mammals to six habitat types based on their environmental affin-
ities. Being a relatively recent site, all the Peña Larga fauna is extant,
which means there is little doubt in the species–habitat correlations.
Nevertheless, this classification lacks sharp boundaries, and, as with
many other natural borders, transitions are gradual (ecotones). The
habitat types are described below.

1. Forest: woodland, scrub forest, and woodland edges. Mature forest
including woodland margins and patchy forest with moderate
ground cover.

2. Humid meadow: evergreen meadows with dense pastures and
suitable topsoil. It indicates humid conditions.

3. Grassland: grassland or open meadow; that is, meadows under
seasonal climatic change. It indicates relatively dry conditions.

4. Rocky: highland and/or alpine, comprising species living in steppe
grasslands with rocky substrates, usually above timberline.

5. Water: streams, lakes, ponds and marshes. It indicates abundant
surface water, either running or stagnant.

6. Cave: inhabited by cave-dwellers, sporadic or permanent, such as
bats.

To evaluate the climatic requirements of the small mammals from
Peña Larga, we divided our taxa in two major categories, which are
detailed as follows:

1. Cold: It ranges from the severe, steppe climatic conditions typical
of the glacial advances (if dominant) to periods of cool or temper-
ate weather (if not dominant). Rocky and humid meadow habitats
are, characteristic of this category.

2. Warm: If dominant, it indicates warm, Mediterranean conditions.
Forested landscapes and grasslands are typical of this climatic
category.

Data on the habitat and climatic preferences of extant species
were taken from Janeau and Aulagnier (1997), Pokines (1998),
Cuenca-Bescós et al. (2005, 2009), Palomo and Gisbert (2005), Sesé
(2005), and Rofes and Cuenca-Bescós (2011).

https://doi.org/10.1016/j.yqres.2012.11.002
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Results

Small vertebrate assemblage

The small vertebrate fauna from Peña Larga was extensively do-
cumented elsewhere (Murelaga et al., 2009). Therefore, here we
only synthesize the information besides adding some previously
omitted species and a few environmental remarks. The small ver-
tebrates from Peña Larga comprise 21 taxa: four soricids (Sorex
minutus, Sorex gr. araneus-coronatus, Neomys gr. fodiens-anomalus
and Crocidura russula); one talpid (Talpa europaea); one sciurid
(Sciurus vulgaris); two glirids (Glis glis and Eliomys quercinus); six
murids (Apodemus sylvaticus,Microtus (Microtus) gr. arvalis-agrestis,
M. (Terricola) lusitanicus, Chionomys nivalis, Clethrionomys glareolus,
and Arvicola sp.); Chiroptera indet.; one leporid (Oryctolagus cunniculus);
one amphibian (cf. Rana temporaria); three reptiles (cf. Podarcis, Anguis
fragilis, and Natrix sp.); and Passeriformes indet. Figure 3 shows selected
specimens of nearly all the small vertebrates recovered from Peña Larga.

From the non-mammalian assemblage, it is worth mentioning
the ecological requirements of the common frog (R. temporaria)
and the slow worm (A. fragilis). Rana temporaria is a species com-
monly found at Quaternary deposits of Atlantic Europe; beech forests
are its main habitat in the Basque Country, where it is continuously
active throughout the year (Bea et al., 1986; Pleguezuelos et al.,
2004). However, it must be stated that this species lives in a wide va-
riety of habitats along Europe, and, in some cases, it does hibernate
during cold episodes (Arnold and Ovenden, 2002).

A. fragilis is a humid-condition, cold-tolerant reptile that, along with
the common frog, currently inhabits the Eurosiberian region of Iberia. It
is active from March to October and is commonly found both in open
meadows and seasonal forests (Galán, 2002; Pleguezuelos et al., 2004).
Small mammals and paleoenvironmental reconstructions

After calculating the MNI (262) of the different species of small
mammals, the species were ordered by stratigraphic levels covering
the Neolithic, Chalcolithic, Bronze, and Bronze/modern periods. All
these data are summarized in Table 1, including radiocarbon dates
whenever possible. The NISP is also provided in Table 2. Data on the
habitat and climatic preferences of the currently living species found
in Peña Larga are summarized in Table 3.

Thirty-one remains of Oryctolagus cuniculuswere identified in the
sample. They are present throughout the sequence except Sublevel
Ib, reaching an abundance peak in Level II. Rabbits are not included
in Tables 1 and 2 because, unlike other small mammals, they do not
provide precise paleoenvironmental information, and their presence
at the site (or at least part of it) could be associated with human
consumption.

The amount of samples studied and the good preservation of small
mammal bones (low digestion traces, moderate breakage, and pre-
served skeletal elements) suggest that they accumulated naturally,
mainly due to owls and to much lesser extent small carnivores.
Therefore, the small mammalian assemblage should be a feasible
means of reconstructing at least part of the biocenosis around Peña
Larga, and small mammals serve as proxies of habitat and climate
change due to their sensitivity to environmental conditions (Bertolini
et al., 1996; Pokines, 1998; Cuenca-Bescós et al., 2005; Sesé, 2005;
Cuenca-Bescós et al., 2009; López-García et al., 2010, 2012).

The number of taxa (species richness) and the MNI percentage per
species (relative abundance) are both measures of information
abstracted from habitats, in that habitats with extreme climates and
poor vegetation tend to be dominated by small numbers of species
with high amounts of individuals, whereas more equable habitats
with complex vegetation have larger number of species but no single
species is dominant; thus, landscape complexity is correlated with
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Table 3
Faunal list of the small mammals studied in this paper.

Small mammal species Habitat Climate

Scientific names Common names Rocky Humid meadow Grassland Water Forest Cave Warm Cold

Sciurus vulgaris Red squirrel X X
Glis glis Fat dormouse X X
Eliomys quercinus Garden dormouse X X
Apodemus sylvaticus Wood mouse X X
Arvicola sp. Water vole X X
Microtus (M.) gr. arvalis-agrestis Common/Field vole X X
Microtus (T.) lusitanicus Lusitanian pine vole X X
Chionomys nivalis Snow vole X X
Clethrionomys glareolus Bank vole X X
Sorex gr. araneus-coronatus Common/Millet's shrew X X
Sorex minutus Pygmy shrew X X
Neomys gr. fodiens-anomalus Water shrew X
Crocidura russula Greater white-toothed shrew X X
Talpa europaea Common mole X
Chiroptera Indet. Bats X

Columns third to eighth are the habitat types; the last two are climatic categories.
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high specific diversity and climatic equitability (Cuenca-Bescós et al.,
2009, 2011).

Small mammalian community changes over time

Figure 4 (based on data from Table 1) shows the stratigraphic and
quantitative distribution of the Peña Larga small mammals. Following
the stratigraphic sequence from bottom to top, in Level IV the as-
sociation is composed, in descending order of relative abundance (as de-
fined above), most of all by A. sylvaticus, T. europea, Microtus (Terricola)
lusitanicus and C. russula, and, to a lesser extent, by E. quercinus, Sorex
gr. araneus/coronatus, Cl. glareolus, G. glis, and Chiroptera. In spite of its
three different radiocarbon dates (see Table 1), the small mammal sam-
ple from this level is uniform.

In Level Lower-III, the most abundant taxon is by far Apodemus, its
relative abundance considerably rising from the previous level. Second
in abundance are G. glis and C. russula, closely followed by S. gr. araneus/
coronatus, Chiroptera, and S. minutus, the latter species appearing in this
level. Talpa europaea drastically drops together with M. (T.) lusitanicus
and E. quercinus, the latter two in a lesser extent. Microtus (Microtus)
gr. arvalis/agrestis, Sc. vulgaris, and Arvicola also appear in this level. A
first chiropteran peak occurs.

Level III has the highest MNIs of the sequence for ten out of fifteen
species (Table 1). Arvicola disappears from the record, but Ch. nivalis
and Neomys gr. fodiens/anomalus takes its place. In terms of relative
abundance, the descending list is as follows: A. sylvaticus, G. glis, C.
russula, M. (M.) gr. arvalis/agrestis, T. europaea, S. minutus, M. (T.)
lusitanicus, S. gr. araneus/coronatus, Cl. glareolus, E. quercinus, N. gr.
fodiens/anomalus, Ch. nivalis, and S. vulgaris.

Level II exhibits the most dramatic reduction in species of the
entire sequence. Sciurus vulgaris, E. quercinus, M. (M.) gr. arvalis/
agrestis, Ch. nivalis, Cl. glareolus, N. fodiens/anomalus, and C. russula
disappear from the record. The MNI of the remaining taxa falls nota-
bly, with the exception of S. gr. araneus/coronatus (Table 1). Both
proportionally and in the MNI, the most abundant taxon is, for the
first time, S. gr. araneus/coronatus, closely followed by A. sylvaticus and
T. europaea.

In Sublevel Ib the MNIs are still low (Table 1) and Apodemus turns
to dominate the record. The reappearance of E. quercinus and M. (M.)
gr. arvalis/agrestis is remarkable and to the detriment of S. gr. araneus/
coronatus. Glis glis, S. minutus, and T. europaea disappear, and a new
chiropteran peak is recorded. In Sublevel Ia a slight recovery in the num-
ber of species is observedwith the reappearance of Sc. vulgaris,G. glis and
T. europaea, although M. (T.) lusitanicus disappears. The most abundant
taxa are A. sylvaticus, S. gr. araneus/coronatus and T. europaea.
rg/10.1016/j.yqres.2012.11.002 Published online by Cambridge University Press
The dominant species throughout the entire sequence, with the
exception of Level II, is A. sylvaticus, and it is also numerically and
proportionally the most stable taxon of the assemblage. The next are
S. gr. araneus/coronatus and the chiropterans (both also present along
the whole sequence), followed by T. europaea, Microtus (T.) lusitanicus
and the glirids, especially G. glis.

It is evident that Level II marks an inflexion point in species rich-
ness, with low values from here on and only a small upturn in the lat-
est level (Ia). Richness peaks, in contrast, are recorded in Levels III and
Lower-III (14 and 13 species, respectively). In this sense, a simple
linear regression (Grayson, 1984) has been performed to evaluate
the relationship between sample size (measured as MNI) and the
number of species per level. The resulting bivariate plot is shown in
Figure 5. The high value of the coefficient of determination (R2=
0.8649) means that sample size and species richness are strongly cor-
related, and that richness is mostly driven by the size of the sample
(not environment) along the entire sequence. Therefore, in this
case, only the relative abundance of taxa per level must be considered
for paleoenvironmental reconstructions.

From a taphonomic perspective, it is very difficult to determine
the span of inoccupation periods. We can reasonably state that the
inoccupation of Level III was longer than any other, because of both
it is the only one with human burials and it is the one with the largest
amount of small vertebrates recovered (77% of the identified speci-
mens). However, we cannot discard some other, probably shorter,
inoccupation episodes along the rest of the sequence. The modern
experience with the accumulation of owl pellets show that, in only
30 years, it is possible to get thousands of owl pellets from an unoccu-
pied house (Gloria Cuenca-Bescós, personal communication).
Habitat and climate evolution at Peña Larga

Figure 6 (constructed by crossing data from Fig. 4 and Table 3)
reconstructs Peña Larga habitat and climate distribution based on
changes in the small mammalian community over time. First is the
pre-eminence of woodlands and warm conditions throughout the
sequence (with the important exception of Level II), both deter-
mined by the great representation of wood mouse (A. sylvaticus)
and glirids (G. glis, E. quercinus) in the record compared to the
other small mammals. Periods of landscape opening and oscillations
between temperate/humidmeadowandwarm/drymeadow(grassland)
are given, over all, by the alternation in representation of the red-toothed
shrews (Sorex gr. araneus/coronatus, S. minutus) and the white-toothed
shrew (C. russula), and to a lesser extent by the alternation of two species
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Figure 4. Quantitative distribution of the small mammals from Peña Larga (Cripán, Álava, Spain) from the early Neolithic to the middle Bronze Age. From left to right, columns
represent the cultural periods defined by their archeological contents, the stratigraphic levels of Peña Larga, the fifteen taxa recorded at the site, and the ages expressed in cal yr
BP. Graphics represent the relative species abundances variations through time expressed in terms of the percentage of the minimal number of individuals (MNI) in each level
(% of the MNIs given at the top of each column).

Figure 5. Scatter diagram showing the relationship between log10 number of species
(x) and Log10 minimal number of individuals (y) per level in Peña Larga. Diamonds
are the points of interception between variables, the line is the regression slope, and
R2 is the coefficient of determination.
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of voles: Microtus (T.) lusitanicus and M. (M.) arvalis/agrestis (see
Table 3).

Talpa europaea is also significant in humid meadow representa-
tion. The relative abundance of this species together with those of
Sorex determines the humid meadow and cold peaks of Level II.

As expected, a rocky habitat (cold and dry) is poorly represented at
Peña Larga, with just a few specimens of Ch. nivalis in Level III. Also
scarce are taxa related to aquatic environments (e.g., Arvicola, Neomys),
only being present in the lower half of the sequence.

Due to their strong relation to the substrate, Cuenca-Bescós et al.
(2009) suggest not including chiropterans in any of the main habitat
types. However, it is worth noting that their relative abundance peaks
in the sequence coincide with advances of forest and warm condi-
tions (Levels Lower-III and Ib).

To summarize, we have a global perspective for the environment
of Peña Larga (Fig. 6) that begins during the early and middle
Neolithic (Level IV) with a temperate phase in which forest prevails
but humid meadows are also important. Towards the end of the
Neolithic (Lower-III), conditions became warmer, with woodland
reaching its peak to the detriment of humidmeadows. At the beginning
of the Chalcolithic (Level III), warm conditions persisted and grasslands
slightly gained terrain to humidmeadows andwoodlands. Towards the
middle or end of this period (Level II), a relatively cold phase began,
with a great advance of humidmeadows to the detriment of woodlands
and grasslands. The open humid landscape exceeded by far the limit
reached during the early/middle Neolithic.

The environmental scenario of Sublevels Ib and Ia is quite different
from that observed after the mild phase of Level IV (Levels Lower-III
oi.org/10.1016/j.yqres.2012.11.002 Published online by Cambridge University Press
and III), with forest and grassland upturns in Sublevel Ib and a consid-
erable recovering of humid meadows in Sublevel Ia.

The presence of Ch. nivalis in Level III is noteworthy as it is the only
species representing the rocky habitat in the assemblage. As for El

image of Figure�4
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Figure 6. Paleoenvironmental evolution of Peña Larga (Cripán, Álava, Spain) based on the distribution of habitat types and climatic oscillations along the stratigraphic sequence.
From left to right, columns represent the cultural periods defined by their archeological contents, the stratigraphic levels of Peña Larga, the species grouped by their habitat and
climatic requirements, the δ18O curve obtained from a deep ice core of central Greenland (GISP2, Grootes et al., 1993), and the ages expressed in cal yr BP. Dates for Sublevels
Ia–Ib were estimated. W, warm; C, cold.
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Mirón (Cuenca-Bescós et al., 2009), this element could anticipate the
arrival of the subsequent cold phase (Level II), which coincides with
the short “Ice Age” recorded during the Chalcolithic/early Bronze
Age transition (Bond et al., 1997, 2001).

Warm conditions and the increase in open landscapes during the
early Chalcolithic would have been optimal for the proliferation of
open-air households and the use of caves and rock shelters for burial
purposes, as in the Peña Larga Level III.

Discussion

Comparing our results with those obtained from the palynological
study of Peña Larga (Iriarte, 1997: Fig. 1 therein), we generally find
more coincidences than contradictions.

Iriarte (1997) emphasizes, above all, the importance of spores and
filicales at the site, its presence reflecting environmental humidity for
the entire sequence. Quantitative evolution of this kind of pollen at
levels ranging from the early Neolithic to the middle Bronze Age
shows a trend very similar to that of the humid meadow habitat
obtained from the small mammal distribution. Likewise, the evolu-
tion of the poaceae pollen (herbaceous flora) perfectly correlates
with that of grasslands. The same occurs with the arboreal pollen
and the forest habitat, which exhibit opposite trends only in Sublevel
Ib.

There is no contradiction between pollen and small mammals in
the reconstruction of the Peña Larga environment during the Neolithic
and Chalcolithic periods (Levels IV to II). The relatively cold and humid
phase of Level II is perfectly reflected, with a drastic fall in numbers in
the case of small mammals, and a rise in spores and filicales to the
detriment of arboreal pollen and poaceae.

It is undeniable that, during the Chalcolithic and the Bronze Age,
agriculture and stockbreeding spread drastically on the Iberian
Peninsula (Barrios, 2004; Fabián et al., 2006; Cuenca-Bescós et al.,
2009). Peña Larga is no exception, and to this could be attributed the de-
crease in woodland detected in the pollen analysis of Sublevel Ib and
rg/10.1016/j.yqres.2012.11.002 Published online by Cambridge University Press
below (Iriarte, 1997). From the point of view of the small mammalian
association, in this sublevel there is an upturn in forest habitat and
warm conditions (compared to Level II), but species amounts remain
low. This could be explained either by a climatic change and/or, more
likely, by an increase of human activity in the surroundings. We have
to bear in mind that the sampling of small mammals accumulated by
birds of prey was carried out on a much larger scale than that of pollen,
which could generate apparent contradictions.

There are pollen studies reflecting dry conditions for the Chalcolithic/
Bronze Age transition on the Iberian Peninsula (e.g., Burjachs and López
Sáez, 2003; López-Sáez and López-García, 2003; Fabián et al., 2006).
This is probably true for the markedly seasonal North Plateau, where
those studies were carried out. However, this conclusion should not be
extrapolated to the well-known humid Cantabrian realm (e.g., Pokines,
1998; Cuenca-Bescós et al., 2009).

As stated above, the scarcity of amphibians and reptiles in Peña
Largas's archeological record led to themethodological decision of leav-
ing them out of the paleoenvironmental reconstructions. Nevertheless,
the presence of both R. temporaria and, particularly, of A. fragilis further
support the predominance of forested and humid habitats throughout
the sequence.

On a regional perspective, the Peña Larga's environmental recon-
struction roughly coincides with that of the upper part of El Mirón
in Cantabria (Cuenca-Bescós et al., 2009), with the predominance of
woodland and warm conditions for the Neolithic/Chalcolithic period,
and the expansion of humid meadows during the Bronze Age. On the
continental and global scales, the Peña Larga sequence reflects a
mostly warm period within the Holocene Climatic Optimum.

Deep ice cores from central Greenland provide a long reliable
climate record, which extends back to 105 ka (Grootes et al., 1993).
We have correlated our data on habitat and climate distribution
from Peña Larga with the δ18O curve obtained from the Greenland
Ice Sheet Project 2 (GISP2). We correlated the lower part of the
curve with the calibrated radiocarbon ages given in Table 1 (levels
IV–II), and the remaining with estimated dates for the early and
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middle Bronze Age (Sublevels Ia–Ib). The GISP2 δ18O curve in Figure 6
shows a relatively stable warm/temperate scenario for Levels IV to III,
and then a cooling towards Level II. This cold episode is especially
meaningful as it roughly coincides with the relatively cold humid
meadow expansion during the Chalcolithic/Bronze Age transition
(Level II) at Peña Larga. This short “Ice Age” is well documented by
Bond et al. (1997, 2001), as the Holocene Cold Event 3 (HCE 3) by
means of the record of lithic fragments (fresh volcanic glass from
Iceland and hematite stained grains, both contained in drift ice) of
European origin found at diverse sedimentary cores from the North
Atlantic.

Conclusions

The Peña Larga rock shelter (Cripán, Álava) has a long archeological
sequence of seven stratigraphic units, six of them cultural, comprising
the early and middle Neolithic, the early and late Chalcolithic, and the
early and middle Bronze Age (Atlantic to Subboreal chronozones).
Nearly twenty-eight thousand microvertebrate elements were recov-
ered from the site. From them, 2553 items were identified either to
the genus or species level.

The small vertebrate assemblage is composed of mammals, birds,
reptiles, and amphibians, and it was naturally accumulated, mainly
by owls and, to a much lesser extent, by small burrowing carnivores.

In Peña Larga, only small mammals meet the requirements to be
used for paleoenvironmental reconstructions. They are very sensitive
to climatic conditions and their distributions throughout the strati-
graphic sequence, measured in terms of species relative abundance,
serve as rough proxies of habitat and climatic change. Most of the
small vertebrate elements identified (77%) come from Level III, which
is likely due to a longer lack of human occupation (relative to other
levels), and the resulting increase in birds of prey activity, during this
period.

Close relationships between environment and the dynamics of
human settlement become particularly evident also in Level III,
where the cave was used as a collective burial instead of a household,
people likely living in open-air dwellings, encouraged by both warm
conditions and the proliferation of grasslands during this period.

The paleoenvironmental reconstruction of Peña Larga based on
small mammals mostly coincides with other habitat and climatic
proxies, such as pollen and the amphibian/reptile record on the local
scale, and an ice core from central Greenland on the global scale.
Level II's mild conditions roughly correspond to the short “Ice Age”
recorded during the Chalcolithic/Bronze Age transition. All these
factors turn the paleoenvironmental record from Peña Larga into a
very useful tool for comparative purposes both in the regional and
continental scales.
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