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The oldest articulated ranid from Europe: A Pelophylax specimen from the earliest Oligocene of Chartres-de -Bretagne (NW France) 4 5

Ranids represent an important part of the extant anuran diversity of Europe.

28

One of the best-known genera is Pelophylax (green-water frog). This genus is considered to 29 have arrived in Europe during the Eocene/Oligocene transition, with numerous occurrences of 30 the genus throughout European Oligocene sites. Unfortunately, most of the specimens are 31 isolated bones, hampering our understanding of the diversity and evolution of the genus during 32 this time. We here present the description of an incomplete but articulated anuran skeleton 33 from the earliest Oligocene of Chartres-de-Bretagne (Western France). This specimen, missing 34 its head, preserves almost all postcranial bones articulated and skin impressions. The 35 osteological description allows to assign this specimen to Pelophylax kl. esculentus, making it 36 one of the oldest known occurrences of the genus. We also suggest that specimens assigned to 37 the late Oligocene "Rana" aquensis should be referred to the genus Pelophylax. The presence 38 of a Pelophylax in Western Europe during the early Oligocene indicates that the genus had 39 already spread throughout Europe, no later than 5 Ma after its emergence in the eastern part of 40 the continent. It suggests that Pelophylax benefitted from the extinction of ranoids during the 41 "Grande Coupure.

Soft Tissues 174

The soft tissues surround most of the bones, except for the skull and part of the 175 tibiofibula on both M1 and M2 (Fig. 2A,C). Although it is not well defined in most region, the preservation around the hands, femora, and cloacal region allows interpretation of this feature out, with only faint traces of centra and transverse processes preserved. Where bone is still 194 present, the vertebrae are exposed in dorsal view, but the neural region has been crushed or 195 eroded on all vertebrae, leaving the centrum exposed (Fig. 4). Presacral and sacral vertebrae 196 are only preserved on M1. A single sacral vertebra is identified, while five presacral vertebrae 197 are preserved. The atlas, second and third vertebrae are not preserved, due to a missing piece 198 on M1 (Fig. 2A). IGR 144547 likely possessed eight presacral vertebrae.

199 Vertebra IV-The centrum and transverse processes of the fourth vertebra are 200 preserved as crushed bone in dorsal view. The centrum is broken anteriorly. It connects 201 posteriorly with the fifth vertebra and on its right lateral side with the sternum (Fig. 4A,B). 254 expect near the glenoid fossa. The pars acromialis is wide (3.3 mm), and part of this processus 255 is preserved as bone exposed in dorsal view in the glenoid region (see Fig. 5B). The glenoid 256 region is poorly preserved, with undefined crushed bony elements visible (Fig. 5B). As the 257 specimen is exposed dorsally, it suggests that most of the bony elements form the base of the 258 pars glenoidalis, distinct from the crushed pars acromialis (Fig. 5B). Thus, it is not possible to 259 assess the size of the pars glenoidalis and if the latter and the pars acromialis were separated by 5B). It slightly extends anteriorly, but does not seem to form an anterior hook (as seen in 277 Thaumastosaurus; Laloy et al., 2013;Lemierre et al., 2021). 

278

Both coracoids were likely in contact medially when accounting for the connecting 279 cartilage of the coracoids (Ecker, 1889). This is characteristic of the firmsternal condition for 280 the pectoral girdle (sensu Cope, 1864;Boulenger, 1886).

281

Sternum-The sternum is preserved as a crushed bone (exposed in dorsal view) within 282 the space left by the vertebral column on M1 (Fig. 5B). The reconstruction shows that the bone 283 is fully ossified (Fig. 5C). The bone is elongated anteroposteriorly (4.5 mm) and hourglass-284 shaped. Both anterior and posterior regions are wider than the shaft and the anterior region is 285 wider than the posterior.

286

Omosternum?-A small, poorly preserved element is preserved anterior to the 287 preserved medial region of the right clavicle on M1. It is very small (2.24 mm length) and 288 crescentic (Fig. 5A,B). It likely represents around half of a bony element. A putative 289 reconstruction indicates the element had an inverted Y-shape (Fig. 5C). The posterior end 290 seems connected to the extremitas medialis of the clavicle. The remaining part of the bone is a 291 slender stylet (Fig. 5B). The position and shape of this element is incompatible with a vertebral 292 element. Thus, we tentatively interpreted this element as an incomplete omosternum. As for the 293 non-overlapping coracoids, the presence of an ossified omosternum is diagnostic for a 294 firmsternal pectoral girdle (sensu Boulanger, 1886). and shaft of the ilia as flattened bones, exposed in medial view (Fig. 2A). Both distal ends are 299 in contact with the posterior region of the sacral apophyses. The acetabular region is only 300 preserved as an imprint exposed in lateral view of the left ilium on M1 (Fig. 2A). On M2, the 301 left ilium is preserved in its acetabular region with most of the bone intact and exposed in 302 lateral view (Fig. 2B,6B). The right ilium has been broken in two. Its distal region on M1 is it could have been the result of damage during the splitting of M1 and M2 by the collector. The 305 acetabular region is displaced and covers part of the right femur and the dorsal acetabular 306 expansion of the right ilium on M2 (Fig. 2C). This part of the right ilium is preserved as a bone 307 exposed in medial view. The distal region of both ilia is preserved on M2 as imprints exposed 308 in medial view. The ilium is around 19.5 mm long. It is slightly longer than the urostyle. The 309 iliac shaft is slightly compressed laterally. The shaft bears a high dorsal crest (same height as 310 the iliac shaft) on its whole length (Fig. 2A), as seen on M1. The dorsal protuberance ('tuber 311 superior' in Bailon, 1999) is a large pyriform structure protruding laterally posterior to the 312 dorsal crest (Fig. 6B,C). The supracetabular fossa is well-developed (Fig. 6B,C). The dorsal 313 acetabular expansion is not fully preserved but seems short and oriented posteriorly (Fig. 6C).

314

The ventral acetabular expansion has a large ventral vector (Fig; 6B,C). Its preacetabular angle 315 is clearly acute (Fig. 6C). In medial view, there is no interiliac tubercle. ,7D). The proximal region of the left humerus is preserved mostly as 323 crushed bone (exposed in dorsal view) but its outline is difficult to determine (Fig. 7A,B). No 324 crista ventralis is preserved. If present, the crista did not extend past the mid-diaphysis (region 325 preserved as a ventral imprint; Fig. 7C). The distal region of the right humerus is preserved as 326 an imprint exposed ventrally. The fossa cubitalis is shallow and slightly triangular shaped (Fig.

327

7C, D). The fossa does not extend on the diaphysis. The eminentia capitata (humeral ball in transversely (Fig. 8B). It articulates with the ulnare part of the articular surface of the 357 radioulna, the radiale, and the distal ulnare (Fig. 8B). Three distinct articular facets are present 358 on the ulnare. The posteromedial region of this element is slight protruding towards the radiale 359 (Fig. 8B). This protrusion is interpreted as the fused intermedium (following Fabrezi and 360 Alberch, 1996).

361

The radiale is the largest (both in width and length) of the proximal carpals. Its shape is 362 difficult to discern but seems circular (Fig. 8). It articulates with the radial part of the articular 363 surface of the radioulna, the ulnare, the distal radial element, and the distal carpalia III and IV 364 (Fig. 8B). All four articular facets are concave (Fig. 8B).

365

The distal radial element is free. It articulates with the radiale, the distal carpale II, and 366 the prepollex (Fig. 8B). The distal radial element is crescent-shaped, and its lateral margin is 367 concave (Fig. 8B). Its proximal margin seems close to the radial (Fig. 8B). This is likely an 368 artefact of preservation, as this region is difficult to visualize (Fig. 8A).

369

The distal row has three bones preserved: the distal carpal element (fused distal carpalia 370 III, IV and ulnare element), the distal carpal II, and the prepollex (Fig. 8A). Distal carpalia III,

371

IV and ulnare element (distal carpale V of Fabrezi & Alberch, 1996) are all fused into a single 372 large bone (Fig. 8B). It contacts the ulnare, radiale, metacarpals III-V and the distal carpale II 373 (Fig. 8B). The anterior margin bears two distinct articular surfaces for the ulnare and radiale 374 (Fig. 8B). There is no indication that distinct articular facets are present on the posterior margin 375 (Fig. 8B). The bone is crescentic, with a convex posterior margin (Fig. 8B).

376

Distal carpale II is a small circular element (Fig. 8B). It contacts the distal radial 377 element, the prepollex, the distal carpal element, and the metacarpal II (Fig. 8B).

378

The prepollex is barely evident. Most, if not all, neobatrachians possess a prepollex 379 composed of two distinct bones (Fabrezi & Barg, 2001). Unfortunately, only a single imprint is 380 visible on the left hand of IGR 144547 (Fig. 8A). On its right hand this region is not preserved 381 (Fig. 2B). As the two bones of the prepollex are often in contact (see Roček et al., 2022:fig. 382 2L) it is possible that they left a single imprint. The prepollex is small and triangular (Fig. 8B).

383

It contacts the distal radial element, the distal carpale II, and the metacarpal II (Fig. 8B). are poorly preserved and poorly defined (Fig. 2A). Metacarpal II contacts the distal carpale II, 387 and prepollex proximally and the phalanx I of II distally (Fig. 8B). It is one of the longest 388 metacarpals (4,7 mm). Its proximal head is wider than its distal head. Both proximal and distal 389 articular facet seems flat and straight (Fig. 8B). The bone is elongated, with a rather narrow 390 diaphysis (Fig. 8B). Metacarpal III is shorter (4.5 mm) than metacarpal II. It contacts the distal 391 carpale III proximally and the phalanx I of digit III distally. It is preserved with bone, with both 392 proximal and distal heads are broken, while the diaphysis seems complete (Fig. 8A). As for 393 metacarpal II, the diaphysis is elongated and narrow. The proximal head is wider than the distal 394 head (Fig. 8B). The proximal and distal articular facets are flat and straight (Fig. 8B).

395

Metacarpal IV is as long as metacarpal III (4.5 mm). It contacts the distal carpale IV 396 proximally and the phalanx I of digit IV distally. As for metacarpal III, its distal and proximal 397 heads are broken, and most of the diaphysis is broken as well (Fig. 8A). The proximal end 398 bears a flat articular surface (Fig. 8B). The distal head is too damaged to assess the shape of its 399 articular facet (Fig. 8B).

400

Metacarpal V is as long as metacarpal II (4.8 mm). It contacts the distal ulnare element 401 proximally and the phalanx I of digit V distally. It is complete (Fig. 8B) . Its proximal head is 402 wider than its distal head. The articular facet of the proximal head is concave (Fig. 8B). The 403 articular facet of the distal head is flat.

404

Phalanges-Phalanges are only preserved on the left hand, on both M1 and M2.

405

Phalanx I is preserved on all digits (Fig. 8A). It is preserved as an imprint on digits II and V, 406 and as a complete bone on digits III and IV. On digits II and IV, the phalanx is elongate (3.3 408 IV, the preservation shows that the proximal head is wider than its distal head (Fig. 8B). Both 409 articular facets are flat. On digits III and V, phalanx I is shorter (2.8 and 2.4 mm), and the 410 proximal and distal heads are of the same width (Fig. 8B).

411

Phalanx II is also preserved on all digits. It is preserved as an imprint on digits II and V, 412 and as a complete bone on digits III and IV. For digits II and III, it is the terminal phalanx. It is 413 very short (1.5 mm). The phalanx narrows distally, before ending into a knob (Fig. 8B). On 414 digits IV and V, the phalanx II is connected distally to the phalanx III (Fig. 9B). It is shorter 415 than the phalanx I (2.6 and 2.2 respectively mm). Both proximal and distal heads are not 416 distinct from the diaphysis.

417

Phalanx III is preserved on digit IV only as an imprint (Fig. 8A). It is the terminal 418 phalanx for digits IV and V (missing on IGR 144547). It is identical to the terminal phalanx of 419 digits II and III. It is short (1.5 mm) and bears a knob on its distal end (Fig. 8B). head of the femur is badly preserved and mostly crushed near the acetabulum (Fig. 9B). No 426 crest nor flange is visible on its lateral and medial margines (Fig. 9B). The femur is slightly 427 sigmoid (S-shaped). No crest is visible on the femur shaft.

428 Tibiofibulae-Only the left tibiofibula is incompletely preserved on both M1 and M2.

429

The proximal region is preserved as an uncrushed bone, while the diaphysis is mostly 430 preserved as an imprint (exposed in ventral view). The distal region is not preserved (Fig. 9A, 431 B). The proximal head bears a shallow groove mid-width. This groove marks the separation 432 between the fused tibia and fibula (Fig. 9A,B). The tibiofibula is long (14 mm in length) and 433 straight. Slightly more than half of the tibiofibula appears to be preserved. Thus, the complete 434 tibiofibula is probably slightly longer than the femur. (Frost et al., 2006). Within Ranoidea, only natatanuran taxa are known in 442 Europe in the Cenozoic (Roček, 2013). Furthermore, an ossified omosternum, if present, is 443 considered a natatanuran synapomorphy (Frost et al., 2006;Lemierre et al., 2021). Within this 444 clade, only Ranidae are known in Europe from the Oligocene (Sanchíz, 1998;Roček, 2013;445 Rage, 2016;Vasilyan, 2018). IGR144547 is similar to Ranidae in the following features: 446 slender rod-like sacral apophyses, the eminentia capitata of the humerus is not shifted from the 447 central axis of the humeral diaphysis and there is no crest on the femur. European ranid and their Cenozoic counterpart are sometimes hard to find (Sanchíz, 1998). In 456 addition, most of the European Pelophylax are grouped into the Pelophylax kl. esculentus, as 457 hybridization is possible between species included into this complex (Lymberakis et al., 2007), 458 and few (if any) osteological differences exists (Crochet et al., 1995). Thus, most of the taxa suggests a rapid dispersal of Pelophylax throughout western Europe during the Oligocene. This 538 opportunistic frog genus likely benefited from unoccupied ecological niches and the decrease 539 in anuran diversity following the "Grande Coupure". 182x190mm (300 x 300 DPI)

  are only preserved on M1. The clavicle articulates with the 262 scapula and humerus (forming a part of the glenoid fossa). The right clavicle is partially 263 preserved as an imprint (exposed in ventral view; Fig. 5A), while the left clavicle is not 264 preserved. The extremitas medialis is not preserved. Thus, it is not possible to assess if the 265 latter articulated with the medial margin of the coracoid. The clavicle is slender and moderately 266 developed (5.89 mm preserved). Its shaft slightly arched. The glenoid region is partially 267 obscured by fragments of unidentified bone (Fig. 5A, B). 268 Coracoids-Both coracoids are preserved on M1 as imprints exposed in ventral view 269 (Fig. 2A). The right coracoid is almost complete. It forms part of the glenoid fossa laterally, 270 thus articulating with the clavicle and humerus. It also articulates medially with the left 271 coracoid. The coracoid is shorter (6.64 mm) than the scapula. The processus glenoidalis widens 272 laterally. It bears two distinct articular facets on its proximal surface. The anterior facet 273 articulates with the clavicle and the posterior facet received the humerus. The shaft is elongated 274 transversely and narrow. The processus epicoracoidalis is anteroposteriorly elongated. It is the 275 widest region of the coracoid (5.3 mm). The processus is flat and bears a convex medial margin 276 (Fig.

  ilia are preserved on M1 and M2. M1 preserves most of the distal region

  298

  humeri are preserved only on M1. The proximal regions of both humeri 319 are preserved as both crushed bone and imprint, while the remaining of the diaphysis and distal 320 region is preserved only as an imprint exposed in ventral view. The right humerus is around 11 321 mm long. The proximal head of the right humerus is hard to identify, as the glenoid region is 322 poorly preserved (Figs. 5

  femora are preserved on M1 and M2. The left femur is incomplete on 423 M2. Both femora are preserved as a well-delimited imprints (exposed in ventral view) with 424 remnants of bone (Figs. 2A, C; 11A). Femora are long (22.1 mm) and slender. The proximal 425

  European Anurans-The presence of a bicondylar sacro-440 urostylar articulation, a firmsternal pectoral girdle and a diplasiocoelous vertebral column are 441 diagnostic for ranoid

448

  Cenozoic and extant ranids from Western Europe have been only referred to two 449 genera, Rana and Pelophylax(Duellman & Trueb, 1994; Sanchíz, 1998; Roček, 2013; Rage, 450 2016). During the twentieth and early twenty-first centuries, most authors considered the two 451 genera synonymous (with Pelophylax sometimes considered a subgenus of Rana; Frost et al., 452 2006). In consequence, almost all known Cenozoic ranid from Europe were described as 453 "Rana" (Sanchíz, 1998), regardless of their affinity towards the green water frogs (Pelophylax 454 spp.) or brown water frogs (Rana spp.). In addition, osteological differences between extant 455
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 4 FIGURE 4. Vertebral elements of IGR 144547. A, close-up on the vertebral region of IGR

  

  

  

  

  

  

  

  

  

  

  

  

  

Gómez & Turazzini, 2021) is wide and large (Fig.7C, D). This structure is partially preserved

Metacarpals-Metacarpals II-V are all preserved on both hands on M1 (Fig.2A, C).
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