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THE LYNXES (LYNX PARDINUS/SPELAEUS, LYNX LYNX)
FROM THE MIDDLE PLEISTOCENE TO THE HOLOCENE
IN SOUTHERN FRANCE: A PALEONTOLOGICAL AND
TAPHONOMICAL OVERVIEW

Philippe Fosse, Jean Philip Brugal, Evelyne Crégut-Bonnoure, Jean Baptiste
Fourvel and Stéphane Madelaine

ABSTRACT

Paleontological data on lynx are relatively scarce in Pleistocene sites.
However, in southern France and Monaco, samples from caves of Escale
(NISP= 435; MNI= 15), Observatoire (NISP= 103; MNI= g), Campefiel
(NISP=1532; MNI= 26) and Lunel-Viel (NISP= 37; MNI= 5) are some among
the most important fossil series. Our paleontological revision indicates the
presence of the cave lynx (here named Lynx pardinus spelaeus) considered
as the Pleistocene form of the modern Iberian lynx. Taphonomic analysis
suggest either a natural occupation of the caves by this species or caused
of natural trapping. The French geo-chronological distribution of lynxes
(Lynx pardinus/spelaeus and Lynx lynx) is also provided.

INTRODUCTION

The lynxes (European lynx, Lynx lynx Linné, 1758 and Iberian lynx, Lynx
pardinus Temminck, 1827) are the largest extant felids in Europe. Their
recent geographical distribution is highly fragmented due to the extreme
anthropogenisation of ecosystems and their biotopes. In the Pleistocene
record, the lynx Ls. were identified in paleontological (i.e traps, carnivore
dens) and archaeological (anthropogenic) sites. The European lynx, very
rare in western Europe, is identified in some Late Glacial and Holocene

Recull d’estudis de fauna de jaciments valencians. V Jornades d'arqueozoologia.
Museu de Prehistoria de Valéncia (2021): 239-266.



PHILIPPE FOSSE, JEAN PHILIP BRUGAL, EVELYNE CREGUT-BONNOURE ET AL.

karstic infillings. The Iberian lynx is much more abundant in extra-steppic
regions and has been described by a chronoform (Lynx pardina race spelaea)
from Grimaldi (i.e. Enfants, Prince) caves (Boule, 1910 and not Boule, 1906).
This cave lynx is seldom as large as the extant European lynx and presents
characteristics of the extant Iberian one (teeth morphology, slenderness
of postcranial elements). A third lynx species, called Issoire lynx, Lynx
issiodiorensis Croizet and Jobert, 1828, is identified mainly from fluvial
deposits. Two distinct sized chronoforms (Lynx issiodorensis issiodorensis
[large]/Lynx issiodorensis valdernensis [small] Werdelin, 1981) are
respectively recorded in the Middle Late Pliocene - early Lower Pleistocene
(«villafranchian») and in the late Lower Pleistocene («epivillafranchian»)
sites. The systematic position as well as the geo-chronological distributions
of all these species/forms have been debated over the last 50 years (Bonifay,
1971; Ficcarelli and Torre, 1977; Kurtén, 1978; Pons-Moya, 1983; Blanc, 1984;
Martinez-Navarro, 1992; Rustioni et al., 1995; Hemmer, 2001; Testu, 2006;
Garrido, 2008; Lorfévre, 2009; Cherin et al., 2013; Madurell-Malapeira et
al., 2014; Ghezzo et al., 2015; Boscaini et al., 2016). More recently ancient
DNA analyses provide interesting consideration to the biogeographical/
sympatric range of the two lynx species (Rodriguez-Varela et al., 2015a,
2015b) or a progressive eurasian split between lynx populations (Lucena-
Pérez et al., 2020).

Usually identified from few bones/site(s) in the Pleistocene faunal
assemblages, important lynx samples from three caves in southern France
and in the Principality of Monaco are presented in this contribution, with
an updated paleontological and taphonomic overview. The lynx remains
come from Escale cave (Bouches-du-Rhone; Bonifay, 1971; Fosse et al.,
2020a, 2020b), dated to the end of the first half of the Middle Pleistocene,
and from Campefiel cave (Gard; Paulus and Tron, 1945; Bonifay, ibid; Fosse
and Crégut-Bonnoure, pers. obs.), Observatoire cave (Monaco; Boule and
Villeneuve, 1927; Brugal et al., 2017), whose biostratigraphical fillings can
be attributed to the Late Pleistocene. Furthermore, a fourth sample, from
Lunel-Viel I and IV cave (Hérault; Bonifay, ibid; Fosse, pers. obs.), was also
considered, due to interesting taphonomic context (hyena den). Finally, a
survey on zooarcheological data is also performed for French and Spanish
Paleolithic deposits (cutmarks, symbolism) for the Lynx ssp. remains.
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The linxes from the Middle Pleistocene to the Holocene in Southern France

SITES PRESENTATION

The fossil samples yielding lynx remains are clearly more abundant in
South-East France (including Monaco area) (Paulus and Tron, 1945; Bonifay,
1971) than in western (such as Dordogne and the Pyrenees) or northern
regions (figure 1). Our recent researches provide a detailed quantification
and identification of these samples, including the complete osteometrical
dataset (currently available online for Escale cave) as well as taphonomical
observations about the site context (Brugal et al., 2017, 2020; Fosse et al.,
20204, 2020b).

Escale cave

Escale cave (Saint Estéve, Bouches du Rhone) is located about 50 kilometers
north of Marseille and was discovered in the early 1960s following a road
construction. This karst infill (up to 23 meters of sedimentary deposit, see
Bonifay and Bonifay, 1963), excavated over a decade (1962-1974), is divided
into five main fossiliferous levels (from the base level B up to the top one),
including numerous macromammalian remains (Lynx pardinus spelaeus
(B, H), Panthera gombazoegensis (C-D), Canis mosbachensis (B), Hyaena
prisca (B), Gulo schlosseri (H), Ursus deningeri (B), Vulpes praeglacialis (H),
Hemitragus bonali (B): Bonifay, 1971, 1974-75; Coumont, 2006; Boudadi-
Maligne, 2010; Fosse et al., 2020a). Biochronological information support
an age estimation about the end of the first half of the Middle Pleistocene
(~MIS 12). Lynx remains are mainly located within the cryoclastic levels
H and B (c¢f infra). Mesofauna is scarce (lagomorphs, birds) and no lithic
artefacts have been found.

Observatoire cave

The cave of L'Observatoire in Principality of Monaco yields one of the most
important sample of non steppic Late Pleistocene carnivore species (such
as Canis lupus, Cuon alpinus, Panthera pardus, Lynx pardinus spelaeus)
and ibexes (Capra ibex) in southern Europe (Boule and Villeneuve, 1927;
Testu, 2006; Brugal et al., 2017, 2020). This karstic cave (over a hundred
meters depth) located about 100 meters above sea level, has been excavated
during the 1920s. Lynx remains come from the first upper section of the
cave. Unfortunately no precise spatial data have been recorded. However,
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FIGURE 1. Location of samples currently studied and geographical distribution of
lynxes in southern France.

the faunal composition and their specific evolutionary stages suggest an
estimated age between the end of the Middle Pleistocene and the beginning
of the Late Pleistocene (MIS 7?-5).

Campefiel cave

Campefiel (Sainte Anastie, Gard) is a cave located along the Gardon valley
in a particularly important area characterized by its numerous Pleistocene
sites (Bonnet, 1945). Excavated in the early XXth century, Campefiel cave has
two distinct entrances; the main one opens over a 50 meters length gallery
followed by a shorter and narrowed corridor driving on a sinkhole. The main
gallery was identified as a hyena den (abundant mandibles, coprolites) with
no lynx remains. Just before the WWII (1939), new excavations were carried
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out and a «Lynx level» was apparently found («Niveau a lynx» as written in
French on a single manuscript note in a small box). The sinkhole, excavated
then, provides numerous lynx remains (Paulus and Tron, 1945; Bonifay,
1971). A revision of lynxes remains has been realized recently (Fosse and
Crégut-Bonnoure, pers. obs.). Lagomorphs are also abundant at Campefiel,
which could maybe explain the abundance of lynx remains. However, no
taphonomic study has been done yet and there is no spatial data available
from all these paleontological galleries/levels.

Lunel-Viel cave

Lunel-Viel (Hérault) is a Middle Pleistocene palaeontological site known
since the first half of the XIXth century. The most important excavations
were leaded by E. and M. F. Bonifay during the 1970s (Bonifay, 1971) and
restart two years ago (Brugal et al., forthcoming). This huge cave is one of
the most important hyena den in Europe (Fosse, 1996). Cervids, equids,
large bovids, hyenids and canids, are especially abundant and identified
from well preserved cranial and postcranial skeletal elements (Bonifay, 1971;
Brugal, 1983; Fosse, 1996; Boudadi-Maligne, 2010; Uzidinis, 2017). Few lynx
remains have been identified among this important bone sample (over 6000
specimens) (Bonifay, 1971; Fosse, pers. obs.). Biochronological estimation
from the vertebrates (mammalian, bird and chelonian species) attributed

the temperate mammal association to MIS g or, more probably, to MIS 7.

MATERIAL AND METHODS

This paper is based on the revision of lynx remains from these four caves.
Cranial and postcranial samples are abundant in the first three deposits
(table 1). At Escale cave, 435 paleontological remains have been attributed
to the lynx (Bonifay, 1971; Fosse et al., 2020a, 2020b). This sample might
be slightly increased considering thoracic/lumbar vertebrae or ribs (not
considered taxonomically yet due to the presence of the wolf, Canis
mosbachensis, in all levels). The minimum number of individuals based
on the right calcaneus is 15. At Observatoire cave, 103 complete lynx
remains (skulls, mandibles and all appendicular skeletal elements) have
been taxonomically identified, with a MNI of g (from left mandibles). The
Campefiel cave yields so far the largest Pleistocene ‘population’ of lynx
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in Europe, with 1532 identified teeth/bones belonging to 26 individuals
(from left ulnas). Although no complete skull has been found, all skeletal
elements are present in similar proportions. Finally, a minimum of 37
cranial and postcranial elements from Lunel-Viel I-IV cave belonging
to five individuals (from right lower carnassials) have been also studied.
These bone and teeth samples were analyzed from a paleontological and
taphonomical point of view (identification, measurements, morphology,
bone breakage, toothmarks). The measurements carried out on teeth and
post-cranial skeletal elements generally follow von den Driesch’s (1976)
code measurements, with additional data for small bones (carpals, tarsals)
taken on Felids (Sarrion, 1978; Argant, 1980 2010) or Ursids (Tsoukala and
D’Anglade, 2002). Teeth terminology follows Hemmer (1966) which is
commonly used by Bonifay (1971) and others. The extensive osteometrical
data from lynx samples have been compared from litterature as follows:
extant European lynx (Hagmann, 1899; Harlé, 1910; Miller, 1912; Kurten
and Rausch, 1959; Terzea, 1963; Bonifay, 1971; Van Bree and Clason, 1971;
Clot and Besson, 1974; Ficcarelli and Torre, 1977; Valensi, 1994; Testu, 2006;
Moussous, 2014), extant Iberian lynx (Ficcarelli and Torre, 1977; Garcia-
Perea et al., 1985; Cervera, 1992; Valensi, 1994; Testu, 2006), Pleistocene and
Holocene European lynx (Hagmann, 1899; Clot and Besson, 1974; Altuna,
1980; Werdelin, 1981; Clot, 1988; Clot and Duranthon, 1990; Ballésio et al.,
1991; Sablin, 2001; Testu, 2006; Moussous, 2014), the cave lynx Ls. (Harlé,
1910; Paulus and Tron, 1945; Bonifay, 1971, 1978; Pillard, 1972; Ficcarelli
and Torre, 1977; Pérez-Ripoll, 1977; Sarrion, 1978, 1990; Pons-Moya, 1983;
Ruiz-Selfa and Laurino, 1986; Dufour, 1989; Cervera, 1992; Cardoso, 1993;
Castarfios, 1993; Valensi, 1994; Testu, 2006; Madurell-Malapeira et al., 2014;
Moussous, 2014; Ghezzo et al., 2015; Boscaini et al., 2016) and the Issoire
lynx (Ficcarelli and Torre, 1977; Kurten, 1978; Blanc, 1984; Koufos, 1992;
Hemmer, 2001; Montoya et al., 2001; Argant, 2004; Garrido, 2008; Cherin et
al., 2013; Petrucci et al., 2013).

Graphical projections were made with R v.3.6.3 (R Core Team, 2019)
and the packages dplyr v.0.8.5 (Wickham et al., 2020) and ggplot2 v.3.3.0
(Wickham, 2016). Individual ages are estimated from Garcia-Perea (1996)

and Marti and Ryser-Degiorgis (2018).
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RESULTS

Paleontological data

The lynx remains identified in the four caves are relatively homogeneous
in size and have been all identified as fossil Iberian lynx (cave lynx). Some
bones are sometimes quite robust (one skull in Observatoire, two complete
tibias in Campefiel), but can reflect the intraspecific variability.

On the upper carnassial (P4), the protocon is high and massive. The
anterior part of this tooth is composed of a well developed parastyl,
overhanging, in a lingual position, an ectoparastyl. An elongated metacon
is always present behind the protocon. Comparative measurements on
this tooth reveal two size groups of Pleistocene lynx (figure 2, table 2): one
including samples from large lynxes (L. issiodorensis issiodorensis and
most of L. lynx) and the other from smaller lynxes (L. spelaeus, L. pardinus
spelaeus, L. issiodorensis valdarnensis). All upper carnassials studied
(Escale, Observatoire, Campefiel) fit well with this latter group.

The lower carnassials (m1) are robust teeth, commonly well preserved
in fossil deposits. The paraconid and protoconid are particularly developed
and secant, with a deeper and wider blade as tooth is worn. This blade,
always well developed on Escale specimens, does not appear on extant
European lynx lower carnassials (MNP sample) nor on the fossil material of
Vallparadis (Boiscani et al., 2016) or Quibas (Montoya et al., 2001), whereas
it is not very developed on the Pantalla specimen (Cherin et al., 2013) but
stronger from the mandibles of Untermassfeld (Hemmer, 2001) as well as
on some figured material from the Val d’Arno sites (Fabrini, 1896: figure 1).
Beyond the odontometric aspect (figure 2, table 2), the differences between
the two extant lynx are mainly based on very few morphological criteria,
especially the profile of the posterior edge of the tooth and the presence
of a metaconid above a talonid. Their taxonomic value, which is based on
too much restricted samples, difficult to evaluate from a biochronological
base (Boule, 1910; Bonifay, 1971; Hemmer, 2001; Testu, 2006; Madurell-
Malapeira et al., 2014), have suggested different phyletic hypotheses for this
zoological group considered as “heterogeneous” (sensu Ficcarelli and Torre,
1977). In Escale sample, only three m1 (n= 15) do not present a metaconid;
the frequency of this denticule is therefore significant (~80%) and could

246



The linxes from the Middle Pleistocene to the Holocene in Southern France

"XUA| uelaq| pue xuA| ueadoing jueixa ‘g : (auao0jsiald e = sjop Aalb  suadoisiald IPPIN
= sjop ¥oe|q) adoin3 wouy snaejads snuipied “7 ¢ | (8ua20)sia|d @) = sjop Aalb  auso0}siald SIPPIN = S}op Yoe|q) |ebnuod
pue uledg wouy sneejads snuipsed 7 "¢ ‘ (ausd0j}sio|d 8)eT) allojeAlasqQ,] pue |ayadwe) wod) (sjop yoe|q) sneejeds
snuipsed 7 "z : (eusdo0jsiald SIPPIN) | ISIA-]ouUNT pue o|eds3, wolj (sjop }oe|q) snaejads snuipsed 7 | "« poyiaw pue
|elajew » Ul sjal 8as : ejep anleledwod : (qozogz /e }8@ 8sS04 9as pue) sioyiny ay} Ag paipnis sajdwes : 821n0s

ss|dweg-suone|ndod

° < . -9L
.
* 2
. P |_I9IA-euUN P
- . >
- a
5
. -8l N
. 3
. 3
—+— -61
-0C
sa/00dS UBIXT ‘G 90| ueadoin3 JAYO einsuiuad ueuaq) ‘¢ sojdwes ausoojsiald 91e 7 so|dwes ausoosiald ‘PIN |

XUAT 8ABD Ul UiBUS| Std jo uonnauisid g

sa|dweg-suone|ndod

<

(ww) ybusT Lw

.
.
©

sa10ads Jue3 g “00| ueedoin3 JaYio v ejnsuiuad ueuaq| ‘¢ se|dwes suaoojsiald 81 ‘2 'sejdwes auad0jsiald PIN ‘L

XuAq aAe) ul yibus| spw jo uonnguisia v

FIGURE 2. Metrical data (in mm) on lower (A) and upper (B) carnassials from Lynx

samples currently studied and from comparative data.
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Ps Breadth Length

min max Mean n SD min max Mean n SD
Escale 7,7 83 7,9 9 0,2 16,2 18,4 17,2 10 0,6
Lunel-Viel - - 8,0 1 - - - 17,3 1 -

Observatoire 7,3 9,2 7,9 18 0,6 16,0 19,0 17,1 16 0,9
Campefiel 6,6 9,5 8,0 21 0,6 12,7 19,3 16,6 21 1,3

m Breadth Length

min max Mean n SD min max Mean n SD
Escale 5,5 6,7 61 15 03 128 152 140 15 06
Lunel-Viel 5,7 6,7 6,1 10 0,3 12,8 14,3 13,4 12 0,6
Observatoire 5,5 7,0 6,3 13 0,4 135 166 147 13 09
Campefiel 54 68 6,0 30 04 133 150 141 30 0,5

TABLE 2. Measurements (in mm) of upper (P4) and lower (m1) carnassials belonging
to the cave lynx (Lynx pardinus spelaeus) from studied samples.

constitute a biochronological stage. Indeed, this particularity is only very
rarely found on the mis from Late Pleistocene populations (Observatoire
and especially Campefiel) or on the mis from extant Iberian lynx. This
criterion is considered too variable by Boule (1910: 274) who does not take
it into account as a specific diagnose, whereas Bonifay (1971) does consider
this difference as a notable evolutionary stage. Our revision of Pleistocene
lynxes would suggest that both authors are partly right, i) considering the
cave lynx as a subspecies of the Iberian lynx on one hand, and ii) validating
the frequency of the metaconid as an evolutionary step on the other.

The measurements from the lower carnassials do not provide any precise
information dealing with a specific identification (Lynx lynx/Lynx pardinus
ssp.), despite important comparative data. The archaic form of the Issoire
lynx (L. issiodorensis issiodorensis) from Les Etouaires and Saint Vallier
appears again to be at least as robust as extant male European lynx are
and as some Late Pleistocene specimens were. All carnassials from Escale,
Observatoire and Campefiel caves are much smaller and better match with
«spelean» samples and extant Iberian lynxes. This tooth does not allow any
study of sexual dimorphism.

With the exception of the archaic Issoire lynx (L. issiodorensis
issiodorensis) from the Middle-Late Pliocene (and/or earlier: Alcal3,
1994; Arribas and Antdn, 1997; Ginsburg, 1998) and from the earliest
Lower Pleistocene deposits (Les Etouaires), all lynxes from the second
half of the Lower Pleistocene up to the Late Pleistocene deposits are small
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sized in (southern) Europe. The Issoire lynx subspecies L. issiodorensis
valdarnensis is very similar to the cave lynx and these two forms should be
probably considered as synonymous. The group of small lynxes from the
early Lower Pleistocene (Fonelas P-1), late Lower Pleistocene (Ceyssaguet,
Untermassfeld, Vallparadis) and all remains of Lynx pardinus spelaeus
from the Middle Pleistocene (Escale) are in all respects similar and form
a homogeneous group from the teeth morphometry. This latter period
corresponds to the widest geographical distribution of the fossil Iberian
lynx in Western Europe, from southern Spain to Germany. During
the Late Pleistocene, the distribution range of the fossil Iberian lynx
retracted towards the Mediterranean areas; most of the remains identified
specifically come from Spain, southern France and Italy, out of the tundra-
steppe biome. In the second half of the Late Pleistocene, during inter-
stadial climatic phases, the European lynx gradually expanded in Western
Europe (Central Europe, Germany, Belgium, England) until to reach the
French (Aran) and Spanish (Pagosulieta) Pyrenees and Italy at the end of
the Late Glacial period to the beginning of the Holocene. In these last two
regions, ancient DNA analyses suggest locally a sympatry between both
species (Rodriguez-Varela et al., 20153, 2015b). The Mediterranean region is
the main geographical area for Pleistocene and Holocene Iberian lynx and
there is no gap in lynx paleontological records from the Late Pleistocene
to the Holocene. The expansion of the European lynx, probably linked
to the arrival/increasing frequency of woodland ungulates (roe deer, red
deer), reached all of non-Mediterranean Europe as far as Scotland. No size
difference can be noted between the “spelean” lynx (both interstadial -
Lunel-Viel - and from the end of the Late Glacial) and the Holocene Iberian
lynx; some specimens from the Late Pleistocene are sometimes larger than
the modern Iberian lynx (ecotypical variability? sexual dimorphism?). For
all of these reasons, we suggest that the “spelean” lynx cannot be maintained
at a specific rank. Nevertheless, it migth be considered as a subspecies of
the Iberian lynx which shows some morphological peculiarities during
its long history. At Escale cave, the high frequency of the metaconid on
the m1 distinguishes this lynx population from the Late Pleistocene one
(Campefiel, Observatoire): the former can be identified as Lynx pardinus
spelaeus (i.e. Middle Pleistocene) and the latter to Lynx pardinus pardinus.
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Site Age NISP_ MNI Source

Escale Middle Pleistocene 435 15 Fosse etal., 2020a

Lunel-Viel Middle Pleistocene 37 5  Fosse, pers. obs.

Observatoire Middle/Late Pleistocene 103 9 Brugal etal, 2017

Campefiel Late Pleistocene 1532 26 Fosse and Crégut-Bonnoure, pers. obs.
Ingarno Late Pleistocene 416 Mecozzi, 2019

Cova del Gegant Late Pleistocene 299 6 Rodriguez-Hidalgo et al, 2020

TABLE 3. Major Pleistocene lynx (Lynx pardinus spelaeus) samples in southern
Europe.

Taphonomy

The studied sites provide some of the largest lynx populations for the
Pleistocene in Europe (table 3). Such an abundance of lynx remains appears
specific of Mediterranean karstic infillings. Two main types of lynx sites can
be distinguished: natural traps and lynx dens. The first one are characterized
by (sub)adult complete skeleton(s) embedded with other taxa (ungulates)
remains whereas the latter are, recently described (Cova del Gegant Illa:
Rodriguez-Hidalgo et al., 2020), from various taphonomical criteria (highly
abundant lagomorph remains, very few gnawed and/or digested bones,
regularly complete lynx limbs, presence of new-born/very young lynx, lynx,
coprolites). This taphonomical characterization is partially supported by
the coproscopical analysis of scat contents (Lloveras et al., 2008).

Taphonomical data are scarce for the studied samples. Previous
taphonomical analysis from Escale Hemitragus assemblage suggests the
importance of natural trapping process in site formation (Coumont,
2006). Escale site differs from Cova del Gegant in its topography
(sedimentary deposits, chimney) and by the total absence of juvenile
lynx (no milk teeth), a sex-ratio consisting in several females and a
single male, some anatomical connexions, the absence of coprolites as
well as the scarcity of mesomammals (lagomorphs, birds) in B and H
levels. All along the stratigraphical sequence, at least 15 adults and sub-
adults lynxes have been recognized. The taphonomical context suggests
that these animals have probably died from their fall within the trap.
However, very few toothmarks are visible on Hemitragus bones and have
been attributed to small carnivores (foxes) whereas no lynx remain does
present any modification by carnivores (Fosse et al., 2020a).

Contextual data are missing in the case of Observatoire: no spatial
information, probable selection during the excavation, no collection of
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small remains (lagomorphs) are avalaible ... The lynx skeletal distribution
(see table 1) highlights an over-representation of cranial remains (including
both skulls and mandibles) as well as complete limbs and metapodials,
without any anthropogenic (cutmarks) or carnivores and rodents
(toothmarks, gnawing marks) activity (Brugal et al., 2017). Young adults
and a few (very) old individuals characterize the mortality pattern (figure
3). Even though we suppose that the Observatoire cave was not used as a
lair although the general/main site function is still difficult to precise (and
the huge caprid sample suggests some natural trapping processes).

Campefiel, excavated at the beginning of the XXth century, was
interpreted as a hyena den (coprolites, abundant cave hyena remains)
and no lynx skeletal elements were firstly identified. Excavations in
the deepest part of the cavity were focused on a sinkhole containing a
very important sample of cave lynx remains (cf. above). Unfortunatly,
no informations neither publications provide any details on this unique
exceptional lynx sample. We recently notice that there is an important
lagomorph sample coming from the same area, material curated at the
MHNN. The lynx sample consists in 26 lynx individuals which are mainly
young adults as well as a few older ones (figure 3); long bones are almost
all complete and undamaged neither by humans nor by carnivores.
Accordingly, Campefiel cave could have been used as a lair (in the main
gallery) and the bone accumulation (thanatocenosis) were probably
reworked into the sinkhole (natural trap, yielding hyena remains as well)
by natural processes. Lynx age-classes are similar to those of Cova del
Gegant and could represent a lynx lair specifically occupied by adult lynx
female breeding cubs/youngs.

In Lunel-Viel, five adult individuals have been identified by forelimb
and hindlimb elements probably brought back within the cavity by the
cave hyena. Long bones (ulna, tibia) and innominates show typical large
carnivore toothmarks and a complete first phalanx has been digested and
show acid-etched modification (figure 4). Lunel-Viel is one of the rare
Pleistocene sites allowing to consider lynxes preyed by larger predators.

Natural traps are relatively rare in the Pleistocene record but more
obvious during the Holocene (unembedded lynx remains oftently
discovered, lying on the floor). Few instances show that only one lynx
individual usually was trapped, sometimes in the deepest part of the
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FIGURE 3. Selected left mandibles from Escale, Observatoire and Campefiel caves
respectively. Bar scale = 1cm. Pictures Ph. Fosse.
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FIGURE 4. Taphonomical and zooarchaeological survey of Lynx remains in
french Pleistocene sites. Bar scale= 1 cm. Pictures Ph. Fosse and J. B. Fourvel.
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cave. In gouffre d’Aran n°1 and puits Schatzi in the French Pyrenees,
an adult male skeleton was found at -140m and -7om from the entrance
respectively (Clot and Besson, 1974; Delmasure, pers. com.). In Navarre
(Pagolusieta), another adult male skeleton has been discovered at the
bottom of a ~60 m deep pit (Altuna, 1980). Similar natural traps are known
in the Alps (Karholeschacht: Blant et al., 2018). In these sites, (European)
lynx are mainly old individuals, according to the canine toothwear. The
Coulet des Roches site is an important natural trap, yielding 3 European
lynx (Crégut-Bonnoure, pers. obs.; Rodriguez-Valera et al., 2015b). Few
similar sites yielding a skeleton from Lynx pardinus spelaeus or Lynx
sp. are also known (Crégut-Bonnoure and Guérin, 1979-81; Reggiani
and Ghezzo, 2015 respectively). Sporadic site occupation by lynx could
be suggested for some caves (Malarnaud, Soulabé in Ariége: Fosse and
Madelaine, pers. obs.; Moustayous in Hautes Pyrénées: Clot, 1988) and/
or from the mesofaunal record. In the Postglacial period, the important
Abeurador deposit yield a complete Iberian lynx skeleton (Vaquer, pers.
com.) in association with partridge bones.

Lynx remains in hyena dens are also scarce; in Rigabe cave (Var) lynx
sample is important (NISP= 68, MNI= 7: Fosse and Fourvel, pers. obs.)
mainly in an anthropogenic context. However, a left ulna shows carnivore
toothmarks on its olecrania, probably gnawed by the cave hyena. In Spain,
Gabasa cave, occupied by hyenas and/or wolves, contains an important
sample of cave lynx (NISP= 77, MNI= 12: Blasco Sancho, 1995) but no
taphonomic data are available for this felid.

Zooarchaeological overview dealing with human modifications at
the Paleolithic times show little evidence of lynx exploitation, both
for utilitarian or non-utilitarian (perforated teeth, ornaments, art,
symbolism) aspects (Fosse et al., 2019). Evidences of consumption seems
more frequent in Spanish record than in France (table 4 and references
therein). The lynx stays quite uncommon in southwestern France during
the Later Palaeolithic, period of a toundra-steppe climatic context. A few
remains (maxillae, phalanges) from Poeymau cave (Fourvel, pers. obs.)
bear some cutmarks (figure 4). Other examples come from Mousterian
sites of Lazaret (Valensi and Psathi, 2004) and Grotte aux Puces (Fourvel,
pers. obs.) but most of human exploitation/use come from Latest
Paleolithic archeosequences (figure 4, table 4). Finally, we can mention
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the presence of lynx from few archaeological level/context, based on
perforated teeth (canines) used as ornaments (see figure 4). Concerning
the rock art, only one mention is documented, as the single engraved
lynx from Late Magdalenian site of La Madeleine (Tosello, 2003).

CONCLUSIONS

The lynx is relatively frequent and sometimes abundant in the Middle and
Late Pleistocene bone assemblages from the Mediterranean area (France,
Spain, Portugal, Italy). Our study is based on four large collections of Lynx
remains from Southeastern France and Monaco, and a wide comparative
analysis mainly on teeth materials. The specific attribution systematically
indicates the cave lynx, here named Lynx pardinus spelaeus, as a subspecies
of the extant Iberian lynx. However, a enlarge revision with early Lower
Pleistocene and Pliocene forms would be requisite to clarify the evolution
and phyletic positions of medium-sized felines of Europe (Issoire lynx;
Caracal ssp.: Morales et al., 2003; Werdelin and Peigné, 2010) and Asia
(Lynx shansius; Kurten and Werdelin, 1984) ... The paleobiological analysis
(paleontology, taphonomy) carried out on the most important samples
in France and Monaco (Escale, Lunel-Viel, Campefiel, Observatoire)
underlines similarities between Middle Pleistocene and Late Pleistocene
specimens. The distinction with L. lynx, seems to be ascertained on the
basis of odontometrical characters. Finally, we need to question the almost
exclusive presence of the Iberian lynx during the Quaternary regarding and
in relation with the absence of the European lynx until MIS 3. Only the
integration of new contextual data (geotopographic, paleoenvironmental
backgrounds, vegetation, faunal assemblages, direct radiocarbon dates,
ancient DNA) will contribute to the better understanding of the expansion
of the Iberian lynx during the Pleistocene until its progressive regression
up to the extinction of most of the geographical areas. From a taphonomic
point of view, lynxes are identifiable as predators and bone collectors
from mesofauna remains whereas only few data are known concerning the
predation on macrofaunal species (see ex. Arceredillo et al., 2018). Revision
of important paleontological series suggests that the lynx is another species
connected with karstic contexts during the Pleistocene in the same way
than other larger predators (hyenas, wolves or leopards).
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