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a b s t r a c t

This paper presents a multiproxy palaeoenvironmental study from Abric del Pastor (Alcoy, Spain), a rock
shelter which has yielded evidence for Middle Palaeolithic human occupation. The sedimentary
sequence has been analysed for lipid biomarker n-alkane abundances (ACL, CPI), compound specific leaf
wax d2H and d13C, and bulk organic geochemistry (TOC, %N, %S), providing a record of past climate and
local vegetation dynamics. Site formation processes have been reconstructed through the application of
soil micromorphology. Analyses of anthracological, microvertebrate and macrofaunal assemblages from
selected subunits are also presented here. Our data indicates that a variable climate marked by pre-
dominantly cold conditions persisted through most of the sequence and that Neanderthal occupations in
stratigraphic unit IVd, assigned to MIS 4 or late MIS 5, occurred in a landscape setting characterised by a
mosaic of biotopes. The presence of key resources inside the ravine where the site is located suggests that
the occupation of the rock shelter may have been strategically motivated by a subsistence and mobility
strategy which focused on zones of localised ecological resilience, such as intra-mountainous valleys or
ravines, during periods of global or regional environmental downturn.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Abric del Pastor, Alcoy, Spain (Fig.1) hosts a sequence containing
Upper Pleistocene deposits overlain by reworked Holocene sedi-
ments. The site has yielded evidence for multiple short-term
Neanderthal occupation events (Machado et al., 2013). Archaeo-
logical remains recovered from the site include lithic artefacts
(Galv�an Santos et al., 2007; Hern�andez et al., 2010; Machado et al.,
2013), charcoal (Vidal-Matutano et al., 2015, 2017) and faunal re-
mains (Sanchis et al., 2015; P�erez et al., 2017). In addition, at least 17
combustion features have been identified throughout the
Fig. 1. Location of site (a), drone image of the rock shelter (b) and stratigraphic log showing
reported at the one sigma (1s) confidence level.
sequence. Ongoing excavations have produced a sedimentary
sequence which has been divided into six primary lithostrati-
graphic units (S.U. I - VI), with further subdivisions therein. The
current chronological framework is based on ESR dates obtained
from animal teeth recovered in S.U. IVb (48 kya ±5000 1s) and S.U.
VI (62 kya ±12,000 1s), as well as an OSL date from a quartz grain
recovered in S.U. IVd (63 kya ±5000 1s) (Mallol et al., 2019) (Fig. 2)
(further information on the methods used for dating is provided in
the supplementary material, SI Tables 1 and 2). Taking into
consideration the error ranges, these dates frame the sequence at
Abric del Pastor between 43 kya and 72 kya, covering the whole of
the sampling locations for the different proxies used in the current study (c). Dates are



Fig. 2. Comparing the site chronology from Abric del Pastor (S.U. IVc, IVd and S.U. VI, error bars report the one sigma (1s) confidence level) with d18O record of the NGRIP ice core
(North Greenland Ice Core Project members 2004). ESR (IVb and VI) and OSL (IVd) dates are plotted above. Grey bars indicate the ice-rafting events: H5 e H6 and C19 e C20.
Numbers 10 to 20 represent D-O interstadials (S�anchez Go~ni et al., 2008; Chapman and Shackleton, 1999).
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MIS 4 and potentially extending into late MIS 5 and/or early MIS 3.
Although the current dates are stratigraphically coherent, addi-
tional samples are required to corroborate the site chronology.
With this in mind, our aim here is to provide independent climatic
and environmental data, recovered from deposits containing direct
evidence for human occupations, against which future hypotheses
concerning the chronology of the site and Neanderthal responses to
climate change can be further tested.

The Iberian Peninsula is widely regarded as crucial for under-
standing how Neanderthals responded to fluctuations in environ-
mental conditions (Jim�enez-Espejo et al., 2007; Wood et al., 2013;
Marín-Arroyo et al., 2018), and the prospect of an MIS 4 setting for
the occupations recorded in S.U. IVd warrants consideration, as the
palaeoenvironmental record for this marine isotope stage in the
Iberian Peninsula remains poorly resolved in comparison to MIS 5
(e.g. Blain et al., 2014; Torres et al., 2015; Daura et al., 2015;
Ochando et al., 2019) or MIS 3 (e.g. d’Errico and S�anchez Go~ni,
2003; Blain et al., 2013; L�opez-García et al., 2014; S�anchez-
Hern�andez et al., 2014; Alcaraz-Casta~no et al., 2017; Daura et al.,
2017). There is a paucity of long-term continuous terrestrial se-
quences and site-specific records for the peninsula, although off-
shore marine records suggest that rapid global climatic cooling
and a significant decrease in sea-surface temperatures (SST) may
have driven the development of semi-desert vegetation (S�anchez
Go~ni et al., 1999; S�anchez Go~ni and d’Errico, 2005). The penin-
sula, owing to its latitudinal range, its diverse topography and the
climatic influence of the Atlantic Ocean and Mediterranean Sea, is
characterised by considerable climatic diversity in which local
environmental conditions change abruptly over relatively short
distances (Rivas-Martínez, 1987; L�opez-García et al., 2013). In this
context, localised zones of ecological resilience (Holling, 1973;
Gunderson, 2000), or vegetation refugia, may have provided con-
ditions favourable to human occupation and subsistence during
periods of global climatic deterioration.

New evidence and site-specific environmental records are
required to improve our understanding of the role which climate
may have played in Neanderthal social and cultural evolution. From
this perspective, we investigate carbon and hydrogen isotope
values of individual lipid biomarkers (n-alkanes) to gain insight
into hydroclimatic and vegetation dynamics through the strati-
graphic sequence at Abric del Pastor (S.U. IeVI; 110 cm). These
proxies are now widely used for palaeohydrological and palae-
oecological reconstructions (Bi et al., 2005; Sachse et al., 2012;
Collins et al., 2013, 2017; Diefendorf and Freimuth, 2017; Jordan
et al., 2017; Norstr€om et al., 2018; Wu et al., 2018). Sedimentary
n-alkanes are saturated aliphatic hydrocarbons derived from the
epicuticular leaf waxes of vascular plants. Plants usually produce n-
alkanes with a range of different chain lengths and an odd-over-
even predominance (Eglinton et al., 1962; Eglinton and Hamilton,
1967). These compounds have been shown to preserve well in
sediments and yield valuable information about their biological
source, making them well suited for palaeo-ecosystem re-
constructions. Compound specific d13C and d2H of individual n-al-
kanes, which record both ecologic (carbon isotope) and hydrologic
(hydrogen isotope) information, are also increasingly being utilised
in terrestrial palaeoenvironmental research (Yang and Huang,
2003; Collins et al., 2013, 2017; Jambrina-Enríquez et al., 2016;
Uno et al., 2016; Wang et al., 2016; Wu et al., 2018). Different pro-
cesses govern the carbon and hydrogen isotopic compositions of
leaf waxes, thus revealing different information about past envi-
ronmental conditions.

Among other factors, d13Cwax values are influenced by the ratio
between 12C and 13C in the atmosphere (d13Catm) and isotopic
discrimination during photosynthetic carbon fixation (△d 13C).
Studies have demonstrated that differences in 13C fractionation
among C3 and C4 plants are recorded by leaf wax d13C values,
making it possible to discriminate between these vegetation types.
Other factors such as water availability, taxa, light intensity,
nutrient status and canopy effects also influence d13Cwax values, to
various extents (Diefendorf et al., 2010; Kohn, 2010; Diefendorf and
Freimuth, 2017). d2Hwax values are determined by the relative
abundance of hydrogen (H) and deuterium (D) in the source water
used by plants during leaf wax synthesis (Sachse et al., 2012). As
leaf water ultimately derives from precipitation, compound specific
isotope analysis of sedimentary n-alkanes can yield useful infor-
mation about the hydrogen isotopic composition of past precipi-
tation (d2Hp). d2H values of mean annual precipitation (MAP) have
been shown in certain cases to correlate positively with d2Hwax
values (Sachse et al., 2012). The hydrogen isotopic composition of
leaf waxes is also, however, influenced by other factors. Liu and An
(2018) identify precipitation d2H, plant type and evapotranspiration
as primary controls over d2Hwax, while additional factors such as
aridity, seasonality, temperature and relative humidity can act as
second level or third level controls.

Here, we aim to frame our biomolecular data within a broad
reconstruction of site formation processes, which are investigated
through the application of soil micromorphology. This approach
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also offers the opportunity to identify features or processes at the
microstratigraphic scale which may be indicative of certain envi-
ronmental conditions (Courty, 2001; Courty and Vallverdu, 2001;
Nicosia and Stoops, 2017). We also include analyses of anthraco-
logical, microvertebrate and macrofaunal assemblages from sub-
unit S.U. IVd. We focus our analyses on S.U. IVd as OSL dating
implies a possible MIS 4 setting for the Neanderthal occupations
recorded in this subunit.
2. Regional setting and site background

2.1. Abric del Pastor

Abric del Pastor is a rock shelter situated 820m a.s.l on a north
facing slope of the Barranc del Cinc ravine in the Mariola mountain
range, Alcoy, south-eastern Spain. The site is located approximately
30 km from themodern coastline, encompassing an area of c. 60m2

and occurs in a geological context characterised by Miocene Tor-
tonian formations composed of bioclastic calcirudites. The shelter is
adjacent to the Serpis river and was formed through phreatic
erosional processes acting on a karstic paleotube. Processes of
chemical dissolution and mechanical weathering, for instance
through repeated freeze-thaw cycles during episodes of climatic
cooling, appear to be the primary agents driving the sedimentation
at the site through the disintegration of autochthonous limestone.

The first excavations at Abric del Pastor were led by Mario
Brotons in 1953. This work focused on the central area of the
modern excavation surface. A considerable number of faunal re-
mains and lithic artefacts were recovered (for instance >2400
lithics), however, poor record keeping has rendered these materials
devoid of any reliable contextual information. Brotons’ excavations
affected only a small area and the uppermost layers of the
archaeological deposits (S.U. I, II, III), leaving most of the site intact
(Galv�an Santos et al., 2007; Molina et al., 2010). Current excava-
tions, directed by the Universidad de La Laguna, Tenerife, are
ongoing since 2005.
2.2. Sedimentary sequence

S.U. I (13e65 cm thickness) is formed by episodic Holocene
sedimentation. This unit is composed of heavily bioturbated and
reworked humic topsoil yielding Middle Palaeolithic industries
alongside diagnostic Neolithic pottery fragments and other modern
anthropogenic debris.

S.U. II (08e13 cm thickness) is an isolated pocket of matrix-
supported dark brown sandy gravelly sediment truncated by S.U.
I at the NW corner of the excavation area. Components include
faunal remains and a single combustion feature.

S.U. III (03e12 cm thickness) is a thin, locally discontinuous,
partially cemented carbonate crust composed of calcareous sand
and fine to medium gravel. This unit has yielded few archaeological
remains.

S.U. IV (55e72 cm thickness) is composed of laterally discon-
tinuous, clast-supported, limestone cobble beds (subunits IVa, IVe
and IVg) interspersed by loosely compacted, matrix-supported,
fine-grained, calcareous sandy-gravelly deposits with frequent
limestone cobbles (subunits IVb, IVd and IVf). Subunit IVc, which
extends across the whole excavation surface, is composed of
boulders and large angular cobbles with very little fine material,
resulting from one or more significant roof collapse events. S.U. IV
has yielded abundant archaeological material including lithics,
faunal remains, combustion features and charcoal. Previous
archaeostratigraphic analyses of the lithic record incorporating
RawMaterial Units (RMU's) and refits has identified between 4 and
6 short-term Neanderthal occupation episodes within subunits IVa,
IVb and IVc alone (Machado et al., 2013).

S.U. V (15e25 cm thickness) is notable for a concentration of
large boulders in the SW part of the excavation surface, repre-
senting a partial collapse of the shelter roof. The bulk of the deposit
is composed of loosely compacted, matrix-supported, fine-grained
calcareous sand with fine to medium gravel.

S.U. VI (indeterminate thickness) is composed of moderately
compacted sandy-silty sediment with a relatively low proportion of
small and medium gravel. Despite excavation of this unit having so
far been limited to the 4m2 sondage situated at the back of the rock
shelter (supplementary figure SF 1), a dense concentration of
combustion residues, lithics and faunal remains have been
recorded.

3. Material and methods

Bulk sediment samples representing S.U.‘s I, III, IV, V and VI were
collected in vertical sequence from the north profile (A7[1], Z7[2],
see supplementary figure SF 1). S.U. II has not been analysed for
lipid biomarkers or organic geochemistry as this is a discreet unit
only present in a small pocket at the NW corner of the excavation
surface. All samples were collected using stainless steel spatulas
washed with MeOH and dichloromethane (DCM), using Al foil to
avoid phthalate contamination from plastic bags. Samples were
then stored at �20 �C and subsequently sub-sampled for lipid
biomarker analyses and organic geochemistry.

3.1. Total organic carbon (TOC), % sulphur (%S), % nitrogen (%N)

TOC and %S was analysed with a LECO SC 144DR furnace. Mea-
surement accuracy is 1% RSD or ± 25 ppm for carbon (RMS
0.053648) and 1% RSD or± 2.5 ppm for sulphur (RMS 0.044829). %N
was measured using a VARIO MAX CN elemental analyser. The
standard deviation is <0.3% and the rate of recovery >99.5%. Ana-
lyses were carried out at the Instituto Pirenaico de Ecología (IPE-
CSIC), Spain.

3.2. Extraction and analysis of n-alkanes

Extraction and analyses of lipids as well as subsequent isotopic
analyses of all samples were carried out at the Archaeological
Micromorphology and Biomarkers Laboratory (AMBI), Universidad
de La Laguna, Tenerife. 20 g sediment samples were dried at 60 �C
for 48 h and subsequently ground and homogenised using an agate
pestle and mortar which had been cleaned with MeOH and
dichloromethane (DCM). All non-volumetric glassware used for
lipid extraction were thoroughly cleaned, solvent washed with
MeOH and calcined at 450 �C for 10 h prior to extraction to elimi-
nate potential contaminants. Lipids from 20 g sediment samples
were extracted in 150mL dichloromethane/methanol (DCM:MeOH
9:1) by ultrasonic extraction (three cycles of 30min) and centri-
fugation (three cycles at 4700 rpm). The total lipid extract (TLE) was
then concentrated under a steady flow of N2 gas at 40 �C in a rotary
evaporator. The TLEwas subsequently reconstituted using DCM and
separated into fractions of differing polarity by solid phase
extraction (SPE) through a silica gel column (1 g silica, 70e230
mesh and 0.1 g sand 50e70 mesh, both previously calcined at
450 �C for 10 h).

Here we present results of fraction 1 (F1: n-alkanes), which was
eluted with 3/8 of dead volume (DV) in n-hexane. F1 was subse-
quently concentrated under a steady stream of N2 gas at 40 �C in an
Organomation rotary evaporator and stored at �20 �C. Prior to
measurement, 3 mL of internal standard (IS) 5a-androstane 8mg/L
was added and the volume was completed with 150 mL of DCM. F1
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was analysed by gas chromatography with a coupled detection and
mass-selective detector (GC-Agilent 7890B, MSD Agilent 5977A)
equipped with a HP-5MS capillary column (30m, ID: 250 mm, film
thickness 0.25 mm). A temperature program was applied with an
initial temperature of 70 �C for 2min and a heating rate of 12 �C/
min to 140 �C, and a final temperature of 320 �C with a heating rate
of 3 �C/min for 3min, using a Helium carrier gas (2ml/min). The
PVT injector was held at a split ratio of 5:1 at an initial temperature
of 70 �C for 0.85min and heated to 300 �C at a programmed rate of
720 �C/min.

Compounds were identified by comparison of their retention
times and mass spectra to those of reference compounds (mix
C8eC40 and 5a-androstane, Supelco) and mass spectral library da-
tabases (NIST). Analytes were quantified using calibration curves
obtained by plotting the ratio Area/AreaIS versus the concentration
of each reference compound, with correlation coefficients higher
than 0.995. The n-alkane concentration is expressed as mg of indi-
vidual compound per gram of dry sample (mg gds�1). Error ranges
for individual n-alkanes are reported as standard deviation (SI
Table 3).

To evaluate the distribution of n-alkanes we used the average
carbon length (ACL) and carbon preference index (CPI). Indices such
as ACL and CPI yield important information on the potential sources
of sedimentary OM. ACL values, which are broadly structured by
phylogenetic relationships, reflect changes in vegetation structure
through a sedimentary sequence. Temperature and hydrological
controls, however, also play a role in determining ACL values within
individual plant communities (Sachse et al., 2006; Diefendorf et al.,
2015a). CPI values are related to the odd-over-even predominance
(OEP) of n-alkanes, where values> 5 have typically been associated
with epicuticular wax of higher plants and lower values ~1 with
bacteria or algae (Cranwell et al., 1987). CPI has also been employed
as an indicator of n-alkane degradation in sediments, where low
temperatures and dry conditions correspond to low diagenetic
rates resulting in increased CPI values, and increased temperatures
with more humid conditions correspond to higher diagenetic rates
and lower CPI values (Kuder and Kruge, 1998; Xie et al., 2004; Ortiz
et al., 2010). CPI values vary considerably within and amongst
different plant species, however, so a cautious approach should be
taken to the use of CPI as a quantitative indicator of n-alkane
degradation (Bush and McInerney, 2013). CPI values can also be
affected by thermal degradation through the incorporation of
charred biomass (Eckmeier and Wiesenberg, 2009; Wiesenberg
et al., 2009; Diefendorf et al., 2015b; Wang et al., 2017). As such,
these values are best interpreted in conjunctionwith other proxies.

The ACL metric, originally defined by Poynter et al. (1989), was
calculated here following the recommendations of Freeman and
Pancost (2013) using the C18 - C35 interval:

ACL18�35 ¼ PðCi� ½Ci�Þ=P½Ci�; 18 � i � 35
The CPI value (C18 to C35) was calculated following the equation

set out in Bray and Evans (1961):

CPI 18�35 ¼ ½ð
X

C19�35odd=?
X

C18�34even

�
þ
�X

C19�35odd=X
C20�36evenÞ� � 0:5
3.2.1. Gas chromatography e isotope ratio MS (GC-IRMS)
Carbon and hydrogen isotope analysis of individual n-alkanes

was carried out using a Thermo Scientific Isotope Ratio Mass
Spectrometer Delta V Advantage coupled to a GC Trace1310
through a Conflo IV interface with a temperature converter GC
Isolink II. The GC was fitted with a Trace Gold 5-MS (Thermo
Scientific) fused silica capillary column ((5%-diphenyl)-dime-
thylpolysiloxane, 30m length x 0.25mm i.d., 0.25 mm film thick-
ness). Heliumwas used as the carrier gas at a flow rate set at 1.5mL/
min. All measurements were repeated three times. Data acquisition
and processing were carried out using the Isodat 3.0 software
(Thermo Scientific).

Carbon and hydrogen isotope values are reported for n-alkanes
C29 and C31 because these compounds were consistently present in
sufficient concentrations for isotopic analyses. Samples were
injected by means of a Programmed Temperature Vaporising
injector (PTV) in splitless mode, with the temperature increasing
from 60 �C to 79 �C (held 30 s, rate 10 �C/min), then to 325 �C (held
3min) at a rate 10 �C/s and finally to 350 �C (held 3min) at 14 �C/s.
The temperature programme comprised a 2min isothermal period
at 70 �C increasing to 140 �C (held 2min) at a rate of 12 �C/min,
followed by an increase period to 320 �C (held 15min) at 3 �C/min.
Combustion reactor temperature was maintained at 1000 �C for
carbon isotope analysis. The high temperature conversion (HTC)
oven was maintained at 1420 �C for hydrogen isotope analysis.
Obtained values were normalised to the Vienna Pee Dee Belemnite
(VPDB) scale (d13C) and Vienna Standard Mean Ocean Water
(VSMOW) scale (d2H) using a n-alkane Schimmelmann type A6
mixture (n-C16 to n-C30) of known isotopic composition from Arndt
Schimmelmann (Biogeochemical Laboratories, Indiana University).
Certificate of analysis indicates that data for n-alkane Schimmel-
mann type A6 mixture have a precision of ±0.05‰ for d13C and
±1.5‰ for d2H. Reproducibility was better than ±0.5‰ for carbon
isotope measurements and better than ±5.0‰ for hydrogen isotope
measurements.

To investigate the processes governing the hydrogen composi-
tion of sedimentary n-alkanes, a robust dataset of the isotopic
signatures of potential sources, such as precipitation, is required.
Here we consider monthly precipitation amount and precipitation
d2H (d2Hp) data available from two GNIP stations near the study
area for comparison (Global Network for Isotopes in Precipitation;
IAEA/WMO, 2006).

3.3. Micromorphology

Intact, oriented blocks of sediment from all stratigraphic units
were extracted from selected profiles and from across the excava-
tion surface for micromorphological analyses. The goal of applying
this technique was to characterise site formation processes and to
identify features or processes at the microstratigraphic scale which
could be indicative of particular climatic or environmental
conditions.

Samples were oven dried at 60 �C for 48 h and subsequently
impregnated with a mixture of polyester resin (Palatal strained
resin UN1866, TNK composites), styrene (Styrene monomer [CAS:
100-42-5] UN2055, TNK composites) and catalyzer (Luperox [CAS:
78-93-3], TNK composites) in a 7:3:0.1 ratio. The hardened blocks
were then cut in 1 cm-thick slabs using a Euro-Shatal M31100 radial
saw. Samples collected during archaeological field seasons
2010e2015 were sent to Spectrum Petrographics (Vancouver, WA,
USA) for thin section manufacture (7 cm� 5 cm x 30 mm). Samples
collected during the 2016e2018 field seasons were processed at the
Archaeological Micromorphology and Biomarker Laboratory
(AMBI), Universidad de La Laguna, Tenerife. Micromorphological
analyses were carried out using a Nikon E200 polarising micro-
scope following the standard guidelines set out in Stoops (2003)
and Nicosia and Stoops (2017).

3.4. Anthracology

During the archaeological field seasons carried out between
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2013 and 2016 the sediment excavated from across the entire
excavation surface of S.U. IVc and S.U. IVd was processed by sys-
tematic flotation using 1.0 and 0.2mm sieves. S.U. IVd is subdivided
into IVd1, IVd2, IVd3, IVd4 and IVd5, which represent distinct,
locally discontinuous textural facies assigned during excavation of
this unit. In this paper, scattered charcoal from these units are
included, excluding the concentrated charcoal from the combus-
tion features. Scattered charcoal spread over human living surfaces,
having accumulated from an undefined number of combustion and
occupation events, are widely accepted as reflecting conditions
within the local environment (Badal and Heinz, 1991; Badal, 1992;
Chabal, 1997).

For the taxonomic identification of specimens, each fragment of
charcoal was fractured manually to provide transversal, tangential
and radial sections using a Nikon Optiphot-100 bright/dark field
incident light microscope with 50e500x magnification. Botanical
identification was performed with specialised plant anatomy
atlases (Jacquiot et al., 1973; Schweingruber, 1976, 1990) as well as
the reference collection of modern charred woody taxa from the
Department of Prehistory, Archaeology and Ancient History, Uni-
versity of Valencia. Spatial information relating to the current dis-
tribution of taxa has been obtained from the database of the Anthos
Project (www.anthos.es) and processed using GIS software
(Quantum GIS v.2.10.1 “Pisa”).
3.5. Microvertebrate study (S.U. IVd)

3.5.1. Microvertebrate remains
The small vertebrate fossil remains studied in this work consist

of isolated dental and bone fragments collected during the 2013
archaeological field season from S.U. IVd, across the excavation
surface. The fossils were processed, sorted and classified using a
Leica MS5 binocular microscope. Photographs were taken with a
scanning electron microscope at Central Support Facility for
Experimental Research (SCSIE) of the Universitat de Val�encia.
Vertebrate fossils were identified following the anatomical
nomenclature and measurement methods provided by van der
Meulen (1973), Rabeder (1981) and Jeannet (2000) for arvico-
lines, van der Weerd (1976) for murids, Daams (1981) for glirids,
Reumer (1984) for soricids, Bailon (1999) for amphibians, Ro�cek
(1984), Bailon (1991), Barahona (1996) and Barahona and
Barbadillo (1997) for lacertids and Szyndlar (1984) and Blain
(2009) for snakes. The taxonomic classification follows Wilson
and Reeder (2005) for mammals, Uetz and Ho�sek (2015) for rep-
tiles and Frost (2015) for amphibians.
3.5.2. Palaeoecological reconstruction (microvertebrates)
To reconstruct the climatic conditions of S.U. IVd, the Mutual

Ecogeographic Range (MER) method has been applied to the
assemblage (Blain et al., 2009, 2016). This consists of identifying
regions where the recorded species are currently found and
extrapolating the current mean values of the climatic parameters of
these regions as representative climate estimations for the studied
site. This procedure suggests avoiding those species whose distri-
bution is strongly affected by perturbing parameters, such as hu-
man pressure. Hence, Microtus cabrerae, taxon registered in S.U.
IVd, has not been included in this study because it has suffered a
range contraction in modern times and many subpopulations are
small, fragmented and subject to major inter-annual fluctuations
(Laplana and Sevilla, 2013; Pita et al., 2014). Biogeographic
cartography of small mammal species in Spain, recorded as pres-
ence/absence of each taxa in a 10� 10 km UTM square grid, was
obtained from Palomo et al. (2007), while amphibians and reptiles
came from SIARE (AHE, 2016). Climatic information (MAT, mean
annual temperature; MAP, mean annual precipitation; MTW,
maximum temperature of warmest month; MTC, minimum tem-
perature of coldest month; PWM, precipitation of wettest month;
PDM, precipitation of driest month) for these locations was ob-
tained from the World Clim 1.4 database with a 30 arcseconds
resolution grid (Hijmans et al., 2005). The resulting climatic pa-
rameters were compared with the current climate data from the
nearest weather station to the site (Alcoy). Further details of the
methods employed for the microvertebrate study and taphonomic
remarks on the assemblage are given in the supplementary
material.
3.6. Macrofaunal study (S.U. IVd)

3.6.1. Zooarchaeological methods
Zooarchaeological and taphonomic analyses of faunal material

recovered during the excavation of S.U. IVd were performed using
established standard methods (Lyman, 1994; Reitz and Wing,
2008). Where present, material was recorded for all excavation
squares across the excavation surface. Remains were taxonomically
and anatomically identified, except in specimens with insufficient
information. Those remains were classified into three categories
(long, flat or articular) and associated with a weight-size category
based on bone density, circumference and the thickness of the
cortical surface. Weight-size categories were determined in keep-
ing with archaeological examples (Uerpmann, 1973; Bunn, 1986)
and current weight references based on wild male specimens
(Palomo et al., 2007): large-sized (>300 kg), medium-sized
(100e300 kg), small-sized (5e100 kg) and very small-sized
(<5 kg). Five abundance measures were employed: number of re-
mains (NR), number of identified specimens (NISP), the minimal
number of elements (MNE), the minimal number of individuals
(MNI) and the minimal animal units (MAU). To assess the integrity
of the assemblage, we calculated the fragmentation rate, the rela-
tive abundance (%RA) and the standardized MAU (%MAU). The last
of these was used to calculate the differential preservation index by
weight-size, applying the Pearson's r and Kendall's tau correlation
coefficient test with Past 3.12© free software. Published data was
referred to for large and medium-sized animals (Kreutzer, 1992;
Lam et al., 1999) and for small-sized animals (Lyman, 1984, 1985;
1994). Further information on the methods used for the study of
the macrofaunal material is provided in the supplementary
material.
3.6.2. Palaeoecological reconstruction (macrofauna)
The formalisation of indicator species according to a bioclimatic

classification has been applied here (Hern�andez-Fern�andez, 2001;
Rodríguez, 2013; Walter, 1973). A table has been constructed with
the theoretical distribution of species according to different biomes
or Climate Restriction Index (CRI). The distribution in the reference
material is established for mammalian species, in our workwe have
also included the theoretical distribution of other taxa registered in
the set, i.e. birds and tortoises. Once the CRI is calculated, the
bioclimatic component (BC) of the set for each biome is obtained by
means of the formula BC¼ (SCRIi) * 100/S, where S is the number of
species and CRIi the index of climatic restriction of each of the
species. Previously calculated discriminant functions are applied
from a wide database of localities and species (Hern�andez-
Fern�andez, 2001, 2006; Hern�andez-Fern�andez and Pel�aez-
Campomanes, 2003), in order to obtain data such as annual
average temperature (AAT) or precipitation (AAP). From this, it is
possible to infer the most probable biome for our faunal assem-
blage (P�erez et al., 2017).

http://www.anthos.es
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4. Results

4.1. Total organic carbon (TOC), % sulphur (%S), % nitrogen (%N)

TOC ranged from 0.06 to 3.91% with an average of 1.11% (Fig. 3).
The highest concentration was recorded in the uppermost part of
S.U. I, while the lowest concentration of TOC was recorded in S.U. V.
Mild fluctuations and a generally decreasing trend is observed
down-profile, with the exception of S.U VI, where there is a slight
increase of 0.8%. TS values ranged between 0.01% and 0.07%, with
an average value of 0.03% (Fig. 3). The maximum concentration of
TS, 0.07%, is recorded in the uppermost part of S.U I. The lowest
values for TS are recorded in S.U. IVc and IVd. TN values ranged from
0.01% to 0.29%, with an average TN value through the sequence of
0.07% (Fig. 3). The maximum value of 0.29% is recorded as a sharp
increase in the lower part of S.U. I. Mild fluctuations are observed
down-profile between 0.01% and 0.03%.

4.2. Sedimentary leaf waxes

4.2.1. Distribution of n-alkanes
Total n-alkane concentration ranged between 0.04 and 1.59 mg/g

dry sediment. Most samples through the sequence yielded n-alkane
distributions with a predominance of long chain compounds
(C29eC35), consistent with higher order vascular terrestrial plants
(Fig. 4) (Table 1), although samples collected from S.U IVc and S.U.
IVd also show input from mid-chain length compounds (C23eC27).
Even-numbered homologues recorded in S.U. IVb (lower) and S.U.
VI were below the limit of quantification, so CPI values for those
units are not included here. CPI values through the sequence are
generally low,with aminimum of 0.7 (S.U. V) and amaximum of 7.9
(S.U. III) (Fig. 5). ACL values ranged between aminimumof 27.2 (S.U.
IVd upper) and a maximum of 32.5 (S.U. V), with a notable shift
toward lower values in S.U. IVc and S.U. IVd (upper).

4.2.2. d2Hwax

In the region around Abric del Pastor, a strong negative corre-
lation between monthly precipitation amount and precipitation
Fig. 3. Total organic carbon (TOC,%), total ni
d2H (d2Hp) is recorded at two GNIP (Global Network for Isotopes in
Precipitation; IAEA/WMO, 2006) stations in Murcia and Valencia
(Fig. 6). This suggests some degree of influence by the amount ef-
fect (Dansgaard, 1964) on regional d2Hp values, which in turn may
contribute to variability in our d2Hwax signal.

d2Hwax was analysed for C29 and C31 n-alkanes extracted from
sediments collected through the sequence (Fig. 7) (Table 2). For
nC29, the d2Hwax range is �129‰ to �170‰. The lowest values
of �170‰ and �164‰ are recorded in the Holocene sediments
from S.U. I. A trend towards low values is also recorded in the up-
permost part of S.U. IVd and in S.U. IVc, at �152‰ and �153‰
respectively. Through the rest of the sequence values fluctuate
between �129‰ and �148‰. d2Hwax values for nC31 are generally
lower than those obtained for nC29 ranging from�137‰ to�174‰.
Overall, however, both sets of values have a similar degree of
variation and follow a similar trend.

4.2.3. d13Cwax

d13Cwax measurements were analysed for C29 and C31 n-alkanes
extracted from sediments collected through the sequence (Fig. 7)
(Table 2). d13Cwax values for nC29 ranged between �32.4‰
and �38.0‰, with maximum 13C enrichment in S.U. IVb, where
values of-32.4‰ and �32.8‰were obtained. A similarly high value
is recorded in the base of S.U. IVd at �32.5‰. The lowest value
of �38.0‰ comes from S.U. IVa. d13Cwax values for nC31 are
generally lower than those obtained for nC29, ranging
between �33.6‰ and �40.3‰. Overall, however, both sets of
values have a similar degree of variation and follow a similar trend.

4.3. Micromorphology

4.3.1. Overview
The samples analysed are generally composed of the same

sedimentological and lithological elements, characterised by a
locally reworked sandy sediment, with 5e10% subangular to
angular fine and medium sand, ~30% subrounded coarse sand and
gravel, resulting principally from the mechanical weathering and
decay of the fossiliferous quartz-rich limestone rock shelter. The
trogen (TN,%), and total sulphur (TS,%).



Fig. 4. Histograms displaying the distribution and concentration of n-alkanes extracted from sediments at Abric del Pastor. IS: 5a-androstane. The x-axis represents the alkane
carbon chain length and the y-axis represents the concentrations given in mg per g of dry sediment (mg/g). Note the larger scale for samples from S.U. I and S.U. IVa.
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coarse mineral components frequently appear fissured. The sedi-
mentary matrix is composed of micritic calcite which, with notable
exceptions in S.U. IVb and IVd, generally occurs in a good state of
preservation with few dissolution features. Clay is present only in
small quantities, occurring locally as thin coatings, cappings or
infilling the interstitial void space. Detailed descriptions of each
thin section sample are provided in a supplementary table (SI
Table 5).
4.3.2. Microfacies types
Below, we outline the microfacies types identified through

micromorphological analyses of thin sections by polarized light
microscopy. Brief descriptions are included with a representative
photomicrograph of each of the primary microfacies types (Fig. 8).
Similar features and components are recurrent throughout the
sequence (Figs. 9 and 10) but vary considerably in their degree of
abundance, reworking or post-depositional alteration.

1. Microfacies type 1 This microfacies type is characterised by a
crumb to granular microstructure which is quite open, lithologi-
cally composed of fine and medium sand-sized grains of quartz
alongside micritic and micro-sparitic fossiliferous limestone, which
occurs in sizes ranging from fine sand to coarse gravel. Morpho-
logically this fraction appears subrounded to rounded. Frost
induced fissuring of larger clasts is observed in addition to the



Table 1
Total organic carbon (TOC), total nitrogen (TN) and total sulphur (TS) as well as n-alkane concentrations, ACL and CPI values through the stratigraphic sequence. * denotes
compounds which were detected but in quantities below the limit of quantification.

S.U. I I III IVa IVb IVb IVc IVd IVd V VI

TOC% 3.91 2.74 1.24 1.39 0.56 0.43 0.42 0.21 0.07 0.87 0.38
TN% 0.21 0.30 0.10 0.04 0.01 0.01 0.02 0.01 0.03 0.01 0.03
TS% 0.07 0.05 0.05 0.05 0.06 0.03 0.01 0.01 0.01 0.02 0.04
n-Alkanes (mg/g dry sediment)
C17 * * * * * * * * * * *
C18 * * * 0.025 * * 0.002 * * * *
C19 * * * 0.005 * * * 0.004 * * *
C20 * 0.003 * 0.007 * * * 0.008 * * *
C21 0.001 0.006 * 0.013 * * 0.004 0.01 * * *
C22 0.001 0.005 * 0.014 * * 0.007 0.015 * * *
C23 0.012 0.011 * 0.022 0.002 * 0.016 0.023 * * *
C24 0.001 0.006 * 0.028 * * 0.018 0.034 * * *
C25 0.024 0.021 0.003 0.032 * * 0.026 0.045 * * 0.001
C26 0.015 0.011 * 0.025 * * 0.029 0.05 0.001 * *
C27 0.066 0.044 0.009 0.069 0.008 0.005 0.034 0.055 0.006 * 0.011
C28 0.046 0.026 * 0.039 * * 0.03 0.051 * * *
C29 0.123 0.087 0.026 0.148 0.021 0.017 0.038 0.05 0.014 0.005 0.025
C30 0.063 0.035 * 0.044 * * 0.027 0.038 * * *
C31 0.181 0.12 0.039 0.188 0.026 0.022 0.04 0.038 0.018 0.011 0.029
C32 0.101 0.049 * 0.064 * * 0.017 0.023 * * *
C33 0.276 0.172 0.044 0.217 0.016 0.014 0.026 0.019 0.012 * 0.009
C34 0.148 0.042 0.021 0.247 0.029 * 0.032 * 0.018 0.023 *
C35 0.331 0.111 0.047 0.403 0.041 * * * * * *
Total 1.38 0.75 0.19 1.59 0.14 0.06 0.35 0.46 0.07 0.04 0.07
ACL 32.0 31.1 32.2 31.4 32.3 30.5 28.6 27.2 31.3 32.5 29.9
CPI 2.7 3.3 7.9 2.3 3.9 e 1.1 1.1 2.6 0.7 e

Fig. 5. Leaf wax lipid biomarkers. Total n-alkanes, ACL and CPI.
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presence of platy coarse grains. Dusty clay coatings occur
throughout, as well as clay cappings. Frequent components include
burnt and unburnt angular bone fragments and pieces of both
massive and fibrous charcoal, ash rhombs, occasional fat derived
char which occurs as ~0.5e1.5mm massive black fragments with a
vesicular porosity, and rare coprolites. The internal organisation of
the components is unsorted. This microfacies type is associated
with good preservation of the calcitic fraction.
(a) Microfacies type 1a This microfacies type is similar toMF type
1 but with a higher degree subrounding and rounding of the
coarse mineral elements, FeeMn segregation and the pres-
ence of limpid clay infillings.

(b) Microfacies type 1b This microfacies type is similar to MF type
1a but exhibits a poorer preservation of the calcitic matrix.

2. Microfacies type 2 This microfacies type is characterised by a
weakly expressed platy/lenticular microstructure, lithologically



Fig. 6. Seasonal cycle of precipitation amount (grey bars) and d2Hp (black squares) for GNIP stations (IAEA/WMO, 2006) in Murcia (n¼ 11, 2000e2010) and Valencia, Spain (n¼ 16,
2000e2015).

Fig. 7. From left to right; d2Hwax for n-alkanes C29 and C31, and d13Cwax for n-alkanes C29 and C31.

Table 2
d2Hwax and d13Cwax through the stratigraphic sequence. Values are expressed in per mil (‰). Error reports standard deviation.

S.U. I I III IVa IVb IVb IVc IVd IVd V VI

d2Hwax

C29 �170± 1 �164± 1 �134± 4 �144± 2 �129± 4 �140± 2 �153± 1 �152± 3 �136± 5 �138± 1 �148± 5
C31 �174± 2 �170± 1 �146± 4 �142± 4 �142± 3 �146± 5 �149± 5 �159± 4 �149± 2 �137± 3 �152± 5
d13Cwax

C29 �36.9± 0.4 �34.2± 0.1 �33.9± 0.2 �38.0± 0.4 �32.4± 0.2 �32.8± 0.3 �34.7± 0.5 �34.9± 0.5 �32.5± 0.5 �34.3± 0.5 �36.9± 0.6
C31 �37.9± 0.3 �35.1± 0.5 �33.9± 0.1 �40.3± 0.5 �33.6± 0.2 �33.8± 0.4 �35.5± 0.2 �35.9± 0.5 �34.1± 0.1 �35.1± 0.5 �38.4± 0.4
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Fig. 8. Photomicrographs of primary microfacies types (scale 500 mm) (a) MF type 1 (b) MF type 2 (c) MF Type 3 (d) MF Type 4.
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very similar to MF type 1. Frost induced fissuring of the coarse
mineral fraction is again evident. Components include scattered,
unsorted, unburnt angular bone fragments and reworked calcitic
wood ash. The calcitic fraction is well preserved.

3. Microfacies type 3 This microfacies type is characterised by a
spongy to vughy microstructure dominated by a vesicular or vughy
porosity. Lithologically this type is composed of fine and medium
sand-sized grains of quartz, although in lower abundance than
other MF types, alongside micritic and micro-sparitic fossiliferous
limestone ranging from fine sand to coarse gravel. Clasts exhibit a
high degree of subrounding and rounding. Components are un-
sorted and scattered and include reworked charcoal and bone. No
calcitic wood ash is observed in this MF type. The calcitic fraction is
well preserved.

4. Microfacies type 4 This microfacies type is characterised by a
massive microstructure with low porosity, and a lithology of fine
and medium sand-sized grains of quartz alongside micritic and
micro-sparitic fossiliferous limestone ranging in size from fine sand
to coarse gravel. Clasts occur as sub-angular to angular. Cry-
ofeatures observed in the other MF types are not as evident here.
Components include reworked calcitic ash rhombs and angular
unburnt bone fragments. The calcitic fraction is well preserved.

(a) Microfacies type 4a This microfacies type is similar to MF type
4 but with subrounded to rounded coarse mineral elements
and frost induced fissuring of the coarse grains.
4.3.3. Description

4.3.3.1. S.U. I. This unit is characterised microscopically by MF type
1. The microstructure is crumb to granular with coarse sand and
gravel occurring as subrounded to rounded. Organisation of the
components is unsortedwith a high porosity generated by channels
due to root bioturbation. The matrix has a dusty appearance owing
to the presence of silt-sized organic matter (humified or carbonised
plant cells). Terrestrial snail shell, charcoal, bone fragments and
coprolites were identified throughout. Abundant dispersed faecal
spherulites were also identified in the uppermost part of this unit.

4.3.3.2. S.U. II. This unit is characterised mainly by MF type 4 but
with isolated zones more closely resembling MF type 1. It exhibits a
slight increase in the relative proportion of fine and medium sized
quartz sand. Medium and coarse limestone gravel is in a poorer
state of preservation than in other units. Gravel-sized clasts
frequently exhibit dissolution cavities with rounded edges and
dusty clay coatings. Components include angular bone fragments,
both burnt and unburnt, and calcitic wood ash likely resulting from
a reworked combustion feature in this unit.

4.3.3.3. S.U. III. This unit, which is composed of a thin cemented
carbonate crust yielding very few archaeological remains, was
represented in a single thin section, characterised by MF type 1.
Components include bone fragments and rare faecal spherulites.

4.3.3.4. S.U. IVa-g. Subunit IVa is captured in two thin section
samples and is predominantly characterised by the massive
microstructure exhibited by MF type 4a, but also containing MF
type 1a andMF type 2. The coarse mineral fraction generally occurs
as subrounded to rounded and frequently fissured. Components
include ash and frequent bone fragments.

Subunit IVb is composed of MF type 1b and MF type 3 with a
crumb/granular to vughy microstructure. The calcitic matrix within
this subunit shows slight dissolution and a porosity with a hori-
zontal arrangement, indicative of cryoturbation. This subunit also
contains a lower proportion of gravel relative to the other subunits
within S.U IV. The medium and coarse gravel in subunit IVb is also
more notably angular, regularly occurring with a lenticular or platy
morphology, typical of frost affected sediments. Impregnation of
iron oxides is also frequent and occurs both in the matrix and as
fine silt sized nodules. The components are very similar to IVa.

Subunit IVc, which is a roof collapse deposit composed of
boulders and large angular cobbles, due to the absence of fine



Fig. 9. Micromorphological components and features observed at Abric del Pastor (a) Fresh organic vegetal matter associated with root bioturbation (PPL, S.U. IVa, scale 500 mm) (b)
Fragment of carbonised vegetal matter (PPL, S.U. II, scale 500 mm) (c) Dissolution well with fine dusty clay coating in limestone clast (PPL, S.U. II, scale 500 mm) (d) Faecal spherulites
associated with reworked ashy aggregate (XPL, S.U. VI, 100 mm) (e) Bioturbated matrix with soil fauna excrements (PPL, S.U. IVd, 1000 mm) (f) Burnt bone in loose sandy sediment
with crumb to granular microstructure, note the fissured clast (PPL, S.U. IVd, scale 1000 mm).
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material has not been included in the micromorphological study.
Subunit IVd is characterised microscopically by MF type 1a and

MF type 3, with a crumb/granular to spongy microstructure. A
slightly higher proportion of gravel is recorded in this subunit
relative to the other subunits within S.U IV. Again, clasts with a
platy morphology are frequent. Dusty clay cappings and fissuring of
clasts may be further evidence of mild cryoturbation. Components
are similar to IVa and IVb but occur in higher abundances.

Subunits IVe and IVf are represented in two thin sections,
characterised by MF type 1 and MF type 1a, with an open crumb to
granular microstructure. Well-rounded clasts, fissuring and clay
cappings are frequent. Similar to the other subunits in S.U. IV,
components include bone fragments, reworked ash and charcoal.

Subunit IVg is represented in three thin sections and is char-
acterised by MF type 1 with an open crumb to granular micro-
structure. A higher proportion of gravel occurs in this subunit
relative to the overlying subunits. Fe andMn impregnation features
were also identified. Anthropogenic components, such as ash or
charcoal, are greatly reduced in quantity within this subunit.
4.3.3.5. S.U. V. This unit is represented in a single thin section
characterised byMF type 1. Lithologically this unit is very similar to
S.U IVa with a calcitic matrix and an open crumb to granular
microstructure. The matrix is slightly permeated by iron oxides and
clay coatings. Components include rare charcoal and bone
fragments.
4.3.3.6. S.U. VI. This unit is characterised byMF type 1with an open
crumb to granular microstructure which is locally compacted.
Corroded and fissured clasts in this unit are similar to those
recorded in S.U II. Anthropogenic components include burnt bone,
charcoal, calcitic wood ash and fat derived char. These occur in
much greater abundances than other units. Faecal spherulites are
recorded here mixed with reworked combustion residues. Dusty
clay coatings and infillings are common. Needle fibre calcite is also
recorded here in-filling the interstitial pore space.
4.4. Anthracological remains

Anthracological data from Abric del Pastor has been partially
published in previous works. Here, anthracological data from S.U.
IVc, IVd1, IVd2 (Vidal-Matutano et al., 2015) and S.U. IVd3 (Vidal-



Fig. 10. Micromorphological components and features observed at Abric del Pastor (a) Soil crust (PPL, S.U. IVd, scale 1000 mm) (b) Fragment of fat derived char (PPL, S.U. VI, scale
1000 mm) (c) Partially carbonised and ashed plant material (PPL, S.U. VI, scale 100 mm) (d) Reworked ashy aggregate (XPL, S.U. VI, scale 1000 mm) (e) Fragment of terrestrial snail shell
(XPL, S.U. I, scale 500 mm) (f) Massive coprolite (PPL, S.U. I, scale 500 mm).
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Matutano et al., 2017) is presented together with new anthraco-
logical data from S.U IVd4 and S.U. IVd5 (Table 3). The scattered
charcoal assemblages analysed from units IVc and IVd (IVd1-5) at
Abric del Pastor include a total of 957 charcoal fragments and at
least 19 taxa have been identified. Despite the small size of most of
thewood charcoal remains (1e2mm) and its scarcity in some units,
a high variety of taxa indicating the presence of several plant for-
mations in the surroundings can be inferred. Charcoal data from
IVd2 and IVd3 has been unified here as data for each unit was not
statistically representative (<100 remains).

The most representative taxa throughout S.U IV from Abric del
Pastor is Juniperus sp. (juniper) together with xeric taxa (Euphor-
biaceae, Ephedra sp., Cistaceae) (Fig. 11). This overall pattern is seen
throughout S.U. IVd and IVc (values of 36e58%). Values from Pinus
nigra-sylvestris (black-scots pine) suggest a clear trend decreasing
from 29% (S.U. IVd5) to 1% (S.U. IVc). In addition to this, Mediter-
ranean mixed forest taxa including evergreen and deciduous
Quercus (oaks), Pistacia sp. (terebinth), Rosa sp. (rose), Prunus sp. or
Maloideae (Rosaceae family) are abundant throughout IVd4 - IVc
(38e49%). Notably lower proportions of these taxa are, however,
recorded in IVd5 (12%). Finally, riverine taxa such as Ulmaceae (the
elm family), Salix-Populus (willow-poplar) and Fraxinus sp. (ash) are
present in small amounts (values< 7%). We infer two distinct
anthracological phases from the analysed remains (AP-1 and AP-2).
Phasing is a preliminary assessment of the data which relies on
grouping analytical units to infer periods of distinct environmental
conditions.
4.5. Microvertebrate study (S.U.IVd)

The small vertebrate assemblage from the S.U. IVd contains 295
dental and bone remains that correspond to 33 individuals. The
faunal list of this unit contains 3 rodents (Microtus cabrerae, Eliomys
quercinus and Apodemus sylvaticus), 1 insectivore (Crocidura gr.
russula-gueldenstaedtii), 1 anuran (Pelodytes sp.), 2 lizards (cf. Timon
lepidus s. l. and cf. Podarcis sp.) and 3 snakes (Colubridae indet.,
Coronella girondica and Viperidaea indet.) (supplementary figure SF
2).

The studied assemblage is characterised by the dominance of
Apodemus sylvaticus (MNI¼ 15), followed by cf. Podarcis sp.
(MNI¼ 8), Eliomys quercinus (MNI¼ 3) and Microtus cabrerae, Cro-
cidura gr. russula-gueldenstaedtii, Pelodytes sp., cf. Timon Lepidus s. l.,
Colubridae indet., Coronella girondica and Viperidae indet.
(MNI¼ 1) (Table 4).



Table 3
New charcoal data from Abric del Pastor (IVd 4 and IVd5), presented herewith S.U. IVc, IVd1, IVd2 (Vidal-Matutano et al., 2015) and S.U. IVd3 (Vidal-Matutano et al., 2017). Note
that data from IVd2 and IVd3 are joined here because the total number of wood charcoal fragments for each unit is not statistically representative.

Stratigraphic Unit IV c IV d 1 IV d 2 IV d 3 IV d 4 IV d 5

Taxa n % n % n n % n % n %

Cistaceae 1 0.37 1 0.58 * * * * * * *
Ephedra sp. 5 1.84 * * * * * * * * *
Euphorbiaceae 4 1.47 1 0.58 * * * * * * *
Fabaceae 5 1.84 8 4.62 4 7 7.78 6 3.13 * *
Fraxinus sp. 1 0.37 * * * 5 5.56 * *
Juniperus sp. 145 53.31 93 53.76 28 28 31.11 65 33.85 90 54.55
Labiatae 7 2.57 * * * * * 1 0.52 * *
Maloideae 3 1.10 13 7.51 * * * 1 0.52 * *
Monocotyledoneae tp. Poaceae 1 0.37 * * * * * * * * *
Pinus nigra-sylvestris 4 1.47 8 4.62 3 8 8.89 38 19.79 44 26.67
Pistacia sp. 39 14.34 20 11.56 23 8 25.56 5 2.60 3 1.82
Prunus sp. * * * * * * * 2 1.04 * *
Quercus sp. 10 3.68 11 6.36 6 9 10.00 41 21.35 12 7.27
Quercus sp. deciduous * * * * * * * 5 2.60 * *
Quercus sp. evergreen 41 15.07 12 6.94 1 14 15.56 14 7.29 5 3.03
Rhamnus-Phillyrea * * * * * * * 7 3.65 * *
Rosa sp. * * 2 1.16 * * * * * * *
Salix-Populus 2 0.74 2 1.16 * 7 7.78 3 1.56 9 5.45
Taxus baccata * * 2 1.16 * 4 4.44 4 2.08 1 0.61
Ulmaceae 4 1.47 * * * * * * * 1 0.61
Total fragments 272 100 173 100 65 90 100 192 100 165 100
Total taxa 14 11 6 9 13 7

Fig. 11. Anthracological data (main plant formations) from Abric del Pastor (IVc e IVd5).
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Palaeoecological reconstruction using the MER method in-
dicates a MAT slightly lower than present conditions (�1.48 �C)
(Table 5). Other climatic parameters such as MTC (�1.05 �C) and
MTW (�0.78 �C) point to a cooler climate with precipitation values
ranging from 411mm to 837mm (MAP 624.13mm). As only
generalist species have been included in the reconstruction, the
entire range of possible values should be considered.
4.6. Macrofaunal study (S.U. IVd)

A total of 476 faunal remains has been analysed for this study,
46% of which have been taxonomically determined. Artiodactyls,
composed at species level by Bos primigenius, Capra pyrenaica and
Cervus elaphus, are the most frequent group among ungulates (73
NR), while perissodactyls are represented only by Equus ferus (1
NR). Testudines are the taxonomic category with the greatest
number of identified remains in the assemblage (129 NR), all
attributed to Testudo hermanni. Few remains of rabbit (Oryctolagus
cuniculus, 8 NR), undetermined birds (2 NR) and small carnivore (1
NR) have also been recorded. The remaining 54% of the assemblage
has not been determined taxonomically but can be associated with
a weight size category. Medium size is the most abundant category
(76 NR), followed bymall (23 NR), very small (5 NR) and large (2). A
total of 142 NR could not be determined (Table 6).

The fragmentation rate is high, with most of the remains
measuring <2 cm in length. Diagenetic alterations were observed
throughout the assemblage, with a total of 574 surface damage
features identified: concretions (42%), manganese oxide staining
(29%), root-marks (15%), corrosion (8%), weathering (5%) and gnaw
marks (1%). The skeletal material contains a high quantity of cranial
remains, mainly in the form of isolated teeth of Bos primigenius and
Capra pyrenaica, while long bone fragments occur more frequently
among Cervus elaphus. In the case of tortoise, backplate fragments
and plastron are relatively abundant. Conservation analysis by bone



Table 4
Number of Identified Specimens (NISP), Minimum Number of Individuals (MNI) and percentage of representation (%) of small vertebrates from the Unit IVd from Abric del
Pastor. Distribution by habitat: OWo: Open Woodland; Wo: Woodland/Edge-woodland, OD: Open Dry, OH: Open Humid, Wa: Water and R: Rocky. Those species in open
nomenclature indicate that these taxa could not be classified to the specific habitat level (dashes).

Taxon NISP NMI % OD OH OWo Wo R W

Microtus cabrerae 6 1 3.03 0 0.50 0.50 0.00 0.00 0.00
Eliomys quercinus 9 3 9.09 0 0.10 0.40 0.30 0.20 0.00
Apodemus sylvaticus 125 15 45.45 0 0.25 0.50 0.25 0.00 0.00
Crocidura russula-gueldenstaedtii 2 1 3.03 0.40 0.10 0.40 0.10 0.00 0.00
Pelodytes sp. 1 1 3.03 0.33 0.16 0.25 0.08 0.16 0.00
Lacertidae indet. 21 e e e e e e e e

cf. Timon lepidus s.l. 5 1 3.03 e e e e e e

cf. Podarcis sp. 16 8 24.24 e e e e e e

Serpentes indet. 2 e e e e e e e e

Colubridae indet. 5 1 3.03 e e e e e e

Coronella girondica 7 1 3.03 0.25 0.05 0.35 0.20 0.15 0.00
Viperidae indet. 1 1 3.03 e e e e e e

Total 200 33 100 4 22 47 23 4 0

Table 5
Values of climatic parameters in the region around Alcoy today based on Hijmans
et al. (2005) and those obtained through the MER method from the micro-
vertebrate assemblage of S.U. IVd. SD¼ standard deviation; Max.¼maximum;
Min.¼minimum; D¼ difference with present day conditions. MAT¼mean annual
temperature; MTC¼minimum temperature of the coldest month;
MTW¼maximum temperature of the warmest month; MAP¼mean annual pre-
cipitation; PWM¼ precipitation of wettest month; PDM¼ precipitation of driest
month.

Mean SD Max. Min. D Alcoy

MAT 12.22 2.85 18.3 �0.2 �1.48 13.7
MTC 0.65 2.88 8.4 �11.4 �1.05 1.7
MTW 27.72 3.47 35.9 11.8 �0.78 28.5
MAP 624.13 212.92 1586 220 81.83 542.3
PWM 77.72 26.25 251 32 3.42 74.3
PDM 23.02 16.09 101.0 0.0 7.82 15.2

Table 6
Faunal remains from S.U. IVd.

Taxa NISP/NR MNE MNI

Artiodactyla 8 7 e

Bos primigenius 2 2 1
Caprinae 16 16 2
Capra pyrenaica 28 23 2
Cervidae 5 2 1
Cervus elaphus 14 9 3
Equus ferus 1 1 1
Oryctolagus cuniculus 8 8 2
Testudinidae 5 5 1
Testudo hermanni 100 78 4
Testudo sp. 29 29 2
Small carnivore 1 1 1
Birds 2 2 1
Total NISP 219 183 21
Large size 2 e e

Medium size 76 e e

Small size 32 e e

Very small size 5 e e

Undetermined 142 e e

Total NR 257 - -

R. Connolly et al. / Quaternary Science Reviews 225 (2019) 106023 15
density shows a statistically significant positive correlation
(p< 0.05) in wild goat (0.66) and cervids (0.45), demonstrating an
important bias in part of the assemblage. For this reason, utility
indices were not applied.

A total of 184 old fractures (fresh and dry) have been identified.
They are mainly present in the long bones of ungulates, in the
medium-weight size category and to a minor extent in cranial and
coxal fragments, scapulae ribs, and a small quantity of tortoise
plates. A large proportion of fresh fractures can be clearly linked to
anthropogenic activity. See supplementary material for additional
taphonomic data and information on anthropogenic surface
alterations.

Our bioclimatic component calculations (supplementary figure
SF 4) suggest that the most probable biome for the Abric del
Pastor Unit IVd faunal assemblage is Type IV (Mediterranean)
(Table 7).

5. Discussion

Leaf waxes derived from terrestrial higher plants are the pre-
dominant source of long chain length n-alkanes (nC27e nC35) at
Abric del Pastor. Although long chain homologues (nC27e nC35)
derived from higher plants dominate through most of the
sequence, sediment samples collected from S.U IVd and S.U. IVc
yielded n-alkane distributions with proportionally increased con-
centrations of mid-chain length homologues (nC18 to C26) which do
not display a strong odd-over-even predominance. Although mi-
crobial degradation can alter the chain length distribution of n-al-
kanes (Brittingham et al., 2017), a more likely explanation heremay
be the incorporation of charred biomass related to anthropogenic
combustion activities. Although care was taken during sampling to
avoid thermally altered sediments, dispersed ash, charcoal and
burned bone are recorded elsewhere in these units at the micro-
stratigraphic scale. Furthermore, at least eight discreet combustion
features have been recorded during the excavation of S.U. IVd, more
than in any other unit (Mallol et al., 2019). Studies elsewhere have
demonstrated the effects of thermal degradation on n-alkane
preservation and distributions (Eckmeier and Wiesenberg, 2009;
Wiesenberg et al., 2009; Diefendorf et al., 2015b; Wang et al., 2017;
Jambrina-Enríquez et al., 2018). With increasing temperatures,
there is a decrease in chain length and a modification of the carbon
preference from odd to even homologues, lowering ACL and CPI
values. The n-alkane distributions and observed co-variance of ACL
and CPI in S.U. IVd and IVc could therefore be explained by the
effects of anthropogenic fire.

d13Cwax values are within the expected limits for a predominant
contribution from C3 plants (Ficken et al., 1998). Through the entire
sequence, there is a range of up to 5.6‰ (nC29) and 6.7‰ (nC31) for
carbon isotope values, and up to 41‰ (nC29) and 37‰ (nC31) for
hydrogen isotope values. d13Cwax decreases from �32.5‰
to �34.9‰ (nC29) and �34.1‰ to �35.9‰ (nC31) between the base
and the uppermost part of S.U. IVd, while d2Hwax decreases
from �136‰ to �152‰ (nC29), and from �149‰ to �159‰ (nC31).
Although thermal alteration may have contributed to the observed
variability (Wiesenberg et al., 2009), notably in S.U. IVd and IVc,
d13Cwax and d2Hwax values through the sequence are likely



Table 7
Climate restriction index (CRI), bioclimatic component (BC), annual average temperature (AAT) and precipitation index (AAP).

Species I II II/III III IV V VI VII VIII IX Total

Capra hircus 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 1.000
Cervus elaphus 0.000 0.000 0.000 0.000 0.333 0.000 0.333 0.333 0.000 0.000 0.999
Bos frontalis 0.000 0.000 0.000 0.000 0.333 0.333 0.333 0.000 0.000 0.000 0.999
Equus onager 0.000 0.000 0.000 0.333 0.333 0.000 0.000 0.333 0.000 0.000 0.999
Vulpes vulpes 0.000 0.000 0.000 0.143 0.143 0.143 0.143 0.143 0.143 0.143 1.001
O. cuniculus 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 1.000
Testudo hermanni 0.000 0.000 0.000 0.000 0.500 0.500 0.000 0.000 0.000 0.000 1.000
P. pyrrhocorax 0.000 0.000 0.000 0.333 0.333 0.333 0.000 0.000 0.000 0.000 0.999
CRI 0.000 0.000 0.000 0.809 3.975 1.309 0.809 0.809 0.143 0.143 7.997
BC 0.000 0.000 0.000 10.116 49.706 16.368 10.116 10.116 1.788 1.788 100
AAT 17.711
SD 3.751
AAP 268.349
SD 558.709
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influenced by numerous factors. Water availability, temperature
changes and specific plant attributes can all affect fractionation of
carbon isotopes by plants during CO2 uptake and fixation (Dleaf)
(Kaplan et al., 2002; Diefendorf and Freimuth, 2017). Diefendorf
et al. (2010) have demonstrated that MAP is a strong predictor of
Dleaf, although factors such as microclimate and ecosystem struc-
ture are also likely to influence d13Cwax. Precipitation d2H, evapo-
transpiration and vegetation type are considered direct controls
d2Hwax values, although other environmental and physiological
variables can exert secondary controls (Sachse et al., 2006, 2009;
2012; Liu and Yang, 2008; Liu and An, 2018). Changes in moisture
source (Z. Liu et al., 2008; Tipple et al., 2015) or fluctuations in the
intensity of the North Atlantic Oscillation (NAO) could play a role in
determining precipitation patterns and d2H values (Mu~noz-Díaz
and Rodrigo, 2004; Brittingham et al., 2019), explaining some of
the variability observed through the sequence at Abric del Pastor.
North Atlantic dynamics have been shown to play a significant role
in the isotopic composition and variability of precipitation (Benetti
et al., 2017). These effects have been recorded elsewhere in the
Iberian Peninsula (Jambrina-Enríquez et al., 2017). A negative cor-
relation between monthly precipitation amount and precipitation
d2H recorded at GNIP (Global Network for Isotopes in Precipitation;
IAEA/WMO, 2006) stations in Murcia and Valencia suggests that
regional d2Hp values may be influenced to some extent by precip-
itation amount. Temperature is also likely to have been a significant
factor, however, as this plays a role in governing soil water evap-
oration and leaf transpiration, which in turn affects the primary
signal (Sachse et al., 2012; Kahmen et al., 2013; Wang et al., 2016).
Water availability is an important control on d13C in C3 plants,
which has also previously been shown in certain cases to positively
correlate with MAP and relative humidity (RH) (Farquhar et al.,
1989; Diefendorf et al., 2010; Garcin et al., 2014; Diefendorf and
Freimuth, 2017). Co-varying trends between d2Hwax and d13Cwax

through the sequence at Abric del Pastor could therefore be linked
to the combined effects of changes inmoisture source, precipitation
amount and fluctuations in temperature and evaporative stress.

Evidence of generally cool conditions throughout the sequence
are recorded at the microstratigraphic level by the occurrence of
weakly lenticular and granular microstructures, in addition to
features such as soil cappings, and frequent platy or fissured clasts
characteristic of cyclical freeze-thaw processes (Vliet-Lano€e, 2010).
The sequence is generally composed of laterally discontinuous
sands and gravels derived from the collapse and disintegration of
the limestone conglomerate which makes up the rock shelter.
Faecal spherulites recorded in S.U. I may be linked to the presence
of goats at the site in relatively recent times. In addition to input of
fresh leaves from the modern trees and vegetation immediately
adjacent to the site, this probably contributes to the elevated TOC
values in S.U. I. Other sources may include the frequent occurrence
of fresh root-derived OM which has been observed in several thin
sections. This highlights the effects of active bioturbation, although,
it should be noted that this does not uniformly affect entire the
sequence, being more intense in the uppermost units (S.U. I - IVa).
Good preservation of the calcitic matrix, sedimentary components
and anthropogenic material throughout most of the sequence
signal generally high rates of sedimentation. Indicators of slower
sedimentation rates, increased surface exposure and the presence
of moisture also occur, however, in the form of redoximorphic
features and instances where it is evident that the calcitic matrix
has been affected by dissolution processes. This is observed in S.U.
IVd, for instance, and might partially explain the degree of thermal
degradation affecting n-alkane distributions as slower sedimentary
rates produce a palimpsest effect with the concentration and su-
perimposition of materials related to successive combustion events
(Bailey, 2007; Machado et al., 2015). The occurrence of textural
contrasts and sharp contacts between depositional facies suggest
sedimentary accretion at the site is dynamic and responsive to
external processes, most likely linked to shifting environmental
conditions.

Cool temperatures are also implied by the charcoal assemblage
from S.U. IVc and IVd which shows a predominance of juniper
(>50% in some subunits) relative to pine, coherent with the
establishment of a cold climate during which heliophilous, dought-
tolerant plants progressively developed, accompanied by a
decrease in temperatures throughout the Iberian Peninsula
(S�anchez-Go~ni et al., 1999). Our reconstruction points to dry or
semi-arid supramediterranean conditions (MAT of 8e13 �C, �4 �C
and MAP of 200e600mm, �80mm), which is congruent with the
observed d2Hwax and d13Cwax values if we accept that temperature
and evaporative stress are the dominant controls. Indeed, juniper
species show great resistance to changes in temperature and hu-
midity, being physiologically adapted to stress tolerance with low
demands in terms of soil (Costa et al., 2005). The homogenous
anatomical structure of Juniperus does not allow for the discrimi-
nation of the species gathered, which could hypothetically include
thermophilous species (J. oxucedrus, J. phoenicea) or cryophilous
ones (J. communis, J. thurifera, J. sabina), whose present-day range
covers from thermo-Mediterranean to supra-Mediterranean
bioclimatic belts together with dry or semi-arid conditions (Costa
et al., 2005). However, carpological data from El Salt, a Middle
Palaeolithic site located 4 km away from Abric del Pastor, indicate
the presence of Juniperus sabina (savin juniper) in the region (units
VIII e Xa), at least during MIS 3 (Vidal-Matutano et al., 2017). This
taxon is currently abundant in the supra-Mediterranean and oro-



R. Connolly et al. / Quaternary Science Reviews 225 (2019) 106023 17
Mediterranean bioclimatic belts, above 1100e1200m a.s.l., occur-
ring together with other species of the same genus (J. communis, J.
thurifera) (Rivas-Martínez, 1987; Costa et al., 2005). The absence of
thermophilous juniper at Abric del Pastor would be consistent with
an anthracological assemblage reflecting a temperature range
which is lower than present conditions. The appreciable percentage
of mixed forest taxa in those units coinciding with decreasing
values of juniper might be explained by the location of the rock
shelter in a narrow ravine, where access to several plant formations
is possible within a short distance (<1 km). The presence of these
plant formations, with different ecological requirements to juniper,
point to the existence of a local vegetation refugium, composed of
several biotopes, facilitated by the orography of the narrow ravine.

The current spatial distribution of plant taxa recorded in S.U. IV
has been obtained for the Iberian Peninsula, taking into account
Juniperus communis, Juniperus ocycedrus, Juniperus phoenicea, Juni-
perus thurifera, Juniperus sabina, Pinus nigra subsp. salzmanii, Pinus
nigra subsp. Arnold, Taxus baccata, Pistacia terebinthus, Quercus ilex
ballota and Quercus faginea. This is presented here alongside the
distribution of themicrofaunal species recorded in S.U. IVd (Fig. 12).
The Javalambre and Gúdar mountain ranges (Teruel) and the
eastern Iberian mountain system show the highest proportions of
overlapping plant taxa. This mountainous region (1000e1500m
a.s.l.) is located at the supramediterranean bioclimatic belt with a
MATof 8e10 �C and a MAP of 400e600mm (Rivas-Martínez, 1987).
Isolated locations are also highlighted in the Pyrenees and the
Central and Betic mountain systems.

Our palaeoecological reconstruction based on the microfauna
suggests a similar scenario, with generally cooler (MAT -1.48 �C)
and possibly drier (411mme837mm) conditions than present. The
Habitat Weighting Method indicates a predominance of open
woodland environments (47%) (supplementary figure SF 3), which
includes woodland margins and forest patches with moderate
ground cover, evidenced by the abundance of Apodemus sylvaticus.
This species is ubiquitous throughout Spain, normally occupying
areas with a good shrub or tree cover (Palomo et al., 2007).
Fig. 12. 10� 10 UTM squares obtained overlapping the distribution areas of the main plant (r
in this study. (For interpretation of the references to colour in this figure legend, the reade
Woodlands and Open Humid habitats are next most-commonly
represented habitat types in S.U. IVd, although values are only
approximately half those obtained for Open Woodland habitats, at
23% and 22% respectively. Species linked to rocky environments
such as Eliomys quercinus, Pelodytes sp., Coronella girondica and
Viperidae indet. are probably explained by the topographic context
of the site, near a cliff. The presence of temporary water bodies is
indicated by the remains of Pelodytes sp., despite appearing in
lower proportions. The probable agent responsible for the accu-
mulation of the assemblage, Bubo bubo, is a nocturnal raptor
widespread throughout Europe and Asia (see supplementary ma-
terial). This species depends on a wide range of prey and its asso-
ciated prey assemblages are taxonomically diverse with a high
degree of equitability.

The macrofaunal assemblage from S.U. IVd is characteristic of
Mediterranean conditions. Climatic reconstruction based on the
CRI model yielded an AAP value of 268mm, which is consistent
with ranges obtained from other proxies. Variation in the proposed
temperature values between the different datasets probably reflect
the disparate depositional agents responsible for their accumula-
tion and the differing spatial resolutions of the proxies. The taxo-
nomic composition of the assemblage is potentially congruent with
either an MIS 5 setting, or a phase of climatic amelioration during
MIS 4. As such, the frequent occurrence of Mediterranean tortoise
(Testudo hermanni) in S.U. IVd is notable. In Pleistocene chronolo-
gies, there are few archaeological deposits in the Mediterranean
area where Testudo hermanni is present during MIS 4, limited to
Cova Dalt del Tossal de la Font (MIS5d-4) and Abric del Pastor
(Morales and Sanchis, 2009; Sanchis et al., 2015; Mallol et al., 2019).
In fact, a recent review of Neanderthal consumption of Testudo
hermanni in the Iberian Peninsula by Nabais and Zilh~ao (2019)
suggests that the species may have almost completely dis-
appeared from the peninsula at the onset of MIS 4 as a result of
over-exploitation. It's presence at Abric del Pastor is in agreement
with the anthracological data which suggests that the ravine where
the site is located probably acted as a vegetation refugium,
ed squares) and small mammal, reptile and amphibian (black squares) species analysed
r is referred to the Web version of this article.)
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providing sufficient tree and shrub cover for this species to thrive,
as well as an abundant and diverse source of woody biomass which
could be exploited as fuel by Neanderthal groups.

The resolution of the current chronological framework at Abric
del Pastor limits the direct comparisons which can be drawn be-
tween our sequence and other regional palaeoclimate records.
Nevertheless, our most complete dataset comes from S.U. IVd,
which corresponds with an OSL date of 63 kya ±5000 (1s),
implying an MIS 4 or possible late MIS 5 setting. During the period
in question, evidence from the upper Tagus Basin suggests the
accumulation of significant loess deposits are linked to cool and dry
conditions throughMIS 4, but perhaps began accumulating as early
as late MIS 5 (Wolf et al., 2018). This might point to the develop-
ment of adverse environmental conditions in the Iberian interior,
with decreasing vegetation cover limiting the availability of
important resources. In such a scenario, peripheral regions along
the Iberian coastline may have been more climatically favourable
for Neanderthal groups. Pollen records from Area Longa (Galicia) in
the north-west of the peninsula record a stadial vegetation with
grassland and heathland through the earliest stages of MIS 4
(G�omez-Orellana et al., 2007; Fletcher et al., 2010), while palyno-
logical records from Abric Romaní, in the north-east, record a
predominance of steppe vegetation (Artemisia) characteristic of
generally dry and cold conditions, interspersed by rapid episodic
shifts in vegetation structure which led to an increase in grasses
(Poaceae) followed by a decline in pines and deciduous oaks
(Quercus). The presence of Betula with Corylus, Viburnum and
Mediterranean taxa, suggest that localised glacial refugia persisted
during MIS 4 (Burjachs and Juli�a, 1994; Biltekin et al., 2019). This is
in keeping with the data presented here from Abric del Pastor and
taken together could predict similar conditions for MIS 4
throughout the Eastern Iberian Peninsula, pointing to a mosaic
scenario with different biotopes shaped by local geographic factors.
6. Concluding remarks

Drawing on multiple lines of evidence, we have investigated
climatic variability through the sequence at Abric del Pastor. Our
data points to a generally cold but variable climate through the
Plesitocene part of the sequence, as evidenced by the persistent
presence of cryoturbation features in our micromorphological
samples. n-Alkane distributions and co-varying CPI and ACL values
in S.U. IVc and IVd reflect degradation linked to the probable
incorporation of charred biomass associated with anthropogenic
burning events. This is supported by the archaeological evidence at
the macroscopic scale where eight combustion features are recor-
ded in S.U. IVd, as well as at the microstratigraphic scale where
combustion residues are linked to microfacies which show signs of
slower sedimentary rates. Fluctuations in d2Hwax and d13Cwax
through the sequence can be explained as the combined effects of
moisture source changes, regional precipitation amount and
changes in atmospheric temperatures. This is consistent with our
anthracological analysis of S.U. IVc and IVd which indicates a
prevalence of dry to semi-arid supramediterranean conditions
(MAT -4 �C and MAP of 200e600mm, �80mm) and our recon-
struction based on the small-mammal assemblage (MAT -1.48 �C,
MAP 411mme837mm). At this part of the sequence, which cor-
responds with an OSL date of 63 kya (±5000 1s), we propose a
scenario where open dry woodland formations extended
throughout the upper reaches of the valley, while Mediterranean
mixed forest taxa and riverine species survived within the Barranc
del Cinc ravine, a vegetation refugium providing adequate tree
cover and ground shrubs to support species such as Testudo her-
manni, which were exploited for subsistence by Neanderthal
groups. The ravine also provided an abundant fuel source in the
form of woody biomass. The occupation of the rock shelter may
have formed part of a broad subsistence and mobility strategy
focused on intra-mountainous valleys or ravines, like the Barranc
del Cinc, which are zones of ecological resilience and biodiversity
that provide opportunities for the construction of crucial econiches.
Finally, our results demonstrate the utility of a coupled biomole-
cular and geoarchaeological approach, however, encourage caution
for future studies in archaeological contexts where microscopic
residues, related to anthropogenic fire for instance, can potentially
influence the molecular or isotopic signal. In such cases, soil
micromorphology is a powerful tool for determining the extent of
anthropogenic impact on sediments and establishing vital con-
straints for the interpretation of biomolecular data.
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