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Abstract: Coulet des Roches is a natural karst trap in Southern France. Its infilling dates back to the
end of the Pleniglacial (Last Glacial Maximum, LGM) and the end of the Tardiglacial (Last Glacial, LG).
Three mustelid species have been identified in this infilling: the common polecat (Mustela putorius,
minimum number of individuals (MNI) = 4), the stoat (Mustela erminea, MNI = 14) and the weasel
(Mustela nivalis, MNI = 48). The common polecat remains are metrically and morphologically
indistinguishable from recent European specimens. The smallest mustelids are mainly represented
by average-sized specimens, which are slightly smaller than extant species. A partial weasel skeleton
of an extremely small pygmy weasel, regarded as a typical glacial element, was also discovered.
Sexual dimorphism is strongly pronounced. Seventeen horses have been identified, corresponding
to the chrono subspecies Equus ferus gallicus. The analysis of the muzzles and metapodials shows
overall adaptation to cool and dry weather conditions. The ibexes are typical of Capra ibex (MNI = 15).
The p3 morphology is similar to the LGM populations located on the southern side of the Durance
River, with an important dilation of the metaconid, except for the oldest LGM specimen. This dilation
is older on the southern side of the Durance River, as it occurs at the end of MIS 3. This difference
could reflect the barrier role of the Durance River. Micromammals are abundant (mostly related
to rodents and shrews; 18 genera/species; MNI = 470). The paleoecological study highlighted
important and rapid climatic and environmental fluctuations throughout the sequence. As a result
of climatic fluctuations, the plains constituted a corridor for the migration of temperate species
to Provence during cold periods (“southern refuge zone”) and their re-immigration to Western
Europe during temperate episodes. In a related and complementary way, the highland areas not only
played a natural role as a geographical barrier, but also constituted a refuge zone during interglacial
episodes for some micromammal species originating from northern and eastern parts of Europe
(“cryptic southern refugia”).

Keywords: south-eastern France; Last Glacial Maximum; mustelids; horses; ibexes; micromammals;
ecological adaptation
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1. Introduction

The end of the Late Pleistocene is a well-known cold period in Western Europe and is referred to as
the Last Glacial Maximum (LGM). It extends from 23,000 to 14,000 cal BP, with a mid-point at 18,000 cal
BP [1]. This period is marked by important environmental modifications in relation to the furthest
extension of the ice sheets. These harsh climatic conditions progressively diminished towards the
Holocene. The study of ice, marine and terrestrial cores (Greenland Stadial (GS) and Interstadial (GI);
Dansgaard—Oeschger stages (DO); Heinrich Stadial (HS)) has identified several well-defined climatic
oscillations. Up until now, in the east of Southern France, and more precisely in the Provence area,
data relating to the environmental transformation from the LGM to the climatic optimum were confined
to several archaeological sites and our knowledge of the fauna was limited to the large mammals
hunted by man. Recently, several small pits, about ten feet deep, were discovered near the Vaucluse
highlands [2] (Figure 1). They acted as natural traps for the local fauna. The Coulet des Roches hole is
one of them. Excavations begun there in 2007 and are still in progress. Complete skeletons of mustelids,
horses, ibexes and micromammals from the Pleistocene deposits enable us to assess the adaptation
of each species in relation to the climate, as well as the phenotypic expressions. They provide new
information on the paleoenvironment and climatic fluctuations from 23,430 & 80 cal BP to the Holocene.

20 00 20 40 60

Figure 1. Location of Coulet des Roches. Map modified from Geoatlas.
The material is stored in the collections of the Natural History Museum of Avignon (Requien Museum).

2. Presentation of Coulet des Roches (ECB)

Coulet des Roches is a vertical hole with an ellipsoidal opening of about 4 m x 2 m, located at
an altitude of 700 m. It widens instantly until the current depth of 14 m, directly below the opening
and attains a depth of 13 m on the southern side (Figure 2). At the bottom, there is a large 10-m-long
chamber, with an average width of 34 m. It was opened by spelunkers from Carpentras in 1971.
They stopped their investigation in 1973 [3-8]. Our investigations began in 2007 and are still in
progress [2,9-17].
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Figure 2. Coulet des Roches. Cross section. Topographical survey: Gandelet S. and Bérard Ch.

The sediments extracted by the spelunkers from 1971 to 1973 were screened, and contained
modern, Holocene (Atlantic and Subboreal periods [2,18]) and Pleistocene species. At the bottom of the
hole, a sequence comprising three main stratigraphic units was identified [2]. Today, five stratigraphic
units have been defined (US) [17]. Stalagmitic floors and flowstones are visible on the walls.
The stalagmitic floors indicate important flows of water at two distinct periods of the Middle
Pleistocene: during MIS 13 and MIS 11.

Radiocarbon dating of numerous bones and charcoals, paleontological and palynological data
date the Coulet infillings to the end of the Pleistocene (LGM; 23,430 + 80 cal BP) and the end of the
Holocene (Subboreal; 3610 + 40 cal BP).

3. The LGM and LG Infillings (ECB)

The LGM and Last Glacial (LG) sequence is represented primarily by US3. This unit contains
homogeneous cryoclastic sediment formed by the accumulation of small-sized graded limestone
fragments. It is about 4 m thick. According to the dating of the large mammals, the top of the
unit is contemporaneous with GS 2a. Currently, at a depth of 6-7 m, the LGM cryoclastic sediment
tends to disappear. It is replaced in the southeastern corner of the chamber by a clay layer which
covers one of the horses dated to 26,700-26,250 cal BP, using the IntCal09 curve [19]. It is correlated
with GI 3 (“Tursac” episode) and overlies important scree. In the mid-eastern sector of the chamber,
the cryoclastic limestones are smaller and corroded by significant water circulation (US5). They can be
correlated to GI 4 (“Maisiéres” interstadial).

In a sector located at the base of the south-western corner of the chamber, an earthy layer (US4) is
dated to GI 10-11 (“Hengelo” interpleniglacial; MIS 3), on the basis of a Cervus elaphus radiocarbon
date [2]. It seems to result from the draining of a crack. However, it could represent a partially
destroyed infilling or karstic suffosion.

4. Paleontology

The LGM and LG fauna is represented by large and small mammals and birds. At least 48 species
are present in this Pleistocene sequence: 11 large mammals, 2 lagomorphs, 5 insectivores, 12 rodents,
17 birds, and 1 reptile (Table 1).
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Table 1. Distribution of the species during GI 10-11, GI 3, Last Glacial Maximum (LGM) and Last
Glacial-GS 2a.

GI10-11 GI3 LGM LG/GS 2a

Mammals

Vulpes vulpes - -
Alopex lagopus - -
Mustela putorius - -
Mustela erminea - X
Mustela nivalis X X
Equus ferus gallicus X
Cervus elaphus X -
Rangifer tarandus - -
Capra ibex - -
Rupicapra rupicapra - -
Rupicapra sp. - -
Lepus timidus - X
Oryctolagus cuniculus - -
Talpa europaea - -
Crocidura leucodon/russula - -
cf. Sorex sp. - -
Sorex minutus - -
Sorex gr. araneus/coronatus - -
Marmota marmota primigenia - -
Eliomys quercinus - -
Apodemus sylvaticus - -
Arvicola amphibius - -
Microtus (Stenocranius) gregalis - -
Microtus arvalis - -
Microtus arvalis/agrestis - -
Chionomys nivalis - -
Clethrionomys glareolus - -
Microtus (Terricola) cf. multiplex - -
Microtus oeconomus - -
Dicrostonyx torquatus - -

Birds

XX XX X X
XXX X X X

KX XXX X X X
XX XXX XX 1 XXX

KX XXX X X X
XXX X o

XXX X X
X X

Aquila chrysaetos - -
Falco cf. peregrinus - -
Falco tinnunculus - -
Circus sp. - -
Bubo scandiacus - -
Lagopus mutus - -
Pyrhocorax pyrhocorax - -
Pyrhocorax graculus - -
Corvus monedula - -
Pyrrhocorax/Corvus - -
Garrulus glandarius - -
Columba oenas - -
Columba livia - -
Columba livia-oenas - -
cf. Nucifraga caryocatactes - -
Rallus aquaticus - -
Hirundo sp. - -

XX

>

XXX XXX X X X XX
XXX X

XX X
XX X

x X

Reptile

Emys orbicularis X - - -

This faunal assemblage is unprecedented in the east of Southern France. Some of the Mustelid,
Caprine and Equid species reflect ecological adaptation and provide new evidence of the phenotypic
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plasticity of these taxa. Micromammals highlight important and rapid climatic and environmental
fluctuations perceptible throughout the sequence.

4.1. Mustelids (AM and ECB)

Three mustelid species were identified (ECB): the common polecat (Mustela putorius,
minimum number of individuals (MNI) = 4), the stoat (Mustela erminea, MNI = 14) and the weasel
(Mustela nivalis, MNI = 48) [17]. Point to point measurements were taken by one of us (ECB),
with an electronic caliper to the nearest 0.01 mm. The measurements shown in brackets correspond to
the estimated value of the dimensions. Osteological and dental terminology follows Anderson [20].
The measurements are shown in Figures 3-5.

23

Figure 3. Scheme of measurements of mustelid calvarium: 1, total length (prosthion-acrocranion);
2, condylobasal length (prosthion—occipital condyles); 3, basal length (prosthion-basion);
4, viscerocranium length (prosthion—point F); 5, neurocranium length (point F—acrocranion);
6, facial length (prosthion—point F); 7, rostrum length (prosthion-infraorbital); 8, rostrum length
(anterior margin of I1 to posterior margin of M1); 9, palatal length (prosthion-staphylion); 10, C1-M1
length on alveoli (anterior margin of C1 alveolus to the posterior margin of M1 alveolus); 11, upper
premolar row length on alveoli (anterior margin of P2 alveolus to the posterior margin of P4 alveolus);
12, breadth at zygomatic arches (zygion—zygion); 13, incisor row breadth (I3-I3 breadth); 14, maximal
breadth at the canine alveoli; 15, maximal breadth at the P4 alveoli; 16, maximal breadth at the M1
alveoli; 17, lowest palatal breadth; 18, lowest breadth between infraorbital foramina; 19, lowest breadth
between orbits (entorbital-entorbital); 20, frontal breadth (ectorbital-ectorbital); 21, postorbital lowest
breadth (postorbital bar); 22, maximal neurocranium breadth (euryon—euryon); 23, mastoid breadth
(otion—otion); 24, maximal breadth of occipital condyles; 25, nasal aperture height; 26, nasal aperture
breadth; 27, height of foramen magnum (basionopisthion); 28, breadth of foramen magnum; 29,
bullae ossae length; 30, bullae ossae breadth; 31, cranial height (acrocranion-basion); 32, maximal
cranial height (staphylion-frontal).
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:16

Figure 4. Scheme of measurements of mustelid mandible: 1, total length (condyle to infradentale); 2,
distance of angular process to infradentale; 3, distance of infradentale to anterior margin of masseter
fossa; 4, distance of anterior margin of c1 to posterior margin of m2; 5, cheek teeth row length (anterior
margin of p1l to posterior margin of m2); 6, premolar row length (anterior margin of p1 to posterior
margin of p4); 7, molar row length (anterior margin of m1 to posterior margin of m2); 8, distance
between mental foramina; 9, distance of posterior margin of m2 to condyle; 10, distance of angular
process to coronoid process; 11, mandible maximum height; 12, mandible body height between p3 and
p4; 13, mandible body thickness between p3 and p4; 14, mandible body height between m1 and m2; 15,
mandible body thickness between m1 and m2; 16, condyle height; 17, condyle breadth; 18, symphysis
maximum diameter; 19, symphysis minimum diameter.

protoconid

paraconid .
hypoconid

B tal

metaconid

B tri

L tri L tal trigonid talonid

Figure 5. Lower carnassial (m1) measurements (left) and cusp terminology (right). L, total length;
L tri, trigonid length; L tal, talonid length; B tri, trigonid breadth; B tal, talonid breadth; tri, trigonid; tal,
talonid; par, paraconid; pro, protoconid; met, metaconid; hyp, hypoconid.

4.1.1. Mustela putorius Linnaeus, 1758
Species diagnosis

Detailed metric and morphological analyses carried out by many previous authors and recently
critically revisited by Marciszak [20] show that two polecat species can be distinguished, based in
particular on cranial material. Compared to Mustela eversmanii, Mustela putorius differs in the following
ways (for indexes the mean was given) (Figures 6 and 7) [21-43].

1.  Narrower spacing of zygomatic arches: index of zygomatic arch breadth to the condylobasal
skull length is 64.9 in M. eversmanii while in M. putorius it is 56.7.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Broader rostrum on canines: the index of C1-C1 breadth to the condylobasal skull length in
M. putorius is 24.7, while in M. eversmanii it is 31.4.

Broader rostrum on carnassials: the index of P4-P4 breadth to the condylobasal skull length in
M. putorius is 34.8, while in M. eversmanii it is 39.8.

Rectangular and broad postorbital bar: while in M. eversmanii this constriction is triangular
and much narrower, the index of postorbital bar breadth to the condylobasal skull length in
M. putorius is 24.2, while in M. eversmanii it is 20.2.

Oval nasal aperture: where height exceeds breadth, in M. eversmanii, nasal aperture is rounded,
the value of the height is comparable to the breadth, the index of breadth to the height of the
nasal aperture in M. putorius is 85.1, while in M. eversmanii, it is 108.9.

Nasal bones are proportionally longer and triangular.

Muscle attachments are less developed: the sagittal crest is shorter, lower and less developed.
The palatal posterior part is broader, V-shaped with well-marked curvature of posterior edges,
the index of postorbital bar breadth to the condylobasal skull length in M. putorius is 12.5, while in
M. eversmanii it is 10.6.

Narrower spacing of the tympanic bullae: the index of breadth between them to the condylobasal
skull length is 44.4 in M. putorius, while in M. eversmanii, it is 50.3.

Proportionally smaller orbits: the index of orbit height to the condylobasal skull length in
M. putorius is 15.1, while in M. eversmanii it is 15.9.

Narrower incisor row: the index of 13-I3 breadth to the condylobasal skull length in M. putorius is
10.3, while in M. eversmanii it is 11.9.

Proportionally shorter and narrower upper canines: the index of C1 breadth to C1 length in
M. putorius is 71.7, while in M. eversmanii it is 76.4.

Less reduced P2: the index of P2 length to P3 length in M. putorius is 59.6, while in M. eversmanii
itis 52.2.

Proportionally smaller P4: the index of P3 length to P4 length in M. putorius is 55.9, while in
M. eversmanii it is 53.8.

Less reduced M1: the index of M1 length to P4 length in M. putorius is 82.2, while in M. eversmanii
itis 65.1.

Less reduced lingual margin of M1: the index of M1 lingual margin length to P4 length in
M. putorius is 44.4, while in M. eversmanii it is 34.1.

Lower, narrower and less massive mandible body: the index of M1 length to the height of
mandible body after m1 in M. putorius is 110.0, while in M. eversmanii it is 92.1.

Masseter fossa is shorter and shallower: anterior margin is rounded and reaches m1/m?2 border,
the index of mandible length measured to the anterior margin of the masseter fossa to mandible
total length in M. putorius is 63.6, while in M. eversmanii it is 69.0.

The mandible ramus is higher: less massive and its margins create a more open angle.

The condylar process is usually located below tooth level.

Proportionally shorter and narrower lower canines: the index of cl breadth to c1 length in
M. putorius is 69.9, while in M. eversmanii it is 79.1.

Less reduced p2: the index of p2 length to p4 length in M. putorius is 53.9, while in M. eversmanii
itis 49.7.

Less broadened posterior part of p4 crown: the index of p4 posterior breadth to p4 length in
M. putorius is 60.7, while in M. eversmanii it is 68.3.

Proportionally smaller and narrower m1: the index of p4 length to m1 length in M. putorius is
52.4, while in M. eversmanii it is 45.8.

Less reduced talonid of m1: the index of m1 talonid length to m1 trigonid length in M. putorius is
25.8, while in M. eversmanii it is 21.7, the index of m1 talonid breadth to m1 trigonid breadth in
M. putorius is 71.0, while in M. eversmanii it is 62.6.
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26. Less reduced m2: the index of m2 length to m1 length in M. putorius is 27.4, while in M. eversmanii
it is 20.2.

Figure 6. Schematic presentation of cranial features distinguishing Mustela eversmanii (1) from Mustela
putorius (2). The features are indicated by red arrows, the numbers next to them correspond to the
number of characteristics described in the text.
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Figure 7. Schematic presentation of dental features distinguishing Mustela putorius (1) from Mustela
eversmanii (2). The features are indicated by red arrows, the numbers next to them correspond to the
numbers of the characteristics described in the text.

The well-preserved polecat calvarium (FAN R 53), found with the right mandible (FAN R 54)
in Coulet des Roches belongs to a very large adult animal (Figure 8) (Tables 2 and 3). The teeth are
not yet very worn, and all the sutures are fully fused. The size of the skull (the individual is much
larger when compared with the female from Aven des Planes (Vaucluse)), together with the strongly
developed sagittal crest indicate that this specimen is a male. Additionally, the sex was confirmed
by presence of the baculum, which is typical for the species morphology (Figure 9). The bone length
is 40.6 mm and it has a strongly curved posterior end, while the anterior end is particularly broad,
creating a robust bulge.
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1b 3b 7 8

Figure 8. Cranial material of polecats. Mustela putorius: & skull from Coulet des Roches FdN R 53
(1a—c), @ skull from Aven des Planes (2a,b), right (4) and left mandible (5) of ¢ from Aven des Planes,
right & mandible from Coulet des Roches Fond nord (FAN R 53) (6), right R 7940 (7) and left & mandible
R 3994 (8) from Coulet des Roches heap. Mustela eversmanii: & skull from Aven de la Terrasse (3a,b).
Skulls showed in dorsal (a), ventral (b) and lateral (c) views, mandibles in buccal view. Scale bar 20 mm.

Photos: C. Triat.

NI

19
20
9 1 12 13 14 15 16 21

Figure 9. Postcranial material of Mustela putorius: right humerus (1); left humerus FAN R 35 (2); left
humerus FdN R 36 (3); right humerus R 7096 (4); left humerus R 7090 (5); right ulna R 9326 (6); right
radius G5 16-4 (7); right radius R 9325 (8); left femur G5 16-1 (9); right femur R 3288 (10); left femur
R 9328 (11); right tibia G5 28-1 (12); left tibia G5 16-2 (13); right tibia R 8874 (14); left tibia R 8875 (15);
left fibula M5 432-1 (16); left pelvis G5 18-1 (17); right pelvis R 8876 (18); left pelvis G5 18-1 (19); right
pelvis H5 13 (20); and baculum (21). Scale bar 20 mm. Photos: C. Triat.
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Table 2. Dimensions of Mustela putorius and Mustela erminea skulls and upper teeth from Coulet des

Roches (in mm). References of skull measurements in Figure 3. Abbreviations: P, premolar; M, molar;

L, length; B, breadth; a, anterior; p, posterior; pr, protocone.

Mustela putorius

Mustela erminea

LGM LG-GS 2a LG-GS 2a LGM
FdN R R N4 J3 F5 M5 Me6
Planes
R53 8092 7056 164 23 1 512 320
d Q Q d d Jd Q d Q
1 - 454 433 42.0 46.1 -
2 70.0 - - - 46.3 44.2 425 46.5 -
3 66.3 59.2 - - 43.1 41.2 39.5 43.8 -
4 - - - - 10.2 7.7 - 20.1 -
5 - - - - 27.2 28.6 - 28.2 -
9 - - 16.3 - 20.1 19.4 17.6 20.3 -
10 - - - - 16.3 15.7 14.9 12.3 -
11 12.5 12.7 7.7 - 10.1 9.9 9.2 10.0 -
12 - - - - 26.4 26.0 25.3 - -
13 7.4 6.9 3.9 - 4.5 44 49 44 -
14 - - 9.5 - 12.8 11.2 10.1 11.8 -
15 - - - - 15.0 14.8 14.3 - -
16 - - - - 15.9 15.9 14.5 - -
17 - - 45 - 5.9 54 5.5 4.6 -
18 - - 10.9 - 13.9 13.3 12.0 12.5 -
20 24.3 19.6 11.3 13.6 13.9 14.8 13.7 13.6 13.2
21 15.3 14.7 - 12.6 11.5 129 124 9.2 12.7
22 - - - 21.9 21.2 22.4 21.8 20.0 22.6
23 39.1 31.4 - 20.9 22.0 21.8 21.1 22.3 22.5
24 17.7 15.4 - 11.0 12.3 11.6 11.5 12.6 11.8
25 9.7 6.7 41 - 44 5.1 41 48 -
26 7.7 6.8 4.0 - 49 43 4.3 49 -
27 10.0 8.7 - 6.2 6.9 6.6 6.8 6.5 5.1
28 7.6 - - 5.6 6.1 5.3 6.0 6.3
29 - - - 13.1 14.9 13.4 13.8 14.7 13.1
30 - - - 75 8.4 8.6 7.6 8.1 8.1
32 19.8 16.2 - - - - - - -
P3L 49 42 - - - - - - -
P3B 2.4 2.0 - - - - - - -
P4L 7.2 7.1 44 - 5.2 5.0 49 52 -
P4 L pr - 1.1 - 0.9 1.1 14 3.0 -
P4 Ba 44 4.1 2.1 - 2.6 2.6 2.3 2.7 -
P4 Bp - - 1.4 - 1.8 1.6 1.6 1.9 -
M1L - - - - 4.2 4.3 3.9 45 -
M1 B1 - - - - 1.6 2.0 1.8 2.0 -
M1 B2 - - - - 1.7 1.7 1.7 15 -
M1 B3 - - - - 2.0 2.0 2.2 2.3 -
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Table 3. Dimensions of Mustela putorius and Mustela erminea mandible from Coulet des Roches (in mm).
References of mandible measurements in Figures 4 and 5. Abbreviations: L, left; R, right; p, premolar;
m, molar; L, length; B, breadth; a, anterior; p, posterior; tri, trigonid; tal, talonid.

Mustela putorius Mustela erminea
Coulet: LGM LG-GS 2a LG-GS 2a LGM
R R R R Planes R R R R M4 M34 M4 F4-G4 F5 G5
3994 7940 3995 54 3037 3058 8871 9309 195 1.1 9882 R1-6 R1-4
J d J g L) °R) ¢ ? d g g d ? ? ?
1 444 448 - 417 36.0 - - 214 257 187 258 204 186 - -
2 435 446 - 416 356 - - 201 236 174 235 190 171 - -
3 363 37.1 - 350 315 - - 140 162 118 160 131 127 - -
4 215 215 - 200 187 184 112 134 149 118 155 131 125 - -
5 202 205 - 190 184 178 49 117 121 97 122 108 102 - -
6 99 104 93 93 91 82 60 45 51 44 67 51 47 - -
7 108 108 106 107 102 98 17 66 70 59 66 56 59 - -
8 51 50 35 34 44 33 - 19 24 20 26 21 18 - -
10 - - - - - - - 102 13.0 127 96 80 - -
12 104 100 102 107 77 81 - 49 45 33 51 36 34 - -
14 99 100 102 107 8.1 - 37 42 56 39 45 39 27 - -
17 13.0 13.6 - 131 114 - - 4.4 - 47 67 39 45 - -
clL - 5.3 - 48 35 39 - - - - - - - - -
clB - 3.9 - 37 28 33 - - - - - - - - -
p2L - 2.7 - - - 24 - - - - - - - - -
p2B - 24 - - - 14 - - - - - - - - -
p3L 36 35 40 - 37 40 - - - - - - - - -
p3B 24 21 24 21 19 18 - - - - - - - - -
piL 47 46 45 45 42 44 - - 26 3.1 - 3.3 - - 2.8
p4 Ba - - - - - - - 1.1 14 - 12 - - 1.1
p4Bp 26 26 26 24 21 21 - - 14 17 - 1.6 - - 1.3
mlL 90 86 90 89 82 81 - 52 55 57 46 56 50 5.3 -
mlLti 68 65 67 66 57 59 - 37 43 43 34 44 37 3.5 -
ml L tal - - - - - - - 13 16 16 16 17 12 15 -
m1 B tri 3.8 35 3.8 3.6 3.1 3.2 - 1.8 1.9 2.1 2.1 24 1.8 1.7 -
mlBtal 26 25 27 26 23 24 - 15 16 17 14 19 14 14 -
m2L - 22 - - - - - - - 12 - 1.3 - - -
m2 B - 17 - - - - - - - 12 - 0.9 - - -

The analyzed specimen can be classified as M. putorius, on the basis of its morphology.
Although the individual from Coulet des Roches is almost as large as the M. eversmanii male from Aven
de la Terrasse (Gard) [38], overall the skull is less robust (Figure 10). The elongated and cylindrical
shape of the cranial section between the frontal and postorbital processes, with a narrower rostrum,
less expanded zygomatic arches, with less developed, although still well-defined muscle attachments
and sagittal crest, oval nasal aperture, with broad, V-shaped palatal posterior part, proportionally
smaller orbits and relatively large M1, clearly indicate M. putorius (Figure 11). In addition, joined to
the calvarium, the right mandible comprises many of the morphometric features characteristic of
M. putorius. Apart from the large size and robustly built body, the rounded anterior margin of
quite deep masseter fossa does not reach the m1/m?2 border, the margins of the upper ramus create
a relatively open angle, and the alveolar length of the m2 appears to be reduced, but is still larger than
in M. eversmanii.
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Figure 10. Postorbital skull breadth plotted against condylobasal length in Mustela eversmanii and
Mustela putorius. Data from Marciszak [21], Koby [27], Zapfe [31], Sickenberg [33], Hugueney [35],

and Crégut-Bonnoure and Guérin [38].

3.
‘E
-l
.0 . .
S gn ¢ " . ¢ o *
* o o o * * ety o+ o,
24 ¢ ¢ 0, b LN o o .
00 Pe tat 00 0 T 0, 0 .
. o’ o METIE I .
* ., * . o % e * 7%, ¢ ¢,
N . * o o, 0.0000 e e P4
0. * * 00. .. oo o o
RS IS * . * %9 % 20 4 e o 4 ¢
o o TS . L U SN
* * .’ * g " . ¢ *
. .
o ¢ ¢ e ¢ 4 0 . . ¢
te o N . . o . *
. . .
.... * ... ..0 L J & Mustela eversmanii
* ¢ L . * o Mustela putorius
* o ¢ . .
* *mlﬂmmm
8 9,5
Lm1 '

Figure 11. Length of m1 (L ml) plotted against length of m2 (L m2) in Mustela eversmanii and
Mustela putorius. Data from Marciszak [21], Koby [27], Zapfe [31], Sickenberg [33], Hugueney [35],

and Crégut-Bonnoure and Guérin [38].

At many other sites, such as Coulet des Roches, numerous and often well-preserved postcranial
polecat remains have been found (Figure 9) (Tables 4-8). However, despite some previous
attempts [44,45] to find differences in the morphology and proportions of long bones, no reliable
metric or morphological features distinguish the two polecat species. Some authors found minor
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differences, such as humerus morphology [27,42,45]. However, these studies were usually based on
a relatively small quantity of material, which does not reflect the high variation in the size of both
species. On average, the postcranial material of M. eversmanii, especially long bones and metapodials,
is larger and more robust (sex should be taken into consideration). However, the similarity in the
morphology, proportions and dimensions of both polecats is so strong that postcranial material is
usually classified as a large member of Mustela sp. Reliable taxonomical classification can only be
attempted when these remains are clearly associated with cranial material.

Table 4. Dimensions of mustelid humeri from Coulet des Roches (in mm). References of measurements:
1, greatest length; 2, proximal depth; 3, proximal breadth; 4, midshaft diaphyseal depth; 5, diaphyseal
midshaft breadth; 6, distal depth; 7, distal breadth; 8, trochlear breadth.

Species Collection g 1 2 3 4 5 6 7 8
No.
LGM
Mustela putorius FAN R 36 d 51.9 10.5 115 5.8 4.6 6.9 13.7 9.5
Mustela putorius FAN R 35 d 51.6 103 114 5.7 5.7 6.8 13.5 9.4
Mustela putorius R 7090 d 47.8 11.0 11.6 4.8 4.8 7.7 134 10.7
Mustela putorius R 7096 d 46.6 115 114 4.6 4.6 7.3 13.5 114
LG-GS 2a
Mustela erminea R 3043 g 34.4 5.8 5.8 2.6 24 3.6 6.4 5.5
Mustela erminea R 3044 J/? 33.2 6.3 6.6 2.8 2.5 3.7 6.9 5.1
Mustela erminea R 9295 Q 26.7 5.6 5.4 24 2.3 3.2 5.8 44
Mustela erminea M4 181-20 d 354 6.2 6.6 2.7 2.2 3.7 7.0 5.9
Mustela erminea G4 5-37 d - - - 2.7 24 3.8 7.0 5.4

LGM

Mustela erminea

M4 R 449 (L) J 22.3 6.2 4.1 1.7 1.7 2.8 4.6 4.2

Mustela erminea M4 R 449 (R) d - - - 1.9 1.7 2.6 4.8 4.5
GI3
Mustela erminea G4 26-26 Jd 31.3 6.4 59 24 2.5 3.5 6.1 49
LG-GS 2a
Mustela nivalis R 3016 Jd - - 2.0 2.0 3.3 54 41

21.7 4.1 4.6 1.9 1.5 2.6 5.1 4.1

Mustela nivalis R 3042 Q

LGM
Mustela nivalis M4 214 J 17.0 3.4 3.6 1.3 1.1 2.2 41 35
Mustela nivalis N3-N4 R 30 d 20.4 4.2 4.2 1.6 1.5 24 4.6 34
Mustela nivalis M4 217 d 16.8 3.3 3.7 1.4 1.1 2.3 4.2 3.3
Mustela nivalis N5-N6 R 115 Q 20.0 4.0 4.1 1.8 14 2.5 4.5 3.9
Mustela nivalis H5R 2-5 d 23.7 4.3 4.5 1.9 1.6 3.0 5.0 3.8
Mustela nivalis H4 7-285 d 23.8 4.3 44 1.8 1.6 3.0 5.0 4.2
Mustela nivalis G4 6-13 Q 19.7 3.6 41 1.5 15 2.6 45 4.1
Mustela nivalis G5 7-55 Q - - - - - 2.7 44 3.8
Mustela nivalis G5 7-56 g - - - 1.9 14 2.8 4.3 3.8
Mustela nivalis M3-M4R d - - - - - 2.8 4.7 3.0

71-2

GI3
Mustela nivalis L6 R 8-3 J 25.4 4.5 44 2.0 2.1 2.8 49 3.6
Mustela nivalis L6 R 8-3 d 25.4 4.4 44 1.9 2.0 3.2 5.0 4.2
Mustela nivalis K5 R 76-3 g 28.0 - - 2.5 2.3 3.1 5.5 4.7

GI10-11

Mustela nivalis N5 408-6 d 24.3 4.3 44 2.0 1.9 2.8 5.3 3.9
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Table 5. Dimensions of mustelid radiuses from Coulet des Roches (in mm). References of measurements:
1, greatest length; 2, proximal depth; 3, proximal breadth; 4, midshaft diaphyseal depth; 5, diaphyseal

midshaft breadth; 6, distal depth; 7, distal breadth; 8, trochlear breadth.

Species Collection No. Sex 1 2 3 4 5 6 7
LGM
Mustela putorius R 9327 d 372 44 59 2.7 3.5 74 5.5
Mustela putorius G5 14-4 d 383 41 5.8 2.7 3.7 7.8 5.4
LG-GS 2a
Mustela erminea R 3048 d 23.5 1.8 2.8 1.6 1.9 3.2 2.5
Mustela erminea M4 183 d 25.2 2.2 34 1.5 1.5 2.9 4.1
LGM
Mustela erminea F5R 3-8 Q 21.2 1.9 3.0 14 2.0 3.7 3.7
Mustela erminea F5-G51 Q 214 2.1 3.0 15 1.6 2.5 3.7
Mustela erminea F5 R 4-11 Q 22.7 1.8 3.1 1.6 1.8 2.6 3.8
LGM
Mustela nivalis M3-M4 R 1-4 d - 15 2.2 0.9 1.3 - -
Mustela nivalis M4 217 d 11.3 1.2 1.9 0.6 0.9 1.6 24
GI3
Mustela nivalis K5 R 76-6 d 20.0 1.8 2.8 15 1.6 - -
Mustela nivalis L5-L6 R7-3 d 21.0 2.0 2.9 14 1.6 - -

Table 6. Dimensions of mustelid ulnae from Coulet des Roches (in mm). References of measurements:
1, greatest length; 2, proximal depth; 3, proximal breadth; 4, midshaft diaphyseal depth; 5, diaphyseal

midshaft breadth; 6, distal depth; 7, distal breadth; 8, trochlear breadth.

Species Collection No. Sex 1 2 3 4 5 6 7
LGM
Mustela putorius R 9326 d 474 8.3 49 3.8 3.1 6.4 3.8
LGM
Mustela erminea M4 R 449 d - 29 24 - - - -
Mustela erminea F4R 1-8 Q 27.2 3.5 3.0 2.3 14 2.2 2.1
Mustela erminea F5R1-3 Q 2.4 15 3.2 2.0
GI3
Mustela erminea G4 26-27 Q 26.9 3.6 3.1 2.1 15 3.2 2.1
LG-GS 2a
Mustela nivalis R 3045 d 19.2 4.1 3.3 24 14 34 1.9
Mustela nivalis R 3046 d 21.0 3.3 3.1 1.8 1.3 2.1 1.6
Mustela nivalis M3 53-57 d 19.1 2.8 24 1.5 0.8 2.0 1.2
LGM
Mustela nivalis M3-M4 R 1-3 d 18.1 2.8 24 1.5 0.7 1.8 1.5
Mustela nivalis M4 217 d 15.2 2.3 1.6 0.8 0.8 1.7 1.0
Mustela nivalis M5 R 27 Q - 2.8 2.5 1.8 0.8 - -
Mustela nivalis L5R21-4 d - 3.0 2.3 - - - -
GI3
Mustela nivalis K5 R 76-5 d 25.0 3.7 3.1 1.8 1.3 - -
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Table 7. Dimensions of mustelid femurs from Coulet des Roches (in mm). References of measurements:
1, greatest length; 2, proximal depth; 3, proximal breadth; 4, midshaft diaphyseal depth; 5, diaphyseal

midshaft breadth; 6, distal depth; 7, distal breadth; 8: trochlear breadth.

Species Collection No. Sex 1 2 3 4 5 6 7
LGM
Mustela putorius R 9328 g 546 13.1 6.8 3.9 49 9.5 12.6
Mustela putorius R 3288 d - 135 6.8 4.0 54 - -
Mustela putorius G516-1 d 56.5 126 6.5 4.7 4.7 91 124
Holocene-Atlantic
Mustela erminea J3-K3R 11 d 27.9 5.2 2.9 2.1 2.2 4.2 49
Mustela erminea J3-K3 R 11 og 27.7 5.2 2.7 2.0 2.0 44 4.9
LG-GS 2a
Mustela erminea R 3057 Q 31.1 6.4 3.1 2.3 2.4 49 5.6
Mustela erminea R 9297 g 35.5 6.7 3.5 2.7 2.8 5.7 6.3
LGM
Mustela erminea F4R 4-4 Q 31.9 6.2 2.9 2.6 2.4 4.5 5.9
Mustela erminea F4 R 4-5 Q 32.1 6.1 3.1 2.5 2.7 4.6 5.9
LG-GS 2a
Mustela nivalis R 3049 d 23.9 5.6 2.9 2.0 2.2 4.2 49
Mustela nivalis R 3056 d 25.6 5.8 3.0 2.0 2.2 4.1 5.0
Mustela nivalis M3 53-55 d 21.8 4.8 2.5 1.9 1.9 3.9 4.8
LGM
Mustela nivalis M4 217 d 16.3 3.3 2.0 1.2 1.2 3.0 3.5
Mustela nivalis M4 217 Jd 16.3 34 1.9 1.3 1.2 3.1 35
Mustela nivalis M3-M4 R 56 d 19.8 45 2.6 1.5 1.8 3.7 44
Mustela nivalis M4 R 329 d 20.2 5.1 2.7 1.7 1.9 3.7 44
GI3
Mustela nivalis L6 R 10-2 d 27.0 5.3 2.7 2.0 2.0 41 4.8
Mustela nivalis K5 R 76-7 g 28.0 - - 2.3 2.7 - -

Table 8. Dimensions of mustelid tibias from Coulet des Roches (in mm). References of measurements:

1, greatest length; 2, proximal depth; 3, proximal breadth; 4, midshaft diaphyseal depth; 5, diaphyseal

midshaft breadth; 6, distal depth; 7, distal breadth; 8: trochlear breadth.

Species Collection No. Sex 1 2 3 4 5 6 7
LGM
Mustela putorius R 8874 J 544 9.7 117 52 3.3 6.8 8.7
Mustela putorius R 8875 Jd 540 98 118 51 3.4 6.4 8.6
Mustela putorius G516-2 g 60.7 9.8 11.8 5.1 4.2 6.8 8.1
Mustela putorius G5 28-1 g 60.0 9.7 11.6 45 4.2 6.7 7.8
LG-GS 2a
Mustela erminea Planes 2017 Jd 42.3 5.9 7.0 3.1 2.4 3.8 49
LG-GS 2a
Mustela erminea R 3051 Q 34.4 5.0 5.7 2.2 19 3.0 4.0
Mustela erminea M4 191-7 fog 40.3 5.7 6.2 2.5 2.1 3.6 4.7
LGM
Mustela erminea F4 R1-5 Q 34.3 49 5.8 2.4 2.2 3.1 4.2
Mustela erminea F4 R1-5 Q 344 4.6 5.8 2.3 2.1 3.2 4.1
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LG-GS 2a
Mustela nivalis R 3050 d 28.3 4.7 5.2 2.1 1.8 3.1 3.7
Mustela nivalis R 3052 d 27.8 43 49 2.0 1.6 2.6 3.4
Mustela nivalis R 3053 Q 22.3 3.4 4.5 15 1.0 2.5 2.9
Mustela nivalis R 3054 d 24.5 3.8 4.6 1.9 1.6 24 3.1
Mustela nivalis R 3055 g 26.3 3.8 3.8 1.6 15 2.6 3.4
Mustela nivalis M3 53-56 d 3.9 4.5 1.6 1.4
Mustela nivalis M4 217 d 17.6 2.8 3.5 1.2 0.9 1.7 2.5
Mustela nivalis M4 217 d 17.7 2.8 3.6 1.2 0.9 1.7 2.5
Mustela nivalis M3-M4 R 46 J 21.2 3.8 4.2 1.6 1.2 2.1 3.0
Mustela nivalis M3-M4 R 46 J 21.4 3.7 4.2 1.4 1.3 2.1 3.1
Mustela nivalis N5-N6 R 175 Q 21.0 3.7 3.9 12 1.1 2.1 2.8
Mustela nivalis L553-2 Jd - - - 1.9 1.9 - -
Mustela nivalis G510-2 d 26.4 4.0 4.5 1.5 1.4 2.3 34
Mustela nivalis G4 R 15-6 d 17.9 2.7 34 14 1.0 2.1 2.2
GI10-11
Mustela nivalis M4-N4 R 46-2 d - - - 1.7 15 - -

4.1.2. Mustela erminea Linnaeus, 1758 and Mustela nivalis Linnaeus, 1766

Species diagnosis

Like for many other mustelid species, M. erminea and M. nivalis are morphologically very
similar and distinguishing them can be a risky task, particularly on the basis of isolated remains.
On average, the stoat is larger than the smallest weasel, however, both mustelids are extremely
metrically variable, due to geographical variation and marked sexual dimorphism. In many areas,
large males from the smallest weasel are comparable or even larger than small stoat females.
After detailed analysis, the following features were considered to be reliable criteria for distinguishing
both mustelids (M. erminea compared to M. nivalis) (for indexes the mean was given) (Figures 12-16)
(Tables 3-10) [32,35,36,42,43,46-58]:

1. Overall larger size: condylobasal skull length in M. erminea & is 49.85 mm, 42.00 mm in M. erminea
?,40.67 mm in M. nivalis & and 32.88 mm in M. nivalis @; total mandible length in M. erminea & is
29.02 mm, 22.23 mm in M. erminea @, 21.94 mm in M. nivalis & and 16.52 mm in M. nivalis 2.

2. There is a longer distance between the frontal and postorbital constriction.

3. There is a narrower postorbital bar, in comparison with the frontal breadth narrowing of this
better marked constriction.

4. There is a much larger and rounded infraorbital foramina.

5. Rounded nasal aperture, with the height comparable to the breadth: in M. nivalis the height
exceeds the breadth, and the shape is more oval, the index of breadth to height of the nasal
aperture in M. erminea is 100.4, while in M. nivalis it is 90.8.

6.  Broader posterior part of p4 crown: the index of p4 anterior breadth to p4 posterior breadth in
M. erminea is 82.0, while in M. nivalis it is 90.0.

7. Longer m1 trigonid, with much more marked broadening on the protoconid base: the index of
the talonid m1 length to the trigonid m1 length is 23.4 in M. erminea, while in M. nivalis it is 41.2.

8.  Stronger reduced talonid of m1, the index of m1 talonid breadth to m1 trigonid breadth in
M. erminea is 76.0, while in M. nivalis it is 92.1.
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Figure 12. Schematic presentation of the cranial and dental features distinguishing Mustela erminea (1)
from Mustela nivalis (2). The features are indicated by red arrows, the numbers next to them correspond
to the number of characteristics described in the text.
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Figure 13. Skulls of Mustela nivalis from Coulet des Roches: M4 217 (1a,b); F5 R 1-1 (2a,b); J5 7 (3);
G5 10-1 (4a,b); N3-N4 2 (5a,b); N4 35 (6a,b); M4 548 (7a,b); M3 188 (8a,b); R 8855 (9a,b); R 8856 (10a,b);
R 8857 (11a,b); R 7057 (12a,b); and R 2878 (13a,b). Skulls are shown in dorsal (a) and ventral (b) views.
Scale bar 20 mm. Photos: C. Triat.




Quaternary 2018, 1, 19

§8dede
§d

Figure 14. Skulls of Mustela erminea from Coulet des Roches: F5 5 (1a,b); ]3 23 (2a,b); N4 164 (3a,b);
R 7056 (4a,b); M5 512 (5a,b); and M6 400-4 (6a,b). Skulls are shown in dorsal (a) and ventral (b) view.
Scale bar 20 mm. Photos: C. Triat.
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Figure 15. Postorbital skull breadth plotted against condylobasal length in Mustela erminea and Mustela nivalis.
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Figure 16. Length of m1 (L m1) plotted against length of m2 (L m2) in Mustela erminea and Mustela nivalis.
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Table 9. Skull dimensions of Mustela nivalis from Coulet des Roches (in mm).

19 of 47

References of

measurements in Figure 3. Abbreviations: P, premolar; M, molar; L, length; B, breadth; a, anterior;

p, posterior; pr, protocone.

LG-GS 2a LGM GI10-11
R R R R R R R R N4 N3-N4 M3 M4 M4 G5 G4 F5 N5
2878 7344 8857 8555 7057 8856 8858 8870 35 2 188 217 548 10-janv 11 R1-1 163-1
d d J J J J Q Q d Q d J J J Q d d
1 389 - 345 - 36.0 340 302 - 362 332 - 31.0 343 364 - 32.8 -
2 403 - 352 - 376 342 307 - 373 334 - 31.0 358 372 301 339 -
3 379 - 33.0 - 348 318 289 - 351 314 - 289 331 348 282 319 -
4 155 - 105 - 157 145 216 - 205 153 - - 183 216 - - -
5 236 - 245 - 204 209 11.0 - 85 20.3 - - 18.1 182 - - -
9 172 - 146 168 155 135 125 - 162 14.0 148 128 151 162 119 139 -
10 135 134 105 120 127 115 110 - 126 116 120 11.0 123 123 9.7 112 -
11 78 79 71 - 76 68 75 62 62 7.1 71 65 75 7.9 6.0 6.6 7.7
12 212 - - - 197 - - - - 174 - 152 18.8 - - - -
13 36 86 77 35 34 28 33 32 34 3.7 36 29 29 3.2 2.6 32 -
14 101 91 84 82 93 81 66 69 76 7.6 9.0 69 84 8.7 6.0 8.7 -
15 122 132 - - 123 106 - - 11.0 127 103 10.7 - 10.5 109 -
16 127 140 122 - 129 112 - - 116 117 126 104 118 123 108 109 -
17 43 - 40 37 41 31 30 - 4.0 3.6 42 35 38 4.1 3.1 3.8 -
18 105 106 91 99 106 84 71 85 87 9.0 9.8 81 - 10.3 8.7 9.4 -
20 107 - 9.6 94 95 86 - 9.6 8.9 90 84 98 9.7 8.5 9.0 10.4
21 8.7 - 87 81 76 77 81 - 82 8.4 76 70 75 7.7 8.0 7.1 8.0
22 179 - 165 - 164 151 147 - 163 163 - 135 15,6 16.6 155 144 -
23 188 - 170 - 184 156 146 - 169 165 - 138 167 178 140 156 -
24 109 - 102 - 100 94 83 - 9.3 - 9.0 94 9.8 8.4 8.8 9.8
25 38 36 33 35 31 32 27 27 33 2.9 3.0 29 30 39 32 3.1 3.6
26 39 34 36 37 34 35 28 34 36 3.1 36 26 36 3.5 29 2.6 37
27 6.2 - 6.1 - 57 47 46 - 54 - 50 51 5.1 4.6 5.0 58
28 49 - 4.7 - 45 50 45 - 4.8 - 40 49 4.1 4.0 42 4.8
29 133 - 1.8 - 13.0 115 105 - 123 115 - 106 121 10.7 9.9 114 -
30 7.8 - 6.8 - 69 63 6.1 - 7.2 6.7 - 54 64 7.7 5.1 6.4 -
P3L - 2.5 - - 1.9 - 22 21 - - - 1.8 - 25 - 1.9 -
P3B - 11 - - 1.0 - 1.0 1.0 - - - 11 - 13 - 0.9 -
P4L 43 45 38 - 39 35 39 34 41 - 40 37 40 4.1 - 4.0 45
P4Lpr 11 12 08 - 07 07 07 10 11 - 09 07 09 24 - 1.6 0.9
P4 Ba 24 24 22 - 22 20 23 22 22 — 22 21 23 2.5 - 24 24
P4 Bp 15 15 13 - 15 13 10 12 13 - 15 13 14 1.2 - 1.2 1.5
M1L 32 35 30 - 30 31 30 - 32 2.8 - 27 33 - - 32 -
M1 B1 1.3 12 11 - 15 12 14 - 1.2 14 - 1.5 15 - - 1.1 -
M1 B2 15 15 12 - 14 11 1.0 - 1.7 1.3 - 12 12 - - 1.1 -
M1 B3 1.8 18 14 - 14 14 11 - 14 15 - 14 18 - - 1.5 -

Table 10. Mandible dimensions of Mustela nivalis from Coulet des Roches (in mm). References of

measurements in Figures 4 and 5. Abbreviations: L, left; R, right; p, premolar; m, molar; L, length; B,

breadth; a, anterior; p, posterior; tri, trigonid; tal, talonid.

LG-GS 2a
R R R R R R R R R R R R R R M3 M5 M3-4 M3-4
3034 3035 3036 3038 3039 3719 3059 8858 8858 3060 9294 9295 9306 9326 61-4 41-4
d d d Q ? d d ? Q [e4 d ? Q d [e4 Q d d
1 170 143 163 162 - 208 182 149 150 195 203 187 16.8 194 172 157 -
2 16.1 133 155 154 - 199 170 143 143 184 193 172 158 174 184 158 147 -
3 114 9.7 106 109 - 136 119 101 102 131 131 115 108 13.2 123 121 10.8 -
4 103 - 96 110 - 133 117 102 9.9 124 122 116 104 117 115 113 88 -
5 89 - - 89 83 10.2 9.9 8.3 8.1 100 100 94 90 89 94 89 85 9.5
6 37 - 44 44 40 53 4.2 34 35 4.6 48 43 34 38 97 42 39 4.8
7 45 49 - 48 41 53 55 47 53 49 53 47 47 54 51 43 44 5.1
8 19 - 16 15 14 21 15 1.8 1.9 25 19 12 15 - 16 17 12 -
10 81 88 - 82 - - — 6.8 6.9 9.2 103 91 86 - 91 83 76 -
12 34 - 32 30 28 4.3 - 25 27 3.5 43 40 29 36 46 36 29 -
14 32 - 31 31 31 42 34 29 33 4.0 42 37 33 44 34 2.8 34
17 47 34 35 33 - 4.3 33 32 4.7 45 48 41 - 45 42 37 3.8
p2L - - - 1.0 - - 0.8 - 1.2 - 1.2 - - - - 15 -
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Table 10. Cont.

p2B - - - 0.9 - - 0.5 - 0.8 - 08 - - - - 0.7 -
p3L - 23 - - 1.9 - 13 - - - 21 14 - - - - 1.6
p3B - 09 - - 1.1 - 0.9 - - - 1 09 - - - - 1.0
p4L 22 - 21 - 1.6 2.6 - 1.9 1.9 2.4 - 23 23 - - 20 20 2.3
p4 Ba 07 - 08 - 0.0 1.1 - 0.9 0.7 0.9 - 12 11 - - 09 09 1.0
p4 Bp 1.1 - 09 - 1.2 15 — 11 0.8 1.2 - 14 12 - - 11 1.0 14
mlL 40 43 - 39 33 44 45 3.7 3.6 44 43 38 39 46 42 39 45 4.2
mlLti 27 29 - 28 25 33 33 2.7 2.7 3.4 32 33 28 33 29 27 29 3.0
mlLtal 13 13 - 09 07 1.1 1.2 0.9 1.0 13 1.3 08 11 13 15 14 07 0.9
mlBti 13 16 - 16 15 1.7 1.9 14 1.3 15 16 17 15 19 14 15 15 1.5
mlBtal 12 15 - 15 13 15 15 11 1.1 13 13 13 13 15 13 12 12 14
m2L 08 - - - - 1.1 - - - 0.6 - 07 - - - 05 07 -
m2 B 09 - - - - 1.2 - - - 0.7 - 0.7 - - - 06 11 -
LGM GI3 GI3?
N5-6 M4 M4 M4 G5 F5 F5 L6 L6 L5 Meé-7 Mé-M7
R1 217 458 458 R1-2 R5-8 R10-1 R10-1 53-1 Ré62-1 R57-1
d d [e4 d d d o4 d d d d
1 178 157 185 - 166 173 172 194 - 188 207 208
2 16.6 15.0 17.0 - 159 161 161 181 - 178 193 193
3 115 108 125 - 113 114 110 120 - 131 133 137
4 10.7 101 114 - 106 109 11.0 121 - 11.7 126 129
5 95 86 93 - 8.5 8.8 9.5 9.9 - - 11.1 102
6 88 43 43 - 3.9 4.7 4.0 4.8 - - 51 44
7 50 46 50 - 45 45 4.6 58 - 6.4 6.0 65
8 19 11 14 - 1.6 24 21 22 - 1.9 09
10 85 76 88 - 8.5 8.0 8.0 10.1 - 108 102 103
12 39 31 36 - 4.0 33 39 3.7 - 33 45
14 34 29 39 - 3.5 32 34 3.8 - 3.6 39 38
17 44 40 45 - 4.0 4.1 4.0 4.5 - 5.9 49 50
p2L - 09 09 10 - 0.7 - - - - - -
p2B - 07 07 10 - 0.7 - - - - - -
p3L - - 15 17 16 1.9 2.3 - - - - -
p3B - - 1.0 1.0 12 1.0 1.1 - - - - -
p4L 21 20 20 20 - 2.0 2.3 22 - - - 2.6
p4 Ba 08 10 11 11 - 0.8 11 11 - - - 1.2
p4 Bp 13 13 12 13 - 0.9 1.1 1.1 - - - 14

mlL 43 41 42 43 40 4.0 4.4 48 5.0 54 51 53
mlLti 31 27 30 33 26 29 33 35 33 4.0 36 36
mlLtal 1.1 08 11 11 1.2 15 15 1.6 1.5 1.8 14 13
mlBti 19 14 17 14 14 14 14 1.7 1.8 1.9 1.8 20
mlBtal 1.7 12 15 13 13 1.2 1.2 15 1.6 1.8 1.6 17

m2L 1.0 - 14 - 0.9 1.0 — 1.0 1.1 1.0 - -

m2 B 08 - 09 - 0.7 1.0 - 0.7 1.1 0.9 - -

4.1.3. Taxonomy

The examined mustelid material from Coulet des Roches represents three species: M. putorius,
M. erminea and M. nivalis. M. putorius is represented by a total number of 66 bones, belonging to four
males (NISP = 66, MNI = 4). The M. erminea material is represented by 99 bones, belonging to eight
males and six females (NISP = 99, MNI = 14, 8 ", 6 29). In total, 272 bones were assigned to the
most abundant species, M. nivalis, represented by at least 48 individuals: 18 from excavated sediments,
5 from the Late Glacial-GS 2a, 21 from the Pleniglacial-LGM, 3 from GI 3 and 1 from GI 10-11 (MIS 3).
There are 32 males, 12 females, and 4 indeterminate specimens (NISP = 272, MNI =40, 38 &', 12 99,
and 4 indeterminate) [17].

These species are widespread throughout the European Pleistocene and have been recorded in
numerous paleontological sites [21,59]. In addition, archaeological excavations have yielded many
single occurrences of mustelid species of different ages [21,59]. However, despite their relative
abundance in faunal assemblages, these carnivores are usually represented by a limited number
of individuals and remains, for several reasons. First, during earlier excavations (especially those
carried out by archaeologists), sediments were either not sieved or washed at all, or only to a very
limited extent [60]. Another reason is the small size of mustelids and the high probability of mistaking
their remains, especially postcranial elements, for rodents, bats or even insectivores. They are often
simply overlooked during taxonomic analysis, or mislabeled. The third reason is that they are too
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small to be a valued prey for humans and were usually only introduced to archaeological sites
accidentally [21,59,60]. Birds of prey, owls and larger carnivores, e.g., Vulpes vulpes, or even larger
mustelids, rather than humans, are responsible for the accumulation of mustelid remains. Despite their
agility and ferocious defensive behavior, these small carnivores are relatively vulnerable to attacks by
their larger counterparts [61,62].

Forest polecat specimens from Late Pleistocene sites in Europe (including France) have been
included in M. putorius putorius [21,39,40]. Their size and morphology are within the variability ranges
of recent nominative subspecies occurring in Europe [39]. Nowadays, this species is characterized
by smaller dimensional variability than the steppe polecat, and individuals from different regions
of Europe reach similar sizes. Only Scandinavian populations are characterized by slightly larger
dimensions [32,39]. The forest polecat prey spectrum is more diversified than the steppe polecat diet.
The diet consists mainly of small mammals and amphibians (in the United Kingdom, mostly rabbits)
with high seasonal variation [39,63,64]. This species is currently associated with the fourth and sixth
plant zones [65]. It shows preference for aquatic and marshy areas, and usually inhabits the edges of
large forest complexes and mosaic areas. On the other hand, unlike the steppe polecat, it avoids large
open steppe-like areas. It also shows strong synanthropization [63].

The steppe polecat is closely associated with open areas and steppes (with the sixth and
seventh plant zones) and, unlike the forest polecat, it does not undergo synanthropization [39,40,65].
The remains of M. eversmanii in cave sediments generally occur with a large number of rodents from the
genera Spermophilus Cuvier, 1825, Cricetus Leske, 1799, Cricetullus Milne-Edwards, 1867 and Microtus
Schrank, 1798. This confirms the existence of open steppe areas during the deposition period [33,40,65].

Polecats are quite rare species in cave deposits and are usually represented by a small number
of individuals. This is mainly due to the type of environment they inhabit. Both species avoid
rocky habitats [32,39,40]. Polecats are characterized by a weaker climbing ability and, unlike martens,
they rarely enter caves in search of food. On account of their relatively large size and aggressive
defense (among others, the ability to expel foul-smelling substances from perianal areas), they rarely
fall prey to other predators. Water transport and the role of caves as traps also played an accumulating
role. Humans also played a role, using some animals for fur [32,59]. The species is relatively rarely
reported in the Pleistocene deposits of France. It is absent from the faunal lists of the rare sites with
Pleniglacial and Tardiglacial assemblages in the southeast of France, with the exception of Aven des
Planes, where it is represented by a female skull with mandibles from layer E of GS 2a [66]. In this
context, the presence of four individuals in Coulet des Roches is noteworthy.

Complete skulls of the smallest mustelids, the stoat and common weasel, are rare finds, especially
for the Late Pleistocene. Abundant cranial material from the Late Glacial southeastern French locality
Coulet des Roches is unique for two major reasons. Firstly, it is conducive to a detailed metric
and morphological analysis, and, secondly, in one locality, three different “eco-types” of M. nivalis
are represented.

The stoat, M. erminea, has been found in two studied French localities. Five individuals come from
LGM levels in Coulet des Roches and the species was also found in LG levels dated to GS 2a in Aven
de Planeyssard (Vaucluse). Remains of the stoat are much less frequent than those of the common
weasel. This is a typical situation for mustelids, where larger species are outnumbered by their smaller
cousins. Females are more frequent than males (6:4); and the skulls belong to quite young individuals,
mostly from age classes I and II.

The weasel, M. nivalis, has been found in LG and LGM layers from Coulet des Roches and in
LG layers from Aven des Planes, as well as two Holocene Vauclusian localities: Mont Ventoux 4 and
Dolmen Goult (Bronze Age) [66]. In Coulet des Roches, the fossil material from weasels heavily
outnumbered stoats, and males are much more frequent than females. Most remains belong to young
and adult specimens with unworn teeth and the postcranial material is also well preserved.

Due to its circumboreal Holarctic distribution, M. nivalis shows high size variation,
which generally does not follow Bergmann’s rule. The variability of this subspecies has recently
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been summarized by Abramov and Baryshnikov [67], who divided weasels into three main groups
(Figure 17):

(@) Thelargest, long-tailed group boccamela—numidica, the so-called “Mediterranean or Transcaucasian
weasels”, which occur along the Mediterranean coast, are regarded as the most primitive weasels,
the direct descendants of Middle Pleistocene ancestors;

(b) Average-sized, shorter-tailed weasels form the nivalis-vulgaris group, the so-called “common
weasels”, which recently inhabited most of Europe; and

(c) Dwarf and small, short-tailed weasels form the pygmaea—rixosa group, the so-called “least or
pygmy weasels”, which occupy the Northern hemisphere and cold and snowy climates [31,66].

Figure 17. Three basic types of Mustela nivalis weasel, examined as “eco-types”: (left) dwarf,
short-tailed pygmy (least) weasel (eg., M4 217) forming the pygmaea-rixosa group, characteristic of
northern, cold climates; (middle) average, short-tailed common weasel (eg., R 8857, R 7057) from
the vulgaris-nivalis group, typical of temperate climates; and (right) large, long-tailed Transcaucasian
weasel from the boccamela-numidica group, characteristic of warm climates. Note size differences.
After King and Powell [62] and Abramov and Baryshnikov [67], modified.

Large weasels from the boccamela—numidica group had a much wider geographical distribution
during the Middle Pleistocene, but, due to pressure from ice sheets, they were pushed southwards, to
Southeast Asia and North Africa. However, some isolated populations (e.g., M. nivalis subpalmata in
Egypt) remained and evolved in isolation from the rest of the weasels [68]. During glaciations, the size
of Mustela nivalis decreased rapidly and smaller, better adapted animals to cold and snowy climatic
conditions came from the east. The smallest pygmy weasels (form known in the literature as “minuta”)
co-existed alongside this species. The occurrence of the pygmy weasel in Western Europe is typical
during glacial maximums, when this form even inhabited the Iberian Peninsula. In the postglacial
period, when the climate became warmer, this highly evolved form was replaced by average-sized,
more opportunistic weasels from the nivalis-vulgaris group. In Western Europe, dwarf weasels only
survived in small isolated refuges, for example, high-altitude habitats in the Alps and Pyrenees [62,67].

Recently, two weasel subspecies occurred in France: a smaller, common weasel with a relatively
short tail, M. nivalis vulgaris Erxleben, 1777, which inhabited most of France and the second, larger,
long-tailed Transcaucasian weasel, M. nivalis boccamela Bechstein, 1800, which occurred in Southern
France [32].

The M. nivalis specimens from the Late Glacial locality Coulet des Roches are characterized
by a generally small, or at most medium size (condylobasal length (CBL) d'd" = 36.0 mm,
CBL ¢?2 = 31.7 mm). They are slightly smaller than the vulgaris subspecies that occurred recently
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in most of France (CBL ¢'d = 38.8 mm [31.5-43.0] mm, CBL 2% = 33.2 mm [25.8-36.0] mm) [31]
(Figure 15). This suggests that they might represent the population pushed further south (or further
east) during the LGM, and that they re-colonized this area after the disappearance of the ice sheet.
The slightly smaller size of the individuals from Coulet des Roches points to still unstable climatic
conditions and some colder periods during the accumulation of sediments. The medium size of the
mandibles and long bones is generally comparable to the dimensions of weasels from other Late
Pleistocene French localities, e.g. Coudes, La Colombiere, La Baume de Gigny, Lourdes Calvaire or
Grotte du bois de Cantet [35,36,52,69] (Table 11).

Table 11. Lower carnassial (m1) size comparison between the weasel Mustela nivalis from different
late Middle Pleistocene, Late Pleistocene and Holocene localities. Abbreviations: H, Holocene; Min,
minimum; Max, maximum; m, average; SD, standard deviation; L this work; 2 [36]; 3 [35]; % [69]; ® [34];

and ° [67].
Site Sex n Min Max m SD
Coulet des Roches ! d 13 4.01 4.53 4.28 0.14
Dolmen Goult (H) ! g 4.77 4.79 478 -
Les Planes (H) ! g 1 - - 451 -
Grotte de Gerde 2 g 18 4.00 4.70 432 0.24
Coudes 3 g 2 423 4.49 436 -
Lourdes Calvaire 2 g 3 4.00 4.00 4.00 -
Grotte du bois de Cantet g 2 4.30 4.50 4.35 -
La Colombiere 3 d 23 3.84 4.49 4.14 0.20
La Baume de Gigny 5 ot 24 3.78 4.42 4.10 0.18
Abimes de la Fage 3 d 114 4.01 4.96 4.40 0.20
France recent (vulgaris) © g 22 - - 421 0.20
South Europe (boccamela) 6 d 17 - - 4.60 0.10
Coulet des Roches ! Q 7 3.33 3.91 3.70 0.21
Coulet des Roches (H) ! Q 2 3.82 3.93 3.88 -
Grotte de Gerde 2 Q 8 3.60 3.90 3.75 0.09
Coudes 3 Q 2 3.46 3.84 3.65 -
Lourdes Calvaire 2 Q 1 - - 3.50 -
La Colombieére 3 Q 30 3.26 3.83 3.57 0.16
La Baume de Gigny 5 Q 25 3.00 3.78 3.48 0.20
Abimes de la Fage 3 Q 69 3.24 3.98 3.69 0.21

The morphology of this male suggests a fully adult age, which is confirmed by fully fused sutures,
good development of postorbital constriction and slightly worn teeth and is also comparable to the
morphology of pygmy weasel skulls. In general, the skull of the smallest weasels still retains some
juvenile features in adults. As Heptner and Naumov ([32] p. 969) stated: “On the whole, the weasel
skull, especially that of the smallest forms (rixosa group) has infantile features in comparison to other
closely related species of the genus (ermine, Siberian weasel). These are expressed in the relatively
large size of the entire cranial portion, in the size of its anterior part (on the extension of the zygomatic
arches-the frontal part), in the unusual shortening of the facial part, the weak development of the crests
and in general sculpturing”.

Only two specimens are larger than the others. The first is male no. R 2878 (CBL = 40.3 mm),
which is larger than the other individuals, but its dimensions also correspond well to the size range
of the vulgaris subspecies (CBL &d" = 38.8 mm [31.5-43.0] mm), rather than to the size range of the
boccamela type (CBL o’d" = 42.1 mm [41.0—-46.2] mm). This suggests that almost all the weasel material
from Coulet des Roches (apart from the pygmy male M4 217) belongs to average-sized weasels from
the vulgaris group, which inhabited this area until recently. Only the large, massive mandibles from
the Holocene localities Dolmen Goult (JZ 431) and Les Planes can be considered as possible boccamela
specimens, but due to the limited number of specimens, this is rather risky.
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The second individual is represented by a complete left mandible (collection No. M3-M4 1-1) of
a large male. It presents a unique morphology with features typical of both the stoat and the weasel.
In this specific case, size criteria are unusable, as the dimensions are in the size range of large male
weasels and small female stoats. Usually, in such cases, if the length of the lower carnassial is more
than 5 mm, the specimen is attributed to the stoat rather to the weasel. However, in the above case,
this is not clear. The lower carnassial is characterized by a quite short and clearly reduced talonid,
which is more typical of the stoat. The second aspect is the relatively low and slender body of the
mandible, which is usually more typical of females than males.

However, multivariate analysis showed that this is rather a large boccamela type male. This large
weasel is characterized by the occurrence of such unusual male individuals, with a morphology typical
of both forms. In addition, the relatively narrow m1 is weasel-like rather than stoat-like and its size is
much more typical of the boccamela type (Lm1 = 4.60 mm) than the vulgaris type (Lm1 = 4.21 mm) [67].

This factor contributes to the uniqueness of the Coulet des Roches site. It seems that this site
was located on the border of a contact zone of two different weasel types: vulgaris and boccamela.
Recently, the boccamela group weasel only inhabits the southernmost part of France, around the
Mediterranean coast, while the vulgaris type is widely distributed across France. In a few isolated
populations, at high altitudes in the Alps and Pyrenees, relict rixosa type populations also occur;
the so-called “Ice Age survivor”. The contact zone between the vulgaris and boccamela types is not
clearly defined, and weasels from both populations cross each other’s boundaries and sometimes
occur in the same area. A similar situation could have occurred at Coulet des Roches.

Similar to the weasel, the stoat also shows high geographical differentiation, but the level of
this variability is less pronounced than for the weasel [62]. It seems that Late Pleistocene stoats were
smaller than Holocene and recent stoats, but the limited number of specimens rules out detailed
analysis. The stoat is always much less frequent than the weasel in the same localities, and Roches
des Planes is no exception. M. erminea fossil material from this locality, as well as the female skull
from Aven de Planeyssard, are smaller than the modern, large stoat M. erminea erminea Linnaeus, 1758,
which still inhabits France (CBL o’d" from Coulet des Roches = 45.3 mm [44.2-46.3] mm vs. recent
M. erminea &J Average = 49.6 mm) [70].

The stoat material from Coulet des Roches is more comparable to the medium-sized subspecies
M. erminea aestiva Kerr, 1792, which now occurs mostly in Central Europe. The dimensions of this
latter species lie within the range of dimensions of M. aestiva (CBL &"d® Coulet des Roches = 45.3 mm
[44.2-46.3 mm] vs recent aestiva 3" = 47.8 mm [43.4-50.3] mm, n = 45). In addition, in this case, similar
to the weasel, the smaller size of the stoat confirms the limited role of the ice sheet, which pushed
northern species such as the wolverine and the stoat as far south as the Iberian Peninsula [47,71].

Long bones from the smallest mustelids are less informative than the cranial material. However,
due to the good state of preservation and their abundance, they can also provide useful information.
The analysis of long bones according to their stratigraphic position confirms previous observations
(Figure 18). The skeleton associated with the M4 217 skull is particularly small and the long bones are
very small, even if they belong to a male. Conversely, the bones found in the clay layer attributed to the
climatic oscillation GI 3 and the GI 10-11 interpleniglacial are larger than those from the Pleniglacial,
and similar in size to the current common weasel, M. nivalis vulgaris. The long bones associated with
the ermine skulls are clustered together and are similar in size to present-day weasels. It is important
to note that the humerus R 9295 fro the extracted sediments displays similar proportions to those of
the weasels from the GI 3 oscillation.
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Figure 18. Mustela erminea and Mustela nivalis long bone size comparison (larger, Mustela erminea;
smaller, Mustela nivalis; red, males; and black, females). Black circles indicate individuals from
Coulet des Roches. Dimensions of comparative recent material according to Rechstein [55,56] and
measurements according to A. Marciszak.

4.1.4. Comments

The presence of skulls and almost all the bones in a good state of preservation is quite remarkable.
The new analysis of the remains led to some adjustments and to more accurate counts of individuals.
It confirms the difference in size between weasels and ermines, but also climate-dependent size
variations in weasel and ermine individuals. As with many mammals groups, the size of these small
mustelids decreased during glaciations.

The presence of the pygmy weasel, M. nivalis minuta, is confirmed throughout LGM and LG
(GS 2a). This form is typical of glacial maxima, even in the Iberian Peninsula, and survived in Western
Europe in some Alpine and Pyrenean refuge zones during climatic warming [2,62,67]. The M4 217
skeleton is located in the upper part of the glacial unit. At the same depths, the other individuals
are larger but are nonetheless smaller than the current M. nivalis vulgaris. The few contemporaneous
elements from GS 2a are identical in size to the LGM group, with the exception of the individual
attributable to the pygmy weasel. The minuta and vulgaris forms thus coexisted in the Coulet des
Roches area.

The largest individuals were found in the clay layer deposited during the temperate climatic
oscillation GI 3 and during the GI 10-11 interpleniglacial. The metric parameters assimilate them to
the current M. nivalis vulgaris. The ermine is comparable to the small subspecies M. erminea aestiva,
present today in Central Europe, from Russia to Kazakhstan.

4.2. Equid (NB)

Equus ferus gallicus Prat, 1968

From 2007 to 2017, 17 horses were identified. Five belong to GS 2a. Six are dated to
the end of the LGM, two are contemporaneous with GI 3 and four with the LGM (Table 12).
Eleven skulls and nine complete skeletons were preserved (Figures 19 and 20). These horses are
similar to the chrono subspecies Equus ferus gallicus [2]. The name Equus ferus is used here and
not “caballus”, as recommended by the International Commission on Zoological Nomenclature
(ICZN) [72], as although the latter name is commonly applied to wild Pleistocene horses, it remains
questionable [73,74]. The present analysis concerns the muzzles, the proportion of long bones,
the metapodials and the third phalanx, which enable us to evaluate the size of the species and
adaptation to climate conditions.



Quaternary 2018, 1, 19

Table 12. Equus ferus gallicus. Radiocarbon dates. Abbreviation: BA: Beta Analytic.

26 of 47

Calibrated BP Datations IntCal09 References
IntCal09 Calibrated BP Calibrated BC Material Sedimentary Unit Laboratory
LG—GS2a
18,300-16,300 16,450-15,210 14,501-13,261 Mare; K4 9 US3 BA 267379
16,476-15,225 14,528-13,276 Mare; N5 76 Us3 BA 267380
LGM
18,623-18,021 16,623-16,072 Mare; K3 111 Us3 BA 267378
21,520-21,320 19,570-19,370 Mare; N4 289 US3 BA 308066
21,670-21,320 19,720-19,370 Stallion; M4 547 US3 BA 329249
24,240-23,950 22,290-22,000 Mare; M4 910 Us3 BA 388485
GI 3 oscillation
26,000-27,000 26,375-26,020 24,425-24,070 Stallion; N5 680 Us3 BA 422567
26,700-26,250 24,750-24,300 Stallion; L6 41 US3/clay BA 422566
LGM
27,107-26,610 25,155-24,660 Stallion; M5 244 US3/scree BA 388486
27,462-27,075 25,513-25,126 Stallion; M7 97 US3/scree BA 476994
27,580-27,375 25,630-25,425 Mare; L5 78 bis US3/scree BA 447017
27,783-27,441 25,834-25,492 Mare; M6 437-1 USs3/US5 BA 476993

Figure 19. Equus ferus gallicus, Stallion L6 41. Radiocarbon date: 22,190 & 90 cal BP (GI 3). Photo: E.

Crégut-Bonnoure.

Figure 20. Equus ferus gallicus. Stallion skull L6 41. Radiocarbon date: 22,190 & 90 cal BP (GI 3). Photos: C. Triat.
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4.2.1. Muzzle

All the individuals, including the new ones, are characterized by a rather short (in comparison to
the palatal length, not figured) and large muzzle (Figure 21 and Table 13), as previously shown [2].
The unique specimen from the LG level is in keeping with the distribution of specimens from the
LGM (Figure 21). Apart from the long and narrow muzzle of the Portugal horse Equus ferus antunesi,
the specimens from Coulet des Roches and other Late Pleistocene horses have a larger muzzle than
that of the current Prjewalski’s horse (which is just used as a modern comparison sample, as a recent
DNA study suggests that this horse may descend from domesticated horses [75]). The three E. ferus
gallicus specimens from Jaurens (Corréze), dating from the end of MIS 3, overlap with those from
Coulet des Roches but are on average a little narrower. The two specimens from Siréjol (Gignac, Lot)
are clearly narrower. The incisor from the horse from Le Mounoi (Signes, Var) is included in the Coulet
des Roches sample (Figure 21). Equus ferus latipes (MIS 2, Mezin, Ukraine) has a longer muzzle and
narrower proportions. Finally, the muzzle of the horses from Coulet des Roches is as large but a little
longer than the Magdalenian specimen from Le Quéroy (Charente).

The short and large muzzle could represent an adaption to a cold climate and grazer
specialization [76-78].
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Figure 21. Muzzle length in relation to maximal muzzle breadth. Coulet measurements in Table 13.
Comparative data: Przewalski’s horse, Siréjol, Jaurens, and Mezin [79]; Fontaihnas [80]; Mounoi [81];
Quéroy 1 [82].
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Table 13. Muzzle dimensions of Equus ferus gallicus from Coulet des Roches (in mm). Measurement
system according to Eisenmann [79].

Length (5) Breadth (17)

LG-GS 2a

N5-106 Q 120.6 76.0
LGM

N4.289.1 Q 124.0 82.5
M4-546 d 115.0 79.5
L4 78 + M4 878 + 879 Q 116.5 75.0
L6-41 d 128.0 73.8
N5-680 d 78.0
L5-78 Q 115.5 774
M6 437-1 d 124.4 824
M7 97 d 123.4 73.5

4.2.2. Limb Bones and the Third Anterior Phalanx

The differences between Upper Pleistocene Western European horse populations are mainly
size related (Figure 22) (Table 14). Horses underwent a decrease in size from the end of the Middle
Pleistocene onwards [83-85]. The general size of the horse from Coulet des Roches (LGM and LG)
corresponds to the chrono subspecies E. ferus gallicus (end of MIS 3 and MIS 2). Indeed, the average
profiles are very close to the type from the “Aurignacian-Perigordian” levels of Solutré (beginning
of MIS 2; Saéne-et-Loire) and from the population from Jaurens (end of MIS 3) (Figure 22). On the
other hand, they are smaller in size than the last E. ferus germanicus ((MIS 3, Tournal B-D (Bize, Aude),
Pair-non-Pair (Prignac-et-Marcamps, Gironde)) and larger than E. ferus arcelini (Magdalenian levels
of Solutré, end of MIS 2) which is consistent with the absolute dating. The same average size is
conserved in the LG sample (Figure 22), while horses are smaller in other regions (Centre of France,
the Rhineland), as previously demonstrated by the existence of a geographical cline during this
period [85-87]. In Eastern Europe, E. ferus latipes (MIS 2, Mezin, Ukraine) is larger (Figure 22).
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Figure 22.Ratio diagram of bone length and third phalanx breadth of Pleistocene horses. Coulet
des Roches measurements in Table 13. Reference: Przewalski’s horse [79]. Comparative
data: Jaurens and Mezin [79]; Portugal [80]; Tournal B-D [81]; Gonnersdorf [86]; Pair-non-Pair,
Saint-Germain-la-Riviere [88]; Solutré [89]; Quéroy I [82]. Abbreviations: H, Humerus; F, Femur;
R, Radius; T, Tibia; MC, Metacarpal; MT, Metatarsal; PH1A, First Anterior Phalanx; PH1P, First
Posterior Phalanx; PH3A, Third Anterior Phalanx.
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Table 14. Length of the limb bones and third phalanx of Equus ferus gallicus from Coulet des Roches
(in mm). Average value and number of specimens. Abbreviations: H, Humerus; F: Femur; R, Radius;
T, Tibia; MC, Metacarpal III; MT, Metatarsal III; PH1A, First Anterior Phalanx; PH1P, First Posterior
Phalanx; PH3A, Third Anterior Phalanx; (), number of specimens.

H F R T MC MT PH1A PH1P PH3A

LG-GS2a  2809(4) 3841(6) 3329(6) 3393(5  2233(6) 2660(8) 857(8) 841(8) 795(7)
LGM 2822 (14) 389.2(11) 326.6(14) 3433(12) 2187(19) 261.8(16) 85.1(14) 835(13) 80.0(12)

In terms of proportions, the metacarpal of the Coulet des Roches LGM horse is shorter than that
of E. ferus germanicus (Tournal B-D, Pair-non-Pair). This difference may be related to a more open
environment during MIS 2. The phalanxes also display differences: the first phalanxes of the Coulet
des Roches horses (LGM and LG) are on average as long as those from the beginning of the Upper
Paleolithic levels of Solutré (E. ferus gallicus), whereas the first phalanxes of the Magdalenian horses
from Saint-Germain-la-Riviéere (Gironde), Gonnersdorf (Germany), and to a lesser extent Solutré,
are proportionately shorter (Figure 22).

Finally, the third phalanx of the horse from Coulet des Roches is narrower than most other
populations of Upper Pleistocene true horses, with the exception of E. ferus antunesi (Figure 22).
The horses from Coulet des Roches seem to have frequented less heavy or harder habitat grounds [90].

4.2.3. Individual Variation of the Metacarpal

According to the distribution of current equids, the robustness of the metapodial diaphysis
correlates well with hygrometric conditions. A more massive diaphysis corresponds to a humid
environment and a more gracile diaphysis to a dry/arid environment [91]. Rapid and reversible
variations in the proportions of the diaphysis according to this climatic parameter seem to be
confirmed on true Pleistocene horses [85]. They are related to phenotypic plasticity rather than
a micro-evolutionary mechanism. In the case of Coulet des Roches, slender metapodials could indicate
dryer conditions and also geographic particularism [2].

Variations in the proportions of the metacarpal diaphysis at individual level could also reflect
climate acclimation. The GS 2a metacarpals are slenderer than those from the LGM (Table 15)
(Figure 23). In the sample from the LGM, the GI 3 horses (“T”) display a more robust metacarpal
diaphysis (Figure 23). The robustness index values of these two individuals are close to the average
index value of the E. ferus gallicus metacarpals from Solutré (Figure 23), mainly from the formation of
“magma” also correlated with the humid oscillation of “Tursac” (GI 3) [89,92,93].
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Figure 23. Robustness index in relation to the length of metacarpal III. Robustness index = width of
diaphysis in the middle (3)/length (1) x 1000. Comparative data: Solutré Aurignacian/Perigordian [89];
Solutré Gravettian [86]. Measurement system according to Eisenmann [79]. Abbreviation: T, “Tursac” (GI 3).



Quaternary 2018, 1, 19 30 of 47

Table 15. Metacarpal III of Equus ferus gallicus from Coulet des Roches (in mm). Abbreviations: L, left;
R, right. Measurement system according to Eisenmann [79].

Length (1) Breath at Mid-Diaphysis (3)  3/1 X 1000

LG-GS 2a
M4-133 L 218.0 33.0 151.4
M4-70 R 217.5 324 149.0
M4-135 L 225.8 33.8 149.7
L5-4 R 2239 33.9 151.4
14-21 L 229.0 33.3 145.4
J4-11 R 225.8 32.2 142.6

LGM

M4-727 L 225.0 355 157.8
M4-814 R 224.5 349 155.5
L5-69 L 226.9 35,0 154.3
L5-66 R 226.6 36,0 158.9
L6-104 L 209.4 35.6 170.0
L6-96.1 R 209.0 359 171.8
M6-189.1 L 221.0 36.7 166.1
N6-545 R 221.7 38.0 171.4
M4-1157 L 216.0 33.6 155.6
M4-1165 R 214.5 334 155.7
M4-677 L 220.4 35.8 162.4
N6-291 R 220.9 359 162.5
M4-582 L 212.2 34.8 164.0
M4-575 R 214.0 35.2 164.5
M5-477 L 217.0 33.6 154.8
M5-503 R 215.5 34.3 159.2
M7-92.1 L 218.4 34.1 156.1
M6-443.1 R 218.3 344 157.6
M6-405 R 224.5 36.0 160.4

4.2 4. Discussion

Regional variation in bone size and proportions occur among LGM and LG equids [85-87,90,94,95].
The horse from Coulet des Roches (LGM and LG) presents anatomical characteristics in keeping with
harsh climatic conditions (cool and dry). These differences can be explained by the overall climatic
context and specific biogeographic and /or ecological conditions. Due to the very good conservation
of the skeletons and the presence of complete individuals, numerous dates, and a paleoclimatic and
paleoenvironmental context based on other proxies, the locality of Coulet des Roches could represent
a key site for testing the acclimation or adaptation potential of Late Pleistocene true horses and for
assessing the validity of the criteria generally used for ecological investigation.

In this sense, the results of the microwear/mesowear signatures of teeth (and in progress by
F. Rivals) and further isotopic analysis should be very interesting to “challenge” morphological
observations and investigate dietary adaptations, the habitat and environment [96-98].

4.3. Caprinae (ECB)

Capra ibex, Linaeus, 1758

Caprinae are represented by the Alpine ibex, Capra ibex. This species is abundant during the
Late Pleistocene in the Provence area. Fifteen individuals have been identified: five non-sexed adults,
two females, two males, four young, and two juveniles. Ten of them were collected in sediments
extracted by spelunkers and are represented by incomplete remains. Five were discovered during
the excavation, four of which are represented by complete skeletons: two females, one male and one
young (Figure 24). The radiocarbon dates range from the LG to the LGM (Table 16). The spelunkers
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extracted part of the LG sediment, and thus the individuals discovered in this sediment date from this
period. Only one of them (n° R 6017; Table 16) was dated by radiocarbon.

Figure 24. Capra ibex. Female N6 362-1. Radiocarbon date: 18,350 & 70 cal BP. Scale: 30 cm. Photo: E.
Crégut-Bonnoure.

Table 16. Capra ibex. Radiocarbon dates. Abbreviation: BA, Beta Analytic.

Calibrated BP Datations IntCal09 References
IntCal09 Calibrated BP Calibrated BC Material Sedimentary Unit Laboratory
LG
Gl1-e 14,600-12,900 14,947-14,059 12,998-12,110 Young; N3(5) 1 Us3 BA 267381
GS2a 16,130-15,220 14,180-13,280 Adult; R 6017 Us3 BA 337294
LGM

19,382-18,869 17,920-17,432 Female; M3 137-2 Us3 BA 288279

19,560-19,430 17,610-17,480 Male; N5 283 Us3 BA 308067

22,250-21,870 20,300-19,920 Female; N6 362-1 Us3 BA 360688

23,585-23,330 21,635-21,380 Young; N5 580 US3 BA 388487

The horn core morphology is in accordance with the Alpine ibex (Figure 25). The paleogenetic
analysis includes individuals from modern Alpine ibex sequences and French Late Pleistocene
samples from Provence: Adaouste (Bouches-du-Rhoéne; 15,420-15,360 cal BP and 15,260-15,130 cal
BP; BA 337,297), Aven Christian (Vaucluse; 12,920-12,690 cal BP; BA 337298), Baume Voutade
(Bouches-du-Rhone; 11,610-11,520 cal BP and 11,510-11,290 cal BP; BA 398224) [99,100]. From the
LGM to the LG, a modification in tooth morphology is visible: the P/3 metaconid dilates in a small
column running from the top to the base of the crown [2]. This morphological transformation was
observed in Provence from MIS 3 (Baume Périgaud, Var) to the end of MIS 2 (LG) [101] and in Western
Liguria (Grotte du Prince, Grotte des Enfants, Italy) [102]. This transformation is connected to the
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geographic isolation in extant C. pyrenaica from Spain [100,103]. The paleogeography of the Provence
area must be taken into consideration to explain this transformation:

- On its eastern side, the area is bordered by the Alps which were covered by giant glaciers during
the LGM.

- On its western side, the Rhodanian corridor (Rhéne River valley) was not auspicious to exchanges
and, up until the end of the Pleistocene, the Durance River, near the Rhodanian corridor, flowed
parallel to the Rhone, and directly into the Mediterranean Sea. These two north-south axes formed
a double barrier for east-west exchanges [104]. Furthermore, the Durance River, which flowed
from east to west before its inflection to the Mediterranean Sea, represented another barrier for
the species located on the northern and southern sides.

Figure 25. Capra ibex: (A) male N5 283, radiocarbon date: 16,380 & 50 cal BP; (B) female N6 362-1,
radiocarbon date: 18,350 £ 70 cal BP; and (C) young N5 580, 8-9 months old, radiocarbon date:
19,460 & 60. Scale: 1 cm. Photos: C. Triat.

For several taxa, such as the ibex, the evident lack of exchange between populations across the
Rhéne and Durance Rivers led to geographic isolation.

In Coulet des Roches, metaconid dilation is well developed in GS 2a and LGM. However, it is
not developed on the LGM P/3 of the female dating from 22,250 to 21,870 cal BP. This could be
an individual variation. Another explanation that could be envisaged is that ibex isolation during
MIS 3 was more significant on the southern side of the Durance River than on the northern side,
which corresponds to the Vaucluse area.

4.4. Micromammals (ED)

Excavations carried out at Coulet des Roches yielded abundant small mammal anatomical
elements in a well-dated context. It is thus possible to assess the evolution of climatic and
environmental changes during the Pleniglacial (and more particularly the LGM/Last Glacial
Maximum/HS 2) and also during unstable periods marked by abrupt climatic changes throughout the
Late Glacial period (GS 2a/HS 1, GI 1e, and GI 1c-a).

Several hundred anatomical elements have been specifically identified, highlighting the presence
of 18 genera and/or species (belonging to 470 individuals, according to the MNI) of insectivores and
rodents (Table 17).
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Table 17. Faunal list of the micromammals identified in the Coulet des Roches levels.

33 of 47

Pleniglacial Tardiglacial Postglacial
LGM GS 2a (H1) Gl 1e GIlca+GS1
770<z>660 660<z>600 600<z<560 560<z<510 510<z<400 400<z<320 320<z<280 280<z<210 180<z<170 160<z<150 120<z<110 110<z<79 z=179
Soricomorpha
Talpa europaea 1 1 2 1
Crocidura leucodon/russula 1
cf. Sorex sp. 1
Sorex minutus 1
Sorex ex gr. araneus/coronatus 1
Rodentia
Marmota marmota 1 2 1 1
Eliomys quercinus 1 1 1 1 2
Apodemus sylvaticus 2 3 7 5 3 3 1 6 1
Arvicola amphibius 1 1
Microtus (Stenocranius) gregalis 2
Microtus arvalis 6 20 35 14 19 6 2 1 1
Microtus ex gr. arvalis/agrestis 5 1 5 3 3 1
Chionomys nivalis 11 34 78 35 42 13 3 3 1 3 1 1
Clethrionomys glareolus 1 2 1 1 2
Microtus (T.) duodecimcostatus 1
Microtus (T.) cf. multiplex 1 1
Microtus oeconomus 6 3 8 3 5 1
Dicrostonyx torquatus 2 5 2 20 2 1
Total MNI 19 69 131 65 96 27 5 14 4 18 7 12 3

Abbreviations: z, altitudinal level; MNI, minimum number of individuals.
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Rodent associations are mostly characterized by a species assigned to the Arctic (Dicrostonyx
torquatus) or boreal (Microtus oeconomus) parts of Northern Europe or encountered in regions with
a highly contrasted continental climate (Chionomys nivalis and Marmota marmota). Among the rodent
species, the presence of the collared lemming (D. torquatus) is particularly interesting. Lemmings
are currently represented by 12 species, all of which are confined to Arctic regions and adapted to
a cold climate and arid environments. Excavations at Coulet des Roches yielded more than 60 m1
relating to the Dicrostonyx genus (Figure 26). This constitutes the most abundant collection of lemmings
collected in the Pleistocene in southeastern France. It should be noted that the m1 of the Coulet des
Roches collared lemming presents high variability, in terms of both morphology and size. However,
according to the size of the m1, the Coulet des Roches lemmings represent a single species: D. torquatus.
In Southern Europe, this species has been found in a few prehistoric sites dating from the Upper
Paleolithic (Late Upper Pleistocene). According to the numerous absolute dates of the different levels
and large mammal associations identified at Coulet des Roches, the presence of D. torquatus in the
lower and upper levels of the site confirms that this species was widely distributed in south-eastern
France during the LGM and GS 2a (Figure 27). Although it is difficult to reason in terms of absence,
it seems that the GS 2a was the last phase of expansion of this species in Mediterranean regions.

E F G H |

Figure 26. Dicrostonyx torquatus of Coulet des Roches: (A) M4 R788 z = 4.36 m1 left; (B) M5 R34 z
= —4.60 m1 left; (C) M4 R493 z = —4.36 m1 right; (D) N6 R249 z = —4.50 m1 1 left; (E) M4 R957
z = —4.45 m1-m3 right; (F) M4 R468 z = —4.47 M/1 right; (G) M4 R493 z = —4.36 m1 right; (H)
N5-N6 R170 z = —4.85 m1 left; and (I) M5 R34 z = —4.60 m1 right. Scale: 1 mm. Abbreviation: z,
altitudinal level.
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Figure 27. Chronology of the last expansions of D. forquatus at the end of the Upper Pleistocene.
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4.4.1. Taphonomy

Large and small fossil mammal faunas are not an exact reflection of the original faunas as
many biases may have distorted the image of the initial wildlife spectrum. It is therefore necessary
to understand and interpret the different processes involved after the death of the animal and
its burial in the sediments, as these processes can alter our perception and the reality of the past.
Indeed, taphonomic biases are numerous, complex, and closely related to the environment in which
living communities have been incorporated. Multiple factors are likely to occur, such as exposure
to climate, predators, differential conservation, trampling, chemical modifications of soils, transport,
diagenesis or the reworking of stratigraphic levels. For this reason, we considered it to be appropriate
to first carry out the reconstruction of the taphonomic history of the micromammal assemblages from
Coulet des Roches, following the standard methodology described in previous taphonomic studies
(e.g., [105-117]), which includes skeletal element representation, fragmentation patterns and analysis of
surface modifications of bones and teeth (especially digestion). The accumulation of micromammals at
Coulet des Roches probably corresponds to a coprocoenosis of nocturnal raptors (Figure 28), possibly by
the snowy owl (Bubo scandiacus) [118]. Another predator, probably a carnivore, may also be responsible
for part of the micromammal accumulation, as evidenced by traces of digestion on the bone material.
This predator is both eclectic and opportunistic. Therefore, its hunting habits are not likely to induce
a significant representation bias and should be representative of the fauna surrounding Coulet des
Roches. Conversely, some carnivores likely to have accumulated part of the assemblage—AM. nivalis,
for example—have a more specialized diet [119-121]. However, this possible predation bias must be
very limited in the case of the LGM at Coulet des Roches as only a small proportion of the assemblage
is likely to be linked to a coprocoenosis induced by such specialized carnivores.

Figure 28. Taphonomy: rodent teeth displaying digestion induced by avian raptors. Photos: E.
Desclaux and L. Woodthorpe.

4.4.2. Paleoecology

From the base to the top of the sequence, micromammal communities are not homogeneous and
reveal variations in paleoenvironments that may be related to known paleoclimatic oscillations during
the Pleniglacial (LGM) and the Late Glacial period (GS 2a/HS 1, GI 1e, and GI 1c-a).

Meticulous sieving of the soil yielded a significant number of dental remains in sediments at the
known base of the sequence, thus enriching the micromammal record and providing unpublished
paleontological data concerning Pleniglacial climatic and environmental variations in Southern France.
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Climatogram Method

Rodent faunas, which are relatively abundant at the base of the sequence, can be assigned
to specific biotopes to establish a “climatogram”, according to the quantitative method developed
by Chaline [122]. It therefore seemed interesting to group rodent species into climato-ecological
categories by considering current and fossil associations. We used current data relating to the biology,
climate, vegetation and habitat of the species identified in the sequence (principle of actualism) and
the ecological groups defined by Chaline [123,124]. We also considered the paleoecological data
obtained through the use of multivariate analyses applied to rodent associations by Marquet [125],
Desclaux [126] and Foury et al. [127].

The rodents of Coulet des Roches were grouped into eight climato-ecological categories:

Category I: cold arctic steppes (ARC): D. torquatus

Category II: forested and humid boreal areas (BOR): M. oeconomus.

Category III: continental steppes (OPEN): Microtus (Stenocranius) gregalis, Microtus arvalis.

Category IV: open mountain areas (MOUNT): M. marmota, Ch. nivalis.

Category V: riverbanks (WAT): Arvicola sapidus.

Category VI: meadows (HUM): Microtus (Terricola) multiplex, Microtus agrestis.

Category VII: deciduous forests (DECID): Apodemus sylvaticus, Eliomys quercinus, Myoxus glis,
Chletrionomys glareolus.

Category VIII: Mediterranean region (MED): Terricola (Terricola) duodecimcostatus.

The climatogram provides interesting data concerning the evolution of climate dynamics and
environments from the LGM (Figure 29) until the end of the Late Glacial (Figure 30).

400<z<320 W ARC

W BOR
510<z<400 m OPEN

B MOUNT
560<z<510

OWAT
600<z<560 OHUM

m DECID
660<z>600

0% 25% 50% 75% 100%

Figure 29. Climatogram of the LGM based on the MNI of rodent species identified in the Coulet des
Roches levels. ARC, cold arctic steppes; BOR, forested and humid boreal areas; OPEN, continental
steppes; MOUNT, open mountain areas; WAT, riverbanks; HUM, meadows; DECID, deciduous forests;
MED, Mediterranean region.

At the known base of the infill (660 < z < 600), we note the presence of D. torquatus,
M. oeconomus and M. (Stenocranius) gregalis; three species assigned to the northernmost areas of
Europe. Twenty individuals are attributed to D. forquatus—which is extremely rare in Southern
Europe—showing that this configuration is representative of the coldest periods of the Pleistocene.
The hypothesis of an attribution of the known base of the filling of Coulet des Roches to the LGM is
therefore very plausible. In addition, the overall proportion of species characteristic of a cold climate
and an open environment increases from the base to the top of the lower part of the LGM (660 < z < 400),
to the detriment of more humid and closed environments and rather temperate climatic conditions.
This trend indicates that the cold optimum is reached at 510 < z < 400.
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Figure 30. Climatogram of all the levels of Coulet des Roches based on the MNI of the identified
rodent species.

The overlying part of the filling (280 < z < 160) is characterized by the persistence of D. torquatus
and M. marmota. This association is representative of an open environment (steppe) and a particularly
cold climate. The open aspect of the environment is however moderated by the presence of A. sylvaticus
and CI. glareolus; two mostly forested species. This part of the filling is therefore likely to date from GS
2a, which seems to correspond to the last expansion of the collared lemming in Southern France.

The upper levels (160 < z < 150) show a greater variety of rodent species. The association of
E. quercinus, A. sylvaticus and Cl. glareolus is characteristic of a forested environment. The presence
of M. (Terricola) duodecimcostatus and M. (Terricola) cf. multiplex highlights the humid character of the
climate. This level is likely to date from the GI 1-e.

Finally, the stratigraphy ends with less abundant and diversified rodent communities
(120 < z < 110), characterized by a decline in species inhabiting closed environments and a humid
climate, in favor of species inhabiting open areas under a continental climate (Ch. nivalis and
M. marmota). These levels can be attributed to GS 1.

The Taxonomic Habitat Index (THI)

It also seemed appropriate to use the Taxonomic Habitat Index (THI), first introduced
by Nesbit-Evans et al. [128]. This consists in calculating the cumulative index by combining
the presence/absence and the habitat indications of all the species in a faunal community,
notably micromammals [113]. Basically, the THI is a method of combining information for each
taxon in a composite paleoenvironmental interpretation, regardless of the relative proportions of
species identified in a site.

The base of the infill (170 < z < 620), which includes the LGM (280 < z < 620) and the GS 2a
(170 < z < 280), is characterized by a clear representation of the northern environments (tundra and
taiga) and continental areas (Alpine regions). The persistence of forested environments (deciduous
forests) and Mediterranean biotopes highlights the southern position of the site and the fact that the
Mediterranean biome served as a refuge area during the cold episodes of the Upper Pleistocene,
which further explains the high micromammal diversity observed at the base of the sequence
(Figure 31).
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Tu | B A S Fs | Mo | D |Med
Talpa europaea 0.00{0.20{0.00 0.10 | 0.10]| 0.00 | 0.50 | 0.10
Crocidura leucodon-russula 0.00 0.00 | 0.20 { 0.20 | 0.10 | 0.30 | 0.20 | 0.00
Sorex araneus 0.20{0.20 | 0.05(0.05|0.10| 0.30 | 0.10 | 0.00
Sorex minutus 0.30] 0.30 | 0.00 [ 0.00 | 0.00 | 0.05 | 0.30 | 0.05
Dicrostonyx torquatus 1.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Microtus oeconomus 0.40{0.50(0.00 [ 0.00|0.10| 0.00| 0.00 | 0.00
Microtus (Stenocranius) gregalis 0.45] 0.00 | 0.20 [ 0.35 | 0.00 | 0.00 | 0.00 | 0.00
Clethrionomys glareolus 0.00{0.40 | 0.00 | 0.00 | 0.10| 0.10 | 0.40 | 0.00
Apodemus sylvaticus 0.00 0.00 | 0.20 [ 0.20 | 0.20 | 0.00 | 0.20 | 0.20
Eliomys quercinus 0.00{ 0.00 | 0.00 [ 0.00 | 0.00| 0.00| 0.40 | 0.60
Microtus arvalis 0.00{0.00{0.50(0.10 | 0.10| 0.00 | 0.30 | 0.00
Microtus agrestis 0.00{ 0.00 | 0.00 | 0.00 | 0.20| 0.00 | 0.50 | 0.30
Arvicola amphibius 0.10{0.15|0.00 [ 0.05 | 0.05] 0.02 | 0.35] 0.28
Microtus (Terricola) duodecimcostatus 0.00 0.00 | 0.15( 0.00 | 0.15] 0.00 | 0.20 | 0.50
Microtus (Terricola) multiplex 0.00| 0.00 | 0.00 [ 0.00 | 0.10 | 0.50 | 0.30 | 0.10
Chionomys nivalis 0.00{0.00{0.200.10 { 0.00| 0.40 | 0.10 ] 0.20
Marmota marmota 0.00{0.00{0.200.40 | 0.20| 0.20 | 0.00 | 0.00
Lepus timidus 0.20] 0.20 | 0.00 [ 0.20 | 0.20 | 0.20 | 0.00 | 0.00
Oryctolagus cuniculus 0.00 | 0.00 | 0.20 [ 0.00 | 0.20 | 0.00 | 0.20 | 0.40

Tu | B A S Fs [ Mo | D |Med
Postglacial (z=79) 0.00 { 0.00 | 0.90 | 0.40 | 0.50 | 0.40 | 1.10 | 0.70
GS 1/ GI 1c-a (79<z<120) 0.20 ( 0.20 | 1.10 | 0.60 | 0.90 | 0.60 | 1.20 | 1.70
GI 1e (150<z<160) 0.50 (1.15|1.10|0.80 | 1.30 | 1.52 | 3.35 | 2.28
GS 2a/H1 (170<z<280) 1.20(0.80| 1.10 { 0.90 | 1.10 [ 0.90 | 2.40 | 1.60
LGM / H2 (280<z<660) 2.65[1.75|1.55]0.65|1.65|2.07 | 2.95 [ 1.53

Postglacial (z=79)
HTu
1 11c-a (7 11
GS 1/Gl1c-a(79<z<110) -
|s
Gl 1le (150<z<160)
BFS
0O Mo
GS 2a /H1 (170<z<280)
ED
0O Med
LGM / H2 (280<2<660) I
[
0% 25% 50% 75% 100%

Figure 31. Taxonomic Habitat Index (THI) values observed at Coulet des Roches. Tu, tundra; B,
boreal forest; A, arid area; S, steppe; Fs, forest-steppe; Mo, mountain; D, deciduous forest; Med,
Mediterranean biome.

The overlying part of the sequence—which might concern GI 1-e (150 < z < 160) and GI 1c-a/GS 1
(79 < z < 120)—is characterized by a less conspicuous presence of species that currently inhabit the
northern regions of Europe.

The main contribution of the THI method is to emphasize the southern location of Coulet des
Roches by very clearly highlighting the persistence of typical Mediterranean species during the LGM
and to show the persistence of northern taxa (such as Lepus timidus) during the more temperate
episodes (during GI 1-e and GI 1c-a, for example).
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Cenogram Method

The cenogram method was developed by Valverde [129] and slightly modified by
Legendre [130,131] for application to fossil faunas. It is based on the principle that particular aspects
of the weight distribution of mammal species can be related to certain environmental characteristics.
It presents the advantage of allowing for the reconstitution of the milieu by considering all mammals
(except chiropters and carnivores, regardless of their relative proportions). This method has already
been applied to the Quaternary faunas of southeastern France by Desclaux [132,133] and Montuire
and Desclaux [134,135].

Cenograms were only developed for the LGM, GS 2a and GI 1e levels of Coulet des Roches,
as these levels contain enough large mammal species (Figure 32). The cenograms are characterized by
a large slope for large mammals—due to low species diversity in the site—and discontinuity between
large and small species. Overall, this weight distribution corresponds to an arid and open environment.

Ln(weight)) LGM |GS2a | Glle
Equus ferus 12.70 + +
Cervus elaphus 12.59 + + 16
Rangifer tarandus 1156 + +
Sus scrofa 11.55 + 12 g
Capra ibex 10.86 + + [ _J
Rupicapra rupicapra 10.03 + + 8 ..
Capreolus capreolus 9.99 + °
Lepus sp. 8.16 + + + 16 4 \ G
Marmota marmota 7.55 + + I1e
; e’ 0 ‘ ‘
Oryctolagus cuniculus 7.47 + + + 12 %
. . 0 10 20 30
Arvicola amphibius 5.08 + +
Talpa europaea 431 + + + 8 %
Eliomys quercinus 428 + + + 16 .
Microtus ex gr. arvalis/agrestis 3.97 + + + .~ Gs za
Dicrostonyx torquatus 3.95 + + 12 ... 0 ‘ ‘ ‘
Microtus (S.) gregalis 3.91 + () 0 10 20 30
Chionomys nivalis 3.66 + + + 8 %
Microtus (T.) duodecimcostatus 3.40 + °
Microtus arvalis 335 + + + 4 \.
Apodemus sylvaticus 3.08 + + LG M
Microtus (T.) multiplex 3.01 + + 0+ ! ' '
0 10 20 30
Clethrionomys glareolus 299 + + +
Corcidura leucodon/russula 2.50 +
Sorex ex gr. araneus/coronatus 212 +
Sorex minutus 1.63 +

Figure 32. Cenograms of LGM, GS 2a and GI 1e levels of Coulet des Roches, showing an open and arid
environment. Ln(weight), Neperian logarithm of weight.

However, smaller mammals, which are much more diversified, moderate the coldness of
the climate, highlighting the southern position of the site and thus suggesting the persistence of
Mediterranean species in the region, including during the colder stages of the Upper Pleistocene.

The fact that the GI le cenogram is similar in character to GS 2a and LGM may be due to the fact
that the collected fauna (large and small mammals) are only a partial reflection of the surrounding
mammalian diversity. It is therefore best not to take this cenogram into account.

The Non-Analog Communities of Micromammals

It is important to recall that the Vaucluse is a complex and interesting region in terms of the
succession of associations of small and large mammals:

- Lowland areas, particularly along the Rhéne—which were a corridor and shelter for temperate
species during glacial episodes—may be related to the classical southern refuges for the Late
Pleistocene in the Mediterranean region [136-139]. According to climatic fluctuations, these plains
allowed for the passage of temperate species to Provence (“southern refuge zone”, in the
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classical sense of the term) during cold stages and their re-immigration to Western Europe
during interglacial periods.

- Highland areas, in the north and east of the area, in the foothills of the Alpine Massif, not only
played a natural role as a geographical barrier, but also formed a refuge zone during interglacial
episodes for certain northern and eastern species (“cryptic southern refugia”, according to the
terminology used by Stewart et al. [140] and in accordance with the observations of Schmidt [141]).

7

This geographical configuration probably favored the presence of so-called “no-analog’
communities of small mammals, composed of currently unrecognized sympatric species in the Coulet
des Roches filling. It explains why D. torquatus is found associated with A. sylvaticus, M. (T.) multiplex
and Ch. nivalis during the LGM and E. quercinus and Ch. nivalis during the GS 2a.

Various species with distinct climatic-ecological affinities could therefore transition from the
LGM to GI 1c-a in the Vaucluse, as evidenced by the presence of so-called “no-analog” micromammal
communities in the Coulet de Roches infilling. Such associations suggest that two types of contiguous
refuges coexisted in the region during MIS 2. Only two millennia separate the LGM from the LG (GS 2a).
It is therefore possible that, during the LGM, species originating from northern (D. torquatus and
M. oeconomus) and eastern (Marmota marmota) parts of Europe, with considerable episodic expansion
to Southern Europe during the cold periods of the Pleistocene, were able to find a refugium in the
Alpine mountains at the end of the LGM. The Alps are therefore likely to have played the role
of a refugium (“cryptic southern refugia”) for certain species dependent on harsh and continental
climates. This configuration would have facilitated the sporadic incursion of these three species in the
Mediterranean biome, during the cold climatic oscillation of GS 2a.

5. Comments

The abundant and well-preserved material of two small mustelids, the stoat and weasel,
allows for a detailed metric and morphological analysis, as well as the evaluation of size changes
throughout the course of time under specific climatic conditions. The most considerable differences
were found in M. nivalis, where two different ecotypes are represented. Specimens from the cold
period (LGM) are the typical representative of the highly specialized pygmy weasel, which is
indistinguishable from the recent dwarf forms from the minuta—rixosa group. These small weasels
were later (in the LG and GI 3 levels) replaced by moderate-sized, more opportunistic weasels from
the nivalis-vulgaris group, forms that are recently widespread in Europe. The M. erminea material
is more comparable with the medium-sized subspecies M. erminea aestiva, which mainly currently
occurs in Central Europe. However, the LGM specimens are smaller than the specimens from the
GI 3 humid oscillation. The variability in the stoat and weasel dimensions from Coulet des Roches
shows that both small mustelids do not follow Bergmann’s rule. Additionally, the third mustelid,
the common polecat M. putorius, was found in the LGM and GS 2a sediments from Coulet des Roches.
This species is associated with mosaic and forest habitats, usually near water reservoirs (streams and
ponds). The examined individuals do not differ in size and morphology from the modern European
common polecat.

The conservation of the horse remains is exceptional. All the specimens belong to E. ferus gallicus.
The variation between individuals is low and their characteristics point to harsh climatic conditions
(cool and dry), except for the two individuals dating from the humid oscillation GI 3, with a robust
third metacarpal, similar to the Solutré population from the same oscillation.

The ibex is characteristic of LGM populations from the Provence area, with a p3 metaconid
developed in a column. However, diachronism is observed in comparison with the population located
on the southern side of the Durance River. In Coulet des Roches, located on the northern side of the
Durance River, the metaconid dilation of the oldest LGM individual is missing, whereas it is well
expressed on the southern side before the LGM. This raises the question of the role of the Durance as
a geographical barrier.
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The abundant micromammals enable us to follow the evolution of the specific associations in the
studied area (Vaucluse). This evolution is complex and interesting during the period from the LGM
to the beginning of the LG (GS 2a) climate warming. Paleoecological analyses of the abundant and
diversified micromammal communities record the climatic and environmental variations from the
Pleniglacial to the Tardiglacial. The presence of so-called “no-analog” communities of small mammals
suggests that, during MIS 2, two types of contiguous refuges coexisted in the region. It is therefore
possible that, during the LGM, species originating from northern (D. torquatus and M. oeconomus) and
eastern (M. marmota) parts of Europe, with sporadic expansion to Southern Europe during the cold
periods of the Pleistocene, were able to find a refugium in the Alpine mountains at the end of the LGM.
The Alps are therefore likely to have played a refugium role (“cryptic southern refugia”) for certain
species dependent on harsh and continental climates. This would have facilitated the episodic incursion
of these three species into the Mediterranean biome, during the GS 2a cold climatic oscillation.

6. Conclusions

The faunal assemblage from Coulet des Roches is unprecedented for Southern France and the
infilling provides information spanning a period of 21,000 years, from the Subboreal to the LGM,
and even from the GI 3, perhaps the GI 4 and GI 10-11 oscillations. Among the fauna, the cold and dry
climate guild from units LG-GS 2a and LGM comprises Alopex lagopus, M. nivalis minuta, M. erminea
aestiva, Rangifer tarandus, Lepus timidus, M. oeconemus, D. torquatus and Bubo scandiacus. This guild
occurs for the first time in the Provence area. Numerous ongoing studies on some species (Ch. nivalis,
lagomorphs, birds, and microwear-mesowear of ungulate teeth) will complete our knowledge of the
LG and LGM fauna.

The present analysis of mustelids, equids, ibexes and micromammal, provides new information
on the variation of species from the LG and LGM in relation to the environment. Some of these
species reflect ecological adaptation and provide new evidence of the phenotypic plasticity of the taxa.
The micromammal analysis raises the question of the refugium role played by Southern France under
cold climates.

In addition to the interest of this vertebrate accumulation for paleontology (morphometric
characterization and adaptive responses in relation to the climate) and paleoecology (phenotypic
expressions depending on the climate and variation of the association in relation to the climate),
the exhumed remains are now a vital reference for paleogenetic studies. They are also a reference for
the characterization of natural traps, the conditions associated with their sedimentary fillings and
taphonomic processes.
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