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A B S T R A C T

Owing to its geographical position relative to northwestern Europe, the Iberian Peninsula was a refuge for many
species during periods of harsh environmental conditions in the Quaternary. Despite this, the Pleistocene history
of non-marine molluscs in Spain has been scarcely addressed. In this study, we examine the malacofauna of Val-
docarros II, a site within the Complex Terrace of Arganda in the Jarama river valley tributary of the Tagus River
in central Spain. This large, minutely-excavated site consists of five flood sequences identified in five archaeolog-
ical levels and has been dated to the late Middle Pleistocene (end MIS 8–beginning MIS 7).

Specimens of twelve freshwater and eighteen land mollusc taxa were identified. The most abundant species
observed was Xerotricha madritensis, a land snail endemic to the Iberian Peninsula that today inhabits exposed
surfaces with scarce plant cover. The most abundant freshwater species found was Anisus spirorbis, which cur-
rently thrives in tributaries of the Jarama River. This malacofauna assemblage features different ecological com-
ponents, though dry, open-ground terrestrial species predominate. A correspondence analysis of the most fre-
quently appearing land animals and the archaeological levels revealed a slight separation of level 2 from the
other levels, indicative of its mesophilous character. However, few differences among these levels were identi-
fied in three correspondence analyses performed on the land or freshwater species datasets. Our observations
of the malacofauna assemblage of Valdocarros II indicate a site characterized by a temperate climate and open
areas with riverside vegetation. Furthermore, we propose the assignment of this site to an interstadial given the
observed malacofauna of the five levels.

1. Introduction

The fossil remains of non-marine molluscs, particularly those from
central and northern Europe, have often been used as indicators of con-
tinental environmental and climate conditions during the Quaternary
(Ložek, 1964, 1990; 2001; Evans, 1972; Puisségur, 1976; Kerney, 1977;
Rousseau and Puisségur, 1999; Davies, 2008; Cameron et al., 2010;
Osipova et al., 2013 Alexandrowicz et al., 2014; Limondin-Lozouet and
Preece, 2014; Limondin-Lozouet et al., 2017). However, knowledge of
similar fossils in southern Europe is still poor (Preece, 1991; Zanchetta
et al., 2006), despite being a known refuge area for many species dur-
ing Quaternary glaciations (Hewitt, 1999; Pinceel et al., 2005; Gómez
and Lunt, 2006; Zanchetta et al., 2006; Grindon and Davison, 2013).
The Iberian Peninsula, given its geographical position, might have ex

perienced the warming effect of Atlantic surface currents during glacial
periods, thus providing refuge for some ancestral temperate species of
modern fauna and flora of northwestern Europe (Preece, 1991).

Thus far, reconstruction of the evolutionary processes that occurred
during this time has been incomplete given the lack of early fossil
records of vegetation and faunal assemblages, including molluscs, de-
spite many studies calling for this information (Pinceel et al., 2005;
Blain et al., 2012; Nordsieck, 2014; Neiber and Hausdorf, 2015; Razkin
et al., 2015). With the exception of the deep-sea vegetation assem-
blage record off the Portuguese margin, which represents one of the
few (and best) Iberian continental sequences from the late Middle Pleis-
tocene (Roucoux et al., 2006), scarce continental data exist for the Pleis-
tocene period in southern Europe, particularly in the Iberian Peninsula
(Tzedakis et al., 2003, 2006; 2013; Lézine et al., 2010; Tzedakis, 2010).
Even more scarce is data on Quaternary land and freshwater snail fossil
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groups of the Iberian Peninsula (White et al., 2017), particularly Hy-
gromiidae, given that the main diagnostic features of this group appear
on the soft body and genitalia, which rarely fossilize (Aparicio, 1986a).
In fact, only a few studies of Pleistocene non-marine molluscs of cen-
tral Spain exist in the literature (Madurga, 1973; Alférez, 1976; Robles,
1980; Sesé et al., 2004). Therefore, in this study, we examined the mala-
cofauna assemblage of Valdocarros II, a Palaeolithic site located in the
Jarama river valley (Madrid) in central Spain. This site belongs to the
Complex Terrace of Arganda (Arganda II stratigraphic unit) and was
formed by the successive piling of alluvial deposits and has been dated
as late Middle Pleistocene (end MIS 8–beginning MIS 7; Panera et al.,
2011; Sesé et al., 2011; Blain et al., 2012; Moreno et al., in this volume).

Previous studies have investigated other faunal assemblages and the
human lithic industry at Valdocarros II (Panera, 2009; Sesé et al., 2011;
Blain et al., 2012; Rubio-Jara et al., 2016). Based on the 3009 worked
pieces recovered in these studies, the lithic industry is of the Acheulean
type, and its basic technological characteristics are congruent with those
seen at other Acheulean sites of the Spanish Meseta (Panera, 2009;
Rubio-Jara et al., 2016). In addition, 2750 macromammalian remains
were collected: Cervus elaphus was the most represented species, fol-
lowed by Equus caballus, Bos primigenius and, to lesser extents, Capreolus
sp., Dama sp. and Elephas sp. (Yravedra and Domínguez-Rodrigo, 2009)
Taphonomically, the bone accumulations from this site are known to be
well preserved, although fragmented due to both anthropogenic and fos-
sil diagenetic processes (Yravedra and Domínguez-Rodrigo, 2009). Com-
plementing these studies, our molluscan findings at Valdocarros II pro-
vide a better understanding of the climatic, environmental and ecolog-
ical factors characterizing the central Iberian Peninsula during the late
Middle Pleistocene.

2. Geology and local stratigraphy

The study area is located in the middle stretch of the Jarama River
(Fig. 1A–C). This valley section lies in the continental Tertiary basin
(Madrid Basin) in the transition area between intermediate detritic fa-
cies (gravels and sands) and central facies (marls to evaporite-gyp-
sum). Terraces were formed by synsedimentary subsidence due to the
karstification of the evaporite bedrock during the Middle to Upper
Pleistocene. This process formed terraces with alluvial thicknesses of
over 50m (Pérez-González, 1971; Uribelarrea, 2008). A sequence of
19 terraces of +8 m to +190 m was previously identified in this val-
ley (Pérez-González, 1994), where the Matuyama-Brunhes inversion
was assigned by palaeomagnetism to terraces +60–65 m to +50–55 m
(Pérez-González et al., 2013). These terraces, which are of stepped and
perched types upstream, overlap with the oldest ones, giving rise to
the Complex Terrace of Arganda (hereafter CTA) over which the cur-
rent floodplain is set (Pérez-González, 1971, 1994; Panera et al., 2011).
The CTA is made up of successively stacked fluvial sequences, named
from bottom to top Arganda I, II and III (Fig. 1E), matching terraces
+30–32 m, +23–24 m and +18–20 m, respectively (Pérez-González
and Uribelarrea del Val, 2002; Panera et al., 2011). According to numer-
ical dating based on Amino Acid Racemisation (AAR), micromammalian
compositions and herpetofaunal associations that indicate climatic con-
ditions, Arganda I has been assigned to MIS 11–9 and Arganda II to
MIS 8–7 (Panera et al., 2011). A recent electron spin resonance (ESR)
dating study also supports these age assignments (Moreno et al., in this
volume).

Valdocarros II is in an abandoned meander (Fig. 1D) that eroded pre-
vious overbank units in a floodplain hundreds of metres wide (Valdo-
carros I). The palaeomeander consists of bedload deposits (lateral ac-
cretion bar) and, at the bottom, four low-energy fluvial units composed
of silt and clay, each 30–50cm thick. Valdocarros I has not yet been

systematically excavated, though Acheulean lithic tools and faunal re-
mains have been found at this site (Panera et al., 2011).

Each layer of Valdocarros II buries an Acheulean archaeological level
designated from bottom to top 0, 1, 2, 3 and 4, respectively (Fig. 1E).
The small grain size of its sediments (silt and clay) and the lack of ero-
sion or recently formed structures indicate a very low-energy environ-
ment. The site has a weak to absent soil profile development, few dis-
tinct traces of bioturbation and a well-preserved fossil record, suggest-
ing a relatively high rate of burial in all five archaeological levels. The
excavated surface area of Valdocarros II is 836m2. Based on AAR dat-
ing studies, ages of 245±47 ka and 262±07 ka have been proposed for
this site, consistent with evidence provided by micromammals (Panera
et al., 2011; Sesé et al., 2011). Furthermore, amphibian and reptilian as-
sociations recorded in levels 2, 3 and 4 suggest a rapid climate change,
possibly corresponding with the transition from MIS 8 to MIS 7 (Blain
et al., 2012).

3. Material and methods

The malacofauna fossil remains were collected by screening sedi-
ments by water obtained during the archaeological excavations of Val-
docarros II in 2005. As it was nearly impossible to sieve all of the ex-
cavated sediment, sampling was carried out. A total of 795 sediment
samples each weighing 30kg (23,850kg total) were collected through-
out the entire excavated area. Furthermore, if microvertebrate remains
were observed, a 2–5kg sample was collected from the sediment matrix;
in total, 286 of these samples were collected. Spatial coordinates (X, Y,
Z) were recorded for all samples.

Wet sieving of the collected sediment was then performed. This pro-
cedure disaggregates the sediment and removes the silt-clay matrix,
leaving a concentrate enriched with fossil remains. The samples were
first dried then immersed into water to ease disaggregation. The sam-
ples were then pressure washed on a table that had two sieving sets,
one with a mesh size of 2mm and the other with a mesh size of 0.5mm.
These sizes ensured that the smallest fossil remains were retained and
the clay matrix removed. The resulting fractions were then sorted: the
sediment remaining in the 2mm sieve was sorted by eye and the sedi-
ment in the 0.5mm sieve was sorted with binocular lens, due to the po-
tential presence of smaller fossil remains.

For taxonomical identifications, the mollusc collection of the Museo
Nacional de Ciencias Naturales (MNCN, Madrid, Spain) and our per-
sonal collection were used for comparisons. Overall, the state of conser-
vation of all examined samples was excellent, as exemplified in Fig. 2 in
which the shell bands of Cepaea nemoralis can readily be distinguished.

To further support the identification of Xerotricha madritensis fossil
specimens, present-day samples of this species from Oitura (Zaragoza)
and Mora (Toledo), identified through genital characters, were used as
references. SEM and CT scans of these samples were performed at the
microscopy facilities of the MNCN.

To detect differences among the five recognized archaeological lev-
els of Valdocarros II, a correspondence analysis (CA) of the identified
freshwater and terrestrial molluscs was performed (Figs. 4 and 5). Given
the low resolution obtained using all identified land species (18 in to-
tal), we performed a second CA excluding the six least frequently found
species (i.e. Truncatellina cylindrica, Vertigo angustior, Pupilla muscorum,
Acanthinula aculeata, Euconulus fulvus and Deroceras or Limax sp.).

4. Results

Our malacological analysis identified a total of twelve freshwater
(Table 1) and eighteen terrestrial (Table 2) mollusc taxa in the sedi
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Fig. 1. Geographical, geological and stratigraphical location of the Valdocarros II site. A) Iberian Peninsula; B) Autonomous Region of Madrid, central Spain; C) Geological map of the
Valdocarros area, which is located in the middle of the Jarama river valley. The site is in the Complex Terrace of Arganda (CTA), on the left margin of the Jarama River. D) Aerial view of
the gravel pit where the Valdocarros II site is located. Note the thickness of the fluvial terrace (∼40m). E) Schematic stratigraphy of the CTA, detailed sequence of Valdocarros I (overbank)
and II (paleomeander). Samples were taken from levels 0–4).

ment samples from Valdocarros II, indicating the predominance of land
species at this site. No marine taxa were detected.

The freshwater species appearing most frequently was Anisus spiror-
bis (63% MNI) followed by Valvata piscinalis (19%) (Table 1). Remain-
ing freshwater taxa were detected in lower MNI percentages (less than
7%). Nowadays, Anisus spirorbis no longer inhabits the Jarama River, al-
though it has been observed in the Henares, one of its tributaries (Soler
et al., 2006). The species is common from Europe to Siberia and is typ-
ically found in temporary or calm natural waters in riverside plains;
in conditions of drought, it may be found buried in mud (Soler et al.,
2006; Bragado et al., 2010; Welter-Schultes, 2012). Valvata piscinalis
does not currently inhabit any of the rivers around the Valdocarros II
site, most likely due to water pollution. Although this species is not
present in the Community of Madrid, it has been cited for other ar

eas of Spain (Alférez, 1976; Vidal-Abarca and Suárez, 1985). It is com-
mon in the Palaearctic region, particularly across West Eurasia
(Welter-Schultes, 2012), where it typically thrives in clear-standing,
well-oxygenated and slow-moving waters of deep (50m) rivers or lakes
(Girod et al., 1980; Larraz and Equisoain, 1993). It also shows a prefer-
ence for muddy or silty substrates (Kerney, 1999). With the exception
of Valvata piscinalis, the freshwater mollusc taxa found at the site are
the same as those currently inhabiting the less disturbed habitats within
this area (Soler et al., 2006). Furthermore, seven of the eight fresh-
water gastropods species identified are pulmonates (Valvata piscinalis is
the exception), indicating the capacity to also live outside of the water
on riverside vegetation. In terms of the abundances by archaeological
level, level 1 was the richest based on the total number of freshwater
specimens identified (32%) (Table 1). Levels 2 and 3 showed similar
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Fig. 2. Cepaea nemoralis (Valdocarros, Level 3). Scale bar=10mm.

Table 1
Minimum number of individuals (MNI) recorded for freshwater mollusc taxa identified in the five archaeological levels of the Valdocarros II site.

Freshwater Molluscs

Species level 0 level 1 level 2 level 3 level 4 total MNI MNI %

1 Pisidium casertanum (Poli, 1791) 2 2 0.33
2 Pisidium subtruncatum (Malm, 1855) 1 1 0.16
3 Pisidium sp 1 1 0.16
4 Potomida littoralis (Cuvier, 1798) 1 1 0.16
5 Valvata piscinalis (O.F.Müller, 1774) 2 35 28 30 22 117 19.15
6 Ancylus fluviatilis (O.F.Müller, 1774) 1 1 1 3 0.49
7 Anisus spirorbis (Linnaeus, 1758) 10 134 101 100 39 384 62.85
8 Gyraulus crista (Linnaeus, 1758) 1 1 0.16
9 Gyraulus albus (O.F. Müller, 1774) 1 7 11 7 10 36 5.89
10 Radix balthica (O.F. Müller, 1774) 2 5 7 1.15
11 Radix labiata (Rossmässler, 1835) 15 11 6 2 6 40 6.55
12 Lymnaeidae sp 5 8 4 1 18 2.94

Total 28 196 158 144 85 611
% 4.58 32.08 25.86 23.57 13.91 100

MNI=minimum number of individuals.

Table 2
Minimum number of individuals (MNI) recorded for land mollusc taxa identified in the five archaeological levels of the Valdocarros II site.

Terrestrial molluscs

Species level 0 level 1 level 2 level 3 level 4 total MNI MNI %

1 Cochlicopa lubricella (Porro, 1838) 6 2 1 1 10 0.09
2 Truncatellina cylindrica (Férussac, 1807) 2 2 4 0.03
3 Truncatellina callicratis (Scacchi, 1833) 11 23 1 35 0.30
4 Vertigo angustior (Jeffreys, 1830) 1 1 0.01
5 Pupilla muscorum (Linnaeus, 1758) 1 1 1 1 4 0.03
6 Vallonia costata (O.F. Müller, 1774) 1 264 580 209 2 1056 9.07
7 Vallonia excentrica (Sterki, 1892) 4 6 3 13 0.11
8 Acantinula aculeata (O.F. Müller, 1774) 1 1 0,01
9 Punctum pygmaeum (O.F. Müller, 1774) 6 29 84 33 152 1.31
10 Discus rotundatus (O.F. Müller, 1774) 3 32 27 20 25 107 0.92
11 Vitrea contracta (Westerlund, 1871) 1 88 285 85 1 460 3.95
12 Oxychilus sp 9 6 3 1 19 0.16
13 Euconulus fulvus (O.F. Müller, 1774) 2 2 0.02
14 Deroceras o Limax sp 1 1 0.01
15 Clausilia sp 2 64 55 37 9 167 1.43
16 Helicella itala (Linnaeus, 1758) 5 1 13 1 20 0.17
17 Xerotricha madritensis (Rambur, 1868) 168 3612 2130 2270 1132 9312 80.01
18 Cepaea nemoralis (Linnaeus, 1758) 4 146 37 59 28 274 2.35

Total 187 4274 3240 2736 1201 11,638
% 1.61 36.72 27.84 23.51 10.32 100

MNI=minimum number of individuals.

MNI abundances (26% and 24%, respectively), followed by level 4
(14%), which was significantly specimen poor. Level 0 was both speci-
men and species poor (abundance less than 5%).

Of the 18 land malacofauna species identified (Table 2), the most
abundant one, by far, was Xerotricha madritensis (80% MNI), making it

the dominant species. Given the abundance of this species and the dif-
ficulty of identifying species of the Hygromiidae family only using shell
features, these fossil specimens were compared with present day Xe-
rotricha madritensis specimens by CT scanning and SEM. The high sim-
ilarity detected between specimens indicate that the fossils are indeed
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Xerotricha madritensis (Fig. 3). Appearing at much lower abundances
at Valdocarros II were Vallonia costata (9%), Vitrea contracta (4%) and
Cepaea nemoralis (∼2.5%). All other terrestrial gastropods appeared at
lower percentages. Similar to the freshwater mollusc dataset, level 1
presented the largest terrestrial gastropod MNI (37%) followed by lev-
els 2, 3, 4 and 0, respectively (Table 2). Consistent with this, the largest
number of Xerotricha madritensis samples were found in level 1, although
all levels showed high values of this species.

Species compositions and abundances among the archaeological lev-
els were compared by correspondence analysis (CA) (Figs. 4 and 5).
Analysis of the complete land species dataset showed the concentration
of species and levels close to the origin of the coordinate axes in the CA
plot. Thus, to improve the resolution, we repeated the analysis exclud-
ing the six taxa appearing at the lowest frequencies, i.e. Truncatellina
cylindrica, Vertigo angustior, Pupilla muscorum, Acanthinula aculeata, Eu-
conulus fulvus and Deroceras or Limax sp. In the resulting CA plot (Fig.
4), level 2 appears at a slight distance from the other levels. This level
is characterized by the species Truncatellina callicratis, Vallonia costata,

Vallonia excentrica, Punctum pygmaeum and Vitrea contracta. Levels 1 and
3 appear close to the origin of the coordinate axes, and levels 0 and 4
group together in the lower right quadrant of the plot. According to our
results, the x-axis defined by the five levels was the discriminant factor
in this analysis. In the CA of the freshwater species (Fig. 5), the five lev-
els grouped together near the y-axis with the exception of level 0, which
is characterized by Radix labiata, the most abundant species found in
this level.

5. Discussion

The mollusc association of Valdocarros II presents both freshwater
and terrestrial taxa; however, based on species and specimen numbers,
land species clearly dominate. In addition, nearly all of the identified
freshwater gastropod species are able to live outside of the water, con-
sistent with the site being an abandoned meander of the Jarama River
(Panera et al., 2011).

Fig. 3. Xerotricha madritensis. 1. Present-day specimen (Mora, Toledo, Spain). 2. Present-day specimen (Oitura, Zaragoza, Spain). 3. Fossil specimen (Valdocarros II). 4. Fossil specimen
(Valdocarros II, Level 2). 5. CT scan of an Oitura specimen. 6. CT scan of a Valdocarros II specimen. Scale bar=10mm.
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Fig. 4. Summary of the results of the correspondence analysis performed using the MNI
data for the 12 most abundant land species identified in the five archaeological levels.
Species 1 Cochlicopa lubricella (Porro, 1838); Species 3 Truncatellina callicratis (Scacchi,
1833); Species 6 Vallonia costata (O.F. Müller, 1774); Species 7 Vallonia excentrica (Sterki,
1892); Species 9 Punctum pygmaeum (O.F. Müller, 1774); Species 10 Discus rotundatus (O.F.
Müller, 1774); Species 11 Vitrea contracta (Westerlund, 1871); Species 12 Oxychilus sp.;
Species 15 Clausilia sp.; Species 16 Helicella itala (Linnaeus, 1758); Species 17 Xerotricha
madritensis (Rambur, 1868); Species 18 Cepaea nemoralis (Linnaeus, 1758).

Fig. 5. Summary of the results of the correspondence analysis performed using the MNI
data for the 12 freshwater species identified in the five archaeological levels. Species
1 Pisidium casertanum (Poli, 1791); Species 2 Pisidium subtruncatum Malm 1855; Species
3 Pisidium sp.; Species 4 Potomida littoralis (Cuvier, 1798); Species 5 Valvata piscinalis
(O.F.Müller, 1774); Species 6 Ancylus fluviatilis (O.F.Müller, 1774); Species 7 Anisus spiror-
bis (Linnaeus, 1758); Species 8 Gyraulus crista (Linnaeus, 1758); Species 9 Gyraulus albus
(O.F. Müller, 1774); Species 10 Radix balthica (O.F. Müller, 1774); Species 11 Radix labiata
(Rossmässler, 1835); Species 12 Lymnaeidae spp.

The mollusc remains of Valdocarros II are well preserved with very
few damaged, chipped or roll-marked specimens recovered. This sug-
gests their quick burial in the sediment and minimal transport, consist
with what has been described for small mammals (Sesé et al., 2011).
Their occurrence close to the area of initial deposition is in line with
the site being a former overbank deposit. In terms of specimen sizes,

most were found in the fine (0.5mm) fraction. Ten of the eighteen ter-
restrial taxa examined were small (<5mm) (i.e. Euconulus fulvus, Vitrea
contracta, Punctum pygmaeum, Pupilla muscorum, Vallonia costata, Vallo-
nia excentrica, Acanthinula aculeata, Truncatellina cylindrica, Truncatellina
callicratis and Vertigo angustior). Nine of the twelve freshwater taxa iden-
tified were also found in the fine fraction; only Potomida littoralis, Radix
balthica and Ancylus fluviatilis were found in the course fraction. These
findings demonstrate the importance of using very meticulous methods
to extract material from archaeological sites.

The malacofauna assemblage of this site highlights several ecological
factors. Dry open-ground species (xerophiles) predominate in the land
group, but species typical of marshes and humid sites, ubiquitous zones
and semi-woodlands are also present (Evans, 1972; Puisségur, 1976;
Puente, 1994; Kerney and Cameron, 1979; Kerney, 1999; Bragado et
al., 2010; Welter-Schultes, 2012; www.animalbase.uni-goettingen.de).
The freshwater assemblage is characterized by species that thrive in the
calm waters of riverside plains and are able to survive in mud during
periods of drought and by species inhabiting clear-standing, well-oxy-
genated and slow-moving river waters (Larraz and Equisoain, 1993;
Kerney, 1999; Soler et al., 2006; Bragado et al., 2010; Welter-Schultes,
2012). The formation of this site at an abandoned meander may explain
the observed biodiversity of the freshwater and terrestrial malacofauna.
Among the freshwater molluscs found, Potomida littoralis, Valvata pisci-
nalis, Anisus spirorbis and Gyraulus albus show a preference for dam wa-
ters, supporting the idea that this site previously contained overbank de-
posits.

The malacofaunal fossils are similar to present-day molluscs. All
of the species identified, except Valvata piscinalis, inhabit nearby re-
gions of the Valdocarros II site, although in differing abundances and
community compositions. Surrounding regions of Valdocarros currently
show a greater diversity and number of xerophilous species, while
species associated with humid climates are missing (e.g. Vertigo angus-
tior; Gómez-Moliner et al., 2008; Bragado et al., 2010). This is unsurpris-
ing given the intense habitat transformation experienced by Madrid and
neighbouring Valdocarros (e.g. deforestation, desertification, biotope
degradation, biotope disappearance and water pollution). However, Val-
vata piscinalis has been cited for the Tagus river terrace in Toledo (in
the neighbouring region of Castilla-La Mancha) (Alférez, 1976), which
is older in age to Valdocarros II.

The molluscs of Valdocarros II can be described as a mesophilous as-
semblage. Its dominant species, Xerotricha madritensis, an endemic of the
Iberian Peninsula, is a xerophilous taxon that inhabits exposed surfaces
with scarce plant cover but also thrives in ruderal biotopes under herba-
ceous vegetation and stones. The species is also tolerant of semi-arid
conditions (Aparicio, 1986b; Puente, 1994; Bragado et al., 2010). Our
study suggests this species was more abundant in this region during the
Pleistocene than it is today, which should be further investigated.

The semi-woodland habitat was poorly represented: only 3.3% of all
specimens found could be assigned to this group if Cepaea nemoralis,
Discus rotundatus and Acathinula aculeata are also considered indicators
of this habitat. In contrast, species showing a preference for dry open
environments, including Truncatellina cylindrica, Truncatellina callicratis,
Pupilla muscorum, Vallonia costata, Vallonia excentrica, Helicella itala and
Xerotricha madritensis, represented nearly 90% of the total number of
specimens, clearly indicating a dry open habitat for Valdocarros II.

Our correspondence analysis comparing the most frequently ap-
pearing terrestrial mollusc species among the archaeological levels re-
vealed the slight distancing of level 2 (Fig. 4). This level is charac-
terized by the species Truncatellina callicratis, Vallonia costata, Vallo-
nia excentrica, Punctum pygmaeum, and Vitrea contracta. The habitats
described for these species, such as semi-woodland or bare land with
some moisture (Evans, 1972; Puisségur, 1976; Puente, 1994; Kerney
and Cameron, 1979; Kerney, 1999; Bragado et al., 2010; Welter-
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Schultes, 2012), indicate, to some extent, a less xerophilous or
mesophilous character. Such ecological preferences seem consistent
with information provided by other proxies identified at this site (Blain
et al., 2012). Taken together, the data suggest that level 2 is charac-
terized by a temperate semi-humid climate influenced by the Atlantic
Ocean. Nevertheless, the correspondence analyses overall indicate that
no major differences exist among the archaeological levels.

According to the ecological characteristics of the assemblage, the cli-
mate inferred for Valdocarros II is not much colder or wetter than the
one today. Hence, the species association observed in this study is char-
acteristic of the central Iberian Peninsula Meseta, which has a continen-
tal climate with cool winters and dry sunny summers. The species are
thus moderately cold tolerant and highly tolerant of semi-arid condi-
tions. The difference in mean annual temperature between ‘cold’ and
‘warm’ periods is estimated at 3.2 °C, increase more during winter
(+3 °C) than summer (+1 °C) (Blain et al., 2012). These climate char-
acteristics are similar to those described for other associations found
at this site, including small mammals (Sesé et al., 2011), herpeto-
fauna (Blain et al., 2012; Blain et al., in this volume) and vegetation
(Ruiz-Zapata et al., in this volume). Moreover, a temperate climate
(mesophilous), which would provide plant cover, riverside vegetation
and open areas, may also explain the presence of the freshwater mollusc
taxa described in this assemblage.

Seven of the species found at Valdocarros II (Cepaea nemoralis, Punc-
tum pygmaeum, Discus rotundatus, Vallonia costata, Limax sp1, Clausilia
sp1 and Anisus spirorbis) have also been cited for Áridos 1, a nearby site
located on the Arganda I unit (Robles, 1980). According to AAR and
ESR dating, Arganda I can be chronologically assigned to between MIS
11 and MIS 9 (Panera et al., 2011; Moreno et al., in this volume), mak-
ing it stratigraphically older than Valdocarros II. However, Valdocarros
II is richer than Áridos 1 in terms of species and specimen numbers,
likely due to the difference in excavation surface areas of the two sites.
In contrast, Xerotricha madritensis (and related taxa) are absent at Áridos
1, which is surprising given its high abundance at Valdocarros II and its
presence in the Pleistocene terraces of the Tagus River in central Spain
(Toledo) (Sesé et al., 2004). Ecological and climatic differences between
sites may account for the absence of this (and related) species. Valdo-
carros II is in an abandoned meander away from the main channel of
the Jarama River, whereas Áridos 1 is in a floodplain closer to the main
channel. Furthermore, the timing of the formation of Valdocarros II is
associated with a colder climate than Áridos 1 (Yravedra et al., 2010,
Blain et al., 2014; Blain et al., in this volume).

Helicella itala has been cited for Padul in the Granada province
(Madurga, 1973), a site of similar Pleistocene age (though dated with
less precision) as Valdocarros II. Its presence at Valdocarros II, although
scarce (Table 2), is interesting because this site is at the southern limit
of the modern distribution range of this species (Puente, 1994; Bragado
et al., 2010). Similarly, the presence of Cepaea nemoralis in the Valdo-
carros II malacofauna assemblage is viewed as an old record at the edge
of the southern limit of this species current distribution range (Puente,
1994; Bragado et al., 2010).

As previously mentioned, there is little data on Quaternary conti-
nental molluscs of the Iberian Peninsula, highlighting the importance
of the results presented in this work. However, the lack of other stud-
ies for comparison makes evaluating palaeoclimatic conditions derived
from the fauna assemblages difficult. Index species of cold periods
have been identified from central and northern Europe; however, these
species are not present in Valdocarros II (Ložek, 1964, 2001; Horsák
et al., 2010). Moreover, the malacological assemblages of central Spain
are very different from those of central and northern Europe. On the
other hand, the malacofauna assemblage of Valdocarros II is, for the
most part, comprised of species that still live in the central Iberian

Peninsula. Therefore, our hypothesis is that Valdocarros II was charac-
terized by a warm and dry climate, similar to the present-day climate
of the region. During cold periods, the degree of aridity is known to
increase (Roucoux et al., 2006; Tzedakis et al, 2013; Zanchetta et al.,
2017). Smaller snail species appear to survive adverse conditions, in-
cluding cold ones, better than larger species (Ansart and Vernon, 2003).
Thus, the lower abundance of specimens of small-sized species and the
greater abundance of specimens considered medium-sized species (i.e.
Cepaea nemoralis and Xerotricha madritensis) at Valdocarros II indicate
warm conditions rather than cold ones. Furthermore, previously pub-
lished faunal assemblages, and the climatic conditions derived from
them, indicate that the Valdocarros II site is from MIS 8 to MIS 7 (Sesé
et al., 2011; Blain et al., 2012, 2014). Taken together with our data,
we hypothesize that Valdocarros II might belong to a warm period that
could be assigned to the interstadial Transition III (TIII) (Blain et al.,
2012; Osipova et al., 2013).

6. Conclusions

Our study examined the malacofauna assemblage of the Valdocarros
II site at Arganda II to provide insight into the diversity and abundance
of molluscs present in the Iberian Peninsula during the late Middle
Pleistocene. Both freshwater and terrestrial species were found though
open-ground land species dominate the assemblage, particularly Xe-
rotricha madritensis. Moreover, most of the species representative of Val-
docarros II are the same as those found in nearby regions, although in
differing abundances and compositions. This is consistent with our hy-
pothesis about the climatic conditions of Valdocarros II being temper-
ate, similar to today's climate. Furthermore, our findings suggest that
Valdocarros II might be associated with a warm period of the intersta-
dial Transition III, though this hypothesis requires further research.
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