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a b s t r a c t

Arenal de la Virgen and Casa Corona, located in the upper Vinalopó Valley (SE of the Iberian Peninsula),
are open-air Mesolithic sites dated to the Middle Holocene e 8600-7800 cal BP. Recent excavations have
provided evidence of non-marine assemblages dominated by terrestrial (Sphincterochila candidissima and
Iberus alonensis) and fresh water gastropods (Melanopsis tricarinata tricarinata) associated with habita-
tion structures. These sites represent the first documented cases of systematic land snail consumption at
open-air residential camps in the Iberian Mediterranean Region. This report presents the assemblage
composition and modern ethological parameters, and discusses taphonomic processes, gathering
strategies, seasonal patterns and their implications in subsistence practices. The pattern of occurrence of
these species is contrasted with lake environmental records at a local scale to trace paleoecological
conditions in the study area.

� 2011 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

Late Palaeolithic and Mesolithic subsistence systems in the
Iberian Mediterranean Region involved a broad spectrum of
terrestrial, avian and marine resources (Aura Tortosa et al., 2009).
Despite the increasing interest in low ranked resources in recent
archaeological research, very little attention has been paid to the
study of land snails as food remains during the Late Palaeolithic and
the Mesolithic periods in this region.

This problem seems to be a result of a research bias. Even though
continental gastropods often occur in malacological assemblages
found in cave deposits dominated by marine molluscs such as at
Nerja Cave or Santa Maira, their presence has not always been
considered food remains. Conversely, in recent years, at some
Epipaleolithic sites in the Murcia region such as Algarrobo and
Caballo caves, malacological assemblages dominated by terrestrial
species associated with anthropogenic features have been noticed
(Martínez Andreu, 1989).

Knowledge of land snails in the open-air archaeological record is
even worse. As an example, at the most important Mediterranean
Mesolithic open-air site with 15 individual inhumations, the shell
midden of El Collado (Oliva, Alicante), a simple list of gastropod
com (J. Fernández-López de
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species has been published but neither quantification nor contex-
tual information has been provided (Aparicio Pérez, 2008).

This paper studies the land snail assemblages dominated by
continental species of two different open-air Mesolithic lacustrine
sites e Arenal de la Virgen and Casa Corona e dated to
w8600e7800 cal BP. These sites provide fresh evidence and also
contextual data about the use of continental gastropods as food
remains. The seasonality patterns of cultural accumulation of shells
will be explored on the basis of the ethological parameters of the
species represented. Finally, some paleoecological interpretations
will be proposed after contrasting the diachronic differences in land
snail occurrence with local lacustrine paleoenvironmental records.
2. Regional settings

The study area, the Villena basin, is located in the southeastern
Iberian Peninsula about 80 km from the coast, on the upper course
of the Vinalopó river (Fig. 1). It occupies a wide corridor with an
average altitude of 500 m.a.s.l. The region is bounded by calcareous
mountain ranges no higher than 1000 m.a.s.l. that belong to the
eastern edge of the Betic Alpine Chain (Alhácera mountain, de
Enmedio mountain and Castellar mountain on the west, Morrón
mountain, Villa mountain and Peña Rubiamountain on the east and
Salinas mountain on the South). The basin is filled by alluvial,
colluvial and eolian Quaternary deposits.
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Fig. 1. Study area. The upper Vinalopó valley and the Villena basin.
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This corridor was generated by the tectonic accident of Vinalopó
Fault, and is associated with diapiric formations of Triassic chalk
and clay beds (Rodríguez Estrella, 1977). The area is also charac-
terized by the presence of Mesozoic calcareous materials, mainly
Cretaceous, folded along gentle anticlines and synclines oriented
southwest e northeast (IGME, 1958). The tectonic activity
continued during the Quaternary, and appears to be related to the
dissolution of salt layers, by the action of water from aquifers,
which generated sinking in some areas, and modeled distinctive
landforms of small depressions and steep banks (Ferrer and
Fumanal, 1997).

The area has a very particular hydrology characterized by the
presence of ephemeral and permanent lagoons fed by runoff and
ground water. The main aquifer in this network was the Villena
Lagoon, a vast water reservoir of w695 ha that was drained at the
beginning of the 19th century. Other minor ponds surrounding it
are la Lagunilla, el Balsón, el Hondo, Casa de Lara and Casa Corona y
las Moratillas. Towards the borders of the basin, glacis formations
and alluvial fans are found on the smooth piedmonts both to the
west (Arenal de la Virgen hill), and the north (Casa de Lara and Casa
Corona). Geomorphological and sedimentological studies have
documented very intensive eolian activity in the area during the
Holocene (Casquel et al., 1989; Ferrer and Fumanal, 1997).

The contemporary climate is subarid Mediterranean with
continental influence (Pérez Cueva, 1984). The mean annual
temperature is 15 �C, with a mean monthly maximum in July
(25 �C) and mean monthly minimum in January (7 �C). The annual
rainfall is 324 mm with yearly peaks in autumn and spring. The
annual water balance for the area is strongly negative, with a mean
annual potential evaporation of 750 mm.

Following the Epipaleolithic, with industries of Azilian and
Sauveterrian traditions, the Mesolithic in the Iberian Mediterra-
nean region (c.10,800e7600 cal BP) is comprised of two successive
industrial complexes: the Notched and Denticulated Mesolithic
(10,800e8400 cal BP) characterized by macrolithic flake debitage,
and notched and denticulated tools; and the Geometric Mesolithic
(8400e7600 cal BP) with bladelet debitage, microburin technique
and microliths of Tardenoisian tradition.

In the central Mediterranean region of Spain, north of the Vil-
lena Basin, there is a well-documented record of caves and rock
shelter deposits with Mesolithic evidence: Santa Maira cave (Aura
Tortosa et al., 2006) and Tossal de la Roca (Cacho et al., 1995) are
the main archaeological sequences with occupations from the
Magdalenian through the Geometric Mesolithic and also including
layers with Notched and Denticulated Mesolithic. Shorter archae-
ological sequences with chrono-stratigraphic data have been
documented in recent excavations at Abric de la Falguera (García
Puchol and Aura Tortosa, 2006) where the basal levels are dated
to the Geometric Mesolithic, and Penya del Comptador with
a human burial dated to the Notched and Denticulated Mesolithic
(Aura-Tortosa, 2000). On the coast, the El Collado shell middenwith
15 human burials (Aparicio Pérez, 2008) is dated to both the
Notched and Denticulated Mesolithic and the Geometric
Mesolithic.
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Generally speaking, the Mesolithic represents a change
regarding the Epipaleolithic period not only in lithic technology but
also in subsistence strategies, settlement patterns and funerary
practices. In terms of subsistence, the Epipaleolithic is primarily
characterized by deer and ibex hunting and a consistent contri-
bution of rabbit among the small prey. In contrast, during the
Mesolithic a more varied use of hunted resources is documented
with a higher contribution of other ungulates (wild boar, chamois,
roe deer) and carnivores in faunal assemblages (Aura Tortosa et al.,
2009). In nearby archaeological sequences such as Santa Maira
cave, the exploitation of marine resources such as Mytilus or
Sparidae is quantitatively higher during the Mesolithic than during
the Epipaleolithic and the Upper Magdalenian (Aura Tortosa et al.,
2006). The shell midden of El Collado, containing both Notched
and Denticulated and Geometric Mesolithic deposits, is the best
example of Mediterranean Mesolithic coastal adaptations that
involved a lower reliance on marine diets compared to the Atlantic
and Cantabrian Mesolithic sites (García-Guixé et al., 2006).

Mesolithic settlement pattern is characterized by a broader
diversification of exploitation environments than during the Epi-
paleolithic (Aura-Tortosa, 2000). Even though Mesolithic open-air
sites are still poorly known in the Mediterranean region of Spain,
the variety of locations and occupational indicators documented
suggest a regional settlement pattern with open-air residential
camps in coastal and inland marsh environments coupled with
short-term logistic sites (mostly rock-shelters), located in middle to
high altitudinal ranges of inner valleys or mountain areas
(Fernández-Lópezde Pablo and Jochim, 2010;Martí et al., 2009). The
funerary record during the Mesolithic is overwhelmingly higher
than the previous Epipaleolithic (Aura, 2009; Mejklejohn, 2009),
providing evidence for different kinds of burial practices. During the
Notched and Denticulated Mesolithic, unarticulated bones with cut
marks have been recently documented in the occupational levels of
Santa Maira cave (Aura Tortosa et al., 2009). In contrast, the
Geometric Mesolithic witnessed a proliferation of specific funerary
manifestations, some in the form of individual pit graves creating
cemeteries such as el Collado (Aparicio Pérez, 2008), andotherswith
combinations of primary and secondary burials in a collective grave
as documented in Cingle del Mas Nou (Olària, 2009).

3. Materials and methods

The Villena Valley presents a varied record of Epipaleolithic and
Mesolithic sites that encompasses either open-air or cave locations
(Soler García, 1960, 1969, 1991). Open-air sites are known from
several lithic scatters without stratigraphic context, such as Pinar
de Tarruella (Fortea Pérez, 1973), Casa de Lara (Soler García, 1960;
Fortea Pérez, 1973; Fernández-López de Pablo, 1999) and Arenal
de la Virgen (Soler García, 1965).

Early and Middle Holocene archaeological data are framed by
environmental information from two local lake deposits. Salinas
playa-lake records a sedimentary sequence from the Upper Pleis-
tocene through the Middle Holocene (Giralt and Juliá, 2003),
although accurate pollen and sedimentary data are only available
for the Late Glacial and Early Holocene periods (Giralt et al., 1999).
Lake level reconstructions document alternations consisting of
periods with a permanent water body and periods in which an
ephemeral playa-lake with strong biotic fluctuations prevailed
during the Early Holocene and the beginning of the Middle Holo-
cene (Roca and Juliá, 1997; Giralt and Juliá, 2003). The second
deposit is in the Villena Lagoon, where a continuous pollen
sequence records vegetation succession from the Late Glacial
through the Atlantic (Yll et al., 2003).

Despite the important Mesolithic archaeological record, survey
and excavation research based on modern fieldwork strategies has
only started very recently. Some of the most significant results have
been achieved particularly at Arenal de la Virgen (Fernández-López
de Pablo et al., 2008) and Casa Corona.

3.1. Gastropod assemblages

3.1.1. Arenal de la Virgen
Arenal de la Virgen is an open-air site located on the south-

western lakeshore of the Villena Lagoon. Over 6 m2 were excavated
to a depth as much as 1.5 m below the modern surface. The major
geological strata comprise sediments of aeolian sands that under-
went colluvial reworking and paleosol formation, alternating with
phases of eolian reactivation (Fernández-López de Pablo et al.,
2008).

A Notched and Denticulated Mesolithic occupation occurs at
sectors 30/37 in stratum IV, formed in a Middle Holocene paleosol
of sands, overlying unconformable Late Pleistocene basal sands. The
Mesolithic phase has yielded a single occupation level that contains
a partially altered hearth structure, burnt sands and fire-cracked
stones in spatial association with lithic artefacts and terrestrial
gastropods.

Flake reduction strategies and notched and denticulated tools
characterize the lithic assemblage. One radiocarbon date is available
for the Mesolithic occupation, based on a single charcoal sample
(Beta-243772) of Quercus sp. from the hearth dated at 7750� 40 BP
(8595-8430 cal BP). The land snail assemblage is composed of 1180
individuals from six excavation units of 1 m2 each.

3.1.2. Casa Corona
Casa Corona is an open-air site, recently discovered as a result of

a rescue excavation undertaken in 2008 by Arpa Patrimonio S.L.
Stratigraphic data, anthropological and archaeological data will be
presented in detail elsewhere. The site was established on the
northern side of a marginal inter-dune depression pond that was
filled by rich organic sediments (Ferrer, Unpublished results).

Occupational evidence for both Geometric Mesolithic and
Eneolithic periods has been excavated. The north sector contains
archaeological structures and layers from the Geometric Mesolithic
phase. Over 565 m2 were excavated to a depth as much as 1 m
below the modern surface. The Geometric Mesolithic phase
includes several stratigraphic units partially altered by ploughing,
containing land snails and diagnostic artefacts overlying 14 hearths
with land snails and two pit graves that have yielded two individual
inhumations.

Hearths consist of shallow pit structures excavated into the Early
Holocene consolidated basal sands. The diameter of the hearths
varies between 60 and 120 cm, but in some cases the observed
differences may be due to overlapping of the structures. All hearths
are filled by sediments of burnt sands, fire-cracked stones and
terrestrial gastropods. Charred bone and wood charcoal are in
a poor state of preservation. Lithic artefacts and land snails recov-
ered from these structures systematically show burnt surfaces and
other thermal alterations (Fig. 2).

AMS radiocarbon analysis of a single human bone from Grave 1
(Beta-272856) has yielded a date of 7070 � 40 BP (7970-7830 cal
BP). Despite the lack of radiocarbon dates from hearths at Casa
Corona, archaeological data and the stratigraphic context indicate
that the site was both a funerary area and a campsite with hearth
structures during the Geometric Mesolithic. Burnt land snails,
similar to those documented in the hearths, were found in Graves 1
and 2 as part of the inhumation fill. Moreover, diagnostic Geometric
Mesolithic artefacts such as trapezes and pierced shell beads of
Collumbella rustica were found in several hearths. The malaco-
logical assemblage at Casa Corona contains up to 2274 individuals
recovered from the 16 structures.



Fig. 2. Casa Corona. Upper view of the filling sediments of a hearth (SU 133) containing
burnt land snails (courtesy of Arpa Patrimonio S.L).
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3.2. Methods

Fieldwork procedures for the recovery of malacological mate-
rials were very similar in both sites. Level IV from Arenal and the fill
of hearths at Casa Corona, were dry sieved through 5 and 1 mm
mesh. In addition, sediment samples were floated.

Archaeological land snail specimens were examined and
compared with references provided in the regional taxonomic
literature (MartínezeOrtí, 1999, 2010; Martínez-Ortí and Robles,
2003). Two reference gastropod collections located at the Natural
History Museum of Valencia and the Department of Zoology at the
University of Valencia were also used for taxonomic identification.

The primary quantification procedure was based on minimum
number of individuals (MNI). The density of land snails/m3 was
calculated by dividing the number of specimens by the volume of
sediment of Level IV at the different excavation units at Arenal, and
by the filling sediment volume of each structure at Corona.
Although such a procedure requires the control of deposition rates
(Jerardino, 1995), it was used in order to obtain a preliminary
indicator of horizontal variability of land snail accumulation at an
intra-site scale. Similar rates of deposition are assumed in the
Mesolithic structures studied at Casa Corona except for Graves 1
Fig. 3. Main malacological species represented at Arenal de la Virgen and Casa Corona
sites (archaeological specimens from Arenal de la Virgen).
and 2, where the malacological material is part of the grave fill.
Biometric analysis based on maximum diameter measures of two
random samples of whole specimens of Sphincterochila candi-
dissima (n ¼ 102 at Arenal; n ¼ 76 at Casa Corona) and Melanopsis
tricarinata tricarinata (n ¼ 111 at Arenal; n 56 at Casa Corona) was
undertaken to estimate age selection patterns (Fig. 4).

Chronological paleoclimatic correlation between the archaeo-
logical sites, with local and regional paleoenvironmental proxies,
has been established in order to evaluate the influence of short-
term environmental changes on the frequencies of gastropods. As
a local proxy, the lake level reconstructions from the Salinas playa-
lake core based on ostracod assemblages that provide an estimation
of precipitation and ground water hydrological changes during the
Early and Middle Holocene (Roca and Julia, 1997) was used.

As a regional reference, sea surface temperature (SST) recon-
structions based on isotopic analysis of Globigerina bulloides from
marine core MD 95-2043 in the Alboran Sea (Cacho et al., 2001)
were used. In addition, dO18 values fromGISP 2 (Grootes et al., 1993;
Messe et al., 1994; Stuiver and Grootes, 2000) have been selected as
a global environmental framework. The CalPal software package
(Weninger and Jöris, 2004) was used to produce the graphics and
the OxCal 4.1. program for calibrating 14C dates employing the
INTCAL 09 calibration curve (Reimer et al., 2009).

4. Results

4.1. Taxonomic representation

The list of gastropod species and their quantification by site are
represented in Tables 1, 2 and 3, and Fig. 3. Twelve different species,
eight of land snails and four of fresh water snails, have been
documented at Arenal and Corona for the Mesolithic. Only four
species eS. candidissima, Iberus alonensis, Cernuella virgata and
Pseudotachea splendida e are edible, and a recent ethnobiological
study has demonstrated that they are still gathered and consumed
in the area (Fajardo et al., 2009).

Inedible land snails e Rumina decollata, Xerocrassa subrogata,
HelicellamadritensisandCochlicella barbarae aremarginally present,
suggesting a non-cultural introduction into the Mesolithic deposits.
In this sense, the documentation of Rumina decollata specimens in
several hearths at both Casa Corona and Arenal de la Virgenmight be
explained by the presence of decomposing organic materials.

Among the edible land snails, S. candidissima and I. alonensis are
clearly more frequent than C. virgata and Pseudotachea splendida,
which are completely absent at Arenal and comprise less than
0.24% of the MNI at Casa Corona.

The specific assignation of S. candidissima was realized accord-
ing to MartínezeOrtí (1999) who considers the only species of the
genus Sphincterochila, recent and fossil, which lives in the area
where the sites lies.

S. candidissima is a medium-sized species, considered very
xerophilic, and inhabits the Mediterranean regions of Spain and
France. Its life span is about six years (Prieto, 1986) and it has two
reproductive cycles during spring and fall seasons. It hibernates and
estivates while buried, developing epiphragms during periods of
inactivity (Domínguez and Robles, 1996; MartínezeOrtí, 1999).

I. alonensis is the only species of genus Iberus living in this area
(MartínezeOrtí, 1999; Martínez-Ortí and Robles, 2003; Elejalde
et al., 2005). It inhabits limestone Mediterranean environments
with different vegetation formations, from open forests of pine and
oak to xerophytic bushes (MartínezeOrtí, 1999; Martínez-Ortí and
Robles, 2003). Its life span ranges from ten to twelve years (J. Cerdà,
personal communication), showing two reproductive cycles during
spring and fall, the same as S. candidissima. Depending on the
substrate, it estivates and hibernates buried or hidden in crevices.



Fig. 4. Conchometric measure distributions and descriptive statistics on archaeological specimens of Sphincterochila candidissima and Melanopsis tricarinata tricarinata. SPSS
software package (v.18) has been used to produce the box plot graphics and the descriptive statistics tables.
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Fresh water snails display an absolute predominance of Mela-
nopsis tricarinata tricarinata. At Arenal, it overwhelmingly domi-
nates the malacological data set displaying a clear spatial
correlation with the hearth structure and the spatial distribution of
S. candidissima and I. alonensis specimens. In contrast, at Casa
Corona it shows a significant minor representation for the whole
site and the hearth structures as well. Melanopsis tricarinata tri-
carinata is a fresh water gastropod that inhabits both stream and
stagnant continental waters (Martínez-Ortí, 2010). It can survive in
hard waters with high salinity rates, however is very sensitive to
temperatures below 13 �C (Martínez-Ortí and Robles, 2003). Its life
span is about ten years (Puente, 1994; Puente and Martínez-Ortí,
Personal communication), displaying yeareround activity and
reproductive cycle.

A residual documentation of unmodified Theodoxus fluviatilis
shells has been recorded at Casa Corona. Although the use of this
species as pierced shell beads is cited in other regional contexts
such as Santa Maira during the Notched and Denticulated Meso-
lithic (Aura Tortosa et al., 2006) and Cueva de la Cocina during the
Geometric Mesolithic (Pericot, 1945) no cultural modification to
suggest the same use was documented.

4.2. Conchometric analysis

Conchometric analysis based on the maximum diameter of two
random samples of S. candidissima from both sites indicates a clear
selection pattern of adult individuals (Fig. 4). Aside from some
outliers, distribution ranges and mean values are very similar in
both samples. In addition, no young specimens potentially distin-
guished by somemorphological differences (such as lenticular shell
with subconical spire consisting of flat whorls, last whorl markedly
keeled and not turned downwards and with the umbilicus open
wide) have been recognized in the biometric samples.

Biometric values based on maximum lengths of Melanopsis tri-
carinata tricarinata are presented in Fig. 4. Despite the significant
differences in the number of Melanopsis between the Arenal and
Corona data sets, very close distribution ranges can be clearly
observed. Adult and young specimens are present in both sites. The
interpretation of these results requires a consideration of Mela-
nopsis incidence by hearth structures. At Casa Corona, the low
number of Melanopsis retrieved from the different structures
suggests an indirect introduction of specimens, possibly attached to
reeds or stones. In contrast, at Arenal de la Virgen the amount of
Melanopsis is significantly higher than at Casa Corona and, in
addition, they show up a spatial concentration at excavation unit
G’1, in clear relationship with the hearth (Table 2). According to
these strands of evidence e both the high number of individuals
and the spatial association with other edible species in the hearth
structure e it seems reasonable to suggest a selective and anthro-
pogenic introduction into the site.

4.3. Paleoclimatic correlation

The radiocarbon chronology brackets theMesolithic occupations
of Arenal de la Virgen (c.8600e8400 cal BP) and Casa Corona
(c.8000e7800 cal BP) to a time span of about eight centuries that
witnessed the 8.2 ka cal BP event (Barber et al., 1999). The impact of
this climatic crisis on IberianMesolithic settlementpatterns is under
discussion (González-Sampériz et al., 2008; Fernández-López de
Pablo and Jochim, 2010; Bicho et al., 2010). For the study area,



Table 1
List of continental gastropod species represented at
the Mesolithic sites of the study area.

Land snail gastropods

Order: Pulmonata
Familiy: Sphincterochilidae
Genus: Sphincterochila
Sphincterochila candidissima (Draparnaud, 1801)
Order: Pulmonata
Family: Helicidae
Genus: Iberus
Iberus alonensis (Ferussac, 1821)
Order: Pulmonata
Family: Helicidae
Genus: Pseudotachea
Pseudotachea splendida (Draparnaud, 1801)
Order: Pulmonata
Family: Cochlicellidae
Genus: Cochlicella
Cochlicella barbara (Linnaeus, 1758)
Order: Pulmonata
Family: Hygromiidae
Genus: Cernuella
Cernuella virgata (Da Costa, 1778)
Order: Pulmonata
Family: Hygromiidae
Genus: Xerocrassa
Xerocrassa subrogata (Pfeiffer, 1853)
Order: Pulmonata
Family: Subulinidae
Genus: Rumina
Rumina decollata (Linnaeus, 1758)
Order: Stylommatophora
Family: Hygromiidae
Genus: Helicella
Helicella madritensis (Rambur, 1868)

Fresh water gastropods
Order: Pulmonata
Family: Lymnaeidae
Genus: Galba
Galba truncatula (Mailer, 1774)
Order: Pulmonata
Family: Lymnaeidae
Genus: Stagnicola
Stagnicola sp.
Order: Neotaenioglossa
Family: Melanopsidae
Genus: Melanopsis
Melanopsis tricarinata tricarinata (Bruguiere, 1789)
Order: Neritopsina
Family: Neritidae
Genus: Theodoxus
Theodoxus fluviatilis (Linnaeus, 1758)

Table 2
Arenal de la Virgen Level IV. MNI of continental gastropods by excavation units.

Square G’1 F’40 E ’40 G’40 E’1 F’1 Total Le

Species MNI MNI MNI MNI MNI MNI MNI

Sphincterochila candidissima 187 21 6 59 4 53 330
Iberus alonensis 14 e e 1 e e 15
Melanopsis tricarinata 531 72 8 86 17 119 833
Rumina decollata 2 e e e e e 2
Total 734 93 14 146 21 172 1180

Density of Sphincterochila by m3 958.97 110.53 54.54 262.22 29.63 286.49
Density of Melanopsis by m3 2723.11 378.95 72.73 382.22 125.93 643.24
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Fig. 5. Chronological correlation between archaeological sites with continental gastropods and paleoclimatic proxies: 1. Radiocarbon chronology of Mesolithic sites; 2. Archaeo-
logical sequence; 3. Early-Middle Holocene sequence; 4. Schematic diagram of the evolution of Salinas lacustrine sequence (based on Roca and Julià, 1997:Fig. 3, modified); 5.
Alborán Sea Surface temperature (Cacho et al., 2001); 6. Variation in dO18. from GISP2 (Grootes et al., 1993; Stuiver et al., 1993; Meese et al., 1994).
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a chronological correlation between the Mesolithic contexts with
continental gastropods and the paleoenvironmental proxies is rep-
resented in Fig. 5, where regional and local records are plotted
together with the 18O isotopic variation in the GISP 2 ice core
(Grootes et al., 1993; Meese et al., 1994; Stuiver and Grootes, 2000).

At this time, the sea surface temperature (SST) in the western
Mediterranean dropped about 1.5 C� as documented in the Alboran
Sea marine core MD 95-2043 (Cacho et al., 2001). In the Iberian
Mediterranean Region, to the north of the study area, several
continental lake cores have recorded changes in vegetation
biomass including a consistent decrease of mesophytic taxa
(González-Sampériz et al., 2006), the increase of fossil charcoal
(Davis and Stevenson, 2007), and also the decrease in water levels
Table 4
Modern ethological and ecological parameters of the three main species of land snails re

Species Life span Reproductive cycles Ecology

Sphincterochila
candidissima

6 years 2 Spring & Fall Arid and semi-arid en
Xerophytic vegetation

Iberus alonensis 10e12 years 2 Spring & Fall Arid and semi-arid en
Xerophytic vegetation

Melanopsis
tricarinata
tricarinata

10 years Round Year Rivers, lakes, lagoons,
(Morellón et al., 2007). Paleohydrological reconstructions based on
fossil biotic assemblages and sedimentary facies from Salinas
playa-lake document a sharp change in the lacustrine development
at a local scale (Roca and Juliá, 1997), from a permanent body of
water during the Mesolithic occupation of Arenal de la Virgen to
a relatively large hypersaline phase that is coincident with the
occupation of Casa Corona.

As discussed above, the gastropod assemblage at Casa Corona
reflects an abrupt decline in the representation of Melanopsis tri-
carinata tricarinata that is coincident with the hypersaline lacus-
trine phase documented at Salinas playa-lake. Thus, such a change
in the gastropod representation pattern might be chronologically
correlated with a decrease in local ground water levels.
presented at the Mesolithic sites of Arenal de la Virgen and Casa Corona.

Seasonal ethology

Winter Spring Summer Fall

vironments. Buried Active Buried Active

vironments. Buried or hidden Active Buried or hidden Active

ponds Active Active Active Active
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5. Discussion and conclusion

5.1. Paleoecology

Arenal de la Virgen and Casa Corona provide gastropod data sets
for two consecutive Mesolithic periods that are framed by high
short-term environmental variability in the Iberian Mediterranean
region (Jalut et al., 2000). The effect of these environmental
dynamics on land snail biomass in the study area during the
Mesolithic occupations is a research question beyond the scope of
this paper. However, according to the data supplied by local envi-
ronmental records some trends can be clearly observed. S. candi-
dissima, particularly adapted to arid and semi-arid environments, is
predominant throughout the occupation of both sites. Thus a strong
continuity in micro-local biotopic conditions around the sites such
as the dominance of sandy soils and xerophytic vegetation can be
suggested. In this sense, the Villena Lagoon pollen record displays
strong continuity of vegetation patterns during the time span (c.
8600-7800 cal BP) that was dominated by forests of pine trees
(about 70% AP) with marginal representation of deciduous oaks (Yll
et al., 2003). The dominance of Pinus from the Late Glacial and
during Middle Holocene has been also documented in other paly-
nological sequences in eastern Iberia such as Navarrés (Carrión and
Van Geel, 1999).

In contrast to the pulmonate gastropods, the differential
representation in Melanopsis tricarinata tricarinata between Arenal
de la Virgen and Casa Corona is difficult to evaluate in paleoeco-
logical terms. The abrupt decline of Melanopsis tricarinata tricar-
inata during the occupation of Casa Corona is chronologically
correlated with the documentation of lower ground water levels as
observed in Salinas playa-lake record. Nevertheless, such
a different representation might be similarly explained by different
introduction processes, cultural in the case of Arenal de la Virgen
and intrusive in Casa Corona, without considering hydrological
transformations in ground water levels. The available data do not
allow elucidation of this issue at this point.

5.2. Subsistence and seasonality patterns of land snail consumption

Arenal de la Virgen and Casa Corona are the first open-air
Mesolithic contexts in the Iberian Mediterranean region at which
malacological data sets are mainly composed of non-marine
gastropods. Both sites, separated by approximately 6 km, provide
contextual evidence for the use of land snails as food resources. The
spatial association of the shells with cultural features and lithic
tools indicate anthropogenic accumulations. In the regional context
of central Mediterranean Spain, previous research had documented
shellfish consumption during the Notched and Denticulated
Mesolithic and the Geometric Mesolithic periods in both coastal
locations, such as the shell midden of El Collado (Aparicio Pérez,
2008), and valleys located 20 km away from the shoreline, such
as Santa Maira cave (Aura Tortosa et al., 2006). In this sense, Arenal
de la Virgen and Casa Corona have given the first reliable infor-
mation about gathering strategies focused on non-marine molluscs
from inland patches located about 70 km from the coast.

The spectrum of edible land snails is clearly dominated by S.
candidissima followed by I. alonensis, defining a new representa-
tion pattern for the use of low ranked resources in residential
campsites during the Mediterranean Mesolithic. According to
modern ethological parameters (Table 4), the seasonal availability
of S. candidissima and I. alonensis shows a similar pattern. Both
species have their reproductive cycles during spring and fall,
remaining inactive during winter and summer. The Sphincter-
ochila/Iberus ratio in the hearth structures of both sites, as well as
the selection of adult individuals among the S. candidissima
specimens, suggest a monospecific gathering strategy, concen-
trated on middle-sized gastropods from the vicinity of the human
settlements. At Arenal de la Virgen and Casa Corona, the
geomorphological settings dominated by deposits of aeolian sands
are a more suitable for Sphincterochila than Iberus, consequently it
might explain their different representation. The modern behav-
iour of these species suggests a strong seasonal component in
gathering and consumption activities during spring and/or fall,
although it is impossible to specify in which season gathering took
place during the Mesolithic.

The interpretation of Melanopsis tricarinata tricarinata as food
remains is not certain, given the significant differences in the
frequency of this gastropod between Arenal de la Virgen and Casa
Corona. Its low representation at Casa Corona suggests an indirect
cultural introduction into the site. In contrast, at Arenal de la Virgen
the high number ofMelanopsis and its spatial associationwith other
continental edible gastropods might indicate that this species was
specifically targeted. A bibliographical survey about the use of
Melanopsidae as food resources in prehistoric archaeological
contexts gave negative results. However, this hypothesis as well as
other non-edible uses should not be excluded at Arenal de la Virgen.

Despite the recurrent presence of S. candidissima and I. alonensis
in both sites, intra-site density estimations suggest that land snail
accumulations have a low significance with regard to Mesolithic
subsistence. At Arenal de la Virgen and Casa Corona, no shell
middens sensu stricto (recognized as highly dense and compacted
sediments composed by small fragments of crushed snails) have
been documented. The most optimistic estimation based on MNI
indicates a highest density of about 3300 snails/m3 into thefill of the
hearth structureswhich is very far from the 25,000 unbroken shells/
m3 recorded at some Capsian sites (Lubell et al., 1976: 918; Lubell,
2004: 4). Thus, a significantly lower dietary contribution of land
snail gastropods in proteins intake can be inferred from the Arenal
de la Virgen and Casa Corona data. However, according to the strong
seasonal behaviour of the main edible taxa, it might be suggested
that gathering and consumption practices took place in narrower or
shorter timeperiods during the spring and/or the fall seasons. In this
sense, the estimation of the timing and intensity of consumption
processeswill be addressed in future contributions. Besides, hearths
from Casa Corona site show a degree of variability in gastropod
densities, suggesting different processes of cultural accumulation
that could potentially include feasting events (Miracle, 2001).
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