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Abstract: The Chalcolithic levels of El Portalón de Cueva Mayor (Atapuerca, Burgos, Spain) offer a
good opportunity to test whether the small-mammal contents of different archaeo-stratigraphical
units may be useful to characterize them as independent entities. With that purpose, we studied
representative samples of small-mammal remains from the two main contexts identified: the Early
Chalcolithic (EC) funerary context and the Late Chalcolithic (LC) habitat/stabling context, with the
latter comprising three different archaeological units according to their origin, namely prepared
floors, activity floors and stabling surfaces or fumiers. Following the distribution of taxa in their
respective contexts, we performed several statistical tests to check for significant discrepancies
between archaeological units. The exclusive presence of certain taxa, together with the statistical
difference in relative taxonomic ratios, points to the integrity and unpolluted condition of the EC
context. The interspersed arrangement of the different LC context’s units made them prone to
inter-pollution as they are not statistically different. The unexpected presence of Pliomys lenki and
Chionomys nivalis in the prepared floors evidences their Upper Pleistocene allochthonous origin. The
EC levels of El Portalón contribute the first Holocene records of nine taxa in the Sierra de Atapuerca.
An environment dominated by woodland, shrubland and wet meadows, with moderate presence of
grassland, inland wetlands and rocky areas, is inferred from the small-mammal association of the
EC levels.

Keywords: small mammals; archaeological contexts; Chalcolithic; biostratigraphy; past environment;
Holocene; Sierra de Atapuerca; Iberian Peninsula

1. Introduction

The fossil remains of small vertebrates are frequently preserved in archaeological and
paleontological contexts such as cave and rock shelter deposits, sometimes in association
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with human remains and artefacts. Contrary to their larger counterparts, which are usually
a product of human selection, the small-vertebrate accumulations mainly result from diges-
tion or storing by their predators (i.e., birds of prey and small carnivores) or natural death.
Despite unavoidable filters due to specific predators [1–3], they reflect local biocenoses
reasonably well. The presence or absence and relative abundance of small-mammal species
can thus be used as proxies for biochronology (e.g., References [4,5]) and for the reconstruc-
tion of both past environments (e.g., References [6–10]) and biogeographical histories (e.g.,
References [11,12]).

Such interpretations are based on the working hypothesis of a strict contemporary
association between small vertebrates and archaeological remains, implying good archae-
ological coherence of the analysed assemblages. There are exceptions to this hypothesis,
i.e., some post-depositional processes can affect the stratigraphy of a given site by altering
the integrity of the deposits [13,14] and, therefore, the subsequent scientific interpretations.
For instance, caves and rock shelters are propitious places for small- and medium-sized
animals to nest or build burrows, which may significantly modify and pollute faunal
assemblages [15–17]. The tiny size of small-vertebrate remains favors percolations into
underlying layers along stratigraphic sequences, and this is a known phenomenon in given
archaeological deposits [18].

The Chalcolithic levels of El Portalón de Cueva Mayor (Atapuerca, Burgos, Spain)
offer a unique opportunity to test whether the small-mammal contents of different archaeo-
stratigraphical units may be useful to characterize them as independent entities (for bios-
tratigraphical, biogeographical and paleo-environmental interpretations), and, if so, to
what extent. For this purpose, we depart from a working hypothesis opposite to the
one previously mentioned: there was (some degree of) pollution among units. Is this
true? Moreover, even if so, is it still possible to distinguish and characterize archaeo-
stratigraphical units/contexts according to their respective small-mammal contents?

To answer these questions, we have studied representative samples of small-mammal
remains from the two main archaeo-stratigraphical contexts identified in the Chalcolithic
levels of El Portalón: the Early Chalcolithic (EC) funerary context and the Late Chalcolithic
(LC) habitat/stabling context, with the latter comprising three different archaeological
units according to their origin, namely prepared floors, activity floors and stabling surfaces
or fumiers. Following the taxonomical identification, we performed several statistical tests
to check for significant discrepancies between contexts and archaeological units. Relevant
biostratigraphic and environmental insights are also given.

Preliminary results of this work were presented elsewhere [19], but they were substan-
tially revised and improved here.

2. Materials and Methods
2.1. The Site

El Portalón is located at the current entrance to the Cueva Mayor-Cueva del Silo karst
system of the Sierra de Atapuerca (Burgos, Spain) (Figure 1). The latter is internationally
well-known for its Pleistocene hominin-bearing localities [20–23], but also provides a rich
stratigraphic record from the Holocene [24–31]. The relevance of El Portalón relies on
its long human occupation, documented from the Paleolithic to historic times (from ca.
35,205 yr cal BP to 796 yr cal BP) [24,26–29]. El Portalón site alone currently surpasses
200 m2. However, this space is part of a much larger endokarstic archaeological area that
comprises the room known as Salón del Coro or Galería Principal (which is part of El
Portalón site itself) and the Galería del Sílex (Figure 1b,c).
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Figure 1. Location of El Portalón de Cueva Mayor archaeological site. (a) Location of the site in the Sierra de Atapuerca;
(b) location of the site at the entrance of the Cueva Mayor-Cueva del Silo karstic system (plan view), with the latter
containing numerous Lower Pleistocene to Holocene archaeo-paleontological sites (in red); (c) general view of the works
during the excavation of the early Chalcolithic funerary tumulus (ca. 5000 yr cal BP).

The currently known stratigraphic sequence of El Portalón exceeds 10 m and is divided
into 11 stratigraphic units grouped into two sedimentary units (Figure 2). There is a basal
sedimentary unit from the Upper Pleistocene with abundant microfauna [32]; however,
evidence of macrofauna and human presence is scarce. The second sedimentary unit
comprises the Holocene and is divided into ten stratigraphic units [26]. The cultural
affiliation of the Holocene units based on the material records and supported by a large
radio-chronological set provide evidence for occupations in the Middle Ages (9th–12th
Centuries CE), the Roman Age (2nd Century BCE to 2nd Century CE), the Iron Age I
(2360–2740 yr cal BP), Bronze Age (2876–4250 yr cal BP), Chalcolithic (4100–5572 yr cal BP)
and Neolithic (5745–7270 yr cal BP) [26].
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Figure 2. Stratigraphy of El Portalón de Cueva Mayor archaeological site (south profile). Chalcolithic units 7 and 8 represent
a Pre-Bell-Beaker funerary context (stone tumulus) (unit 8) and a late Pre-Bell-Beaker and Bell-Beaker stabling/habitational
context (unit 7).

This study focuses on small-mammal samples from the Chalcolithic archaeo-stratigraphic
levels (Figure 2).

2.2. Archaeo-Stratigraphic Units and Chronology

The Chalcolithic stratigraphic units are divided into two phases. The older corre-
sponds to an Early Chalcolithic or Pre-Bell-Beaker funerary context, whereas the Late
Pre-Bell-Beaker and Bell-Beaker phase is characterized by a herding and habitat context.
The data in this section mainly follow Pérez-Romero et al. [29].

2.2.1. Early Chalcolithic (Pre-Bell-Beaker) Funerary Context (UE79)

The burial phase comprises a tumular stacking of decimetric limestone clasts of
approximately 8 m in diameter and 2 m high in the center. It seems to have an oval shape
and is made up of limestone blocks with sizes varying from 40 to 10 cm, and locally they
appear to form upward-fining sequences.

The tumular structure was built by a progressive accumulation of limestone clasts
in an aggrading (vertical) and prograding manner over a basal surface defined by a floor
covered with pottery “pavements”, on which there are numerous circular small fire pits
filled with partially combusted charcoal fragments (UE79) (Figure 3d). Associated with the
fire pits, nearly complete small ceramic bowls are found, along with remains of immature
individuals of domestic fauna, mainly lambs, in anatomical connection. Among the
limestone clasts and sometimes lying on the floor, different human remains are found,
defining funerary contexts with some archaeological elements typical of grave goods
(Figure 3e).
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Figure 3. Different archaeological contexts of the Chalcolithic levels of El Portalón de Cueva Mayor
site: (a) General view during the excavation of a prepared floor and active soils from the stabling
phase. Note the overlapping disposition of these units in relation to the limestone blocks of the
funerary tumulus from the previous phase; (b) detailed view of the alternation of prepared clay
floors (orange) and active soils (dark) from the habitat/stabling context; (c) partially excavated white
ash layer (fumier) covering the funerary tumulus; (d) general view of the funerary tumulus; note
the basal large limestone blocks which originated from a collapse of the cave roof; (e) an example
of the human remains contained in the funerary tumulus corresponding to an intact burial of a
6-year-old child.

The characteristics of the funerary context suggest this to be the result of repetitive
burial activity following a similar funerary pattern over time. Each event appears to have
partially disturbed a previous funerary context, with possible collapse of a large part of
the roof of the cavity during this period. There is a minimum of eight buried individuals.
Furthermore, the later habitation and stable use of the cave seems to have contributed to the
disturbance of some of the funerary structures. Under this scenario, human bone remains
are a common occurrence, and grave-goods elements often appear scattered among the
limestone blocks of the tumular structure [29,33].

2.2.2. Late Chalcolithic (Late Pre-Bell-Beaker and Bell-Beaker) Habitat and
Stabling Context

Prepared floors (UE23A): They are composed of orange-brown silty/clayey levels of
less than 10 cm thick incorporating small limestone fragments. They include fragmentary
archaeological remains (e.g., charcoal, bone, pottery, etc.), mainly at the top. These floors
are interpreted as built anthropic floors made of endokarstic silts and clays extracted from
the internal galleries of the cave where the pits are still visible. They were likely intended
to adequate moist areas for various human activities (living, cooking, etc.). They usually
contain anthropic structures, such as hearths and postholes, and appear interspersed with
gray sediments belonging to “activity floors” (Figure 3a,b).

Activity floors (UE23): Grayish clayey units formed by the remains of human activities
that took place on them (ashes, charcoal, bone fragments, pottery, vegetal remains, etc.)
mixed with fine sediments, trampled and normally deposited above the prepared floors or
materials originated from other uses, as stabling (fumiers). They have a variable thickness,
from few centimetres to decimetres (Figure 3a,b).
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Stabling surfaces or fumiers (Layers 214B, 214A, 214, 212, 220, 216): They appear as
fine alternating horizontal (millimetric to centimetric) layers with abundant carbonaceous
remains (blackish) and ashes (whitish). They represent burned remains of vegetal layers
(herbaceous and branches) and manure from livestock stabling areas. These units appear
either attached, laterally equivalent or interspersed with the prepared floors and the activity
floors (Figure 3c).

Thus, we observe a compartmentalization and an alternation of the uses of the
cave space.

2.2.3. Chronology

Nine different cereal seed and bone remains from Chalcolithic archaeo-stratigraphic
units from the funerary and stabling contexts studied in this work have been radiocarbon
dated [26,29,34] (Table 1). More in detail, four human samples and two faunal remains
from the funerary context and two cereal seeds (Triticum sp.) and one bone sample from
the stabling context were radiocarbon dated using accelerator mass spectrometry (AMS) at
Beta Analytic Inc. (Miami, Florida) [34]. Calibration to years cal BP was made by using
Oxcal v4.4 software based on the IntCal20 radiocarbon age calibration curve [35].

Table 1. Radiocarbon dates of the Chalcolithic levels of El Portalón de Cueva Mayor sites. Con., conventional; cal, calibrated.

Sample Chalcolithic
Cultural Context

Laboratory
Code

Con. Age (yr
BP)

Age
(yr cal BP) Reference

Human tibia Bell-Beaker (UE4) Beta-269494 3900 ± 40 4423–4158 [26]
Triticum sp. seed Pre-Bell Beaker/Stabling (UE209) Beta-347579 4230 ± 30 4859–4646 [26]
Triticum sp. seed Pre-Bell Beaker/Stabling (UE212a) Beta-347580 4280 ± 30 4957–4732 [29]

Human adult proximal
foot phalange Pre-Bell Beaker/Funerary (UE79) Beta-368290 4280 ± 30 4957–4732 [34]

Human tooth Pre-Bell Beaker/Funerary (UE80) Beta-337300 4300 ± 30 4960–4830 [34]
Bos sp. Pre-Bell Beaker/Funerary (UE80) Beta-337299 4380 ± 30 5042–4860 [29]

Human adult thoracic
vertebra Pre-Bell Beaker/Funerary (UE79) Beta-368289 4400 ± 30 5214–4862 [34]

Ovicaprine tooth Pre-Bell Beaker/Funerary (UE79) Beta-197389 4440 ± 50 5285–4874 [29]
Human fragment of a

right tibial shaft Pre-Bell Beaker/Funerary (UE79) Beta-368285 4460 ± 40 5294–4886 [34]

For a comprehensive chronology/biochronology of the different sites comprising the
Atapuerca archaeo-paleontological complex, we refer the reader elsewhere [4,5]. Further
recent references may enrich this general frame [36–39].

2.3. Samples

The studied assemblage includes 12,867 elements, of which 2325 were identified either
to the family, genus and/or species level. To obtain the samples, the sediment from the
different archaeo-stratigraphic units of the Chalcolithic levels of the site was water-screened,
using a stack of sieves of decreasing mesh size (5, 2 and 0.5 mm). The small mammals were
collected from residue coarser than 0.5 mm in the following proportions: 112 liters from
the funerary context, 84 liters from the prepared floors, 90 liters from the activity floors and
91,75 liters from the fumiers.

Fossils were sorted, classified, counted and studied with the aid of a binocular mi-
croscope (Nikon SMZ-U; 7x, 20x, and 40x magnifications). Most of the elements are teeth,
isolated mandibles, skull fragments and postcranial bones.

The light-to-moderate gastric digestion and scant breakage observed in the small-
vertebrate remains indicate that the bones were likely accumulated by an avian predator of
category 1, such as a barn owl (Tyto alba), which is an opportunistic rather than a selective
hunter [2,3]. However, there are certain instances of heavy-to-extreme modification, which
means categories 4 to 5 on the Fernández-Jalvo et al. [3] scale. In these cases, the agents of
deposition were most probably small-mammalian carnivores and/or diurnal birds of prey.
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2.4. Taxonomic Identification and Quantification

The species/taxon of each small-mammal remain was identified based on cranial and
post-cranial diagnostic elements: isolated teeth for the Murinae, Gliridae, Sciuridae and
Arvicolinae; mandibles, maxillae and isolated teeth for the Soricidae and Chiroptera; and
post-cranial skeleton for the Talpidae. The taxonomic classification follows well-known
References [40,41].

The absolute number of elements per taxon was expressed as the number of identified
specimens (NISP). The relative ratios of fossil species were established with the minimum
number of individuals (MNI), also used as a quantitative measure to evaluate differences
among archaeo-stratigraphic units and for paleo-environmental estimations. To determine
the MNI, we consider a diagnostic anatomical element, taking into account laterality, e.g.,
first lower molar in arvicolines and humerus in Talpidae.

2.5. Statistical Analysis

Differences in small-mammal relative taxonomic ratios among samples from differ-
ent archaeo-stratigraphical units/contexts were assessed by an analysis of the variance
(ANOVA) on the MNI, with subsequent pairwise t-tests between samples, namely Tukey’s
(Copenhaver-Holland 1988), Mann–Whitney and Dunn’s post hoc, with the latter two
with Bonferroni corrections. Statistical analyses were performed by using PAST software
v. 3.21 [42].

2.6. Paleo-Environmental Estimations

The information on the habitat affinities of the small-mammal taxa identified at the
EC levels of El Portalón was taken from the IUCN Red List of Threatened Species [41]
and the bibliography therein; it is summarized in Table 2. The habitats of the wild large
mammals mentioned in the Discussion come from the same source. We apply an actualist
approach; that is, being a site with a relatively recent chronology, all the fauna are extant,
which means that there is little doubt in the species–habitat correlations.

Table 2. Habitat affinities (in green) of small-mammal taxa identified at the early Chalcolithic levels of El Portalón de Cueva
Mayor. Fo, forest; Sh, shrubland; Gr, grassland; WI, wetland (inland); RA, rocky areas including caves.

Taxa Fo Sh Gr WI RA
Crocidura suaveolens

Sorex gr. araneus-coronatus
Sorex minutus
Neomys fodiens

Talpa sp.
Miniopterus schreibersii
Myotis gr. myotis-blythii

Arvicola sapidus
Microtus (T.)

duodecimcostatus
Microtus (T.) lusitanicus

Microtus agrestis
Microtus arvalis

Apodemus gr.
sylvaticus-flavicollis
Eliomys quercinus
Sciurus vulgaris

Oryctolagus cuniculus

3. Results

The complete association of small mammals from the Chalcolithic levels of El Portalón
includes five eulipotyphlans (Crocidura suaveolens, Sorex gr. araneus-coronatus, S. minutus,
Neomys fodiens and Talpa sp.), two chiropterans (Miniopterus shreibersii and Myotis gr. myotis-
blythii), nine rodents (Arvicola sapidus, Pliomys lenki, Chionomys nivalis, Microtus (Terricola)
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duodecimcostatus, M. (T.) lusitanicus, M. agrestis, M. arvalis, Apodemus gr. sylvaticus-flavicollis,
Eliomys quercinus, and Sciurus vulgaris) and one lagomorph (Oryctolagus cuniculus). The
detailed list of species, together with the NISP and NMI values per archaeo-stratigraphic
unit and context, is shown in Table 3.

Table 3. Number of identified specimens (NISP) and minimal number of individuals (MNI) for the Chalcolithic levels of El
Portalón de Cueva Mayor.

Chrono-Cultural
Period Early Chalcolithic Late Chalcolithic

Context Funerary Habitat/Stabling
Floor Prepared Activity Fumier
Taxa NISP MNI NISP MNI NISP MNI NISP MNI

Crocidura suaveolens 281 83 31 6 46 11 67 25
Sorex gr.

araneus-coronatus 326 79 19 3 67 16 104 38

Sorex minutus 4 3 0 0 0 0 2 2
Neomys fodiens 3 1 0 0 0 0 0 0

Talpa sp. 10 4 0 0 0 0 7 3
Miniopterus schreibersii 9 5 1 1 4 3 0 0

Myotis gr.
myotis-blythii 27 6 2 1 13 5 5 2

Arvicola sapidus 7 4 1 1 0 0 0 1
Pliomys lenki 0 0 2 1 0 0 0 0

Chionomys nivalis 0 0 2 1 0 0 0 0
Microtus (T.)

duodecimcostatus 15 10 2 2 2 2 7 6

Microtus (T.) lusitanicus 49 33 2 1 7 5 14 9
Microtus agrestis 58 36 9 6 16 11 40 25
Microtus arvalis 95 54 12 10 14 9 37 24

Apodemus gr.
sylvaticus-flavicollis 555 121 37 9 94 17 143 33

Eliomys quercinus 35 10 3 1 7 3 12 7
Sciurus vulgaris 2 2 1 1 1 1 0 0

Oryctolagus cuniculus 8 3 6 2 2 2 0 0
Totals 1484 454 130 46 273 85 438 175

In taxonomical terms, the EC funerary context differs from the LC habitat/stabling
context in the exclusive presence of N. fodiens in the former. The prepared floors differ from
any other archaeo-stratigraphic unit in the presence of P. lenki and C. nivalis. Within the
habitat/stabling context, the activity floors differ from the other two units in the absence of
A. sapidus; the fumiers, in turn, differ from the other two in the presence of S. minutus and
Talpa sp. and the absence of O. cuniculus, Sc. vulgaris and M. shreibersii. Figure 4 (EC) and
Figure 5 (LC) display diagnostic elements from the different archaeo-stratigraphic units
under study, highlighting those taxa which only appear in particular units.
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Figure 4. Diagnostic elements of the different taxa present at El Portalón de Cueva Mayor Early Chalcolithic funerary
context: (a) Microtus arvalis, left m1 (occlusal view); (b) M. agrestis, right m1 (occlusal view); (c) M. (Terricola) duodecimcostatus,
left m1 (occlusal view); (d) M. (T.) lusitanicus, right m1 (occlusal view); (e) Apodemus gr. sylvaticus-flavicollis, right M1-
M2 (occlusal view); (f) Sciurus vulgaris, left p4 (occlusal and lingual views); (g) Talpa sp., left humerus (posterior view);
(h) Oryctolagus cuniculus, right I1 (occlusal view); (i) Eliomys quercinus, left m1 or m2 (occlusal view); (j) Arvicola sapidus,
left M1 (occlusal and buccal views); (k) Neomys fodiens, left mandible with i1-p4-m1-m2 (lateral view) and condyle detail
(posteroventral view); (l) Sorex gr. araneus-coronatus right mandible with i1-a1-p4-m1-m2-m3 (lateral view) and condyle
detail (posteroventral view); (m) Crocidura suaveolens, right mandible with i1-p4-m1-m2-m3 (lateral view) and condyle detail
(posteroventral view); (n) Miniopterus schreibersii, right mandible with m2-m3 (lateral view); (o) Sorex minutus, left mandible
with i1-a1-p4-m1-m2-m3 (lateral view) and condyle detail (posteroventral view); (p) Myotis gr. myotis-blythii left mandible
with m1-m2 (lateral view). Scale bars of a–f, h, i = 1 mm; g, j–p = 5 mm.
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Figure 5. Diagnostic elements of the different taxa present at El Portalón de Cueva Mayor Late Chalcolithic habita-
tional/stabling context, highlighting the taxa which are particular to specific floors: (a) Microtus arvalis, left m1 (occlusal
view); (b) M. agrestis, left m1 (occlusal view); (c) M. (Terricola) duodecimcostatus, left m1 (occlusal view); (d) M. (T.) lusitanicus,
left m1 (occlusal view); (e) Apodemus gr. sylvaticus-flavicollis, right m1-m2 (occlusal view); (f) Eliomys quercinus, left m1
or m2 (occlusal view); (g) Sorex gr. araneus-coronatus, right mandible with i1-a1-p4-m1-m2 (lateral view) and condyle
detail (posteroventral view); (h) Crocidura suaveolens, left mandible with i1-p4-m1-m2-m3 (lateral view) and condyle detail
(posteroventral view); (i) Sorex minutus, right mandible with p4-m1-m2 (lateral view) and condyle detail (posteroventral
view); (j) Myotis gr. myotis-blythii right maxilla with P4-M1-M2-M3 (lateral and occlusal views); (k) Oryctolagus cuniculus, left
I1 (occlusal and buccal views); (l) Talpa sp., 3rd phalanx (dorsal and lateral views); (m) Arvicola sapidus, right M2 (occlusal
and lingual views); (n) Sciurus vulgaris, right p4 (occlusal and posterior views); (o) Miniopterus schreibersii, right mandible
with p3-p4-m1-m2 (lateral and occlusal views); (p) Chionomys nivalis, left m1 (occlusal view); (q) Pliomys lenki, left m2
(occlusal and buccal views). Red, only in the prepared floors; green, only in the fumiers; blue, only in the prepared and
activity floors. Scale bars of a–f, j (lower), k–q = 1 mm; g–j (upper) = 5 mm.



Quaternary 2021, 4, 16 11 of 16

Although the ANOVA test for equal means showed a statistically significant difference
among units (p < 0.05), the subsequent pairwise t-tests (Tukey’s, Mann–Whitney and
Dunn’s post hoc) revealed that the three units from the LC were not statistically different
in their relative taxonomic ratios. That is not the case for the EC Funerary context, which
is significantly different from the prepared floors according to all the pairwise t-tests
performed (p = 0.004; p = 0.03; p = 0.04, respectively) and significantly different from the
activity floors according to Tukey’s (p = 0.01).

Crossing data from Table 2 (habitat) and Table 3 (MNI), we can state that, at the EC
layers, twelve species represent the forest habitat; eleven, the shrubland; ten, the grassland;
five, the inland wetland; and four, the rocky areas, including caves.

4. Discussion

Particularly striking is the presence of Pliomys lenki in the Chalcolithic layers of El
Portalón. The last records of this species in Europe date to the very end of the Younger
Dryas, and they come from Southwestern France and the Cantabrian region of the Iberian
Peninsula [5,43]. However, several diagnostic traits (i.e., presence of roots, absence of
cement in the re-entrant angles of the crown and large size in relation to the other contem-
poraneous rooted arvicoline, i.e., Myodes glareolus) indisputably assign the lower molar
found at the prepared floors to P. lenki (Figure 5q). The red pigment of the teeth and the
general shape and size of a soricine mandible found at the funerary context (Figure 4k)
identify it as belonging to Neomys fodiens and not to its smaller relative N. anomalus.

The presence of P. lenki and Chionomys nivalis confirm the allochthonous endokarstic
nature of the clay sediments used in the prepared floors, biostratigraphically attributable
to the Upper Pleistocene [4,5,43]. Chionomys nivalis has been previously recorded for the
latest Pleistocene levels of El Portalón [32], but the last evidences of P. lenki in Atapuerca
are from the Middle Pleistocene (i.e., Galería-Cueva de los Zarpazos [4,5]). Nevertheless,
as stated before, the latest records of the species in Spain come from the Cantabrian region,
dating back prior to the Pleistocene/Holocene transition (e.g., Laminak and El Mirón [43]).

Two bone remains of wild large mammals were found within the prepared floors:
an atlas of Bos primigenius (ATP11.UE23a.862) and a distal part of a humerus of Sus scrofa
(ATP11.UE23a.861) [44–46]. They might be allochthonous as well, considering that the
wild large mammalian fauna is very scarce at the LC levels of El Portalón (accounting for
only 2% of the identified taxa, otherwise largely dominated by domestic species), and that
these two species are not present in the underlying EC levels [44]. We cannot be certain
on their attribution to the Upper Pleistocene though, a status which absolute dates may
eventually assess.

The prepared floors are statistically different from the EC funerary context in terms
of their small-mammal relative taxonomic ratios, and arguably different from the activity
floors as well. This, together with the presence of N. fodiens and the absence of P. lenki
and C. nivalis in the funerary context, argues in favor of the integrity of this archaeo-
stratigraphic unit, which likely remained unpolluted from overlying LC small-mammal
remains percolations.

In spite of the Pleistocene components of the prepared floors, this unit is not statis-
tically different from the other two within the compartmentalized LC habitat/stabling
context, and inter-pollution among units cannot be ruled out. This is not surprising for
layers that appear interspersed one another.

Comparing the EC and LC contexts as whole individual archaeo-stratigraphic entities,
we notice that, even if the amount of residue tested for the LC (266.75 liters) is higher
than for the EC (112 liters), the NISP and MNI are clearly higher in the latter, while the
number of taxa is slightly lower. Presence of Pleistocene allochthonous components in the
LC may explain the latter phenomenon but the former may correspond to a more complex
scenario: prepared/activity floors and fumiers are all products of human endeavors;
consequently, avian predators and small-mammalian carnivores (main agents responsible
for the accumulations of small-mammal remains) were not able to enter the cave with
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the frequency they did when it was used mainly for burying the dead. NISP and MNI
at the funerary context are higher than at the habitat/stabling context, and this is likely
because humans and stabled animals scared away the predators. When the cave was a
sacred space, during the EC, with minimal presence of people, predators were freer to enter.
This possibility is supported by the low synanthropic index (35.58%) obtained elsewhere
for these levels [47]. Human-induced disturbances on small-mammal palaeocommunities
(i.e., bats) are already known in other cave sites of the Atapuerca complex [10].

Cuenca-Bescós et al. [4,48] defined seven biostratigraphic units for the Sierra de Ata-
puerca sequence (i.e., Faunal Units (FU) 1–7), the uppermost of them, FU 7, corresponding
to the latest Pleistocene small-vertebrate association of El Portalón [32]. An updated version
of this biostratigraphic series [5] adds two more faunal units, being FU 8 characterized
mainly by the first appearance of the species M. (T.) lusitanicus at the Chalcolithic levels of
El Portalón [19]. Subsequently, Bañuls-Cardona et al. [37] contributed a detailed study of
the small-mammal assemblages from the contiguous cave of El Mirador, with a chrono-
stratigraphy going from the latest Pleistocene up to the late Holocene. In her Ph.D. thesis,
Bañuls-Cardona [47] presented a study of the EC (UE79) and LC (UE85) small-mammal
associations of El Portalón, mainly intended for the reconstruction of past climate and
environments; this study was based on different samples than our own study.

Considering the small-mammal associations and chronologies presented in these
previous works and here, we can state that the early Chalcolithic levels of El Portalón
contribute the first Holocene records of Crocidura suaveolens, Sorex minutus, Neomys fodiens,
N. anomalus, Microtus (Terricola) lusitanicus, M. pyrenaicus, Sciurus vulgaris, Rhinolophus
ferrumequinum and Oryctolagus cuniculus in the Sierra de Atapuerca, which are the highest
occurrences of these taxa in the sequence as well, together with Miniopterus shreibersii and
Myotis gr. myotis-blythii. The latter two appear at El Mirador earlier in the Holocene [37].
Faunal Unit 8 of Atapuerca may be redefined accordingly.

Extending these biostratigraphic remarks to the LC levels could be misleading as their
archaeo-stratigraphic units present an evident Pleistocene pollution from the prepared
floors; same is applicable for an estimation of the past environment based on these materials.
However, we can say that the Pleistocene genesis of the prepared floors is supported by the
presence of Chionomys nivalis, a good marker of cold conditions, and the limited number
of Apodemus sylvaticus and Eliomys quercinus compared to other units, both these taxa
representatives of warm and forested environments [6–8,32,49].

If the EC funerary context remained relatively unbiased until the moment of its exca-
vation, as our results appear to show, then we can give some insights on the environment
in the vicinity of the cave, while also keeping in mind that most of the small-mammal
samples were accumulated by an opportunistic avian predator randomly sampling the
surroundings (see Materials and Methods).

Following Table 2, the general balance obtained from this small-mammal association
is that of a patchy landscape dominated by forest, shrubland and grassland, but with a
moderate representation of inland wetlands and rocky areas. The estimation is not in
contradiction with that obtained by Bañuls-Cardona [47] for the same levels; therefore,
they should be considered complementary.

The large wild mammals and other vertebrates identified up to now at the EC funerary
context constitute around 2% of the total (the latter again dominated by domestic taxa by
far), including Cervus elaphus (0.99%), Capreolus capreolus (0.18%), Vulpes (0.09%), Mustela sp.
(0.18%) and Chelonia indet.: (0.45%) [44]. Cervus elaphus, C. capreolus and V. vulpes currently
inhabit woodland, shrubland and grassland zones. Cervus elaphus may be also found in
rocky areas, and C. capreolus and V. vulpes are found in inland wetlands.

Altogether, this ecological distribution corresponds to generally warm–temperate
conditions, similar to those recorded for equivalent ages at the Cantabrian range sites of El
Mirón (upper part [6]) and the level III of Peña Larga [49]. Said level III of Peña Larga is
especially relevant here, as it represents a collective burial episode during which the cave
was minimally or not used as a household at all. As in El Portalón, the rest of the sequence
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of Peña Larga (i.e., early Neolithic to middle Bronze Age) shows evidence of domestic use.
Moreover, the level II of Peña Larga, attributed to the late Chalcolithic, exhibits several
large alternating lenses, some reddish and some whitish, which probably correspond to the
occasional burning of barns or areas occupied by animals [49]. This is again very similar to
what we observe at the LC habitat/stabling levels of El Portalón.

El Portalón and Peña Larga similarities are a good example of regional environmental
conditions framing similar cultural dynamics (e.g., funerary, habitat and stabling) during
the Chalcolithic in north Iberia; this deserves further exploration in other long Holocene
archaeo-stratigraphic sequences.

The environmental insights contributed by Bañuls-Cardona [47] and here for El Por-
talón EC levels (ca. 5294–4732 cal yr BP) fill the chronological gap between the middle
(7060–5350 cal yr BP) and Late (4330–3070 cal yr BP) Holocene paleoclimatic and paleo-
environmental reconstructions carried out for the neighbor sequence of El Mirador [37] at
the Sierra de Atapuerca.

Bañuls-Cardona [47] also obtained an environmental estimation for the LC levels of El
Portalón, but we recommend caution with these results, as the sampled material comes
from a unit (UE85) mistakenly regarded as a prepared floor. The stratigraphic Unit 85
actually corresponds to natural sediments deposited in the site during a short human
occupation hiatus, archaeologically sterile, just prior to its funerary use, detected in the
stratigraphic unit 79. However, as interpreted by Bañuls-Cardona [47], the small-mammal
association and paleo-environmental inferences are very similar to those observed during
the funerary context of the EC (UE79).

5. Conclusions

The associations of small mammals of different archaeo-stratigraphical contexts from
the Chalcolithic levels of El Portalón de Cueva Mayor site were successfully used here to
characterize them as independent entities. The exclusive presence of certain taxa together
with the statistical difference in relative taxonomic ratios point to the integrity and unpol-
luted condition of the EC Pre-Bell-Beaker Funerary context, which likely remained free
of percolations from the overlying LC late Pre-Bell-Beaker and Bell-Beaker habitat and
stabling context. The compartmentalization and interspersed arrangement of the different
units composing the LC context (prepared floors, activity floors and fumiers) made them
prone to inter-pollution, as they do not appear to be statistically different in terms of relative
taxonomic ratios.

The presence of Pliomys lenki and Chionomys nivalis in the prepared floors and their
sedimentological composition reveal its allochthonous endokarstic nature, being both
rodent species that are Upper Pleistocene in age.

The EC levels of El Portalón contribute the first Holocene records of Crocidura suave-
olens, Sorex minutus, Neomys fodiens, N. anomalus, Microtus (Terricola) lusitanicus, M. pyre-
naicus, Sciurus vulgaris, Rhinolophus ferrumequinum and Oryctolagus cuniculus in the Sierra
de Atapuerca archaeo-paleontological complex, which will lead to the redefinition of the
Faunal Unit 8 of Atapuerca.

A patchy environment dominated by woodland, shrubland and grassland, with
moderate presence of inland wetlands and rocky areas, is inferred from the small-mammal
association of the EC levels of El Portalón. This ecological distribution matches well with
warm–temperate conditions recorded in other sites of similar age and cultural affiliation
from the neighboring Cantabrian region.

The Upper Pleistocene origin of the prepared floors included in the LC habitat and
stabling context argues against the use of its small-mammal association either for bios-
tratigraphy or estimation of past environment.
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