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Abstract

Recent research on human exploitation of molluscs, echinoderms and crustaceans during the Mesolithic in the Cantabrian
region (northern Iberia) has shown significant variability in the intensity of the use of coastal resources by the last hunter-
fisher-gatherers throughout the ~ 4000-year expanse of the Mesolithic (10,700 — 6,700 cal BP). Previous studies have pro-
posed hypotheses related to demographic changes to explain intensification events. In this paper we aim to unravel whether
climatic and environmental changes, or other social factors, such as demography, were involved in the increase in the use
of marine resources at certain times. We employed species representation, quantification and biometric analysis of the
shell assemblages from the El Toral III archaeological site (Asturias, northern Iberia) to identify patterns in shell exploita-
tion throughout the stratigraphic sequence. To establish the chronology and distinguish occupation phases of the site, we
employed Bayesian modelling of radiocarbon measurements. Faunal results show that marine gastropods such as limpets of
the Patella genus and topshells Phorcus lineatus (da Costa, 1778) were the most exploited species, while bivalves, echinoids
and crustaceans were present in smaller quantities. The comparison of the results for El Toral III with other Mesolithic sites
in the region reveals significant temporal differences in the intensity of collection of marine shell species. Results showed
that intensification processes are not clearly related to climate change but to other social factors, such as demography, sug-
gesting that intensification and relaxation in shell collection events were strategies adopted depending on the needs of the
human groups at different times.
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Introduction

>4 Rosa Arniz-Mateos

arnizrosa@gmail.com; rosamaria. arniz@unican.es Archaeological and faunal evidence suggest that from the

Upper Palaeolithic to the Mesolithic, there was an intensifica-
tion in the exploitation of marine resources (Alvarez-Fernandez
2009; 2013a; Cuenca-Solana et al. 2013; Gutiérrez-Zugasti
Instituto Internacional de Investigaciones Prehistéricas de 2009; Gutiérrez-Zugasti et al. 2013; Garcia-Escarzaga 2020).
Cantabria (Universidad de Cantabria, Banco de Santander, During the Mesolithic, the number and size of shell middens,
Gobierno de Cantabria), Santander, Spain . . . .
archaeological sites characterised by the predominance of shells
in the stratigraphic matrix, increased across the coasts of Atlan-
tic Europe (Milner et al. 2007; Gutiérrez-Zugasti et al. 2011),
suggesting an intensive use of marine resources. In the Canta-
brian region (northern Iberia), these deposits are commonly
found in caves and rock shelters located less than 5 km from
the modern coastline (Bailey and Craighead 2003; Gutiérrez-
Zugasti et al. 2011; Fano 2019). The quantity and quality of
the archaeological record makes this region a key area for the
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study of shell middens and long-term changes in subsistence
strategies.

Studies of Mesolithic sites in the Cantabrian region
started at the beginning of the 20" century with the excava-
tions of shell-midden sites, primarily in eastern Asturias, by
the Count of Vega del Sella, from which the Asturian culture
was defined (Vega del Sella 1923). The number of stud-
ies rose during the 1970s and 1980s with the excavation of
sites such as La Riera, Balmori, Mazaculos II, and La Llana
(Gonzalez-Morales 1982; Clark 1983; Straus and Clark
1986). Towards the end of the 20™ century and the begin-
ning of the 21 century, new excavations of Mesolithic sites
were carried out in Cantabria, at sites such as La Garma A
(Arias et al. 2000), La Fragua (Gonzélez-Morales 2000), and
El Perro (Gonzalez-Morales and Diaz Casado 2000), and
in Asturias at sites such as Poza I'Egua (Arias et al. 2007),
El Alloru (Arias et al. 2015), El Toral III (Noval-Fonseca
2013) and El Mazo (Gutiérrez-Zugasti et al. 2013). Excava-
tions at the archaeological sites of El Mazo and El Toral III
revealed the presence of exceptionally well-preserved Meso-
lithic shell middens which offered opportunities for the study
of site formation processes, the exploitation of marine and
terrestrial food resources (Marin-Arroyo et al. 2020; Garcia-
Escarzaga and Gutiérrez-Zugasti 2021), technological and
symbolic developments (Rigaud and Gutiérrez-Zugasti
2016; Fuertes-Prieto et al. 2021) and palaeoenvironments
(Garcia-Escarzaga et al. 2022a).

The Mesolithic in northern Iberia ranged from 10,700 cal
BP to 6,700 cal BP. Holocene enviromental conditions in
coastal areas were characterised by increased temperatures
but also by rapid abrupt cold climatic events, such as the 8.2
ka cal BP event, identified in the region at the site of E1 Mazo
by decreased seawater temperatures and tree pollen reduction
(Nuiiez de la Fuente 2018; Garcia-Escéarzaga et al. 2022a;
b). Higher precipitation and humidity (Yanes et al. 2012),
sea level rise throughout the period, with stabilisation of the
coastline around 7.5-7 ka cal BP ago (Leorri et al. 2012) and
the presence of forests predominantly composed by oaks,
hazelnuts and birches (Nufiez de la Fuente 2018) have also
been recorded in the region. From a cultural point of view,
the Mesolithic in the Western part of the region has been
traditionally related to the Asturian culture. Lithic technol-
ogy at this time was characterised by the predominant use of
local raw materials for flake and laminar (blades and blade-
lets) production. Geometric microliths, although scarce,
are also present in the archaeological record from nearly
8.3 ka cal BP ago (Fuertes Prieto et al. 2021). The most
representative lithic tool is the Asturian pick, a quartzite
cobble-made artefact knapped unifacially to form a pointed
distal end (Gonzalez-Morales 1982). Antler and bone tools
are very rare, but fishing hooks and perforated antler batons
have been found at some sites. Subsistence strategies were
characterised by intense use of marine resources, especially
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mollucs (Garcia-Escarzaga et al. 2022a; b), hunting of ter-
restrial mammals (Andreu-Alarcén 2013) and collection of
plants (Lopez-Doériga 2016). The presence of local lithic raw
materials and differences between coastal and inland sites
have been interpreted as evidence of reduced mobility (Fano
2019; Arias et al. 2021).

Regarding intensification of coastal resource use, the first
faunal studies in the Cantabrian region focused on changes
in the distribution of shell sizes. Ortea (1986) showed a tem-
poral decrease in shell size across the stratigraphic sequence
at La Riera (Upper Palaeolithic and Mesolithic), which was
attributed to human pressure. Bailey and Craighead (2003)
revised Ortea's interpretation and proposed instead that
changes in shell size resulted from climatic and environmen-
tal factors. Subsequently, Gutiérrez-Zugasti (2009; 2011a)
corroborated the intensification hypothesis by performing
statistical analysis of size distributions, size selection, spe-
cies abundance and collection areas of Upper Palaeolithic
and Mesolithic sites. More recent studies, such as those
developed in the Asturian Mesolithic shell midden site of
El Mazo (Garcia-Escérzaga et al. 2022a), dated between c.
9,000 to 7, 600 cal BP, showed that the intensity of exploi-
tation of marine resources varied significantly across the
Mesolithic. However, the chronology of El Mazo does not
cover the entire Mesolithic so data from other sites is still
required to analyse exploitation patterns in the long term.

Here we present the results of a new archaeomalaco-
logical study for the shell-midden site of El Toral III. We
employed Bayesian modelling of radiocarbon measurements
to refine the chronology of the site. This allowed us to deter-
mine temporal variations in resource exploitation patterns
and phases of intensification. We combined the data from El
Toral III with other shell-midden sites, including El Mazo,
to offer a broader temporal and spatial analysis of resource
exploitation in the Cantabrian region during the Mesolithic.

El Toral lll: description and stratigraphy

The EIl Toral III cave is located approximately 1 km
from the modern coastline in the vicinity of the town of
San Roque del Acebal within the municipality of Llanes
(Asturias, Northern Spain) (Fig. 1). The cave is part of
the Toral-Pellunarices karstic system, an active water
circulation system consisting of more than 2.5 km of
galleries.

El Toral III consists of a wide rock shelter with a length
of approximately 8 m (Fig. 2a) and a small cave with a
chasm located at about 10 m from the entrance. The chasm
connects the cave with an underground river that runs
through the entire system. The archaeological deposit at El
Toral III is located in the rock shelter and extensive salvage
excavations were carried out in this area in 2009. Modern
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Fig. 1 Location of the study region and the shell midden site of El Toral III (Asturias, Northern Spain). MASL: meters above sea level

standard excavation procedures were used. The surface of
the site was divided into 1 x 1 m squares, identified with
a letter and a number (Fig. 2b), and those in four 0.5 x 0.5
subsquares (named from A to D). Stratigraphic units were
individualised considering their composition and sedi-
mentary features. Excavations revealed stratigraphic units
informing on site formation and post-depositional processes
(Noval-Fonseca 2013). Archaeological deposits are located
in two separate areas (areas A and B). Area A, located in
the south of the rock shelter, was impacted by water circula-
tion and suffered heavy erosion and mixing of archaeologi-
cal deposits (Supplementary Information 1A). Within this
area, only stratigraphic unit 10 retained in situ intact human
deposits (Fig. 2c). Unit 10 is stratigraphically the oldest

archaeological unit of the stratigraphic sequence and is situ-
ated between two layers of sterile clay (units 9 and 11). Due
to its relatively small size and the scarcity of archaeologi-
cal materials found within, it is assumed that it was formed
during a brief period of human occupation. Unit 13 lies just
above unit 9 and consists of three subunits (13A, 13B and
13C) showing evidence for disturbances and the mixing of
materials from different periods. Other stratigraphic units
observed in area A were excluded from further study due to
heavy erosion (e.g. units 4, 5 and 6) or because they were
cemented (e.g. unit 8).

Area B is situated in the northern part of the rock shel-
ter and has a well-preserved stratigraphic sequence. For
this area, units 17 and 19 show exceptional preservation
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Fig.2 a View of the rockshelter. b Map of the excavation areas. ¢ Area A of the excavation, vertical sequence with unit 13. d Area B of the exca-
vation, vertical sequence with units 17-19. e Area B of the excavation, vertical sequence with units 20-22

(Fig. 2d), while units 20, 21 and 22 (Fig. 2e) have some fea-
tures that indicate slight disturbances of the original depos-
its. For example, big stone blocks fell from the walls and
roof of the rock shelter during the formation of units 21 and
22, altering in some way these deposits. The space between
areas A and B was heavily eroded, and archaeological
deposits have almost disappeared. Mesolithic shell-midden
stratigraphic units contained a variety of materials, includ-
ing mollusc shells, mammal bones, fish and bird bones, lith-
ics, charcoal, plant seeds, and human remains. Radiocarbon
dates and the typology of material culture indicate that the
site was used during long periods of the Mesolithic. Meso-
lithic post-holes were identified in Area A (Noval-Fonseca
2013). The cave was used for human burial during the Chal-
colithic and Bronze Ages (Estalrrich et al. 2019).

Materials and methods

Radiocarbon dating and Bayesian modelling
Bayesian chronological modelling of El Toral III strati-
graphic sequences in areas A and B relied on a total of 36
radiocarbon dates (Supplementary Information 2A). This

included eight previously published dates by Noval-Fonseca
(2013), Rigaud and Gutiérrez-Zugasti (2016) and Allentoft
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et al. (2024), measured at the Center for Applied Isotope
Studies of the University of Georgia (UGAMS), the Inter-
national Chemical Analysis (ICA) and 4Chrono Centre of
Queen’s University Belfast, and 28 new radiocarbon dates
measured at the International Chemical Analysis (ICA).
Dated radiocarbon samples included a mix of marine shells,
plant charcoal, and herbivore and human bone samples. Col-
lagen was extracted from bone samples for dating. Pre-treat-
ment protocols, combustion, reduction, AMS measurement,
and data analysis followed established methods (Brock et al.
2010).

We employed two separate Bayesian chronological mod-
els for areas A and B. These were run using the software
OxCal v.4.4 (Ramsey 2001) and radiocarbon calibrations
were done using the terrestrial IntCal curve for the north-
ern hemisphere (Reimer et al. 2020) and the Marine20
curve (Heaton et al. 2020) for marine samples. Following
the estimates of marine AR values for northern Iberia dur-
ing the Early-Middle Holocene by Garcia-Escéarzaga et al.
(2022b), a AR value of -134+49 yrs was applied to Patella
vulgata Linnaeus, 1758 shells and -288+34 yrs to Phorcus
lineatus (da Costa, 1778) shells. In the case of a single
human bone collagen sample (UBA-40600), we employed
a AR value of -186+163 yrs with a mixed terrestrial and
marine curve. This AR value is a conservative estimate
of mixed diet that may include P. vulgata and P. lineatus
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protein together with other marine species. To estimate
the contribution from marine dietary carbon toward UBA-
40600 we employed a model with two end-member refer-
ences for carbon stable isotope ratios in human bone col-
lagen under a fully terrestrial diet (§'°C,, eqpia= -20.5+
1%¢) and a fully marine diet (§'°C,, ;.= -7.8 + 1%o)
following Dewar and Pfeiffer (2010). Uncertainties for
human bone collagen 8'>C values were set conservatively
at 0.5%o. Bayesian dietary estimates were done using the
software ReSources, an upgraded version of the FRUITS
software (Fernandes et al. 2014; Sottysiak and Fernandes
2021). Outlier OxCal models were employed using a Stu-
dent’s t distribution with five degrees of freedom (Ram-
sey 2009). Prior probabilities that radiocarbon dates were
outliers was set at 5%. The OxCal model codes are given
in Supplementary Information 1B.

Species representation

We studied the shell assemblage composed of molluscs,
echinoderms and crustaceans from nine stratigraphic units
in areas A and B. Materials from 331 litres of sediment were
analysed. The archaeological remains were washed and
screened using 4, 2 and 1-mm meshes. The materials that
passed the 4 and 2 mm meshes were analysed, while those
that passed the I mm mesh were not studied. The analysed
remains came from stratigraphic units 17 and 19 located in
square O8 (subsquares A and B), units 20, 21 and 22 located
in square M9 (subsquares A and B), unit 10 from square O4
(subsquare D) and units 13A, 13B and 13C from square O6
(subsquares C and D). Although partial studies on shells
from units 17, 21 and 13A have been previously carried out
(Bello-Alonso et al. 2015; Martinez-Cuesta 2017), we have
studied those remains again.

We used established references (Poppe and Goto 1991;
Palacios Eguren and Vega De La Torre 1997) and the refer-
ence collection from the International Institute for Prehis-
toric Research of Cantabria (IIIPC) for species identifica-
tion. Employed nomenclature was according to the World
Register of Marine Species (WoRMS, http://www.marin
especies.org/). We classified anatomically 353,797 shell
remains. Shellfish remains were included in the fragmenta-
tion categories proposed by Moreno (1994) and Gutiérrez-
Zugasti (2011a) (Table 1).

To quantify the distribution of mollusc, we employed the
abundance estimators based in fragmentation categories
developed by Moreno (1994) to determine the Minimum
Number of Individuals (MNI) for bivalves and gastropods,
and by Gutiérrez-Zugasti (201 1c) for echinoids and crusta-
ceans. The formula used for calculating the MNI for bivalves
was as follows:

Table 1 Fragmentation categories used for the anatomical classifica-
tion (see Moreno 1994 and Gutiérrez-Zugasti 201 1a; c for a detailed
description of each category)

Fragmentation categories

Bivalves

Complete Valve (COMV)
Fragmented Valve (FRAV)
Fragment with a Complete Hinge (FCH)
Anterior Hinge Fragment (AHF)
Posterior Hinge Fragment (PHF)
Non-diagnostic Fragments (FTS)
Spiraled gastropods

Complete Individual (COMI)
Fragmented Individual (FRAI)
Apical Fragment (APIF)

Stoma Fragment (STOF)
Umbilical Fragment (UMBF)
Non-diagnostic Fragments (FTS)
Non-Spiraled gastropods
Complete Individual (COMI)
Fragmented Individual (FRAI)
Apical Fragment (APIF)
Non-diagnostic Fragments (FTS)
Sea urchins

Complete Semi-Pyramid (COMSP)
Semi-Pyramid Apical Fragment (SPAF)
Semi-Pyramid Basal Fragment (SPBF)
Complete Epiphysis (COME)
Complete Rotula (COMR)
Complete Compass (COMC)
Completed Tooth (COMT)

Tooth Apical Fragment (TAF)
Tooth Basal Fragment (TBF)
Goose barnacles

Complete Carina (CC)

Apical Fragment of Carina (AFC)
Basal Fragment of Carina (BFC)
Complete Tergum (CT)

Apical Fragment of Tergum (AFT)
Basal Fragment of Tergum (BFT)
Complete Scutum (CS)

Apical Fragment of Scutum (AFS)
Basal Fragment of Scutum (BFS)
Crabs

Left Dactylopod (LD)

Right Dactylopod (RD)

Left Propod (LP)

Right Propod (RP)
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MNI bivalves= COMV + FRAV + FCH + (AHF or
PHF, whichever is higher). Lateralized valves with higher
results were assumed as MNI.

MNI spiralled gastropods= COMI + FRAI + [APIF or
(STOF + UMBF), whichever is higher]

MNI non-spiralled gastropods= COMI + FRAI + APIF

For echinoids and crustaceans, an individual MNI for
each type of diagnostic remain was calculated. For sea
urchins, we used different formulas for pyramids and teeth.
In the case of epyphisis, rotulae and compasses, only com-
plete remains were counted to calculate the MNI. The high-
est value of the five diagnostic remains was taken as MNI:

MNI sea urchins semi-pyramid= COMSP + (SPAF or
SPBF, whichever is higher)/5

MNI sea urchins tooth= COMT + (TAF or TBF, which-
ever is higher) /5

For goose barnacles, we calculated the MNI from the
Carina, Tergum and Scutum. The highest value was taken
as MNI:

MNI goose barnacles= CC + (AFC or BFT, whichever
is higher).
MNI goose barnacles= CT + (AFT or BFT, whichever
is higher).
MNI goose barnacles= CS + (AFS or BFS, whichever
is higher).

In the case of crabs, we calculated the MNI for each frag-
mentation category separately and the highest value was
taken as MNL.

We also calculated the fragmentation index to classify
shell preservation status and assess taphonomic processes.
We followed the methods proposed by Gutiérrez-Zugasti
(2011a).

Biometric analysis

Biometric analysis was performed to determine shell size
variations and assess possible shell size selection across
time. Size measurements were taken using a digital calliper
to the nearest 0.1 mm on well-preserved shell specimens.
Measurements of Height/Width/Length were taken for lim-
pets (Patella depressa Pennant, 1777, P. vulgata, Patella
ulyssiponensis Gmelin, 1791) and diameter for topshells (P.
lineatus) following the methodology proposed by Gutiérrez-
Zugasti (2009).

Statistical analyses were carried out using the software
PAST (Hammer et al. 2001). We did not perform these
when sample numbers were lower than 30. Kruskall-Wal-
lis and Mann-Whitney pairwise tests were used for size
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comparisons across stratigraphic units. Normality was
tested using the Shapiro-Wilk test and from this infer size
selection. The skewness of the distributions was also used
for interpretation of size selection. To expand the chrono-
logical range of our study, previously published data from
other Mesolithic shell midden sites close to the study area
was considered. Thus, only sites with absolute dates and
a detailed study of the archacomalacological assemblages,
such as El Mazo (Garcia-Escarzaga 2020) and Mazaculos II
(Gutiérrez-Zugasti 2011b), were considered for discussion.

Collection areas, such as intertidal zonation (lower
or higher shores) and the degree of the coastal exposure
(exposed or sheltered), were established using biometric
data from P. vulgata. Zonation and exposure equations were
as proposed by Bailey and Craighead (2003). Exposure was
calculated following the equation:

Exposure = Length(0.142) — Height(0.06) + Width(0.0489) — 5.328

For exposures under -0.15 limpets were assumed to origi-
nate from exposed shores, while higher values were assigned
to sheltered shores. Zonation of P. vulgata was determined
by calculating Length/Height ratios (L/H) from each speci-
men. Data were compared with the 2.55 threshold value
proposed by Gutiérrez-Zugasti (2009) for northern Iberia.
If the result exceeds the threshold, the specimen is assumed
to originate from lower shores and reversely to higher
shores. The vertical zonation was calculated for the limpet
P. depressa based on the studies conducted by Garcia-Escér-
zaga (2020) on modern populations of this taxon. In this
case, the Width/Height (W/H) ratio was used, following the
criteria of Garcia-Escarzaga (2020). The coefficient thresh-
old was 2.53. Similarly, if the ratio exceeded the coefficient,
the individual was assigned to lower shores and reversely to
higher shores.

Results
Bayesian chronological modelling

A total of 32 '*C AMS measurements from marine and ter-
restrial archaeological samples were used for the final model.
Four measurements were excluded based on the poor agree-
ment they showed during the process. The references of the
excluded dates are: ICA-14C-6004, ICA-14C-6005, ICA-
14C/0802 and UGAMS-5400 (Supplementary Information
2A). The Bayesian modelled dates place the formation of the
Mesolithic shell midden site in two different times of occu-
pation according to the excavation areas. The chronologi-
cal sequence of Area A reflects occupations from the Early
Mesolithic. The modelled earliest date was 9,891-9,494 cal
BP (95.4% probability) corresponded to the boundary start
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of unit 10 with an interval of duration between 0 and 221
years cal BP. The modelled latest date was 9,549-9,417 cal
BP (95.4% probability) and corresponded to the bound-
ary end of unit 13C with an interval between 0 and 184
years cal BP (Fig. 3a) (Supplementary Information 2B).
The Bayesian model from Area B shows a later occupation
of the Mesolithic period. Sequence 22-21-20 showed the
modelled earliest date between 7,724-7,580 cal BP (95.4%
probability) corresponding to the boundary start of unit 22
with an interval of 0 and 114 years cal BP. Meanwhile, the
boundary end of unit 20 was modelled between 7,511-7,150
cal BP with an interval of duration from 0 to 340 years cal
BP. On the other hand, sequence 19-17 was modelled the
earliest date between 7,780-7,571 cal BP (95.4% probabil-
ity) corresponding to the start of unit 19 with an interval of
duration from O to 253 years cal BP. The end of unit 17, and
the end of sequence that we assumed, was modelled between
7,388-6,656 cal BP (95.4% probability) with an interval of
duration from O to 812 years cal BP (Fig. 3b) (Supplemen-
tary Information 2C).

Species representation

Results on species representation show the presence of
marine bivalves and gastropods, as well as echinoderms
and crustaceans at El Toral III. In most of the stratigraphic
units, four species (P. vulgata, P. depressa and P. ulyssipon-
ensis, and P. lineatus) account for more than 80% of each
shell assemblage (Supplementary Information 3). When the
abundance of the main species used for food is observed, it
is possible to see three different temporal patterns in taxa
representation (Fig. 4).

First, unit 10 in Area A consists almost exclusively of
limpets (only a single P. lineatus was recorded), with P. vul-
gata and P. depressa dominating the assemblage. The three
subunits from unit 13 are dominated by topshells P. linea-
tus, followed by limpets P. depressa and P. vulgata, except
unit 13C where the three species show similar abundance.
There is a progressive increase in topshells, paralleled by a
decrease in limpets P. vulgata, from unit 13C to unit 13A. In
the younger units (17 to 22), located in Area B, the assem-
blages are dominated by the limpet P. depressa followed by
P. vulgata and P. ulyssiponensis. In these units, a consider-
ably lower density of topshells compared to units from Area
A (i.e., 13A, 13B and 13C), is observed.

Crustaceans, echinoderms and other mollusc species
are present in negligible numbers. Most of these species
were not used for food, except the mussels Mytilus gallo-
provincialis Lamarck, 1819, the sea urchins Paracentrotus
lividus (Lamarck, 1816) and crustaceans, such as crabs of
the Brachyura order and goose barnacles Pollicipes pollici-
pes (Gmelin, 1790). The stratigraphic unit with the high-
est density of these species is unit 17, the youngest in the

Mesolithic deposit. Despite their low abundance, these spe-
cies are present in all stratigraphic units of the sequence,
except for unit 10.

Shells were impacted by similar taphonomic processes
throughout the sequence. Biodegradation, burning and frag-
mentation were the most common processes. Some units,
such as 17 and 19 have a higher degree of cementation since
they are closer to the walls of the rock shelter, where water
circulation is more intense. Limpets, the most represented
taxa in the archaeological record, display significant frag-
mentation, especially in units 13C, 13B and 13A. Topshells
are comparatively less fragmented, but they show the higher
degree of fragmentation in the younger units of the sequence
(unit 20 and especially 17) (Table 2).

Biometrical analysis

The length of 2,424 P. depressa shells from the different
stratigraphic units was measured (Fig. 5a) (Supplementary
Information 4). Limpet shells of this species from unit 10
and the subunits from level 13 (Area A), have larger aver-
age sizes (between 26 — 24.2 mm) than limpets from units
17 to 22 (Area B) having similar average sizes (21.4 — 20.7
mm). Average size shows a decreasing trend in the earliest
part of the sequence, but they remain almost the same in the
youngest part. A similar pattern is visible for the length size
of P. vulgata (7,735 specimens measured) (Fig. 5b) (Sup-
plementary Information 4). In this case, average size varies
between 26.2 - 24.4 mm in Area A and 23.2 - 22.5 in Area
B. Thus, the same size pattern is observed for both species,
although the absolute magnitude of the variation is larger in
P. depressa. For topshells P. lineatus, the diameter of 4,735
specimens was measured (Supplementary Information 4). In
this case, there is a slight increase in average sizes at the start
of the sequence and a subsequent decrease, which is espe-
cially evident in the younger units (Fig. 5c). A Kruskal-Wal-
lis test showed significant differences among stratigraphic
units in all species (Supplementary Information 5).
Mann-Whitney pairwise tests, revealed significant differ-
ences among most of the stratigraphic units (Supplementary
Information 5), although with some species differences. For
P. depressa and P. lineatus there were significant differences
among most units while for P. vulgata there were significant
differences among units from Area A, but not among most
units of Area B. Intentional size selection was checked using
statistical analysis (Supplementary Information 5). In the
case of P. depressa, test results show mostly non-normal
and non-log-normal size distributions and positive skewness,
except for unit 10 (normal), units 13A and 19 (log-normal),
and the negative skewness observed for unit 13C. A similar
pattern is visible in P. vulgata where most distributions are
non-normal and non-log-normal, with positive skewness.
Only unit 13C shows a normal distribution, while units 13B
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190+ Area A

Area B

10 13A

L

Stratigraphic units

Fig.4 a Densities (MNI per dm®) of the main gastropod species pre-
sent at the shell midden site of El Toral IIl. Red (P. depressa), grey
(P. ulyssiponensis), yellow (P. vulgata) and blue (P. lineatus) bars

show density values for the different stratigraphic units. b Images of
the most represented species. Each coloured box represents a different
species according to the colours in the graph. Scale 1: cm

Table 2 Fragmentation indices

X X Areas Area A Area B
for the main species. Lower
values are indicative of higher Stratigraphic units 10 13C  13B  13A 22 19 21 20 17
fragmentation Patella sp. 0237 007 0106 008 033 023 0344 0264 0277
Phorcus lineatus ~ 0.02 0.501 0314 0371 0429 0415 0439 0269 0.124

and 13A show log-normal distributions. P. ulyssiponensis
show mostly normal distributions and negative skewness in
units from Area A, and non-normal (non-log-normal) dis-
tributions and positive skewness in Area B. For topshells
P. lineatus most of the stratigraphic sequence consists of
non-normal and non-log-normal distributions, except units

22 and 20, which show normal size distributions. Skewness
is positive in units from Area A and mostly negative in units
from Area B.

The study of zonation shows that around 60% of P.
depressa and 80% of P. vulgata were collected in the lower
shore (Fig. 6a and b), while the rest of the specimens were
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collected from the higher shore. Exposure analysis shows
that the collection of P. vulgata took place almost exclu-
sively in exposed areas (Fig. 6¢).

Discussion

Post-depositional processes in shell midden
formation

In general, stratigraphic units from Area A have under-
gone important post-depositional processes, probably due
to multiple water circulation episodes, although anthropo-
genic activities during more recent prehistoric and historic
periods, cannot be discarded (Noval-Fonseca 2013). These
disturbance episodes contributed to the erosion of most
of the original archaeological deposits from Area A and
the mixture of materials of different ages. Units 4, 5 and
6 are clear examples of this problem and, for that reason,
they have not been analysed in this work (Supplementary

@ Springer
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Information 1A). At first inspection, units 13A, 13B and
13C appeared better preserved. However, the sedimentary
matrix of these three units, similar for all, consists of loose
sediment and shells (unlike Area B units, whose matrices
contain less sediment and are almost exclusively composed
of shells). They contained abundant decimetric limestones,
fallen from the walls and ceiling of the rock shelter. Such
features suggest that these units have also undergone impor-
tant post-depositional processes. This interpretation is also
supported by the chronology of some materials recovered
in units 13A, 13B and 13C, especially a human bone recov-
ered in unit 13B that has been dated to the Early Bronze
Age (Supplementary Information 2A). Moreover, the dates
obtained from shells of P. vulgata and P. lineatus from unit
13C provided very different results. While the P. vulgata
shells gave dates consistent with the stratigraphic position
of the unit, the P. lineatus shells showed much more recent
dates (they were rejected by the Bayesian model). This indi-
cates that some (or all) shells of P. lineatus are not in their
initial position and are intrusive.
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Fig.6 a Percentages of limpet shells P. depressa from El Toral 111
collected in the lower (orange) and upper (red) intertidal zones. b Per-
centages of limpet shells P. vulgata from El Toral III collected in the

The analysis of biometric data also supports the afore-
mentioned interpretation, since the average size of P. lin-
eatus from 13C is similar to that of unit 17 of Area B,
while the sizes of the two species of limpets from 13C are
larger than those of the units from Area B, and therefore
it is probable that the remains of these species correspond
to the actual chronology of the unit in which they were
found. Moreover, an ungulate bone from unit 13A yielded
a radiocarbon date consistent with the chronology of Area
B (Supplementary Information 2A). However, despite
these problems, the species representation of these units
follows a very orderly pattern, with a predominance of P.
lineatus followed by P. depressa. The same pattern has
been observed in other sites, such as the rock shelter of El
Mazo, in stratigraphic units with a chronology similar to
that of the radiocarbon date obtained for unit 13A. Given
such stratigraphic issues, we excluded these units from
the discussion on temporal changes of species representa-
tion and biometric characteristics. These units exemplify
the problems associated with the formation and erosion
of shell middens, and the need to conduct investigations
that combine the detailed study of stratigraphy, chronol-
ogy and archaeological remains to identify alterations to
original deposits.

22
Stratigraphic units

19 21 20 17

lower (orange) and upper (red) intertidal zones. ¢ Percentages of lim-
pet shells P. vulgata from El Toral III collected in exposed (green)
and sheltered (purple) zones

Temporal changes in species representation

The study of mollusc shells from El Toral III shows a pre-
dominance of temperate-water species, such as the topshell
P. lineatus and the limpets P. depressa. The species P. vul-
gata, traditionally considered a cold-water species, but capa-
ble of adapting to more temperate conditions (Poppe and
Goto 1991), also appears in significant numbers. This pattern
has been observed in other Mesolithic sites in the region,
such as El Mazo, Mazaculos II, La Fragua and La Garma
A, among others (Gutiérrez-Zugasti 2009; Alvarez-Fernan-
dez 2011; 2013b; Gutiérrez-Zugasti and Cuenca-Solana
2014; Garcia-Escéarzaga et al. 2022a). Temporal changes in
species representation were investigated by combining data
from EI Toral III with that from the neighbouring site of
El Mazo (Gutiérrez-Zugasti et al. 2013; Garcia-Escérzaga
et al. 2022a), located 1 km to the east from El Toral III. The
oldest units of El Toral III range from 9,650 to 9,530 cal
BP, while the sequence at El Mazo begins at 9,000 cal BP
and ends at 7,635 cal BP. The most recent units of El Toral
III range from 7,620 to 7,200 cal BP. Therefore, except for
the 500 years between 9,500 and 9,000 cal BP, a period in
which there is an information gap, the sequence of both sites
covers more than 2,000 years of the Mesolithic period and
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makes it possible to trace the evolution of shellfish harvest-
ing strategies in the region over an extended period (Fig. 7).

The beginning of the sequence, dated at El Toral III
around 9,650 cal BP (unit 10), shows a predominance of P.
depressa and P. vulgata. Data originates from a small strati-
graphic unit embedded between the base clays of the cave,
having a low density of shells compared to other units. These
characteristics suggest a short site occupation. After a gap
of 500 years without data, the oldest unit of E1 Mazo shows
a predominance of P. vulgata, with significant amounts
of P. depressa and P. lineatus. Between 8,800 cal BP and
8,300 cal BP there is a predominance of P. lineatus, with
significant amounts of P. vulgata and little abundance of
P. depressa. During the 8.2 ka cal BP cold event P. vulgata
dominates. Around 8 ka cal BP, following the 8.2 ka cold
event, P. lineatus was once again the most abundant species.
Around 7,620 cal BP, coinciding with the units located in
Area B of El Toral 11, there was a drastic change in species
representation, with a clear predominance of P. depressa and
a dramatic decrease of P. lineatus.

The study of molluscs from El Mazo reflects inversely
proportional changes in the temporal abundance of P. vul-
gata and P. lineatus, due to their cold and temperate climatic
preferences, respectively (Garcia-Escarzaga et al. 2022a).
The abundance of these species seems to follow the pattern
of climatic variations visible in proxies such as §'%0 from
ice cores in Greenland (NGRIP members 2004), support-
ing the hypothesis that Mesolithic populations collected
the most abundant species available on the intertidal areas.
However, the case of P. depressa is more intriguing, since its
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abundance along the sequence does not follow climatic vari-
ations, as in the case of the other two species. At the begin-
ning of the sequence its presence is scarce, and gradually
increases until culminating in its predominance from 7,620
cal BP onwards, as observed in the most recent units of El
Toral III. The species P. ulyssiponensis, with even more
temperate preferences than P. depressa, follows a similar
pattern although its densities are lower, probably because
it lives in the lowest intertidal zone, and therefore, its col-
lection was only possible during the most extreme spring
tides, or perhaps because the presence of this species in the
intertidal zone was reduced. The geographic distribution of
these species shows that P. depressa and P. ulyssiponensis
are species with clear temperate climatic preferences (Poppe
and Goto 1991; Gutiérrez-Zugasti 2011b). Thus, it would
be expected that these follow an abundance pattern like P.
lineatus. However, this is not the case, which suggests that
other factors, apart from seawater temperature, are influ-
encing the presence of these species in the intertidal of the
Cantabrian region. For example, increased coastal exposure,
derived from sea level rise, could explain the abundance of
P. depressa and P. ulyssiponensis, species better adapted to
exposed shores than P. vulgata and P. lineatus. The position
of the coastline in the region begins to stabilise around 7,500
- 7,000 cal BP (Leorri et al. 2012), coinciding with the time
when these species predominate in the studied sequence.
However, the results for collection areas shows that most of
the P. vulgata specimens were obtained in exposed areas.
This pattern is observed throughout the entire sequence,
so exposed coasts seem to have been present in the region

8 ka cal BP 7.6 ka cal BP

Stratigraphic units

Fig.7 Densities of the minimum number of individuals per litre of
excavated sediment for the most abundant gastropod species. Bars in
red (P. depressa), grey (P. ulyssiponensis), yellow (P. vulgata) and
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blue (P. lineatus) show density values for the different stratigraphic
units at the shell midden sites of El Toral III and El Mazo. Dashed
lines through the graph indicate calibrated dates
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throughout the study period. Given this, it is difficult to
determine the cause or causes of the different abundance pat-
terns among the most abundant species. While in the case of
P. lineatus and P. vulgata their abundance varies in relation
to climatic changes, in the case of P. depressa and P. ulys-
siponensis their abundance increases progressively across
the sequence, independently of climatic changes.

Mesolithic shellfish exploitation intensification
processes

The intensification of exploitation of marine resources
during the Mesolithic has been previously suggested in
various parts of the world, including in Western Europe
during the Late Mesolithic (Maninno and Kenneth 2001).
In the Mediterranean region, Colonese et al. (2011) also
observed the intensification in the use of molluscs among
Mesolithic hunter-gatherer communities. In Atlantic Europe,
Gutiérrez-Zugasti (2011b) conducted an extensive review
of Mesolithic shell midden sites in northern Iberia, iden-
tifying intensification processes related to human pressure
and characterised by the intense exploitation of specific
species, the collection in lower and exposed areas of the
intertidal, and shell size and age decrease. Other areas of
Atlantic Europe, such as Portugal, France, Denmark and the
UK showed similar patterns of intensive shellfish collection
(Gutiérrez-Zugasti et al. 2011). Similarly, beyond Europe,
intensification has been observed on the West Coast of South

Africa. Jerardino (2010) identified in Later Stone Age shell
middens, processes of intensification in several species of
limpets and black mussels around 2,600 BP, reflected in the
reduction of mean sizes. Lastly, Hausmann et al. (2021) ana-
lysed size variation of a collection of over 15,000 specimens
of Conomurex fasciatus (Born, 1778) from the Holocene
shell mounds on the Farasan Islands (Saudi Arabia) in order
to understand how intensification affected the resilience of
molluscs to resource depletion between 7,360 cal BP and
4,780 cal BP. These examples show that intensification in
the use of molluscs was a common strategy among hunter-
gatherer communities.

Our results suggest that there was no gradual increase in
shellfish exploitation during the Mesolithic in northern Ibe-
ria. The intensification on the exploitation of such resources
was observed at certain time periods. Biometrics are here
used to assess this process and the causes that lead human
beings to adopt intensification strategies. For the tempo-
ral analysis of biometric features, we combined data from
El Mazo, El Toral 111, and the Mazaculos II shell midden
(Gutiérrez-Zugasti and Gonzélez-Morales 2010; Gutiérrez-
Zugasti 2011b) allowing us to cover a wider chronologi-
cal range (Fig. 8). During the interval 10,500 — 10,000 cal
BP, the sizes of the three main species are the largest in
the entire sequence, although a slight decrease is observed
between the start and end of the interval. Around 9,000 cal
BP a size decrease is observed, while between 9,000-8,300
cal BP the sizes are maintained or slightly smaller. Around
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Fig.8 Chronological size variations from the Mesolithic shell mid-
den sites of Mazaculos II (green), El Mazo (red) and El Toral III
(blue). Measurements for P. depressa (a), P. vulgata (b) and P. linea-

tus (c). White circles represent the mean of the distributions and bars
represent standard deviation. The grey colour line shows the trend
and the grey shading shows the error using Im method
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8,300 cal BP the sizes begin a downward trend, which has
been related to an intensification event during the period
corresponding to the 8.2 ka cal BP cold event. This inten-
sification has been previously related to an increase in
population in coastal areas due to the colder conditions of
other neighbouring areas such as the Ebro Valley (Garcia-
Escarzaga et al. 2022a). From 8,050 cal BP, there is a shell
size increase, suggesting a relaxation in reliance on marine
resources. Around 7,800 cal BP, there was a new decrease
in shell size, reflected in the most recent units of El Mazo,
and in the units of Area B of El Toral III, which contain the
smallest shell sizes of the entire sequence.

Information on demography during the Mesolithic in
the region is limited. Some approaches to the population
dynamics during the Holocene in the Cantabrian region has
recently been proposed, based on the summed probabil-
ity distributions of radiocarbon dates (Fernandez-Lépez
de Pablo et al. 2019; Clark and Barton 2022; Gonzalez-
Rabanal 2022). These models suggest that during the 8.2
ka cal BP event, the population in the region remained stable
or increased slightly, while shell sizes declined. Between
8,050 cal BP and 7,600 cal BP there was a population
increase, in a period during which shell sizes increased first
and then decreased, suggesting the existence of a relaxation
on the reliance on molluscs followed by a new intensification
event. After 7,600 cal BP there was a population decrease
while shell sizes remained relatively stable.

Thus, according to these palacodemographic models and
data presented here, there is some correlation between a
higher demographic pressure and a decrease in the size of
molluscs. However, it is necessary to take these data with
caution due to the limitations of the summed probability
distributions of radiocarbon dates, which are influenced
by aspects such as the intensity of the investigation or the
archaeological visibility of sites and burials.

Except for the 8.2 ka cal BP event, changes in shell size
do not seem to be directly correlated with significant climatic
changes either. The three most abundant species, which have
different climatic preferences, follow the same trend in terms
of size across the stratigraphic sequence, which supports a
cultural rather than climatic cause for size variations.

The analysis of collection areas (Fig. 6) shows a con-
sistent pattern throughout the sequence, with a preference
for the collection of limpets in lower and exposed intertidal
areas. This pattern was previously observed in other Can-
tabrian Mesolithic sites, such as El Mazo, La Llana and
Mazaculos II (Gutiérrez-Zugasti 2009; Garcia-Escarzaga
2020; Garcia-Escarzaga et al. 2022a) and related to the
intensive use of shellfish, as lower and exposed areas remain
less time emerged and are more dangerous for collection
than higher and sheltered zones (Gutiérrez-Zugasti 201 1a).
This implies human knowledge of tide patterns, which made
it possible to take advantage of the spring tides that occur
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every fortnight as the lower parts of the intertidal that are
submerged during neap tides remain emerged during spring
tides. Therefore, this pattern suggests organized collection
strategies.

Most of the analysed archaeological units show non-nor-
mal or non-log normal shell size distributions, suggesting
a size selection process as observed from field experiments
(Gutiérrez-Zugasti 2009). The distribution of size data,
which typically shows tails skewed towards larger sizes,
as well as the positive skewness values, indicate that the
larger sizes were targeted. The indiscriminate collection of
all available sizes for a mollusc population could indicate
collection intensification, as lower-yield specimens are also
collected to satisfy the needs of the human groups. Under
this assumption, size selection analysis does not show inten-
sification features. However, the adoption of a strategy based
on the collection of larger sizes could also be reflecting a
certain intensification, by obtaining a higher meat yield with
fewer shells collected. Collecting specimens with a higher
meat yield involves harvesting females due to their larger
dimensions, which, as previous studies in the region have
indicated (Gutiérrez-Zugasti 2011b), may interfere with their
reproductive capacity. This fact could subsequently impact
size distributions if their numbers are lowered below a cer-
tain threshold. Therefore, selection of larger sizes could also
be reflecting intensification. However, no temporal patterns
through the Mesolithic are observed in this case, suggest-
ing that collection of larger sizes was a strategy sustained
through time.

Conclusions

Our study from the shell midden site of El Toral III showed
that Mesolithic hunter-gatherers from northern Iberia had
an organized and standardized strategy for shell collection.
Larger sizes of limpets from lower and exposed shores were
mostly targeted, as well as topshells collected in higher
intertidal zones. Previous research on shell collection sug-
gested that intensification in the use of molluscs was not
gradual through the Mesolithic in northern Iberia, and that
certain temporal variability occurred (Garcia-Escarzaga
et al. 2022a). Our data from EI Toral III has provided new
information on this issue, helping to increase the tempo-
ral range of the previous studies. Thus, here we relied on a
data compilation from different shell midden sites to inves-
tigate the temporal intensity of shellfish harvesting in the
area. Observed temporal variability could be related to cli-
matic and environmental changes, demography, or choices
related to human social organization. Despite de difficulties
to unravel the causes of intensification, our results showed
that intensification processes are not clearly related to cli-
mate change but to other social factors, such as demography,
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suggesting that intensification and relaxation in shell collec-
tion events were strategies adopted depending on the needs
of the human groups at different times.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12520-024-01982-x.
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