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Abstract 

Study of the Taxonomy of Carnivores from the Eocene-Oligocene of the Quercy Area, 

France 
Julien van der Hoek 

 

The Quercy area of France is an important site for mammal palaeontology, yet 19th century collections 

of this area, such as the one in the Department of Palaeobiology, Naturhistoriska riksmuseet, remain 

understudied due to not being well updated taxonomically and correlated stratigraphically. An updated 

taxonomy was created for the postcranial material of the collections, as well as the dental material 

originally identified to the amphicyonid genera Amphicyon, Haplocyon and Pseudocyon through study 

of morphological characteristics and measurements. Most of the postcranial material was assigned to a 

family, which would allow comparison of different morphotypes to gain insight into questions on 

locomotion, posture and overall ecology. The dental material was reidentified to include the 

amphicyonids (bear dogs) Amphicyonidae gen. indet. sp. indet, Pseudocyonopsis, Cynelos and 

Haplocyon, as well as the mustelid Ischyrictis zibethoides. Stratigraphic ranges for the identified species 

were obtained from existing studies. This updated taxonomy would allow for future study of this 

material to improve the overall understanding of Quercy, as well as the taxa present in these localities. 
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Popular Scientific Summary 

Study of the Taxonomy of Carnivores from the Eocene-Oligocene of the Quercy Area, 

France 
Julien van der Hoek 

 

The Quercy area of France is an important site for mammal palaeontology, yet 19th century collections 

of this area remain understudied due to old identifications of the fossil material and the material not 

being well correlated to a specific period of time. One of these collections is housed at the Department 

of Paleobiology at the Naturhistoriska riksmuseet in Stockholm. The identifications of the limb bones 

of the collections were updated. Dental material previously identified as belonging to the genera 

Amphicyon, Haplocyon and Pseudocyon, was updated as well. These genera belong to Amphicyonidae, 

an extinct family of carnivores also known as bear dogs. These reidentifications were carried out through 

study of anatomical characteristics and measurements. Most of the limb bones were identified to the 

family level, which would allow comparison of different anatomies to gain insight into questions on 

movement, posture and how these species interacted with their environment. The dental material was 

reidentified to include several genera of amphicyonids: Amphicyonidae gen. indet. sp. indet, 

Pseudocyonopsis, Cynelos and Haplocyon. One specimen was identified as Ischyrictis zibethoides, 

which belongs to the mustelid family, that today includes weasels and badgers. The timespans in which 

these species have been found previously were obtained from existing studies. These new identifications 

and changes would allow study of the material to improve the overall understanding of Quercy as well 

as the animals that were present in these locations. 
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1. Introduction 

The Quercy region in southwest France has been an important site in Palaeogene mammal 

palaeontology. Many specimens, including new genera and species, were collected and described from 

this region during the second half of the 19th century (e.g., Filhol 1877, 1881). The stratigraphic 

context of these specimens was poorly understood, as the precise localities where the specimens were 

found was often not recorded. Instead, toponyms were used such as Bach and Caylus, which were 

named after nearby villages and caused occasional mixing of fossils of different ages (Solé et al. 

2020). Collections from this time are referred to as the “Old Quercy Collections” (Maitre 2014). In the 

1960s new, modern excavations with proper protocols were made in Quercy, creating new collections 

of which the stratigraphy was known (Maitre 2014). These collections have allowed for the 

identification of the ages of some of the older material.               

  The carnivorans from the region are much better known today, as they have been revised and 

studied by Louis de Bonis (e.g., Bonis 2006; Bonis et al. 2019) and can be used to identify the time 

frame of the older collections. A study of Belgian collections of carnivores from Quercy (Solé et al. 

2020) has made identification of the stratigraphic occurrence of the Belgian collections possible. 

Naturhistoriska riksmuseet has a large collection of Quercy carnivores acquired during the second half 

of the 19th century, which has not been studied since a visit by Léonard Ginsburg in 1971.    

  Much of the dental material of the collection is comprised of Amphicyonidae (bear dogs), an 

extinct family of Caniformia that occurred both before and after the Eocene-Oligocene boundary (Solé 

et al. 2018). The dental aspect of the research will therefore be focused on the Amphicyonidae. Dental 

material has often been identified to species level, but the names of the taxa have not been updated 

recently, such as Amphicyon lemanensis, which was changed to Cynelos lemanensis (Kuss 1965; 

Peigné & Heizmann 2003). Postcranial material (femora, tibiae, astragali, innominates, claws, 

phalanges, humeri, radii, ulnae, metacarpals and metatarsals) from the collection have not been 

identified more in-depth than belonging to the order Carnivora.            

  The material from Quercy, France, as well as material from a few unrelated French localities 

(Sansan, La Milloque, Saint-Gérand-Le-Puy) in the collection of Naturhistoriska riksmuseet will be 

taxonomically assessed. This assessment will allow for a better understanding of the stratigraphic 

context of the collection, which can then be used by palaeontologists for future research into the area, 

time interval, and taxa present. The postcranial material will be identified through measurement and 

identification of morphological characteristics to a family level. The dental material will be identified 

by the same means to species level. Previous research will be used to identify the stratigraphic ranges 

of the newly identified dental material. New faunal lists will be created for the material based on the 

reidentifications.                          

 An updated taxonomy of the Quercy collection of Naturhistoriska riksmuseet would increase our 

understanding of the Quercy area and its families, genera and species. It would also allow for a better 
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understanding of the stratigraphic context of the collection, which can then be used by 

palaeontologists for future research into the area, time interval, or the taxa present. There is also a 

historic significance to the collection, as much of the collection of Naturhistoriska riksmuseet 

originates from important historical figures. Part of the collection originates from the French fossil 

collector Rossignol, whose material is also represented in the Belgian collections of Quercy (Solé et 

al. 2020) Some of the material comes from the Krantz mineral shop, which was founded during the 

19th century and is still around today under the name Dr F. Krantz Reinisches Mineralien-Kontor 

(Callapez et al. 2014). Finally, a large part of the collections of Naturhistoriska riksmuseet comes from 

the private collection of the Russian palaeontologist Vladimir Kovalevsky. He was the husband of 

Sofya Kovalevskaya, the first female professor at what is now Stockholm University.     

 The following research questions will be investigated further: (1) To which carnivoran families 

does the postcranial material belong? (2) To which species does the cranial and mandibular material 

belong? (3) Are there any new insights to be gained from these identifications? 
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2. Background 

2.1 Study areas 

All of the study areas are located in the southern half of France (Figure 1). They represent a wide range 

of localities from the Eocene to the Miocene (Göhlich & Mourer-Chauviré 2005; Aguilar et al. 2007; 

Novello et al. 2010). 

 

Figure 1. The different localities represented in the Quercy collections of Naturhistoriska riksmuseet. The Quercy 

area is marked in orange and contains the toponym Bach. The map was created in Google Earth Pro. 

2.1.1 Quercy 

The Quercy area is not a single locality, but a wider area containing over 80 localities (Solé et al. 2020). 

The area is characterised by an underground palaeokarstic network within a Jurassic limestone plateau. 

This network has been filled up with clay deposits ranging from the Palaeogene to the early Miocene 

and the Pliocene (Aguilar et al. 2007). The quality and richness of the fossils that were collected here, 

combined with the large temporal range from which the fossils occur, make Quercy an important area 

for understanding the evolution of mammals during the Paleogene (Escarguel et al. 2008; Solé et al. 

2020). 
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2.1.2 La Milloque 

La Milloque, which was discovered by Landesque in 1868 is dated to the late Oligocene (Mammal 

Palaeogene zone 29 or MP 29). The locality is characterised by molasse deposits known as the 

“Molasses de l’Agenais” and has yielded many important mammalian fossils (Novello et al. 2010).  

2.1.3 Saint-Gérand-Le-Puy 

This area combines several quarries in the area of Saint-Gérand-Le-Puy, which is a small township. The 

main locality is Montaigu-le-Blin, which corresponds to Mammal Neogene Zone 2a (Mammal Neogene 

zone 2a or MN2a), but Langy (primarily MN2a), Chavroches (MN2a), Saulcet (MN1/2a), Poncenat 

(MN2), Billy (MN1) and Cluzel (MN2a). These zones correspond to the Lower Miocene. The area is 

made up of fossil-bearing limestone known as the “Industrial Limestone” and has been exploited for 

over 150 years (Göhlich & Mourer-Chauviré 2005).  

2.1.4 Sansan 

The Sansan locality was discovered in 1834 by Lartet and corresponds to the Middle Miocene (MN6). 

It has yielded many mammal fossils that have been analysed with great interest (Becker 2014). The 

mammalian fossil material comes from a small hill situated to the east of the village of Sansan. The top 

of the hill is made up of molasse deposits. Fossils are found in the northern part of the hill in 

superimposed levels of lumpy marls and marly limestone of only a few meters thick. To the south the 

geological structure is similar, but there is an important horizon of hard limestone without fossils, which 

can also be observed throughout the region (Ginsburg 1961). These superimposed levels of marls and 

limestone are not perfectly horizontal, but rise towards the south as if to form the basis of a small marsh 

or lake (Lartet 1851). The terrestrial animals found here could have been transported from surrounding 

areas by torrential waters to end up at the bottom of this depression (Lartet 1851). 

2.2 Biochronology and stratigraphy of Quercy 

Biochronology of the Quercy area and other areas bearing mammalian fossils are often correlated 

through the use of European Palaeogene and Neogene zones (MP and MN zones respectively) (e.g., 

Peigné 2012; Bonis et al. 2019; Bonis 2020; Solé et al. 2020). These zones are short intervals of 

geological time characterised by specific mammal assemblages that make recognition and 

distinguishment between different zones possible (Lindsay 2003).           

 There are 30 Mammal Palaeogene zones, each defined by the complete fauna of a reference locality 

that can be seen as a snapshot of the geological scale (Aguilar et al. 1997). The biochronological 

elements that are most reliable in these reference localities are the evolutionary lineages of these 

mammals. These lineages, inferred by phylogenetic hypotheses, are both testable with use of, as well 
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as independent from the stratigraphical medium. Absolute ages and magnetostratigraphy are used to 

calibrate the scale more precisely in localities that contain long stratigraphic sections bearing 

mammalian fauna (Aguilar et al. 1997). The 16 Mammal Neogene zones (MN zones) were created for 

similar purposes as the MP zones for the Neogene and are calibrated in a similar way as the MP zones 

(e.g., de Bruijn et al. 1992).                      

 There are important criteria to consider for defining a reference locality. First, both small and large 

mammals need to be present in the area. Furthermore, an accurate definition of the reference area 

needs to include as many lineages as possible. Every locality can then be identified based on this 

reference fauna. The scale is continuous, meaning localities can fall anywhere in between reference 

levels. The scale has been established from different reference faunas located in the Iberian peninsula, 

France, Switzerland, Germany, Belgium and the United Kingdom, as well as from different kinds of 

fossil-bearing sediments (Aguilar et al. 1997). The ages most prevalent in Quercy range from MP16 to 

MP28 (Rage 2006). MP16 has been constrained to the earliest Bartonian using magnetostratigraphic 

data from the continental sedimentary deposits of la Pobla de Segur Basin and Sierra de Sis in north-

eastern Spain (Beamud et al. 2003). MP28 was found to be within the range of 24.9–24.5 Ma (late 

Chattian) through the use of 40Ar/39Ar dating of the volcanic flows that predate and follow the Enspel 

fossiliferous layer and on trachyte tuff below the Kärlich clay mine fossil deposit sediments in 

Germany (Mertz et al. 2007).  

2.3 The European Eocene Oligocene boundary 

The Quercy specimens of the Old Quercy Collections represent the late Eocene and the early Oligocene, 

with a drastic mammalian turnover occurring in this time interval known as “la Grande Coupure” 

(Stehlin 1909), which translates to “the Great Break” (Rage 2006). Sea levels dropped during this time, 

connecting Europe to Asia, which was formerly isolated by the Turgai Strait. Conditions in Europe 

changed to more temperate, open environments. Many of the species that were typical of the middle and 

late Eocene were replaced with Asian species (Agustí & Anton 2002).   

2.3.1 The European late Eocene environment 

Temperatures during the Late Eocene in Europe ranged between 16.1 and 20.0 °C annually (Moraweck 

et al. 2015). Paratropical and subtropical mixed forests extended north to 65.8°N, while vegetation 

representative of seasonal climates was restricted to western France, Spain and Portugal (Pound & 

Salzmann 2017). The European mammalian fauna was characterised by diversified, specialised small 

and large browsing herbivores adapted to the spread of more open habitats (Agustí & Anton 2002).  
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2.3.2 The European early Oligocene environment 

Temperatures during the early Oligocene in Europe fell around 5°C (Agustí & Anton 2002). Vegetation 

during the Rupelian saw a shift of the paratropical and subtropical mixed forests extending only to 

56.7°N (Pound & Salzmann 2017). The seasonal climates of western France and Iberia had spread 

eastward along the coast of France. Xerophytic (arid-adapted) shrubland occurred along the coast of the 

central Mediterranean (Pound & Salzmann 2017). Extinctions of arboreal primates and the reduction of 

several groups of browsing animals suggest that the forests present in the Eocene retreated during the 

early Oligocene and were replaced by open woodlands or even drier biomes (Agustí & Anton 2002).  

2.4 Introduction to the carnivores of “la Grande Coupure” 

During the late Eocene, European carnivorous mammal assemblages were mainly made up of 

Hyaenodonta (Legendre et al. 1991). These predators could attain large sizes and contained 

hypercarnivorous forms (e.g., Hyaenodon) (Solé et al. 2018), as well as durophagous forms (e.g., 

Quercytherium) (Solé & Mennecart 2019).                  

 The Carnivoramorpha, a group that includes Carnivora, were not as well diversified during the late 

Eocene (Legendre et al. 1991). After the Eocene-Oligocene boundary, the Hyaenodonta greatly reduced 

in diversity and the carnivoramorphans became more dominant (Legendre et al. 1991). An example of 

carnivoramorphans would be the paraphyletic Miacidae (Spaulding & Flynn 2009), an extinct primitive 

family of small, arboreal carnivores that likely preyed on rodents and other arboreal animals (Agustí & 

Anton 2002).                            

 Within the order Carnivora, there were a number of groups present during “la Grande Coupure”. The 

Ursoidea is a superfamily that includes Ursidae (bears) (Ginsburg 1999). Species of Ursidae were likely 

present in Quercy during the early Oligocene, being common in the late Oligocene. An example of the 

Ursidae in Quercy would be the tribe Cephalogalini. These animals were medium-sized and digitigrade, 

making it likely they were pursuit predators (Hunt 2009; Bonis et al. 2019).       

 The Nimravidae were an extinct family with very similar dental and locomotory adaptations as 

modern-day cats. However, some of the smaller members of this family resembled Viverridae (Agustí 

& Anton 2002)                           

 The Viverridae includes modern-day genets and civets (Gaubert et al. 2004). Musteloidea are a 

superfamily of small mammals that include weasels (Mustelidae), as well as the red panda and its extinct 

relatives (Ailuridae) (Salesa et al. 2008). Viverridae and Mustelidae are used in the paper to describe 

morphology and habits similar to the modern species of these taxa.          

 The Amphicyonidae display both ursid and canid-like characteristics, hence the name bear dogs 

(Hunt 1998). Some members of the genus Cynodictis were identified based on their tarsal bones as being 

possibly cursorial or terrestrial (Fournier et al. 2020). The larger Amphicyonidae of the Oligocene were 

mesocarnivores, like Cynelos and Pseudocyonopsis (Solé et al. 2018). Based on skeletal features of 
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Amphicyon and Ischyrocyon, larger members of this family likely hunted using a mix of ambush and 

pursuit strategies (Sorkin 2006).  

 

Figure 3. Carnivores of la Grande Coupure. a. Hyaenodonta. (Gabriel, N.U. 2020). b. Miacidae (Agustí & Anton 

2002:26). c. Ursoidea (Agustí & Anton 2002:82). d. Nimravidae (Agustí & Anton 2002). e. Musteloidea 

(Wikimedia Commons 2011). f. Musteloidea (Wikimedia Commons 2020). g. Amphicyonidae (Anton, M. 

2016). 
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3. Methodology 

3.1 Study of the specimens 

The Naturhistoriska riksmuseet was visited once to twice a week to be able to view the specimens as 

well as to take photographs and edit the museum catalogue. The postcranial material was borrowed for 

hands-on study from 05-07-2021 to 28-07-2020. The dental material was studied at the museum and 

through photographs of the material. Measurements of the postcranial material were done in centimetres. 

Measurements of the dental material were carried out by Therese Flink in millimetres.  

3.2 Description of the specimens 

Specimens were described following the literature, describing different dental and postcranial elements. 

In the case of the postcranial descriptions, the basis for the descriptions is Argot (2010), which includes 

detailed descriptions of postcrania material. For the tarsal bones, Fournier et al. (2020) was used for a 

more detailed description of the astragalus and calcaneus. The dental material was mainly described 

following the descriptions and measurement protocol in Peigné & Heizmann (2003). Directional 

references for the dental material follow Viranta (1996). Mesial describes the direction towards the 

midline of the teeth, while distal described the direction away from the midline of the teeth. Dental 

material is studied in lingual (from the tongue, inner view), buccal (from the cheek, outer view) and 

occlusal view (facing the top of the teeth). 

3.3 Comparison of the specimens 

To be able to successfully identify the families of the postcranial material, literature was used that 

identified different families of European late Eocene- early Oligocene carnivorans based on 

measurements and morphology of their postcrania (e.g., Fournier et al. 2020). Genera and species of 

Amphicyonidae for the dental material were analysed with literature on Eocene, Oligocene and Miocene 

species of Amphicyonidae and Carnivora in general (e.g., Peigné, 2012).  
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4. Results 

4.1 Cranial and dental material 

To understand how the taxonomy of the analysed specimens from the Quercy collections of the 

Naturhistoriska riksmuseet has been changed by this project, an overview is here provided showing the 

changes in tabular form (Table 1). The specimens are described and then identified according to the 

current taxonomy. The cranium is not described, as a description would not aid in identification.  

Table 1. Dental material from the Quercy collections of the Naturhistoriska riksmuseet initially labelled as the 

amphicyonid genera Amphicyon, Pseudocyon and Haplocyon, as well as a single cranium. n.d.* Not determined 

due to a lack of identifiable characters being present. Mammal Paleogene Zones (MP) and Mammal Neogene 

Zones (MN) were used from Peigné (2012), Peigné & Heizmann (2003), Viranta, (1996). The MP zonation of P. 

ambiguus was estimated from the different MP zones of species of Pseudocyonopsis from Solé et al. (2020). The 

MP-MN zonation of Haplocyon was estimated by combining the different MP and MN zones from Peigné & 

Heizmann (2003) and Solé et al. (2020). 

 

4.1.1 M2279 “Amphicyon intermedius” 

Description 

A right broken mandible with p4, m1, m2 (Figure 2). The molars are separated from the mandible. An 

alveolus for a two-rooted p3 is present. The p4 has a strong distal cingulid, as well as a single tall cusp. 

The m1 is small and oval. The paraconid of m1 is well developed and protrudes lingually. The 

protoconid is convex on both sides of its apex. The metaconid is greatly reduced. The talonid basin is 

deep, with a crest going around the distal part of the talonid. The entoconid cannot be distinguished from 

Element Speci

men 

numb

er 

Previously 

assigned 

genus 

Previously 

assigned 

species 

Family New genus New species Locality

/Origin 

Epoch Collec

tion 

Stratigrap

hic range 

of the new 

taxon (MP 

or MN) 

Cranium M260

7 

  n.d.*   Quercy Eocene   

p4-m1 M227

9 

Amphicyon intermedius Amphicyoni

dae 

Cynelos schlosseri La 

Milloqu

e 

Miocene  MN3-MN5 

m1 M228

1 

Amphicyon lemanensis Amphicyoni

dae 

Cynelos lemanensis? St-

Gérand-

le Puy 

Oligoce

ne 

 MP29-MN2 

c 

 

M230

6 

Amphicyon sp. Amphicyoni

dae 

Indet. Indet. Quercy, 

Bach 

Oligoce

ne 

  

c1, p2-3 M231

7 

Pseudocyon sp. Mustelidae Ischyrictis 

zibethoides 

zibethoides Sansan Middle 

Miocene 

Krantz MN5-MN6 

P4-M2 M233

1 

Amphicyon ambiguus Amphicyoni
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the crest. The hypoconid is very convex and has a crest that runs mesiodistally. The m2 is small and has 

a poorly defined paraconid. The protoconid is tall and forms part of a lingual crest that continues into 

the talonid. The metaconid is small but well-defined. The talonid is broken off, but the groove appears 

to be oval and relatively deep. A mental foramen is located below p4. 

Comparisons 

Amphicyon intermedius was reassigned to Crassidia intermedia (Heizmann & Kordikova 2000). This 

specimen does not match either the size range (M2279 m1 16.9 compared to 32.59 and 32.70 for C. 

intermedia. The reduced p4 is a trait of Amphicyoninae (Hunt 1998). The specimen does not belong to 

Pseudocyon, as the p4 does not have any accessory cusps (Hunt 1998).         

 The genera Pseudarctos and Cynelos have a p4 with a single cusp, although this is a variable trait in 

Cynelos (Viranta 1996). While Pseudarctos has this trait, Pseudarctos bavaricus dehmi figured in Kuss 

(1965) does not have a metaconid that is of similar height to the specimen at hand; it is too tall. In 

Pseudarctos bavaricus bavaricus the entire m1 is too low. Furthermore, the metaconid would according 

to Kuss (1965) not be visible on the outside of the metaconid, but it is clearly visible.     

 The specimen resembles Cynelos schlosseri as described in Dehm (1950). The m1 has a strong 

paraconid and protoconid, while the metaconid is weak and just barely visible from a buccal view. The 

talonid is not narrowed compared to the trigonid and the talonid is rectangular on the outside and 

semicircular on the inside. The hypoconid is large and blunt. The entoconid is low. The paraconid is not 

very visible. The talonid resembles that of the m1. The specimen also resembles the description in Peigné 

& Heizmann (2003), as the p4 does not bear an accessory cusp and the m2 lacks a distinct mesiolabial 

cingulum. To all of this Viranta (1996) adds that a mental foramen situated below p3-p4 is only present 

in C. schlosseri of the Miocene forms of Amphicyonidae.             

 The specimen is also of similar size to the material described by Dehm (1950). The described 

maximum range for the length of m1 was from 15.9 to 18.8, with a more average range from 16.4 to 

16.9. M2279 has an m1 of 16.9 mm. Therefore, the specimen is identified as C. schlosseri. 



11 
 

 

Figure 2. M2279. a. occlusal view, b. lingual view, c. buccal view, d. m1 trigonid lingual, e. m1 trigonid labial, f. 

m1 trigonid occlusal, g. m2 buccal view, h. m2 lingual view, i. m2 occlusal view. Scale bars in mm. 

4.1.2 M2281 “Amphicyon lemanensis” 

Description 

A right mandible with only a damaged m1 preserved, with roots of the p4 and alveoli for p1-p3, and m2 

present as well (Figure 3). Diastemas between the teeth are quite small. The p1 is single rooted, while 

p2-p4 are double rooted. Based on the size of the roots of p4 it seems the tooth was quite large. The m1 

has a slender talonid and a short trigonid. The paraconid is tall, with only the protoconid being taller 

than the paraconid. The metaconid has not been preserved. A shallow talonid basin is present. The 

hypoconid is quite slender, while the entoconid is markedly more robust.  

Comparisons 

When comparing the material to material from C. lemanensis (Peigné & Heizmann 2003), it appears to 

be similar in form. The specimen is large and has a large p4 compared to m1. The m1 has a hypoconid 

that is tall and an entoconid that is distinct but low. The talonid basin is slightly more lingually placed 

and open distally. The talonid is wider than the trigonid. The m2 is two-thirds of the m1 length. The m1 
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of C. lemanensis is 20.50 mm long and at least 9.2 mm wide. The m1 of the present specimen is of 

similar size, being 21.2 mm long by 9.4 wide. However, in m1 length, it is also quite similar to the 

Oligocene Cynelos species C. quercensis and C. pivetaui (Peigné & Heizmann 2003). Both these 

species, however, have wider talonids than both C. lemanensis and M2281, which can be observed in 

Table 2. Given this information, it can be inferred that this specimen is likely to belong to C. lemanensis. 

However, given the few characteristics identification is based on (solely alveoli and a damaged m1), it 

is here attributed to C. lemanensis? 

 Length m1 Width m1 Talonid width m1 

M2281 21.2 9.4 minimum 14.2 

C. lemanensis 20.50 9.20 14.30 

C. quercensis 21.40 10.00 16.20 

C. pivetaui 21.20 10.20 15.30 

Table 2. Data from Peigné & Heizmann (2003) comparing C. lemanensis, C. quercensis and C pivetaui to M2281. 

   

Figure 3. M2281. a. buccal view, b. lingual view, c. occlusal view, d. m1 in buccal view, m1 in lingual view, m1 

in occlusal view. 

4.1.3 M2306 “Amphicyon sp.” 

Descriptions 

A single lower left canine (Figure 4). The tooth is robust and of similar size to the lower canine in 

M2317. The distal face of the canine has a small convexity at the base of the crown. The tooth curves 

towards the buccal side as well as distally. 
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Comparisons 

The specimen, being an isolated lower canine, likely does belong to Amphicyonidae based on the large 

size of the tooth in comparison to the species present in Quercy (e.g., Solé et al. 2020). However, the 

incisors of Amphicyonidae are sexually dimorphic in multiple genera (Hunt 1998), e.g., Ysengrinia, 

Cynelos and Amphicyon where the males have more robust canines than the females. This makes the 

genus harder to identify which is why it cannot be so easily assigned to the genus Amphicyon. A more 

reasonable identification would thus be an assignment to Amphicyonidae gen. et sp. indet.  

 

 

Figure 4. M306. a. lingual view, b. labial view, c. lateral view, d. medial view. Scale bars in mm. 

4.1.4 M2317 “Pseudocyon sp.” 

Description 

A right mandible with c, p2 and p3 preserved, as well as alveoli for p4, m1 and a single rooted m2 

(Figure 3). The canine is robust and protrudes buccally. A shallow crest is present on the distal side of 

the tooth, as well as lingually where the cingulid is highest. The premolars are both characterised by a 

strong cingulid that runs along the entire tooth. Both are double rooted. The p2 has a distal cusp in 

addition to its main cusp. The p3 is more robust and has both an anterior and posterior cusp in addition 

to the main cusp. The alveoli for p4 and m1 are large and suggest large teeth. The small alveolus of m2 

suggests a reduced molar. The m3 is not present. Based on the alveolus and the teeth present, the 

diastemas would be quite small.  

Comparisons  

This specimen was identified as Pseudocyon sp.? However, it seems the specimen does not belong to 

the species in the genus Pseudocyon following Viranta (1996). P. sansaniensis has premolars that are 
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all double rooted, while this specimen has a single rooted p1. P. steinheimensis has an m3, single rooted 

p2 and p3. The specimen lacks the alveolus for m3, has double rooted p2 and p3 and does not have 

serrated edges on the canines. P. caucasicus lacks a p1 and p2 and has a small p3, unlike the specimen. 

P. styriacus has long diastemas between the premolars, as well as an m3, unlike M2317. The specimen 

seems to differ from descriptions of the genus Pseudocyon, as in Hunt (1989) the genus is described as 

having strongly reduced premolars and retaining m3, which is not the case with M2317 as the premolars 

remain quite robust. The specimen also falls outside the size range of the m1 of European species of 

Ysengrinia, Cynelos, Amphicyon, Pseudocyon (Hunt 1998). It appears the specimen might be too small 

to be likely to belong to Amphicyonidae.                   

 A note was present underneath the typed label of the specimen, on which was written Ischyrictis 

zibethoides, which is a mustelid present at Sansan during the middle Miocene (Peigné 2012). 

Comparison with the figured specimen and the measurements reveals a similarity to I. zibethoides. The 

p1 is simple and single rooted. The p2 has no accessory cuspids, while the one on p3 is vestigial. 

Diastemas are very small, as is the m2. An m3 is not present. The m1 has a size range from 14.1 to 18.9, 

in which the estimated size of the m1 of 16.3 would easily fit. The p2 and p3 show ranges and relative 

sizes similar to the specimen as well, with the most striking comparison being Sa 15517, with a p2 of 

7.1 and a p3 of 9.6 compared to M2317, with measurements of 7.1 and 9.3, respectively. Given the 

measurements and morphological characteristics, M2317 can be attributed to Ischyrictis zibethoides. 

This specimen can therefore be excluded from the Quercy collections of the Naturhistoriska riksmuseet. 

 

 

Figure 5. M2317. a. lingual view, b. buccal view, c. occlusal view. Scale bars in mm. 
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4.1.5 M2331-M2332 “Amphicyon ambiguus” 

Descriptions 

M2331 is comprised of the left P4-M2. The P4 is robust and has a thick cingulum (Figure 6). The 

protocone is weakly developed but protrudes more ventrally than the cingulum. The thicker anterobuccal 

part of the tooth marks the parastyle. The paracone is broken off but would be taller than the metastyle. 

M1 is triangular in shape; elongated lingually. The cingulum around M1 is strongest lingually and 

buccally. It has a more well-developed paracone than metacone. The paraconule and metaconule are 

very reduced and form part of a crest with an elongated, well-developed protocone. M2 shows a much 

smaller tooth, more oval in shape with a cingulum that is still quite thick but overall showing the same 

morphology as M1. The diastemas between the teeth are basically absent.       

 M2332 is a right partial mandible with p2,p4-m1 present (Figure 7). Alveoli for c, p1 and p3 can be 

distinguished. The p1 appears to have been single rooted, unlike the double rooted p2. The p2 is small 

relative to the p4 and has a broken top. The p4 has two points; aside from its main cusp, there is a smaller 

point distal to the first. Both it and the m1 have a thick cingulid. The m1 has a lingually placed paraconid 

that is well developed and has a sharp crest. The protoconid is large and thicker mesially than distally. 

The metaconid is tall and curves out distolingually from three-quarters of the height of the protoconid. 

The talonid is short and has a well-defined talonid basin. The entoconid is small and forms a crest around 

the distal part of the talonid towards the hypoconid. The hypoconid is large and situated quite lingually. 

A distinctive crest is present on top of the hypoconid. The diastemas suggested by the teeth and alveoli 

are very small. 

Comparisons 

M2331-M2332 were labelled Amphicyon ambiguus, which was changed to Pseudocyonopsis ambiguus 

by Kuss (1965), a name that is still in use (Solé et al. 2018). The specimens are very similar to the 

description and figures of Amphicyon ambiguus in Filhol (1877). The p1 is single rooted. The p2 is 

small, while the roots for p3 indicate a much larger tooth, much closer in size to the p4. The p4 has a 

thick cingulid mesially and a tubercle distally. Where the second root would be there is a distal shelf 

present. There is no space between the molars, while there was at least some between the premolars. 

The m1 is very robust. The protoconid is large and conical mesially while being more vertical distally. 

The talonid is massive and tall, but short.                   

 The P4 has three roots. It is large mesially and its trigon is placed upon two tubercles that correspond 

to where the mesial roots are. The M1 is very robust and lingually extended. The paracone and metacone 

are large. A crest is present more lingually. The basin between this crest and the paracone and metacone 

is quite deep. On the lingual most side of the tooth, there is a strong cingulum. The M2 is similar to the 

M1, but smaller, with a relatively more robust inside of the tooth (Filhol 1877).      
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 Kuss (1965) criticised the figures of Pseudocyon ambiguus in Filhol of (1877) for the lower mandible 

for showing the teeth as being too robust and for exaggerating the spike at the basal front of the p4. The 

upper dentition was missing when Kuss wished to observe the material, meaning the identification of 

M2331 and M2332 might need additional material to be verified completely. However, as the specimens 

fit the description of Pseudocyonopsis ambiguus, as well as the measurements (Table 3), it is likely the 

specimens belong to this taxon, so they are marked Pseudocyonopsis ambiguus? 

 P4 M1 M2 p2 p4 m1 

M2331 21.6 16.3 10.1    

M2332    11.1 14.6 21 

Filhol 

(1877) 

21 15 9.0 13.5 16 23 

Table 3. M2231 and M2332 compared to Pseudocyonopsis ambiguus (Filhol 1877). 

 

Figure 6. M2331. a. buccal view, b. lingual view, c. occlusal view. Scale bars in mm. 

 

Figure 7. M2332. a. lingual view, b. buccal view, c. occlusal view. Scale bars in mm. 
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4.1.6 M2346 “Haplocyon?” 

Description 

A right partial mandible with m1-m2 preserved, as well as the alveoli for p3, p4 and m3 (Figure 8). The 

alveoli of p3-p4 indicate double rooted teeth, which would be less robust than the m1. The m1 is short, 

robust, and has a small buccal cingulid. The paraconid is tall, sharp and faces lingually. It appears as if 

it could be of similar height to the broken off metaconid. The metaconid is angled distally but broken 

off. The protoconid is tall and crested mesially while being near-flat distally. The talonid is very reduced. 

The talonid basin is very small. The entoconid is smaller than the hypoconid, but both are quite reduced. 

The m2 is quite flat and small, with a lingual cingulum. The m2 has a low paraconid, a relatively tall 

protoconid and a less tall, but still well-defined metaconid. The talonid basin is present as a round 

concavity, with a crest forming around the talonid of the reduced metaconid and pronounced hypoconid, 

which carries a mesiodistally extended crest. The m3 would have been double rooted and angled 

mesiolingually-distobuccally. The distal root seems to cut into the concavity for M. masseter. Diastemas 

appear to be almost non-existent in the dental series. 

Comparisons 

The Haplocyonini are defined by Viranta (1996) as having a tall trigonid and a low talonid on the m1 

and reduced to missing diastemas between the premolars. These characteristics are clearly present in 

M2346. According to Peigné & Heizmann (2003), the genus Haplocyonides differ from Haplocyon and 

Haplocyonopsis among other characteristics by the loss of the metaconid on the m1 and 2, which M2346 

retains. Therefore, the specimen must belong to either Haplocyon or Haplocyonopsis. When compared 

to Haplocyonopsis (Bonis et al., 1973), M2346 is too small to belong to the single species in the genus, 

Haplocyonopsis crassidens (Plt 5, 1 m1 is around 29 mm).            

 Compared to the Haplocyon specimens figured by Bonis (1966), the m1 of M2346 is overall quite 

similar in size to Haplocyon elegans (17 mm relative to 14.8 mm in M2346). However, the trigonid is 

much taller in M2346.                          

 The specimen also somewhat resembles Cynodictis as described by Teilhard de Chardin (1915): the 

m1 would be notably larger than the premolars based on the premolar alveoli, the protoconid is taller 

than the paraconid and metaconid, the trigonid is quite compact, but a lateral cutting edge is formed 

from the protoconid and paraconid. The talonid is hollow and bordered by a sharp hypoconid and an 

entoconid. The m2 has conserved the paraconid and the protoconid is taller than the metaconid, the 

talonid is not elongated nor is the tooth flattened. However, the protoconid and paraconid are too 

shearing and the metaconid is too reduced and posteriorly placed when compared to Cynodictis (Teilhard 

de Chardin 1915). Therefore, the identification of Haplocyon sp? is maintained, as the specimen is most 

similar to species of this group. 
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Figure 8. M2346. a. buccal view, b. lingual view, c. occlusal view. Scale bars in mm. 

4.2 Postcranial material 

As for the dental material, an overview is provided of the identified families in the Quercy collection of 

Naturhistoriska riksmuseet (Table 4). As most of the specimens were simply labelled “Carnivora” or 

even “Carnivora ?”, usually without even the postcranial element stated, the old labelling is omitted. 

The specimens are sorted starting with the most proximal bone of the forearm and ending with the 

distalmost bone of the hindlimb. Material that cannot immediately be ordered in this manner is included 

at the end. Specimens are described in numerical order, then compared in numerical order. Phalanges 

and the metapodial M2631 were not described, as a description would not aid in further identification.  

Element Specimen 

number 

Family Locality/Origin Epoch Collection 

Humerus L. M2649 Nimravidae Quercy, Bach Eocene   

Humerus L. M2650 Nimravidae Quercy, Bach Eocene   

Humerus L. M2651 Nimravidae Quercy, Bach Eocene   

Humerus R. M2652 Viverridae (sensu 

lato) 

Quercy, Bach Eocene   

Radius L. M2645 n.d.* Quercy, Bach Eocene   

Radius L. M2648 Ailuridae Quercy, Bach Eocene   

Ulna R. M2647 Ailuridae Quercy, Bach Eocene   
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Metacarpal I 

R. 

M2599 Amphicyonidae Quercy, Bach Eocene   

Metacarpal I 

R. 

M2604 Amphicyonidae Quercy, Bach Eocene   

Metacarpal 

II R. 

M2632 Aff. 

Mustelidae/Viverridae 

Quercy, Bach Eocene   

Metacarpal 

II R. 

M2633 Aff. 

Mustelidae/Viverridae 

Quercy, Bach Eocene   

Metacarpal 

III L. 

M2628 l.r.m.** Quercy, Bach Eocene   

Metacarpal 

III L. 

M2629 l.r.m.** Quercy, Bach Eocene   

Metacarpal 

IV L. 

M2601 Amphicyonidae Quercy, Bach Eocene   

Metacarpal 

IV L. 

M2602 Amphicyonidae Quercy, Bach Eocene   

Metacarpal 

IV L. 

M2623 Amphicyonidae Quercy, Bach Eocene   

Metacarpal 

IV R. 

M2624 l.r.m.** Quercy, Bach Eocene   

Metacarpal 

IV L. 

M2625 l.r.m.** Quercy, Bach Eocene   

Metacarpal 

IV L. 

M2626 l.r.m.** Quercy, Bach Eocene   

Metacarpal 

V R. 

M2606 l.r.m.** Quercy, Bach Eocene   

Innominate 

L. 

M2641 n.d.* St-Gérand-Le- 

Puy 

    

Innominate 

L. 

M2654 Amphicyonidae Quercy Eocene Kovalevsky 

Innominate 

L. 

M2656 Amphicyonidae Quercy Eocene Kovalevsky 

Innominate 

R. 

M2655 Amphicyonidae Quercy Eocene Kovalevsky 

Femur L. M2657 Mustelidae Quercy Eocene   

Femur L. M2658 Miacidae Quercy Eocene   

Tibia R. M2644 Hyaenodonta? Quercy, Bach Eocene   

Tibia R. M2646 Hyaenodonta? Quercy, Bach Eocene   

Tibia R. M2661 Hyaenodonta? Quercy Eocene   

Calcaneus L. M2619 Nimravidae Quercy, Bach Eocene   

Calcaneus L. M2620 Mustelidae Quercy, Bach Eocene   

Astragalus L. M2659 Nimravidae Quercy Eocene   

Cuboid R. M2618 Amphicyonidae Quercy, Bach Eocene   

Metatarsal I 

R. 

M2605 l.r.m.** Quercy, Bach Eocene   

Metatarsal II 

R 

M2600 l.r.m.** Quercy, Bach Eocene   

Metatarsal II 

L. 

M2603 l.r.m.** Quercy, Bach Eocene   

Metatarsal II 

R. 

M2621 l.r.m.** Quercy, Bach Eocene   
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Metatarsal II 

L.  

M2622 l.r.m.** Quercy, Bach Eocene   

Metatarsal II 

R.  

M2627 l.r.m.** Quercy, Bach Eocene   

Metatarsal II 

R. 

M2630 l.r.m.** Quercy, Bach Eocene   

Metatarsal II 

R. 

M2634 Aff. 

Mustelidae/Viverridae 

Quercy, Bach Eocene   

Metatarsal II 

R.  

M2642 Aff. 

Mustelidae/Viverridae 

St-Gérand Le-

Puy 

Oligocene   

Metatarsal II 

R. 

M2643 l.r.m.** St-Gérand Le-

Puy 

Oligocene   

Metatarsal 

III L.  

M2597 Amphicyonidae Quercy, Bach Eocene   

Metatarsal 

IV L. 

M2598 l.r.m* Quercy, Bach Eocene   

Proximal 

phalanx 

M2635 n.d.* Quercy, Bach Eocene   

Proximal 

phalanx 

M2636 n.d.* Quercy, Bach Eocene   

Proximal 

phalanx 

M2637 n.d.* Quercy, Bach Eocene   

Proximal 

phalanx 

M2638 n.d.* Quercy, Bach Eocene   

Middle 

phalanx 

M2608 n.d.* Quercy, Bach Eocene   

Distal 

phalanx 

M2609 n.d.* Quercy, Bach Eocene   

Distal 

phalanx 

M2610 n.d.* Quercy, Bach Eocene   

Distal 

phalanx 

M2611 n.d.* Quercy, Bach Eocene   

Distal 

phalanx 

M2613 n.d.* Quercy, Bach Eocene   

Distal 

phalanx 

M2614 n.d.* Quercy, Bach Eocene   

Distal 

phalanx 

M2615 n.d.* Quercy, Bach Eocene   

Distal 

phalanx 

M2616 n.d.* Quercy, Bach Eocene   

Distal 

phalanx 

M2617 n.d.* Quercy, Bach Eocene   

Metapodial M2631 n.d.* Quercy, Bach Eocene   

Table 4. Postcranial material from the Quercy collections of the Naturhistoriska riksmuseet previously labelled as 

either Carnivora ? or Carnivora. L. and R. identify the material as either left or right. n.d.* Not determined due to 

damage or the material being a middle, proximal or distal phalanx. l.r.m.** Lack of representative material for the 

metapodials; material that was identifiable but lacked material for comparison. 
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4.2.1 M2649-M2652 Humeri 

Descriptions 

The proximal end of M2649 (Figure 9a-d) in lateral view shows a humeral head at about the same height 

as both trochanters. There is an overhang of the humeral head in posterior view. The humeral head is 

asymmetrical; it is continuous with the lesser trochanter, while a groove separates it from the greater 

trochanter. The lateral epicondylar crest is long and thick, but not laterally prominent. The ectepicondyle 

is similarly massive but not prominent. Medially, the entepicondylar foramen is wide, with a thin 

entepicondylar crest. The entepicondyle is massive and protrudes posteriorly. The medial lip is 

prominent anteriorly. The olecranon fossa is laterally deep but not wider than the articular facet below 

it. Medially to the olecranon fossa, there is a hole next to the trochlea. The trochlea is asymmetrical in 

distal view, with a sharp, posteriorly prominent lateral crest. The medial lip is smoother and not 

prominent in distal view. On the anterior of the humerus, the capitulum is cylindrical, wider than the 

trochlea and slightly extended proximally. The lateral border is neither distinct nor prominent. No crest 

separates the capitulum from the trochlea. The articular facet does not extend far distally.  

 M2650 (Figure 9e-h) shows a humeral head lower than the trochanters and the fossa for the ligament 

next to the trochlea is much smaller and less deep. The other characteristics are the same as in M2649, 

albeit smaller.                          

 M2651 (Figure 9i-l) has a humeral head around the same height as the greater trochanter. The lesser 

trochanter cannot be seen as it has not been sufficiently prepared out of the matrix. The fossa for the 

ligament next to the trochlea is much smaller and less deep. The other characteristics are the same as in 

M2649, albeit smaller.                       

 M2652 (Figure 9m-p) has a humeral head lower than the greater trochanter. There is no overhang of 

the humeral head in posterior view. The humeral head is asymmetrical; it is continuous with the lesser 

trochanter, while a groove separates it from the greater trochanter. The lateral epicondylar crest is long 

and thick, but not laterally prominent. The ectepicondyle is similarly massive but not prominent. 

Medially, the entepicondylar foramen is wide, with a thin entepicondylar crest. The entepicondyle is 

massive and protrudes posteriorly. The medial lip is prominent anteriorly. The olecranon fossa is 

pierced. The trochlea is asymmetrical in distal view, with a sharp, posteriorly prominent lateral crest. 

The medial lip is smoother and not prominent in distal view. Anteriorly on the humerus the capitulum 

is cylindrical, wider than the trochlea and slightly extended proximally. The lateral border is neither 

distinct nor prominent. No crest separates the capitulum from the trochlea. The articular facet does not 

extend far distally. 

Comparisons 
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The humerus M2649 is similar to the nimravid specimen MPC-M30/85 from Egi et al. (2015). It differs 

from Felidae in that it has a large medial epicondyle and supinator crest. The hole medial to the trochlear 

articular surface is identified as an attachment site for the ulnar collateral ligament. The entepicondylar 

foramen is present. Due to their similar morphology, M2650 and M2651 likely also belong to 

Nimravidae.                          

 M2652 is likely a viverrid; the presence of an enlarged greater trochanter, the lack of any beaking, 

and the hole in the olecranon fossa are all characteristics shared with Viverridae (Taylor 1974).  

 

Figure 9. Humeri from the Quercy collection. a-d M2649 in proximal, posterior, anterior and distal view. e-h 

M2650 in proximal, posterior, anterior and distal view. i-l M2651 in proximal, posterior, anterior and distal view. 

m-p M2652 in proximal, posterior, anterior and distal view. Scale bars in mm. 

4.2.2 M2645, M2648 Radii  

Descriptions 

M2645 (Figure 10a-f) is robust and stocky. The epiphyses are damaged. The head is widest along the 

posteromedial-anterolateral axis. The radial tuberosity is small. It has a rugose scar medially in the centre 

of the diaphysis. The distal end is mesiolaterally wide.              

 M2648 is overall quite elongated (Figure 10g-l). It has a head with an articular fovea that is not very 

prominent. It is widest along the posteromedial-anterolateral axis. The radial tuberosity is well 

developed. It has a rugose scar medially in the centre of the diaphysis. The distal end is mesiolaterally 

wide. 
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Comparisons 

M2645 cannot be identified to taxon due to damage to the epiphyses, which are most often used in 

identification. M2648 is similar to Ailuridae, as it is quite elongated, it has a mesiolaterally wide distal 

end and a relatively flat radial head (Gardin et al. 2021). 

 

Figure 10. Radii from the Quercy collection. a-f M2645 in anterior, posterior, distal and medial view. g-h M2648 

in anterior, posterior, distal and medial view. Scale bars in mm. 

4.2.3 M2647 Ulna 

Description 

M2647 has a radial notch that forms a sharp angle with the coronoid process (Figure 11). The radial 

notch and the trochlear notch are separated by a minor ridge, while the coronoid process and trochlear 

notch are not separated. Overall, the ulna is not very robust. It is anteroposteriorly wider proximally than 

distally. The posterior border is slightly convex proximally. The olecranon is short and robust, 

protruding laterally distally. The apex of the olecranon forms a rectangular corner with the posterior 

border of the ulna. The scar for the biceps and brachialis is well marked distal to the coronoid process. 

A long, rugose scar is present on the anterior border of the ulna.  

Comparisons 

M2647 is similar to the ulna of the ailurid Ai. fulgens (Gardin et al. 2021) as it has a separated radial 

notch that is oval in shape. The ulna is not very robust. The shape of the olecranon is similar.  
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Figure 11. M2647. a posterior view, b anterior view, c medial view, c lateral view, e trochlear notch in anterior 

view, f proximal view, g distal view. Scale bars in mm. 

4.2.4 M2599, M2604 Metacarpal I 

Descriptions 

M2599 is a robust right metacarpal (Figure 12a-d). The diaphysis is short and dorsopalmarly flattened, 

with a slight curve on the medial side. The proximal surface is smooth, dorsopalmarly elongated and 

almost elliptical. Medially a strong tuberosity for the attachment of the dorsal basal ligament and the 

abductor pollicis longus is present.                   

 M2604 is a smaller robust, short right metacarpal (Figure 12e-h). The diaphysis is rounded and much 

thinner than the epiphyses. The proximal surface is slightly dorsopalmarly elongated and clearly shows 

two facets. The proximomedial facet is elliptical in shape, smooth and larger than the rougher 

proximolateral subcircular facet. A dorsal crest separates the facets in two. On the lateral side, there is 

also a strong tuberosity for the attachment of the dorsal basal ligament and the abductor pollicis longus. 

Comparisons 

M2599 and M2604 are very similar to the Mc I of U. arctos, but M2599 is more elongated than A. major 

(Ginsburg 1961). They also bear similar proximal articular facets to U.arctos (Pales & Lambert 1971). 

They belong to Amphicyonidae based on their robust, ursid like morphology and proximal articular 

facets similar to U.arctos and overall shape similar to Amphicyon major (Ginsburg 1961; Pales & 

Lambert 1971; Argot 2010). 
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Figure 12. Metacarpals I of the Quercy collection. a-d M2599 in dorsal, medial, lateral, and proximal view. e-h 

M2604 in dorsal, medial, lateral, and proximal view. Scale bars in mm. 

4.2.5 M2632-M2633 Metacarpal II 

Descriptions 

M2632 is a slender and elongated right metacarpal (Figure 13a-d). The diaphysis is straight and 

triangular in shape due to a ridge on the palmar side. Proximodorsally, a round muscle scar is present. 

The proximal epiphysis is concave, smooth and dorsopalmarly elongated. Dorsomedially there is a thick 

tuberosity for the attachment of the extensor carpi radialis longus. The medial side of the proximal 

epiphysis is rougher than the lateral face which has a large articular facet for metacarpal III and the 

magnum along its proximal margin.                  

 M2633 is a slender and elongated right metacarpal, smaller than M2632 (Figure 13e-h). The 

diaphysis is straight and dorsopalmarly flattened. The proximal epiphysis is concave, smooth and 

dorsopalmarly elongated. Dorsomedially there is a thick tuberosity for the attachment of the extensor 

carpi radialis longus. The medial side of the proximal epiphysis is rougher than the lateral face which 

has a large articular facet for metacarpal III and magnum along its proximal margin. 

Comparisons 

Metacarpals M2632, M2633 show an affinity to Mustelidae or Viverridae (Taylor 1974; Salesa et al. 

2013), due to their elongation and small size. 
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Figure 13. Metacarpals II of the Quercy collection. a-d M2632 in dorsal, medial, lateral, and proximal view. e-h 

M2633 in dorsal, medial, lateral, and proximal view. Scale bars in mm. 

4.2.6 M2628-M2629 Metacarpal III 

Descriptions 

M2628 (Figure 14a-d) is a robust and stocky left metacarpal; the diaphysis is straight and slightly 

flattened dorsopalmarly. It has a slightly convex, rough, triangular proximal epiphysis. Medially, there 

are two semi-circular facets present proximally. An oval tuberosity is present between these two facets, 

but more distally. The lateral face is rough, with three small round facets proximally located, one larger 

more distal round facet in the middle behind the first three and one more ventrally located oval facet 

distal to the second facet.                      

 M2629 (Figure 14e-h) is an elongated left metacarpal. The diaphysis is straight and rounded. The 

proximal epiphysis is convex, almost rectangular and smooth. The medial face has a deep, round facet, 
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with a thick, semi-rectangular tuberosity on the proximal border. The lateral face is marked by a robust, 

square tuberosity located dorsally and projecting proximally, but not reaching the proximal border. 

Comparisons 

M2628 and M2629 lack clear similarities to U. arctos and A. major. While M2628 is robust and stocky, 

it is not close in morphology to the shortness of the bone figured in Ginsburg (1961). M2629 is too 

elongated. These bones also show no immediate affinity to Mustelidae or Viverridae as they are too 

large (Taylor 1974; Salesa et al. 2013). 

 

Figure 14. Metacarpals III of the Quercy collection. M2628 a-d in dorsal, lateral, medial, and proximal view. 

M2629 e-h in dorsal, lateral, medial, and proximal view. Scale bars in mm. 

4.2.7 M2601-M2602, M2623-M2626 Metacarpal IV 

Descriptions 

M2601(Figure 15a-d) is a left metacarpal with a straight, rounded diaphysis and is quite stocky. 

Proximodorsally there is a large rugose scar for the attachment of one of the dorsal carpometacarpal 

ligaments. The proximal epiphysis is convex and dorsopalmarly elongated. The medial face shows a 
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semi-elliptical proximo-distally elongated articular facet for metacarpal III. The lateral articular facet 

for metacarpal V is well developed proximally and continues slightly dorsally in a curve.   

 M2602 (Figure 15e-h) is a straight left metacarpal more robust than M2601. The diaphysis is 

rounded, except for an elliptical rugose scar on the lateropalmar side of the diaphysis. Proximodorsally 

is a small scar for the attachment of one of the dorsal carpometacarpal ligaments. The proximal epiphysis 

is strongly convex and dorsopalmarly elongated. The medial face shows an elliptical proximo-distally 

elongated articular facet for metacarpal III. Proximally, this facet is bordered by a thick ridge describing 

a curved shape. On the lateral face, there is the lateral articular facet for metacarpal V, which is well 

developed proximally into a thick, curved shape that goes from palmar to dorsal.     

 M2623 (Figure 15i-l) is a straight left metacarpal that is short, but not as robust as the previously 

mentioned Metacarpal IV’s. It has a large elliptical rugose scar on the lateropalmar side of the diaphysis. 

The proximal epiphysis is convex and dorsopalmarly elongated. The medial face shows a small elliptical 

facet for the articulation with metacarpal III, bordered palmarly and dorsally by two small tuberosities. 

The lateral face shows a well-developed lateral articular facet for metacarpal V, which is well developed. 

It starts palmarly, continues proximally and ends slightly dorsally in a proximal curve. M2624 (Figure 

15m-p) is a right, elongated, straight metacarpal with a rounded diaphysis. An elongated scar is present 

on the lateropalmar side of the diaphysis. Proximodorsally there is a shallow scar for the attachment of 

one of the dorsal carpometacarpal ligaments. The proximal epiphysis is slightly convex and 

dorsopalmarly elongated. The medial face shows a small, round, deep facet between two tuberosities as 

in M2623. The lateral face also shows a deep concavity before the narrower ridge for articulation with 

metacarpal V.                           

 M2625 (Figure 15q-t) is a left, elongated but robust straight metacarpal with a rounded diaphysis. 

An elongated scar is present on the lateropalmar side of the diaphysis. There is a scar present 

proximodorsally for the attachment of one of the dorsal carpometacarpal ligaments. The proximal 

epiphysis is very convex and dorsopalmarly elongated. The medial face shows a thick ridge that curves 

around the proximal epiphysis and is thickest dorsally, with an articular facet distal to the ridge. The 

lateral face shows a rounded articular facet distal to a thick crest, which is thickest dorsally as well.

 M2626 (Figure 15u-x) is a left, elongated metacarpal. The diaphysis is rounded and bears no scar on 

the lateropalmar side. There is a small scar present proximodorsally near the proximal epiphysis. The 

proximal epiphysis is strongly convex and not very elongated dorsopalmarly. The medial face bears a 

round articular facet and a small ridge dorsal to this facet. The lateral face has a narrow, curved articular 

facet for metacarpal V.  

Comparisons 

M2601, M2602 and M2623 all show the robust lateral and medial curves close to the proximal articular 

facet as figured for Amphicyon major in Ginsburg (1961). Furthermore, they have the same straight, 

stocky nature as the figured specimens in the same article. These specimens, therefore, belong to 
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Amphicyonidae.                        

 M2624, M2625, M2626 are too large to show an affinity to Mustelidae or Viverridae (5.2, 5.1 and 

4.2 cm) (Taylor 1974; Salesa et al. 2013). They also show no affinity to Amphicyonidae, as they are 

quite elongated, unlike metacarpals of Amphicyonidae (Ginsburg 1961). They do show similar articular 

proximal facets as U. arctos (Pales & Lambert 1971) 

 

Figure 15. Metacarpals IV of the Quercy collection. M2601 a-d in dorsal, lateral, medial, proximal view. M2602 

e-h in dorsal, lateral, medial, proximal view. M2623 i-l in dorsal, lateral, medial, proximal view. M2624 m-p in 

dorsal, medial, lateral, proximal view. M2625 q-t in dorsal, lateral, medial, proximal view. M2625 u-x in dorsal, 

lateral, medial, proximal view. Scale bars in mm. 

4.2.8 M2606 Metacarpal V 

Description 

M2606 (Figure 16) is a short and robust right metacarpal. The diaphysis is slightly flattened dorsally. 

The proximal articular surface is convex and dorsopalmarly elongated. It is angled towards the medial 

side. There is a tuberosity for the attachment of the extensor carpi ulnaris on the lateral side of the 

proximal articular surface. The medial face of the proximal epiphysis has a tuberosity that starts 

proximally and curves into the dorsal margin of the diaphysis as a ridge. 

Comparisons 

M606, while having the correct stocky, robust proportions, does not show an affinity to Amphicyonidae 

as it does not have a similar proximal articular facet as U.arctos (Pales & Lambert 1971), nor is the 

proximal articular facet similar to A. major (Ginsburg 1961). 
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Figure 16. M2606. a. dorsal view, b medial view, c lateral view, d proximal view. Scale bars in mm. 

4.2.9 M2641, M2654-M2656 Innominates 

Descriptions 

M2641 (Figure 17a) has an ilium with a deep gluteal fossa and a very prominent ridge ventrally to this 

structure. The ilium does not make a significant angle with what is conserved of the ischium. The iliac 

fossa is reduced to a shallow strip on the ventral side. The tuberosity for M. rectus femoris is prominent. 

The ischium is broken.                       

 The ilium of M2654 (Figure 17b) is longer than the ischium, making an angle of around 150 degrees. 

The gluteal fossa is deep. The iliac fossa is reduced to a shallow strip on the ventral side. The anterior 

part of the ilium is prominent laterally. The tuberosity for M. rectus femoris is prominent and long. The 

ramus of the ischium is robust, as is the ischiatic tuberosity, which is not deflected outward. The 

tuberosity for the Mm. ischio-caudalis and gemellus superior is well developed. The acetabular facet 

covers most of the acetabulum and is thicker anteriorly.             

 M2655 (Figure 17c) has an ilium that makes an angle with what remains of the ischium of around 

160 degrees. The gluteal fossa is deep. The iliac fossa cannot be observed as part of the ilium is broken 

off. The anterior of the ilium is prominent laterally. The tuberosity for M. rectus femoris is prominent 

and long. The ischium and part of the acetabulum are broken off.         

 M2656 (Figure 17d) has a 140-degree angle between the ilium and the ischium. Part of the gluteal 

fossa is broken off, but it appears quite deep. The tuberosity for M rectus femoris is prominent. What 

remains of the ramus does not seem very robust. The acetabular facet is anteriorly thicker than the 

posterior and covers most of the acetabulum. 

Comparisons 

A large angle between the ilium and ischium is characteristic of Amphicyonidae, being around 140 

degrees according to Argot (2010). M2654, M2655, M2656 all have an angle between the ilium and 

ischium that is large enough to warrant identification as Amphicyonidae. Furthermore, the tuberosity 

for the rectus femoris is well developed in all specimens. However, in Polly (1996) an innominate is 

visible with a very similar angle of the pelvis. Nevertheless, it appears that the rectus femoris is shaped 
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more spherically and is more robust. Unfortunately, M2641 does not have enough characteristics to be 

satisfactorily identified. 

 

Figure 17. Innominates of the Quercy collection in lateral view. a. M2641 b. M2654 c. M2655 d. M2656. Scale 

bars in mm. 

4.2.10 M2657-M2658 Femora 

Descriptions 

M2657 (Figure 18a-f) has a short neck with a proximo-medially protruding head that is slightly lower 

than the greater trochanter. Its articular surface does not extend towards the greater trochanter. The fovea 

capitis is deep. The greater trochanter is neither prominent anteriorly nor posteriorly. The trochanteric 

fossa is deep, broad and long. The lesser trochanter protrudes posteromedially and is visible in anterior 

view. The third trochanter is not visible, instead, a crest extends two-thirds along the diaphysis. The 

distal epiphysis is taller than it is wide. The groove of the femoral trochlea is well defined and deep 

between symmetrical ridges. The trochlea is slightly longer than the condyles in lateral view. The 

intercondyloid space is deep. The femoral condyles are of about equal size and symmetrical in both 

posterior and distal views.                       

 The neck of M2658 (Figure 18g-l) is short, with a head that protrudes proximo-medially at the same 

height as the great trochanter. Its articular surface does not extend towards the greater trochanter. The 
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fovea capitis is well marked and broad. The greater trochanter is prominent anteriorly. The trochanteric 

fossa is deep and proximodistally long. The lesser trochanter protrudes medially and is broad in anterior 

view. The third trochanter is small but well defined. While the distal epiphysis of the bone is broken off, 

the groove of the femoral trochlea is well defined and deep between high, symmetrical grooves. 

Comparisons 

A note from 1973 from Ginsburg that was found with the specimens said they certainly were not 

carnivores: “certainement pas des carnivores”, however, both femora do resemble carnivores.  

 M2657 is similar to Mustelidae. There is a short distance on the top of the head between the greater 

trochanter and the femoral head. The trochanteric fossa is deep and proximodistally long. The femoral 

condyles are of about equal size, like in Meles meles (Salesa et al. 2020).       

 Femur M2658 resembles the miacid Viverravus from Heinrich & Houde (2006). The lesser 

trochanter protrudes far medially and is broad anteriorly. The trochanteric fossa is deep, and the femoral 

head and greater trochanter are around equal height. 

 

Figure 18. Femora of the Quercy collection. M2657 a-f in anterior, posterior, medial, lateral, proximal, and distal 

views. M2658 g-l in anterior, posterior, medial, lateral, proximal, and distal view. Scale bars in mm. 

4.2.11 M2661, M2644, M2646 Tibiae  

Descriptions 

M2644 (Figure 19a-f) has an anterior tuberosity located more distally than the level of the tibial 

condyles. The medial articular facet is more concave, and the lateral articular facet is more convex. The 

lateral facet faces proximo-posteriorly. In medial view, the anterior crest is slightly convex due to its 

thickness. The fossa where M. tibialis anterior originates, the insertions of the Mm. gracilis and 
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semitendinosus caput ventrale, the shallow scar of the medial collateral ligament and the crest for the 

M. popliteus have the same characteristics as M2661.              

 M2646 (Figure 19g-l) has an anterior tuberosity located more distally than the level of the tibial 

condyles. The medial articular facet is more concave than the lateral articular facet. The lateral facet 

faces proximo-posteriorly. In medial view, the anterior crest is slightly convex due to its thickness. The 

fossa where M. tibialis anterior originates, the insertions of the Mm. gracilis and semitendinosus caput 

ventrale, the shallow scar of the medial collateral ligament and the crest for the M. popliteus have the 

same characteristics as M2661.                    

 M2661 (Figure 19m-q) has a prominent anterior tuberosity located more distally than the level of the 

tibial condyles. The medial articular facet is more concave than the lateral one. The posteriormost part 

of the lateral facet faces posteriorly. The tibial crest is thick. The laterally located fossa of M. tibialis 

anterior is broad and shallow., The insertions of the Mm. gracilis and semitendinosus caput ventrale 

extend until one-third of the way down on the anterior crest. The medial side of the tibia has a proximally 

located shallow scar marking the insertion of the medial collateral ligament. Posteriorly, a crest for the 

M. popliteus is well marked, long and sharp. The distal end of the tibia is broken off. 

Comparisons 

The tibiae are tentatively placed in Viverridae, following the morphology figured in Taylor (1976). The 

tibiae are elongated and M2644 and M2646 have a distal articular surface with a second protuberance 

aside from the medial malleolus but on the opposite side. 
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Figure 19. Tibiae of the Quercy collection. M2644 a-f in posterior, anterior, lateral, medial, proximal, and distal 

views. M2646 g-l in posterior, anterior, lateral, medial, proximal, and distal view. M2661 m-q in posterior, 

anterior, lateral, medial, proximal, and distal view. Scale bars in mm. 

4.2.12 M2659 Astragalus 

M2659 (Figure 20) has a deep trochlea in dorsal view. The lateral and medial edges are parallel to each 

other and appear to have been of similar length (part of the ectal facet has broken off). The proximal 

plantar tuberosity is present and broad. The neck is short and thick. The head is broad and projects 

medially. It rises on the medial side of the neck and reaches near the distal part of the trochlea. In ventral 

view, the medial and lateral edges of the ectal facet are strongly curved. The sustentacular facet occupies 

much of the width of the neck; it is large and slightly convex. In lateral view, the fibular facet is slightly 

curved. The ectal facet is shallow. Distally, the head is elongated mediolaterally. The lateral process is 

broad. The plantar groove is narrow and inclined relative to the trochlea. 



35 
 

Comparison: 

The astragalus M2659 belongs to Nimravidae (Barrett 2016), as the neck is very short and the head 

extends far medially (Fournier et al. 2020). 

 

Figure 20. M2659. a dorsal view, b ventral view, c lateral view, d medial view, e proximal view, f distal view. 

4.2.13 M2619-M2620 Calcanea 

Descriptions 

M2619 (Figure 21a-f) in proximal view has a tuber calcanei that is sub-spherical. The sagittal groove is 

not well defined in either proximal or dorsal view. The lateral and medial processes of the tuber calcanei 

are hardly visible. The proximal part of the tuber calcanei is mediolaterally wide. It, and the ectal facet, 

are elongated proximodistally. The ectal facet is convex and well-marked, except distally where it 

merges with the rest of the bone. The sustentacular facet is rounded and slightly concave, with a 

sustentaculum tali that is elongated distomedially. The peroneal process is broad, but not very well 

defined. The cuboid facet is strongly concave and inclined slightly mediolaterally. In medial view, the 

plantar groove is well marked and deep. The sustentaculum tali is dorsoventrally thick. The plantar 

tubercle is flat and in distal view quite broad. A clear edge marks the border between the plantar tubercle 

and the cuboid facet.                       

 M2620 (Figure 21g-l) in proximal view has a tuber calcanei that is dorsoventrally elongated. The 

sagittal groove is clearly marked in both proximal and dorsal view. The medial process of the tuber 

calcanei is higher than the lateral process; both processes are still well defined. The proximal part of the 

tuber calcanei is mediolaterally wide and together with the ectal facet it is elongated proximodistally. 

The ectal facet is well-marked and rounded, except distally, but not as well-marked as in M2619. The 

sustencular facet is rounded and slightly concave. It covers the sustenculum tali, both of which are 

elongated distomedially. The peroneal process is broad, but ill-defined. The cuboid facet is strongly 

concave and slightly inclined mediolaterally as in M2619. In medial view the plantar groove does not 

extend far proximally, but is deep. The sustenculum tali is not very thick dorsoventrally. The plantar 

tubercle is thickened and broad in distal view. No border marks the edge between the plantar tubercle 

and the cuboid facet, instead the plantar tubercle is convex whereas the cuboid facet is concave. 

 

 



36 
 

Comparisons 

M2619 resembles Nimravidae (Barrett 2016), as the calcanei have a broad sustentaculum tali and a deep 

plantar tendon groove (Fournier et al. 2020).                

 M2620 resembles Mustelidae, as the calcaneus is smaller and the sustentaculum tali is less rounded 

(Peigné 2012; Fournier et al. 2020). 

 

Figure 21. Calcanea of the Quercy collection. a-f M2619 in dorsal, lateral, medial, ventral, distal, and proximal 

view. M2620 g-l in dorsal, lateral, medial, ventral, distal, and proximal view. 

4.2.14 M2618 Cuboid 

Description 

M2618 (Figure 22) is massive and has an articular facet for the calcaneus that is wide and convex. It is 

angled downwards towards the lateral side. The groove for the tendon of the peroneus longus is deep 

and a strong tubercle overhangs it. The facet for the ectocuneiform is very proximally located. Distally, 

the articular facet for metatarsals IV and V is almost triangular in outline. 

Comparison 

As mentioned in Olsen (1961), the cuboid in Amphicyon is distinctive as all facets are large and the 

groove and tuberosity for the tendon of the peroneus longus muscle are well developed. As these 

characteristics are present in M2618, this cuboid likely belongs to Amphicyonidae. 

 

Figure 22. M2618 in a. anterior, b. lateral, c. posterior, d. medial, e. proximal and f. distal views. Scale bars in 

mm. 
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4.2.15 Metatarsal I 

Description 

M2605 is a right, slender, dorsally flattened metatarsal. The proximal epiphysis is large and robust, 

smooth and almost elliptical in shape in proximal view, for articulation with the entocuneiform. 

Medially, there is a tuberosity for the attachment of the tibialis cranialis. Laterally, there is a slightly 

larger tuberosity for the peroneus longus, with a ridge ventrally. 

Comparison 

M2605 (Figure 23) is very similar in its proximal articular surface to A. major (Ginsburg 1961); its 

elliptical shape can be made out in the figured specimen quite well. It also has the characteristic short, 

stocky morphology of an amphicyonid metatarsal as seen in Ginsburg (1961). As it bears a resemblance 

to Amphicyon major, it is likely to be a member of Amphicyonidae. 

 

Figure 23. M2605 a. dorsal, b medial, lateral, proximal view. Scale bars in mm. 

4.2.16 Metatarsal II  

Descriptions 

M2600 (Figure 24a-d) is a robust and slightly dorsoplantarly flattened right metatarsal. The proximal 

articular surface is smooth and oval, and tapers towards the plantar side. There is a large plantar 

projection present. The lateral face bears one rounded facet on the plantar projection of the proximal 

articular surface and one rectangular facet dorsally. The medial face is rough and thickened medially. 

 M2603 (Figure 24e-h) is flattened dorsoplantarly, very robust distally and quite narrow proximally. 

It is a left metatarsal. The proximal articular surface is smooth and oval with a small plantar projection. 
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The lateral face bears two equally sized oval facets dorsally and plantarly. The medial face is rough and 

thickened medially.                       

 M2621 (Figure 24i-l) is an elongated and narrow, right metatarsal. The proximal articular surface is 

semi triangular and smooth and bears a plantar projection. The lateral face bears one rounded facet on 

the plantar projection of the proximal articular surface and one oval facet dorsally. The medial face is 

rough and thickened medially.                    

 M2622 (Figure 24m-p) is a stocky left metatarsal. The proximal articular surface is convex in shape, 

with a proximoplantarly protruding projection that extends past this surface. Medially the face is rough 

and thickened. The lateral face is marked by an elliptical articular facet on the plantar projection and a 

large oval facet on the dorsal side.                   

 M2627 (Figure 24q-t) is an elongated right metatarsal. The proximal articular facet has a smooth, 

triangular surface with a large plantar projection. The lateral surface bears two large oval facets: one on 

the plantar projection and one dorsally. The medial side is rough and slightly thickened.  

 M2630 (Figure 24-x) is an elongated, slender and slightly curved medially, right metatarsal. The 

proximal articular surface is smooth and triangular in shape with a small plantar projection. The lateral 

surface bears two large oval facets: one on the plantar projection and one dorsally. The medial side is 

rough and slightly thickened.                    

 M2634 (Figure 24y-ab) is a short and stocky right metatarsal. The proximal articular surface is semi 

triangular in shape with a very small plantar projection. The lateral surface bears a large oval facet, while 

the medial side is slightly thickened and rough.                

 M2642 (Figure 24 ac-af) is a slender and small right metatarsal. Its proximal articular surface is 

rounded and similar to M2622 it has a large proximoplantarly protruding projection. On the lateral side, 

it bears two oval articular facets above the plantar projection. The medial side is rough and thickened. 

The lateral side of the diaphysis bears a scar from articulation with metatarsal III.     

 M2643 Figure 24ag-aj) is a robust, but elongated right metatarsal similar to M2642. Its proximal 

surface is triangular in shape and similar to M2622 and M2642 in that it has a large proximoplantarly 

protruding projection. On the lateral side, it bears one circular facet, while the medial side protrudes 

dorsally and plantarly. Two large tubercles are present in the centre of the diaphysis on the plantar side.  

Comparisons 

Metatarsals M2634 and M2642 show an affinity to Mustelidae or Viverridae (Taylor 1974; Salesa et al. 

2013), due to their small size. M2630 and M2643 are too large for such an affinity but too small and 

elongated for an affinity to Amphicyonidae (Ginsburg 1961; Taylor 1974; Salesa et al. 2013).

 M2600 and M2622 show distinctly different proximal articular surfaces: they are convex in shape, 

with a proximo-plantarly protruding projection that extends past this surface, unlike U. arctos (Pales & 

Lambert 1971). M2603 has a very narrow proximal articular surface, also not at all similar to U. arctos 

or A. major (Ginsburg 1961; Pales & Lambert 1971). While M2621 and M2627 are large, they are 
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elongated and not at all similar to the dimensions of the metatarsals of A. major (Ginsburg 1961). 

Therefore, it is unlikely these specimens belong to Amphicyonidae.  

 

Figure 24. Metatarsals II from the Quercy collection. M2600 a-d in dorsal, medial, lateral, and proximal view. 

M2603 e-h in dorsal, lateral, medial, and proximal view. M2621i-l in dorsal, medial, lateral, and proximal view. 

M2622 m-p in dorsal, lateral, medial, and proximal view. M2627 q-t in dorsal, medial, lateral, and proximal view. 

M2630 u-x in dorsal, medial, lateral, and proximal view. M2634 y-ab in dorsal, medial, lateral, and proximal view. 

M264 ac-af in dorsal, medial, lateral, and proximal view. M2643 ag-aj in dorsal, medial, lateral, and proximal 

view. Scale bars in mm. 

4.2.17 Metatarsal III  

Description 

M2597 (Figure 25) is a large, straight and relatively short left metatarsal. The diaphysis is slightly 

flattened dorsally. The proximal surface of the bone is shaped like a dorsoplantarly elongated T, with 

the more plantar and distal sides of the shape being much larger than the medial side. The medial face 

of the proximal epiphysis has a round facet for articulation with metatarsal II. The lateral face has two 

facets for articulation with metatarsal IV. The more plantar facet reaches the proximal surface and is 

semi triangular in shape. The larger dorsal facet is elliptical and proximo-distally elongated, separated 

from the proximal surface by a smaller square facet. 

Comparisons 

M2597 is similar to Amphicyonidae based on its straightness and stockiness in comparison to the A. 

major material figured by Ginsburg (1961), as well as based on its proximal articular surface. The 

proximal articular surface of M2597 is very similar to P. leo and quite similar to U. arctos as well (Pales 

& Lambert 1971).  
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Figure 25. M2597. a dorsal view, b distal view, c. medial view, d. proximal view. Scale bars in mm. 

4.2.18 Metatarsal IV 

Description 

M2598 (Figure 26) is a large, straight and relatively stocky left metatarsal. The diaphysis is slightly 

flattened dorsally. The proximal surface has a semi-rectangular shape and is dorsoplantarly elongated. 

The plantar face of the epiphysis has an elliptical facet. The medial face has two large medially projected 

facets for articulation with metatarsal III. The dorsal facet is elliptical in shape, the ventral facet is more 

squared. The lateral face shows a concave surface surrounded by articular facets for metatarsal V. The 

dorsal facet is shaped like an elongated triangle; the ventral one is shaped like a small rectangle. 

Comparisons 

M2598 does not show a similar proximal articular surface as U. arctos or A. major and can therefore is 

unlikely to be a member of Amphicyonidae (Ginsburg 1961; Pales & Lambert 1971). 

 

Figure 26. M2598. a. dorsal view, b. distal view, c. medial view, d. proximal view. Scale bars in mm. 



41 
 

5. Discussion 

5.1 Problems and limitations of the research and its methodology 

5.1.1 Specimens in the Quercy collection from different localities than Quercy 

M2279, M2281 and M2317 are not from Quercy, but from la Milloque, Saint-Gérand-Le-Puy and 

Sansan respectively. Nevertheless, they were described and identified herein as they were stored in the 

same place as the specimens from Quercy. It is important for collection management to identify these 

specimens more clearly as coming from different localities.  

5.1.2 Lack of comparisons for the metapodials 

Many of the metapodials were not identified to the family level. This missing information can be 

attributed to the lack of figures and descriptions of metapodials in the literature, as metacarpals and 

metatarsals are often not preserved in fossil material (e.g., Heinrich & Houde, 2006), while modern 

postcranial remains are often difficult to find postcranial comparisons for unless one has access to 

physical material. 

5.2 Taxonomic irregularities 

5.2.1 Polyphyletic Viverridae  

While the family Viverridae is used here to define certain species, the nomenclature is used in a loose 

sense (sensu lato) as currently it is unknown if these animals belong to Viverridae, Herpestidae, or even 

to a currently unknown stem taxon of small carnivore. The family Viverridae is thought to be 

polyphyletic (Gaubert et al. 2004), while Herpestidae were lifted from a subfamily of Viverridae to a 

family in its own right relatively late (Wozencraft 1993). In palaeontology, the name Viverridae is thus 

not always synonymous with the modern phylogeny of the group (Bininda-Emonds et al. 1999). Even 

recently the polyphyletic Viverridae is used sensu lato in scientific research (e.g., Gaubert et al., 2004).  

5.2.2 The overcrowded old taxonomy of Amphicyon 

The genus Amphicyon has been replaced in all the dental material assigned to it. While the genus 

Amphicyon contained over seventy species when Kuss reviewed the Amphicyoninae (Kuss 1965; Peigné 

et al. 2006), a lot of work has been done to reassign species to new, more applicable genera (Peigné et 

al. 2006).  
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5.3 Implications of the identifications of the material 

5.3.1 Stratigraphic ranges of the dental material 

The genus Pseudocyonopsis did not have an MP range given, but from the species of Pseudocyonopsis 

in Solé et al. (2020), it was estimated to have a stratigraphic range from MP21-MP28. The range of 

Haplocyon (MP29-MN2) was estimated in a similar way from the species in Peigné & Heizmann (2003) 

and Solé et al. (2020). The other species had their stratigraphic ranges stated clearly (Viranta 1996; 

Peigné & Heizmann 2003; Peigné 2012). No specimens with age ranges outside of the predefined epochs 

of the collections were identified within the dental material. C. lemanensis has its MP/MN zonation 

defined by St-Gérand-le Puy (Peigné & Heizmann 2003), which is the locality from which the specimen 

M2281 originates. These findings will allow for the integration of this 19th century material into modern 

research and may help our understanding of the different species represented by these specimens. 

5.3.2 The use of identified isolated postcranial material 

The carnivore families Amphicyonidae, Ailuridae, Miacidae, and Nimravidae, as well as the order 

Hyaenodonta and the superfamilies Musteloidea and Ursoidea, have been previously mentioned as being 

present around the Eocene-Oligocene boundary in Europe (e.g., Fournier et al. 2020). There is also 

evidence of viverrid-like taxa being present around this time (Hunt 2001). It is, therefore, no surprise 

that these taxa were present in the Quercy collections. However, care must be taken when studying 

postcranial material as morphofunctional convergence could have influenced the taxonomical 

identification. Even so, isolated postcranial elements can offer glimpses into the often poorly understood 

locomotion and posture of Palaeogene mammals (e.g., Fournier et al., 2020).  

5.3.3 Inferred ecology of the different specimens 

The postcranial material does not offer us many new insights into the ecology of the European 

Eocene-Oligocene transition due to the family-level identifications of the material. The families 

present do hint at the presence of a great diversity of carnivoran families that would probably occupy 

this key transitional period in Europe.                   

 The dental material of Amphicyonidae does offer more specific insights into the ecology of the 

different localities of the material. The genus Cynelos shows mesocarnivorous dentition and wear 

(Viranta 1996). Therefore, members of the genus likely preyed on small animals. Furthermore, 

Cynelos schlosseri demonstrates cursorial tendencies based on its limb bones similar to Amphicyon 

major, but more gracile (Viranta 1996). Members of the genus are thought to have been ambush 

predators (Hunt & Stepleton 2015)                     

 Ischyrictis zibethoides was a small terrestrial predator (10.9-32 kg) that lacked specific cursorial 

adaptations (Salesa et al. 2020). Due to some retained arboreal traits, the animal was likely to be able 
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to climb trees to the lowest part of the tree crown. These retained traits would help the animal look for 

prey or escape from larger predators (Salesa et al. 2020).               

  The Quercy material contained the species Pseudocyonopsis and a member of the genus 

Haplocyon. Pseudocyonopsis ambiguus was a mesocarnivorous animal that weighed around 63 kg. 

However, as Hyaenodon gervaisi, a similar-sized carnivore (50 kg) was hypercarnivorous, 

Pseudocyonopsis ambiguus was not in direct competition with this predator (Solé et al. 2018). 

 Haplocyon is a genus of medium-sized amphicyonids characterised by their sharp dentition (Bonis 

1966). Based on the shearing dentition and the more reduced metaconid, this animal was 

hypercarnivorous (Viranta 1996). 

5.4 The influence of the digital age on the field of palaeontology 

Many changes were made to the genus- or species-level taxonomy of the dental material, while the 

postcranial material was specified to the family level in many cases. These changes reflect the length of 

time that passed since Léonard Ginsburg studied the collections in 1971. With the advent of the internet, 

much of the literature is found online and one does not need to travel as much to gather information. 

Furthermore, the field of palaeontology has made great progress since 1971 in the understanding of the 

taxonomy of carnivores in general and Amphicyonidae specifically, as well as of the locality of Quercy. 

As more of the old collections in museums are updated with modern taxonomy and stratigraphical 

ranges, data that was previously too ill-defined to be included in modern datasets can finally be 

integrated after over a century of work.  
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6. Conclusions 

The dental material originally identified as members of Amphicyonidae (bear dogs) were reidentified. 

Specimens labelled as Amphicyon (M2279, M2881,M2306 and M2331-M2332) were reidentified as 

Cynelos schlosseri, Cynelos lemanensis?, Amphicyonidae gen. indet. sp. indet and Pseudocyonopsis 

ambiguus? respectively. M2317, originally identified as Pseudocyonopsis sp., was reidentified as the 

mustelid Ischyrictis zibethoides zibethoides. Finally, M2346, “Haplocyon sp?” was kept under the same 

name, as it could not be identified to species level. These specimens were also assigned stratigraphic 

zones provided by previous studies (Viranta 1996; Peigné & Heizmann 2003; Peigné 2012; Solé et al. 

2020), which can be used to study this material in the light of modern taxonomy and stratigraphy. In the 

postcranial material, the families Amphicyonidae, Ailuridae, Nimravidae, Ursidae, Mustelidae and 

Viverridae, as well as the order Hyaenodonta, have been identified. These isolated remains may be used 

for comparative studies of locomotion and posture.  
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