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Abstract 

 

The widespread frog family Ranidae first appears in the European fossil record during the 

early Oligocene. Here we describe MAB19654, a near-complete and articulated male ranid 

frog skeleton from the early Oligocene Marnes du Bois d’Asson of southeastern France. The 

assignment of Ranidae is based on the presence of elongate posterior apophyses, cylindrical 

sacral apophyses and non-imbricated vertebrae. The assignment of Pelophylax is based on 

the robust humerus bearing a low crista medialis that does not reach midshaft. Additionally, 

we take measurements of limb bone ratios and sacral angulation of various extant 

osteological and fossil Pelophylax specimens for comparisons, and document morphological 

variation in the apophysis of V4. Our sample includes 58 P. ridibundus, 59 P. lessonae, 89 P. 

perezi, and one fossil P. aquensis, supplemented with the literature. We find that MAB19654 

most closely resembles P. ridibundus in terms of limb bone proportions and sacral 
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angulation. The tarsus reduces relative to the femur in P. perezi, while P. lessonae evolves a 

more elongate femur and narrower sacral angulation with respect to MAB19654. 

Interestingly, we find simple parallel V4 apophyses in ridibundus+lessonae, while complex 

shapes, as in MAB19654, are prevalent in the early-branching P. perezi. This suggests V4 

morphology was complex in early Pelophylax and tentatively proves useful for species 

determination. 

 

Introduction 

 

True frogs (Ranidae) dispersed into Europe from Asia following the Eocene-Oligocene faunal 

transition or “Grande Coupure” (Yuan et al. 2016; Chan and Brown 2017; Dufresnes et al. 

2024), at around 33.4 Ma (Costa et al. 2011). This major extinction event, caused by climate 

cooling (e.g., Ivany et al. 2000), resulted in a reduction of anuran diversity in Europe by 

approximately one third (Lemierre and Orliac 2025). The Grande Coupure notably led to the 

extinction of the speciose Eocene genus Thaumastosaurus (e.g., Rage 2012; Vasilyan 2018), 

as well as extirpations within Palaeobatrachidae in Western Europe (Venczel et al. 2013).  

 

Subsequently, the ranid genus Pelophylax – Palearctic water frogs – spread out over Europe 

by the earliest Oligocene (MP21-22, Lemierre et al. 2022; Dufresnes et al. 2024). Published 

Oligocene material of Pelophylax is rather scarce (Fig. 1A), and consists of: 1) a partially 

articulated postcranial skeleton from the Upper Sapropels Formation of Chartres-de-

Bretagne, France (Lemierre et al. 2022); 2) fragmentary material from the Alès Basin, France 

(Vianey-Liaud et al. 2014); 3) the Möhren 13 site near Treuchtlingen, Germany (Sanchíz et al. 

1993); and 4) the Transylvanian Basin in Romania (Venczel et al. 2024). Additionally, “Rana” 

aquensis has been reassigned to Pelophylax aquensis (Sanchíz 1998; Lemierre et al. 2022), 

which is known from the upper Oligocene of Aix-en-Provence, France (Coquand 1845; 

Piveteau 1927; Gaudant et al. 2018). Given the fragmentary nature of Oligocene Pelophylax 

remains, little is known about the osteology of early Pelophylax. 

 

Based on molecular data, the genus Pelophylax underwent multiple speciation events since 

the early Miocene (Dufresnes et al. 2024), and now includes 14 valid extant species (Frost 

2025). Additionally, numerous klepta, i.e. hybridogenetic complexes that are the result of 
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two different parent species producing fertile offspring, occur within Pelophylax (e.g., Berger 

1973; Uzzell et al. 1976; Holsbeek and Jooris 2010; Dufresnes and Mazepa 2020; Dufresnes 

et al. 2024). Such hybrids develop an intermediate morphology, both internally and 

externally, between the two respective parent species (e.g., Gubányi and Korsós 1992; 

Mayer et al. 2013; Blain et al 2015), muddying efforts to reconstruct the ancestral character 

states of Pelophylax.  

 
Here, we describe an articulated specimen MAB19654 of Pelophylax, including cranial 

material, recovered from the early Oligocene Marnes du Bois d’Asson of the Apt-Manosque-

Forcalquier Basin, southeastern France (Fig. 1B-C). One of us (HS) collected MAB19654 in the 

early 1980s and kept it in his private collection, until he donated it to Nationaal 

Oertijdmuseum in 2024. The antiquity and completeness of MAB19654 make it an ideal 

specimen for assessing limb proportions and study the morphological evolution of early 

European water frogs in their ecological context. 
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Figure 1. A palaeogeographic map of Europe during the Rupelian, showing published 

accounts of Oligocene specimens of Pelophylax. Map adopted from Palcu and Krijgsman 

(2023), used with permission from W. Krijgsman. 1) IGR 144547, Lemierre et al. (2022); 2) 

material reassigned to Pelophylax aquensis, Lemierre et al. (2022); 3) fragmentary material, 

Vianey-Liaud et al. (2014); 4) fragmentary material, Sanchíz et al. (1993); 5) fragmentary 

material, Venczel et al. (2024). The star denotes the location of MAB19654. B Map of the 

Manosque basin, adopted from Licht et al. (2024). C Topographic map of St.-Maime and Bois 

d’Asson. The star denotes the location of MAB19654. Map from Institut national de 

l’information géographique et forestière, section 3342 Manosque. Scale bar equals 100 m. 

 

Geological setting 
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Geopark Luberon, which includes Bois d’Asson, has had a long history of fossil collecting 

dating back to the late 19th century (e.g., Oustalet 1874; Sauvage 1880; De Saporta 1891), 

and is known for a variety of exquisitely preserved delicate fossils such as pinecones, 

butterflies and feathered songbirds (e.g., Coster and Legal 2021). The Marnes du Bois 

d’Asson is an approximately 350 m thick sequence of sandy marls and sandstone, and 

occasional conglomerates (Destombes 1962). Bundles of fatty lignite are present 

throughout, in proximity to the site (Destombes 1962). Ducreux et al. (1985) dated the age 

of Marnes de Bois d’Asson to the Antoingt biozone of the latest Rupelian (early Oligocene), 

coeval to Marnes du Viens, based on the presence of teeth of the theridomorph rodent 

genera Archaeomys and Issiodoromys. MAB19654 was found in an otherwise fossil-poor, at 

least 10 cm thick layer of sandy marl.  

 

Sediments of the Apt-Manosque-Forcalquier basin are deposited in a large subtropical lake 

environment (Schuler and Sittler 1976; Gaudant 1978; Ducreux et al. 1985). The presence of 

fossil shells from the marine gastropod Potamides suggests brackish influences (Gaudant 

1978). Collection on-site (pers. obs. HS) yielded numerous cyprinodontiform fish (genus 

Dapalis) and yet undetermined insect fossils. Diverse macroflora fossils are well-known 

around Bois d’Asson (De Saporta 1891) but have not been documented near the outcrop 

(pers. obs. HS). 

 

Materials and Methods 

 

Specimen 

 

We follow the English anatomical terminology of Ecker (1864, translated into English 1889) 

of his description of Pelophylax kl. esculentus (therein Rana esculenta). The fossil frog is now 

housed at the Nationaal Oertijdmuseum in Boxtel, Netherlands, under the reference number 

MAB19654. It is composed of a slab and counter-slab heralding a nearly complete and 

articulated frog skeleton, with a snout-vent length of 64.8 mm (Fig. 2). The main slab 

preserves the appendicular bones and the skull, parts of the pelvic girdle along with the 

imprint of the vertebral column. We label this Slab A, and denotes the field-up position. The 

counter-slab, hereafter Slab B preserves the vertebral column, parts of the pelvic girdle and 
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imprints of the appendicular bones and the skull. The slab is composed of two parts that 

were later joined together. The piece containing the postcrania was found first ex situ. A few 

hours later, the second piece comprising the skull was discovered in situ inside the steep wall 

(pers. obs. HS). The presence of a crista medialis on the humerus on Slab B (Fig. 2) indicates 

the specimen is male (e.g., Ecker 1864). Moreover, we identify this humerus as the left 

humerus, based on the position of the ventrally oriented humeral condyle and the crista 

medialis. Consequently, our terminology of left and right reflects the frog’s natural position.  

 

 

Figure 2. Overview of MAB19654 from the early Oligocene of the Manosque basin. Top: Slab 

A, photograph and interpretative drawing. Bottom: Slab B, photograph and interpretative 

drawing. Abbreviations: rec. reconstructed; cal. calcaneum; il. ilium; lf. left femur; lh. left 
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humerus, lp. left pes; ltf. left tibiofibula; rf. right femur, rp. right pes, rtf. right tibiofibula,  sk. 

skull; ur. urostyle; V4. dorsal vertebra 4. Scale bar equals 1 cm. 

 

Most of the skeleton is complete, with limited disarticulation. The anterior half of skull is 

preserved on Slab A. Both forelimbs are preserved from approximately the midshaft of 

humerus and further distally. Bones of the left forelimb are exposed on both Slab A and Slab 

B, whereas the right forelimb is preserved only on Slab A. While the left forelimb is 

articulated, in the right forelimb the humerus and radioulna are dislocated slightly. The 

vertebral column is present from V4 to the sacral vertebra (sacrum; V9), and better 

preserved on Slab B. From V4, only the left apophysis is visible. The bones of the pelvic girdle 

are well-preserved on Slab B. Both hindlimbs are in articulation with the pelvis, and fully 

exposed on Slab A. In the right limb, the knee joint is still in articulation. However, the right 

pes, with articulated metatarsals and phalanges has been distanced. The right calcaneum is 

located to the left of the skull. On the other hand, the left tibiofibula is slightly distanced 

from the left femur but fully articulates with the left pes. This mode of preservation reflects 

a “stick ‘n peel” taphonomy (Orr et al. 2016). In this particular case, the frog carcass would 

have been adhered to the substrate from head to torso, and the distal limb elements 

displaced by water currents. 

 

The posterior part of the skull, as well as the pectoral girdle and V1-V3 have not been 

recovered. 

 

Institutional abbreviations: 

MAB Het Nationaal Oertijdmuseum, Boxtel, Netherlands; MfN Museum für Naturkunde 

Berlin, Berlin, Germany; MNCN Museo Nacional de Ciencias Naturales, Madrid, Spain; 

MNHN Muséum national d’Histoire naturelle, Paris, France; IGR Institut de Géologie de 

Rennes, Rennes, France. 

 

Measurements 

 

We perform a series of measurements (Table 1) on MAB19654. Sacral angulation has been 

used to discriminate between the two common European ranid genera Pelophylax and Rana 
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(Böhme 2001), and limb bone ratios have been used to distinguish between extant 

Pelophylax species within a population (e.g., Gubányi and Korsós 1992; Crochet et al. 1995; 

Mayer et al. 2013). Both variables have broader biomechanical ramifications as well. A wider 

sacral angle is correlated with improved walking and hopping capabilities, while jumpers are 

characterised by a narrower sacral angle (Jorgenson and Reilly 2013; Leavey et al. 2023). 

Moreover, hind limb osteology is indicative of both locomotion type (Jorgenson and Reilly 

2013; Enriquez-Urzelai et al. 2015; Lires et al. 2016; Gómez and Lires 2019; Moen 2019; 

Buttimer et al. 2020; Petrović et al. 2021; Leavey et al. 2023; Perez-Ben et al. 2024) and 

microhabitat use (e.g., Citadini et al. 2018; Stepanova and Womack 2020; Ponssa et al. 

2025). Despite this body of work, the link between limb bone osteology and locomotion or 

microhabitat use in Pelophylax remains underexplored in an evolutionary context.  

 

Table 1. Measurements taken in this study. 

Measurement Abbreviation Source 

Snout-vent length / first toe 
length 

SVL/FtL 
Gubányi and Korsós 1992 

Snout-vent length / femur 
length 

SVL/FL Gubányi and Korsós 1992 

Snout-vent length / 
tibiofibular length 

SVL/TFL Gubányi and Korsós 1992; 
Mayer et al. 2013 

Femur length / tibiofibular 
length 

FL/TFL Gubányi and Korsós 1992 

Femur length / tarsal length FL/ACL - 

Angle between sacral 
apophyses 

SA Böhme 2001 

 

Published measurements on limb proportions in Pelophylax have been taken exclusively 

from live specimens (Gubányi and Korsós 1992; Mayer et al. 2013) or wet specimens 

(Crochet 1995). We took measurements from dry osteological specimens instead, and test 

whether measurements from bones and live specimens can be used interchangeably. Our 

sample includes 58 disarticulated osteological specimens of P. ridibundus (MfN), 59 

disarticulated specimens of P. lessonae (MfN), 89 disarticulated specimens of P. perezi 

(MNCN) and 25 disarticulated specimens of Rana spp. (MfN). The specific designation of P. 

ridibundus and P. lessonae was verified genetically. The osteological collections contain both 

dry bone specimens and specimens with cartilage preserved. We only calculated ratios 

either when femur and tibiofibula were both dry, or when both femur and tibiofibula were 
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cartilage-capped. Snout-vent length data was available for some of the P. perezi specimens, 

but not for the other taxa. We supplemented this data with 20 specimens of the Miocene P. 

pueyoi, taken from Sanchíz y Gil de Avalle (1977), two specimens of P. meriani, taken from 

Von Meyer (1860) and one specimen of P. aquensis (MNHN-F-AC1876-297). For the fossil 

specimens MAB19654 and MNHN-F-AC1876-297, we measure ratios for both the left and 

right sides to minimise potential biases from taphonomic distortion and asymmetry. We 

could not perform iliac measurements (used in e.g., Sanchíz et al 1993; Blain et al. 2015) on 

MAB196545, as the ilium in this specimen is not preserved in lateral view.  

 

Moreover, we qualitatively characterised the shape of the apophysis of V4 (Fig. 3). Blain et 

al. (2024) noted variation in V4 morphology between Miocene and Pliocene fossil 

assemblages, as well as in extant Pelophylax. Here we define four morphotypes: In a parallel 

morphology, the anterior and posterior edge of the apophysis remain parallel along its entire 

length. We discriminate between a parallel morphology with a narrow apophysis (1) and a 

broad apophysis (2). In a trapezoid morphology (3), the two edges divert proximal to the 

midline, resulting in a triangular outline. In a spatulate morphology (4), the edges are parallel 

proximally and diverge towards the distal end. 

 

 

Figure 3. Line drawing of V4 morphology. A narrow parallel morphology (Pelophylax 

ridibundus MfN188), B spatulate morphology (Pelophylax perezi MNHN13399), C wide 

parallel morphology (Pelophylax perezi MNHN13389), D trapezoid morphology (Pelophylax 

perezi MNHN13383). 
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We read the raw measurements (Supplementary File 1) into the statistical computing 

environment R (R Core Team 2021). First, we plot the distributions of biometric 

measurements per species in boxplots (Tukey 1977). To test for significant interspecific 

differences in biometric measurements, we use a Bonferroni corrected pairwise t-test of the 

stats package (R Core Team 2021). Intraspecific variation and, when possible, variance 

between dry bones, cartilage-capped bones and live specimens were done using a Welch 

Two Sample t-test and a Levene-test using the car-package (Fox et al. 2019), respectively. 

The occurrence data of V4 apophysis morphologies are visualised in pie charts using ggplot2 

(Wickham 2016). Lastly, we used the sample of P. perezi to determine if there is no 

correlation between snout-vent length and tibiofibular ratio (Pearson’s r = 0.02; p = 0.92), 

justifying the combined use of juvenile and adult specimens. 

 

Systematic palaeontology 

 

LISSAMPHIBIA Haeckel, 1866 

ANURA Duméril, 1805 

NEOBATRACHIA Reig, 1958 

RANOIDEA Rafinesque, 1814 

RANIDAE Batsch, 1796 

PELOPHYLAX Fitzinger, 1843 

 

Description 
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Figure 4. Skull osteology of MAB19654 from the early Oligocene of the Manosque basin on 

Slab A, photograph and interpretative drawing. Abbreviations: mx. maxilla; nas. nasal; pm. 

premaxilla; pt. pterygoid; sph. sphenethmoid. Scale bar equals 1 mm. 

 

Cranium 

The bones of the anterior half of skull are preserved in ventral view on Slab A, but largely 

disarticulated (Fig. 4). Both premaxillae are articulated as paired element, and the midline 

suture is visible. There are approximately 10 tooth positions present on the right premaxilla. 

The maxillae are present on both sides as elongate and stiff, smooth, rods. Dermal bones, 

including the maxilla, are distinctly ornamented in Pelobatidae (Roček et al. 2014) and 

Thaumastosaurus (Laloy et al. 2013; Vasilyan 2018; Lemierre et al. 2021; Georgalis et al. 

2023), but this feature may not be visible in ventral view. Numerous conical teeth are 

preserved on the lateral side of the right maxilla of MAB19654 (Fig. 4). This condition differs 

from Bufonidae, which are characterised by an edentulous maxilla (Sanchíz y Gil de Avalle 

1977; Bailon 1999). Both nasal bones are present as roughly equilateral triangles but 

disarticulated and not fused at the midline. The palatines are present posterior to the nasals, 

as elongated struts that extend from the midline of the sphenethmoid to the maxillae. On 

the left side, the nasal is slightly tilted to cover the lateral portion of the palatine. Only the 

anterior part of the sphenethmoid is preserved, but its details are not visible. Anurans have a 

paired, triradial pterygoid (e.g., Bailon 1999), of which only the anterior branch is preserved 

in MAB19654. The anterior branch of the right pterygoid is slender, as in P. pueyoi (Blain et 

al. 2023). Moreover, the absence of an alar expansion of the pterygoid is typical for Ranidae 

(Bailon 1999; Blain et al. 2024). 

 

Slab B preserves an imprint of the maxillae (Fig. 2). A splint of the dentary and angular bones 

is present on the right side. 
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Figure 5. Vertebral column osteology of MAB19654 from the early Oligocene of the 

Manosque basin on Slab B, photograph and interpretative drawing. Abbreviations: il. ilium; 

il.c. iliac crest; s.ap. sacral apophysis; ur. urostyle; V4-V8. dorsal vertebrae 4-8. Scale bar 

equals 1 mm. 

 

Vertebral column 

The vertebral column is best visible on Slab B (Fig. 5). Slab A and B are split roughly at the 

interface between the vertebral centra and the neural spines. Six vertebrae are preserved 

(from V4 to sacrum) and lack free ribs. Ranidae and Bufonidae are characterised by the 

absence of free ribs in both subadult and adult individuals, unlike alytids that retain free ribs 

on V2, V3 and V4 (Sanchíz y Gil de Avalle 1977). On Slab A, the ventral portion of the neural 
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spines are visible and appear not imbricated like in other ranids (Sanchíz y Gil de Avalle 1977; 

Blain et al. 2023) and Thaumastosaurus (Georgalis et al. 2023). The vertebrae of Alytidae, 

Pelobatidae, Bufonidae and Palaeobatrachidae are imbricated (Sanchíz y Gil de Avalle 1977; 

Roček et al. 2021). Slab B shows the vertebral centres in dorsal view, but their delineation 

cannot be discerned. The left diapophysis of V4 is broad and has a trapezoid outline (Fig. 5), 

as it is typical in P. pueyoi and P. quellembergi (Navás 1920, 1922; Sanchíz y Gil de Avalle 

1977; Blain et al. 2024). It appears to be significantly wider than in the extant Pelophylax kl. 

esculentus specimen described by Ecker (1864), the Oligocene IGR 144547 (Lemierre et al. 

2022) and the Pliocene Pelophylax spp. (Blain et al. 2024). All observed specimens of 

Thaumastosaurus preserving a vertebral column display a wide parallel V4 morphology 

(Laloy et al. 2013; Lemierre et al. 2021). The diapophyses of V5-V8 are roughly cylindrical 

and relatively long, equal in length to V4. In Palaeobatrachidae, Thaumastosaurus, Alytidae 

and Pelobatidae, the posterior diapophyses are short to very short (Sanchíz y Gil de Avalle 

1977; Roček et al. 2014; Lemierre et al. 2021). All visible diapophyses in MAB19654 are 

inclined slightly posteriorly – diapophysis 6 on the left is dislocated to be inclined slightly 

more. There is a single sacral vertebra (V9), which is not fused to V8. The transverse 

processes of the sacral vertebra are nearly twice as wide as diapophyses of V5-V8, but 

cylindrical with straight margins (Fig. 5). This is a diagnostic feature of Ranidae (Böhme 1977; 

Sanchíz y Gil de Avalle 1977; Bailon 1999; Kruzhkova and Kovalenko 2010), but also seen in 

Thaumastosaurus (Laloy et al. 2013; Lemierre et al. 2021). It differs greatly from the 

anteroposteriorly expanded, fan-like, transverse processes present in Bufonidae, 

Pelobatidae, Alytidae (Böhme 1977; Sanchíz y Gil de Avalle 1977; Bailon 1999; Kruzhkova and 

Kovalenko 2010) and Palaeobatrachidae (Roček et al. 2021). On the left side of B, the 

distalmost part of the transverse process is overlain by the ilium. The angulation between 

both transverse processes in MAB19654 is 125°. 

 

The urostyle of MAB19654 is a rod-like element without transverse processes (Fig. 5). It is 

exposed in lateral view on Slab B, with the dorsal ridge pointing to the frog’s right side. This 

position suggests the urostyle has been flipped over, so that its proximal end was not fused 

to the sacral vertebra. An unfused urostyle lacking transverse processes is characteristic of 

Ranidae (Sanchíz y Gil de Avalle 1977). Alytidae possess transverse processes on the 

urostyle, whereas the urostyle fuses to the sacrum in subclades of Pelobatidae and 
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Bufonidae (Sanchíz y Gil de Avalle 1977).  The dorsal ridge of the urostyle runs from the 

anterior extremity of the urostyle to roughly two thirds of its length, and gradually reduces 

dorsoventral height posteriorly, similar to extant Pelophylax kl. esculentus (Ecker 1864). This 

ridge is tall, like in Pelophylax kl. esculentus (Bailon 1999). The morphology of the ridge is 

more variable interspecifically in Rana, as it is relatively low in R. arvalis, R. pyrenaica and R. 

temporaria, but tall in R. dalmatina and R. iberica (Bailon 1999; Blain and Arribas 2017). In 

Bufonidae and Pelobatidae, such a ridge is absent (Bailon 1999). Additionally, the ventral 

surface of the urostyle in MAB19654 appears straight (Fig. 5), as in Pelophylax kl. esculentus 

(Ecker 1864). In the Rana specimens figured by Bailon (1999), this surface is strongly curved. 

 

Pectoral girdle 

Not present. 
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Figure 6. Manus osteology of MAB19654 from the early Oligocene of the Manosque basin. 

Top row right manus on Slab A, photograph and interpretative drawing, middle row left 

manus on Slab A, photograph and interpretative drawing, bottom row left manus on Slab B, 

photograph and interpretative drawing. Abbreviations: c. semilunar carpal-like bone; h. 

humerus; h.co. humeral condyle; h.cr. crista medialis; mc.I-mc.IV. metacarpal I-IV; ph.III. 

phalanx III; ru. radioulna. Scale bar equals 1 mm. 

 

Forelimbs 

The distal halves of both humeri are preserved, on both slabs (Fig. 6). As such, the 

articulation with the scapulae is not present. The left humerus on Slab B shows the most 

details (Fig. 6). A cross-section of the condyle is visible distally, indicating this humerus is 

preserved in ventral view. It is circular and aligns with the diaphysis, as is typical for Ranidae 
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(Bailon 1999). Medially to the condyle is a prominent crista medialis, providing evidence the 

specimen is male. This crest is straight, with its height roughly equal to the width of the 

humeral shaft. Similar to Pelophylax and unlike Rana, the crest in MAB19654 does not reach 

past the midpoint of the diaphysis (Bailon 1999). The diaphysis of the humerus is straight 

and rather robust (Fig. 6) like in Thaumastosaurus (Laloy et al. 2013) and Pelophylax (Bailon 

1999; Ratnikov 2001). By contrast, the humeral diaphysis in Bufonidae and Alytidae is curved 

(Bailon 1999). In Rana, the shaft of the humerus is slender, less wide than the humeral 

condyle (Bailon 1999; Ratnikov 2001). On Slab A, the distal part of right humerus is 

preserved in dorsal view, exposing the condyle scar. The radius and ulna are fused into the 

radioulna, forming a relatively short bone. Anteriorly, the olecranon is obscured by the 

condyle of the humerus. Slab A shows the two tubes corresponding to the ulna and radius in 

lateromedial view of the right radioulna, with a distinct notch running medially. On the right 

side, the radioulna is preserved in dorsoventral view and appears a much narrower bone. 

 

The bones of the manus of MAB19654 are preserved on Slab A (Fig. 6). The carpal bones 

appear to be missing, though a semilunar carpal bone might be present on the right manus 

on Slab A (Fig. 6). The four preserved metacarpals in MAB19654 are of roughly equal length 

and about half the length of the radioulna (Fig. 6). Palaeobatrachidae have more elongate 

metacarpals, measuring three-quarters or more of the radioulna length (Roček et al. 2021). 

The second metacarpal of Thaumastosaurus gezei MNHN-QU 17279 is significantly longer 

than the other metacarpals (Laloy et al. 2013). Four digits are present in each manus of 

MAB19654, corresponding to digits II-V (Fig. 6). The strongly reduced digit I, consisting only 

of a metacarpal (os lunatum; Ecker 1864) is not preserved. Digit II and III consist of the 

metacarpal and two phalanges. The fourth digit is not well preserved on either manus. Digit 

V is the longest with three phalanges preserved on the left side, resulting in a phalangeal 

formula of 2-2-3-? (Fig. 6). The distalmost phalanges bear a knob distally (Fig. 6), similar to 

IGR 144547 (Lemierre et al. 2022). A stray phalanx, not a distal phalanx, is located within the 

right femur-tibiofibula articulation on Slab A, but it is unclear which digit it derives from.  

 

Pelvic girdle 

Both ilia are preserved (Fig. 5). They have been split transversally, and the bone is exposed 

on both Slab A and Slab B. The ilia form a roughly V-shaped outline. An incipient dorsal crest 
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is visible on the right ilium anteriorly on Slab A and its imprint on Slab B (Fig. 5 Vertebral 

column). The dorsal crest is tall in Pelophylax (Von Meyer 1860; Bailon 1999; Blain et al. 

2024) and Thaumastosaurus (Georgalis et al. 2023), varies interspecifically within Rana 

(Bailon 1999; Blain and Arribas 2017) but is low in Palaeobatrachidae (Roček et al. 2021) and 

lacking in Pelobatidae (Roček et al. 2014). However, due to the positioning of the ilium of 

MAB19654 in the sediment, the full extent of the crest could not be assessed. Anteriorly, the 

ilia overlie sacral apophyses on Slab B. The ilia contact each other posteriorly at the 

ischiopubis on both slabs. A short pubic process projects posteriorly. 

 

 

Figure 7. Hindlimb osteology of MAB19654 from the early Oligocene of the Manosque basin. 

Top row left femur on Slab A, photograph and interpretative drawing, middle row left 

tibiofibula on Slab A, photograph and interpretative drawing, bottom row right hindlimb, 

photograph and interpretative drawing. Abbreviations: ae. anterior extremity; g. groove; pe. 

posterior extremity. Scale bar equals 1 mm. 
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Hindlimbs 

The bones of the hindlimbs are preserved three-dimensionally on Slab A (Fig. 7), while Slab B 

clearly shows the imprint. Proximally, the femora articulate with the pelvis. Both femora are 

relatively short with respect to snout-vent length, compared to modern Pelophylax species 

(e.g., Gubányi and Korsós 1992; Mayer et al. 2013). The outline is slightly sigmoid (Fig. 7). 

Both proximal and distal ends are slightly wider than the shaft. The epiphyseal surfaces 

appear to run parallel, unlike the femur of Pelobates cultripes in which the proximal 

epiphyseal surface makes a clear angle with respect to the distal surface (Bailon 1999). There 

is no crest present on the femoral shaft, nor medial or lateral margins (Fig. 7), unlike in 

alytids and bufonids (Bailon 1999). Moreover, the femur of MAB19654 is gracile unlike the 

robust femur of Bufonidae (Bailon 1999). The length ratio between the femur and tibiofibula 

amounts 0.894 for the left side and 0.933 for the right side; the tibiofibula is the longer 

bone. Both tibiofibulae are preserved as straight elongate rods. In both Bufonidae and 

Pelobatidae, by contrast, the proximal and distal ends of the tibiofibula are visibly wider than 

the shaft (Bailon 1999), resulting in an hourglass-outline. Moreover, the bufonid tibiofibula is 

more robust than that of Ranidae (Bailon 1999; Ratnikov 2001). The left tibiofibula of 

MAB19654 bears a shallow groove proximally (Fig. 7), denoting the separation between the 

fused tibia and fibula as seen in anteroposterior view (Bailon 1999).  

 

 

Figure 8. Pes osteology of MAB19654 from the early Oligocene of the Manosque basin. Top 

row left pes on Slab A, photograph and interpretative drawing, bottom row right pes on Slab 

A, photograph and interpretative drawing. Scale bar equals 1 mm. 
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Both tarsal elements are preserved on the left hindlimb (Fig. 8). At midshaft, the astragalus 

and calcaneum divert, but they approach each other proximally and distally. The shaft of the 

calcaneum is wider than that of the astragalus (cf. Ecker 1864). Distally, the astragalus and 

calcaneum articulates with metatarsals on left limb (Fig. 8). Both tarsal bones remain free 

along their entire length as is typical in Ranidae, but unlike the condition in Alytidae whereby 

the elements are fused distally (Sanchíz y Gil de Avalle 1977) or in Pelobates cultripes, 

whereby both ends fuse (Bailon 1999). The right calcaneum is distanced from the tibiofibula, 

preserved left to the skull on Slab A (Fig. 2). The pes bears five digits, of which Digit IV is the 

longest with four phalanges (Fig. 8). Digit I and II consist of two phalanges, while digit III 

consists of three. The total count of digit V is unclear, as the distal phalanx on neither pes is 

preserved. This leaves a phalangeal formula of 2-2-3-4-? (Fig. 8). Similar to what we reported 

in the manus, the distal end of the distal phalanges is knob-like (Fig. 8). This phalangeal 

shape contrasts with the description of Ecker (1864), stating that the terminal phalanges are 

somewhat hooked towards the plantar surface. 

 

The astragalus and calcaneum form common epiphysis of calcified cartilage in P. esculentus 

(e.g., Ecker 1864). This is not preserved in MAB19654. 

 

Measurements 
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Table 2. Overview of measurements taken in this study and published data. Abbreviations: 

SVL. snout-vent length; FtL. first toe length; FL. femur length; TFL. tibiofibula length; ACL. 

tarsal length; SA. sacral angulation. Black data cells denote missing data. 

 

 

The limb bone ratios in MAB19654 fit within the range observed in extant Pelophylax 

osteological specimens (Table 2). The femur-tibiofibular ratio in MAB19654, 0.893 for the 

right side and 0.933 for the left side, plots within the range of the extant species P. perezi 

and P. ridibundus, as well as the fossil P. aquensis, P. meriani and P. pueyoi (Fig. 9). P. 

lessonae notably has a significantly higher femur-tibiofibular ratio than of all other species 

(Table 2; Supplementary File 2). Regarding the femur-tarsal ratio of MAB19654, only the left 

metric could be measured (1.78), plotting within the lowest quartile of P. lessonae and, 

exclusively when considering outliers, in range of P. ridibundus (Fig. 9). The femur-tarsal ratio 

of P. perezi is significantly higher than in the other Pelophylax species (Table 2; 

Supplementary File 2).  

 

Taxon Sex preservation SVL/FtL n SVL/FL n SVL/TFL n FL/TFL n FL/ACL n SA n Source

MAB19654 ♂ fossil 6.36 1 2.312 - 2.314 1 2.07 - 2.16 1 0.893 - 0.933 1 1.78 1 125° 1 this study

Pelophylax lessonae ♀ live 8.14±0.71 66 2.13±0.09 66 2.25±0.11 66 1.06±0.05 66 Gubányi and Korsós (1992)

Pelophylax lessonae ♂ live 8.13±0.59 61 2.09±0.09 61 2.22±0.10 61 1.06±0.04 61 Gubányi and Korsós (1992)

Pelophylax lessonae not defined live 1.9 - 2.3 

2.1±0.02

? Mayer et al. (2013)

Pelophylax lessonae not defined dry bone 0.96 - 1.009 

0.994±0.017

7 1.68 - 1.93 

1.834±0.05

53 94 - 125° 

110.67±7.65 

58 this study

Pelophylax lessonae not defined w/cartilage 0.923 - 1.033 

0.993±0.018

51 this study

Pelophylax ridibundus ♀ live 6.33±0.27 11 1.90±0.11 11 1.87±0.06 11 0.99±0.04 11 Gubányi and Korsós (1992)

Pelophylax ridibundus ♂ live 6.22±0.38 16 1.86±0.09 16 1.82±0.06 16 0.98±0.03 16 Gubányi and Korsós (1992)

Pelophylax ridibundus not defined live 1.7 - 2.1 

1.9±0.01

? Mayer et al. (2013)

Pelophylax ridibundus not defined wet 1.767 - 1.905 5 Crochet et al. (1995)

Pelophylax ridibundus not defined dry bone 0.879 - 0.962 

0.913±0.018

40 1.72 - 2.04 

1.87±0.07

21 105 - 135° 

119.4±66.93

55 this study

Pelophylax ridibundus not defined w/cartilage 0.905 - 0.970 

0.934±0.020

21 this study

Pelophylax esculentus ♀ live 7.35±0.46 108 2.08±0.10 108 2.10±0.10 108 1.01±0.02 108 Gubányi and Korsós (1992)

Pelophylax esculentus ♂ live 7.15±0.53 14 2.03±0.07 14 2.06±0.09 14 1.01±0.01 14 Gubányi and Korsós (1992)

Pelophylax esculentus not defined live  1.8 - 2.2 

2.0±0.01

? Mayer et al. (2013)

Pelophylax perezi not defined wet 1.795 - 2.247 13 Crochet et al. (1995)

Pelophylax perezi not defined dry bone 2.079 - 2.692 

2.377±0.148

30 1.864 - 2.395 

2.149±0.130

30 0.870 - 0.968 

0.903±0.017

58 2.033 - 2.140 

2.090±0.045

4 105 - 146° 

124.35±6.64

84 this study

Pelophylax perezi not defined w/cartilage 0.898 1 this study

Pelophylax grafi not defined wet  1.742- 2.179 8 Crochet et al. (1995)

Pelophylax pueyoi not defined fossil 0.866 - 0.968 

0.91±0.02

20 Sanchíz y Gil de Avalle (1977)

Pelophylax aquensis not defined fossil 0.899 - 0.916 1 1.88 1 this study

Pelophylax meriani not defined fossil 0.885 - 0.931 2 Von Meyer (1860)

Rana arvalis not defined dry bone 72 - 93° 3 Böhme (2001)

Rana arvalis not defined dry bone 0.723 - 0.923 

0.866±0.081

5 95 - 124° 

108.4±10.60 5

this study

Rana temporaria not defined dry bone 95 - 125° 6 Böhme (2001)

Rana temporaria not defined dry bone 0.860 - 0.923 

0.892±0.020

17 102 - 132° 

118.6±10.0

17 this study
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Figure 9. Overview of measurements taken in this study. A-C show boxplots of interspecific 

comparisons. A femur/tibiofibula ratio (dry bone only), B femur/tarsal ratio (with cartilage 

cap), C sacral angulation. D-F show boxplots of intraspecific comparisons of the 

femur/tibiofibula ratio of dry bone versus cartilage capped specimens. D Pelophylax 

lessonae, E Pelophylax perezi, F Pelophylax ridibundus. G-I show pie charts with relative 

distribution of V4 morphology. G Pelophylax lessonae, H Pelophylax perezi, I Pelophylax 

ridibundus 

 

Snout-vent length to single bone element ratios are more variable between MAB19654 and 

the published extant Pelophylax populations. Snout-vent length to femur ratio in MAB19654 

(2.312 – 2.314) exceeds that of the male populations in P. lessonae (2.09±0.09) and P. 

ridibundus (1.86±0.09) (Gubányi and Korsós 1992; Table 2). This indicates that the femur is 

relatively shorter in MAB19654 than in modern Pelophylax species. Relative tibiofibular 
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length of MAB19654 (2.07 – 2.16) lies within two or three standard deviations of the 

Bavarian population (2.1±0.2; Mayer et al. 2013) and the Hungarian male population of P. 

lessonae (2.22±0.10; Gubányi and Korsós 1992). Compared to P. ridibundus, the snout-vent 

length to tibiofibular ratio in MAB19654 greatly exceeds that of the male Hungarian 

population (1.82±0.06; Gubányi and Korsós 1992), the Bavarian population (1.9±0.01; Mayer 

et al. 2013) and diverse wet collections (1.767-1.905; Crochet et al. 1995). It does fall within 

the range measured in the wet collection of P. perezi (1.795-2.247; Crochet et al. 1995). 

Lastly, snout-vent length to first toe length of MAB19654 exclusively matches with that of P. 

ridibundus (6.22±0.38; Gubányi and Korsós 1992). 

 

The sacral angulation of MAB19654 (125°) falls in the higher range of P. ridibundus and P. 

perezi but exceeds all measured specimens of P. lessonae (Fig. 9). When comparing to extant 

Rana, the sacral angulation in MAB19654 exceeds that of Rana arvalis but falls within the 

range of R. graeca and R. temporaria. With a larger sample size than Böhme (2001), we 

found no significant difference in sacral angulation between the genera Rana and Pelophylax 

(p = 0.42).  

 

When comparing our dry osteological ratios with the data presented by Gubányi and Korsós 

(1992) on live Hungarian frog populations, we find that the femur-tibiofibular ratio is 

significantly different for both P. lessonae (p << 0.005) and P. ridibundus (p << 0.005), 

regardless of our sample is compared to the male or female population of Gubányi and 

Korsós (1992). This is also true for the cartilage-capped specimens of P. lessonae (p << 0.005) 

and P. ridibundus (pmale << 0.005; pfemale = 0.0008). As Mayer et al. (2013) did not report 

number of specimens for each measurement, we could not run a t-test for their sample. 

Moreover, Crochet et al. (1995) reported TFL/SVL instead of SVL/TFL. To match their results 

with the measurements in this paper, we inversed the values published in Crochet et al. 

(1995) in Table 2. Within our own dataset, we observed a discrepancy between femur-

tibiofibular ratio between dry osteological and cartilage-capped specimens of P. ridibundus 

(p << 0.005). In P. lessonae, there was no significant difference (p = 0.817). Additionally, the 

variance between the cartilage-bearing specimens and dried bone was insignificant both in 

P. ridibundus (F = 0.8072; p = 0.37) and in P. lessonae (F = 0.5147; p = 0.48). 
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All of the four defined V4 morphotypes are observed in the three sampled extant Pelophylax 

species (Fig. 9). The more complex trapezoid morphology, as observed in MAB19654, and 

spatulate morphologies are far more frequent in P. perezi (75%). Simple parallel 

morphologies occur more frequently in P. lessonae and P. ridibundus, with P. lessonae most 

frequently displaying the narrow parallel apophysis morphotype (52.4%) and P. ridibundus 

the wider apophysis morphotype (58.6%).  

 

Discussion 

 

Diagnosis 

 

Three anuran clades are represented by partially complete or complete skeletons in the 

Paleogene of France; Ranidae (genera Pelophylax and Rana; Roček and Wuttke 2010; 

Gaudant et al. 2018; Lemierre et al. 2022), Pelobatoidea (genera Eopelobates, Pelobates; 

Roček et al. 2014) and Pyxicephalidae (genus Thaumastosaurus; Laloy et al. 2013; Lemierre 

et al. 2021; Georgalis et al. 2023). Additionally, fragmentary specimens are known from 

Palaeobatrachidae, Alytidae and Bufonidae (Rage and Roček 2003; Roček 2013). 

 

MAB19654 differs from Pelobatoidea (Roček et al., 2014) by non-imbricated neural arches 

and the lack of postsacral vertebrae and associated webbed apophyses. Moreover, it differs 

from the Pelobatidae Eopelobates and Pelobates (Böhme 1977; Sanchíz y Gil de Avalle 1977; 

Bailon 1999) by the absence of an alary process on the pterygoid, posterior apophyses 

elongate, cylindrical sacral apophyses, urostyle not fused to sacrum, absence of transverse 

processes on the urostyle. MAB19654 differs from the pyxicephalid Thaumastosaurus (Laloy 

et al. 2013; Vasilyan 2018; Lemierre et al. 2021; Georgalis et al. 2023) by the lack of 

ornamentation on the maxilla, relatively short metacarpal bones of equal length and 

posterior apophyses elongate. Moreover, the temporal range of Thaumastosaurus is limited 

to the Eocene (Vasilyan 2018). MAB19654 differs from Palaeobatrachidae (Roček et al. 2021) 

by relatively short metacarpals, the lack of ribs fused to vertebral diapophyses, rod-like 

sacral apophyses and the lack of a synsacrum. MAB19654 differs from Alytidae (Sanchíz y Gil 

de Avalle 1977; Bailon 1999; Roček 2013, therein Discoglossidae) by the absence of an alary 

process on the pterygoid, a straight humeral diaphysis, posterior diapophyses elongate, non-

imbricated neural arches, absence of a free rib on V4, absence of transverse processes of the 
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urostyle, presence of rod-like sacral apophyses and the absence of a femoral crest. Lastly, 

MAB19654 differs from Bufonidae (Böhme 1977; Sanchíz y Gil de Avalle 1977; Bailon 1999; 

Ratnikov 2001) by a tooth-bearing maxilla, straight humeral diaphysis rod-like sacral 

apophyses, non-imbricated neural arches, a slender femur lacking a crest and a slender 

tibiofibula.  

 

MAB19654 resembles Ranidae in the following characters (Böhme 1977; Sanchíz y Gil de 

Avalle 1977; Bailon 1999; Ratnikov 2001): tooth-bearing maxilla, dermal bones not sculpted, 

absence of an alary process of the pterygoid, non-imbricated neural arches, absence of free 

ribs, posterior apophyses elongate, cylindrical sacral apophyses, urostyle not fused to 

sacrum, absence of transverse processes of the urostyle, absence of a femoral crest, two 

tarsal bones that are free proximally and distally. Ranidae from early Oligocene of Europe 

have been referred to the genera Pelophylax (Sanchíz et al. 1993; Lemierre et al. 2022; 

Venczel et al. 2024) and Rana (Sanchíz et al. 1993). 

 

Few osteological characters have been used to discriminate between modern water frogs 

Pelophylax and pond frogs Rana (G. Böhme 1977; M. Böhme 2001; Sanchíz et al. 1993; 

Bailon 1999; Ratnikov 2001; Blain et al. 2024). The humeral diaphysis in Pelophylax is more 

robust than in Rana, as the shaft in Pelophylax maintains roughly the same width as the 

humeral condyle and the shaft in Rana becomes narrower (Bailon 1999; Ratnikov 2001). 

Moreover, in male specimens, the crista medialis in Pelophylax remains low and does not 

reach midshaft unlike Rana (Bailon 1999; Ratnikov 2001). MAB19654 resembles the humeral 

morphology described for Pelophylax. Skulls of Rana are mediolaterally wider and 

anteroposteriorly shorter than in Pelophylax (Bailon 1999). The outline of the skull of 

MAB19654 more closely resembles that of Pelophylax kl. esculentus (figured in Ecker 1864) 

and Pelophylax meriani (Von Meyer 1860) than that of adult Rana temporaria (figured in 

Parker 1871). However, skull outline in fossil forms may be altered due to taphonomic 

processes (Sanchíz y Gil de Avalle 1977). Böhme (2001) utilised sacral angulation as a 

character, as their data implied that sacral angulation in Pelophylax is greater than in Rana. 

However, our data (Table 2; Supplementary File 2) did not find a significant difference 

between the two ranid genera. Lastly, Rana species have longer and more slender femora 

than Pelophylax (Bailon 1999). Given the relative shortness of the femur of MAB19654 even 
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with respect to other Pelophylax (Gubányi and Korsós 1992), reference to Rana seems 

inappropriate. 

 

Fossil Pelophylax specimens have been attributed to Pelophylax kl. esculentus, P. aquensis, P. 

meriani, P. pueyoi, P. quellembergi and P. barani (e.g., Lemierre et al. 2022; Blain et al. 2023, 

2024; Dufresnes et al. 2024). There were no osteological synapomorphies identified that 

allow a species-level determination. We thus refrain from assigning a species to MAB19654, 

and refer it to as Pelophylax sp. Moreover, major radiation events in European Pelophylax 

seem to have occurred from the Early Miocene onwards (Dufresnes et al. 2024). First, a 

clade containing P. perezi diverged from a clade with P. ridibundus and P. lessonae during 

the Early Miocene. A more exclusive clade with P. lessonae branched from the P. ridibundus 

clade during the Middle Miocene (Dufresnes et al. 2024). We deem reference of Oligocene 

Pelophylax specimens to Pelophylax kl. esculentus (e.g., Lemierre et al. 2022) to be invalid, as 

this klepton represents the fertile hybrid of P. lessonae and P. ridibundus (Berger 1973; 

Uzzell et al. 1976), and a klepton cannot precede the divergence of both of its parent 

species. A comprehensive review of Oligocene Pelophylax material is recommended before 

any specific diagnosis can be made. 

 

Ecomorphological evolution in Pelophylax 

 

Morphological evolution in European ranids has been generally slow and at a constant rate 

(Martínez-Gil et al. 2025). In particular, Bergmann’s rule, i.e. the notion that body size 

increases with lower temperatures (Bergmann 1848) and the water conservation hypothesis, 

stating that ectotherms favourably attain larger size with lower precipitation rates (e.g., 

Gouveia and Correia 2016), best explain evolutionary trends within Rana species (Martínez-

Gil et al. 2025). The same trends have been identified in Pelophylax, as body size is 

negatively correlated with primary production, temperature and precipitation – the genus 

attains maximum body size during glacial periods and smallest body size during interglacials 

and warm periods (Martínez-Monzón et al. 2022, 2023; Blain et al. 2024). Given the 

palaeogeographical overlap between Rana and Pelophylax, similar processes likely govern 

the macroevolutionary patterns of both genera throughout the Cenozoic.  
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Limb bone proportions are indicative of both mode of locomotion and microhabitat in frogs 

(Jorgenson and Reilly 2013; Enriquez-Urzelai et al. 2015; Lires et al. 2016; Citadini et al. 2018; 

Gómez and Lires 2019; Moen 2019; Buttimer et al. 2020; Stepanova and Womack 2020; 

Petrović et al. 2021; Leavey et al. 2023; Pérez-Ben et al. 2024; Ponssa et al. 2025). In terms of 

limb bone metrics, MAB19654 most closely resembles Pelophylax ridibundus – as P. perezi 

and P. lessonae have significantly shorter calcaneus and longer femora, respectively (Table 

2). Since no osteological metric of P. ridibundus divert significantly from the other extant 

taxa, and its femur to tibiofibular ratio also matches that of the fossil P. pueyoi (Sanchíz y Gil 

de Avalle 1977), P. meriani (Von Meyer 1860), P. aquensis and MAB19654 (Table 2), the limb 

bone proportions of P. ridibundus are treated here as representative of early Pelophylax.  

 

All three sampled extant Pelophylax species are highly aquatic (e.g., Wells 2007; Trochet et 

al. 2014; Freire Oliveira et al. 2017; AmphibiaWeb 2025). P. perezi has a relatively reduced 

calcaneus compared to the femur (Table 2). Elongation of the calcaneus is correlated with 

greater jumping ability (Leavey et al. 2023), suggesting poorer jumping performance in P. 

perezi compared to other Pelophylax species. There was not sufficient locomotion, dispersal 

or habitat data documented for P. perezi in the main amphibian trait databases (Trochet et 

al. 2014; Freire Oliveira et al. 2017) to substantiate this hypothesis. Generally, aquatic frogs 

like Pelophylax primarily use jumping to evade predators and not as their favoured mode of 

locomotion (e.g., Gans and Parsons 1966). P. lessonae has a distinctly longer femur in 

relation to the tibiofibula compared to the other extant Pelophylax species (Table 2), which 

likely reflects a derived character state (Fig. 10). Femur elongation occurs in aquatic frogs 

(Leavey et al. 2023). This is consistent with the observation that P. lessonae primarily 

displaces by swimming (Trochet et al. 2014). Moreover, the sacral angulation in P. lessonae 

is significantly lower than that of the other Pelophylax species, indicating poorer walking and 

hopping capabilities (Jorgenson and Reilly 2013; Leavey et al. 2023).  
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Figure 10. Hypothesised character acquisition on a simplified phylogenetic tree (adopted 

from Dufresnes et al. 2024). Since the phylogeny was based on molecular data and lacked 

fossil taxa, the fossil taxa here are placed in a basal polytomy.  

 

Pelophylax species occupy a variety of habitats, from deciduous forests to semideserts and 

desert areas (AmphibiaWeb 2025). Large-scale studies on anuran microhabitat occupation 

do not discriminate between different types of aquatic habitats (e.g., Ponssa et al. 2025) and 

thus cannot be used to infer habitat preference in early Pelophylax. Extant Pelophylax 

species commonly co-occur sympatrically, but display specific habitat preferences; P. 

ridibundus prefers deeper waters with little vegetation, whereas P. lessonae favours shallow 

waters that dry out temporally (Pagano et al. 2001; Holenweg Peter et al. 2002; Wells 2007; 

Kolenda et al. 2024). Interestingly, P. ridibundus has an exceptionally high tolerance to 

salinity and can reproduce on the shores of the present-day Black Sea and Caspian Sea 

(Mollov 2020; AmphibiaWeb 2025). This indicates that Pelophylax species, and likely early 

Pelophylax such as MAB19654, could have been able to adapt to the brackish conditions of 

the early Oligocene Apt-Manosque-Fourcalquier basin (Gaudant 1978). 
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Using the largest osteological dataset of Pelophylax limb bone proportions to date, we show 

that the three sampled extant species display considerable ecomorphological variation and 

correlate this variation to mode of locomotion. This approach looks promising to explore 

morphological evolution within the widespread and speciose genus Pelophylax further, for 

example by including species from different geographical areas and microhabitats. 

Methodologically, one should be careful regarding the type of preservation of the specimens 

used and not use different types of preservation interchangeably. We show that ratios 

measured from dry bone, cartilage-capped bone and living specimens can differ significantly 

(Table 2; Supplementary File 2). Moreover, taxonomically diverse studies typically limit the 

number of specimens per species. Given the intraspecific variance observed in frog limb 

ratios (Table 2), and the large number of osteological specimens that are present in museum 

collections, it is recommended to work with larger samples sizes. 

 

Lastly, there is considerable variation observed in V4 morphology. MAB19654 displays a 

clear trapezoid morphology. Such a trapezoidal morphology of transverse processes of V4 

has frequently been used as one of the osteological characters justifying taxonomical 

difference between extant Pelophylax and extinct species (Navás 1920, 1922; Sanchíz y Gil 

de Avalle 1977; Blain et al. 2023). All of the four defined morphologies (narrow parallel, wide 

parallel, spatulate and trapezoid) are observed in the three studied extant species (P. 

lessonae, P. perezi, and P. ridibundus). The more complex trapezoid and spatulate 

morphologies are far more common in P. perezi (75%). Simple parallel morphologies occur 

more frequently in the clade including P. lessonae (69.5%) and P. ridibundus (74%), with P. 

lessonae more frequently displaying narrow apophyses (52.5% narrow, 16.9% wide) and 

P. ridibundus more frequently displayer wider apophyses (58.6% wide, 15.5% narrow). 

Complex V4 might therefore be ancestral in Pelophylax, while the simplification of the V4 

apophyses may be a derived trait for P. lessonae and P. ridibundus. Future studies should 

further explore the morphological evolution of V4, as this may prove to be a useful character 

for determining Pelophylax species in palaeontological and zooarchaeological contexts.  

 

Conclusions 
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We describe a new male fossil ranid frog, MAB19654, from the early Oligocene of southern 

France and assign it to Pelophylax sp. Assignment to Pelophylax is based on the robust 

humerus bearing a low crista medialis that does not reach midshaft, skull shape and 

relatively short femur. However, there are insufficient osteological characters discriminating 

between fossil Pelophylax species. Nonetheless, MAB19654 represents one of the oldest 

known Pelophylax specimens and notably predates the major radiation events of the 

Miocene, shedding light on early Pelophylax osteology.  

 

In terms of limb bone ratios, MAB19654 resembles the other sampled fossil Pelophylax 

species: P. aquensis, P. pueyoi and P. meriani. The femur to tibiofibula ratio in Pelophylax 

lessonae is significantly higher than in any other sampled Pelophylax species. In addition, the 

sacral angulation of P. lessonae is narrower than that of other Pelophylax. Pelophylax perezi 

has a significantly reduced tarsus relative to femur compared to other Pelophylax species. 

We did not find a significant difference in sacral angulation between the genera Pelophylax 

and Rana. The limb bone rations of MAB19654 most closely resembles Pelophylax ridibundus 

among extant species.  A shortening of the tarsus occurred in the lineage leading to 

Pelophylax perezi, while Pelophylax lessonae evolved a relatively more elongate femur and 

narrower the sacral apophyses.  

 

Lastly, we show interspecific variation in the abundance of specific apophysial morphologies 

of V4 within Pelophylax. Simple parallel morphologies are common in the Pelophylax 

ridibundus + Pelophylax lessonae clade: Pelophylax lessonae often develops narrow V4 

apophyses, while the apophyses in Pelophylax ridibundus are widened. On the other hand, 

complex spatulate and trapezoid morphologies appear more frequently in the early-

branching Pelophylax perezi. Moreover, a trapezoid morphology is also present in MAB1954. 

Thus, complex V4 morphologies appear ancestral in Pelophylax, and looks to be a promising 

tool in distinguishing between Pelophylax groups. 
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