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a b s t r a c t

The Iberian lynx (Lynx pardinus) is a critically endangered felid that, during the last fifty years, has been
subject to an intensive conservation program in an attempt to save it from extinction. This species is first
recorded at ca. 1.7e1.6 Ma (late Villafranchian, late Early Pleistocene) in NE Iberian Peninsula, roughly
coinciding with the large faunal turnover that occurred around the middle to late Villafranchian
boundary. Here we describe the largest collection of L. pardinus remains available to date from the Iberian
late Early Pleistocene (Epivillafranchian), including localities from the Vallparadís Section (Vall�es-
Pened�es Basin, NE Iberian Peninsula) and Cueva Victoria (Cartagena, SE Iberian Peninsula). The
morphology and biometry of the studied material attests to the widespread occurrence of L. pardinus in
the Mediterranean coast of the Iberian Peninsula since the latest Early Pleistocene, i.e., about 0.5 million
years earlier than it was generally accepted (i.e., at the beginning of the Middle Pleistocene). Based on the
features observed in the large sample studied in this paper, we conclude that Lynx spelaeus is a junior
synonym of L. pardinus and further propose to assign all the Epivillafranchian and younger fossil lynxes
from SW Europe to the extant species L. pardinus. Due to the arrival of the Eurasian lynx (Lynx lynx) into
Europe at the beginning of the Late Pleistocene, the attribution of specimens younger than MIS 5e to
either this species or L. pardinus solely on morphological grounds has proven equivocal. Here we discuss
the main diagnostic features of both species of European lynxes and further review their evolutionary
history and paleobiogeography throughout the Pleistocene.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The Iberian lynx, Lynx pardinus (Temminck, 1827) (Carnivora,
Felidae) is considered by the International Union for Conservation
of Nature (IUCN) one of the most endangered living felids in the
world (Rodríguez and Calzada, 2015). It is a Mediterranean species
currently restricted to two disjunct regions of southwestern Spain,
namely eastern Sierra Morena and the coastal plains west of the
lower Guadalquivir (Rodríguez and Calzada, 2015). During the
second half of the 20th century, this taxon was considered a local
l-Malapeira).
variety or a “probable race” of the European lynx, Lynx lynx (Lin-
naeus,1758), bymany (Ellerman andMorrison-Scott,1951; Honacki
et al., 1982; Tumlison, 1987; Sokolov, 1988; Corbet and Hill, 1991),
although not all (Werdelin, 1981; García-Perea et al., 1985), authors.
However, the status of the Iberian lynx as a distinct species is
currently undisputed (García-Perea, 1992; 1996), as supported by
genetic (Beltr�an et al., 1996; Johnson et al., 2004, 2006), morpho-
logical (Werdelin, 1981; García-Perea et al., 1985), and geographical
and ecological (Sunquist and Sunquist, 2002; Nowak, 2005)
evidence.

According to molecular phylogenetic studies (Bininda Emonds
et al., 1999), the Iberian lynx would be the sister taxon of the
clade comprising the Eurasian lynx and the Canadian lynx, Lynx
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canadensis Kerr, 1792 (Werdelin, 1981), whereas the North Amer-
ican bobcat, Lynx rufus (Schreber, 1777), would be the basal-most
living species of the genus. All of these extant species of Lynx
Kerr, 1792 are though to have diverged from the extinct Lynx
issiodorensis (Croizet and Jobert, 1828), an enduring Eurasian spe-
cies recorded from the Early Pliocene to the latest Early Pleistocene
(Werdelin, 1981). At least three subspecies of L. issiodorensis are
currently considered taxonomically valid (Werdelin, 1981; Kurt�en
and Werdelin, 1984; Cipullo, 2010; Cherin et al., 2013): L. i. issio-
dorensis (Early Pliocene to latest Early Pleistocene from both Europe
and Asia); L. i. valdarnensisWerdelin, 1981 (late Villafranchian from
the Valdarno basin in the Northern Apennines, Italy); and L. i.
shansius Teilhard de Chardin, 1945 (Early-Middle Pleistocene of
Asia). There has been some controversy regarding the genus
ascription of fossil European lynxes, following the inclusion of
L. issiodorensis in genus Caracal (Schreber, 1776) by Morales et al.
(2003). These authors further erected a new species, Caracal
depereti Morales et al., 2003, based on the lynx material from the
Early Pliocene of Layna (Soria, Northern Spain). However, this genus
ascription has not been followed by subsequent authors (Garrido,
2008; Palombo et al., 2008; Cipullo, 2010; Cherin et al., 2013;
Petrucci et al., 2013; among others), and in our opinion, based on
dentognathic morphology, C. depereti is only a junior subjective
synonym of L. issiodorensis (contra Morales et al., 2003).

The first extant species of Lynx to diverge was L. rufus, whose
earliest fossil remains are dated to 2.4e2.5 Ma in Northern America
(Werdelin, 1981). Successively, around 1.7e1.6 Ma, fossils ascrib-
able to L. pardinus are recorded in the Mediterranean coastline of
the NE Iberian Peninsula, attesting to the presence of the Iberian
species already by the early late Villafranchian (Boscaini et al.,
2015). By the Early-Middle Pleistocene, some Asian populations of
L. i. shansius apparently gave rise to L. lynx, which later migrated
into Europe during the early Late Pleistocene (Eemian interglacial
period, MIS 5e; Werdelin, 1981; Kahlke, 1999). Most recently, in the
last 0.2 Ma, L. lynx dispersed through the Bering Strait and origi-
nated L. canadensis, which pushed the distribution area of L. rufus
toward more southern latitudes (Kahlke, 1999). Currently, there are
only two European species of lynxes in Europe, L. pardinus and
L. lynx, which have been recognized as distinct for more than two
decades (Werdelin, 1981; García-Perea et al., 1985; Beltr�an et al.,
1996; Sunquist and Sunquist, 2002; Nowak, 2005).

The main morphological features that distinguish the Iberian
from the European lynx are the following (García-Perea et al.,
1985): the well marked interorbital convexity; the retention of a
short sagittal crest, just behind the intersection of the temporal
lines in adult individuals; the peculiar morphology of the pre-
sphenoid bone; and the presence of a common cavity for the fo-
ramen lacerum posterius and the anterior condyloid foramen
(respectively, synonyms of the jugular and the hypoglossal
foramina; Gilbert, 1976). Furthermore, in extant L. pardinus the
lower first molar frequently lacks the metaconid (83% of the in-
dividuals), although in some specimens it is slightly developed (as
an inflection of the enamel; 14%) or even present as a distinct cusp
(3%; García-Perea et al., 1985). To date, these distinctive morpho-
logical features have not been inspected in detail in the available
fossil remains of this genus, which is required to discern the time
and place of origin of the Iberian lynx, as well as its past geographic
distribution. Consequently, there is some taxonomical confusion
regarding the species assignment of late Early and Middle Pleisto-
cene lynx remains from Southwestern Europe, which have been
reported in the literature as either L. pardinus (e.g., Montoya et al.,
1999, 2001a; Palombo and Valli, 2003; Palombo et al., 2008;
Palombo, 2014; Boscaini et al., 2015), L. pardinus spelaeus (e.g.,
Kurt�en and Granqvist, 1987; Lumley et al., 1988; Cardoso, 1996;
García et al., 1997; García and Arsuaga, 1998, 1999), or Lynx
spelaeus (e.g., Bonifay, 1971; Testu, 2006; Ghezzo et al., 2014).
Molecular studies have estimated the divergence date of the
L. pardinus lineage at 1.53e1.69 Ma (Johnson et al., 2004) or 2.2 Ma
(Bininda Emonds et al., 1999). These datings agree with the fossil
record, as the oldest fossil remains of L. pardinus are recorded close
to themiddle-late Villafranchian boundary (ca. 1.7 Ma) in the Avenc
Marcel cave (NE Iberian Peninsula; Boscaini et al., 2015). Soon
thereafter, scanty lynx remains from other Iberian localities, such as
Venta Micena (1.5 Ma) and Quibas (1.2 Ma), can be attributed to the
same species (Moy�a-Sol�a et al., 1981; Montoya et al., 1999, 2001a).
More abundant lynx remains have been recovered during the last
decade from the latest Early Pleistocene (Epivillafranchian, ca.
1.1e0.8 Ma) of the Iberian Peninsula. Here we describe and analyze
the unpublished remains of L. pardinus from the Vallparadís section,
together with the lynx remains from Cueva Victoria. The former
had been previously reported as Lynx sp. (Alba et al., 2008;
Madurell-Malapeira et al., 2010) or as Lynx issiodorensis by
Madurell-Malapeira et al. (2014), but remained unpublished,
whereas those from Cueva Victoria were recently attributed to
L. pardinus (although not described or figured in detail) by
Madurell-Malapeira et al. (2015). Based on this material, we discuss
the morphological variability of the Iberian lynx in relation to the
taxonomic uncertainties surrounding this species, and we also
provide further details about the evolutionary history of this felid.

2. Geological and paleontological context

2.1. Vallparadís section

The Vallparadís composite section includes two sites: Cal
Guardiola and Vallparadís Estaci�o, respectively located in the
western and eastern banks of the Torrent de Vallparadís, in the
heart of the town of Terrassa (Catalonia, NE Spain; Fig. 1; Madurell-
Malapeira et al., 2010). The Quaternary deposits of Cal Guardiola
and Vallparadís Estaci�o correspond to the Pleistocene alluvial fan
system of Terrassa (Ber�astegui et al., 2000), which overlies a
marked Miocene paleorelief. The sediments of the Cal Guardiola
site consist of a 7 m-thick unit of massive conglomerates and
gravels in a matrix-supported fabric. In the Vallparadís Estaci�o site,
there is a 14 m-thick sedimentary sequence, which is mainly
composed of conglomerates and mudstones arranged in two units
that are separated by an erosive angular unconformity (Madurell-
Malapeira et al., 2010). Based on the faunal and floral assemblage
(Ber�astegui et al., 2000; Postigo-Mijarra et al., 2007; Madurell-
Malapeira et al., 2010, 2014; Minwer-Barakat et al., 2011), the
paleoenvironment of the Vallparadís section has been interpreted
as an open dry area characterized by warm temperatures, domi-
nated by grassland and surrounded by a mixed deciduous forest.
The Vallparadís section spans from the late Early Pleistocene to
early Middle Pleistocene (between 1.2 and 0.6 Ma; Madurell-
Malapeira et al., 2010). Lynx remains were recovered from layer
CGRD3 of Cal Guardiola (ca. 1.2 Ma), and layers EVT12 (ca. 1.0 Ma),
EVT10 (ca. 1.0 Ma) and EVT7 (ca. 0.86 Ma) of Vallparadís Estaci�o.

2.2. Cueva Victoria

The site of Cueva Victoria is situated in the San Gin�es de la Jara
hill, close to the town of La Uni�on (Cartagena, Southern Spain;
Fig. 1; Gibert Clols et al., 2006; Gibert and Ferr�andez-Ca~nadell,
2015). It is a karstic cavity excavated into the Triassic carbonated
sediments of the Alpujarride complex (Emilia Unit; Ros and
Llamusí, 2015). Remains of close to 100 species of vertebrates
have been recovered from different places within this cavity,
constituting one of the most diverse fossil faunas from the Euro-
pean late Early Pleistocene (Gibert Clols et al., 2006; Gibert and



Fig. 1. Geographical location of Cueva Victoria and Vallparadís in the Iberian Peninsula.

A. Boscaini et al. / Quaternary Science Reviews 143 (2016) 96e10698
Ferr�andez-Ca~nadell, 2015). The fossiliferous layers correspond to a
massive conglomerate of big and heterogeneous carbonated peb-
bles, which is extremely rich in its upper part (Gibert Clols et al.,
2006). The chronology of this association, based on magneto-
stratigraphy, 230Th/U dating of flowstones, and micromammal
biostratigraphy, is constrained to 0.90e0.85 Ma (Martin, 2012;
Budsky et al., 2015; Gibert and Scott, 2015). The faunal assem-
blage from Cueva Victoria has been also related to an open envi-
ronment surrounded by forest and with warm temperatures (Blain,
2015).

3. Material and methods

3.1. Studied remains and comparative sample

The remains from the Vallparadís section and Cueva Victoria are
here described together, given their comparable (Epivillafranchian)
age, their similar geographic provenance (eastern Iberian Penin-
sula, close to theMediterranean coastline) and paleoenvironmental
conditions (open habitat surrounded by forest and with warm
temperatures), and their morphological and biometrical affinities
(see next section).

The studied specimens from the Vallparadís section are housed
in the ICP, whereas the specimens from Cueva Victoria are housed
in the ICP, the MC and the IMEDEA (see abbreviations below). The
comparative fossil sample includes unpublished material of
L. pardinus from the Middle to Late Pleistocene (0.5e0.1 Ma) of the
Iberian Peninsula (Tur�o del Moro, Cova del Toll, Cau d’en Borr�as,
Cova de l’Abreda, Cau del Duc, El Escarche, El Muscle), previously
published remains of L. i. valdarnensis from the Early Pleistocene
(ca. 2.0e1.4 Ma) of Italy (Olivola, Matassino, Upper Valdarno, Pan-
talla and Pirro Nord; Fabrini,1896; Petrucci et al., 2013; Cherin et al.,
2013) and Spain (Fonelas P-1; Garrido, 2008), and published ma-
terial of L. issiodorensis ssp. indet. from the Epivillafranchian (ca.
1.0 Ma) of Germany (Untermassfeld; Hemmer, 2001). The
comparative extant sample includes skulls of L. pardinus and L. lynx
housed at the ICP and MZB. Additional comparative data for
Pleistocene lynxes were taken from the literature (Boule, 1919;
Boule and Villeneuve, 1927; Bonifay, 1971; Pons-Moy�a, 1985;
Kurt�en and Granqvist, 1987; García et al., 1997; García and
Arsuaga, 1998, 1999; Montoya et al., 1999; Testu, 2006; Cipullo,
2010; Cherin et al., 2013; Ghezzo et al., 2014).

Measurements of the studied specimens were taken with a
digital caliper to the nearest 0.1 mm.
3.2. Abbreviations

3.2.1. Locality abbreviations
EVT, Estaci�o Vallparadís (Terrassa, Barcelona, Spain); CGR, Cal

Guardiola (Terrassa, Barcelona, Spain); CV, Cueva Victoria (Carta-
gena, Spain).
3.2.2. Institutional abbreviations
ICP, Institut Catal�a de Paleontologia Miquel Crusafont, Uni-

versitat Aut�onoma de Barcelona (Spain); IMEDEA, Institut Medi-
terrani d’Estudis Avançats (Esporles, Mallorca, Spain); IGF, Museo di
Storia Naturale, Sezione di Geologia e Paleontologia, Universit�a di
Firenze (Italy); IPS, acronym of the ICP collections; IQW, Sencken-
berg Research Station of Quaternary Palaeontology (Weimar, Ger-
many); MC, Museo Arqueol�ogico Municipal de Cartagena (Spain);
MZB, Museu de Ci�encies Naturals de Barcelona (Spain).
3.2.3. . Anatomical abbreviations
H, height; Hp4, height of the mandibular corpus at the level of

p4; Hm1, height of the mandibular corpus at the level of m1; Hd,
height of the mandibular corpus at the level of the diastema; Hr,
height of the mandibular ramus; L, mesiodistal length; Ld, length of
the diastema; Lm, length of the mandible; Lms, mesiodistal length
of the metastyle; Lpa, mesiodistal length of the paracone; Lpad,
mesiodistal length of the paraconid; Lprd, mesiodistal length of the
protoconid; Lpr, mesiodistal length of the protocone; Lps, mesio-
distal length of the parastyle; Lsd, length of the dental series; W,
buccolingual width.
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4. Systematic paleontology

Order Carnivora Bowdich, 1821.
Family Felidae Gray, 1821.
Subfamily Felinae Fischer von Waldheim, 1817.
Genus Lynx Kerr, 1792.
Lynx pardinus (Temminck, 1827).
(Figs. 2e4).

4.1. Referred material

4.1.1. Vallparadís Section
Cal Guardiola (CGRD3): IPS84911, fragment of right C1. Vall-

paradís Estaci�o (EVT12): IPS84922, fragment of left C1; IPS84913,
right C1; IPS84920, right maxillary fragment with P3eP4 and
alveoli of C1 andM1; IPS84916, left maxillary fragment with P3eP4
and C1 alveolus; IPS60461, left hemimandible with p3em1 and c1
alveolus. Vallparadís Estaci�o (EVT10): IPS84912, fragment of right
C1; IPS84917, right maxillary fragment with P3eP4. Vallparadís
Estaci�o (EVT7): IPS84915, left maxillary fragment with C1 and
P3eP4; IPS84914, right hemimandible with c1em1.

4.1.2. Cueva Victoria
IPS43408, left C1; MC (CV-2011-260), left C1; MC (CV-SMI-25),

fragment of right C1; MC (CVeP-36), right P3; IPS43231, right
maxillary fragment with P4 and distal fragment of P3; IPS43366,
right P4; MC (CV-P-303), right P4 with fragmentary protocone;
IMEDEA-33b, left P4 with fragmentary protocone; IMEDEA-C41b,
distal fragment of right P4 with paracone and metastyle;
IMEDEA-C9, right hemimandible with p3em1 and alveoli of c1 and
i3; MC (CV-MC-115), left hemimandible with p3em1 and c1 alve-
olus; MC (CV-MC-253), left mandibular fragment with p3 and
c1 alveolus; IMEDEA-C4, left hemimandible with m1 and alveoli of
i3ep4; MC (CV-MC-1103), right mandibular fragment with m1; MC
(CV-MC-275) mesial fragment of left dp3.

4.2. Measurements

See Tables 1 and 2.

4.3. Description

4.3.1. Upper dentition
The upper canines are robust, with an elliptical cross-section

and a double sulcation in buccal view, as it is typical of Lynx spe-
cies (Fig. 2: A-B, C-D; Fig. 3: D-E). P3 is buccolingually compressed,
with a high and rounded paracone, and normally without parastyle
(the latter is present only in IPS84916 and IPS84920, which prob-
ably belong to a single individual; Fig. 3: GeI, JeL). The P3metastyle
is small and rounded, and a small distal cingulum is always
observed. P4 has a small and mesiolingually-situated protocone
and a slightly buccolingually-compressed parastyle, which is
mesiodistally short relative to the paracone and metastyle. There is
a distinct mesiobuccal ectoparastyle in IPS43366 (Fig. 2: KeM),
which is incipient in IPS84915 (Fig. 3: D-F) and IMEDEA-33b (Fig. 2:
QeS), and absent from the remaining P4s. In all the specimens, the
P4 paracone is always well developed and mesiodistally prominent
relative to the metastyle, which is mesiodistally reduced and
rounded on its distal side.

4.3.2. Mandible
The corpus is low and robust, with a short diastema and one to

four mental foramina (Fig. 4). The masseteric fossa is deep and
reaches the level of the distal root of m1 in lateral view. The ramus
and coronoid process are strongly inclined distally, IMEDEA-C9
(Fig. 4: AeC) more so than MC (CV-MC-115) (Fig. 4: DeF). The
angular apophysis is robust and horizontally aligned toward its
distal end. The condylar apophysis reaches the level of the tooth-
row in lateral view.

4.3.3. Lower dentition
p3 is buccolingually compressed and almost symmetrical in

lateral view. The protoconid is high. There is a paraconid, well
developed in IMEDEA-C9 (Fig. 4: AeC) and IPS60461 (Fig. 4: SeU),
moderately developed in MC (CV-MC-253) (Fig. 4: GeI) and
extremely reduced in MC (CV-MC-115) (Fig. 4: DeF) and IPS84914
(Fig. 4: PeR). A small and rounded distal accessory cusp is present
in all p3s, accompanied by an incipient distal cingulid. The p4s are
robust, and more symmetrical in lateral view and less variable in
shape than p3s. The protoconid is high. The paraconid is well
developed and rounded. The posterior accessory cusp is slightly
buccolingually compressed and buccodistally located. An incipient
distal cingulid is present in all the four available p4s, even if more
distinct in IPS60461 (Fig. 4: SeU) than in the remaining ones. The
m1s display a protoconid that is slightly higher than, but of similar
mesiodistal length to, the paraconid. There is a distinct metaconid
only in MC (CV-MC-1103; Fig. 4: MeO); among the remaining
specimens, this cusp is poorly-developed in IMEDEA-C4, IPS60461
and IPS84914 (Fig. 4: JeL, PeR, SeU), merely represented by a small
distal cuspule-shaped enamel inflection in MC (CV-MC-115) (Fig. 4:
DeF), or even entirely absent in IMEDEA-C9 (Fig. 4: AeC).

4.4. Comparisons and remarks

Among the described sample, all the cheek teeth are variable to
some extent. This is interpreted as intraspecific variability, because
it is not related to the provenance of the specimens, but observable
in each sample separately. For example, P3 displays a distinct par-
astyle in two (IPS84916 and IPS84920) out of five specimens,
although the former come from the same layer (EVT12) of Vall-
paradís section and, based on congruence in size and shape, they
likely belong to a single individual. Similarly, one P4 from Cueva
Victoria (IPS43366) out of the six studied upper carnassials has an
ectoparastyle, which is extremely reduced or even absent in the
remaining specimens from the other studied localities. Variability
in P4 ectoparastyle development was already noted by Kurt�en
(1978) in specimens of L. issiodorensis from Les Etouaires (Late
Pliocene, France). However, as noted by Kurt�en (1978), this cusp is
generally present in both L. issiodorensis and L. lynx and generally
absent in L. pardinus. As remarked by Pons-Moy�a (1985) in the first
study of the lynx specimens from Cueva Victoria, these late Early
Pleistocene remains likely represent an early stage of the L. pardinus
lineage, so that variability in presence of the P4 ectoparastyle is to
be expected.

The two complete mandibles from Cueva Victoria, IMEDEA-C9
(Fig. 4: AeC) and MC (CV-MC-115) (Fig. 4: DeF), are extremely
similar in size, overall shape and dental morphology (see later). The
only remarkable difference is the inclination of the ramus and the
coronoid process, which is therefore attributed to intraspecific
variability.

In the lower dentition, the p3 paraconid is well developed in
two specimens, IMEDEA-C9 and IPS60461, but very reduced in the
other two, MC (CV-MC-115) and IPS84914. However, the develop-
ment of this cusp is extremely variable among both extinct and
extant lynxes (Bonifay, 1971; Testu, 2006). The p4s are less variable
in shape, being characterized by a sharp protoconid limited by
almost symmetrical paraconid and distal accessory cusp. However,
it is also noteworthy the variable development of the p4 distal
cingulid among the studied sample, being poorly-developed in
IPS60461, but lacking in the remaining ones. A prominent p4 distal



Fig. 2. Upper dentition of Lynx pardinus from Cueva Victoria. AeB: IPS43408, left C1, in labial (A) and lingual (B) views. CeD: MC (CV-2011-260), left C1, in labial (C) and lingual (D)
views. EeG: MC (CV-P-36), right P3, in labial (E), lingual (F) and occlusal (G) views. HeJ: IPS43231, right maxillary fragment with P4 and distal fragment of P3, in labial (H), lingual (I)
and occlusal (J) views. KeM: IPS43366, right P4, in labial (K), lingual (L) and occlusal (M) views. NeP: MC (CV-P-303), right P4 with fragmentary protocone, in labial (N), lingual (O)
and occlusal (P) views. QeS: IMEDEA-33b, left P4 with fragmentary protocone, in labial (Q), lingual (R) and occlusal (S) views. TeV: IMEDEA-C41b, distal fragment of right P4 with
paracone and metastyle, in labial (T), lingual (U) and occlusal (V) views.
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cingulid has been considered diagnostic of L. spelaeus from the
Middle Pleistocene of France (L’Escale, Lunel Viel and Arag�o Cave;
Bonifay, 1971; Testu, 2006), purportedly justifying a distinct species
status for these remains. Based on its documented high variability,
as already noted by Bonifay (1971) and Testu (2006), we consider
the development of the p4 distal cingulid of little taxonomic value.

The greatest variability concerns the development of the m1
metaconid on the distal margin of the protoconid blade (Fig. 5).
Among the six available lower carnassials, the metaconid is only
distinct in a single specimen (Fig. 5A), whereas in three specimens
it is poorly developed (Fig. 5B), and in the remaining two it is either
only represented by a small cuspule-like enamel inflection (Fig. 5C)
or lacking altogether (Fig. 5D). This variability in the development
of the carnassial metaconid has been previously stressed for many
fossil lynx samples (Boule, 1919; Viret, 1954; Kurt�en, 1963; Bonifay,
1971), as well as for the extant L. pardinus (García-Perea et al., 1985).
Among the Early Pliocene representatives of this lineage, attributed
to a smaller form of L. issiodorensis, the carnassial metaconid is
absent (Montoya et al., 2001b; Morales et al., 2003), like in the
larger L. issiodorensis from the early Villafranchian (Late Pliocene) of
Perrier and Les Etouaires (Kurt�en, 1963, 1978). This cusp it not
present with a substantial frequency until later in time, as shown by
the material of L. issiodorensis from the middle Villafranchian (Early
Pleistocene) of Saint Vallier and Pardines (Viret, 1954; Kurt�en,
1963), although it does not become of common occurrence until
the late Villafranchian (Fabrini, 1896; Kurt�en, 1963; Hemmer, 2001;
Petrucci et al., 2013). The constant presence of this cusp (types A
and B of Fig. 5) has been recognized in the latest Early Pleistocene
material of L. issiodorensis valdarnensis from the Upper Valdarno,
accompanied by the presence of prominent and labially-directed
distal cingulids in p3 and p4 (IGF 891; IGF 892; IGF 893; IGF 895;
IGF 896; IGF 897; IGF 898; IGF 4396; IGF 12969; IGF 13894; IGF
13890; Fabrini, 1896). A distinct m1 metaconid associated to
prominent distal cingulids in p3 and p4 is also present in the Epi-
villafranchian material from Untermassfeld [IQW 1994/24691 (Mei.
24220) and IQW 1980/16573 (Mei. 16094)], thus supporting the
view (Hemmer, 2001) that these remains constitute the latest Eu-
ropean occurrence of L. issiodorensis. In contrast, the progressive
reduction of the accessory cuspids in L. pardinus has been stressed
by several authors (Kurt�en,1963; Bonifay, 1971; Testu, 2006). In this
regard, the substantial differences between the Iberian material
described here and that from the roughly coeval site of Unter-
massfeld discussed above support an attribution of the former to
L. pardinus.

The dentognatic remains from Cueva Victoria and the Vallpar-
adís section more closely resemble, both in morphology and in
biometrical terms (Tables 1 and 2), the Middle Pleistocene material
assigned by most authors to L. pardinus spelaeus (or sometimes



Fig. 3. Upper dentition of Lynx pardinus from the Vallparadís section. AeC: IPS84917, right maxillary fragment with P3eP4, in labial (A), lingual (B) and occlusal (C) views. DeF:
IPS84915, left maxillary fragment with C1eP4 in labial (D), lingual (E) and occlusal (F) views. GeI, IPS84920, right maxillary fragment with P3eP4 and alveoli of C1 and M1, in labial
(G), lingual (H) and occlusal (I) views. JeL: IPS84916, left maxillary fragment with P3eP4 and alveoli of C1, in labial (J), lingual (K) and occlusal (L) views.
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distinguished as a separate species, L. spelaeus). In particular, the
studied material displays a slender and shallower mandibular
corpus than in L. issiodorensis. Instead, in both mandibular di-
mensions and proportions, the described material more closely
resembles the Middle and Late Pleistocene remains attributed to
L. pardinus spelaeus (see Bonifay, 1971; Testu, 2006). In fact, the
dental measurements of all the studied Iberian remains fall within
the metrical ranges for Middle Pleistocene sites (Arag�o, Orgnac-3,
Ald�ene, Lunel-Viel, Escale and Lazaret; see measurements in
Testu, 2006).
5. Discussion

5.1. Taxonomic attribution of the studied material

One of the main difficulties for deciphering the evolutionary
history of European lynxes is the controversial taxonomic attribu-
tion of Middle to Late Pleistocene material from Southern Europe.
This debate is as old as the description of the Late Pleistocene re-
mains from the Grimaldi Cave by Boule (1919), because they show a
panoply of mixed characteristics, reminiscent of both European
extant species, L. pardinus and L. lynx. In particular, the cranial
morphology of the Grimaldi Cave material most closely resembles
that of L. pardinus, including the rounded and compact parietal
region, the abrupt muzzle profile, the quite marked temporal
constriction, the shallow depression at the midpoint of the frontal,
the swollen cranial vault, and the long and parallel temporal ridges
(Boule, 1919). The dentition in general also more closely resembles
that of L. pardinus, with less elongated and sharper cheek teeth than
in L. lynx, although the marked p4 distal cingulid more closely
resembles the condition of the latter, and tooth size is overall in-
termediate between the two species (Boule, 1919). It is also note-
worthy that some m1 display a minuscule metaconid on the distal
blade of the protoconid (Boule, 1919). Although this feature is
characteristic of the late Villafranchian L. issiodorensis and the
extant L. lynx (see Kurt�en, 1963), in the extant L. pardinus it is also
present in a low frequency (García-Perea et al., 1985). Boule (1919)
attributed the material from the Grimaldi Cave to the same species
as the Iberian lynx, given its overall closer similarities with this
taxon, although given the above-mentioned distinctive features he
distinguished the former as a distinct “race”, i.e., Felis (Lynx) pardina
race spelaea.

Based exclusively on the original description, the name erected
by Boule (1919) should be considered infrasubspecific, even if
published before 1961, because he denoted it as a “race” instead of
“variety” or “form” (ICZN, 1999: Article 45.6.4). However, the name
is currently available as a species-group taxon (ICZN, 1999: Article
45.6.4), because it was adopted as the valid name of a species before
1985 (i.e., Bonifay, 1971). The name has been subsequently used by
several authors, either as a distinct species or subspecies, for ma-
terial from the late Early and Middle Pleistocene of France (L’Escale,
Arag�o, Lunel-Viel and Orgnac) and Spain (Cueva Victoria, Sima de
los Huesos, Trinchera Galería). For example, Testu (2006) distin-
guished it at the species rank in order to emphasize its dental
similarities with L. lynx. Other authors have considered that the
Middle Pleistocene material should be only distinguished as a
subspecies of L. pardinus, given its close morphological similarities
coupled with a larger size (Kurt�en and Granqvist, 1987; Lumley
et al., 1988; Wolsan, 1993; Cardoso, 1996; García et al., 1997;
García and Arsuaga, 1998, 1999; Olive, 2006). However, the



Fig. 4. Lower dentition of Lynx pardinus from Cueva Victoria (AeO) and the Vallparadís section (PeU). AeC: IMEDEA-C9, right hemimandible with p3em1 and alveoli of c1 and i3, in
labial (A), lingual (B) and occlusal (C) views. DeF: MC (CV-MC-115), left hemimandible with p3em1 and c1 alveolus, in labial (D), lingual (E) and occlusal (F) views. GeI, MC (CV-MC-
253), left mandibular fragment with p3 and c1 alveolus, in labial (G), lingual (H) and occlusal (I) views. JeL, IMEDEA-C4, left hemimandible with m1 and alveoli of i3ep4, in labial (J),
lingual (K) and occlusal (L) views. MeO: MC (CV-MC-1103), right mandibular fragment with m1, in labial (M), lingual (N) and occlusal (O) views. PeR, IPS84914, right hemimandible
with c1em1, in labial (P), lingual (Q) and occlusal (R) views. SeU, IPS60461, left hemimandible with p3em1 and c1 alveolus, in labial (S), lingual (T) and occlusal (U) views.
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taxonomic validity of this taxon, either as a distinct species or
subspecies, is far from clear (Bonifay, 1971; Ficcarelli and Torre,
1977; Hemmer, 2004; Moigne et al., 2006; Moull�e et al., 2006;
Testu, 2006). Thus, other scholars have simply referred the Early
and Middle Pleistocene lynx material from Spain and France to
L. pardinus (without subspecies designation), in considering that
the minor morphological differences and the larger size do not
justify a taxonomic distinction (Kurt�en, 1968; Montoya et al., 1999,
2001a; Gu�erin and Patou-Mathis, 1996; Palombo and Valli, 2003;
Palombo et al., 2008; Palombo, 2014; Boscaini et al., 2015). Based on
the diagnostic morphological features of the extant Iberian lynx
(Van den Brink, 1971; García-Perea et al., 1985; García-Perea, 1992,
1996; Beltr�an and Delibes, 1993; Larivi�ere and Walton, 1997), we
concur with the latter opinion, and thereby conclude that Lynx
spelaeus is best considered a junior subjective synonym of
L. pardinus. We therefore propose to assign all the Epivillafranchian
and younger fossil lynxes from southwestern Europe to the extant
species L. pardinuswith no distinction at the subspecies rank. This is
justified by the fact that these samples already display the main
diagnostic features of the Iberian lynx, as further discussed below
in greater detail.

One of the most conspicuous diagnostic features of L. pardinus
displayed by theMiddle Pleistocenematerial is the presence of long
temporal ridges that conform a lyre-shaped surface on the cranial



Table 1
Measurements (in mm) of the upper dentition of Lynx pardinus from Cueva Victoria and Vallparadís section. For measurement abbreviations, see the main text.

Site Catalog no. Side C P3 P4

L W H L W L W Lpr Lps Lpa Lms

Cueva Victoria IPS43408 Left 8.0 6.3 17.3
Cueva Victoria MC (CV-2011-260) Left 8.4 6.9 21.2
Cueva Victoria MC (CV-SMI-25) Right 10.5 7.0
Cueva Victoria MC (CV-P-36) Right 10.6 5.1
Cueva Victoria IPS43231 Right 5.1 16.1 8.2 4.4 3.7 7.0 6.9
Cueva Victoria IPS43366 Right 18.1 9.1 3.8 4.3 7.4 7.0
Cueva Victoria MC (CV-P-303) Right 16.8 3.5 7.6 6.7
Cueva Victoria IMEDEA-33b Left 15.9 3.6 6.6 6.6
Cueva Victoria IMEDEA-41b Right 6.5 6.7
Cal Guardiola (CGRD3) IPS84911 Right 7.7 6.3
Vallparadís Estaci�o (EVT10) IPS84912 Right 8.8 6.2
Vallparadís Estaci�o (EVT12) IPS84922 Left 8.1 5.8
Vallparadís Estaci�o (EVT12) IPS84913 Right 8.5 6.8 16.6
Vallparadís Estaci�o (EVT7) IPS84915 Left 8.7 6.5 10.8 5.9 17.2 8.1 3.2 3.6 7.1 6.5
Vallparadís Estaci�o (EVT10) IPS84917 Right 11.3 5.4 17.4 7.9 3.4 4.0 6.9 7.0
Vallparadís Estaci�o (EVT12) IPS84920 Right 12.4 5.7 19.1 8.8 3.9 4.5 7.5 7.6
Vallparadís Estaci�o (EVT12) IPS84916 Left 12.7 5.7 19.1 8.9 4.1 4.6 7.7 7.9

Table 2
Measurements (in mm) of the lower dentition and mandible of Lynx pardinus from Cueva Victoria and Vallparadís Estaci�o. For measurement abbreviations, see the main text.

Site Ref. Side c1 p3 p4 m1 Mandible

L W H L W L W L W Lpad Lprd Ld Lm Lds Hp4 Hm1 Hd Hr

Cueva Victoria IMEDEA-C9 Right 8.3 4.1 12.4 5.3 13.2 5.7 6.4 7.7 10.8 97.2 32.4 18.4 16.6 16.8 39.8
Cueva Victoria MC (CV-MC-115) Left 8.5 4.6 10.6 5.3 12.9 5.8 6.8 8.0 9.6 86.8 32.9 16.5 15.6 14.8 38.0
Cueva Victoria MC (CV-MC-253) Left 9.3 4.6 v 10.6 19.3
Cueva Victoria IMEDEA-C4 Left 14.6 5.7 7.4 8.9 5.7 33.4 15.5 14.5 15.3
Cueva Victoria MC (CV-MC-1103) Right 13.1 5.8 5.4 6.4
Vallparadís Estaci�o (EVT7) IPS84914 Right 8.5 7.1 9.3 4.4 11.4 5.3 13.3 5.6 6.6 7.7 8.3 32.2
Vallparadís Estaci�o (EVT12) IPS60461 Left 10.4 4.9 12.8 5.8 15.6 6.5 7.7 9.0 6.2 37.4 17.4 16 15.7
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roof and distally join each other into a very short sagittal crest. This
morphology is characteristic of young specimens of both L. pardinus
and L. lynx, but among adults it only persists in the Iberian species
(being displayed by all specimens; García-Perea et al., 1985; García-
Perea, 1996). In contrast, adults of L. lynx invariably display a long
and prominent sagittal crest, which allows to easily discriminate
between the two extant European species based on cranial
morphology (García-Perea et al., 1985). This feature also distin-
guishes L. pardinus from its purported ancestor, the extinct
L. issiodorensis, including not only the nominotypical subspecies,
but also the smaller L. i. valdarnensis. The fact that L. issiodorensis
Fig. 5. Schematic depiction of the variability in m1 metaconid observed within the
sample of Lynx pardinus described here. A: metaconid well distinct; B: metaconid
present but poorly-developed; C: metaconid lacking except for a cuspulid-like enamel
inflection on the protoconid blade; D: metaconid completely absent. Crowns are
depicted in lingual view, with mesial toward the left.
displays the same morphology as L. lynx (Viret, 1954; Kurt�en, 1978;
Cipullo, 2010; Cherin et al., 2013) evidences that the condition of
L. pardinus is derived. The typical pattern of L. pardinus is first
recorded by a neurocranium (IPS4170) from Avenc Marcel (NE
Iberian Peninsula, 1.7e1.6 Ma; Boscaini et al., 2015), and subse-
quently displayed by the French material from the Middle Pleisto-
cene of L’Escale (IGF679V, cast of H-7622; Bonifay, 1971) and from
the Late Pleistocene of Grimaldi and Observatoire (Boule, 1919;
Boule and Villeneuve, 1927).

Another important diagnostic feature refers to the confluence in
L. pardinus of the foramen lacerum posterium and the anterior
condyloid foramen into a single depression, just behind the audi-
tory bulla, whereas in L. lynx these foramina are separated (Van den
Brink, 1971; García-Perea et al., 1985; Larivi�ere and Walton, 1997).
This feature is more useful to ascribe extant specimens to either
species, because it is seldom preserved in fossil specimens due to
the fragility of this anatomical region. However, this feature can be
observed in the remains from both Observatoire and Avenc Marcel
(Boule and Villeneuve, 1927; Boscaini et al., 2015), in which the two
foramina are confluent, as in extant L. pardinus. Other features, such
as the degree of interorbital convexity, the shape of the pre-
sphenoid, and the development of the metaconid in the lower
carnassial, are less diagnostic when taken alone, although they
remain useful when combined with other features (García-Perea
et al., 1985).

Interorbital convexity and presphenoid shape are only seldom
preserved in fossil remains, but the development of the m1 meta-
conid can be readily ascertained in many fossil samples, which
explains why this feature has been widely discussed in the litera-
ture (e.g., Kurt�en, 1963; Bonifay, 1971; Montoya et al., 2001b;
Morales et al., 2003; Testu, 2006; Garrido, 2008; Cipullo, 2010).
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The m1 metaconid is almost lacking in the earliest Pliocene speci-
mens of L. issiodorensis from southern Europe (Montoya et al.,
2001b; Morales et al., 2003; Cipullo, 2010) and in the larger-sized
specimens of L. issiodorensis from the early Villafranchian of
France (Kurt�en, 1963, 1978). The m1 metaconid is more frequently
displayed in specimens of L. issiodorensis from the middle Villa-
franchian (Viret, 1954; Kurt�en, 1963), until it becomes fixed in this
taxon by the late Villafranchian and Epivillafranchian (Fabrini,
1896; Kurt�en, 1963; Hemmer, 2001; Petrucci et al., 2013). It is un-
certainwhether this is merely the result of in situ evolution of these
populations in Europe, or the result of recurrent dispersal events of
lynx populations from Asia into Europe; the scarcity of the fossil
record of lynxes in Asia (Testu, 2006) precludes testing among
these two alternatives. In any case, among European extant lynxes,
in L. pardinus the m1 metaconid is only present in 3% of the spec-
imens (García-Perea et al., 1985), whereas in L. lynx it is present in
100% of the individuals (Kurt�en, 1963). Since the Middle Pleisto-
cene, in L. pardinus the m1metaconid was progressively reduced in
parallel to the acquisition of a more cutting and smaller dentition,
including the complete loss of the P4 ectoparasyle and the reduc-
tion of the p4 distal cingulid (Bonifay, 1971; Werdelin, 1981).

Overall, the lynx remains from the Middle Pleistocene of
Southern Europe discussed above possess several features indi-
cating very close affinities with the extant Iberian lynx. This shows
that there is no solid morphological basis for assigning these re-
mains to a purportedly distinct taxon, either at the species
(L. spelaeus) or subspecies (L. pardinus spelaeus) rank. The same
holds for the latest Early Pleistocene sample described in this paper,
in which the features classically taken as distinctive of L. spealeus
(such as the development of the p4 distal cingulid and m1 meta-
conid) are extremely variable and, hence, of poor taxonomic value.
Our contention that L. spelaeus is a junior synonym of L. pardinus is
further reinforced by ancient DNA analyses of lynx samples from
the Late Pleistocene of Northwestern Italy and the Holocene of
Southern France, which show that L. pardinus was distributed
outside the Iberian Peninsula (overlapping with L. lynx) in the
recent past (Rodríguez-Varela et al., 2015). Particularly interesting
are some samples from the Late Pleistocene of Italy (Arene Can-
dide), previously attributed to L. cf. spelaeus on a morphological
basis (including a larger body size; Cassoli and Tagliacozzo, 1994),
but assigned to L. pardinus (without evidence of subspecies differ-
entiation) on molecular grounds (Rodríguez-Varela et al., 2015). On
this basis, Rodríguez-Varela et al. (2015) stressed the difficulties in
determining the taxonomic affinities of Middle to Late Pleistocene
lynx remains from southern Europe solely on the basis of metrical
differences. Intraspecific variation in overall body size in L. pardinus
was already recognized by Kurt�en and Granqvist (1987) in the
description of some remains from the Late Pleistocene of France.
These authors referred to the fossil Iberian lynx as a “plastic” taxon,
whose body size not only changed through time (Werdelin, 1981),
but also showed a geographical cline, with roughly coeval speci-
mens from the Iberian Peninsula being significantly smaller than
the French ones (although still larger than the extant specimens).

5.2. Evolutionary history and paleobiogeography of European
lynxes

Based on the currently available European record of the genus
Lynx, the extant Iberian endemic L. pardinus appears much older
than previously recognized, being first recorded by the early late
Villafranchian in Northeastern Iberian Peninsula (ca. 1.7e1.6 Ma;
Boscaini et al., 2015), and subsequently represented in slightly
younger late Villafranchian localities from both Southern (Venta
Micena and Quibas, ca. 1.5e1.2 Ma; Moy�a-Sol�a et al., 1981; Montoya
et al., 1999, 2001a) and Northern (Trinchera Dolina, MIS 19e21, ca.
0.9e0.8 Ma; García and Arsuaga, 1999) Iberia. As discussed above,
Lynx pardinus is morphologically more derived than the Eurasian
lynx (Kurt�en, 1968; Werdelin, 1981) and probably originated from
an autochthonous population of L. issiodorensis (Hemmer, 1979,
2001). In the Iberian Peninsula, the latter is recorded from the
Ruscinian to the earlyemiddle Villafranchian (Montoya et al.,
2001b; Morales et al., 2003; Garrido, 2008; Cipullo, 2010). The
earliest representatives of L. issiodorensis are smaller and display a
lower occurrence of the m1metaconid than later representatives of
the same species (Kurt�en, 1963; Montoya et al., 2001b; Morales
et al., 2003; Cipullo, 2010), and thus represent a plausible starting
point from which the Iberian lineage might have diverged.

The fossil remains described in this paper represent the largest
sample of Early Pleistocene Lynx pardinus available to date, attest-
ing to the continuous presence of the Iberian lynx in the Mediter-
ranean coastal margin of the Iberian Peninsula until 1.0 Ma. By that
time, the existence of a lowland corridor for fauna and flora has
been recognized during interglacial phases (Jalut et al., 2000;
Gonz�alez-Samp�eriz et al., 2005; O’Regan, 2008). It is thus
conceivable that the Iberian lynx extended its geographical range
outside the Iberian Peninsula approximately by this time. This is
further supported by the fact that the lynx remains from late Vil-
lafranchian and Epivillafranchian localities of southern France
(such as Sartanette, Sainzelles and Vallonnet) have been attributed
to L. pardinus on biometrical grounds (Lumley et al., 1988; Palombo
and Valli, 2003; Palombo, 2014; Moull�e et al., 2006). Unfortunately,
discrete diagnostic traits of the Iberian lynx cannot be ascertained
among these samples due to preservational reasons. After the
EarlyeMiddle Pleistocene transition (ca. 1.2e0.6 Ma), L. pardinus
reached its maximum geographical extension during the Middle
and Late Pleistocene, being recorded not only in the Iberian
Peninsula (García et al., 1997; García and Arsuaga, 1998), but also in
Southern France (Bonifay, 1971; Testu, 2006) and Northwestern
Italy (Ghezzo et al., 2014; Rodríguez-Varela et al., 2015). In fact,
from 0.6 to 0.5 Ma onward, L. pardinus becomes one of the constant
elements of the fossil faunal assemblages from Southern Europe
(Palombo and Valli, 2003; Palombo et al., 2008; Palombo, 2014),
persisting in Southern France until the Holocene (Vigne, 1996;
Vigne and Pascal, 2003; Rodríguez-Varela et al., 2015).

With regard to L. lynx, it is very similar in morphological fea-
tures, body size, and probably diet as well to the extinct
L. issiodorensis, as previously stressed by several authors (Dubois
and Stehlin, 1933; Kurt�en, 1958, 1963, 1978; Crusafont-Pair�o and
Reguant, 1970; Bonifay, 1971; Kurt�en and Werdelin, 1984; Agustí
and Ant�on, 2002). These two species resemble each other (and
differ from L. pardinus) in the possession of a long sagittal crest, an
elongated skull with depressed frontal bones, a stouter dentition
with robust premolars and molars, and an invariably presence of
metaconid in the m1 (Boule, 1919; Kurt�en, 1963; Bonifay, 1971;
Testu, 2006). In fact, morphologically these species only differ in
body proportions (Kurt�en, 1978) and in the reinforcement of a
crushing dentition in L. lynx, due to the frequent reacquisition (with
high and stable frequencies in many populations) of the m2
(Kurt�en, 1963; Werdelin, 1987). The Eurasian lynx apprently origi-
nated in Asia during the Villafranchian, from a local population of
L. issiodorensis shansius, but did not subsequently disperse into
Europe until the early Late Pleistocene (Werdelin, 1981; Kurt�en and
Werdelin, 1984; Kahlke, 1999). As a result, during the Late Pleisto-
cene the two extant European species became sympatric (their
geographic distribution overlapped; Kurt�en, 1968; Rodríguez-
Varela et al., 2015), so that it is common to find both species
within the same locality (Boule, 1919; Boule and Villeneuve, 1927;
Dubois and Stehlin, 1933; Rodríguez-Varela et al., 2015). The
geographic distribution of the L. lynx reached the Iberian Peninsula
(although only up to the Pyrenees) and the northernmost Atlantic
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coast (Altuna, 1980; Sommer and Benecke, 2006; Rodríguez-Varela
et al., 2016) at about the PleistoceneeHolocene boundary. Since a
few centuries ago, L. pardinus is the only lynx species recorded in
the Iberian Peninsula, whereas L. lynx survives, with a fragmentary
geographic distribution, in several areas of Europe (Sommer and
Benecke, 2006; Rodríguez-Varela et al., 2016).

6. Conclusions

The lynx remains from the late Early Pleistocene of the Vall-
paradís section and Cueva Victoria described in this paper are
attributed to the extant species L. pardinus on the basis of several
morphological features that enable the distinction of this species
from both the extant L. lynx and their putatative extinct common
ancestor, L. issiodorensis. These features include the sharp and
cutting dentition, as well as the low frequency of a well-developed
m1 metaconid and accessory cusp(-ids) in the upper and lower
cheek teeth. Additionally, the studied sample shows the main
dentognathic characters classically considered diagnostic of
L. spealeus (such as the development of the p4 distal cingulid and
m1 metaconid), which are extremely variable and, consequently,
they lack taxonomic value. Based on the comparison of the
described specimens and other Early Pleistocene samples of
L. pardinus with Middle Pleistocene to extant lynx samples from
Europe, and in accordance with the latest molecular studies, we
concur with some previous authors that L. spelaeus must be
considered a junior synonym of L. pardinus, and that there is no
valid criterion for distinguishing the former taxon even at the
subspecies rank. Therefore, we include into the hypodigm of
L. pardinus all lynx specimens recovered in Southwestern Europe
from the Epivillafranchian (latest Early Pleistocene) to at least the
early Late Pleistocene, when L. lynx reached Western Europe.

The sample described here represents the largest available
sample of Early Pleistocene L. pardinus, following its earliest
occurrence in the late Villafranchian of Avenc Marcel, and thus
attests to the widespread occurrence of this species along the
Mediterranean coast of the Iberian Peninsula by the latest Early
Pleistocene. The record of this taxon in roughly coeval sites from
Northern Iberian Peninsula and on the Eastern side of the Pyrenees
suggests that L. pardinus first dispersed out of Iberia before the
faunal turnover that took place in the Middle Pleistocene. However,
this species only became a widely distributed faunal element
throughout Southwestern Europe after the ‘EarlyeMiddle Pleisto-
cene Transition’, until it became restricted to Iberia again in very
recent times. Discriminating between the two extant European
lynx species, exclusively on the basis of discrete morphological
traits and/or biometrical criteria, is very difficult in the case of Late
Pleistocene and Holocene remains, because both species are often
recovered within the same locality. Only the pattern depicted by
the temporal ridges and the confluence of the jugular and hypo-
glossal foramina are reliable criteria, and ancient DNA analyses are
recommendable whenever possible. In contrast, relying on body
size alone may easily lead to misidentifications.
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