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The site of Teixoneres Cave (Barcelona, NE Spain) provided two ungulate associations of MIS 3 age, one of which
(from unit III) include two cold-adapted species, Coelodonta antiquitatis (Blumenbach, 1799) and Mammuthus
primigenius (Blumenbach, 1799), which are infrequent in the Iberian fossil record. The collection includes the
first Iberian find of a M. primigenius dP2, a rare dental element. This assemblage is relevant from chronological,
biogeographical and palaeoecological aspects.
Age of this faunal association (44,210 to 33,060 cal ka BP) is slightly older thanmost of the other Late Pleistocene
Iberian occurrences ofM. primigenius and C. antiquitatis, providing interesting information on the spatiotemporal
distribution of these species.
The presence of these two cold-adapted species in NE Iberia is of special biogeographical relevance since they are
infrequent and poorly known in this region.
The faunal association of unit III was comparedwith other Iberian andWestern European fossil assemblages that
included C. antiquitatis and/orM. primigenius, bymeans of multivariate statistical analysis. The Teixoneres unit III
assemblage reflects a faunal mixture in which temperate ungulate species are predominant and cold-adapted
taxa are very scarce. This pattern is the same that can be observed in most of the Iberian analyzed assemblages
and does not reflect the typical faunal composition of the Eurasian mammoth steppe, suggesting that that
cold-adapted taxa only reached the Peninsula occasionally, during the coldest episodes of the Pleistocene, cohab-
iting with the local faunas instead of replacing them.

© 2016 Elsevier B.V. All rights reserved.
Keywords:
Iberian Peninsula
Late Pleistocene
Coelodonta antiquitatis
Mammuthus primigenius
Palaeoecology
1. Introduction

Fossil record from Western Europe corresponding to the MIS 3, an
episode marked by numerous fast and extreme climate oscillations
(Barron and Pollard, 2002; Van Andel, 2002), revealed environmental
diversity among different regions: North and middle latitude record
shows a predominance of cold-adapted mammals (e.g. Rangifer
tarandus Linnaeus, 1758, Mammuthus primigenius and Coelodonta
antiquitatis), which are distinctive elements of the “mammoth fauna”
(Vereschagin and Baryshnikov, 1982), during most of this episode
(Delpech, 1983, 1984; Turner, 2000; Münzel and Conard, 2004a,
2004b; David et al., 2005; Schreve, 2006). By contrast, contemporary
faunal assemblages from the Iberian Peninsula are mainly constituted
by species of temperate environmental preferences, such as the
red deer (Cervus elaphus Linnaeus, 1758), and also document the
occurrence of other typically interglacial taxa like steppe rhino
).
(Stephanorhinus hemitoechus Falconer, 1868) and fallow deer (Dama
dama Linnaeus, 1758) (Álvarez-Lao and Méndez, 2016), suggesting
that this southern area acted as glacial refuge for these species during
MIS 3. However, while infrequent, cold adapted largemammals also oc-
curred at Iberian assemblages during the MIS 3 (García and Arsuaga,
2003; Álvarez-Lao et al., 2009; Álvarez-Lao and García, 2010, 2011a,
2012; Álvarez-Lao, 2014). Moreover, the southernmost geographical
occurrence in Europe of the woolly mammoth (Mammuthus
primigenius), a typical cold-adapted mammal, was documented during
MIS 3 at Padul peat bog, southern Iberia (Álvarez-Lao et al., 2009).

Northern Iberia seems to have constituted a transitional area be-
tween mainland Europe and Central-Southern Iberia during the MIS 3:
while faunal assemblages are here dominated by interglacial species,
cold-adapted elements are also relatively frequent (Álvarez-Lao and
García, 2010). This was widely documented at the Cantabrian area
(NW Iberia), where 15 from a total of 34 revised MIS 3 assemblages
yielded cold-adapted taxa, although normally at very low abundances
(Álvarez-Lao and Méndez, 2016). Fossil record from Catalonia (NE
Iberia) is more scarce and poorly known, however, a similar pattern to
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mailto:dalao@geol.uniovi.es
Journal logo
http://dx.doi.org/10.1016/j.palaeo.2016.11.040
http://www.sciencedirect.com/science/journal/00310182
www.elsevier.com/locate/palaeo


288 D.J. Álvarez-Lao et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 466 (2017) 287–302
the Cantabrian area can be observed: cold-adapted elements also occur
during MIS 3, as was stated in the sites of Reclau Viver, Arbreda and
Canyars (Maroto et al., 1996; Daura et al., 2013), within assemblages
dominated by temperate faunas. Such faunal distribution is consistent
with the geomorphologic context since the Iberian Peninsula is relative-
ly isolated from continental Europe by the Pyrenees, which acted as a
barrier limiting dispersals (Álvarez-Lao and García, 2011a). The cold-
adapted species, which were abundant in southern France during the
Late Pleistocene (Delpech, 1983), could only enter into the Iberian
Peninsula through narrow passes placed west and east of the Pyrenees,
to the Cantabrian area and Catalonia respectively (Álvarez-Lao and
García, 2011a). Into this context, the ungulate assemblage of Teixoneres
Cave, here first studied, provides a newevidence of this particular faunal
complex of transitional character in NE Iberia.

The main aim of this work is to present a palaeontological compara-
tive description of the ungulate fossils from Teixoneres Cave within a
Western European perspective. In addition, the ecological composition
of this ungulate assemblage is statistically analyzed along with a num-
ber of faunal associations including C. antiquitatis and/orM. primigenius
from Western and Central Europe. Chronological and biogeographical
aspects are also discussed.

2. Setting

Teixoneres Cave is an archaeological site located in the Northeast of
the Iberian Peninsula (Moià, Barcelona) at an altitude of about
760 m a.s.l. (Fig. 1). The cave is developed in a Neogene limestone
(called Collsuspina Formation) and has a size of approximate 30 m
length with three distinct chambers (namely X, Y, and Z). The excava-
tion leaded by a team from IPHES and the University Rovira I Virgili of
Tarragona (JR, RB, FR) has focused mainly on the largest area of the
cave (Chamber X). The sedimentary sequence is 8 m thick, in which
10 different stratigraphic units have been identified. Hitherto, the two
main archaeological units located at the upper part of the stratigraphic
sequence namely units II and III, have been excavated in extension.
Units I and IV, are continuous speleothems that cover much of the sur-
face of the cave and did not provide any archaeological material. U-
Fig. 1. Teixoneres Cave. (A) Location of the site. (B) View of the entrance of the cave from the
stratigraphical units I to IV.
series dates have confidently situated the stalagmite of unit I in MIS 2
(ca. 14–16 ka BP) and the stalagmite of unit IV in MIS 5c (average
date of 100.3 ± 6.1 ka) (Tissoux et al., 2006). Recently published radio-
carbon dates indicate a chronology attesting the human presence from
beyond 51,000 14C BP to 44,210 cal BP for unit III and 44,210 to 33,060
cal BP for unit II (Talamo et al., 2016).

Taphonomic studies suggest a formation mainly characterized by
the alternation of Neanderthal groups and large carnivores (hyenas
and cave bears). The anthropogenic remains tend to be close to the
main entrance while the carnivores have a stronger presence at the
inner areas of the cave. Human activity is identified by the presence of
burned bones, cut-marks and intentional bone breakage on large mam-
mal remains, lithic tools and some hearths (Rosell et al., 2010, in press).
The list of large mammals so far includes Ursus spelaeus (Rosenmuller,
1794), Canis lupus (Linnaeus, 1758), Vulpes vulpes (Linnaeus, 1758),
Lynx sp. (Kerr, 1792), Crocuta crocuta (Erxleben, 1777), Meles meles
(Linnaeus, 1758), Cervus elaphus, Capreolus capreolus (Linnaeus, 1758),
Bovini cf. Bos primigenius (Bojanus, 1827), Rupicapra pyrenaica (Bona-
parte, 1845), Capra pyrenaica (Schinz, 1838), Sus scrofa (Linnaeus,
1758), Equus ferus (Boddaert, 1785), Equus hydruntinus (Regalia,
1907), Coelodonta antiquitatis and Mammuthus primigenius. The lithic
assemblage shows a diversity of materials and the combination of
local raw materials (orthogonal and discoid debitage) with non-local
materials (Levallois method) seem to support the hypothesis of high
mobility of the Neanderthal groups in the territory (Rosell et al., in
press).

3. Material and methods

The large mammal assemblage comprises 27,353 fossil remains
(2697 in unit II and 24,656 in unit III). Most of the fossils are highly
fragmented, consequently only 5.4% resulted identifiable (11.9% for
unit II and 4.6% in unit III). The number of identified specimens for
large mammals is of 1465 (323 in unit II and 1142 in unit III), of
which 1263 belong to ungulates (257 in unit II and 1006 in unit III).

Fossils recovered from units II and III are well preserved but highly
fragmented as quantified through the percentage of identified
inner area. (C) West stratigraphic profile. (D) Schematic drawing of the profile with the



Table 1
Composition of the Teixoneres faunal assemblages.

Taxa Unit II Unit III

NISP % NISP MNI NISP % NISP MNI

Cervus elaphus 108 42.02 9 597 59.34 27
Capreolus capreolus 10 3.89 4 49 4.87 4
Bovini cf. Bos primigenius 26 10.11 5 61 6.06 5
Rupicapra pyrenaica 6 2.33 2 6 0.6 2
Capra pyrenaica 1 0.39 1 11 1.1 3
Sus scrofa 14 5.46 4 5 0.5 2
Equus ferus 32 12.4 4 129 12.82 12
Equus hydruntinus 12 4.67 4 64 6.36 7
Equus sp. 44 17.12 76 7.55
Coelodonta antiquitatis 4 1.55 2 7 0.7 4
Mammuthus primigenius 1 0.1 1
Total 257 100 35 1006 100 67
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specimens in the assemblage, especially in unit III. During field work all
faunal remains larger than 2 cm are recovered following a system of
Cartesian coordinates. Sediment is sieved (1 cm and 1 mm meshes) to
recover elements (or fragments) smaller than 2 cm. All material has
been analyzed for taxonomical and anatomical identifications, as well
as for palaeontological and taphonomical studies.

Number of identified specimens (NISP) includes bones and teeth
identified both at the anatomical and specific levels. Minimum number
of individuals (MNI) was calculated from the teeth exclusively. Given
thehigh fragmentation of bones, teethhave a higher percentage of iden-
tification and consequently provide the highest MNI. For each species,
MNI was computed taking into account tooth position, laterality, age
group (based on tooth eruption and wear).

With the purpose of study the faunal composition of the unit III from
Teixoneres (the most complete and best represented), percentages of
each species were analyzed in comparison with 33 other assemblages,
which also include M. primigenius and/or C. antiquitatis, coming from
Iberia and Western-Central Europe (see Section 6). The percentages of
the different herbivore species in each assemblage have been calculated
on the basis of NISP (Number of Identified Specimens). Following
Lyman (2008), we consider this estimator of good reliability since no
taphonomic bias is detected towards any of the species of each assem-
blage. Only assemblages with NISP larger than 100 have been consid-
ered for the analysis. In order to identifying similarities and
differences among the ungulate compositions of the different assem-
blages, they were statistically analyzed bymeans of a multivariate anal-
ysis, since the sample consists of a number of species from each
assemblage. Considering the high variation detected in the proportions
of some of the species and the lack of some taxa in a number of assem-
blages, a correspondence analysis (CA) was considered the most suit-
able statistical test, and was performed using the program PAST
version 2.15 (Hammer et al., 2001).

Measurements taken on the fossils are given in millimeters and
followed the standards of Von den Driesch (1976) for artiodactyls and
equids, Guérin (1980) for Coelodonta antiquitatis, and Maschenko
(2002) forMammuthus primigenius. Morphometric datawere compared
with an extensive sample from Western Europe and Siberia, published
by a number of authors specified in Section 4. The age at death in
some of the species has been estimated on the basis of teeth wear fol-
lowing the criteria published by diverse authors indicated in Section 4.

All the material studied in this paper is curated at the Institut Català
de Paleoecologia Humana i Evolució Social in Tarragona (Spain).

4. Systematics: description of the remains and discussion

4.1. Order Artiodactyla (Owen, 1848)

4.1.1. Family Cervidae (Goldfuss, 1820)

4.1.1.1. Cervus elaphus (Linnaeus, 1758). Red deer is the most abundant
species in the Teixoneres assemblage (Table 1), both in units II and III
(comprising 42.18% and 59.34% of the ungulate remains, respectively).
The sample (Fig. 2a–f) is very fragmented and the identifiable speci-
mens are mainly teeth. Postcranial preserved elements include mainly
compact bones as astragalus, phalanges, metapodials and some epiphy-
ses of limb bones. Antler fragments were also recovered (Fig. 2f). All
other elements are too fragmented to allow detailed descriptions and
measurements.

All these elements correspond to a minimum of 36 individuals (9 in
unit II and 27 in unit III), 5 of which are infantile, 8 juveniles, 19 adults
and 4 old adults. Age at death has been estimated on the basis of teeth
development and wear following the criteria of Brown and Chapman
(1991).

For morphometrical purposes we selected the M3, a dental element
which is not affected by attrition and is relatively numerous in the as-
semblage (n = 4, all coming from unit III). Most other molars were, to
a greater or lesser extent, affected by interdental attrition,which can de-
crease their length considerably thus reducing their value for compara-
tive purposes. Only few postcranial elements provided reliable
measurements, so we also included the distal metacarpal (n = 3, all
coming from unit III) and the distal tibia (n = 2, all coming from unit
III) for comparative purposes, even assuming that they are very scarce
and perhaps not representative enough for the whole sample. All
these morphometric data were compared with a sample of Pleistocene
red deer from Western Europe (Table 2). The size of the Teixoneres
M3 resulted visibly smaller than most other populations from cold
stages (as Lezetxiki, Jou Puerta, Aitzbitarte IV, Urtiaga Morín or Las
Caldas), but larger than populations from temperate stages (like Camino
Cave, Cova Negra or Swanscombe). Postcraneal remains, although
scarce, also showed a similar pattern (are smaller than most the com-
parison populations from cold stages). These morphometrical results
were unexpected considering that red deer populations from Late Pleis-
tocene cold stages (as is assumed for unit III, see Section 7) are normally
larger in body size than those from temperate phases (Mariezkurrena
and Altuna, 1989; Álvarez-Lao et al., 2013). Probably these results are
not enough representative, considering that the available sample is
low. However, it is interesting to emphasize that the largest M3 of the
sample (length = 34.5 mm) is similar to the largest specimens of
other MIS 3 assemblages from the Cantabrian area, as Jou Puerta and
Lezetiki (Table 2). Ungulate assemblages from cold episodes of theMed-
iterranean margin are not enough studied, so we cannot rule out the
possibility that there were regional variations in body size for some
species.
4.1.1.2. Capreolus capreolus (Linnaeus, 1758). Roe deer remains are
scarce, comprising only 3.9% of the ungulate assemblage of unit II and
4.8% of unit III (Table 1). The sample is also very fragmented so only
teeth and few postcranial elements (mostly phalanges, compact bones
and few epiphyses of limb bones) were enough preserved (Fig. 2g–j).

All these elements correspond to a minimum of 8 individuals (4 in
unit II and 4 in unit III), 3 of which are juveniles and 5 adults.

Measurementswere comparedwith samples of fossil and recent roe
deer from Iberian sites (Table 3), showing that body size of the
Teixoneres specimens is not significantly different.

Capreolus is generally very poorly represented inWestern European
Pleistocene sites, as was also noted for British localities by Lister (1986)
who suggested that there might be a general taphonomic bias against
this species. Many assemblages from the Cantabrian area (NW Iberia)
show the same pattern (Altuna, 1972; Castaños, 1986; Altuna and
Mariezkurrena, 2000). The low percentage of this species at Teixoneres
is also consistent with this trend.
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The occurrence of roe deer in unit III of Teixoneres Cave is of high
palaeoecologic interest because this species is very infrequent or
lacking in assemblages associated to cold-adapted faunas from
mainland Europe. However, co-occurrence of these allegedly
incompatible taxa has been also stated in a number of MIS 3 assem-
blages from the Cantabrian area (Álvarez-Lao and Méndez, 2016),
suggesting that this is a relatively common pattern in Northern
Iberia.



Table 2
Selected comparative measurements on Cervus elaphus cranial and postcranial elements.

Site M3 L Mtc. DW T. DW

Teixoneres IIIa Mean (n) 30.7 (4) 41.8 (3) 49.8 (3)
Min-max 28.4–34.5 40–43 45.7–52.55

Jou Puertab Mean (n) 32.1 (4) 46.42 (2) 54.7 (2)
Min-max 30.15–34.3 46.55–46.3 54.3–55.1

Camino Cavec Mean (n) 29.88 (11) 41.4 (5) 45.9 (2)
Min-max 28.1–32.3 38.4–42.8 45–46.8

Cova Negrad Mean (n) 30 (7) 36.2 (3) 43.9 (4)
Min-max 25.2–32.8 34.6–37.9 41–48

Lezetxikie Mean (n) 32.26 (3) 57.25 (2)
Min-max 28.2–34.6 57–57.5

Aitzbitatrte IVe Mean (n) 34.6 (6) 47.73 (3) 54.56 (5)
Min-max 31.5–36.1 45.1–51.1 50.5–59

Urtiaga De Mean (n) 34.8 (30) 45.2 (32) 55.5 (4)
Min-max 30.1–38.1 38–51 53.5–59

Morínf Mean (n) 35.27 (14) 43.13 (3) 52.4 (4)
Min-max 31–39.5 40–45.7 49.1–55.1

Tito Bustillog Mean (n) 34.86 (13) 42.76 (15) 52.2 (6)
Min-max 32–39 40–49 47.5–55

La Rierah Mean (n) 33.2 (68) 43.95 (20) 54.57 (7)
Min-max 30–39.5 40.5–48 52–58

Zatoyai Mean (n) 32.12 (4)
Min-max 28–34.5

Labeko Kobaj Mean (n) 32.93 (12) 48.59 (11) 54.4 (7)
Min-max 31–35 44–51 50.5–60

La Palomak Mean (n) 34.29 (89) 42.67 (70) 50.8 (42)
Min-max 29.5–39 38.5–50.5 45–57

Las Caldasl Mean (n) 34.96 (3)
Min-max 33.5–36.8

Liñaresm Mean (n) 33.3 (9) 42.3 (4) 51.47 (13)
Min-max 29.8–35.4 40.9–43.1 46.46–56.5

Romain-la-Rochen Mean (n) 31.8 (4)
Min-max 30–33.4

Lazaret C IIo Mean (n) 34.5 (18)
Min-max 31.8–38.3

Piéguo Mean (n) 32.4 (10)
Min-max 29.3–37.4

La Ferrassiep Mean (n) 33.3 (7)
Min-max 31–37

Vaufreyq Mean (n) 32.2 (8)
Min-max 28.3–35.1

Swanscomber Mean (n) 28 (3)
Min-max 27.8–28.3

L'Aragos Mean (n) 31 (16) 44.3 (6) 48.9 (3)
Min-max 27–34 41.7–46.5 41.5–53.2

Mosbacht Mean (n) 31.4 (23)
Min-max 29.7–34.9

Voigtstedtu Mean (n) 31.8 (5)
Min-max 31.3–33.6

Mtc.: metacarpal; T.: Tibia; L: maximum length; DW: distal width.
a This study; b Álvarez-Lao (2014); c Álvarez-Lao et al. (2013); d Pérez Ripoll (1977);
e Altuna (1972); f Altuna (1971); g Altuna (1976); h Altuna (1986); i Mariezkurrena
and Altuna (1989); j Altuna and Mariezkurrena (2000); k Castaños (1980); l Soto
and Meléndez (1981); m López González (2001); n Auguste (2010); o Liouville
(2007); p Delpech (1984); q Delpech (1988); r Lister (1986); s Crégut (1979); t Kahlke
(1960); u Kahlke (1965).

Table 3
Selected comparative measurements on Capreolus capreolus cranial and postcranial
elements.

Site M3 L Rad. PW Mtc. DW Ph.3 L

Teixoneresa Mean (n) 16.55 (2) 27.4 (1) 24.2 (1) 25.86 (3)
Min-max 16.5–16.6 24.8–27.3

Jou Puertab Mean (n) 17.2 (2) 27.67 (3) 23.15 (4) 28.3 (2)
Min-max 16.29–18.11 27.3–28.25 22.28–23.9 27.1–29.5

Urtiagac Mean (n) 16.53 (24) 26.8 (1) 24.4 (13) 26.2 (7)
Min-max 14.5–17.6 21.3–27.9 24.4–28.7

Marizuloc Mean (n) 15.2 (1) 26.4 (1)
Santimamiñed Mean (n) 16.05 (27) 29 (3) 24.06 (8) 27.02 (26)

Min-max 14.2–17.6 27.5–31.5 23–25.5 24–29.5
La Rierae Mean (n) 16.88 (8) 24 (2) 28.5 (1)

Min-max 15.5–18 23.5–24.5
Recent roe deer
from NW Iberiab

Mean (n) 15.43 (3)
Min-max 15.1–15.77

Rad.: radius; Mtc.: metacarpal; Ph.3: third phalange L: maximum length; DW: distal
width; PW: proximal width.
a This study; b Álvarez-Lao (2014); c Altuna (1972); d Castaños (1984); e Altuna (1986).
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4.1.2. Family Bovidae (Gray, 1821)

4.1.2.1. Bovini cf. Bos primigenius (Bojanus, 1827). Bovine remains com-
prise 10.15% of the ungulate assemblage of unit II and 6.06% of unit III
(Table 1). The identifiable specimens are teeth and few postcranial
Fig. 2. Artiodactyla cranial and postcranial remains from Teixoneres. Cervus elaphus: leftM1 in la
occlusal (c) and lingual (d) views (TX'11.IIIb.K15.70+119);metacarpal distal fragment in anter
Capreolus capreolus: right metacarpal in anterior view (g) (TX11.IIIb.K16.20); right radius prox
views (TX13.IIIb.K11.49). Bovini cf. Bos primigenius: leftmandible fragment with the seriesM2-M
and anterior (n) views (TX12.IIIb.K23.6); metacarpal distal fragment in anterior view (o) (TX1
view (q) (TX12.IIIb.L24.28); left astragalus in lateral view (r) (TX12.IIIb.L23.12); left metatar
(TX08.IIb.J15.115); right metatarsal in proximal view (u) (TX10.IIIa.L10.160). C
(TX15.IIIb.M10.316 + 317 + 380); second phalange in lateral view (w) (TX12.IIIb.O10.107).
views (TX09.IIb.K14.234). Scale bars are in cm.
Photos: SiobaGrande/IPHES.
elements (Fig. 2k–s), including one complete radius, three metacarpals
and onemetatarsal, belonging to aminimumof 10 individuals (5 in unit
II and 5 in unit III), 1 of which is infantile, 4 juveniles, 4 adults and 1 old
adult.

Regardless of the distinction between Bos primigenius and Bison
priscus (Bojanus, 1827) is not always possible, several postcranial ele-
ments from the Teixoneres Cave assemblage are useful for systematical
purposes. Descriptions of these elements are provided below.

A left radius (Fig. 2p) is fairly complete showing an interesting trait
in the proximal end: the shape of the ulnar joint with the proximal pos-
terior edge of the radius is deep and sharply pointed, which is accepted
by Gee (1993) as a distinctive feature of Bos.

Onewell preserved rightmetacarpal (Fig. 2m-n) shows two features
of systematic significance. In proximal view, the facet for the unciform is
trapezoidal shaped that is characteristic of Bos and different of Bison (in
which is more triangular shaped), following the criteria of Bibikova
(1958) and Gee (1993). In anterior view, the lateral edges of the diaph-
ysis are smoothly divergent towards the distal end (Fig. 2n–o), which is
an indicative feature of Bos and different of Bison (whose diaphysis
show a more abrupt shape towards the distal end, with distinct “shoul-
ders”), following the criteria provided by Stampfli (1963) and Gee
(1993).

One left tibia fragment preserved the distal epiphysis (Fig. 2q) show-
ing both the anterior and posterior malleolar facets clearly confluent,
which is considered by Gee (1993) as a reliable character for the identi-
fication of Bos.

One almost complete left astragalus (Fig. 2r) shows also interesting
features: in the distal part of the posterior face, the nutrient foramen
opens straight downwards and there is not a discernible flange around
it. In addition, the lateral articular facet for the calcaneum is taller prox-
imo-distally, not elongated. These two traits are more comparable to
Bos, according to Gee (1993).

A left metatarsal proximal fragment (Fig. 2s) shows another inter-
esting character of systematic significance: the two largest proximal
facets (for the 2nd/3rd tarsal and the cubonavicular) are well separated
bial (a) and occlusal (b) views (TX'11.IIIb.K15.90); rightmandible with the series P4–M3 in
ior view(e) (TX11.IIIb.L10.204); shed antler fragment in lateral view(f) (TX12.IIIb.L23.13).
imal fragment in posterior view (h) (TX13.IIIb.L10.70); left M3 in occlusal (i) and labial (j)
3 in occlusal (k) and lingual (l) views (TX10.IIIa.J15.80); rightmetacarpal in proximal (m)
3.III.N26.13 + N27.1); left radius in anterior view (p) (TX13.IIIb.K24.1); left tibia in distal
sal in proximal view (s) (TX12.IIIb.L22.3). Rupicapra pyrenaica: left M3 in labial view (t)
apra pyrenaica: right maxillary with the series P3–M2 in labial view (v)
Sus scrofa: right maxillary fragment with the series dP4-M1 in labial (x) and occlusal (y)



Table 4
Selected comparative measurements on Bovini cranial and postcranial elements.

Site M3 L Rad. PW Mtc. L Mtc. DW

Teixoneresa Mean (n) 46.75 (2) 131.3 (1) 268 (1) 90.66 (3)
Min-max 45.7–47.8 82.3–94.9

Jou Puertab Mean (n) 48 (1)
Lezetxikic Mean (n) 45.5 (1)
Leibarc Mean (n) 38.75 (2)

Min-max 38.5–39
Labeko Kobad Mean (n) 46.47 (18) 101.4 (4) 238.6 (4) 78.9 (4)

Min-max 38–53 97–109 221–259 71–92
Santimamiñee Mean (n) 41.94 (9) 172.5 (1) 74.8 (3)

Min-max 37–52 50–93.5
Lumentxaf Mean (n) 46 (1) 224.5 (1) 76.5 (1)
Bolinkobaf Mean (n) 48 (2) 92 (1)

Min-max 47–49
Aitzbitarte IIIg Mean (n) 44.5 (1)
Habarra (Bison priscus)h Mean (n) 110.6 (9) 229.1 (9) 82.06 (8)

Min-max 96.5–122.5 217.5–239.5 73–90.5
Kiputz IX (Bison priscus)i Mean (n) 48.4 (15) 106.6 (17) 236.9 (14) 87.9 (14)

Min-max 45.5–52.5 96.5–117.5 217–254 70–101.5
Ilford (Bos primigenius)j Mean (n) 48.7 (12) 257.43 (7) 92.76 (5)

Min-max 45–53 248–269 86.4–95.3
Avetrana (Bos primigenius)k Mean (n) 263.72 (11) 82.8 (12)

Min-max 252–275 74.6–95.4
Atapuerca TG8-TG10
(Bison sp.)l

Mean (n) 40.9 (3)
Min-max 40.4–41.1

Mestas de Con (Bison sp.)m Mean (n) 40 (1)
Paglicci Cave (Bos primigenius)n Mean (n) 48.8 (21)

Min-max 46–52.8
Mauer (Bison schoetensacki)n Mean (n) 42.8 (24) 109.75 (4) 264 (2) 75 (2)

Min-max 38.8–48 104–115 263–265 75–75
Isernia la Pineta (Bison schoetensacki)n Mean (n) 43.1 (30)

Min-max 40–49

Rad.: Radius; Mtc.: mecarpal; PW: proximal width; L: maximum length; DW: distal width.
a This study; b Álvarez-Lao (2014); c Altuna (1972); d Altuna andMariezkurrena (2000); e Castaños (1984); f Castaños (1986); g Altuna and Mariezkurrena (2011); h Prat et al. (2003);
i Castaños (2014); j Wright (2013); k Pandolfi et al. (2011); l Van der Made (1999); m Álvarez-Lao (2016); n Sala (1986).
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anteriorly by a channel, which is also considered by Gee (1993) as a re-
liable character for Bos.

In sum, the described features strongly suggest that the bovine re-
mains from Teixoneres Cave belong most probably to Bos primigenius.

For morphometrical purposes we selected the M3 because, as above
indicated for the red deer, is not affected by attrition. Among the few
postcranial elementswhich provided reliablemeasurements, we select-
ed the metacarpals because they are relatively numerous (n = 3, all
coming fromunit III), and the radius. Themorphometric datawere com-
pared with a sample of Pleistocene bovines from Europe (Table 4). The
size of the TeixoneresM3 is larger thanmost other populations and sim-
ilar to the specimens from Ilford and Pagglici Cave, both ascribed to Bos
primigenius. Postcranial data follows the same pattern, with largemeta-
carpals similar in size to those from Ilford and Avetrana, both classified
as Bos primigenius. It seems that the large size of the bovines from
Teixoneres also supports their ascription to Bos primigenius.

4.1.2.2. Rupicapra pyrenaica (Bonaparte, 1845). Chamois remains are
rare, comprising only 2.3% of the ungulate assemblage of unit II and
0.6% of unit III (Table 1). Conserved elements include few teeth, phalan-
ges and fragmented limbbones (Fig. 2t–u) corresponding to aminimum
of 4 adult individuals (2 in unit II and 2 in unit III). The few measurable
elements showed that body size of the Teixoneres specimens is similar
from other Iberian Pleistocene chamois populations (Table 5).

Recent chamois populations are ascribed to two species on the basis
of morphological and behavioral characters: R. rupicapra (Linnaeus,
1758), from Central and Eastern Europe, and R. pyrenaica, from the Ibe-
rian Peninsula (Lovari and Scala, 1980; Scala and Lovari, 1984; Nascetti
et al., 1985; Pérez et al., 2002). Although the remains from Teixoneres
are insufficient as to get an accurate taxonomical ascription, the diver-
gence time between R. rupicapra and R. pyrenaica has been estimated
on the basis of genetic distance (Rodríguez et al., 2010; Pérez et al.,
2011). Different methods provided different ages for this divergence:
1.7 ma, based in molecular clock methods (Rodríguez et al., 2010),
and 655 ka, based on phylogenetic analyses of the Y-chromosome
(Pérez et al., 2011). These genetic results imply that Late Pleistocene fos-
sil chamois from the Iberian Peninsula should be included in the species
R. pyrenaica.

The occurrence of this species provides also an interesting
palaeoenvironmental information (see Section 7), indicating presence
of rocky mountain areas in the surroundings.

4.1.2.3. Capra pyrenaica (Schinz, 1838). The ibex is an infrequent species
in the assemblage, comprising only 0.4% of the ungulates of unit II and
1.1% of unit III (Table 1).

Preserved elements include teeth and very fragmented and scarce
postcranial remains, belonging to a minimum of 4 individuals (1 in
unit II and 3 in unit III), 2 of which are infantile, 1 juvenile and 1 adult.
Unfortunately, none of the teeth are useful for comparative analyses
since there are not any preserved last molar (M3 or M3) and all other
pieces could be affected by attrition, not providing reliable measure-
ments. The single well preserved postcranial element is a second pha-
lange (Fig. 2v–w), whose measurements were compared with other
Iberian populations (Table 5). There is a high variability in the compar-
ison sample, most likely due to it includes amixing of second phalanges
from the forelimb and from thehind limb. The specimen of Teixoneres is
close to the largest values,which suggests that it corresponded to a hind
leg.



Table 5
Selected comparative measurements on Rupicapra pyrenaica and Capra pyrenaica cranial
and postcranial elements.

Site R. pyrenaica C. pyrenaica

M3 L Mtt. PW Ph.2 L Ph.2 PW

Teixoneresa Mean (n) 14.6 (1) 21.7 (1) 32.9 (1) 18.5 (1)
Jou Puertab Mean (n) 15 (3) 20.86 (5) 34.17 (1) 18.25 (1)

Min-max 14.4–15.7 20–22.4
Narancob, c Mean (n) 14.66 (3) 21.8 (10)

Min-max 14.3–15.2 21.05–23.1
El Condec Mean (n) 13.55 (6)

Min-max 12.9–14
Malverded Mean (n) 21.45 (6)

Min-max 20–23.3
Ekaine Mean (n) 22.66 (3)

Min-max 22–23.4
Valdegobaf Mean (n) 22.6 (16)

Min-max 20.6–26.6
Lumentxag Mean (n) 20.4 (3) 31.6 (6) 13.43 (6)

Min-max 18.9–23 24.5–39 12.6–15.2
Santimamiñeg Mean (n) 22.5 (1) 28.9 (8) 14.83 (8)

Min-max 25.5–33 13.6–16.8
Atxurig Mean (n) 30.8 (13) 16.9 (15)

Min-max 26–44 14.4–19.4
Bolinkobag Mean (n) 28.22 (34) 15.8 (36)

Min-max 24.6–33 13.2–20.5
Urratxa IIIg Mean (n) 30.12 (8) 15.9 (11)

Min-max 28.5–31.5 13–17.8
La Rierah Mean (n) 29.35 (7) 15.8 (7)

Min-max 26–32 13.5–17.7

Mtt.: metatarsal; Ph.2: second phalange; L.: maximum length; PW: proximal width.
a This study; b Álvarez-Lao (2014); c Álvarez-Lao (unpublished data); d Lorenzana (1982);
e Altuna andMariezkurrena (1984); f Arceredillo et al. (2011); g Castaños (1984); h Altuna
(1986).
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Presence of this species into the assemblage is also indicative of
rocky mountain areas in the vicinity of the site.

4.1.3. Family Suidae (Gray, 1821)

4.1.3.1. Sus scrofa (Linnaeus, 1758). Wild boar remains comprise 5.5% of
the ungulates of unit II and 0.5% of unit III (Table 1) and consist mainly
of dentition (Fig. 2x–y), while postcranial elements are limited and
fragmented. These remains correspond to a minimum of 6 individuals
(4 in unit II and 2 in unit III), 1 of which is infantile, 2 juveniles, 2 adults
and 1 old adult. The sample is insufficient to allow comparative studies.
The presence of this species in the assemblage is of palaeoenvironmental
interest (see Section 7), indicating presence of forested areas near
the site.

4.2. Order Perissodactyla (Owen, 1848)

4.2.1. Family Equidae (Gray, 1821)
Equids are relatively frequent in the Teixoneres assemblage, com-

prising 36.4% of the ungulates in unit II and 26.7% in unit III. It was pos-
sible to identify two different equid species: E. ferus and E. hydruntinus.
In addition, there is a substantial quantity of equid remains which, due
to the high degree of fragmentation, was not possible to be ascribed to
a single species, so they are designated as Equus sp. (Table 1).

4.2.1.1. Equus ferus (Boddaert, 1785). Horses constitute 12.5% of the un-
gulates of unit II and 12.82% of unit III (Table 1). The identified material
entails mainly of teeth (Fig. 3a–b), while postcranial elements are very
rare and badly preserved, consisting mainly in phalanges and
metapodial fragments. These remains correspond to a minimum of 16
individuals (4 in unit II and 12 in unit III), 1 of which is infantile, 5 juve-
niles, 8 adults and 2 old adults.

The morphology of the upper dentition is typical of the caballine
equids,with a large protocone, concave surfaces between styles, intense
folding in the enamel of the fossettes and a well-developed caballine
fold. In the lower cheek teeth, the lingual valley shows the distinctive
“caballine” u-shaped morphology (Eisenmann, 1991; Maldonado,
1996).

For comparative purposes we selected the upper molars M1–2 be-
cause they are themost frequent elements and, therefore, themost rep-
resentative. Postcranial elements are not considered since they are so
scarce and fragmentary. These data were compared with a sample of
Pleistocene horses from Western Europe (Table 6). The size of the
Teixoneres specimens is very similar to other populations of similar
age fromnorthern Iberia (as Cueto de LaMina, Santimamiñe and Labeko
Koba), slightly larger than other Late Pleistocene populations from cen-
tral and southern Iberia (like Camino Cave, Cueva del Buho and
Carihuela), and smaller than Middle Pleistocene specimens (from
Mosbach and Arago).

4.2.1.2. Equus hydruntinus (Regalia, 1907). Remains ascribed to E.
hydruntinus constitute 4.7% of the ungulates of unit II and 6.4% of unit
III (Table 1). They comprise almost exclusively teeth (Fig. 3c–d), with
very few postcranial elements (mainly phalanges), corresponding to a
minimum of 11 individuals (4 in unit II and 7 in unit III), 2 of which
are juveniles, 7 adults and 2 old adults.

Morphologically the upper dentition shows distinctive features of
this species, with a short protocone, flattened surfaces between styles
and low folding in the enamel of the fossettes. The caballine fold is nor-
mally absent or, when it is present, much reduced. In the lower cheek
teeth, the lingual valley shows the distinctive “stenonian” v-shaped
morphology (Eisenmann and Patou, 1980; Maldonado, 1996; Boulbes,
2009).

For comparative studies we also selected the upper molars M1–2 be-
cause, as for the case of E. ferus, they are the most frequent elements.
Their size is visibly smaller than the E. ferus sample (Table 6). These
data were compared with a sample of E. hydruntinus from Iberia and
France (Table 6). The size of the Teixoneres sample is slightly larger
than the other Iberian populations and more similar of those from
southern France. The protocone length is among the highest values of
the comparison samples, which could agree with Prat (1968), who pro-
posed that specimens from the second half of the Late Pleistocene had
largest protocones than older populations.

4.2.2. Family Rhinocerotidae (Owen, 1845)
Rhinoceros dental remains were recovered at both units II and III.

Two of the specimens from unit III and one from unit II were enough
preserved as to be classified to species level as Coelodonta antiquitatis.
All other rhinoceros remains from both units are assumed to belong to
this same species (Table 1).

4.2.2.1. Coelodonta antiquitatis (Blumenbach, 1799). Thewoolly rhinocer-
os sample was represented by 11 teeth fragments, comprising 1.5% of
the ungulates from unit II and 0.7% of the unit III (Table 1). Only three
of the fragments are taxonomically identifiable and can be ascribed to
C. antiquitatis. These dental remains correspond to aminimum of six in-
dividuals (two from unit II and four from unit III): one very young calf,
one young, three adults and one old adult.

One left dP2 (Fig. 3i–j) is relatively well preserved, showing taxo-
nomically interesting morphologic features: the mediofosette is well
developed and totally closed; the arrangement of the protoloph draws
a low angle with the ectoloph; the enamel surface is rough. All these
are diagnostic traits of Coelodonta antiquitatis. Although this specimen
is slightly incomplete, the conserved size (Table 7) indicates that the
specimen is noticeably smaller than all the P2 sample fromWestern Eu-
rope published by Guérin (1980), andmore similar to the dP2 measure-
ments provided by the same author (Table 7). The crown length is
greater than the width, which is other typical feature of dP2 and differ-
ent of P2. The low height of the crown fits into the range of the dP2, and
is far under theminimumvalues of the P2 provided by Guérin (1980). In
addition, the enamel is very thin, which is also a typical feature of



Fig. 3. Perissodactyla and Proboscidea dental remains from Teixoneres. Equus ferus: right M1 in occlusal view (a) (TX08.IIb.L18.40); left M1 in occlusal view (b) (TX11.IIIb.Q9.21). Equus
hydruntinus: left M3 in occlusal view (c) (TX09.IIIa.O10.341); left M3 in occlusal view (d) (TX08.IIIa.O11.158). Coelodonta antiquitatis: left P3 in occlusal (e) and posterior (f) views
(TX09.IIIa.K12.376); right M3 in lingual (g) and occlusal (h) views (TX16.IIb.P15.9); left dP2 in occlusal (i) and lingual (j) views (TX10.IIIa.J13.34). Mammuthus primigenius: dP2 in labial
(k), lingual (l), and occlusal (m) views (TX10.IIIa.O8.289). Scale bars are in cm.
Photos: SiobaGrande/IPHES.
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deciduous dentition. The crown wear is very slight, suggesting an onto-
genetic age ranging between 4 and 12 months, by analogy with living
African white rhinoceroses (Ceratotherium simum Burchell, 1817), fol-
lowing Hillman-Smith et al. (1986).

A right M3 (Fig. 3g-h) is very well preserved, showing interesting
features of systematic significance: the enamel is thick and rough; the
metalophid has a clear constriction in the middle part, which is visible
in occlusal view (Fig. 3h). All these are typical features of C. antiquitatis.
Its size falls within the range of this species, close to the average values
(Table 7). The crown shows an advanced wear, suggesting an ontoge-
netic age of approximately 25–32 years, following Hillman-Smith et al.
(1986).

The other specimen is a premolar remnant, which probably
belonged to a P3 (Fig. 3e–f), showing very heavy wear. Despite this ex-
treme wearing stage, the low angle of the protoloph with respect to
the ectoloph, suggests that this specimen is more comparable to
Coelodonta than to Stephanorhinus. The crown preserves about 1 cm in
height. The occlusal surface is almost completely composed by dentine,
only remaining one small patch of enamel corresponding to the lingual
valley. The length of the crown is markedly low respect to the width
(Table 7), indicating an advanced interdental attrition. These features
suggest that this specimen belonged to an old aged individual, whose
ontogenetic age can be estimated in between 30 and 38 years, following
Hillman-Smith et al. (1986).

In addition to these specimens, a fragment of a lower deciduous
tooth which could well correspond to the same individual that the de-
scribed dP2, was also recovered. Apart from these dental elements, no
postcranial remains of rhinoceros have been identified in the
assemblage.
Presence of this species at the assemblage is of high
palaeoenvironmental significance, indicating cold and dry conditions,
as is discussed later in Section 7.

4.3. Order Proboscidea (Illiger, 1811)

4.3.1. Family Elephantidae (Gray, 1821)

4.3.1.1. Mammuthus primigenius (Blumenbach, 1799). The woolly mam-
moth yielded a single fossil, constituting the 0.11% of the assemblage
from unit III. The specimen is an upper dP2, a very unusual dental ele-
ment into the fossil assemblages, which is only present during nearly
the first year of the individual's life.

Themorphology of themammoth dP2, thefirst generation tooth, dif-
fers from the teeth of subsequent generations: the crown has three or
four plates, all of them formed simultaneously, which are not divided
into lobes, and the roots number is limited, from 2 to 3 in the upper
teeth (Maschenko, 2002; Maschenko and Kalmykov, 2009). In addition,
dP2 has a completely formed alveolus, with ossified walls and complete
interalveolar septumwhich is not resorbed when the tooth is replaced,
while in subsequent teeth the intertooth septum is incomplete and is
gradually resorbed during the replacement by the subsequent tooth
(Maschenko and Kalmykov, 2009).

The specimen of Teixoneres (Fig. 3k–m) has four full plates with ce-
ment partially filling the interplate gaps. The roots number is unknown
because they are not preserved. Measurements are indicated in Table 8
in comparisonwith other specimens fromSiberia andRussian Plain, and
plotted in Fig. 4. Morphologic and morphometric features of the speci-
men from Teixoneres strongly suggests that it corresponds to the



Table 6
Selected comparative measurements on Equus ferus and Equus hydruntinus upper molars.

Site E. ferus E. hydruntinus

M1–M2 L M1–M2 W M1–M2 Lpr M1–M2 L M1–M2 W M1–M2 Lpr

Teixoneresa Mean (n) 26.6 (14) 24.8 (13) 12.8 (14) 23.3 (16) 23.3 (16) 10.9 (15)
Min-max 23–30.5 20.7–27.2 10.9–14.7 20.6–25.6 21–25.5 7.7–13.1

Cueto de La Minab Mean (n) 26.85 (21) 25.44 (17) 12.72 (20)
Min-max 24–29.5 21.5–28.5 10.4–14.7

Santimamiñec Mean (n) 26.67 (8) 26.03 (8) 13.3 (8)
Min-max 25–27.9 25.4–26.9 11.2–15.4

Labeko Kobad Mean (n) 25.3 (33) 26.05 (33) 13.8 (33)
Min-max 22.4–31 23.5–29 11.5–16.6

Mosbache Mean (n) 28.5 (27) 14.5 (27)
Aragoe Mean (n) 28.8 (42) 15.1 (42)
Ehringsdorfe Mean (n) 29 (27) 15.1 (28)
Suarde Mean (n) 27.9 (26) 15.3 (26)
Taubache Mean (n) 27.4 (23) 14.7 (22)
Combe Grenal 12–15e Mean (n) 26.1 (40) 14 (41)
La Quina B3–C3e Mean (n) 25.8 (28) 14.1 (28)
Arcy (RGS) e Mean (n) 25.9 (88) 14 (88)
Jaurense Mean (n) 25.1 (37) 13.5 (37)
Camiace Mean (n) 25.8 (33) 13.8 (33)
Camino Cave (Pinilla del Valle)f Mean (n) 24.6 (43) 26.1 (43) 13 (43)

Min-max 23–27.6 24–29 11–15.5
Valdegobaf Mean (n) 23.2 (20) 24 (20) 12.1 (20) 21.4 (4) 21.8 (4) 10.6 (4)

Min-max 22–25.2 23–26.8 10–14.3 21.1–21.7 21.5–22.4 10.5–10.7
Cueva del Buhof Mean (n) 24 (21) 25 (21) 12.5 (21) 20.9 (12) 21.2 (12) 9.3 (12)

Min-max 23–27.4 23–29 11–14.3 20–22.3 20–23.7 8.6–10
Carihuelaf Mean (n) 24.2 (80) 24.8 (80) 13.25 (80) 20.5 (17) 21.4 (17) 9 (17)

Min-max 22–26.3 22.5–29 11.5–15 19.4–22 20.5–22.2 8.2–10.4
Pair-non-Pair Dg Mean (n) 22.3 (4) 20.7 (4) 11.4 (4)
Lunel-Vielg Mean (n) 21.7 (35) 20.5 (35) 8.4 (35)
Marzal 2g Mean (n) 22.7 (11) 21.3 (11) 8.8 (11)
Crouzadeg Mean (n) 22 (7) 21.7 (7) 10.4 (7)
Balauzièreg Mean (n) 25.6 (6) 21.8 (6) 9.3 (6)
Valorguesg Mean (n) 23 (2) 20.5 (2) 10.2 (2)

L: maximum length; W: maximumwidth; Lpr: length of the protocone.
a This study; b Castaños (1982); c Castaños (1986); d Altuna and Mariezkurrena (2000); e Eisenmann (1991); f Maldonado (1996); g Boulbes (2009).
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speciesMammuthus primigenius, according to descriptions provided by
Maschenko (2002), Maschenko and Kalmykov (2009) and Tong and
Chen (2016). The possibility that this specimen belongs to the
straight-tusked elephant (Palaeoloxodon antiquus), which is the other
European elephantid species contemporary to the Teixoneres assem-
blage, seems unlikely since known dP2 of this species (which are quite
rare in the fossil record) have only 2 or 3 full plates and 2 talons (Tong
and Chen, 2016), and are larger in crown length than this specimen
(Fig. 4).

The occlusal crownwear is slight. FollowingMaschenko (2002), dP2

crown wear begins approximately at one month of individual life in
woolly mammoth. Moreover, wearing state of this specimen is
Table 7
Selected comparative measurements on Coelodonta antiquitatis teeth.

Site L W H

Teixoneres dP2 24.9b 22.5b 26.9b

Teixoneres P3 27.5 38.2b

Teixoneres M3 48.9 32.3
dP2 European sitesa Mean (n) 30.52 (27) 29.35 (31) 26.29 (7)

Min-max 28–33 26–32.5 25–33.5
P2 European sitesa Mean (n) 32.13 (26) 34.43 (29) 43.39 (19)

Min-max 25–37 27.5–42 32.5–53
P3 European sitesa Mean (n) 38.28 (56) 42.06 (57) 57.21 (35)

Min-max 33–43 35–47.5 44–68
M3 European sitesa Mean (n) 51.58 (40) 29.9 (34)

Min-max 43–63 26–36

L: crown length; W: crown width; H: crown height.
a Guérin (1980).
b This specimen is somewhat eroded, so the actual measurements must be slightly

larger.
comparable to that of the Lyuba mammoth calf, whose age at death
was estimated on about 30–35 days (Rountrey et al., 2012), so is reason-
able to assume a similar time at death for the Teixoneres individual.

Occurrence of this other cold-adapted species is also of high environ-
mental relevance, as is discussed in Section 7.
5. Chronologic and biogeographical framework

5.1. Chronological context

The fossil assemblages of Teixoneres were dated from beyond
51,000 14C BP to 44,210 cal BP (unit III) and from 44,210 to 33,060 cal
BP (unit II) (Talamo et al., 2016), both corresponding to theMIS 3, a pe-
riod characterized by strong and brief climatic oscillations (Barron and
Pollard, 2002; Van Andel, 2002) recorded in the GRIP and GISP2 ice
cores, which is considered of global significance (Dansgaard et al.,
1993; Grootes and Stuiver, 1997). From a palaeoecologic point of
view, unit III shows a special interest due to the occurrence of the cold
Table 8
Measurements of M. primigenius dP2 from Teixoneres and other localities.

Site L W

Teixoneresa 16.3 13.6
Russian Plainb Mean (n) 16.7 (13) 14.4 (13)

Min-Max 15–20.5 11.5–17
Berelekh (East Siberia)c Min-Max 14.3–18 13.5–17.8

L: crown length; W: crown width.
a This study; b Maschenko (2002); c Maschenko et al. (2006).



Fig. 4.Bivariate plot ofMammuthus primigenius and Palaeoloxodon antiquusdP2 anddP2measurements L (crown length) andW(crownwidth). Data fromMaschenko (2002) and Tong and
Chen (2016). Measurements are in mm.
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adapted taxa Mammuthus primigenius and Coelodonta antiquitatis. The
ungulate association of unit II, while is significantly smaller than the
one of unit III, also included a cold-adapted species, C. antiquitatis.
Fig. 5. Calibrated radiocarbon dates from Teixoneres unit III and other Iberian assemblages wit
GRIP palaeoclimatic oxygen curve.
Modified from Álvarez-Lao and García (2010, 2012).
The chronology of unit III, with most of the dates ranging from 46.2
to 43.4 cal ka BP (Talamo et al., 2016), is of special interest because is
somewhat older than themajority of other Late Pleistocene occurrences
h Coelodonta antiquitatis (C.a.) and/or Mammuthus primigenius (M.p.), compared with the
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of these species (Fig. 5). Only other two of the compared Iberian sites
yielded a similar age: the Rexidora cave (Asturias, NW Iberia), with a
C. antiquitatis assemblage dated to 44.5 cal ka BP (Álvarez-Lao et al.,
2015); and Arbreda cave (Gerona, NE Iberia), which provided a M.
primigenius molar fragment dated to 42.8 cal ka BP (Galobart et al.,
1996; Álvarez-Lao and García, 2010). These three sites represent the
oldest dated evidences of these cold-adapted species during the MIS 3
in the Iberian record. We cannot exclude the possibility of previous en-
trances of these faunas into the Iberian territory during the Late Pleisto-
cene, but the lack of suitable findings and the difficulty of dating older
deposits (out of the range of the 14C dating method) prevents a greater
accuracy.

The MIS 3 is the episode when the greatest concentration of occur-
rences of these cold-adapted species is documented in the Iberian Pen-
insula (Fig. 5), most of them from the Cantabrian area (NW Iberia), but
also others in NE, Centre and S Iberia. (Álvarez-Lao and García, 2010,
2011b, 2012; Álvarez-Lao, 2014). This episode is also of special interest
since the maximum registered southern spread of M. primigenius oc-
curred then both in Europe (in Padul, Spain, Álvarez-Lao et al., 2009)
as in Asia (BeidashaRiver, China, Takahashi et al., 2007),which could re-
flects that cold climatic oscillations ofMIS 3may have been very intense.

5.2. Biogeographical context: cold adapted faunas in NE Iberia.

From a biogeographical perspective, Teixoneres Cave is of high rele-
vance because its location in Catalonia (NE Iberia), where evidences of
cold-adapted faunas are not abundant. The distribution of the M.
primigenius and C. antiquitatis Iberian occurrences is not homogenous:
the greatest concentration is documented in the Cantabrian area (NW
Iberia), while only a minor part of them is located in NE Iberia and a
few more are found in Central and Southern Iberia (Álvarez-Lao and
García, 2011a). This distribution is consistent with the orography be-
cause the Iberian Peninsula is relatively isolated from continental Eu-
rope by a natural barrier, the Pyrenees, which limited dispersal of
faunas. Cold-adapted species, which were abundant in southern France
during the Late Pleistocene (Delpech, 1983), could only get into the Ibe-
rian Peninsula through narrow corridors placed west (Cantabrian area)
and east (Catalonia) of the Pyrenees (Rivals and Blasco, 2008;
Álvarez-Lao and García, 2011a).

Evidences of these cold-adapted taxa in NE Iberia, while they are not
abundant, are reported in the sites listed below.

- In Arbreda cave (Gerona),M. primigenius remains were recovered at
level H, dated to 42.8 cal ka BP (Galobart et al., 1996; Álvarez-Lao and
García, 2010), corresponding to MIS 3 and close to the age of
Teixoneres unit III. Additionally, other cold adapted taxa as the rein-
deer (Rangifer tarandus) and the muskox (Ovibos moschatus Zim-
mermann, 1780) have been recovered in Solutrean levels of this
cave, dated to 20.7 and 21.2 cal ka BP (Galobart et al., 1996;
Álvarez-Lao and García, 2010).

- Caude Les Goges cave (Gerona) providedM. primigenius fossils in as-
sociationwith a Solutrean context, whose age can be estimated from
around 25 to 20 ka BP (Obermaier, 1925; Álvarez-Lao and García,
2010).

- At Clot de Llop site (Gerona) several M. primigenius dental remains
were recovered out of any archaeologic context (Harlé, 1912), so
their chronology is unknown.

- In Cova del Toll (Barcelona), which is very close to Teixoneres Cave,
several remains of C. antiquitatiswere recovered during the old exca-
vations from 1950's (Thomas and Villalta de, 1957; Álvarez-Lao and
García, 2010, 2012). Unfortunately, the chronology of this find is un-
known.

- From Arenys de Mar. (Barcelona), a well preserved C. antiquitatis
skull was discovered during road works (Harlé, 1920; Álvarez-Lao
and García, 2011b). Due to the absence of archaeological context
and absolute dates, the age of this notable specimen is unknown.
- Riera dels Canyars site (Barcelona), yielded an abundant fossil as-
semblage including C. antiquitatis and Proboscidea cf.M. primigenius,
dated to ~39.5 cal ka BP (Daura et al., 2013), also corresponding to
the MIS 3.

- In addition, there are other sites from NE Iberia at where other cold-
adapted ungulate species were recovered. R. tarandus remains are
reported from Bora Gran d'en Carreres (dated to 11.7 cal ka BP),
Reclau Viver (in Solutrean context),Mollet I (inMousterian context)
and in Can Rubau, along with O. moschatus (in Mousterian context)
(Harlé, 1912; Altuna, 1994; Galobart et al., 1996; Álvarez-Lao and
García, 2010). Even as the Aurignacian and Mousterian cited con-
texts lacks absolute dates, they could well correspond also to the
MIS 3.

6. The faunal composition of unit III: comparative revision within a
Western European perspective

6.1. Palaeoecological context

The occurrence ofM. primigenius and C. antiquitatis, two typical ele-
ments of the “mammoth fauna” (Vereschagin and Baryshnikov, 1982)
or “Mammuthus-Coelodonta faunal complex” (Kahlke, 1999, 2014), in
Iberian sites is of special relevance since they are infrequent species in
such southern area. Woolly mammoth fossils have been documented
at other 27 Iberian sites andwoolly rhinoceros remainswere recognized
in other 26 Iberian sites (Álvarez-Lao and García, 2011b, 2012; Daura et
al., 2013; Álvarez-Lao, 2014; Álvarez-Lao et al., 2015). However, the Ibe-
rian fossil assemblages containing these two cold-adapted elements do
not show the typical faunal composition of the Eurasian mammoth
fauna (Álvarez-Lao and García, 2011b, 2012). Most of these Iberian oc-
currences come from the Cantabrian area, which hosted a transitional
faunal assemblage between the northern cold faunas and the southern
temperate faunas (Álvarez-Lao andMéndez, 2016). Iberian assemblages
with M. primigenius and C. antiquitatis are generally dominated by spe-
cies associated to temperate environments, particularly Cervus elaphus,
as is the case of the unit III of Teixoneres (Table 1). By contrast, contem-
porary faunal associations from Central andWestern Europe, where the
mammoth fauna was fully established, were dominated by cold-
adapted taxa, especially R. tarandus, while species of temperate prefer-
ences were scant or totally lacking (Álvarez-Lao and Méndez, 2016).
The particular conditions of these Iberian faunal associations are here
statistically analyzed into a Western European context in order to un-
derstand the ecological limitations of these cold-adapted elements.

6.2. Analysis of the faunal composition

For a comparative study of the faunal composition of Teixoneres unit
III, percentages of each species were analyzed along with 33 other as-
semblages also including M. primigenius and/or C. antiquitatis, coming
from Iberia andWestern-Central Europe (Table 9), by means of a corre-
spondence analysis (see Section 3 for methodological details).

The correspondence analysis showed a close association between
sites with similar relative abundances of herbivore taxa, indicated by
the eigenvalues and inertia values (see Fig. 6 caption). A clear separation
between Iberian and Western-Central European faunal associations is
identified (Fig. 6), with almost all Iberian sites (black dots) placed on
the left part of the graph, associated with a high abundance of red
deer and presence of Stephanorhinus hemitoechus (only at one site).
The assemblage from unit III of Teixoneres, indicated by the unfilled cir-
cle, clusteredwith the other Iberian sites, displaying the samepattern of
faunal composition. All other localities, indicated by unfilled squares,
come from Western-Central Europe. Sites in the central part of the
graph, clearly separated from the Iberian sample, are characterized by
a high abundance of Equus ferus, Coelodonta antiquitatis, Megaloceros
giganteus (Blumenbach, 1799) and bovines (Bison priscus/Bos



Table 9
Percentages of ungulate taxa at Teixoneres unit III and other fossil assemblages from the Iberian Peninsula and Central-Western Europe.

Site (layer) Country Taxa NISP Source

R.t. C.e. M.g. C.c. C.i./p. R.r./p. S.t. Bov. O.m. S.s. E.f. E.h. C.a. S.h. M.p.

Teixoneres unit III Spain 0 64.2 0 5.26 1.2 0.64 0 6.56 0 0.53 13.9 6.9 0.75 0 0.11 930 (1)
Jou Puerta Spain 0 40.8 0.72 10.4 7.92 12.05 0 16.4 0 0 0.41 0 10.8 0 0.41 970 (2)
Cueto de La Mina (E) Spain 0.4 67.3 0 0.8 6.7 0.8 0 5.6 0 0.4 15.5 0 0 0 0.4 251 (3)
Covacho de Arenillas (II) Spain 0 16.5 0 3.5 76.4 0.4 0 0.8 0 0 1.2 0 0.4 0 0 254 (4)
Lezika Spain 0.32 44.6 0 0 0 6.9 0 0.3 0 0 0 0 47.8 0 0 305 (5)
Lezetxiki (IIIa) Spain 0.7 25.2 0 1 8.7 31.4 0 28.2 0 0.7 3.2 0 0.2 0.5 0 401 (6)
Las Caldas VII Spain 0 79.5 0 0 12.3 0 0 0 0 0 7.4 0 0 0 0.8 122 (7)
Morín (4) Spain 0 68.9 0 12.4 3.3 0.2 0 4.8 0 0 9.9 0 0 0 0.2 390 (8)
Urtiagako Leizea Spain 83.4 5.3 0 5.2 0.8 2.6 0 0.8 0 0 0 0 0.8 0 0.8 115 (9)
Labeko Koba (IX sup.) Spain 1.3 36.4 0.5 0.4 0 0.7 0 20.4 0 0.1 30.2 0 9.1 0 0.8 1008 (10)
Arbreda (H) Spain 0 47.2 0 0.8 0 3.1 0 14.2 0 0 26.8 2.3 0 0 5.5 127 (11)
Figueira Brava (2–3) Portugal 0 52.5 0 0 0 0 0 33.9 0 0 12.7 0 0 0.4 0.4 221 (12)
Jamblancs (3) France 81.5 1.8 0 0 0 0 0.2 2.8 0 0 13.3 0 0 0 0.2 434 (13)
Abri Pataud (5 ext. 2) France 98.7 0.6 0 0.04 0.1 0.1 0 0.2 0.03 0 0.2 0 0 0 0.02 20,992 (14)
Abri Pataud (5/6 a 10) France 64.9 14.4 0 1.1 0.4 0.8 0 3.8 0 0.9 12.4 0.9 0 0 0.3 646 (14)
Laugerie Haute Ouest. (2–7) France 97.4 0.2 0 0 0 0 0 0.1 0 0 0.8 0 0 0 1.5 1426 (14)
Laugerie Haute Ouest. (12 a + b) France 96.8 0.1 0 0 0.2 0 0 0 0 0 2.4 0 0 0 0.5 1121 (14)
Roc de Combe (1) France 87.5 3 0 0.1 0.7 2.9 0 0 0 0 3.4 0 0 0 0.05 1933 (14)
Roc de Combe (5) France 92.5 0.3 0 0 0.7 0.2 0 0.9 0 0 0.3 0 0 0 5 1199 (14)
Roc de Combe (6) France 83.6 1.1 0 0.5 0.5 0 0 5.4 0 2.7 2.7 0 0.5 0 2.7 183 (14)
Abri du Facteur (Perig. V) France 95 0.7 0 0 1.5 0.7 0 0.7 0 0.7 0 0 0.7 0 0 133 (15)
Theillat France 0.7 0.4 11.7 0 0 0 0 15.2 0 2.5 42.7 0 25.6 0 1 284 (16)
Morancourt France 3.2 1.1 1.3 0.5 0 0 0 21.7 0 0.3 54.1 0.8 13.3 0 3.5 368 (17)
Roche à Pierrot (Saint-Césaire) France 50.5 1.7 1.5 3.4 0 0 0 19.1 0 0.6 14.4 0.6 5.1 0 3 471 (18)
Arcy-sur-Cure Gr. Renne (8) France 78.6 0.8 0 0 0 2.1 0 1.8 0 0 14.1 0 0.3 0 2.3 1154 (19)
Kesslerloch (III) Switzerl. 85 0 0 0 0.1 0 0 0.2 0.02 0 14.6 0 0.02 0 0.02 4149 (20)
Hohle Fels (IIb) Germany 49.7 0 0 0 3.7 0.5 0 0 0 0 43.9 0 0.5 0 1.6 189 (21)
Geissenklösterle (AH III) Germany 6.3 0.1 0 0.1 1.5 0.5 0 0.03 0 0 2.8 0 1.2 0 87.4 3634 (22)
Geissenklösterle (AH IV-VIII) Germany 38.4 1.4 5.1 1.4 14.5 3.6 0 0 0 0 15.2 0 5.8 0 14.5 138 (22)
Brillenhöhle (VII) Germany 44.4 0 0 0 7.4 0.7 1.5 0.7 0 0 34.1 0 0 0 11.1 227 (23)
Vogelherd (IV-V) Germany 23.9 0.3 0 0 0 0.03 0 0.9 0 0.1 20.9 0 1.8 0 52 6810 (24)
Trou Magritte (2) Belgium 50.5 0 0 0 17.2 0 0 0.5 0 4.4 21.6 0 3.9 0 1.6 180 (25)
Paviland, Goat's Hole Cave G. Britain 42.2 5.3 1.6 0 0 0 0 28.3 0 1.6 8.6 0 11.5 0 0.8 224 (26)
Lynford G. Britain 5.4 0 0 0 0 0 0 0.3 0 0 0.4 0 1.01 0 92.8 1347 (27)

Taxa abbreviations: R.t.-Rangifer tarandus; C.e.-Cervus elaphus;M.g.-Megaloceros giganteus; C.c.-Capreolus capreolus; C.i./p.-Capra Ibex/pyrenaica; R.r./p.-Rupicapra rupicapra/pyrenaica; S.t.-
Saiga tatarica; Bov.-Bovini indet.; O.m.-Ovibos moschatus; S.s.-Sus scrofa; E.f.-Equus ferus; E.h.-Equus hydruntinus; C.a.-Coelodonta antiquitatis; S.h.-Stephanorhinus hemitoechus; M.p.-
Mammuthus primigenius.
Sources: (1): This paper; (2): Álvarez-Lao (2014); (3): Castaños (1982); (4): Castaños, pers. com. (2006); (5): Castaños et al. (2009); (6): Altuna (1972); (7): Soto andMeléndez (1981);
(8): Altuna (1971); (9): Altuna and Mariezkurrena (2010); (10): Altuna and Mariezkurrena (2000); (11): Maroto et al. (1996); (12): Cardoso (1996); (13): Drucker et al. (2000); (14):
Delpech (1984); (15): Bouchud (1968); (16): Raynal et al. (1989); (17): Fosse (1997); (18): Patou-Mathis (2005); (19): Yravedra Sáinz de Los Terreros (2006); (20): Le Tensorer (1998);
(21): Münzel and Conard (2004a); (22): Münzel and Conard (2004b); (23): Scheer (2001); (24): Niven (2007); (25): Gautier (1995); (26): Turner (2000); (27): Schreve (2006).

Fig. 6.Biplot of the two first axes extracted by the correspondence analysis (CA). Fourmain factorswere extracted by the CA, with eigenvalues of 0.70, 0.62, 0.38, and 0.27which explained
27.67%, 24.62%, 14.99% and 10.92% of the inertia in the data, respectively. Teixoneres unit III is indicated by the unfilled circle, other Iberian sites are indicated by black dots, Central-
Western European assemblages are represented by unfilled squares. Taxa abbreviations as in the caption of Table 9.
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primigenius). At the middle-right section of the graph the assemblages
are associated with a high abundance of strictly cold-adapted taxa
such as Rangifer tarandus, and the presence of Saiga tatarica (Linnaeus,
1766) and Ovibos moschatus. Only one Iberian site (Urtiagako Leizea)
is placed on this area and separated from the rest of the Iberian locali-
ties. Three sites placed on the upper right quadrant of the graph, clearly
apart from the remaining sites, are characterized by high abundances of
M. primigenius.

6.3. Palaeoecologic interpretation

The faunal association from Teixoneres unit III show clear similari-
ties with other Iberian assemblages where M. primigenius and C.
antiquitatis occur, but is significantly different from contemporary
ones from Western-Central Europe. Overall, Iberian assemblages are
mostly composed by species indicative of temperate environments as
C. elaphus, while cold taxa such as Rangifer tarandus are very infrequent.
On the other hand, the analyzed assemblages fromWestern-Central Eu-
rope are mainly composed by of cold-adapted taxa, with R. tarandus as
the dominant species in most cases, whereas temperate species are
scarce or lacking at these sites; by instance, C. elaphus is a rare species
here, with percentages below 2% at almost all cases. One single Iberian
assemblage, Urtiagako Leizea, shows a similar faunal composition to
the Western-Central European localities, with high percentages of R.
tarandus (Altuna, 1984; Altuna and Mariezkurrena, 2010).

A particularity observed in unit III of Teixoneres as well as in other
sites from NE Iberia where cold-adapted taxa occur, as Arbreda, Riera
dels Canyars and Mollet, is the presence of the small equid Equus
hydruntinus (Galobart et al., 1996; Daura et al., 2013). This species,
which seems to have been frequent in theMediterraneanmargin during
the Late Pleistocene, was not detected in any of the analyzed sites from
the Cantabrian area (NW Iberia). A possible explanation could be relat-
ed to the orography: the Cantabrian area is a mountainous region,
which could explain the absence of suitable lowland landscape for E.
hydruntinus (Burke et al., 2003) and, by contrast, the abundance of
rocky-adapted species like R. pyrenaica (Kurtén, 1968; Guérin and
Patou-Mathis, 1996).

In sum, at unit III of Teixoneres, like in most of the Iberian analyzed
assemblages, elements of the mammoth fauna occur within a faunal
context dominated by temperate-adapted species. This singular faunal
association does not reflect the typical composition of the “Eurasian
mammoth fauna” or “Mammuthus-Coelodonta faunal complex”, as was
described by Guthrie (1982), Vereschagin and Baryshnikov (1982)
and Kahlke (1999, 2014). This mixture of temperate and cold elements
suggests that the cold-adapted taxa reached the Iberian Peninsula only
occasionally, probably during the coldest episodes of the Late Pleisto-
cene, and coexisted with the local faunas instead of replace it, as was
proposed by Álvarez-Lao and García (2011b, 2012).

7. Palaeoenvironmental context inferred by the ungulate
associations

The ungulate associations of Teixoneres Cave suggest an environ-
mental complex composed of different ecosystems.

Equids, as a whole (including E. ferus, E. hydruntinus and E. sp.), are
relatively abundant ungulates both in unit II (where they reach together
34.36% of the ungulates) and in unit III (comprising 26.71%), indicating
herbaceous open grasslands (Kurtén, 1968; Burke et al., 2003). More-
over, the presence in unit III of M. primigenius and C. antiquitatis (this
last also present in unit II), two typical species of the steppe-tundra or
“Mammoth Steppe” (Guthrie, 1982, 1990), also an herbaceous ecosys-
tem, is consistent with this landscape.

On the other hand, the most abundant species in both units is C.
elaphus (reaching 42.18% of the ungulates of unit II and 59.34% of unit
III). While this is a flexible species in its palaeoclimatic parameters, the
high abundance suggests the presence of forested areas in the vicinity
of the site, which is not incompatible with the “Mammoth Steppe”
(Ukraintseva, 1993). In addition, occurrence of C. capreolus and S. scrofa,
also supports the presence of tree-covered areas.

This landscape is consistent with the open forest conditions previ-
ously suggested for the Teixoneres assemblage, inferred by pollen, char-
coal, small vertebrates and large-mammal dentalwear analyses (López-
García et al., 2012).

In addition, there are two species indicative of rockymountain areas
in the surroundings: Rupicapra pyrenaica and Capra pyrenaica. The loca-
tion of the cave, at an altitude of about 760ma.s.l. and intomountainous
surroundings with altitudes of about 1000m in the near vicinity, is con-
sistent with the occurrence of these alpine species.

The climatic conditions inferred by the ungulate association are not
fully consistent with previous studies: occurrence C. antiquitatis and
M. primigenius at unit III is a clear indicative of cold and arid environ-
ment, which contrast with the relatively temperate and humid condi-
tions inferred by other multidisciplinary approaches (López-García et
al., 2012) for this assemblage. Interestingly, in this previous study, cli-
matic conditions attributed to unit II are cold and dry, which is consis-
tent with the occurrence of some remains of C. antiquitatis at this
faunal association.

8. Conclusions

Teixoneres Cave provided two remarkable ungulate associations, es-
pecially the one from unit III which comprises Coelodonta antiquitatis
and Mammuthus primigenius, two cold-adapted species that are infre-
quent in Iberian sites. The faunal assemblage of unit III includes a M.
primigenius upper dP2, a very rare dental element which is here first
documented in the Iberian record. This specimen shows slight occlusal
crown wear suggesting an individual age of death of around one
month. Anatomically this dP2 is very similar to other specimens from Si-
beria and the Russian Plain.

From a chronological point of view, both units correspond to theMIS
3, a period characterized by strong and brief climatic oscillations, includ-
ing very cold events. The assemblage of unit III is of special interest since
it constitutes one of the oldest dated evidences ofM. primigenius and C.
antiquitatis from the Iberian Late Pleistocene record. Biogeographically,
the occurrence ofM. primigenius and C. antiquitatis in NE Iberia is of sin-
gular relevance because these cold-adapted species are rare and poorly
known in this region, yielding relevant information on the
palaeoenvironmental conditions of this geographical area during the
MIS 3.

From a palaeoecological perspective, the ungulate association of unit
III was predominantly composed of temperate-adapted species, where
Cervus elaphuswas the most abundant taxon while M. primigenius and
C. antiquitatis were very rare. This particular faunal composition is also
observed in most of the Iberian assemblages where cold-adapted taxa
occur, mainly coming from the Cantabrian area (NW Iberia), and con-
trasts with contemporary Western-Central European ungulate associa-
tions at which cold-adapted taxa, especially Rangifer tarandus, were
predominant. As a peculiarity, the small equid Equus hydruntinus co-
occur with the cold-adapted species at all the analyzed assemblages
from NE Iberia, including Teixoneres unit III, while it was not detected
in any of the analyzed sites from the Cantabrian area.

The mixture of temperate and cold elements observed in
Teixoneres unit III, as well as in most of the analyzed Iberian
assemblages, does not reflect the typical composition of the Eurasian
mammoth fauna, providing an interesting view on the palaeoecology
of M. primigenius and C. antiquitatis in the south-western border of
its Palearctic distribution. Moreover, it supports the idea that these
species only reached the Iberian Peninsula occasionally, during the
Pleistocene coldest episodes, cohabiting with the local faunas
instead of replacing them.

The ungulate assemblage from Teixoneres unit III indicate cold and
arid environmental conditions and a diverse landscape complex, with
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steppe-like environments, open forested areas and rocky mountains in
the surroundings of the site.
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