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INTRODUCTION

Stégocéphale est un terme défini par le paléontologue américain Edward Drinker Cope en 1868 ('Stegocephali' en classification scientifique) désignant ce qu'on appelle couramment les 'amphibiens' fossiles, c'est-à-dire les tétrapodes non-amniotiques.

La toute première mention d'un fossile d'amphibien dans la littérature scientifique remonte au paléontologue français G. Cuvier, qui réinterpréta le fossile attribué à Homo diluvii testi [START_REF] Scheuchzer | Homo Diluvii Testis et Theoskopus[END_REF]) comme étant 'de la famille des salamandres' (Cuvier, 1809, p.418).

Cependant, aucun nom d'espèce ne sera proposé avant Salamandra scheuchzeri, aujourd'hui Andrias scheuchzeri (Holl, 1831). La première définition formelle d'une espèce d'amphibien fossile dans la littérature scientifique remonte au paléontologue allemand G. F. von Jäger. En 1824 il décrivit des 'os ressemblant à ceux des salamandres' provenant de mines du Bade-Wurtemberg (sud-ouest de l'Allemagne) (Schoch, 1999a). Ces premiers restes, des dents fragmentaires et une partie d'occiput, furent décrits plus en détail par von Jaëger en 1828 [START_REF] Moser | Revision of the type material and nomenclature of Mastodonsaurus giganteus (Jaeger) (Temnospondyli) from the Middle Triassic of Germany[END_REF] qui définit un genre à partir des dents, Mastodonsaurus (« dents de saurien en forme de mamelle »), et une espèce basée sur la partie occipitale, Salamandroides giganteus (« qui ressemble à une salamandre gigantesque »). A ce nom de genre F. Holl (un autre paléontologue allemand) ajouta un nom d'espèce en 1829, définissant ainsi Mastodonsaurus giganteus. De par ses dimensions, le morceau d'occiput est bien loin de faire penser à un amphibien : ce fragment mesure environ 15cm de long [START_REF] Moser | Revision of the type material and nomenclature of Mastodonsaurus giganteus (Jaeger) (Temnospondyli) from the Middle Triassic of Germany[END_REF].

Par comparaison, la région équivalente mesure environ 5cm chez la salamandre géante chinoise Andrias davidianus [START_REF] Fortuny | 3D bite modeling and feeding mechanics of the largest living amphibian, the Chinese giant salamander Andrias davidianus (Amphibia:Urodela)[END_REF], aujourd'hui le plus grand lissamphibien connu pouvant atteindre 180cm. Malgré cette taille atypique, la morphologie des condyles occipitaux doubles, très espacés et en forme de sphères légèrement aplatiesest très proche de celle des salamandres actuelles, d'où leur attribution à un amphibien et, a fortiori, le nom donné par von Jäger. En 1833, grâce à des crânes complets, von Jäeger constata que les dents et la partie d'occiput appartenaient à la même espèce : Mastodonsaurus giganteus. Bien qu'étant valide aujourd'hui, il s'agit néanmoins d'un nomen protectum étant donné que Salamandroides giganteus fût défini en premier, mais tomba par la suite en nomen dubium. Cet abandon est probablement dû à des causes taxinomiques : H. von Meyer (paléontologue allemand) fût le premier scientifique à reconnaitre que la classification actuelle des reptiles ne permettait pas de classer de façon satisfaisante les reptiles fossiles déjà connus à l'époque, tant leur morphologie était singulière [START_REF] Moser | Revision of the type material and nomenclature of Mastodonsaurus giganteus (Jaeger) (Temnospondyli) from the Middle Triassic of Germany[END_REF]. Il définit alors en 1830, le groupe des 'sauriens à quatre orteils qui ressembleront ensuite aux actuels' ('four-toed saurians which would next resemble the living ones' d'après [START_REF] Moser | Revision of the type material and nomenclature of Mastodonsaurus giganteus (Jaeger) (Temnospondyli) from the Middle Triassic of Germany[END_REF], p. 1247 Metopias diagnosticus (=Metoposaurus diagnosticus (von Meyer 1842)). Ce nom de groupe provient de la structure dentaire : chez ces animaux, la dentine et l'émail forment des replis, ce qui donne en coupe une structure rappelant les méandres d'un labyrinthe. Le terme fût par la suite modifié par R. Owen (paléontologue britannique) en 1859 sous la forme 'Labyrinthodontia' et en devient la forme d'usage par la suite, au détriment de Labyrinthodontes. L'origine de cette modification n'a pas été trouvé explicitement, cependant il semblerait que ce soit dû au fait que le terme 'Labyrinthodontes' n'ait pas été défini avec un rang taxinomique précis, von Meyer hésitant entre les rangs taxinomiques « famille » et « ordre » [START_REF] Von Meyer | [END_REF]. Par la suite, ce dernier utilisa l'expression vernaculaire 'Familie Labyrinthodonten' pour désigner ce qu'il regroupait sous le terme Labyrinthodontes [START_REF] Moser | Revision of the type material and nomenclature of Mastodonsaurus giganteus (Jaeger) (Temnospondyli) from the Middle Triassic of Germany[END_REF]. Owen, quant à lui, définit le terme Labyrinthodontia en tant que terme de rang taxonomique « ordre » [START_REF] Owen | The Encyclopaedia Britannica, or Dictionary of arts, sciences, and general literature[END_REF], d'où probablement l'ajout du suffixe afin de le différencier du terme de rang « famille ». Ce terme Labyrinthodontia fût ensuite largement repris et devint l'usage, tandis que Labyrinthodontes devint inusité (d'autant que l'auteur luimême ne semblait pas en faire usage). Avec l'essor de la paléontologie, de plus en plus d'amphibiens fossiles furent découverts, dont un grand nombre en Amérique du Nord (ex. Amphibamus grandiceps Cope 1865 ; Dendrerpeton acadianum Owen 1853 ; Brachydectes newberryi Cope 1868 ; Baphetes planiceps [START_REF] Owen | On a fossil reptilian skull embedded in a mass of Pictou coal from Nova Scotia[END_REF]. Ces nouvelles découvertes amenèrent ainsi à un développement de la classification des amphibiens fossiles : ne possédant pas tous la structure dentaire labyrinthique, le groupe Labyrinthodontia devint alors insuffisant. Par conséquent, de nouveaux groupes furent créés comme Xenorachia [START_REF] Cope | On Amphibamus grandiceps, a new Batrachian from the Coal Measures[END_REF], Ganocephala [START_REF] Owen | Palaeontology, or a systematic summary of extinct animals and their geological relations[END_REF] ou Microsauria [START_REF] Dawson | Air breathers of the Coal Period, America: a descriptive account of the remains of land animals found in the Coal Formation of Nova Scotia with remarks on their bearing on theories of the formation of coal and of the origin of species[END_REF] que [START_REF] Cope | Synopsis of the extinct Batrachia of North America[END_REF] regroupa avec les Labyrinthodontia au sein d'un nouveau groupe : les 'Stegocephali'. Le groupe fut défini notamment comme ayant les 'habituels éléments crâniens distincts, incluant frontaux et ptérygoïdes, et ajoutant les 'postorbitaux et supertemporaux'' ('usual cranial elements distinct, including frontals and pterygoids, and adding "postorbitals and supertemporals." ' Cope, 1868, p.209). D'où le terme 'Stegocephali', signifiant littéralement « crâne en toit » en référence aux multiples os dermiques composant le crâne, notamment sa partie dorsale. D'après la classification de Cope (1868), les stégocéphales sont inclus au sein des 'Batrachia', groupe comprenant les Anura (grenouilles et crapauds), les Gymnophiona (cécilies ou gymnophiones), les Urodela (salamandres et tritons)les trois ordres de lissamphibiens actuels aujourd'hui acceptés -ainsi que les 'Proteida' et les 'Trachystomata' (aujourd'hui, respectivement les Proteidae, et les Sirenae [START_REF] Holman | Fossil salamanders of North America[END_REF], deux familles incluses parmi les Urodela). Ainsi le terme Stegocephali désigne historiquement l'ensemble des « amphibiens » fossiles (= tétrapodes non amniotiques). Cependant, ce terme n'est aujourd'hui plus valide en termes de classification phylogénétique car l'ensemble des stégocéphales connus forme actuellement un groupe paraphylétique vis-à-vis des lissamphibiens (les seuls amphibiens actuels) et des Amniotes.

Quant à savoir quelles sont les relations de parentés entre lissamphibiens actuels et stégocéphales, cette question n'a eu de cesse de faire couler de l'encre (ex. Anderson et al., 2008 ;Marjanović & Laurin, 2016, Pardo et al., 2017a ;Ruta & Coates, 2007 ). Pourtant cette problématique est proche d'être une question centenaire depuis que D. M. S. Watson (paléontologue britannique) écrivit : '[on] Fossil Amphibia […] no systematic attempt to determine their relations to one another and to the living Amphibia has ever been made' (Watson, 1919, p. 1), ce qui semble être le premier signalement de cette question dans une publication scientifique. Mais ce dernier ne propose pas de réponse, s'intéressant avant tout à reviser la classification des stégocéphales. Les premières propositions de « relations de parenté » entre amphibiens actuels et stégocéphales datent du début du 20 ème siècle (Fig. 1). En effet, bien que les classifications évoquées ci-dessus soient antérieures (ex. [START_REF] Cope | Synopsis of the extinct Batrachia of North America[END_REF][START_REF] Von Meyer | [END_REF] et puissent regrouper des amphibiens actuels et des stégocéphales, cela n'impliquait pas de liens de parentés selon la conception phylogénétique actuelle.

En 1933, N. Holmgren (un anatomiste suédois) publia une origine diphylétique des lissamphibiens où les urodèles seraient proches parents des dipneustes alors que les anoures, et éventuellement les gymnophiones, seraient proches parents des stégocéphales [START_REF] Holmgren | On the origin of the tetrapod limb[END_REF]. Cette hypothèse diphylétique sera ensuite reprise par plusieurs autres paléontologues suédois avec quelques variations [START_REF] Rage | Le problème de la monophylie des amphibiens actuels, à la lumière des nouvelles données sur les affinités des tétrapodes[END_REF]. Par exemple, E. [START_REF] Jarvik | On the structure of the snout of crossopterygians and lower gnathostomes in general[END_REF] proposa que les urodèles seraient plutôt proches parents des Porolépiformes (un groupe de « poissons » sarcoptérygiens restreint au Dévonien) alors qu'Anoures et Gymnophiones seraient proches parents des Ostéolépiformes (un groupe de « poissons » tétrapodomorphes du Dévonien et Carbonifère) [START_REF] Rage | Le problème de la monophylie des amphibiens actuels, à la lumière des nouvelles données sur les affinités des tétrapodes[END_REF].

En 1936, J. Piveteau (paléontologue français) décrivit brièvement un nouveau fossile nommé Protobatrachus massinoti (Piveteau, 1936) -aujourd'hui Triadobatrachus massinoti.

Provenant du Trias de Madagascar, il s'agit du plus ancien Salientia (« anoures souches ») connu à ce jour. En 1937 Piveteau décrivit Protobatrachus plus en détail, concluant que '[d'] un point de vue de pure systématique, l'étude de Protobatrachus nous a permis d'affirmer les affinités des stégocéphales et des anoures [...]' (Piveteau, 1937, p.177). Ces affinités sont entendues dans un sens de 'mécanismes de transformation des êtres vivants' (Piveteau, 1937, p.177), proposant donc bien une relation de parenté entre anoures et stégocéphales. Par la suite, D. M. S. Watson compara plus en détail Protobatrachus à d'autres amphibiens fossiles et proposa clairement une parenté entre anoures et stégocéphales : '[the] order Phyllospondyli arose from the embolomerous Labyrinthodontia at an early period and its family Miobatrachidae give origin to the Anura' (Watson, 1940, p. 229). Pour donner une équivalence approximative avec les clades aujourd'hui valides, Watson est en faveur d'une parenté entre anoures et un ensemble de stégocéphales de petite taille (Phyllospondyli) comprenant principalement des Dissorophoidea (Temnospondyli) avec, par exemple, Branchiosaurus, Leptorophus, Melanerpeton, Micromelerpeton, Miobatrachus, (d'après Phyllospondyli sensu [START_REF] Case | A census of the determinable genera of Stegocephalia[END_REF]. Cependant, concernant les deux autres ordres de Lissamphibiens, ' […] the early history of the Urodela and Apoda still remains obscure' (Watson, 1940, p. 229). Cette question trouva une proposition de réponse avec Romer qui, en 1945, avança une parenté de ces derniers avec les microsaures (Microsauria) (Schoch & Milner, 2004), groupe faisant aujourd'hui partie des lépospondyles (Lepospondyli). Cette conception diphylétique fût reprise par de nombreux paléontologues anglo-saxons avec quelques modifications selon les auteurs. Par exemple, pour [START_REF] Nussbaum | The evolution of a unique dual jaw-closing mechanism in caecilians:(Amphibia: Gymnophiona) and its bearing on caecilian ancestry[END_REF] les gymnophiones seraient proches d'un autre groupe de lépospondyles, nommé Lysorophia, proposant ainsi une origine triphylétique des lissamphibiens. Notons que, contrairement à aujourd'hui, les lissamphibiens n'étaient pas considérés comme un groupe monophylétique dans cette période de la première moitié du 20 ème siècle. Ce concept de groupe Lissamphibia monophylétique vis-à-vis des stégocéphales, fut proposé pour la première fois par H.W. [START_REF] Parker | Viviparous caecilians and amphibian phylogeny[END_REF] qui montra chez les gymnophiones la présence de dents bicuspides et pédicellées similaires à celles des urodèles et des anoures. Ainsi, il proposa pour la première fois que cette morphologie particulière fut héritée d'un ancêtre commun exclusif aux Lissamphibiens. Par la suite, cette idée d'un groupe Lissamphibia monophylétique fut reprise et détaillée par plusieurs auteurs (ex. [START_REF] Rage | Le problème de la monophylie des amphibiens actuels, à la lumière des nouvelles données sur les affinités des tétrapodes[END_REF][START_REF] Reig | El problema del origen monofilético o polifilético do los anfibios, con consideraciones sobre las relaciones entre Anuros, Urodelos y Apodos[END_REF]Parsons & Williams, 1962 ;[START_REF] Szarski | The origin of the Amphibia[END_REF] amenant à son acceptation actuelle, principalement sur base de plusieurs caractères d'anatomie des tissus mous. On peut citer par exemple: 1) la présence de glandes cutanées multicellulaires productrices de mucus 1 ; 2) la papilla amphibiorum, une plage de cellules sensorielles dans le labyrinthe impliquée dans la perception des sons de basses fréquences (~100-1000 Hz) ; 3) le muscle protractor lentis intrinsèque à l'oeil et impliqué dans l'accommodation visuelle par déplacement du cristallin (d'après [START_REF] Rage | Le problème de la monophylie des amphibiens actuels, à la lumière des nouvelles données sur les affinités des tétrapodes[END_REF] ; 4) les dents pédicellées, comprenant une cuspide labiale et une linguale [START_REF] Bolt | Lissamphibian origins: possible protolissamphibian from the Lower Permian of Oklahoma[END_REF]. Depuis lors, la problématique des relations de parentés des Lissamphibiens fût reprise en se focalisant sur une monophylie des lissamphibiens, par conséquent sur la recherche du groupe de stégocéphales qui serait le plus proche de l'ensemble des lissamphibiens. Ainsi, les principaux plus proches parents débattus étaient soit les branchiosaures (Branchiosauridae, Temnospondyli), soit les dissorophoïdes (Dissorophoidea, Temnospondyli) soit les microsaures (Microsauria, Leponspondyli) (Schoch & Milner, 2004). Puis, dans les années 1980-90, l'hypothèse « dissorophoïdes » devient largement acceptée, au point que le débat était plus de savoir de quel groupe parmi les dissorophoïdes, les lissamphibiens étaient les plus proches entre les Amphibamidae et Branchiosauridae [START_REF] Milner | The Paleozoic relatives of lissamphibians[END_REF]. Cependant, quelques vues alternatives étaient toujours suggérées comme celle de [START_REF] Nussbaum | The evolution of a unique dual jaw-closing mechanism in caecilians:(Amphibia: Gymnophiona) and its bearing on caecilian ancestry[END_REF] évoquée précédemmentou Gardiner (1983), qui proposa une relation de parenté avec les nectridés (Nectridea, Lepospondyli) sur la base de l'anatomie vertébrale. Néanmoins, une origine polyphylétique avec les anoures et urodèles parmi les dissorophoïdes et les gymnophiones parmi les microsaures était aussi toujours proposée [START_REF] Carroll | A tiny microsaur from the Lower Permian of Texas: size constraints in Palaeozoic tetrapods[END_REF].

Par la suite, il devint possible de s'intéresser aux questions de phylogénies des stégocéphales et des lissamphibiens en utilisant les méthodes phylogénétiques assistées par ordinateur grâce aux avancées des logiciels de phylogénies et des capacités de calculs. Tout d'abord, [START_REF] Carroll | Problems of the phylogenetic analysis of Paleozoic choanates[END_REF] publia la première matrice avec un échantillonnage représentatif de l'ensemble des groupes majeurs de stégocéphales connus. Cette notion sera par la suite qualifiée d'analyse à « largeéchelle » a contrario des matrices se focalisant sur un ou quelques groupes de stégocéphales.

Par la suite [START_REF] Laurin | [END_REF] reprirent cette matrice en incluant anoures, urodèles et gymnophiones, donnant la première phylogénie à large échelle incluant des lissamphibiens.

Cette analyse soutient un groupe monophylétique des lissamphibiens, proche des lysorophiens (Lysorophia, Lepospondyli). En allant à l'encontre de l'hypothèse largement acceptée d'une parenté proche des temnospondyles, cette étude raviva le débat sur l'origine des lissamphibiens.

Quelques années plus tard, Ruta et al. (2003) publièrent la plus grande matrice (jusqu'à récemment) avec 90 taxa codés pour 319 caractères, portant sur la recherche des relations de parenté entre stégocéphales et lissamphibiens. Cette analyse fût ensuite actualisée par Ruta & Coates (2007) et étendue à 102 taxa et 339 caractères. Ces deux analyses favorisent une monophylie des lissamphibiens, proche des amphibamides (Amphibamidae, Temnospondyli).

Dans le même temps, Carroll (2007) publia la première analyse phylogénétique à large l'échelle assistée par ordinateur soutenant une polyphylie des lissamphibiens avec les anoures proches des Amphibamidae (Temnospondyli), les urodèles proches des Branchiosauridae (Temnospondyli) et les gymnophiones proches de Rhynchonkos (Microsauria, Lepospondyli).

Par ces publications la question des relations phylogénétiques des lissamphibiens revint sur une plus grande échelle, en questionnant leur position au sein des stégocéphales, parmi les temnospondyles (la "Temnospondyl Hypothesis"), ou les lepospondyls (la "Lepospondyl Hypothesis") ou encore parmi ces deux groupes (the "Polyphyletic Hypothesis"). Par la suite, ces hypothèses seront respectivement abrégées TH, LH et PH. Ces termes désignent les hypothèses telles que respectivement trouvées par Ruta et al. 2003 (TH) ; Laurin & Reisz, 1997 (LH); et Carroll, 2007 (PH). Que ce soit les développements ultérieurs de ces analyses par leurs auteurs respectifs ou par d'autres auteurs, la position des lissamphibiens varie très peu au sein des TH, LH et PH. Ce qui est plus surprenant qu'il n'y paraît. Par exemple, avec la TH, les lissamphibiens sont toujours trouvés proches des Amphibamidae (ex. Gardner, 2001 ;Maddin et al., 2012b ;Pardo et al., 2017b ;Ruta & Coates, 2007) et jamais proches d'autres groupes de temnospondyles, alors que de telles variations seraient mineures par rapport aux différences phylogénétiques (et donc d'histoire évolutive) soutenues par les LH et PH.

A ces trois analyses séminales que sont celles de Ruta et al., 2003 (TH), [START_REF] Laurin | [END_REF](LH) et Carroll, 2007 (PH), suivirent de nombreuses publications s'intéressant à ce débat, soit au travers d'études beaucoup plus spécialisées sur un taxon et/ou une région anatomique (ex. Anderson et al., 2008 ;Huttenlocker et al., 2013 ;Maddin et al., 2012a ;Sigurdsen & Bolt, 2010) soit au travers de publications synthétisant et commentant différentes études et hypothèses phylogénétiques (ex. [START_REF] Marjanović | A reevaluation of the evidence supporting an unorthodox hypothesis on the origin of extant amphibians[END_REF], 2009 ;Schoch & Milner, 2004 ;Sigurdsen & Green, 2011) (Ruta & Coates, 2007 ;Schoch & Milner, 2004 ;Sigurdsen & Green, 2011). De plus, les lissamphibiens possèdent un toit crânien très différent de ceux des stégocéphales, notamment à cause d'une importante simplification crânienne (pertes ou fusions d'os) chez les premiers. Par conséquent, les états codant les caractères anatomiques de ces plaques osseuses, et utilisés pour les études de relations de parenté au sein des stégocéphales, sont non-applicables chez les lissamphibiens. Ceci entraîne de fréquentes optimisations non pertinentes et altère le signal phylogénétique des autres caractères, tels que ceux du palais ou de la région postcrânienne. Ce problème d'un toit crânien très modifié chez les lissamphibiens par rapport à une prépondérance du codage de cette région anatomique dans les études phylogénétiques des stégocéphales est vu comme une des raisons de l'instabilité des différentes hypothèses de relations de parenté proposées.

A l'inverse, certaines zones anatomiques sont peu, voire ne sont pas, utilisées en analyse phylogénétique à large échelle. C'est notamment le cas des structures de la boîte crânienne, car elles restent peu connues par rapport au reste de l'anatomie crânienne. En effet, les structures endocrâniennes (ici, au sens « internes au crâne »), comprenant généralement le sphénethmoïde, basisphénoïde, basioccipital, prootique et opisthotique, sont rarement préservées, car les crânes des stégocéphales sont fréquemment compressés dorso-ventralement au cours de la fossilisation, ce qui endommage grandement ces structures. De plus, ces structures peuvent être peu, voire n'être pas, ossifiées selon les espèces. Ainsi, non seulement leur préservation nécessite de bonnes conditions de fossilisationnotamment une préservation du volume crânienmais en plus la préparation manuelle de cette région s'avère difficile (particulièrement pour les petits spécimens) du fait de la localisation interne de ces structures.

Cependant les développements des méthodes de tomographie à rayons X et des logiciels de reconstruction 3D ont permis que de plus en plus d'études se sont intéressées à ces structures endocrâniennes.

Ces dernières années, de nombreux spécimens ont été tomographié et leurs structures endocrâniennes modélisées en 3D. Il s'agit pour la plupart de lépospondyles : Carrolla craddocki (Maddin et al., 2011) ; Huskerpeton englehorni, Nannaroter mckinziei (Huttenlocker et al., 2013) ; Aletrimyti gaskillae, Dvellecanus carrolli, Rhynchonkos stovalli (Szostakiwskyj et al., 2015) ; Quasicaecilia texana (Pardo et al., 2015) ; Lethiscus stocki (Pardo et al., 2017b).

Pour les autres stégocéphales, les modélisations de structures endocrâniennes concernent uniquement : Acanthostega gunnari (Porro et al. 2015), les temnospondyles Dendrerpeton acadianum (Robinson et al., 2005), Broomistega putterilli [START_REF] Fernandez | Synchrotron reveals Early Triassic odd couple: injured amphibian and aestivating therapsid share burrow[END_REF], Stanocephalosaurus amenasensis (Arbez et al. 2017), Angusaurus sp. [START_REF] Fernández-Coll | Cranial anatomy of the Early Triassic trematosaurine Angusaurus (Temnospondyli: Stereospondyli): 3D endocranial insights and phylogenetic implications[END_REF] (Temnospondyli) et le chroniosuchien Laosuchus naga (Arbez et al., in press). Parmi les lissamphibiens fossiles, quelques spécimens ont aussi été tomographiés tels que Eocaecilia jenkinsi (Maddin et al., 2012a) ; Triadobatrachus massitoni (Ascarrunz et al., 2016), et Nuominerpeton aquilonaris (Jia & Gao, 2016).

Peu de stégocéphales autres que les lépospondyles ont été tomographiés, car les crânes de ces animaux sont généralement trop volumineux pour livrer des coupes tomographiques de bonne qualité. Chez les temnospondyles, baphétoïdes (Bephtoidea) et anthracosaures (Anthracosauria), les structures endocrâniennes sont relativement bien connues par quelques spécimens chez qui ces éléments sont bien ossifiés, permettant des descriptions détaillées (ex. Beaumont, 1977 ;Clack & Holmes, 1988 ;Panchen, 1964 ;Romer, 1969 ;Romer & Witter, 1942 ;Sawin, 1941).

Ainsi, malgré une connaissance de plus en plus complète de l'anatomie endocrânienne des stégocéphales, celle-ci reste marginale au regard de l'ensemble des espèces de stégocéphales décrites. Elle est aussi peu, voire n'est pas, utilisée dans les matrices à large échantillonnage taxonomique, car la grande majorité des espèces serait alors codée en « données manquantes ». L'information phylogénétique potentiellement portée par ces caractères codant les structures endocrâniennes connues chez quelques rares taxons risque donc d'être ambigüe vis-à-vis de la quantité prépondérante de données manquantes. Pourtant, quelques études montrent l'utilité de ces caractères pour la détermination des relations de parenté des stégocéphales (Pardo et al., 2017b ;[START_REF] Schoch | Studies on braincases of early tetrapods: structure, morphological diversity, and phylogeny -1. Trimerorachis and other primitive temnospondyls[END_REF] et les lissamphibiens (Maddin et al., 2012b). Partant de ce constat, l'objectif de cette thèse est double : 1) compléter les connaissances relatives à l'anatomie endocrânienne par la modélisation de nouveaux crânes de stégocéphales et de leur description anatomique ; 2) évaluer le signal phylogénétique porté par les structures endocrâniennes dans le cadre des relations phylogénétique des stégocéphales et de l'origine des lissamphibiens. Les phylogénies ont été réalisées sous PAUP (Swofford, 2003) v4.0a159-161. 

Ainsi les crânes des stégocéphales

Introduction

The chroniosuchians were a clade of non-amniotic tetrapods that survived the Permian Triassic mass-extinction [START_REF] Shishkin | Permian and Triassic anthracosaurs from Eastern Europe[END_REF]Buchwitz et al. 2012). They occupied fresh water environments and some species were potentially terrestrial as their system of osteoderms suggests an adaptation to terrestrial locomotion (Clack & Klembara 2009;[START_REF] Buchwitz | Osteoderm microstructure indicates the presence of a crocodylian-like trunk bracing system in a group of armoured basal tetrapods[END_REF]. Chroniosuchians are divided in two families, the Bystrowianidae and the Chroniosuchidae, but both share a similar geographic range. The Bystrowianidae is the more recent of the two families, with Triassic taxa, although most of these are mainly known from fragmentary and/or disarticulated material. They present a weakly fenestrated skull (e.g.

absence of preorbital fenestrae), narrow osteoderms ventrally fused with the neural spine, and ball-shaped intercentra (Novikov et al. 2000). In the other side, the Chroniosuchidae are represented by mainly Permian taxa and present elongated preorbital fenestrae, long slit-like choanae, and larger osteoderms (Novikov et al. 2000). Phylogenetically important variability occurs in the shape of their intercentra, which could be disc-, horseshoe-or ball-shaped. This variability would explain why this Chroniosuchidae does not always form a monophyletic group according to the phylogenetic analyses of Buchwitz et al. (2012).

The first chroniosuchian was discovered in 1929: it consists of ribs and osteoderms from the upper Permian of the Russian fore-Ural region and was first attributed to the seymouriamorph Kotlassia prima by [START_REF] Hartmann-Weinberg | The dermal ossifications of the Russian seymouriamorphs[END_REF]. Later, Vjushkov (1957a, b) recognized chroniosuchians as a distinct group (Buchwitz et al. 2012). The clade Chroniosuchia was erected by [START_REF] Tatarinov | Seymouriamorphen aus der Fauna der UdSSR[END_REF] who classified them among anthracosaurs (=Anthracosauromorpha sensu Ivachnenko & Tverdochlebova, 1980), but a recent study placed them among stemamniotes, close to lepospondyls and diadectomorphs (Schoch et al. 2010). However, according to Clack & Klembara (2009), who included Chroniosaurus dongusensis in their phylogenetic analysis, Chroniosuchia forms a polytomy with Silvanerpeton miripedes, Embolomeri and another clade comprising Seymouriamorpha, Gephyrostegidae, Lepospondyli and the amniote Paleothyris acadiana. Currently, 22 valid species of chroniosuchians are recognized, known from 1) the middle Permian to Middle Triassic of the Russian fore-Ural region (Novikov et al. 2000;Buchwitz et al. 2012), 2) the middle to upper Permian of China (e.g., Young 1979;[START_REF] Li | New anthracosaur and temnospondyl amphibians from Gansu, China[END_REF][START_REF] Jiang | First record of Bystrowianid Chroniosuchians (Amphibia: Anthracosauromorpha) from the Middle Permian of China[END_REF], 3) the Middle Triassic of Germany [START_REF] Witzmann | A relic basal tetrapod from the Middle Triassic of Germany[END_REF], and 4) the Middle or Upper Triassic of Kyrgyzstan (Schoch et al. 2010). Because of the poor preservation of the material (mostly consisting in disarticulated specimens such as isolated osteoderms), the group is poorly known in terms of its general anatomy, phylogeny, and palaeobiology (Clack & Klembara 2009). This is especially true for the Bystrowianidae.

Here we describe a new genus and species of chroniosuchian based on a nearly complete skull from rocks preserving the Permo-

Triassic boundary of the Luang

Prabang Basin of Laos (Fig. 1). 

Systematic palaeontology

Superclass Tetrapoda [START_REF] Goodrich | Studies on the structure and development of vertebrates[END_REF] Order Reptiliomorpha Säve-Soderbergh, 1934 (sensu [START_REF] Benton | Vertebrate Paleontology[END_REF] Suborder Chroniosuchia [START_REF] Tatarinov | Seymouriamorphen aus der Fauna der UdSSR[END_REF](sensu Witzmann & Schoch, 2017) Family incertae sedis Genus Laosuchus gen. nov.

This published work and the nomenclatural acts it contains have been registered with Zoobank:

Etymology: from the country of origin (Laos) and the ancient greek soûkhos, "crocodile" for its crocodilian-like appearance.

Diagnosis: as for the species

Laosuchus naga sp. nov.

This published work and the nomenclatural acts it contains have been registered with Zoobank:

Holotype: MDS-LPQ 2005-09, a nearly complete skull (260 mm of maximum length, 160 mm of maximum width and 85 mm high) with its left hemi-mandible partly articulated.

Etymology: from the mythological monster "Naga" (or Phaya Naga) believed to live in the Mekong River, which is close to the type locality.

Type locality: Ban Houaytan District, right bank of the Mekong River, Luang Prabang Province, northern Laos (GPS coordinates available to qualified researchers).

Type horizon: Reddish volcaniclastic siltstone with a maximum age of 251.0 ± 1.4 My according to U-Pb dating of detrital zircons [START_REF] Rossignol | The volcaniclastic series from the Luang Prabang Basin, Laos: A witness of a triassic magmatic arc[END_REF], Tan South section (Bercovici et al. 2012), Purple Claystones Formation ("Zone des Argiles violettes" sensu [START_REF] Counillon | Documents pouvant servir à l'étude géologique des environs de Luang Prabang (Cochinchine)[END_REF], see also Steyer, 2009).

Diagnosis: Laosuchus naga has the following autapomorphies: (1) Characters supporting an assignment to Reptiliomorpha (according to [START_REF] Benton | Vertebrate Paleontology[END_REF] character states in our phylogenetic analysis, see below): (1) parietal and tabular sharing a narrow suture (angustitabular condition); (2) premaxillae less than half of the skull width [START_REF] Benton | Vertebrate Paleontology[END_REF]; (3) vomers strut-like, narrow.

Characters supporting an assignment to Chroniosuchia (according to the character states in our phylogenetic analysis and anatomical comparisons, see below for details and discussion): (1) skull roof with elaborate system of oblique transverse and sagittal ridge; (2) presence of premaxillary fontanelle; (3) prefrontal and jugal in contact anterior to orbit; (4) pterygoid flange well developed; (5) very narrow parasphenoid with a crest between the basicranial joint; [START_REF] Naris | Round or oval (0), or posteriorly extended[END_REF] braincase poorly ossified.

Description Preservation and computed tomography scan

Overall, the specimen is well preserved, except for its left side, which is partially crushed and weathered. In addition, it was slightly compressed dorsoventrally during fossilization, which has deformed the interorbital part of the skull roof. The left hemimandible is also well preserved and found in natural articulation. There is only a little displacement of the left hemimandible towards the right side, likely due to the compression, and its lateral surface is partly weathered, especially the posterior part.

To supplement the visible external anatomy, the holotype was scanned at the AST-RX facility of the MNHN with the following parameters: microfocus beam 240 kV; voltage 210 kV; current 410 μA; voxel size 0.09464315 mm; and slices resolution 1790 x 2024 pixels. 3157 virtual slices, reconstructed using GE Sensing & Inspection Technologies Phoenix|x-ray datos|x rec, were cropped to 1251 x 2014 pixels to render the data more manageable and imported in the 3D reconstruction software Mimics 17.0 and 18.0 (Materialise, Leuven, Belgium). The 3D model, performed by segmentation using the "thresholding" function with grayscale from 50 to 255, was produced with the same voxel resolution and with a "Smooth Factor" of 1.0 and five iterations, in order to reduce surface irregularities due to manual segmentation. Data produced by segmentation were exported in the software 3matic 9.0 for PDF 3D creation (see in Supplementary Information).

General features

In dorsal view, the skull is subtriangular (260 mm length, 170 mm width and 85 mm height)

with an elongated snout (antorbital length 165 mm; postorbital length 80 mm) whose tip is rounded (Fig. 2). The skull roof is pierced by a subtriangular premaxilla fontanelle, rounded naris and elevated oval orbits. Most of the cranial sutures are not visible because they are covered by the strong degree of ornamentation (Fig. 2). A system of ridges runs along the skull roof, and the pineal foramen is nearly indistinct (1 mm diameter), which is unique in chroniosuchians. The dentition is composed of conical teeth on the hemimandible, premaxillae, and maxillae in addition to numerous denticles on the palate (see below). The palate is mostly flat, especially in its anterior region. However, its posterior region shows a high vertical flange of the pterygoid. The palate is pierced by large and elongated choanae and presents subrectangular adductor fossae. The skull roof of Laosuchus naga shows dermal ornamentation consisting of pits and ridges of around 1 mm height, with a honeycomb pattern [C2( 1)] (i.e., character 2, state 1). This highly pronounced ornamentation obscures most sutures and suggests an adult stage for the specimen (e.g. Steyer 2000). Dermosensory canals are visible inside the dermatocranial bones, but not on their surface (see below) [C1 (2)]. This skull roof also shows paired parasagittal and oblique ridges of 3-10 mm in height [C3 (1)]: the parasagittal ridges are straight and run from the tabular, along the medial border of the orbits and naris, to the anterior tip of the snout. The oblique ridges are straight and run from the anterior border of the orbit to the lateral border of the skull at around mid-length between the orbit and the naris.

On the left side, the external naris is ovoid (13-16 mm length, 12-14 mm width) [C5(0)] and slightly enlarged anteriorly, as is the case in Madygenerpeton pustulatus (Schoch et al. 2010).

By contrast, Chroniosaurus dongusensis (Clack & Klembara 2009) and Chroniosuchus paradoxus (Novikov et al. 2000) have a slit-like naris. The nares are well separated and lateralized with an elevated medial margin framed by the anterior ends of the sagittal ridges.

Well separated and lateralized external nares are found in chroniosuchians (when preserved), except Bystrowiella schumanni where nares are close together and located almost at the tip of the snout (Witzmann & Schoch, 2017). A subtriangular premaxillary fontanelle (18 mm length, 10 mm width) is present between the premaxillae [C4(1)], and represents a synapomorphy of Chroniosuchia, with only Madygenerpeton pustulatus (Schoch et al. 2010) lacking it. The fontanelle covers almost half of the interpremaxillary suture. The premaxillae are elongated, with a lateral area contacting the naris, and form the anterior end of the snout. Contrary to Bystrowiella schumanni, no lateral crest and edentulous part lateral to the choanae have been found (Witzmann & Schoch, 2017).

The orbits are slightly oval (28 mm length, 25 mm height) and raised well above the skull roof, as in Madygenerpeton pustulatus (Schoch et al. 2010). However, in Laosuchus naga the orbits are proportionally smaller than those of Madygenerpeton pustulatus (Schoch et al. 2010),

Chroniosaurus dongusensis (Clack & Klembara 2009) or Chroniosuchus paradoxus (Novikov et al. 2000) (the ratio orbit length/skull length is 0.11 compared to 0.14, 0.14 and 0.18, respectively). The prefrontal-jugal suture seems to emerge from the anterior border of the orbits.

Posterior to the right orbit, a rounded bone is visible; which we interpret as the postorbital (or possibly the postfrontal). The parietal foramen is circular and extremely small (slightly less than 1 mm in diameter). Its size is conspicuously smaller than in other chroniosuchians (e.g., around 2.5 mm in Chroniosaurus dongusensis (Clack & Klembara 2009), 2 mm in Madygenerpeton pustulatus (Schoch et al. 2010), 3.5 mm in Bystrowiella schumanni (Witzmann & Schoch 2017) for a skull length around 61 mm, 100 mm, 84 mm respectively).

The postparietals are subrectangular in dorsal view (11 mm length, 21 mm width), heavily ornamented and partly extend on the occiput (see below). They do not present a posterior articulation surface, free of dermal sculpture, for the first osteoderm as in Bystrowiella schumanni (Witzmann & Schoch 2017). In dorsal view, they delimit a central embayment in the posterior margin of the skull table along with the tabulars. This central embayment forms a rectangular space (28 mm length, 44 mm width), which is narrower and more elongated than that of Chroniosuchus paradoxus (Novikov et al. 2000, fig. 4.1) and Chroniosaurus dongusensis (Tverdokhlebov et al. 2005, fig. 17) in which the embayment has a parabolic outline. Interestingly, Madygenerpeton pustulatus (Schoch et al. 2010) shows two small and rounded embayments between the postparietal and the tabulars.

In Laosuchus naga, the tabulars are subrectangular (50 mm length, 16 mm width) and delimit the lateral border of the central embayment. Their lateral margin is completely in contact with the squamosal, thereby eliminating any indication of a tabular horn and otic notch, a unique situation in Chroniosuchia. The tabular also lacks a ventromedial portion free of dermal sculpture as in Bystrowiella schumanni (Witzmann & Schoch 2017).

The squamosals are subrectangular in lateral view (55 mm length, 29 mm width) with, as an otic notch is absent, a straight posterior margin. Apart from the lack of an otic notch, the overall shape of the squamosal is similar to Chroniosaurus dongusensis (Clack & Klembara 2009).

However, in Laosuchus naga, its sutures are unclear, and what is drawn in Figures 2 and3 might also encompass the supratemporal.

The jugals are elongated subtriangular bones (155 mm length, 28 mm width) similar to Bystrowiella schumanni (Witzmann & Schoch 2017) and Bystrowiana permira (Novikov et al. 2000). In Laosuchus naga, the jugal shows a dermal sculpture also found on the whole skull roof: this ornamentation does not present elongated ridges radiating from a centre, as mentioned for Bystrowiella schumanni (Witzmann & Schoch, 2017) and Bystrowiana permira (Novikov et al. 2000).

The quadratojugal is subtriangular in lateral view (21 mm length, 33 mm width) and relatively short compared to other chroniosuchians, as it does not reach the maxilla [C15 (1)]. In Laosuchus naga the quadratojugal is clearly different from Bystrowiana permira, where the quadratojugal shows dorsal and ventral curvatures (Novikov et al. 2000).

Unfortunately, the suture between the maxilla and the premaxilla is not visible in ventral view.

However, together these bones form a long and slender structure (215 mm length, 5 mm width and 12 mm height): this structure is curved in its most anterior part and delimits the choanae laterally, the vomer anteriorly, and the ectopterygoid and the pterygoid posteriorly.

Palate (Fig. 4, 5, 6B)

The palate is fragmented and incompletely preserved, especially the left side. This renders the sutures between the palatal bones difficult to determine with confidence. An anterior palatal fenestra is not present in Laosuchus naga, similar to the condition in anthracosaurs like

Anthracosaurus russelli [START_REF] Panchen | On Anthracosaurus russelli Huxley (Amphibia: Labyrinthodontia) and the family Anthracosauridae[END_REF] or Pholiderpeton attheyi (Panchen 1972) and the chroniosuchian Chroniosaurus dongusensis (Klembara et al. 2010) In ventral view, the vomer is rectangular and elongated (60 mm length, 20 mm width). It thickens laterally and medially, delimiting a flat central depression. The anterior margin of the vomer is convex ventrally. Its lateral margin is concave and borders the choana, whereas its medial margin is straight. Its posterior region is not preserved.

The palatine is subrectangular (40 mm length, 25 mm width). Its posterior limit is not very clear. Its lateral margin, which is slightly concave, thickens dorsally to form a vertical wall that forms the lateral margin of the choana. This bony wall begins in the first one-third of the palatine's length and its height increases posteriorly and regularly up to 8 mm. The outline of the ectopterygoid forms an elongated triangle in ventral view (175 mm length, 25 mm width) with a posteriorly directed tip. It is proportionally wider than that of Chroniosaurus dongusensis (Klembara et al. 2010) and Chroniosuchus paradoxus (Novikov et al. 2000) and does not reach the subtemporal window. However, this bone is very fragmented and consequently its suture with the palatine remains hypothetical (as represented by a dotted line in Fig. 4D).

The pterygoid covers most of the palatal surface (150 mm length, 60 mm width) and consists of five parts: the horizontal palatal ramus, the internal wall, the articular area, the transverse process including the descending flange, and the quadrate ramus including the ascending flange.

The right pterygoid is well preserved except in its anterior extremity, which may partly cover the vomer, as in Chroniosaurus donguensis (Klembara et al. 2010). The palatal ramus is triangular and elongated, as in Chroniosaurus donguensis (Klembara et al. 2010). Its medial margin extends dorsally and forms a broad inturned flange, called here the "internal wall", which becomes progressively more vertical anteriorly, as in Archeria crassidisca (Holmes 1989) and Chroniosaurus dongusensis (Klembara et al. 2010). The most posterior rim of the internal wall is marked by a medial groove bordered by two crests in which the parasphenoid basal plate is inserted, forming an elongated basicranial articulation. This is different from

Chroniosaurus donguensis (Klembara et al. 2010) and Chroniosuchus paradoxus (Novikov et al. 2000), where a well-developed process of the pterygoid forms the basicranial articulation.

The basicranial articulation of Laosuchus naga also contrasts with the common hemispherical basipterygoid process seen in various early tetrapods (e.g. Romer & Witter 1942). However, it is reminiscent of the shallow basipterygoid process with an elongated articular area presenting grooves and ridges in Discosauriscus austriacus (Klembara 1997). In Laosuchus naga, the transverse process of the pterygoid projects laterally until it articulates with the medial surface of the lower jaw. This transverse process forms a thick and straight ramus with a descending flange laterally directed, making it triangular in anterior view, and similar to that of Bystrowiana permira (Novikov et al. 2000, after Ivakhnenko & Tverdokhlebova 1980). The posterior surface of the right descending flange shows seven grooves, which may correspond to the insertion of ligaments of the musculus pterygoideus (Carroll 1969;Holmes 1989). The quadrate ramus of the pterygoid bears the ascending flange ('lamina ascendens' sensu Bystrow & Efremov 1940), which is hooked, posteriorly directed, and with a rounded extremity contacting the quadrate.

Dorsally, the vertical flange sutures to the descending flange ('lamina descendens' sensu Bystrow & Efremov 1940) of the squamosal. Ventrally, the quadrate ramus is slightly thicker, and the ascending flange extends anteriorly into the posterior part of the basicranial articulation area. A recess is visible at the base of the anterior part of both ascending flanges (Fig. 5), which we interpret as the basicranial recess. This recess is similar to the basicranial recess of Kotlassia prima (Bystrow 1944) and Discosauriscus austriacus (Klembara 1997), where the internal morphology of the skull is well known. Just dorsal to this recess is a bony extension whose shape is reminiscent of the epipterygoid. However, it is unclear if this extension is the epipterygoid itself or a part of the lamina ascendens with a badly preserved basicranial recess at its base.

The parasphenoid is known by its basal plate (150 mm length, 60 mm width) and a small, disarticulated fragment of the cultriform process. The basal plate has a diamond shape in ventral view. Its posterior portion is subtriangular, deeper than its anterior part, as preserved, and divided by a thin and high median ridge, as in Discosauriscus austriacus (Klembara 1997, fig. 20). The crista muscularis, visible in the mid-region of the basal plate, is oriented transversely and is straight (this crest is curved in Chroniosaurus dongusensis; Klembara et al. 2010). The The vomers and the skull roof (at a location which should correspond to the nasals and premaxillae) delimit a space that presumably housed the nasal capsules. Posteriorly, the two internal walls of pterygoids delimit a longitudinal space (presumably ventrally bordered by the cultriform process) leading to the nasal capsule space. Hence, this longitudinal space likely housed the olfactory nerves. If this assumption is correct, the internal walls would have played a reinforcement role for the sphenethmoid. The subtemporal fenestrae are relatively large and subrectangular (58 mm length and 38 mm width). Their anatomy differs from that of Chroniosaurus dongusensis (Klembara et al. 2010) and Chroniosuchus paradoxus (Novikov et al. 2000), where an anterior extension of the fenestra is found between the ectopterygoid and the maxilla.

Interestingly, CT data reveal a pair of long internal crests running along on dorsal surface of the palate (Fig. 7B). The left one is better preserved and arises from the posterolateral region of the vomer. It follows the margin of the choana and forms a vertical crest of a variable thickness on the palatine and ectopterygoid (1.5-4 mm). Posteriorly to the choana, this crest contacts the maxilla on which it turns posteromedially and overlies the ectopterygoid and pterygoid, but without making contact. It is not possible to say if this crest is formed by several palatal bones or if it consists of a single unit. Regardless, no equivalent has been found in other taxa.

Occiput (Fig. 7,8)

The occiput of Laosuchus naga is well preserved (160 mm width, 85 mm height and 50 mm depth). The foramen magnum is broadly oval in outline ( 18 OEA is trapezoidal in outline. Its lateral side consists of a buttress that may be the paraoccipital process. This resembles the condition found in Embolomeri sensu Clack & Klembara (2009).

The internal side of the OEA is concave, possibly to accommodate the otic capsule (Fig. 8).

Below this ventral extension of the tabular and dorsolaterally to the exoccipital column, a shallow (1-2 mm) and small ovoid (3 x 4 mm) depression is visible: this post-temporal depression may be homologous to the post-temporal fenestra observed in other stegocephalians, such as temnospondyls (e.g. Arbez et al., 2017).

An oblique fissure passes through the postparietals and the OEA, and reaches the foramen magnum, likely passing though the suture between the two postparietals and the synotic tectum of the supraoccipital. The left opisthotic, which is well preserved, has a bean-shape in posterior view. It is fused with the OEA and forms the paroccipital flange, a common feature observed in various early tetrapods such as Anthracosauroideae (e.g. [START_REF] Panchen | On Anthracosaurus russelli Huxley (Amphibia: Labyrinthodontia) and the family Anthracosauridae[END_REF][START_REF] Smithson | The morphology and relationships of the Carboniferous amphibian Eoherpeton watsoni Panchen[END_REF],

Seymouriamorpha (e.g. Laurin 1996), Diadectomorpha (e.g. Romer 1946) and Lepospondyli (Caroll & Gaskill 1978). As in others chroniosuchians, the sphenethmoid is not visible (even with the CT scan), reinforcing the pattern of a strong reduction of the endocranial ossification characteristic of the group (Novikov et al. 2000).

The basioccipital is reduced posteriorly, a situation similar to Gephyrostegus bohemicus [START_REF] Carroll | The ancestry of reptiles[END_REF] and Asaphestera intermedia (Carroll & Gaskill 1978). In Laosuchus naga, it is limited by the space between the occipital condyles and forms a rectangular thick plate. As this basioccipital is not well developed ventrally (as is the case in anthracosaurs such as Archeria crassidisca, Holmes 1989, andPalaeoherpeton decorum, Panchen 1964), it likely did not articulate with the cervical vertebrate. Its dorsal surface is posteriorly marked by two rounded depressions (Fig. 8). As they are congruent with the concavities on the internal surface of the OEA (see above), they may correspond to the emplacement of the otic capsule.

The exoccipitals are laterally flattened and ovoid, as in Chroniosaurus dongusensis (Clack & Klembara 2009) and Discosauriscus austriacus (Klembara 1997). They are almost reduced to forming just the occipital condyles (17 mm height and 8 mm width), but remain distinctly separated by the basioccipital. The foramen for cranial nerves IX -X, visible dorsally, is located on the suture between the left exoccipital and its corresponding opisthotic. The foramen for cranial nerve XII is slightly more ventral and visible on the lateral surface of the condyle. These foramina are rounded (~ 1 mm diameter), which is similar with those of Archeria crassidisca (Clack & Holmes 1988) and Discosauriscus austriacus (Klembara 1997).

The quadrate is difficult to distinguish from the squamosal, and so both bones were 3D modeled as a single structure. The right quadrate shows two condyles: the medial one (10 mm in anteroposterior length) is rounded, and the lateral one is much smaller. Anterolaterally, the dorsal process of the quadrate interlocks with the posterior part of the quadrate ramus of the pterygoid and extends into the subtemporal fenestra. The dorsal process has a small depression on the medial side, marking the contact with the tip of the pterygoid quadrate ramus. In ventral view, the quadrate is relatively short, as in Chroniosuchus paradoxus (Novikov et al. 2000) and

Chroniosaurus dongusensis (Klembara et al. 2010). A short quadrate seems to be characteristic of chroniosuchians. However, as the quadrate is only depicted in ventral view in Chroniosuchus paradoxus (Novikov et al. 2000) and Chroniosaurus dongusensis (Klembara et al. 2010), this should be taken with caution. The quadrate of Laosuchus naga is located substantially ventral to the exoccipital condyle [C32(0)].

Dentition (Fig. 9)

The dentition of Laosuchus naga includes both marginal teeth and palatal denticles. The marginal dentition preserves 45 teeth, closely set on the premaxillae, maxillae, and dentary.

Where complete, these teeth are typically conical, but certain teeth can be slightly curved posteriorly, and anteroposteriorly or laterally flattened according to their position. The tooth height is relatively constant along the jaw, as in Chroniosaurus dongusensis (Clack & Klembara 2009) and in contrast to Bystrowiella schumanni (Witzmann & Schoch 2017). In Laosuchus naga, this tooth height is of 9 mm in average (with rare extremes between 6 to 14 mm). CT data suggest that the marginal teeth are labyrinthodont, with infolded enamel and a central pulp cavity (Fig. 9D), as observed also in Bystrowiella schumanni (Witzmann & Schoch 2017).

On the palatal surface, numerous small denticles are scattered irregularly, notably on the ectopterygoids and the palatal rami of the pterygoids, as is the case in Chroniosuchus paradoxus (Novikov et al. 2000) and Chroniosaurus dongusensis (Klembara et al. 2010). Palatal tooth row or tusks (or alveoli) have not been found.

Left hemimandible (Fig. 9)

The left hemimandible is partially articulated with the skull (Figs. 3,4). It is relatively narrow and elongate, with a slight anteromedial curvature, measuring 265 mm in length and 11-16 mm in width. Anteriorly, the mandible measures only 8mm in height, but this measurement increases to a maximum of 28 mm in the region of the angular. In overall shape, the mandible of Laosuchus naga is most similar to that of Chroniosuchus paradoxus (Novikov et al. 2000).

In Laosuchus naga, the labial surface of the hemimandible is ornamented by pits and ridges but this ornamentation is partly weathered and makes it difficult to trace the sutures in places.

However, a close examination under UV light reveals thin depressions in the posterior and ventral regions of the dentary which suggests the locations of sutures with the postsplenial and angular, respectively.

CT data allow for visualization of the glenoid region of the mandible (Fig. 9), which is otherwise obscured because it is in articulation with the skull (Fig. 3). The articular presents a glenoid fossa formed by two concave ovals facets for the articulation with the quadrate condyles. The larger facet (16 mm length, 7 mm width) is lingually situated to the smaller one (8 mm length, 4 mm width). When compared to the condition seen in the anthracosaurs Pholiderpeton attheyi (Panchen 1972), Proterogyrinus scheelei (Holmes 1984), and Archeria crassidisca (Holmes 1989), the jaw articulation in Laosuchus naga is positioned relatively ventrally. In Laosuchus naga, the adductor fossa (58 mm length, 17 mm width) is located on the posterior one-quarter of the mandible and has a relatively low lateral margin, nearly reaching the height of its medial margin. This organization contrasts with Chroniosuchus paradoxus, where the medial margin is well below the lateral one (Novikov et al. 2000), and with the condition in anthracosaurs in general (e.g. Pholiderpeton attheyi, Panchen 1972;

Proterogyrinus scheelei, Holmes 1984 and Archeria crassidisca, Holmes 1989). At the anterior limit of the adductor fossa, a bony extension (15 mm length) is posterodorsally directed but this could be due to the deformation of the specimen. The lingual side of the mandible presents a shallow and elongate Meckelian fenestra (24 mm length, 6 mm height), but its reduced height could be related to the overall flattening of the specimen. The Meckelian fenestra is unique as reported in Chroniosaurus dongusensis (Clack & Klembara, 2009) and Bystrowiella schumanni (Witzmann & Schoch, 2017). On the lingual side of the hemimandible, an elongated depression (48 mm length, 10 mm height) is present posteroventrally, likely for the attachment of jaw adductor musculature.

The parasymphyseal dental plate is visible in dorsal view: this small and hook-shaped extension of the dentary (26 mm length, 10 mm of maximum width) is posteriorly directed but does not bear teeth or tusks, as is the case in many stegocephalian taxa (e.g., Ichthyostega stensioei, Jarvik, 1996;Archeria crassidisca, Holmes 1989;Watsonisuchus madagascariensis, Steyer 2003).

Dermo-sensory and/or nutritive canals (Fig. 6)

Thanks to the CT-scan, dermo-sensory and/or nutritive canals were observed within the premaxilla, maxilla, prefrontal, jugal, and dentary. The premaxillary canal is well developed: it corresponds to a large primary canal (1-3 mm in diameter) which ramifies into smaller secondarily canaliculi (of sub-millimeter diameter) connected to the surface of the bone by tiny foramina. Interestingly, such foramina are also found in Bystrowiella schumanni (Witzmann & Schoch 2017). The dentary canal is also well developed and ramified: its primary canal separates from the Meckelian space to follow it in the anterior direction, then it bifurcates anteriorly in secondarily straight canaliculi also emerging and reaching the lateral surface of the hemimandible. These internal canals may result from an internalization of the lateral-line system, as noted in other chroniosuchians (Clack & Klembara 2009;[START_REF] Golubev | Revision of the Late Permian chroniosuchians (Amphibia: Anthracosauria) from Eastern Europe[END_REF]). Their possible function is discussed below.

Phylogeny (Fig. 10) To potentially reinforce the results of using the matrix of Schoch et al. (2010) in our phylogenetic analysis, we also tested a preliminary analysis using the matrix of Buchwitz et al. Silvanerpeton (which is here a stem-anthracosaur), and Jarilinus (which may not be strictly related to Chroniosuchus, as both form a polytomy with other chroniosuchians).

In
Laosuchus naga and Bystrowiella schumanni fall at the base of the chroniosuchian clade (Fig. 10), with which they share the following synapomorphies: Unequivocal C7(1); C35( 2 These features also exclude Laosuchus naga from the other stem-amniote groups, i.e. from the Embolomeri (which do not present the features 1-4 and 7-10 mentioned above), the Gephyrostegidae (Gephyrostegus bohemicus (Carroll 1969) used in our analysis does not present the features 1, 5, 6, 9, 10 mentioned above), and the Seymouriamorpha (which do not present the features 1, 5, 6 mentioned above, based on Discosauriscus austriacus (Klembara 1997), Kotlassia prima (Bystrow 1944), Seymouria baylorensis (Laurin 1996)). For these reasons, we consider Laosuchus naga to be a chroniosuchian. As mentioned above, two families are present within the clade, the Chroniosuchidae and the Bystrowianidae:

-As for the Bystrowianidae, Laosuchus naga shares with Bystrowiella schumanni an elongated jugal only, and with Bystrowiana permira a distinct transverse process with a descending flange and an elongated jugal only: these similarities, compared with the many differences observed between Laosuchus naga and these Bystrowianidae respectively (see description above), are therefore not sufficient to assign Laosuchus naga to this family.

-As for the Chroniosuchidae, Laosuchus naga does not show the preorbital fenestra typical of the family. It does share palatal characters with Chroniosaurus dongusensis and Chroniosuchus paradoxus (see comparison above), but as the palate is not known in Bystrowianidae, it is not possible to know if these characters are typical of Chroniosuchia or Chroniosuchidae.

Moreover, Laosuchus naga does not fall close to a chroniosuchid in our phylogenetic analysis.

For all these reasons mentioned above, we consider Laosuchus naga to be a Chroniosuchia, but of unknown familial affiliation.

Chroniosuchian interrelationships

The position of Chroniosuchia within early tetrapods varies according to the authors:

- Interestingly, all the analyses of mentioned above suggest similar relationships (i.e., Embolomeri, (Gephyrostegidae (Seymouriamorpha, Lepospondyli))), with only Chroniosuchia variably positioned among these taxa. Consequently, it is evident that these problematic chroniosuchians require further studies and phylogenetic analyses: one idea could be to integrate the best preserved chroniosuchian taxa in the exhaustive matrix of Ruta & Clack (2006) -or a modified version of it -to better test their intra-and inter-relationships at the same time. But such an analysis would require first-hand examination of a large number of stemamniote taxa, and goes beyond the scope of this study.

Palaeobiogeographic implications (Fig. 11)

Laosuchus naga is the first chroniosuchian from Laos. It was found in the Permo-Triassic

Luang Prabang Basin, which has also yielded dicynodont material described by [START_REF] Battail | Late Permian dicynodont fauna from Laos[END_REF] and analysed in detail by Olivier et al. (submitted). No other vertebrates are known from this basin so far. As the holotypic specimen was found in-situ, in a volcaniclastic siltstone layer of the Luang Prabang Basin (see above), it is not geologically reworked. As such, the maximum age of Laosuchus naga is that of its host strata, which were radiometrically dated of 251.0 ± 1. [START_REF] Buffetaut | The contribution of vertebrate palaeontology to the geodynamic history of South East Asia[END_REF]. This scenario also fits with the discovery of dicynodont material (terrestrial species) in the same Purple Claystones Formation of Laos [START_REF] Battail | Late Permian dicynodont fauna from Laos[END_REF]Olivier et al. submitted).

Possible function(s) of the dermo-sensory and/or nutritive canals

Two kinds of canals have been found in Laosuchus naga: simple canals in the skull roof (Fig. 6A) and ramified canals in the premaxilla, maxilla and mandible (Fig. 6A,C).

The simple canals are interpreted as internalized sulci belonging to the lateral line system, considering their 1) location on the skull roof, 2) close proximity with the bone surface, and 3) shape. As in most modern fish, the lateral line system allows the animal to perceive displacements in surrounding water (i.e. a water flow). Similar canals have been found in other non-amniote tetrapods, with a similar function inferred (e.g. [START_REF] Ahlberg | The first tetrapod finds from the Devonian (Upper Famennian) of Latvia[END_REF]Jarvik, 1996;[START_REF] Clack | The dermal skull roof of Acanthostega gunnari an early tetrapod from the Late Devonian[END_REF].

The ramified canals observed in Laosuchus naga are the first ones found in a fossil amphibian.

As the structure differs from sulci and are deeper in the bone, they likely had a different function from the lateral line system. Their diameter and ramified structure are consistent with a vascular system, hence suggesting a blood irrigation function. As these ramifications are located at the tip of the snout and mandible, this possible irrigation may be associated with a sensory function.

Similar canals, called "neurovascular canals", are also known in living species where they have various sensorial functions in addition to irrigation: mechanoreception in crocodiles and birds [START_REF] Soares | Neurology: an ancient sensory organ in crocodilians[END_REF][START_REF] Leitch | Structure, innervation and response properties of integumentary sensory organs in crocodilians[END_REF][START_REF] Schneider | Neuronal mechanism for acute mechanosensitivity in tactile-foraging waterfowl[END_REF], thermoreception in lizards and snakes (e.g. [START_REF] Seebacher | Physiological mechanisms of thermoregulation in reptiles: a review[END_REF], electroreception in platypus [START_REF] Gregory | Electroreceptors in the platypus[END_REF]. In crocodiles, these canals are used when the head of the animal is half-emerged to detect surface waves (i.e., pressure waves) generated by prey moving in water which help with prey capture, especially in low-visibility conditions (e.g. turbid waters, crepuscule/night period) (Soares

2002; Leitch & Catania 2012).

There is some evidence suggesting that mechanoreception is a plausible function for the canals via nervous structures associated to the significant blood irrigation. The numerous small conical and curved teeth indicate that Laosuchus naga was a predator. Moreover, the sediments that yielded Laosuchus naga suggest a fluviatile river environment (Bercovici et al. 2012) under a tropical, warm and wet climate (e.g. [START_REF] Fluteau | The Late Permian climate. What can be inferred from climate modelling concerning Pangea scenarios and Hercynian range altitude? Palaeogeography[END_REF]Bercovici et al. 2012). These characteristics suggest a similar ecology with living crocodiles, which also share morphological cranial convergences with Laosuchus naga (e.g. elevated skull table and orbits, long triangular snout, predator dentition). Hence, regarding morphological and ecological similarities, the ramified canals may have had the same additional function of mechanoreception. This possible function seems redundant with that of its internal sulci, but both systems (neurovascular and lateral line) are not sensitive to the same stimuli, both in nature (particle displacement versus pressure waves) and efficiency area (underwater versus water surface). Hence, the pressure waves system would have been complementary to the internal sulci.

Surviving the Permian-Triassic crisis?

Chroniosaurus dongusensis is one of the earliest chroniosuchians (Clack & Klembara 2009) but not the most basal one, according to our phylogenetic analysis (Fig. 8). Additionally, the microsaur Asaphestera intermedia (from the Upper Carboniferous) was found as the sistertaxon to the chroniosuchian clade. This relationship suggests a long ghost lineage of the chroniosuchians, as suggested by Buchwitz et al. (2012). However, this clade is known to have survived the PT mass extinction (e.g. Novikov et al. 2000;Buchwitz et al. 2012). If Laosuchus naga can be confirmed as Triassic in age, its lineage must have also crossed the Permo-Triassic boundary. Even if some factors such as those involving palaeoclimates and/or palaeogeography can be put forward to explain these survival cases, it seems that more and more tetrapods survived the largest mass extinction of the Phanerozoic.

Conclusion

Laosuchus naga gen. et sp. nov., is described as the first chroniosuchian from Laos on the basis of a well-preserved skull and a left hemimandible found in natural articulation. The radiochronologic age of the sediments yielding the specimen gives a late Permian-Early

Triassic age, which suggests that this new taxon may have survived the Permian-Triassic mass extinction. Laosuchus naga is represented by one of the best preserved chroniosuchian skulls.

However, it remains of unknown familial relationships because the holotype does not preserve any postcranial elements. As a nonmarine tetrapod, Laosuchus naga also has important palaeobiogeographic implications: its occurrence on the Indochinese Block and its phylogenetic position suggest that the Indochinese Block was connected to the surrounding tectonic blocks during late Permian-Early Triassic times. Laosuchus naga was analysed by computed microtomography and is the first chroniosuchian for which the internal anatomy has been described.

This 3D analysis revealed in particular new ramified canals inside the dentary, maxillae and premaxillae: they are interpreted as nutritive and/or dermo-sensory canals, probably linked with pressure receptors. Our phylogenetic analysis pointed out an important ghost lineage between Chroniosuchia and their close stem-amniote relatives. However, chroniosuchians remain a rare and poorly known clade: further studies will provide essential information to better understand the evolution of stem-amniotes. 

Préambule

Les lépospondyles forment, avec les temnospondyles, le deuxième groupe de stégocéphales dont une relation de proche parenté a été proposé avec les lissamphibiens (ex. Gardiner, 1983 ;[START_REF] Laurin | [END_REF]Marjanović & Laurin, 2016 ;[START_REF] Nussbaum | The evolution of a unique dual jaw-closing mechanism in caecilians:(Amphibia: Gymnophiona) and its bearing on caecilian ancestry[END_REF]. Heureusement, l'anatomie endocrânienne de certains lépospondyles est relativement bien connue grâce à plusieurs articles (ex. Huttenlocker et al., 2013 ;Maddin et al., 2011 ;Pardo et al., 2015 ;Szostakiwskyj et al., 2015). Ainsi le manque de données, bien que décevant, n'a pas empêché la réalisation d'une vaste analyse phylogénétique sur les stégocéphales et les lissamphibiens (Chapitre 4). 

Introduction

The question of the origin of lissamphibians (Salientia, Caudata, Apoda) among fossil relatives (i.e. extinct non-amniotic tetrapods, hereafter called "Early Tetrapods" for simplification purpose) is close to be a century old question: Watson (1919, p. 1) stated that "[on] Fossil Amphibia […] no systematic attempt to determine their relations to one another and to the living Amphibia has ever been made". Later, many phylogenetic analyses have been investigated to solve this question, but they failed to lead to a consensus. Since the first large-scale phylogeny (i.e. with a representative taxonomic sample of all Early Tetrapod major clades) including lissamphibians [START_REF] Laurin | [END_REF], three main hypotheses are discussed for the origin(s) of lissamphibians: 1) the "Temnospondyl Hypothesis" (hereafter abbreviated "TH"), where the monophyletic Lissamphibia are found among Amphibamidae (Ruta et al., 2003;Ruta & Coates, 2007); 2) the "Lepospondyl Hypothesis" ("LH") where the monophyletic Lissamphibia are nested within Lysorophia [START_REF] Laurin | [END_REF]; 3) the "Polyphyletic Hypothesis" ("PH")

where Apoda are found in Microsauria (Lepospondyli), Salientia in Amphibamidae (Temnospondyli) and Caudata in Branchiosauridae (Temnospondyli) (Carroll, 2007) ("PH1");

or both Salientia and Caudata in Amphibamidae (Anderson et al., 2008;Huttenlocker et al., 2013) ("PH2").

The TH is the most accepted hypothesis in the literature (e.g. Gardner, 2001;Maddin & Anderson, 2012;Maddin et al., 2012a;Pardo et al., 2017b ;Ruta et al., 2003;Ruta & Coates, 2007;Schoch & Milner, 2004;Sigurdsen & Bolt, 2010;Sigurdsen & Green, 2011) contra the LH (e.g. [START_REF] Laurin | [END_REF]Marjanović & Laurin, 2016;[START_REF] Vallin | Cranial morphology and affinities of Microbrachis, and a reappraisal of the phylogeny and lifestyle of the first amphibians[END_REF]) and the PH (Anderson et al., 2008;Carroll, 2007;Huttenlocker et al., 2013). More recently, Marjanović & Laurin (2016), using 102 to 150 taxa and 276 characters (Fig. 1), found two new versions of the LH; with Lissamphibia as sister taxa to Lysorophia (analyses R3, R7) or sister taxa to a clade formed by Brachystelechidae and Lysorophia (analysis R4). On the contrary, Pardo et al.

(2017a), using 76 taxa and 345 characters (Fig. 1), found a new version of the TH with a biphyletic Lissamphibia ("THb" with b for biphyly): Salientia and Caudata being within Amphibamidae and Apoda within Brachyopoidea.

This absence of consensus may be due to the fact that:

-important characters are not used in the analyses: "morphologically complex characters have been described that appear to be of substantial phylogenetic significance (…) [but their rare preservation] forms a major impasse in the assignment of lissamphibians to any particular stem-group" (Schoch & Milner, 2004, p. 351). This is the case of endocranial characters which are rarely preserved in Early Tetrapods;

-numerous missing or non-applicable data (i.e. absence of skull bones in lissamphibians) could alter the character optimization and therefore the phylogenetic signal.

To test these hypotheses and to overcome these issues, we conducted a new phylogenetic analysis based on the best-preserved representatives of each group of Early Tetrapods, with the inclusion of lissamphibians, amniotes and key-taxa such as Gerobatrachus hottoni Anderson, Reisz, Scott, Nadia B. Fröbisch &Sumida, 2008, andTriadobatrachus massitoni (Piveteau, 1936) based on the literature. Thanks to their good preservation states, we coded anatomical characters such as those based on the endocranium and the stapes which are generally absent or poorly used in previous analyses (Anderson et al., 2008;Ruta et al., 2003 ) are removed to test the impact of cranial reduction; 4) "Nr. 4" where inapplicable and/or missing characters for at least two thirds of the lissamphibians are removed, to compare the optimization impact on the lissamphibian positions. The limit of "at least two thirds" has been chosen to reduce the optimization impact in avoiding the exclusion of a too important part of the character sample.

Material

Our matrix contains 48 taxa (Table 1) and 207 cranial characters (Annexe 1 & 2).

Taxa Specimen References

Ichthyostega stensioei Jarvik (1996); [START_REF] Clack | A uniquely specialized ear in a very early tetrapod[END_REF] Acanthostega gunnari Clack (1998a); Porro et al. (2015) Greererpeton burkemorani Smithson (1982) Loxomma acutirhinus Beaumont (1977) Megalocephalus pachycephalus Beaumont (1977) Baphetes kirkbyi Beaumont (1977) Edops craigi Romer & Witter (1942) Eryops megacephalus Sawin (1941) Dendrerpeton acadianum Archeria crassidisca Clack & Holmes (1988); Holmes (1989) Proterogyrinus schleeli Holmes (1984) Palaeoherpeton decorum Panchen (1964); [START_REF] Clack | The stapes of the Coal Measures embolomere Pholiderpeton scutigerum Huxley (Amphibia: Anthracosauria) and otic evolution in early tetrapods[END_REF] Pholiderpeton scutigerum [START_REF] Clack | The stapes of the Coal Measures embolomere Pholiderpeton scutigerum Huxley (Amphibia: Anthracosauria) and otic evolution in early tetrapods[END_REF][START_REF] Clack | Pholiderpeton scutigerum Huxley, an amphibian from the Yorkshire Coal Measures[END_REF] Eogyrinus attheyi Panchen (1972) Chroniosaurus dongusensis Clack & Klembara (2009) Pantylus cordatus Romer (1969); Carroll & Gaskill (1978) Brachydectes elongatus [START_REF] Wellstead | Taxonomic revision of the Lysorophia, Permo-Carboniferous lepospondyl amphibians[END_REF] Euryodus dalyae Carroll & Gaskill (1978) Microbrachis pelikani Carroll & Gaskill (1978) Discosauriscus austriacus Klembara (1997) Kotlassia prima Bystrow (1944) Seymouria baylorensis [START_REF] White | Osteology of Seymouria baylorensis Broili[END_REF]; Laurin (1996) Characters Bone contacts 1) Premaxilla/Nasal contact: present (0), absent (1) (new character)

2) Lacrimal/Nasal contact: present (0), absent ( 1) (new character) Step-matrix: the character is used with a step matrix to represent the proximity between states

(1) and ( 2) where the supratemporal contacts the otic notch, contra state (0). Step-matrix: the character should is treated [0, 1(2,3)], as the states ( 2) and ( 3) are closer between them than the others states. One of the three lateral processes of the "tri-radiated" shape is considered as homologous to the posterolateral process. The state ( 2) is seen as as morphologically transitional between states (0) (eventually ( 1) too) and ( 3). 

2003; with new character state)

Ordered character: the state ( 1) is considered as morphologically transitional between state (0) and ( 2). The state ( 2) seems to correspond to the persistence of the extension framing medially the choana in state ( 1) with the disappearance of the extension framing laterally the choana. Step-matrix: Initially, the presence/absence of contact between the vomer and the pterygoid was a separate character, but it leads to irrelevant optimization of C145 for lissamphibians.

Therefore, to limit irrelevant optimizations for a group of special interest, the absence/presence of contact has been merged with the description of the contact. Thus, the character is treated as [(0,1,2),3)]. The proportion of the different kind of character is presented below (Fig. 2A.). A particular attention is made to stapes and braincase characters, which represent here 10% of the character sample (Fig. 2B). By comparison, on large scale analyses, these anatomical areas are only coded by [START_REF] Laurin | [END_REF] with the same proportion (10%) of stapes and braincase characters, contra Marjanović & Laurin (2016); Ruta et al. (2003); Ruta & Coates (2007) where these anatomical areas are not coded

Method

The phylogenetic analysis is made under PAUP v4.0a161 (Swofford, 2003) with the following parameters: heuristic search; stepwise addition with a random addition sequence of 1000 replicates (the use of the option "start from random trees" never find better trees than without it), swapping algorithm "TBR" is used by default (the use of TBR, SPR or NNI have no impact on the number and the score of MTPs); optimization by Delayed transformation (DELTRAN)

to minimize the characterization of internal nodes with ambiguous transformation; for multistate states, the interpretation respects polymorphism ("()") versus uncertainty ("{}"). 

New observations

Four analyses have been realized and compared:

-Analysis Nr. 1 uses the full set of 207 characters, all being unordered to minimize the number of working hypotheses and of the a priori character transformations. This analysis is considered here as the reference.

-Analysis Nr. 2 uses the full set of 207 characters, with characters Nrs 42,[START_REF] Manus | More than five (0)[END_REF]73,106,128,149,152, and 157 considered as ordered (see justification in the character list) and with the following step-matrices 79 "SUPTP3"; 118 "VO1"; 145 "PT10"; 148 "PS3"; -Analysis Nr. 3 is analysis Nr. 2 without the characters related to the "presence/absence of a bone" (i.e. characters Nrs 56,58,71,75,76,77,82,88;95;100;105;107;123;132;156;186;190;192;194;195;198;200) -Analysis Nr. 4 is analysis Nr. 1 without the characters inapplicable and/or missing in at least two thirds of the lissamphibians (i.e. for 6 to 8 lissamphibians) (i.e., without characters Nr 2,5,[START_REF] Naris | Round or oval (0), or posteriorly extended[END_REF][START_REF] Prefrontal | Lateral margin straight (0)[END_REF][START_REF]Present (0)[END_REF][START_REF]Intertemporal/Supratemporal-squamosal suture. Straight (0), or interdigitating[END_REF][START_REF]Maxilla and quadratojugal. In contact (0)[END_REF][START_REF] Squamosal Embayment | Elongated, bordered by tabular and supratemporal (0), or short, bordered only by tabular[END_REF][START_REF]Wider than maxillar width at same level (0)[END_REF][START_REF] Jugal | ventral (alary) process bordering subtemporale fenestra[END_REF][START_REF] Tabular Horn | Only one dorsal horn, posteriorly directed (0), a second posterolaterally directed horn present[END_REF][START_REF]Teeth in maxilla and mandible[END_REF][START_REF] Vomer | shape. Wide, rectangular or quadrangular blade (0), or strut-like[END_REF][START_REF]Ectopterygoid, tooth row[END_REF][START_REF]palatine ramus posterior to ectopterygoid)[END_REF][START_REF] Intercentra | Anterior and posterior faces concave or flat (0), or biconvex[END_REF][START_REF]Pleurocentra and neural arches[END_REF][START_REF] Thoracic Ribs | Straight and relatively short (0), or distally curved and elongate, to give a round rib cage[END_REF][START_REF]Scapulocoracoid, dorsal blade. Absent (0)[END_REF][START_REF]Interclavicle, posterior portion. Triangular (0), or elongated parasternal process aligned at 90° to clavicular processes (1)[END_REF]59,60,61,72,73,74,78,79,80,[START_REF] Dong | The Dashanpu Dinosaur Fauna of Zigong Sichuan Short Report V, Labyrinthodont Amphibia[END_REF]83,84,85,86,87,89,90,96,97,98,99,[START_REF] Smithson | Greererpeton and Palaeoherpeton, the stapedial head is more developed than in Pholiderpeton, with a stout process[END_REF]129,130,133,134,135,137,138,157,158,178,179,180,187,188,189,191. 196,197,199,201,202,203,204) in order to test the optimization effect on the lissamphibians origin. The limit of "at least two thirds" has been chosen to reduce the optimization impact in avoiding the exclusion of a too important part of the character sample.

Language convention -We use the following terms to describe the character transformations:

-Ambiguous / non-ambiguous: respectively if the position of a character transformation (i.e. a character state change) vary or not according optimizations modes.

-Exclusive / non-exclusive: respectively if a character state is unique to a clade or convergent.

-Optimized: when the position of a character transformation is largely impacted by optimization, hence considered to be poorly informative, even providing an artificial support.

-Relevant / non-relevant: respectively if a character state supporting a clade is considered to be informative, i.e. when the particular state is shared by most of the members of the clade. Or not, in the case of that most of the taxa of the clade have another character state (reversion, further transformations, missing data, non-applicable).

-Basal: topologically near or at the root of a clade. This descriptive term does not bear a primitiveness connotation.

Example: in "Ord", C178( 1) is an exclusive and non-ambiguous synapomorphy of the clade Reptiliomorpha (including 24 taxa). As only two taxa are coded C178(1), and 22 "?" or "N", this state is as an optimized transformation, non-relevant regarding the entire support of the clade. times, the consensus strict is given in Figure 5 (816 steps; CI = 0.315; RI = 0.670). The consensus trees obtained from other islands give a similar topology that presented in Figure 5 or similar that obtained by Nr. 2.

Results

Strict

Analysis Nr. 4: we obtained 14 MPTs of 624 steps (CI = 0.330; RI =0.698) allocated in three islands. The first one comprises 2 MPTs hits 134 times on 1000 replicates (consensus strict:

626 steps; CI = 0.329; RI = 0.696). The second one comprises 4 MPTs hits 90 times (consensus strict: 627 steps; CI = 0.329; RI = 0.696). The third one comprises 7 MPTs hits 412 times (consensus strict: 639 steps; CI = 0.322; RI = 0.687), the consensus strict is given in Figure 6 (643 steps; CI = 0.322; RI = 0.694). The consensus trees obtained from other islands give a similar topology that presented in Figure 6. By consequent, the position of Anthracosauria as basal Reptiliomorpha is weak because more due to a combination of convergent and/or optimized character states than exclusive synapomorphies.

On the other hand, the following character states support a position of Anthracosauria as sister taxa to Baphetoidea or to Temnospondyli (even if less parsimonious here). Several derived states are exclusive to Anthracosauria, Baphetoidea and basal Temnospondyli (Edops and Eryops): C108(1) (basioccipital is a massive element forming a massive occipital condyle); C122(1) (anterior portion of the vomer in front of the anterior level of choana is shorter than behind); C139(1) (pterygoid/epipterygoid with a well-developed ventral and vertical bony lamina antero-posteriorly directed); C154(1) (cultriform process of parasphenoid with a bulge) and C163(1) (anterolateral process of sphenethmoid present). These character states provide morphological arguments coherent with the position of Anthracosauria as stem-Tetrapoda sensu Ruta & Coates (2007) found by Pardo et al. (2017b) and Marjanović & Laurin (2016), although this position of Anthracosauria is not found here.

Nr. 1 and Nr. 2 differ on the position and monophyly of Lepospondyli: in Nr. 2, the lepospondyls Dvellecanus, Rhynchonkos, Carrolla, Brachydectes, Euryodus, Microbrachis,

and Pantylus form a polytomy (node 77) with Amniota and Diadectomorpha. In Nr. 1, the Lepospondyli are monophyletic, as is the case in previous analyses (e.g. [START_REF] Anderson | The phylogenetic trunk: maximal inclusion of taxa with missing data in an analysis of the Lepospondyli (Vertebrata, Tetrapoda)[END_REF]Huttenlocker et al., 2013;Marjanović & Laurin, 2016;Ruta et al. 2003;Ruta & Coates, 2007; but not in Pardo et al. 2017b). This monophyly (including Lissamphibia) is here supported by one non-ambiguous synapomorphy [C77 (1)] and five symplesiomorphies, where two are non-ambiguous [C66(0); C136(0)] and three are ambiguous [C89(0); C90(0); C147(0)]. The more relevant character states are C77(1) (absence of supratemporal; exclusive to this group except for Eocaecilia) and the exclusive reversions C136(0) (absence of the transverse process of pterygoid) and C147(0) (parasphenoid without posterolaterally directed, ventral thickenings).

The characters states C66(0); C89(0); C90(0) are convergent and optimized. By consequent, this lepospondyl monophyly obtained by Nr. 1 is poorly supported, and this could explain why the group is no longer found in Nr. 2. The small number (seven) of lepospondyls used here, relatively to the total number of the taxa, could also be a bias.

Lissamphibian origin: LH versus TH

Another difference between Nr. 1 and Nr. 2 concerns also the position of the monophyletic Lissamphibia within either Lepospondyli (LH, analysis Nr. 1, Fig. 3) or Temnospondyli (TH, analysis Nr. 2, Fig. 4). In order to compare the LH and the TH, the character states are presented by anatomical areas and in Figures 7,8.

Skull roof

LH -A cranial simplification is found in lepospondyls: the supratemporal is absent in all lepospondyls [C77( 1 ). In addition, the pineal foramen [C40 (1)] is loss in all lepospondyls excluding Euryodus and Microbrachis.

These bones and the pineal foramen are also absent in lissamphibians (with the exception of Eocaecilia, but see after for discussion).

TH -

The TH is supported by the presence of the premaxillar alary process [C49 (1)] and the internarial fenestra [C37( 1 )]. However, the latter is also found in Chroniosuchia. The homologous nature of this fenestra in Temnospondyli and Lissamphibia) is questionable as being an unossified space and convergently acquired in Chroniosuchia. Primitively the separation is "plate-like" (e.g. Benthosuchus) then becoming thinner ("rodlike") involving a posterolateral process of the vomer [C118 (2)] and an anterolateral extension of the palatine [C128(1)], as seen in Amphibamidae.

In the TH, the morphology of the lissamphibian palate is therefore inherited from the successive acquisition of character states in temnospondyls (Fig. 8). However, several character states presented above are reverted in caecilians [C118(0), C125(0), C128(1), C128(0), C141(0)] (see section "Comparison between the LH and TH" for discussion).

Braincase and stapes

LH -Lepospondyls and Lissamphibia share an absence of the epipterygoid [C156( 1 )].

TH -

The ventral process of the stapes [C174(1)], considered as a synapomorphy of temnospondyls according to [START_REF] Schoch | The evolution of major temnospondyl clades: an inclusive phylogenetic analysis[END_REF], is yet shared with lissamphibians here; it is well developed in frogs (e.g. Thaumastosaurus) and may be a vestigial structure in Ichthyophis (see details in section "Characters transformations series"). A new find is the sharing of an anterolateral process of the sphenethmoid [C163 (1)]. This character state is also common in Anthracosauria and Baphetoidea, but it is interestingly retained in Salientia and Apoda.

Otic notch

TH -The presence of an otic notch [C46(0)] is a symplesiomorphy shared by Temnospondyli, Salientia and Caudata. This otic notch is a retention in Salientia and Caudata, and a loss in Apoda. However, in Caudata, its presence is indirectly based on the squamosal shape, and developmental data (Ruta et al., 2003;[START_REF] Milner | The relationships and origin of living amphibians[END_REF] suggest that it is secondarily reduced.

Temnospondyls and lissamphibians share the same otic notch position (dorsolateral in Amphibamidae [C47 (1)]; lateralized in Salientia and Caudata [C47( 2)] (ordered character)), and an otic notch flange which is antero-ventrally located in Micropholis and Dendrerpeton [C48 (1)] and become extended dorsally in Tersomius, Doleserpeton and Salientia [C48( 2 )]. As the otic notch is absent in lepospondyls, these character states are congruent with (but not supporting) the TH.

Bone losses and reappearances

The LH or TH do not involve the same evolutionary scenarios of bone loss and reappearance to explain the cranial pattern observed in lissamphibians (e.g. Marjanović & Laurin, 2016;Ruta et al. 2003;Ruta & Coates, 2007;Schoch & Milner, 2004;Sigurdsen & Green, 2011).

Eocaecilia is especially problematic with potential multiple reappearances of bones (jugal, postparietal, supratemporal and quadratojugal) according to Marjanović & Laurin (2016) and Sigurdsen & Green (2011). These multiple reappearances of bones (as well as those of the pineal foramen, post-temporal fossa and otic notch) are exclusive to Eocaecilia and here are considered as unlikely, following Sigurdsen & Green (2011) for whom it is an 'evolutionary implausibilit[y]' (p. 467) in Eocaecilia. In addition, an absence of a bone as a character state is also questionable (Ruta & Coates, 2007;Schoch & Milner, 2004;Sigurdsen & Green, 2011).

According to Schoch & Milner (2004), these absences of bone result from fusion(s), or true failure to ossify, or non-ossification due to immaturity: these situations are not homologous and unfortunately hardly distinguishable. These causes are non homologous and unfortunately hardly distinguishable. We therefore proposed to compare the bone losses and reappearances between Nr. 2 and Nr. 1 with two criteria; one minimizing both (parsimony); and the other minimizing the reappearances only because they are a priori less plausible.

Lepospondyli, Lissamphibia and Amniota. In the opposite, the total number of reappearances is similar than the number of reappeared structures (respectively 6 vs 7 in the TH, and 7 vs 7 in the LH): this involves that the reappearance of bones is exclusive except for that of the supratemporal which seems convergent in the TH (see Tabl. 3, yet this may be due to the polytomy of the node 77). The reappearance of a structure is frequently optimized in Eocaecilia: the postparietal [C71]; supratemporal [C77]; quadratojugal [C100] reappear in both the LH and TH (the prefrontal [C56] and jugal [C95] also reappear in the latter).

Comparison between the LH and TH

The LH is slightly more (1.8%) parsimonious than the TH (respectively 858 vs 874 steps): this was also noticed by Marjanović & Laurin (2016) who obtained a LH more parsimonious than the TH by 9 to 14 steps, according to their different analyses. The LH also provides a more plausible repartition of bone losses and reappearances than the TH, with a reduced number of losses (respectively 54 vs 71) and less reappearances in Eocaecilia (respectively 3 vs 5). This )] are convergent in Lepospondyli and Amniota. This is also pointed out by Sigurdsen & Green (2011, p. 466): 'most of them, such as the loss of the circumorbital bones, occur independently within several, separate groups of tetrapods'. Thus, the possible convergent nature of the bone loss is minimized by the taxonomic sample which is not representative of all Tetrapoda. As a few characters other than these losses are shared between Lepospondyli and Lissamphibia, the LH appears weakly supported, as stated by several authors (e.g. Ruta & Coates, 2007, Schoch & Milner, 2004;Sigurdsen & Green, 2011). Moreover, the morphologically complex, and so unlikely. This is exemplified with the characters C118, C128, C145, C152 treated as ordered or with a step-matrix in Nr. 2: according to Nr. 2, the character states found in Lissamphibia involve the successive acquisitions of C118(0→2→3), C128(0→1→2), C145(0→1→2→3), C152(0→1→2→3). But it is not the case in Nr. 1 where these states are 'directly' acquired in Lissamphibia: C118(0→3), C128(0→2), C145(0→3), C152(1→3). Interestingly, this impacts only the Lissamphibia: in Temnospondyli, the same successive acquisitions are found in both Nr. 1 and Nr. 2. By consequent, the position of Lissamphibia in LH involves a 'morphological gap', while the successive acquisitions of these states are found in Temnospondyli in both LH and TH.

On the contrary, the TH found by Nr. 2 here is also supported by several palatal, braincase, and stapedial synapomorphies: these synapomorphies are positive character states (i.e. presence of structures) and could explain distinctive features of lissamphibians (see Fig. 9 for examples).

In Salientia for example, the tri-radiated vomer [C118( 3)] is thinner in size but similar in shape than that of Doleserpeton, and the palatine is a transversal strut-like bone separating the choana and interpterygoid fenestrae [C128 (2)]: this could be due to the loss of the second extension of the Y-shaped palatine [C128 (1)] in Amphibamidae (e.g. Doleserpeton). In Caudata, some taxa (e.g. Ambystoma) show a greatly reduced postero-lateral process of the vomer [C118( 2 )]. Most have no palatine (Carroll, 2007), but interestingly the Cretaceous salamander Nuominerpeton aquilonaris (Jia & Gao, 2016) and the living facultative neotenic Batrachuperus londongensis (Jiang et al., 2018) has a vestige of palatine. This palatine is anteriorly located to the pterygoid, a condition also found in Temnospondyli [C131 (1)]. In Ichthyophis bannannicus, the stapes footplate shows a small but elongated process in contact with the os basale (see section "Characters transformations series") which is similar to the connection between the ventral process of the stapes and the basal plate of the parasphenoid in Temnospondyli. These features are unique in the whole Tetrapoda group and favour the TH where they are exclusive synapomorphies. In addition, the TH does not involve reappearances or convergent acquisitions of complexes structures (except in Eocaecilia where the postparietal [C71(0)], postfrontal [C75(0)], supratemporal [C77(0)], jugal [C95(0)] and quadratojugal [C100(0)] reappear). In Ruta & Coates (2007) and Sigurdsen & Green (2011), the caecilians are sister taxa of Batrachia (Salientia plus Caudata) without involving a reappearance of these bones (as present in Amphibamidae). In the R4 and R7 analyses of Marjanović & Laurin (2016), Lissamphibians are sister taxa respectively to Brachydectes or to a clade formed by Brachydectes, Quasicaecilia, Carrolla, and Batropetes. Their LH involves no bone reappearance for Eocaecilia.

These analyses of Ruta & Coates (2007), Sigurdsen & Green (2011), Marjanović & Laurin (2016) do not include any living caecilians, which possess five less skull roof bones than Eocaecilia (postparietals [C71 (1)]; postfrontal [C75 (1)]; supratemporal [C77 (1)]; jugal [C95 (1)]; quadratojugal [C100(1)]). To explain the morphology of Eocaecilia without any bones reappearances, it involves the convergent loss of bones mentioned above in both living caecilians and Salientia plus Caudata. This convergent loss has a cost in terms of steps which may have an impact on the lissamphibians relationships found, especially when the difference between the TH and LH is only a few steps (e.g. Marjanović & Laurin, 2016;Ruta & Coates, 2007). Hence, without living caecilians in the analysis, it is not possible to test whether the position of Eocaecilia involves bones reappearances, and whether the position of Apoda is the most parsimonious (among Lissamphibia or related to Lepospondyli or Temnospondyli) or not.

By consequent, we consider the TH more coherent than the LH although less parsimonious.

The difference of steps is due to bone losses which are convergent between Lissamphibia, Lepospondyli and Amniota in the TH. In addition, the LH is found here as allowing all state transitions, even if the acquisition of a state from another may be morphologically complex.

However, the TH also involves incoherencies as multiple bones could reappear in Eocaecilia and numerous reversions in Apoda, by comparison with Amphibamidae.

Lissamphibia origin(s)

Character support of the monophyletic Lissamphibia

In Nr. 1 and Nr. 2, the monophyly of lissamphibians is supported with numerous transformations (see below) and a Bremer Index of minimum 5. However, many of these transformations concern the loss of bones:

Note: In bold, characters supporting the Lissamphibia monophyly shared by the two analyses. 

Coherence of the THb

The THb could explain problematic characters state found in caecilians. In the character states supporting the TH (see section "Comparison between the LH and TH"), several transformations are not shared by Eocaecilia and/or Ichthyophis [C27(1); C37(1); C46(1); C118(2); C128(2); C141(1); C142(1)], involving several reversions in comparison to Amphibamidae. This was also noted by Sigurdsen & Green (2011) and Ruta & Coates (2007) where several characters are reversed in Eocaecilia. These reversions are no more found in the THb. The THb could also explain the retention of intercentra in Eocaecilia [START_REF] Jenkins | Anatomy of Eocaecilia micropodia, a limbed caecilian of the Early Jurassic[END_REF]Milner & Schoch, 2004) and the lack of operculum in living caecilians (e.g. [START_REF] Rage | Le problème de la monophylie des amphibiens actuels, à la lumière des nouvelles données sur les affinités des tétrapodes[END_REF]Schoch & Milner, 2004) which contrasts with Salientia and Caudata.

In brief, if the LH is questionable because of the extensive share of absence of bones relatively to 'positive' characters (see Milner & Schoch, 2004 for comparative list), the monophyly of Lissamphibia is also questionable for the same reason. The removal of the presence / absence of bone characters in our analysis Nr. 3 is relevant because it provides an alternative lissamphibians origin(s) 1) that solves several inconsistent morphological transformations among monophyletic Lissamphibia (especially for caecilians) (Fig. 9, 10); 2) where the bone losses and reappearances are consistent (Fig. 10); 3) that several works on both morphological and developmental data may support independently this hypothesis (Pardo et al. 2017a[START_REF] Pérez-Ben | Miniaturization and morphological evolution in Paleozoic relatives of living amphibians: a quantitative approach[END_REF]4) where the convergent loss of several bones in Lissamphibia may be explained by the truncation of developmental trajectories; 5) where the relationships are consistent with both the geographical, stratigraphical (Fig. 13) and molecular data (both in terms of relationships and molecular clock (Pardo et al. (2017a)).

Taxonomic remarks

Diplocaulidae

Numerous palatal characters are exclusive synapomorphies supporting both the TH and THb (see section "Lissamphibian Origin: LH versus TH"). However, regarding the Diplocaulidae (which are not included here) several of these characters could be non-exclusive. This group was not initially thought to be of particular interest here because: 1) they are not considered to be close relative of Lissamphibia in most of the analyses (excluding analyses R1 & R7 of Marjanović & Laurin, 2016); 2) neither braincase nor stapes of Diplocaulidae is known so far;

3) and the best known Diplocaulus magnicornis [START_REF] Williston | The skull and extremities of Diplocaulus[END_REF] and Diploceraspis burkei [START_REF] Beerbower | Morphology, Paleoecology and Phylogeny of the Permo-Pennsylvanian Amphibian" Diploceraspis[END_REF]) display a very peculiar skull which would need new character states to be integrated to the present matrix. However, Diplocaulidae have been historically proposed as relative to part or all Lissamphibia (Schoch & Milner, 2004;quoting Gregory et al., 1956;Parsons & Williams, 1963;Gardiner, 1983) In addition, some Diplocaulidae have been considered to present show palatal features similar to those found in Temnospondyli and

Lissamphibia. The examination of Diploceraspis burkei [START_REF] Beerbower | Morphology, Paleoecology and Phylogeny of the Permo-Pennsylvanian Amphibian" Diploceraspis[END_REF] shows that the following characters states are no longer exclusive to Temnospondyli and Lissamphibia: In Diploceraspis burkei [START_REF] Beerbower | Morphology, Paleoecology and Phylogeny of the Permo-Pennsylvanian Amphibian" Diploceraspis[END_REF], a basipterygoid ramus [C141 (1)] may be present. But it is uncertain if it is present but secondarily shortened (as in Stereospondyli by example) or absent. The comparison of contact areas between the parasphenoid and the pterygoid between Diploceraspis burkei and other Diplocaulidae, even Nectridea, is necessary to confirm or not the presence of this basipterygoid ramus. As the sphenethmoid and the stapes are not known in Diplocaulidae (Ruta & Coates, 2007), it is not possible to code characters related to these bones (ex. [C163 (1)], [174(1)]).

By consequent, the Diplocaulidae may have an important impact on the lissamphibian origin(s), both in term of phylogenetic position as well as on the exclusive or convergent nature of the characters supporting the different hypotheses found here (LH, TH and THb).

Endocranial character transformation series

Here we examine here the endocranial characters transformations series as provided by Nr. 1.

the pattern of the basipterygoid process may be similar to Anthracosauria, hence originally coded with uncertainty [C146{01}].

In Edops and Dendrerpeton, the morphology of the basipterygoid process [C146 (1)] is closer to that of Anthracosauria than that of Acanthostega, Greererpeton and Loxomma. In Edops and Dendrerpeton, the basal process of the pterygoid is more developed and located more ventrally than internally, becoming the basipterygoid ramus [C141( 1 and ramus [C141 (1)] morphologies than Edops and Dendrerpeton, but their contact differs: in these latter, the joint was movable, as deduced from the articulation surfaces, but in Eryops a suture is present. A priori the suture is not firm enough to prevent any motion but it is not possible to be certain. By consequent it is coded with uncertainty [C142{12}]. In Stereospondyli (here Stanocephalosaurus, Benthosuchus and Bathignathus), the basicranial joint seems to derived from a pattern similar to Eryops in becoming more firm. The basipterygoid ramus in this group is much more developed than in other temnospondyls (e.g.

Edops, Eryops, Doleserpeton, Micropholis) [C141( 1 )]. The basipterygoid process is not present but likely formed by a cartilaginous basisphenoid, as a recess similar to the basal recess is still present on the internal surface of the pterygoid. As a consequence, the contact with the basipterygoid ramus is made by the whole lateral border of the parasphenoid [C146 [START_REF]Ridge system. Skull roof with simple parasagittal or no ridges (0), or with an elaborate system of oblique, transverse, and sagittal ridges[END_REF]]. In temnospondyls, this recess is called "recessus conoidus" (Bystrow & Efremov, 1940, p. 22) and seems to be homologous to the basal recess. The basicranial joint is not movable, as the basipterygoid ramus is directly in contact with the basal plate of the parasphenoid, thought a well-developed interdigitated suture [C142( 2 )].

In Amphibamidae, the pattern of the basipterygoid joint derived from a pattern similar to those of Edops and Dendrerpeton condition. The basipterygoid ramus is present [C141( 1)] and articulated with the basipterygoid process. The basipterygoid process is a lateral extension of the parasphenoid (at least, the basisphenoid possibly be involved but it is not known in which extent), in a similar condition than Edops and Dendrerpeton. The main difference is that the basipterygoid process ventrally overlaps the basipterygoid ramus [C146(2)], forming a spoonlike structure which likely reduces the dorsoventral movements [C142 (1)] (e.g. Doleserpeton).

The pattern of the basipterygoid joint in Salientia and Caudata is similar than that in Amphibamidae: the basipterygoid process [C141 (1)] makes the contact with a lateral extension of the parasphenoid and/or the otico-occipital [C146( 1)], forming a tight junction [C142 (1)].

But this lateral extension of the parasphenoid may be reduced (excepted in Triadobatrachus).

Here, it is assumed that the ventral covering of the basipterygoid ramus is preserved from the Amphibamidae condition, but the lateral extension reduces overtime. Then the covering may be conjointly made by the basal plate and the otico-occipital (e.g. Hyla). Unfortunately, as detailed descriptions of this region are lacking in the literature (especially with a 3D visualization), it is difficult to code it. By consequent the character was initially coded with uncertainty C146{12} for living frogs and salamanders.

In Ichthyophis, the parasphenoid (here co-ossified, forming the os basale) is not in contact with In Lepospondyli, Seymouriamorpha, Limnoscelis and Amniota, the pattern of the basipterygoid joint seems to derived from the primitive condition, as found in Acanthostega, Greererpeton or forming a moveable joint [C142(0)]. This recess is called basicranial recess (ex. Klembara, 1997) which is possibly homologous to the basal recess. The development of the basicranial recess may vary. For example, in Pantylus, it is relatively discreet but in Discosauriscus it is very opened. Although it is surprising that this condition would derived from the most primitive one, it is supported by the transformations found in our phylogenetic analysis where the state C141( 3) is directly derived from C141(0). The basicranial joint present more variations among these groups, making the present coding reductive. For example, Discosauriscus presents an articulation surface inside the basicranial recess, and the anterior limit of the basicranial recess could present a developed process. However, these variations are rather exclusive to one specific taxa in this sample. With the lack of detailed description for all these taxa, it was not possible to take these variations into account.

Laosuchus and Brachydectes display a peculiar basicranial joint: in Laosuchus, the pterygoid has two crests [C141 (2)] which are directly interlocked with a crest of the basal plate of the parasphenoid. Hence, there is no basipterygoid process [C146 [START_REF]Ridge system. Skull roof with simple parasagittal or no ridges (0), or with an elaborate system of oblique, transverse, and sagittal ridges[END_REF]]. This morphology seems to the TH because it is absent in all the lepospondyls included here. It is also absent in the lepospondyls Aletrimyti gaskillae (Szostakiwskyj et al., 2015), Quasicaecilia texana (Pardo et al., 2015) and Huskerpeton englehorni (Huttenlocker et al., 2013;Pardo et al., 2015) where the braincase has been described in detail.

Stapes (C166 -176)

The stapes is difficult to code without its morphology being figured in different views or in 3D.

In addition, the stapes is not known in Baphetoidea and in Chroniosuchia. As Ichthyostega present a peculiar and specialized stapes [START_REF] Clack | A uniquely specialized ear in a very early tetrapod[END_REF], the ancestral condition for this element is here represented by Acanthostega [START_REF] Clack | The stapes of Acanthostega gunnari and the role of the stapes in early tetrapods[END_REF] that of Eocaecilia, also preserves a ventral process: it is small and visible on the anterior side of the stapedial head. This ventral process in Ichthyophis bannanicus presents an articulation surface -the 'anterior articular surface of the footplate of the stapes' (Maddin et al. 2012b, p.166) -facing an articulation surface on the parasphenoid part of the os basale (Fig. 15).

Interestingly, in temnospondyls such as Stanocephalosaurus, a similar condition is found, where the ventral process of the stapes is in contact with the parasphenoid (Fig. 15). However, although an anterior articular surface of the footplate of the stapes is also found in others caecilians (e.g. Boulengerula boulengeri, Crotaphatrema lamottei, Epicrionops bicolor, Gegeneophis ramaswami, Gymnopis multiplicata; Maddin et al. 2012b), the stapedial extension similar to a ventral process is specific to Ichthyophis bannanicus.

On the contrary, the stapes of Caudata is very different than that of Temnospondyli or Salientia:

in the former, a large and thin stapedial head forms a well delimited circle [C175( 1 surrounded by the squamosal. By consequent, a part of the information bore by the coding of the multiple bones shapes is lost. The solution is to code the otic notch as a single structure.

This coding does not represent the heavy morphogenetical modifications, but when different topologies are compared, the solution is to discuss the transformations of this characters. It could be a way to criticized these topologies.

This method allows: 1) to test an evolutionary scenario; 2) to discuss both morphological observations and its coding (i.e. it is possible to be in agreement with an observation supporting a relationship but not with the way to code it); 3) to explicit the support of a given hypothesis.

The parsimonious criterion (i.e. the MPTs) as argument to prefer one topology for a given matrix, should be used carefully, and never as an unique argument. As previously noted, the to the different analyses made. These differences of steps seem to be noteworthy, but this needs to be compared to the total length of trees involved. Here the difference of 16 and 26 steps between Nr. 2 and Nr. 3, respectively represent a variation of 1.86% and 3.03% of the MPTs total length. In Marjanović & Laurin (2016), the MPTs measure 2157 to 2963 steps, so the step difference between the LH and TH represents a variation of 0.42% to 0.48% of the consensus total length, and 0.56% to 0.58% between the LH and PH. All these differences are negligible.

Particularly in the context of a debated evolutionary scenario, it is interesting based on the same matrix: 1) to examine the topologies slightly less parsimonious (regarding the total lengths of the MPTs) and/or the topologies given under different parameters; 2) to examine the topologies both in terms of character support for a given evolutionary scenario but also in terms of characters conflict; 3) the repartitions of the transformations of characters interpreted as being morphogenetically heavy. This is the case here, where the analysis Nr. Edops, Eryops). Hence, the THb is the more coherent in optimizing the otic notch, palatal, stapedial and braincase morphologies. The position of Apoda, involves no more reversions but a retention of characters (Fig. 12).

Impact of non-applicable, missing data and uninformative characters

As mentioned above (see section "Early Tetrapods relationships"), the relationships of the major clades of Early Tetrapods (e.g. Anthracosauria, Temnospondyli, Lepospondyli) are similar and independent from the position of Lissamphibia. In Nr. 1, the following less parsimonious trees found have 860 steps (contra 858 steps for the MPTs), and their consensus strict leads to the TH with similar relationships between major groups (excluding a polytomy for Lepospondyl). The fact that the various positions of Lissamphibia do not affect the rest of the topology is due to a missing and inapplicable data optimization: the reduction of independent bones in Lissamphibia (loss or fusion) leading to numerous uninformative characters. Here, the "N" state represents 69 to 72 character states on 207 in living lissamphibians (Ambystoma, Hyla, Ichtyophis, Rana and Salamandra). In the fossil lissamphibians (Thaumastosaurus, Triadobatrachus and Eocaecilia), the "N" state represents respectively 72, 64 and 47 character states. Thirty three percent of the characters used here are uninformative for the position of Lissamphibia and are optimized with any position on the phylogenetic tree. To examine the impact of these optimized characters for Lissamphibia on the whole topology, the analysis Nr. 4 has been performed. This analysis uses the same parameters than Nr. 1 in excluding the characters inapplicable and/or missing for at least two thirds of the lissamphibians (i.e. for 6 to 8 lissamphibians). Interestingly Nr. 4 supports the TH (Fig. 6) contra Nr. 1 (LH). This difference may be explained by the characters only coded for one or two lissamphibians (C5, [START_REF] Naris | Round or oval (0), or posteriorly extended[END_REF][START_REF]Intertemporal/Supratemporal-squamosal suture. Straight (0), or interdigitating[END_REF][START_REF]Maxilla and quadratojugal. In contact (0)[END_REF][START_REF] Squamosal Embayment | Elongated, bordered by tabular and supratemporal (0), or short, bordered only by tabular[END_REF][START_REF] Vomer | shape. Wide, rectangular or quadrangular blade (0), or strut-like[END_REF][START_REF]Interclavicle, posterior portion. Triangular (0), or elongated parasternal process aligned at 90° to clavicular processes (1)[END_REF]72,73,74,78,80,[START_REF] Dong | The Dashanpu Dinosaur Fauna of Zigong Sichuan Short Report V, Labyrinthodont Amphibia[END_REF]96,98,99,[START_REF] Smithson | Greererpeton and Palaeoherpeton, the stapedial head is more developed than in Pholiderpeton, with a stout process[END_REF], By consequent, only few characters are informative for the discussion of LH and TH, according to non-applicable, missing data and character states common to Lepospondyli and Temnospondyli. In restricting the comparison of the evolutionary hypotheses to the number of steps and/or the transformations to particular nodes, it is possible to unintentionally miss the transformations affected by non-applicable data, shared with other clades or undergoing additional transformations leading to "artificial support" for a given phylogenetic hypothesis.

However it could be considered as an advantage: despite huge matrices including hundreds of characters, it is possible to focus the discussion of lissamphibian origin(s) on a handful number of characters while being exhaustive.

Conclusions

Thanks to the close examination of the characters supporting the LH and the TH, it has been

shown that these two hypotheses present internal inconsistencies. The LH is the most parsimonious hypothesis but 1) it is mainly supported by the loss of cranial bones, and 2) it involves convergent characters transformations between Temnospondyli and Lissamphibia which appears to be morphologically complex (although it is not impossible). The TH is less parsimonious than the LH in being supported by multiple positive characters states forming a coherent morphocline. For example, the morphology of the lissamphibians palate is inherited from the successive acquisition of character states in temnospondyls, in the context of the TH.

However, this hypothesis involves several character reversions in Apoda (by comparison to the Amphibamidae) and several bone reappearances exclusive to Eocaecilia. This latter point is considered as an evolutionary implausibility.

The comparison of the bones losses among Early Tetrapods shows that the loss of bones is widely convergent, whatever the lissamphibians origin(s) hypotheses (LH, TH or THb). Thus, the characters coding the "absence of bone" are not phylogenetically informative in this context.

These absences of bones have already been criticized to be the main characters supporting the LH (e.g. Ruta & Coates, 2007, Schoch & Milner, 2004;Sigurdsen & Green, 2011) but not the monophyly of Lissamphibia. The monophyletic Lissamphibia is mainly supported by a similar cranial simplification. But these bone losses are found to be convergent and provide a longbranch attraction between Apoda and Batrachia. The convergent bone loss is costly in terms of steps and involves that the hypothesis of a biphyletic origin of the lissamphibians (Salientia and Caudata within Amphibamidae and Apoda within Brachyopoidea) less parsimonious than the TH and LH. This may explain why this hypothesis has not been found before on the large-scale analyses. The convergent losses could be explained by the miniaturization process due to a truncation of the developmental trajectories for Salientia and Caudata, in addition to a fossoriality adaptation for Apoda. Both miniaturization and fossoriality are phenomena known to occur several times in Tetrapoda history (e.g. Maddin et al. 2012a[START_REF] Pérez-Ben | Miniaturization and morphological evolution in Paleozoic relatives of living amphibians: a quantitative approach[END_REF].

The THb is the most coherent hypothesis in terms of morphological transformations. These transformations imply that: 1) palatal, stapedial and braincase similarities are inherited (as in the TH but not in the LH where they are convergent); 2) the losses of skull roof and mandible bones are convergent (more than TH; but not in the LH where it is inherited); 3) the Apoda morphology is explained by the retention of plesiomorphic character states among Temnospondyli (contra TH involving reversions and LH involving convergences).

However, several features of this work need to be completed to corroborate the THb: 1) the character sample is only composed of cranial characters. Thus, the addition of postcranial data is necessary to verify if the impact of the cranial simplification is still decisive on the lissamphibians origin(s); 2) Diplocaulidae are not included in the taxonomic sample. But a preliminary anatomical comparison shows that numerous palatal features are similar between Diplocaulidae, Temnospondyli and Lissamphibia. Thus, it would be necessary to test how these similarities may affect the present conclusions; 3) the Allocaudata (i.e. Albanerpetontidae) -a clade of Lissamphibiaare not included here as largely known from isolated and rare articulated bones [START_REF] Maddin | Reappearance of the Early Permian amphibamid Tersomius texensis and some referred material[END_REF]. The position of this group among Lissamphibia is still debated. As well as Apoda, Caudata and Salientia, the cranial anatomy of Allocaudata is also simplified by comparison with the Early Tetrapods. By consequent, their inclusion in the monophylic Lissamphibia may also be impacted by a long-branch attraction resulting of the cranial simplification. Thus, it would be interesting to examine their phylogenetic position without this bias, which may reveal unusual phylogenetic position; 4) the Branchiosauridae are also interesting to study in this context. Their anatomy and ontogeny present resemblances with Caudata, as pointed out by several authors (e.g. Carroll, 2007[START_REF] Schoch | Ontogenetic evidence for the Paleozoic ancestry of salamanders[END_REF][START_REF] Schoch | Metamorphosis and neoteny: alternative pathways in an extinct amphibian clade[END_REF]. Regarding these elements, the monophyletic Batrachia may be also artifactual, due to the loss of bones. Thus, their integration would allow to test the coherence of a triphyletic hypothesis among Temnospondyli; 5) the close relationship between Brachyopoidea and Apoda is coherent but only few synapomorphies are shared by Bathignathus, Eocaecilia and Ichthyophis. Bathignathus is the best-preserved Brachyopoidea, but other brachyopoids show interesting resemblances with caecilians as Sinobrachyops placenticephalus Dong, 1985 or Notobrachyops picketti [START_REF] Cosgriff | Notobrachyops picketti, a brachyopid from the Ashfield Shale, Wiannamatta Group, New South Wales[END_REF]. A close examination of their anatomy regarding caecilians is promising in the context of the lissamphibians origin(s).

But their preservation involves a first-hand examination to be suitably coded. 

CONCLUSIONS & PERSPÉCTIVES

Conclusions

Perspéctives

Les conclusions de cette thèse amènent se regroupent en trois thématiques :

Région otique

L'étude de Stanocephalosaurus a permis de proposer une nouvelle hypothèse sur le fonctionnement de l'audition chez un temnospondyle grâce à la tomographie. La comparaison de cette région otique dans le cadre de l'analyse phylogénétique portant sur l'ensemble des stégocéphales a permis de mettre en évidence une morphologie très particulière du stapes chez certains temnospondyles. C'est le cas de Bathignathus watsoni qui présente une columelle en forme de plaque (Watson, 1956, fig. 7), morphologie similaire au stapes de Dvinosaurus sp. [START_REF] Bystrow | Dvinosaurus als neotenische Form der Stegocephalen[END_REF]. Ces observations suggèrent des spécialisations de la région auditive chez les temnospondyles qu'il serait intéressant de comparer et d'interpréter en termes de morphologie fonctionnelle. Chez les temnospondyles, l'étude de la région otique serait aussi très intéressante à approfondir chez les Amphibamidae. Plusieurs auteurs ont mis en évidence des ressemblances entre leur région otique et celle des anoures (e.g. [START_REF] Bolt | Evolution of the amphibian tympanic ear and the origin of frogs[END_REF]Robinson et al. 2005 ;Sigurdsen & Bolt, 2010). Des stapes d'amphibamides sont connus (ex. Modéliser en 3D le joint basicranial peut s'avérer utile pour l'étude des répartitions des forces de morsure. En utilisant la méthode des éléments finis (FEA ; « Finite Element Analysis ») [START_REF] Fortuny | Temnospondyli bite club: ecomorphological patterns of the most diverse group of early tetrapods[END_REF][START_REF] Fortuny | Comparative 3D analyses and palaeoecology of giant early amphibians (Temnospondyli: Stereospondyli)[END_REF][START_REF] Fortuny | Feeding biomechanics of Late Triassic metoposaurids (Amphibia: Temnospondyli): a 3D finite element analysis approach[END_REF] ont montré des variations de répartitions des forces de morsure selon les morphologies crâniennes de différents temnospondyles. Ainsi ils ont pu en déduire des spécialisations de prise alimentaire. Ces études ont uniquement utilisé la forme du toit crânien comme approximation de la forme globale [START_REF] Fortuny | Temnospondyli bite club: ecomorphological patterns of the most diverse group of early tetrapods[END_REF], ou se sont basées sur des crânes complets mais dont le joint basicranial est suturé [START_REF] Fortuny | Comparative 3D analyses and palaeoecology of giant early amphibians (Temnospondyli: Stereospondyli)[END_REF][START_REF] Fortuny | Feeding biomechanics of Late Triassic metoposaurids (Amphibia: Temnospondyli): a 3D finite element analysis approach[END_REF]. Ainsi Carroll, 2007 ;[START_REF] Fröbisch | Limb ossification in the Paleozoic branchiosaurid Apateon (Temnospondyli) and the early evolution of preaxial dominance in tetrapod limb development[END_REF]Ruta & Coates 2007). Il semble ainsi plausible qu'urodèles et anoures aient une origine séparée, en étant plus proches parents respectivement des Branchiosauridae et des Amphibamidae, tel que suggéré par Carroll (2007). Ainsi il serait intéressant de le tester en intégrant les Branchiosauridae dans la présente phylogénie. 

Conclusions générales

Plusieurs auteurs ont souligné que la résolution du problème de l'origine des lissamphibiens viendra plus de la découverte de nouveaux taxons que de nouvelles phylogénies (ex. [START_REF] Laurin | The importance of global parsimony and historical bias in understanding tetrapod evolution. Part I. Systematics,middle ear evolution, and jaw suspension[END_REF]Ruta et al., 2003). De nouveaux taxons avec des combinaisons de caractères particulières seront effectivement décisifs, comme l'illustre Chinlestegophis jenkinsi (Pardo et al., 2017a).

L'inclusion de ce spécimen dans une analyse phylogénétique a permis de proposer une nouvelle hypothèse d'origine biphylétique des lissamphibiens au sein des temnospondyles.

Cependant, il a été montré ici que les aspects méthodologiques ont aussi un impact sur la résolution de ce problème. D'une part l'utilisation de la tomographie à rayons X a permis 

  se basant sur un compte rendu oral de von Meyer de 1830) auquel il ajouta Mastodonsaurus giganteus (et non pas Salamandroides giganteus). Ce groupe fût par la suite publié par von Meyer (1832) au sein d'une classification basée sur l'appareil locomoteur sans, toutefois, qu'un véritable nom lui soit donné. A la suite de nouvelles découvertes, un nouveau groupe d'amphibiens fossiles fût défini par von Meyer (1842) et nommé 'Labyrinthodontes' (« à dents en labyrinthe ») comprenant Mastodonsaurus jaegeri (=Mastodonsaurus giganteus (Jaeger 1828)), Capitosaurus arenaceus Münster 1836, Capitosaurus robustus (=Cyclotosaurus robustus (Meyer & Plienninger 1844)),

Figure 1 .

 1 Figure 1. Phylogénie des Stégocéphales incluant les groupes historiquement considérés comme proches parents des lissamphibiens et références associées. Abréviation : A, Anoura ; G, Gymnophiona ; U, Urodela.

  . D'après le nombre d'auteurs et de publications soutenant la TH ces dernières années, cette hypothèse apparait comme la plus acceptée. D'autant que peu d'études ont enrichi les LH et PH durant cette période du début des années 2000. Puis, Marjanović & Laurin (2016) publièrent une des plus grandes matrices -150 taxons et 276 caractèressoutenant différentes variations de la LH, où les lissamphiens seraient proches des Brachystelechidae ou des Lysorophia selon les analyses réalisées. Peu après, l'étude de Pardo et al. (2017a) présenta une nouvelle version de la TH avec une origine diphylétique des lissamphibiens. Dans cette étude, les anoures et urodèles sont proches parents des Amphibamidae, et les gymnophiones proches parents des Brachyopoidea, grâce à la découverte d'un nouveau « gymnophione-souche » : Chinlestegophis jenkinsi Pardo, Small & Huttenlocker 2017a (Trias supérieur, Colorado). Ces études récentes sont très intéressantes car elles donnent de nouvelles perspectives au débat sur la position phylogénétique des lissamphibiens après près d'un siècle de recherche. A l'heure où les capacités de calculs et les logiciels d'analyses phylogénétiques peuvent utiliser de très nombreux taxons et caractères, il est assez étonnant qu'aucun consensus ne soit atteint. D'autant que les hypothèses proposées impliquent des histoires évolutives très différentes, en particulier aux noeuds les plus inclusifs. Dans le registre fossile, les stégocéphales sont principalement connus par les restes complets ou partiels de leur toit crânien. Cette région anatomique formée d'un ensemble de petites plaques osseuses suturées entre elles se conserve relativement bien en résistant à la dispersion et à la compression. Par conséquent, la taxonomie et la phylogénie des stégocéphales sont majoritairement basées sur des caractères codant cette région anatomique. Malheureusement, les états de caractères codant le toit crânien sont fréquemment trouvés convergents d'après les analyses phylogénétiques portant sur les stégocéphales

  Stanocephalosaurus amenasensis (Chapitre 1), Laosuchus naga (Chapitre 2), Diplocaulus minimus, Phlegethontia sp. (Chapitre 3) ont été modélisé. Ces nouvelles informations sur l'anatomie endocrânienne de ces spécimens ont ensuite permis de mener une étude phylogénétique basée sur l'anatomie crânienne (Chapitre 4). L'échantillonnage taxonomique se focalise sur les spécimens les mieux préservés des principaux groupes de stégocéphales afin de limiter la quantité de données manquantes et ainsi tester au mieux l'information phylogénétique portée par les caractères endocrâniens. L'inclusion de lissamphibiens et d'amniotes permet d'étudier ce signal dans le contexte de l'origine des lissamphibiens. MATÉRIEL & MÉTHODES Le matériel d'étude cette thèse est volontairement restreint puisqu'il nécessite d'avoir accès à des crânes de préservation exceptionnelle et représentant différents groupes de stégocéphales. De plus, la taille, l'épaisseur, la densité du fossile et la nature de la matrice sédimentaire doivent être aussi pris en compte afin que le spécimen puisse donner de bons résultats en tomographie à rayons X. Les spécimens ZAR05 (Stanocephalosaurus), MDS-LPQ 2005-09 (Laosuchus) et MNHN.ARG.502 (Diplocaulus) ont été sélectionné dès la définition du sujet de thèse, car répondant a priori à ces critères et étant disponibles dans les collections du MNHN ou en dépôt au MNHN. Ces spécimens ont été tomographiés pour les besoins de la thèse (Tableau 1). Par la suite, les données tomographiques du spécimen MNHN.SOT.II.101076b (Phlegethontia) ont été ajoutées à l'échantillonnage. Le nombre de spécimens inclus est contraint par le temps nécessaire à leur modélisation. Les données géologiques des spécimens sont données ci-dessous (Tableau 1) et détaillées dans les chapitres respectifs. Les modélisations 3D ont été réalisées à l'aide des logiciels de modélisation 3D Mimics ® (Materialise, Leuven, Belgique) v17.0 (Stanocephalosaurus), v17-18 (Laosuchus, Diplocaulus, Phlegethontia) et VGstudioMax ® (Volume Graphics, Heidelberg, Allemagne) v3.0 (Diplocaulus). Les pdf 3D ont été générés à l'aide du logiciel 3matic v9.0.

Chapitre 1 : 25 Chapitre 2 :

 1252 Stanocephalosaurus amenasensis, anatomie endocrânienne et de l'oreille moyenne d'un temnospondyle capitosaure du Trias d'Algérie. Préambule Ce chapitre de thèse trouve son origine avec la découverte, en 2008 par une équipe francoalgérienne dirigée par Ph. Taquet et J.-Sébastien Steyer, d'un nouveau Lagerstätteun gisement fossilifère de conservation exceptionnelledatant Trias inférieur à moyen, dans la région dite de « La Reculée », près d'In'Amenas en Algérie (Dahoumane, 2011 ; Nedjari et al., 2010), où sont préservés de très nombreux restes de temnospondyles. Parmi les restes récoltés au cours des missions de terrains de 2008 et 2009, se trouvent plusieurs crânes dont deux, les spécimens ZAR03 et ZAR04, furent décrit par Dahoumane et al. (2016) et permirent de définir une nouvelle espèce : Stanocephalosaurus amenasensis. Un troisième crâne, ZAR05, fût hébergé au CR2P (UMR7207, MNHN) pour préparation en vue d'être tomographié par rayons X à la plateforme AST-RX (UMS2700, MNHN). En effet, ce spécimen est dans un état de conservation exceptionnelle, notamment avec la préservation du volume originelaucune déformation n'étant visibleet la rare présence de stapes in situ. La tomographie permettait ainsi d'accéder à l'anatomie endocrânienne, dont la description peut révéler des informations tant d'ordre phylogénétique que paléobiologique. Le crâne étant brisé en deux morceaux, seule la partie postérieure sera finalement scannée, afin d'obtenir la meilleure résolution possible sur les structures endocrâniennes. L'étude de ce spécimen fut proposée en tant que stage de master 2 intitulé « Exploration des structures endocrâniennes chez Stanocephalosaurus, temnospondyle capitosaure du Trias d'Algérie ». Stage au cours duquel j'ai réalisé la reconstruction en 3D et la description détaillée des structures endocrâniennes mais aussi palatales et occipitales. Le tout complété par une phylogénie visant à tester le signal phylogénétique porté par les caractères endocrâniens chez les temnospondyles. Le présent chapitre de thèse est ainsi défini dans la continuité de ce sujet de stage. Le début de thèse fut consacré à significativement compléter la description anatomique réalisée durant le stage de M2. Par rapport au mémoire de master, la partie phylogénie fût abandonnée, jugée trop préliminaire pour publication. A l'inverse, l'anatomie de la région otique (stapes et structures avoisinantes) fut détaillée et sa fonction discutée. Chez les temnospondyles en effet, la fonction de cette région est débattue ; il s'agirait soit d'un système auditif muni d'un tympan (ex. Bolt 24 Étude de l'anatomie interne du chroniosuchien Laosuchus naga de la limite Permo-Trias du Sud-Est asiatique et relations de parenté des chroniosuchiens.

Figure 2 .

 2 Figure 2. Laosuchus naga gen. et sp. nov. (specimen MDS-LPQ 2005-09) from the Permian/Triassic boundary of Laos in dorsal view. A. specimen photograph; B. 3D model produced with Mimics ® ; C. anatomical drawing; D. interpretive drawing. Scale bar = 100 mm

Figure 3 .

 3 Figure 3. Laosuchus naga gen. et sp. nov. (specimen MDS-LPQ 2005-09) from the Permian/Triassic boundary of Laos in left lateral view. A. specimen photograph; B. 3D model produced with Mimics ® ; C. anatomical drawing; D. interpretive drawing. Scale bar = 100 mm

Figure 4 .

 4 Figure 4. Laosuchus naga gen. et sp. nov. (specimen MDS-LPQ 2005-09) from the Permian/Triassic boundary of Laos in palatal view. A. specimen photograph; B. 3D model produced with Mimics ® ; C. anatomical drawing; D. interpretive drawing. Scale bar = 100 mm

  median ridge and the crista muscularis delimit two subtriangular muscular pockets, which are exceptionally deep in comparison with those of others stem-amniotes (e.g. Chroniosaurus dongusensis,Klembara et al. 2010; Chroniosuchus paradoxus, Novikov et al. 2000; Discosauriscus austriacus, Klembara 1997; Archeria crassidisca, Holmes 1989).

Figure 5 .

 5 Figure 5. 3D model of left and right pterygoids in anterior view of Laosuchus naga gen. et sp. nov. (specimen MDS-LPQ 2005-09) produced with Mimics ® . Scale bar = 50 mm.

Figure 6 .

 6 Figure 6. 3D model of the internal canal system and cranial structures of Laosuchus naga gen. et sp. nov. (specimen MDS-LPQ 2005-09) produced with Mimics ® . Skull roof and left hemimandible are transparent. A. dorsal view of the skull roof. Scale bar = 60 mm; B. dorsal view with skull roof removed. Scale bar = 60 mm; C. Lateral view of left hemimandible (scale bar = 60 mm) with close up on the anterior extremity of the left hemimandible in dorsal (scale bar = 10 mm).

Figure 7 .

 7 Figure 7. Laosuchus naga gen. et sp. nov. (specimen MDS-LPQ 2005-09) from the Permian/Triassic boundary of Laos in occipital view. A. specimen photograph; B. 3D model produced with Mimics ® ; C. anatomical drawing. Scale bar = 100 mm

Figure 8 .

 8 Figure 8. 3D model of the occipital area in anterolateral view of Laosuchus naga gen. et sp. nov. (specimen MDS-LPQ 2005-09) produced with Mimics ® . Scale bar = 20 mm

Figure 9 .

 9 Figure 9. Left hemimandible of Laosuchus naga, gen. et sp. nov. (specimen MDS-LPQ 2005-09) from the Permian/Triassic boundary of Laos. 3D model in A, labial view; B, dorsal view; and C, lingual view. Scale bar = 50 mm; D. tomography of the anterior extremity of the left mandible. Scale bar = 5 mm

  order to determine the phylogenetic position of Laosuchus naga among early tetrapods, we conducted a phylogenetic analysis. The recent and most exhaustive phylogenies dealing with early tetrapods including reptiliomorphs are those of Schoch et al. (2010), Buchwitz et al. (2012), and Witzmann & Schoch (2017), which take into account 5, 12 and 2 chroniosuchian taxa respectively. As the matrix of Schoch et al. (2010) also contains the largest proportion of cranial characters compared with postcranial ones (i.e. 65.4%, contra 48.6 and 35.3% for the matrices of Buchwitz et al. (2012) and Witzmann & Schoch (2017) respectively), it is believed to be the most relevant dataset here to test the relationships of Laosuchus naga within chroniosuchians.

Figure 10 .

 10 Figure 10. Phylogenetic position of Laosuchus naga mapped on a stratigraphic scale. Strict consensus (L = 139 steps; CI = 0.417; RI = 0.645) of 18 MPTs based on 25 taxa and 51 characters. Black numbers represent Bremer Index.

(

  2012), adding Laosuchus naga and Bystrowiella schumanni(Witzmann & Schoch 2017), and using the heuristic search algorithm and ACCTRAN optimization of PAUP 4.0(Swofford 2003): we obtained 416 most parsimonious trees (MPTs) of 158 steps (CI = 0.519; RI =0.759), the strict consensus of which (see Supplementary Information) placed Laosuchus naga as sistertaxa to Madygenerpeton pustulatus(Schoch et al. 2010) but based on optimization of missing characters mostly. Moreover, on nine characters supporting the monophyly of Chroniosuchidae (six based on osteoderms, three based on skull), only one unambiguous symplesiomorphic character is coded in Laosuchus naga (quadrates well posterior to condyles, C55(0) inBuchwitz et al. 2012); and on eight characters supporting the monophyly of Bystrowianidae (five based on osteoderms, three based on skull), only one ambiguous synapomorphic character is found in Laosuchus naga (premaxilla short and blunt, C29(1) inBuchwitz et al. 2012). For these reasons, we found the matrix ofBuchwitz et al. (2012) not useful for determining the systematic position of Laosuchus naga.We therefore used the matrix ofSchoch et al. (2010) by adding Laosuchus naga and Bystrowiella schumanni(Witzmann & Schoch 2017), by combining their previous characters 1 and 2 (into our current character 1), and by recoding 28 character states (see Supplementary Information). We also used the name of the only microsaur Asaphestera instead of 'microsauria' asSchoch et al. (2010) did. The slightly modified matrix contains 25 taxa and 51 characters (see Supplementary Information) and was analysed by the branch and bound algorithm and ACCTRAN optimization of PAUP 4.0, with all the character states unordered (except for numbers 35 and 48 because they correspond to a morphological transformation series) and equally weighted. We used Ichthyostega stensioei(Jarvik 1996) as the outgroup.These parameters correspond to those ofSchoch et al. (2010). Our analysis resulted in 18 MPTs of 130 steps (CI = 0.446; RI = 0.692), the strict consensus of which is shown in Figure 10. Our results are mostly congruent with those of Clack & Klembara (2009), Schoch et al. (2010) and Witzmann & Schoch (2017), as anthracosaurians (including Silvanerpeton or not) and chroniosuchians form two distinct clades. Compared with Schoch et al. (2010), our results are almost the same except for the position of Greererpeton (which forms a polytomy with Eucritta, Balanerpeton, Cochleosaurus and the stem-amniote clade here),

  ); C36(1); C48(1); Equivocal C51(1); and the following symplesiomorphies: Unequivocal C14(1); Equivocal C33(0); C42(0). The assignment of Laosuchus naga to Chroniosuchia is also supported by a strong Bremer index of 4. Within chroniosuchians, Laosuchus naga is sistertaxon to the clade (Bystrowiana (Chroniosuchus, Jarilinus (Chroniosaurus, Madygenerpeton))).DiscussionTaxonomic assignmentThe assignment of Laosuchus naga to Chroniosuchia could be questionable if the definition of the clade by Witzmann & Schoch (2017) was strictly followed. Indeed, Laosuchus naga is unfortunately not represented by vertebrae or osteoderms which bear typical characters diagnosing the clade Chroniosuchia(Witzmann & Schoch, 2017). However, in our phylogenetic analysis, of the nine character states to be found supporting the clade Chroniosuchia [C7(1); C14(1); C33(0); C35(2); C36(1); C42(0); C48(1), C51(1)], three are known in Laosuchus naga [C14(1); C33(0); C51(1)]. Moreover, although none of the following anatomical features are exclusive to Chroniosuchia, their combination is characteristic and strengthens the attribution of Laosuchus naga to Chroniosuchia: 1, elaborated system of oblique, transverse, and sagittal ridges; 2, absence of external sulci; 3, elongated choanae; 4, well-developed transverse process of pterygoid; 5, internal flange of pterygoid; 6, extremely thin cultriform process of the parasphenoid; 7, thin quadrate (in ventral view); 8, strong reduction of the braincase ossification; 9, single Meckelian fenestra; 10, low surangular crest.

  In Schoch et al. (2010) andBuchwitz et al. (2012) (using a modified version of the matrix ofSchoch et al. (2010)), Chroniosuchia have a relatively derived position close to the lepospondyl Asaphestera intermedia.-InClack & Klembara (2009) andWitzmann & Schoch (2017) (all using a modified version of the matrix ofRuta & Clack, 2006), Chroniosuchia form a polytomy with Silvanerpeton miripedes, Embolomeri and another clade comprising Seymouriamorpha, Gephyrostegidae, Lepospondyli and the amniote Paleothyris acadiana. As the matrix ofRuta & Clack (2006), used as starting point in these analyses, includes more characters and stem-tetrapod taxa than that ofSchoch et al. (2010) (except for the number of chroniosuchian taxa), these results are believed to be more relevant concerning the interrelationships of Chroniosuchia. It is however the opposite for the intrarelationships of the chroniosuchians (see above).

Figure 11 .

 11 Figure 11. Stratigraphic and geographic distribution of chroniosuchian fossils. A. Present-day geographic map B. Late Permian palaeogeographic map (modified from Metcalfe 2011).

  Ainsi, le spécimen initialement choisi pour étudier l'anatomie endocrânienne d'un lépospondyle est MNHN.F.ARG.502, attribué au diplocaulidé Diplocaulus minimus[START_REF] Dutuit | Diplocaulus minimus n. sp.(Amphibia: Nectridea), Lépospondyle de la formation d'Argana, dans l'Atlas occidental marocain[END_REF][START_REF] Germain | The Moroccan diplocaulid: the last lepospondyl, the single one on Gondwana[END_REF], et provenant des terrains du Permien supérieur du Bassin d'Argana au Maroc. Le choix de ce spécimen est dû à un caractère exploratoire : beaucoup de crânes de lépospondyles ont déjà été scannés (voir Introduction) mais aucun Nectridiens (Nectridea) dont fait partie Diplocaulus minimus, groupe dont les structures endocrâniennes ne sont pas connues ce jour. D'autre part, il s'agit d'une question de disponibilité : Diplocaulus minimus est le seul lépospondyle dont des crânes presque complets sont présents dans les collections du MNHN. Parmi les deux crânes complets présents, le spécimen MNHN.F.ARG.502 est le moins compressé dorso-ventralement, et donc celui avec des structures endocrâniennes potentiellement préservées. Ce spécimen imagé au tomographe de la plateforme AST-RX (UMS2700, MNHN), pour ensuite entreprendre sa modélisation en 3D. Malheureusement, les coupes tomographiques se sont révélées peu interprétables car les variations de nuances de gris aux interfaces entre les os et le sédiment et entre les os n'étaient pas suffisamment contrastées pour correctement différencier les structures. Heureusement, une opportunité s'offrit d'amener le spécimen à l'ESRF (« European Synchrotron Radiation Facility »), avec l'espoir d'obtenir des données tomographiques de meilleures qualités qu'avec un CT-scan conventionnel. Espoir en partie déçu : les coupes virtuelles obtenues n'étaient guère meilleures que celles obtenues à AST-RX, mais suffisamment pour procéder à une tentative de modélisation. Cette modélisation se fit tout d'abord sous le logiciel VGstudioMax ® plus adapté que le logiciel Mimics ® aux lourds jeux de données, tels que ceux obtenus à l'ESRF. Cependant, la modélisation s'avéra lente, difficile, et finalement vaine : VGstudioMax ® est un logiciel utilisant une méthode semiautomatique de sélection des structures à reconstruire. L'utilisateur crée un volume de sélection, définit un intervalle de nuance de gris, et tout voxel (pixel en 3D) correspondant aux valeurs de

Figure 1 .

 1 Figure 1. Diplocaulus minimus (spécimen MNHN.F.ARG.502 du Permien supérieur du bassin d'Argana, Maroc), région postérieure en vue dorsale. A. reconstitution du crâne en vue dorsale (d'après Germain, 2010, fig. 4A), en rouge, partie correspondant à MNHN.F.ARG.502; B, photographie du spécimen ; C. Modélisation 3D produite avec Mimics® ; D. Modélisation 3D produite avec Mimics ® avec transparence, montrant la présence d'un canal (en rouge). Abréviations : cn, canal ; pp, postpariétal ; sq, squamosal ; t, tabulaire. Échelle = 30 mm. Photographie réalisée par L. Cazes (CR2P, MNHN).

Figure 2 .

 2 Figure 2. Région postérieure de Diplocaulus minimus (spécimen MNHN.F.ARG.502 du Permien supérieur du bassin d'Argana, Maroc). A. reconstitution du crâne en vue ventrale (d'après Germain, 2010, fig. 4B), en rouge, partie correspondant à MNHN.F.ARG.502 B. vue ventrale ; C. vue postérieure ; D. vue antérieure. Abréviations : af, adductor fossa ; co, condyle occipital ; exo, exoccipital ; fip, fenêtre inter-ptérygoïde ; fm, foramen magnum ; pc, processus cultriforme du parasphénoïde ; pt, ptérygoïde ; t, tabulaire. Échelle = 30 mm.
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 3 Figure 3. Phlegethontia sp. (spécimen MNHN.F.SOT.II.101076b, du Carbonifère du Bassin de Montceau-les-Mines, France), modélisation 3D produite avec Mimics ® . A. vue antérieure; B. vue latérale gauche. Abréviations : cer cerveau ; coc, complexe occipital ; cot capsule otique ; de, dent ; dts, dentaire ; epm, élément postéro-médial ; fr, frontal ; ju, jugal ; ma, maxillaire ; pm, prémaxillaire ; prf, préfrontal ; sq, squamosal. Échelle = 50 μm

Figure 1 .

 1 Figure 1. Simplified hypothesis of lissamphibian origin(s). Grey rectangles represent the Lissamphibia, "L" means Lepospondyli, "T" means Temnospondyli.

3 ) 6 ) 7 ) 37 ) 38 ) 39 ) 40 )) 41 ) 45 ) 46 ) 48 )Premaxilla 49 ) 51 )

 36737383940414546484951 Maxilla/Nasal contact: absent (0), present (1) (character 38 of Schoch 2013) 4) Prefrontal/Maxilla contact: absent (0), present (1) (character 21 of Ruta et al. 2003) 5) Prefrontal/Postfrontal contact: present (0), absent (1) (character 8 of Schoch et al. 2010; character 42 of Schoch 2013) Prefrontal/Jugal contact: present (0), absent (1) (character 15 of Schoch et al. 2010; character 44 of Schoch 2013) External naris/Prefrontal contact: absent (0), present (1) (modified character 29 of Anderson et al. 2008) Internarial fenestra Premaxilla (anterior and dorsal midline sutures): presence of bones inserted between premaxillae (i.e. postrostral bones, internasale…) (0), presence of an ossified gap (internarial fenestra, fontanelle or wide space), the dorsal medial side of premaxillae are not fully in contact with bone (1), continuous interpremaxillae suture (the medial sides of premaxillae are in contact with each others on all their length) (2) (modified character 84 of Marjanović Preorbital fenestra (bordered by jugal and lacrimal): absent (0), present (1) (character 10 of Schoch et al. 2010) Antorbital vacuities Anterior triangular opening merging with the orbit ("antorbital vacuities"): absent (0), present (1) (modified character 19 of Ruta et al. 2003) Pineal foramen Pineal foramen: present (0), absent (1) (character 106 of Ruta et al. 2003; character 29 of Schoch 2013Pineal foramen (position; using the center of the foramen pineal): posterior (0), or anterior (1) to interparietal suture mid length (modified character 107 of Ruta et al. 2003) Postemporal fossa 42) Post-temporal fossa: absent (0), present (1), temporal area opened (2) (new character) Ordered character: the state (2) is found in Salientia where the area of the post-temporal fossa is not closed by bone, neither forming a fossa. As the unossified area corresponds to the location of the putative post-temporal fossa, it is hypothesized as homologous. The loss of bones would lead to the opening of the fossa.43) Post-temporal fossa (shape): elongated (wider than height) (0), circular (higher or as high than wide) (1) (new character) 44) Post-temporal fossa (position): dorsolateral (0), ventrolateral (1Temporal fenestration: absent (0), present (1) (character 111 of Ruta et al. 2003) Otic notch Otic notch: present (0), absent (1) (modified character 51 of from Schoch 2013) 47) Otic notch (position): dorsal embayment, laterally closed (squamosal forms a lateral flange) (0), dorsolateral embayment (i.e. the lateral side is open) (1), lateralized embayment (in dorsal view, the opening is barely, even not, visible) (2) (new character) Ordered character: the dorsolateral position (state (1)) is considered as intermediate to the dorsal (0) and lateral (2) positions. 101 Otic notch flange (i.e. a smooth and lateral exposed flange in the otic notch): absent (0), restricted to the anterior and ventral areas of the otic notch (1), extended dorsally (2) (modified characters 42 and 43 of Anderson et al. 2008; modified character 55 of Schoch 2013; with new character state) Absence (0) or presence (1) of alary process forming a posterior hook-like indentation (character 26 of Anderson et al. 2008; character 1 of Ruta et al. 2003; character 10 of Schoch 2013) 50) Premaxilla (shape, in lateral view): is longer than high, giving a rectangular shape (0), or not, giving a crescentic or a shaft shape (1) (modified character 6 of Schoch et al. 2010; with new character state) Dorsal exposure of premaxilla: present (0), absent (1) (modified character 32 of Anderson et al. 2008; modified character 6 of Ruta et al. 2003) 52) Premaxilla anterior margin, in lateral view: vertical (0) or ventrally inclined toward posterior direction (1) (character 66 of Anderson et al. 2008) 66) Maxilla (shape, in lateral view): elongated rod, possibly with a high anterior part (0), or with a continuous convex dorsal margin, possibly with an abbreviated anterior part (1) subrectangular (2) (new character) Frontal 67) Frontal/Parietal suture: straight to roughly straight (interdigitated suture) (0), tenon-andmortice like (posterolateral extensions of frontals flank the parietals anterior extremities) (1), reverse tenon-and-mortice like (posterolateral extensions of parietals flank the frontal anterior extremities) (2), no suture, frontal and parietal fused together in a fronto-parietal (3Frontal-Fronto-parietal/Nasal suture: tenon-and-mortice like (posterolateral extensions of nasal flank the frontals anterior extremities) (0), or straight to roughly straight (interdigitated suture) (1), reverse tenon-and-mortice like (anterolateral extensions of frontals flank the nasals posterior extremities) (2), no suture (simple contact or absence of contact) (3) (modified character 38 of Ruta et al. 2003; with new character state) Parietal 69) Parietal (anterior margin): anterior (0), level with (1), or posterior (2) to the most posterior point of orbits (modified character 41 of Ruta et al. 2003)

80)

  Supratemporal (position): not reaching the posterior border of the skull table (0), or reaching the posterior border of the skull table(1) (new character) Comment: when present, the otic notch border is not considered as part of the posterior border of the skull table 81) Semilunar flange. Supratemporal without ventral projection into otic notch (0), or supratemporal forming marked ventral flange participating in medial bordering of otic notch (1) (character 56 of Schoch 2013).Tabular 82) Tabular present (0) or absent(1) as separate ossification (character 59 ofAnderson et al. 2008; character 67 of Ruta et al. 2003) 83) Absence (0) or presence(1) of subdermal, blade-like postero-lateral horn of tabular (character 68 ofRuta et al. 2003) 84) Absence (0) or presence (1) of rounded, subdermal, button-like posterior process of tabular (character 69 ofRuta et al. 2003) 85) Tabular horn: absent (0) or present (i.e. in dorsal view the posterior limit of the tabular is not contacting a bone and is more posterior to the postparietal giving a concave shape of the skull table border) (1) (modified character 65 of Schoch 2013) 86) Tabular horn (orientation): postero-laterally directed (0), posteriorly directed (1Tabular horn (development): Slight tabular horn with a quadrangular tabular (i.e. the tabular form a simple corner) (0); slight tabular horn with a triangular or elongated quadrangular tabular (1); well-pronounced and large tabular horn, with a rounded triangular tabular (2); pronounced and thin tabular horn, with pointed triangular tabular (3Postorbital present (0) or absent (1) as a separate ossification (character 45 of Anderson et al. 2008; character 75 of Ruta et al. 2003) Postorbital (relative size): has the same width or slightly smaller than orbit (0), or much smaller (1) (character 80 of Ruta et al. 2003) Squamosal 91) Anterior part of squamosal lying behind (0) or in front (1) of parietal midlength (character 83 of Ruta et al. 2003) 114 92) Squamosal (structure): bony plate (0), tri-radiated bone (1), bar-like squamosal (2) (new character) 93) Squamosal (participation to mandible suspension): absent (0) or present (1) (new character) 94) Squamosal (falciform crest): posterior rim of squamosal straight (0), or with convex projection, referred to as falciform crest (1) (character 64 of Schoch 2013) Jugal 95) Presence (0), or absence (1) of jugal (character 88 of Ruta et al. 2003) 96) Jugal not contributing (0), or contributing (1) to ventral margin of skull roof (character 89 of Ruta et al. 2003) 97) Jugal, ventral (alary) process: absent (0), or present (1) (character 19 of Schoch et al. 2010) 98) Jugal (below orbit): is a wide plate (0), or reduce to a thin digitiform process (1) than half orbit diameter (character 91 of Ruta et al. 2003) 103) Quadrate (posterior projection). Quadrate condyles well posterior to the posterior rim of the skull roof at the level of the midline suture (0), or wholly at same level (1), or well anterior (2) (modified character 34 of Schoch et al. 2010; modified character 75 of Schoch 2013, after Yates & Warren 2000) Preopercular 104) Presence (0) or absence (1) of preopercular (character 99 of Ruta et al. 2003) Supraoccipital 105) Supraoccipital absent (0) or present (1) as separate ossification (character 83 of Anderson et al. 2008; character 160 of Ruta et al. 2003) Exoccipital 106) Exoccipital (participation to occipital articulation): participation in forming articulation facets above the basioccipital (0), co-participation with the basioccipital in forming one articulation surface (1), participation in forming two separated and independents condyles (2) (new character) Ordered character: the relative development of the exoccipitals regarding occipital structures in state (1) is intermediate to states (0) and (2) Occiput 109) Occipital articulation (position of the articulation(s) surface(s)): encircles the foramen magnum (0), mainly ventral to the foramen magnum (1) (new character) 110) Occipital articulation (posterior projection). Short and broad base, projecting only with their posterior half behind the rim of the skull table (0), or almost the complete element posterior to level of occipital flange (1) (character 137 of Schoch 2013) 111) Occipital co-ossification: exoccipital, otic capsule and parasphenoid are independent bones (0), otic and exoccipital ossified together forming one occipital unit (otico-occipital) with an independent parasphenoid (1), otic, exoccipital and parasphenoid ossified together (os basale) (2) (new character).Interpterygoid fenestrae 112) Interpterygoid fenestrae (shape, together): Slit-like (0), absent (1), drop-like (i.e. pointed anteriorly and rounded posteriorly) (2), roughly round to oval, possibly with a thinner posterior part giving an inverted drop-like shape (3) (modified character 153 of Ruta et al. 2003; modified character 89 of Schoch 2013; with new character state)Eocaecilia

119)

  Vomer excluded from (0), or contributing to(1) interpterygoid fenestrae (character 120 ofRuta et al. 2003) 120) Vomer with (0) or without(1) tooth row (3+ teeth aligned) (modified character 122 ofRuta et al. 2003; modified character 85 of Schoch 2013) 121) Vomer without (0) or with (1) a transverse to slightly oblique patch of small teeth (modified character 125 of Ruta et al. 2003) 122) Vomer (anterior part): anterior portion of the vomer in front of the anterior level of choana as long or longer than the portion behind (0), is shorter than behind (1), is at the same level with the anterior border or choana, or strictly behind (2) (modified character 103 of Schoch 2013; with new character state) Palatine 123) Presence (0), or absence (1) of palatine (modified character 98 of Anderson et al. 2008) 123 124) Palatine with (0), or without (1) fangs (character 127 of Ruta et al. 2003) 125) Palatine excluded from (0) or contributing to (1) interpterygoid fenestrae (character 129 of Ruta et al. 2003) 126) Palatine with (0), or without (1) tooth row (3+) (character 130 of Ruta et al. 2003; character 24 of Schoch et al. 2010) 127) Palatine without (0), or with (1) LEP (lateral exposure of the palatine) (character 91 of Anderson et al. 2008; character 131 of Ruta et al. 2003; character 127 of Schoch 2013) 128) Palatine (shape): quadrangular bone (0), Y-shape, with two extensions framing the choana (1), or reduce to slender, strut-like bone (2) (modified character 133 of Ruta et al.

129)

  Palatine, ectopterygoid (continuous tooth row): present (0), or absent (1) (character 130 of Schoch 2013) 130) Palatine. Absence (0), or presence of a distinct posteromedial process bordering the medial flange of ectopetrygoid (1) (character 125 of Schoch 2013) 131) Palatine (relative position to pterygoid): palatine is lateral to the palatine branch of the pterygoid (0) or anterior to it (1) or antero-lateral (2) (new character) Ectopterygoid 132) Presence (0) or absence (1) of ectopterygoid (character 134 of Ruta et al. 2003) 133) Ectopterygoid without (0) or with (1) fangs (character 135 of Ruta et al. 2003) 134) Ectopterygoid longer than/as long as palatines (0) or not (1) (character 137 of Ruta et al. 2003) 135) Ectopterygoid with (0) or without (1) tooth row (3+) (character 138 of Ruta et al. 2003; character 25 of Schoch et al. 2010) Pterygoid 136) Absence (0), or presence (1) of transverse process of pterygoid (character 141 of Ruta et al. 2003) 137) Transverse process of pterygoid is toothless (0), with a tooth row (1), with a patch of teeth (2) (modified character 142 of Ruta et al. 2003; with new character state) 138) Transverse process of pterygoid (position in ventral view): the posterior edge of the process is at the same level or posterior to the basicranial articulation (0), or anterior (1) (new character) 139) Pterygoid/Epipterygoid (ventral flange; lateral view): at the cheek level, absence (0), or presence (1) of a well-developed ventral and vertical bony lamina antero-posteriorly directed (new character) 140) Pterygoids (palatine ramus contact): Anterior ends of palatine rami of pterygoid sharing an elongated contact on palatal plan (0), close without an elongated contact zone, only separated by the cultriform process of parasphenoid (include cases where an internal flange is present) (1), widely separated (2) (modified character 116 of Anderson et al. 2008; modified character 145 of Ruta et al. 2003; modified character 27 of Schoch et al. 2010; with new character state) 141) Pterygoid (basicranial joint): basal process (0), basipterygoid ramus (1), crested system (2), basicranial recess (3), no specific structure, the medial edge of pterygoid is straight (4) (new character) 143) Palatal ramus of pterygoid without (0) or with (1) distinct, anterior, unornamented digitiform process (character 151 of Ruta et al. 2003) 144) Palatine ramus of pterygoid smooth (0), or with denticles/tooth patch (1) or ornamented with reticulate ridges (2) (modified character 97 of Anderson et al. 2008; modified character 117 of Schoch 2013).

  145) Pterygoid/Vomer contact: anterior extremities of palatines rami are inserted between vomers (suture is lateral to pterygoid) (0), suture wholly at the same level, variations are only due to indentation (1), vomers posterior extremities are flanked by palatine rami (2), no contact (3) (new character)

Parasphenoid 146 )

 146 Basipterygoid process: distinct lateral extension with a condyle shape formed by ossified basisphenoid and/or parasphenoid (0), lateral extension of the parasphenoid with a recess shape(1), lateral extension of the parasphenoid with a spoon-shape (same kind of contact as(1) but ventrally closed)(2), absence of distinct extension, contact made through the whole lateral border of the basal plate (3) (new character). (a transversal view is provided) 147) Parasphenoid without (0) or with (1) posterolaterally directed, ventral thickenings (ridges ending in basal tubera) (character 170 ofRuta et al. 2003) 148) Parasphenoid (attachments for epaxial musculature or "muscular pockets"): two lateral pockets separated on all their length by a stout median crest of parasphenoid and/or basioccipital (0), single posterior pocket, its anterior limit is formed by the posterior border of the parasphenoid basal plate (the surface of the pocket is formed by basioccipital, and eventually exoccipital)(1), two postero-lateral pockets, marked out by a posterior pointed extension of the parasphenoid (2), two lateral pockets on the basal plate of the parasphenoid, separated by a posteriorly directed pointed outgrowth on the parasphenoid (3), single medial pocked on the ventral surface of parasphenoid (possibly partially on the basioccipital too) (4), single medial pocked on parasphenoid and basioccipital secondarily divided by a thin medial crest of the parasphenoid (5) (new character) wing (1) (character 23 of Schoch et al. 2010; character 116 of Schoch 2013) 154) Cultriform process (shape): absence (0) or presence (1) of a bulge (widening with gently curved edges) at the posterior area (close to basal plate) (new character) Opisthotic 155) Otic (occipital exposure): present (0), absent (1) (new) (new character) (postparietal, exoccipitals are colored to clearly show the absence of the otic) Epipterygoid 156) Epipterygoid (ossification): present, as a separate element or fused to pterygoid (0), absent or unossified (1) (new character) 157) Epipterygoid (association to the pterygoid): co-ossified with the pterygoid, the limit between the two bones is hardly indistinct (0), sutured to pterygoid like an extension of this latter (1), sutured to the pterygoid but as a well-distinct bone (2) (new character) Ordered character: the separation between the epipterygoid and pterygoid is progressive, and associated to a reduction of the relative size between epipterygoid and pterygoid 158) Epipterygoid (columella cranii/processus dorsalis shape): rod-like (0), blade-like (1) (new character) bone or otic notch) are close] (0), elongated columella [i.e. the structures linked by the stapes (fenestra ovale to bone or otic notch) are distant] (1) (new character) 169) Stapes (columella cross section): blade-like (i.e strongly flattened) (0), circular (round to oval) (1) (new character) 170) Stapes (relative orientation of the columella): the distal end of the columella points towards: the skull roof (0), an otic notch (1), the pterygoid (except the quadrate ramus) (2), the quadrate or quadrate ramus of the pterygoid (3) (new character) Posterior coronoid 200) Posterior coronoid present (0) or absent (1) (character 210 of Ruta et al. 2003) 201) Posterior coronoid with (0) or without (1) denticles (character 212 of Ruta et al. 2003) 202) Posterior coronoid without (0) or with (1) posterodorsal process (character 214 of Ruta et al. 2003) 203) Posterior coronoid not exposed (0) or exposed (1) in lateral view (character 215 of Ruta et al. 2003) Adductor fossa 204) Adductor fossa facing dorsally (0) or mesially (1) (character 217 of Ruta et al. 2003) Teeth 205) Absence (0) or presence (1) of pedicely on marginal teeth (character 218 of Ruta et al.2003)206) Marginal teeth monocuspid (0) or bicuspid (1) (character 219 ofRuta et al. 2003) Meckelian fenestra 207) Meckelian fossae: 2 or more (0), 1 (1), 0 (2) (character 130 ofAnderson et al. 2008) 

Figure 2 .

 2 Figure 2. Diagrams representing the character proportions in the present matrix by A. degree of revision; B. anatomical areas. Into brackets: number of characters.

consensus trees Analysis Nr. 1 :

 1 we obtained 30 most parsimonious trees (MPTs) of 858 steps (CI = 0.326; RI =0.688) allocated in two islands. The first one comprises 3 MPTs hits 209 times on 1000 replicates, and another comprising. The consensus strict is given in Figure 2 (883 steps; CI = 0.319; RI =0.686). The second comprises 27 MPTs hits 55 times on 1000 replicates (consensus strict: 923 steps; CI = 0.306; RI =0.655). The consensus tree obtained from the second island gives a similar topology that presented in Figure 3. Analysis Nr. 2: we obtained 90 MPTs of 874 steps (CI = 0.3230; RI =0.6910) hits 744 times on 1000 replicates. Its strict consensus is given Figure 4 (914 steps; CI = 0.309; RI = 0.670). Analysis Nr. 3: we obtained 105 MPTs of 809 steps (CI = 0.321; RI =0.619) allocated in four islands. The first one comprises 12 MPTs hits 226 times on 1000 replicates (consensus strict: 822 steps; CI = 0.313; RI = 0.666). The second one comprises 45 MPTs hits 70 times (consensus strict: 827 steps; CI = 0.311; RI = 0.664). The third comprises 30 MPTs hits 224 times (consensus strict: 833 steps; CI = 0.309; RI = 0.660). The fourth comprises 18 MPTs hits 84

Figure 3 .

 3 Figure 3. Analysis 'Nr. 1'; strict consensus (L = 923 steps; CI = 0.306; RI =0.655) based on 27 MPTs (L = 883 steps; CI = 0.319; RI =0.686). Black numbers: Bremer Index; Grey circles: node number).

Figure 4 .

 4 Figure 4. Analysis Nr. 2; strict consensus (L = 914 steps; CI = 0.309; RI = 0.670) based on 90 MPTs (L =874 steps; CI = 0.323; RI =0.691). Black numbers represent Bremer Index; grey circles represent node number.

Figure 5 .

 5 Figure 5. Analysis Nr. 3; strict consensus (L = 822 steps; CI = 0.313; RI = 0.666) based on 90 MPTs (L =809 steps; CI = 0.321; RI =0.619). Black numbers represent Bremer Index; grey circles represent node number.

Figure 6 .

 6 Figure 6. Analysis Nr. 4; strict consensus (L = 643 steps; CI = 0.332; RI = 0.694) based on 7 MPTs (L =625 steps; CI = 0.330; RI =0.698). Black numbers represent Bremer Index; grey circles represent node number.

  )] (seeMarjanović & Laurin, 2016 for details) and several taxa display a more important cranial simplification, as Carrolla (absence of supratemporal [C77(1)], postparietal [C72(2)] and tabular [C82(1)]) and Brachydectes (absence of supratemporal [C77(1)], postorbital [C88(1)], jugal [C95(1)] and quadratojugal [C100(1)]

JawLH- 7

 7 Similarly to the skull roof, the lissamphibians and lepospondyls show a simplified mandible comparatively to other Early Tetrapods: several lepospondyls lack mandibular bones as Carrolla (absence of postsplenial [C190(1)]), Rhynchonkos (absence of anterior Figure and Brachydectes (absence of postsplenial [190(1)], anterior [C195(1)], middle [198(1)] and posterior coronoids [C200(1)]). The lepospondyls Carrolla, Dvellecanus, Rhynchonkos, and Euryodus also lack the Meckelian fenestra [C207(2)]. In addition, lepospondyls and lissamphibians share a relatively short maxilla [C62(1)] and a contribution of the jugal to the jaw suspension [C93(1)]. Palate TH -According to Milner (1990) and Schoch (2013), a tri-radiated pterygoid bordering the wide interpterygoid fenestra and a wide basal plate of the parasphenoid are synapomorphies of Temnospondyli. In our analysis, the following characters are shared between Temnospondyli and Lissamphibia. The tri-radiated pterygoid is associated to the development of a distinct basipterygoid ramus [C141(1)]. The basipterygoid ramus makes a tight junction with the parasphenoid basal plate [C142(1)], lost in Ichthyophis [C142(3)]. The interpterygoid fenestrae are round to oval [C112(3)]. The basal plate of the parasphenoid is wide in all temnospondyls, especially in Amphibamidae [C152(3)]. The palatine rami of the pterygoid are reduced and widely separated each other [C140(2)]. Their reduction is associated to a loss of contact with the vomers [C145(3)] and a position of the pterygoid completely posterior to the palatine [C131(1)]. This reduction involves a contribution of both vomer and palatine to the border of interpterygoid vacuities [respectively C119(1) and C125(1)]. Hence, these bones entirely form the separation between the interpterygoid vacuities and the laterally located choana [C113(0)].

  is congruent with the characters supporting the LH, where the skull roof and mandible simplifications are common between lepospondyls and lissamphibians. The absences of supratemporal [C77(1)], quadratojugal [C100(1)] and posterior coronoid [C200(1)] are exclusive synapomorphies of Lepospondyli and Lissamphibia. As already mentioned, the loss of bones is convergent within Early Tetrapods (see Table3): for example, the absences of postparietal [C71(2)], tabular [C82(1)], postsplenial [C190(1)], anterior coronoid [C195(1)] and middle coronoid [C198(1

  stem-group relationship of Carrolla, Brachydectes and Pantylus with Lissamphibia (Nr. 1; node 73) involves several convergences such as the acquisitions of the otic notch [C46(0)], notch flange [C48(1&2)], a gracile stapes with a columella directed toward the otic notch [C170(1)], and a "temnospondyl-like" palatal morphology [C112(3); C118(2&3); C125(1); C128(1&2); C131(1&2); C140(2); C141(1); C145(3); C152(3)]. These convergences in Nr. 1 appear

  Figure 9. Palatal transformation series, supporting the position of Lissamphibia among Temnospondyli. Exemplification through

Nr. 1 ,

 1 characters supporting the lissamphibian monophyly: Include the loss of: lacrimal [C58(1)]; postorbital [C88(1)]; epipterygoid [C156(1)]; splenial [C186(1)]; surangular [C194(1)].

Figure 10

 10 Figure 10. Transformations supporting the position of Lissamphibia among Temnospondyl in Nr. 3. Black: synapomorphy; White:

Figure 11 .

 11 Figure 11. Comparison between the right hemimandible of A. Ichthyophis glutinosus (redrawn from Wilkinson et al., 2011), B. Bathignathus poikilops (redrawn from Damiani[START_REF] Damiani | A brachyopid temnospondyl from the lower Cynognathus Assemblage Zone in the northern Karoo Basin, South Africa[END_REF]; in 1. lateral view, 2. dorsal view; 3 ventral view. Abbreviations: an, angular; ar, articular; co, coronoid; de, dentary; pan, pseudoangular; par, prearticular; pd, pseudodentary; pi, processus internus of the pseudoarticular; psp, postsplenial; sa, surangular; sp, splenial. Red: adductor fossa; blue and yellow: putative homologous structures. Black arrows point the 'processus internus of the pseudoarticular' of Ichtyophis and the possible homologous in Bathignathus.

Figure 13 .

 13 Figure 13. Consensus tree from the analysis Nr. 3, plotted on a stratigraphic timescale.

  interpterygoid fenestrae roughly round to oval [C112(3)]; palatine contributing to interpterygoid fenestrae [C125(1)]; palatine with a Y-shape, with two extensions framing the choana [C128(1)]; palatine strictly anterior to pterygoid [C131(1)]; pterygoids widely separated [C140(2)].

  )]. This basipterygoid ramus possibly clasps the basipterygoid process, as this latter possesses both ventral and dorsal articulation surfaces [C141(0)]. Eryops possesses the same basipterygoid process [C146(1)]

  the pterygoid [C142[START_REF]Ridge system. Skull roof with simple parasagittal or no ridges (0), or with an elaborate system of oblique, transverse, and sagittal ridges[END_REF]]. The pterygoid possesses a small medial extension similar to a basal process or a reduced basipterygoid ramus[C141{01}]. No basipterygoid process is present, but the part of the os basale, corresponding to the basal plate of the parasphenoid, presents an elongated lateral border, similar to that found inStereospondyli [C146(3)].

  Loxomma. A basipterygoid process formed by the parasphenoid (possibly with the basisphenoid) [C146(0)] is received by a ventrally opened recess on the pterygoid [C141(3)],

  allow mobility [C142(0)]. Brachydectes seems to present the classic lepospondyl condition, as denoted by the small basipterygoid process [C146(0)]. But it shares an elongated and sutured contact [C142(0)] with the straight medial edge of pterygoid [C146(4)] avoiding any mobility.Figure 14a.

  Figure 14b. Basicranial transformation series in Reptiliomorpha with the pterygoid part (C141; in blue) and parasphenoid part (C146; in

  which has a stout stapes, with a short columella [C168(0)]. The columella is strongly flattened [C169(0)], bearing a large stapedial foramen [C166(0)] and pointing toward the lamina ascendens of the co-ossified pterygoid/epipterygoid [C160(0)]. The stapedial head is simple, without any process [C174(0)] and filled the fenestra vestibuli [C176(0)].

  )], without a ventral process [C174(0)]. The columella is short [C168(0)], with a circular cross section [C169(1)], and clearly distinct from the stapedial head [C167(1)]. This morphology is very similar to that of the stapes in the lepospondyls Brachydectes, Dvellecanus and Rhynchonkos, except for the orientation of the columella. In Caudata, the columella is directed toward the otic notch [C170(1)], as for Salientia and Temnospondyli. For these lepospondyls, the columella is directed toward the area of the quadrate and quadrate ramus of the pterygoid [C170[START_REF]Ridge system. Skull roof with simple parasagittal or no ridges (0), or with an elaborate system of oblique, transverse, and sagittal ridges[END_REF]]. Here, the overall similarity between the stapes of Caudata and some Lepospondyli is optimized as a convergence due to a reduction of its auditory function.The stapes of Pantylus is close to that of the lepospondyls Brachydectes, Dvellecanus and Rhynchonkos. However, its columella is longer and the stapedial footplate is massive with an oval outline [C175(0)]. The stapes of Pantylus presents a very distinct dorsal process [C171(1)] on the columella. This process is also found in Eocaptorhinus, and whose the overall shape is similar with Pantylus. This resemblance could be an argument for a position of Pantylus closer to Amniota than other Lepospondyli, even among Amniota, as suggested byPardo et al. (2017b).

  Figure 15. Comparison between the otic area and the stapes of A-B. Ichthyophis glutinosus (from Sherratt et al. 2014) and C-D.

  which is Eocaecilia for almost all characters (excepted C44 where Thaumastosaurus and Rana are coded), possibly with Ichthyophis (C5, 6). Most of the states coded for lissamphibians, does not favour the LH or the TH. But for the C15, C74 and C81, the coding of Eocaecilia favours a position among Lepospondyli contra Temnospondyli. On the opposite, the coding of the C100 in Eocaecilia favours a position among Temnospondyli contra Lepospondyli. This may be possibly sufficient to impact of the Lissamphibia position. In addition, characters sharing the same coding among Temnospondyli and Lepospondyli could also be considered as uninformative for the comparison of the LH and TH. It is possible to evaluate their number in comparing the reconstruction states of the internal nodes corresponding to the last hypothetical common ancestor of Lissamphibia and its sister taxa according to the LH (node 71 from Nr. 1) or the TH (node 60 from Nr. 2). On the 142 characters considered as informative (i.e. coded for most of the Lissamphibia), 93 character states are common on both hypothetical common ancestor, hence non informative for the position of Lissamphibia. Only 49 on 207 characters are informative to determinate the position of Lissamphibia among Lepospondyli or Temnospondyli, being only 23.7% of the character sample. The percentage would change according to the internal node considered among Lepospondyli or Temnospondyli, but a priori it remains a comparable value. For example with the reconstruction states of the internal nodes corresponding to the last hypothetical common ancestral of all Lepospondyli (node 77 from Nr. 1) or all Temnospondyli (node 66 from Nr. 2) including the Lissamphibia, only 33 characters are informative for the position of Lissamphibia, hence 15.6%.

L

  'objectif de ce travail de thèse était : 1) de compléter l'état des connaissances de l'anatomie des structures endocrâniennes de crânes de stégocéphales présents dans les collections du MNHN, en utilisant les techniques de tomographies et de modélisation en 3D et 2) d'utiliser la variabilité des données anatomiques des structures endocrâniennes dans un contexte phylogénétique à large échelle afin d'étudier les relations de parentés entre groupes de stégocéphales et la position débattue des lissamphibiens parmi eux.La première partie de l'objectif est atteinte avec les modélisations des crânes deStanocephalosaurus(Chapitre 1), Laosuchus (Chapitre 2), Diplocaulus et Phlegethontia (Chapitre 3), accompagnées d'études détaillées de ces deux premiers taxons. Néanmoins l'apport de données nouvelles concernant l'endocrâne des stégocéphales a été moindre qu'attendu. L'étude de Laosuchus a révélé peu de structures internes préservées (basioccipital, crêtes osseuses non identifiées) sur ce qui était espéré (ex. capsule otique, sphénethmoïde, basisphénoïde). La modélisation de Phlegethontia a révélé une potentielle préservation exceptionnelle d'une partie du cerveau ainsi qu'un probable élément de capsule otique. Mais ces éléments sont trop incomplets pour être utilisables en analyse phylogénétique. De même, la modélisation de Diplocaulus n'a malheureusement pas pu être exploitée. Cependant, l'étude de ces spécimens a apporté de très intéressantes informations anatomiques et paléobiologiques. L'utilisation de la tomographie a permis d'étudier en détail les structures otiques de Stanocephalosaurus. L'exceptionnelle préservation in situ et en volume du stapes, de la capsule otique et de la cavité columellaire a permis de proposer une nouvelle hypothèse sur le fonctionnement débattu de ces structures. Ce système est interprété comme un système auditif adapté à la perception de sons dans le milieu subaquatique. Laosuchus a été décrit comme appartenant à un nouveau genre et espèce. Peu de reste crâniens sont connus chez les chroniosuchiens et sa description anatomique montre une combinaison de caractères uniques chez les chroniosuchiens, en partageant à la fois des caractères jusque-là propres aux Bystrowianidae et aux Chroniosuchidae. De plus, Laosuchus est le premier stégocéphale découvert au Laos, et aussi le premier chroniosuchien dont l'anatomie interne est révélée. L'utilisation de la tomographie a aussi révélé la présence de deux types de canaux chez Laosuchus. Des canaux « simples », présents à l'intérieur des os du toit crânien, qui ont été interprétés comme des canaux de la ligne latérale qui seraient impliqués dans la perception des flux d'eau lorsque l'animal est immergé. Des canaux « ramifiés », présents dans le prémaxillaire, le maxillaire et la mandibule, auraient une fonction nutritive et/ou de perception des ondes de pression qui se propagent à la surface de l'eau lorsque l'animal est partiellement émergé. Malgré un apport relativement restreint de données endocrâniennes nouvelles, la deuxième partie de l'objectif a pu être envisagée (Chapitre 4). L'analyse phylogénétique a pu être conduite et inclure non seulement stégocéphales et lissamphibiens, mais aussi des amniotes suite à l'analyse phylogénétique sur les reptiliomorphes (Chapitre 2). 61 nouveaux caractères anatomiques ont été définis, dont six caractères codant la boîte crânienne et huit caractères codant le stapes. L'étude des structures endocrâniennes à large échelle taxinomique indique que le signal phylogénétique est peu informatif car montrant une réduction d'ossification convergente au sein des stégocéphales. Cependant à plus petite échelle taxinomique, ces structures peuvent tout de même donner quelques renseignements, comme le partage de processus antérolatéraux du sphénethmoïde [C163(1)] présents chez certains lissamphibiens et temnospondyles, mais pas chez les lépospondyles. De plus, la mise en évidence de la présence d'un processus ventral du stapes et d'une zone d'articulation entre le stapes et l'os basale chez le gymnophione Ichthyophis bannanicus montre des similarités avec le système otique des temnospondyles. Ces observations sont des arguments supplémentaires soutenant les hypothèses d'un lien de parenté proche entre lissamphibiens et temnospondyles. En plus de l'étude des structures endocrâniennes, cette analyse montre qu'à partir d'une même matrice, il est possible d'obtenir différentes hypothèses de l'origine des lissamphibiens : LH ("Lepospondyl Hypothesis"), TH ("Temnospondyl Hypothesis") et la DHaT ("Diphyletic Hypothesis among Temnospondyli"). Ainsi le coût en parcimonie, le soutien des caractères et la congruence générale de ces hypothèses ont été comparés. La LH est plus parcimonieuse que la TH et la DHaT mais implique des convergences morphogénétiquement complexes et des « gaps » morphologiques. La TH est soutenue par de nombreux caractères, notamment par une série d'acquisition d'états de caractères palataux à différents noeuds internes du clade Temnospondyli. Cependant, cette hypothèse contient des incohérences comme de multiples réapparitions d'os exclusives à Eocaecilia. Ainsi, après test de l'impact des caractères de type « présence/absence d'os », il a été montré que la monophylie des lissamphibiens serait due à un phénomène d'attraction des longues branches, en lien avec des pertes d'os convergentes entre les Apoda (caeciliens) et les Batrachia (grenouilles et salamandres).

  Micropholis, Doleserpeton) mais le détail de la région otique ainsi que les connexions entre ces structures sont difficiles à comparer précisément à partir de la littérature car les dessins anatomiques sont généralement des projections en 2D, limitant la visualisation en 3D de ces structures. Ces crânes sont de petite taille (ex. la distance antéro-postérieure des crânes de Micropholis et Doleserpeton représente respectivement environ 4 cm et 1,5 cm) et sont généralement compressés et fragmentés (ex. Doleserpeton, Sigurdsen & Bolt, 2010). Il serait cependant intéressant de rechercher des spécimens dont la partie postérieure est préservée en volume, voire dont le stapes puisse être aussi préservé in situ. L'utilisation de la tomographie à rayons X serait adéquate pour tenter d'accéder au détail morpho-anatomique de la région otique et permettrait de faire des comparaisons précises avec les anoures actuels. Hormis chez les temnospondyles, la région otique reste mal connue chez la majorité des stégocéphales. Les rares stapes décrits montrent des variations morphologiques notables qui ont ici donné lieu à la définition de nouveaux caractères (ex. C173(1), présence d'un processus dorsal sur la columelle [Pantylus, Eocaptorhinus] ; C175(1) présence d'une surface rugueuse sur la columelle [Greererpeton, Pholiderpeton]). En utilisant seulement la littérature, ces comparaisons restent limitées car il est nécessaire de comparer ces éléments en tenant compte de leur volume. Les stapes sont souvent trouvés isolés ou ont été retirés du crâne (ex. 200 Greererpeton, Pholiderpeton, Eogyrinus, Pantylus, Edops). Grâce à un scanner surfacique il serait possible de faire l'acquisition de la morphologie de ces éléments isolés et répartis dans diverses collections pour ensuite mener une comparaison anatomique détaillée. Cette comparaison permettrait : 1) de proposer des hypothèses d'homologie entre les différentes parties des stapes puis d'intégrer ces informations sous forme de caractères phylogénétiques ; 2) d'interpréter cette morphologie sous des aspects fonctionnels et paléobiologiques. Joint basicranial L'utilisation de la tomographie s'avèrerait aussi très utile dans l'étude du joint basicranial, région peu utilisée en phylogénie car : 1) le détail anatomique de ces structures est difficile d'accès, car articulées entre elles et faisant intervenir des structures internes (ex. basisphénoïde) ; 2) nécessite une bonne visualisation volumique pour être décrit en détail. Les observations et le codage de cette région réalisés ici montrent des variations morphologiques distinctes du joint basicranial selon les groupes de stégocéphales (Chapitre 4 ; Fig. 14A-B). D'autant que certaines variations morphologiques n'ont pu être intégrées, tel que le codage séparé de la participation du basisphénoïde et du parasphénoïde, ou des particularités morphologiques qui étaient propres à un seul taxon. Pour ce faire il faudrait connaitre cette morphologie plus en détail via l'observation directe des spécimens et/ou via l'utilisation de la tomographie pour accéder aux structures internes et aux zones de contact des éléments en articulation.

  il serait intéressant : 1) de faire les mêmes études sur d'autres stégocéphales ; 2) d'entreprendre des études comparatives avec des espèces dont le joint basicranial est mobile. Cette mobilité a probablement un impact dans la répartition des forces de morsures, et donc sur les interprétations paléobiologiques. Ainsi, la modélisation en 3D du joint basicranial chez des espèces dont la mobilité du joint est avérée ou supposée serait très certainement informative dans des perspectives phylogénétiques et paléobiologiques. 201 Relations de parentés des lissamphibiens L'étude phylogénétique du Chapitre 4 a montré que les relations de parentés proches entre Apoda (gymnophiones) et Batrachia (grenouilles et salamandres) seraient dues à un phénomène d'attraction des longues branches. Ce phénomène résulterait d'un partage d'absence d'os du toit crânien non pas hérité mais acquis par convergence. Plusieurs auteurs ont pointé des ressemblances entre Branchiosauridae et les lissamphibiens, notamment les urodèles (ex.

  Concernant les gymnophiones, la proche parenté avec les Brachyopoidea proposée parPardo et al. (2017) est aussi soutenue ici par une relation de parenté proche avec Bathignathus. Bien que présentant des ressemblances, la morphologie globale de Bathignathus n'est pas si proche de celle des gymnophiones. Parmi les Brachyopoidea, plusieurs espèces présentent des similarités avec les gymnophiones en termes de morphologie globale (ex. Sinobrachyops placenticephalusDong, 1985 or Notobrachyops picketti[START_REF] Cosgriff | Notobrachyops picketti, a brachyopid from the Ashfield Shale, Wiannamatta Group, New South Wales[END_REF]. Ainsi il serait très intéressant d'examiner en détail ces espèces, si possible en utilisant la tomographie par rayons X pour avoir accès aux éléments d'anatomie interne, afin de pouvoir tester cette hypothèse.

  d'accéder au détail des régions endocrânienne. Ces régions anatomiques relativement peu connues et peu utilisées en analyse phylogénétique par rapport au reste du crâne. Grâce aux méthodes d'imagerie, régions ont pu être étudiés ici et apporter de nouvelles observations en faveur des hypothèses d'origine des lissamphibiens parmi les temnospondyles (TH et THb), telle la présence de processus antérolatéraux du sphénethmoïde [C163(1)] partagés par les Temnospondyli, les Apoda et les Salientia. D'autre part, avec la même matrice, trois hypothèses différentes de relations de parentés des lissamphibiens (ici, LH, TH et THb) ont été obtenues, en fonction du traitement de caractères (respectivement traitement non-ordonné des caractères, traitement ordonné de 12 caractères, et l'exclusion des caractères codant la présence et absence d'os). L'examination des différentes hypothèses d'origine des lissamphibiens en termes de support de caractères a permis de monter que la monophylie des lissamphibiens serait un artefact d'attraction des longues branches induit par le codage de l'absence d'os. Ce qui a permis d'aboutir à la même conclusion que Pardo et al., (2017a) -une origine biphylétique des lissamphibiens au sein des temnospondyles -sans inclusion de Chinlestegophis jenkinsi. Ceci montre l'importance d'examiner les hypothèses phylogénétiques en termes de cohérence des transformations d'états de caractères impliqués et non uniquement sur base de l'arbre le plus court obtenue. Ainsi, bien que moins parcimonieuse, une hypothèse parmi les temnospondyles est beaucoup plus cohérente que parmi les lépospondyles non seulement en termes des données morphologiques, stratigraphique et ontogénétique.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  4 My according to the U-Pb dating of[START_REF] Rossignol | The volcaniclastic series from the Luang Prabang Basin, Laos: A witness of a triassic magmatic arc[END_REF] based on detrital zircons. This age estimate overlaps with the Permian-Triassic (PT) boundary according to most recent studies[START_REF] Shen | Calibrating the end-Permian mass extinction[END_REF]. The occurrence of a chroniosuchian in this part of the world and at this time brings interesting implications in term of palaeobiogeography and evolution.Asia is composed of a mosaic of tectonic plates including the North China Block (hereafter NCB), the South China Block (SCB), and the Indochina Block (IB; where Laos is located). As these plates have very complex histories during the Permian and the Triassic (e.g. Metcalfe2011), the reconstruction of Pangea remains highly debated concerning this part of the world.

Two different palaeogeographic scenarios of eastern Pangea have been proposed for the PT interval: the first scenario suggests that the NCB, the SCB and the IB were at least partly separated by ocean(s) (e.g.

Zhang et al. 2013)

, whereas the second scenario suggests that these blocks were connected like a peninsula linked to Laurussia (e.g.

[START_REF] Buffetaut | The contribution of vertebrate palaeontology to the geodynamic history of South East Asia[END_REF][START_REF] Metcalfe | Palaeozoic and Mesozoic tectonic evolution and palaeogeography of East Asian crustal fragments: the Korean Peninsula in context[END_REF], 2011;[START_REF] Vuong | U/Pb and Sm/Nd dating on ophiolitic rocks of the Song Ma suture zone (northern Vietnam): evidence for upper paleozoic paleotethyan lithospheric remnants[END_REF]

).

As mentioned above, chroniosuchian fossils are known from the middle Permian to Middle Triassic of Russia, middle to upper Permian of China, Middle Triassic of Germany and Middle/Upper Triassic of Kyrgyzstan (e.g.

Novikov et al. 2000; Young 1979;[START_REF] Witzmann | A relic basal tetrapod from the Middle Triassic of Germany[END_REF] Schoch et al. 2010, respectively)

. The new occurrence of the amphibious Laosuchus naga in nonmarine rocks therefore supports the second palaeogeographic scenario, as previously proposed by

  chroniosuchians within Tetrapoda. Journal of Systematic Palaeontology, DOI: 10.1080/14772019.2017.1336579 Young, C. C. 1979. A new Late Permian fauna from Jiyuan, Honan. Vertebrata Palasiatica, Diplocaulus minimus du Permien supérieur du Maroc et Phlegethontia sp. du Carbonifère supérieur de France, essais sur l'anatomie des Lépospondyles.

	Chapitre 3 :
	17, 99-113.

  TH, LH or PH could be found from a same matrix. Here, these hypotheses have a small difference of steps: the MPTs supporting the LH (Nr. 1) measures 858 steps, contra 874 for the comparable MTPs supporting the TH (Nr. 2) and 884 for the MPT supporting the THb (Nr. 3), respectively a difference of 16 and 26 steps.Marjanović & Laurin (2016) highlight a difference of 6 to 14 steps in favour of the LH on the TH, and 12 to 17 steps in relation to the PH, according

  1 (LH), give the shortest MTPs compared to Nr. 2 Eocaecilia and the convergence of otic notch, palatal, stapedial and braincase morphologies (see section "Comparison between the LH and TH"). The TH is more coherent in optimizing these character states contra the convergent loss of skull bones. But several reappearances of bones occur in Eocaecilia with several reversions in Apoda. These reversions are character states found in non-Amphibamidae temnospondyls (e.g. Dendrepeton,

(TH) and Nr.

3 (THb)

, with respectively 858, 874 and 884 steps. However, the LH involves the convergence of heavy morphogenetically characters in Lissamphibia, with several reappearances of bones in

& Lombard, 1985) soit d'un système de respiration via un spiracle[START_REF] Warren | Changes in the capitosaur skull with growth: an extension of the growth series of Parotosuchus aliciae (Amphibia, Temnospondyli) with comments on the otic area of capitosaurs[END_REF].Il s'agissait donc d'une occasion unique de décrire en détail les structures endocrâniennes et de l'oreille moyenne d'un temnospondyle du Trias d'Afrique du Nord, grâce à la préservation du volume et des connexions osseuses, et ainsi de tenter de mieux comprendre les fonctions de la région otique des stégocéphales.

113) Choanae (position): laterally located (0), or anteriorly located, the anterior margins of choanae are close to the tip of snout (1) (new character)

142) Basicranial joint (junction): moveable joint (0), tight junction (reduced motion if possible) (1), sutured together (no motion) (2), no contact (3) (new character)

153) Parasphenoid (posterolateral process). Posterolateral edge without (0), or with lateral

168) Stapes (columella size): short [i.e. the structures linked by the stapes (fenestra ovale to
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 [START_REF] Jenkins | Anatomy of Eocaecilia micropodia, a limbed caecilian of the Early Jurassic[END_REF]; Maddin et al. (2012a) Triadobatrachus massinoti Rage & Roček (1989); Ascarrunz et al. (2016) Thaumastosaurus gezei Laloy et al. (2013) Rana catesbiana Gaupp (1896) Hyla septentrionalis Trueb (1966) Salamandra salamandra Francis (1934) Ambystoma gracile/maculatum Carroll & Holmes (1980) (A. maculatum); Szostakiwskyj (2016) (A. gracile) Ichthyophis bannanicus/ glutinosus I. bannanicus: UMMZ (UMMZ-205169) Wilkinson et al. 2011 (I. glutinosus); Sherratt et al. 2014 (I. bannanicus)

Limnoscelis palustris Romer (1946); Fracasso (1987) Paleothyris acadiana Carroll (1969) Petrolacosaurus kansensis Reisz (1977) Eocaptorhinus lanticeps Heaton (1979) Youngina capensis Gow (1975); Gardner et al. (2010) Prolacerta broomi Gow (1975); Modesto & Sue (2004)

Steyer, J.-S. 2000. Ontogeny and phylogeny in temnospondyls: a new method of analysis. All these species in our analysis (Tabl. 1) are referred in the text by their sole generic names.

Only Ambystoma and Ichthyophis gather here different species each, in order to code all of the characters: Ambystoma maculatum (Shaw, 1802) is used to code the skull roof, palatal and occipital characters, while Ambystoma gracile [START_REF] Baird | Reports of explorations and surveys, to ascertain the most practicable and economical route for a railroad from the Mississippi River to the Pacific Ocean. Made under the direction of the secretary of war[END_REF] is used to code the braincase and stapes characters. This is also the case of Ichthyophis glutinosus [START_REF] Linnaeus | Systema Naturae per regna tria naturae. Secundum classes, ordines, genera, species, cum characteribus, differentiis, synonymis, locis[END_REF] and Ichthyophis bannanicus [START_REF] Yang | A new species of Ichthyophis -I. bannanica[END_REF] for the same coding. Complete binomial names are only used to refer to species not included in this phylogenetic analysis.

Institutional abbreviations: MDS, Musée des Dinosaures de Savannaketh (Savannaketh, Laos); UMMZ, University of Michigan Museum of Zoology (Ann Arbor, United States of America); USTHB, University of Sciences and Technology Houari Boumediene, Faculté des Sciences de la Terre, de Géographie et de l'Aménagement du Territoire (Algiers, Algeria). Table 1. Specimens observed and references used in the analysis. Sulci 33) Lateral line system. Present, either inside dermal bones or as grooves throughout the skull roof (0), or absent (1) (modified character 1 of Laurin & Reisz 1997) Naris [START_REF] Mandible | Posterior half not substantially deeper than symphysis (0), or with marked ventral curvature, accommodating large adductors[END_REF] External naris (shape; in lateral view): round to oval (at maximum the major axis is equal to twice the minor axis) (0), elongated (the major axis is more than twice the minor axis) (1), not totally enclosed by bone ( 2 Step-matrix: The states ( 2) and ( 3) share the two laterals pockets on the parasphenoid. The states (5) is the same than the state (4) but with a thin medial crest. Thus, the character should be treated as [0,1 (2,3)(4,5)]. 

Discussion

Early Tetrapod relationships The topologies of Nr. 1 and Nr. 2 are congruent each other except for the positions of Lepospondyli and Lissamphibia: in both analyses, the Colosteidae (only Greererpeton here) is sister taxa to the clade (Reptiliomorpha; (Baphetoidea; Temnospondyli)) (Figs 3,4). In the Reptiliomorpha, Anthracosauria and Chroniosuchia are successive stem taxa of the clade (Seymouriamorpha, Lepospondyli, Diadectomorpha (only Limnoscelis here) and Amniota).

These topologies are also congruent with those of most of the previous large-scale phylogenetic analyses on Early Tetrapods (e.g. [START_REF] Laurin | [END_REF]Ruta et al., 2003;Ruta & Coates, 2007;Marjanović & Laurin, 2016;Witzmann & Schoch, 2017), except for the Baphetoidea (sistertaxa to the clade (Temnospondyli; Reptiliomorpha) in the references herein). Anthracosauria is found to be the most basal clade to the Reptiliomorpha. It is in agreement with the references herein, but not Marjanović & Laurin (2016) and Pardo et al. (2017b) where Anthracosauria is a stem-Tetrapoda sensu Ruta & Coates (2007). 

Sum

Structures Losses [START_REF]Ectopterygoid, tooth row[END_REF] ; Appearance [1]; Reappearances [START_REF] Naris | Round or oval (0), or posteriorly extended[END_REF] Losses [START_REF]Ectopterygoid, tooth row[END_REF]; Appearance [1]; Reappearances [START_REF](0), or separated by frontal[END_REF] Total Losses [71] ; Appearances [1]; Reappearances [START_REF](0), or separated by frontal[END_REF] Losses [54]; Appearances [4]; Reappearances [START_REF](0), or separated by frontal[END_REF] The results (Tabl. 2) show that the LH involves less losses of structures than the TH (54 versus 71 respectively), the number of reappearances being identical (seven) in both cases. The fact that the losses are more frequent than the reappearances (in both LH and TH) is also observed in other previous large-scale phylogenies (e.g. Ruta & Coates, 2007;Marjanović & Laurin, 2016): this confirms the hypothesis of less plausible reappearances. The total number of losses is higher than the number of lost structures (respectively 71 vs 24 in the TH and 54 vs 24 in the LH): this involves that the loss of bones is frequently convergent whatever the hypothesis. In both LH and TH, a cranial and mandibular simplification (e.g. loss of tabular, postparietal, postspelenial, anterior and middle coronoids) convergently occurs in Temnospondyli, Table 2 Losses and reappearances of structures in the LH and the TH according to Nr. 1 and Nr. 2. The number of transformations (if superior to one) is in brackets; the number of the node (following the clade name) is into parentheses; "P" means that the transformations occur at a polytomic node (involving that its number may vary according to the possible resolutions).

Stanocephalosaurus and Bathignathus), with Bathignathus as sister taxa, whereas Salientia and Caudata form a clade among Amphibamidae in Nr. 3. This biphyletic origin of Lissamphibia among Temnospondyli (hereafter abbreviated "THb" for Temnospondyl Hypothesis biphyletic) is also found by Pardo et al. (2017a) which included in their analysis Rileymillerus cosgriffi [START_REF] Bolt | A new temnospondyl amphibian from the Late Triassic of Texas[END_REF] and Chinlestegophis jenkinsi (Pardo et al., 2017a), two taxa with a mosaic of temnospondyl symplesiomorphies and caecilians synapomorphies.

Here, few synapomorphies support the position of Apoada among Stereospondyli and all are non-exclusive. However, these synapomorphies are better explained by the position of Apoda in Sterospondyli rather than that of a monophyletic Lissamphibia among Amphibamidae.

Apoda shares: 1) an absence of otic notch [C46(1)] with Bathignathus; 2) a palatine of Y-shape [C128 (1)] with Bathignathus, Dendrerpeton, and Micropholis (Eocaecilia is coded (0) but its situation is between (0) and ( 1) because the palatine borders the choana and its extensions may be present but little developed); and 3) an absence of the basipterygoid process [C146( 3)] with all stereospondyls. This relationship seems due to a retention of homoplastic conditions Interestingly, other similarities in Bathignathus could be observed (but non-coded as observed posteriorly to the phylogenetic analysis): the interpterygoid fenestrae are wide but more anteriorly than posteriorly, which could be related to the "inverted drop-like" shape found in Eocaecilia. No mandible is known for Bathignathus watsoni (Watson, 1956). But the mandible is known in Bathignathus poikilops and presents a long retroarticular process [START_REF] Damiani | A brachyopid temnospondyl from the lower Cynognathus Assemblage Zone in the northern Karoo Basin, South Africa[END_REF]fig. 4), similar to that of Eocaecilia [START_REF] Jenkins | Anatomy of Eocaecilia micropodia, a limbed caecilian of the Early Jurassic[END_REF]) and living caecilians (see [START_REF] Wilkinson | A nine-family classification of caecilians (Amphibia: Gymnophiona)[END_REF]. In addition, the prearticular of Bathignathus poikilops presents a medial extension [START_REF] Damiani | A brachyopid temnospondyl from the lower Cynognathus Assemblage Zone in the northern Karoo Basin, South Africa[END_REF]; fig. 4D) similar to the 'processus internus of the pseudoarticular' of living caecilians [START_REF] Wilkinson | A nine-family classification of caecilians (Amphibia: Gymnophiona)[END_REF]Fig. 11). In the hypothesis of this close relationship, it seems plausible that the caecilian mandible morphology (here illustrated by Ichthyophis glutinosus), derived from the morphology of the brachyopoids mandible (here exemplified by Bathignathus poikilops). In caecilians, the hemimandible is composed of a pseudodentary and a pseudoarticular. The limit between these two bones is similar to the limit between the unit formed by 1) the dentary, splenial, presplenial, articular; and the unit formed by 2) the coronoid, surangular, prearticular and articular.

These two units may be homologized with, respectively, the pseudoentary and pseudoarticular (Fig. 11) giving a coherent pattern.

Minimization of bone reappearances

As mentioned above, the reappearance of a bone is less frequent than a loss (see section "Bones losses and reappearances") and multiple exclusive bone reappearances are unlikely. In showing the reconstruction of characters coding the presence or absence of bones on the topology of Nr.

3, it involves a total of 85 losses, two appearances (the intertemporal at the node 86, and supratemporal, at the node 81, Fig. 5) and one reappearance (the basioccipital, in Tersomius).

By consequent the THb is less parsimonious than both the LH (54 losses and 7 reappearances)

and the TH (71 losses and 7 reappearances), but we find it more coherent because the position of Apoda minimizes the bones appearances. Moreover, no implausible multiple optimizations of bone reappearances exclusive to Eocaecilia are found. The pattern of the skull roof and mandible in Lissamphibia is explained by a convergent loss of bones in Apoda and Batrachia (Salientia plus Caudata). This is a costly scenario in terms of steps (14 steps by comparison with Ord) but it could be associated to a miniaturization process [START_REF] Pérez-Ben | Miniaturization and morphological evolution in Paleozoic relatives of living amphibians: a quantitative approach[END_REF]. This process is widely convergent as involved not only in the origin of Lissamphibia, but also in amniotes, as snakes, lizards and birds (see [START_REF] Pérez-Ben | Miniaturization and morphological evolution in Paleozoic relatives of living amphibians: a quantitative approach[END_REF]. In Lissamphibia, this miniaturization would be due to a truncation of the developmental trajectory which could be the cause of the bone loss: with a shortest development, the last bones to ossify failed to develop [START_REF] Pérez-Ben | Miniaturization and morphological evolution in Paleozoic relatives of living amphibians: a quantitative approach[END_REF], leading to similar bone loss.

Stratigraphic support

Several authors (Ruta & Coates, 2007;Schoch & Milner, 2004) discussed the ghost lineages involved by different positions of Lissamphibia among Early Tetrapods. All scenarios involve a long ghost lineage (~55 Ma at least) between Amphibamidae (Late-Carboniferous -Upper Permian) and Eocaecilia (Lower Jurassic) [START_REF] Jenkins | Anatomy of Eocaecilia micropodia, a limbed caecilian of the Early Jurassic[END_REF]. Brachyopoidea are known from the ?Upper Permian (with Brachyops laticeps, Owen 1855) to the Early Cretaceous (with Koolasuchus cleelandi Warren et al. 1997), in Australia, South Africa, Antarctica, North America, China, Mongolia [START_REF] Schoch | Temnospondyli I[END_REF]. Thus, the position of Apoda among Brachyopoidea is compatible in terms of both stratigraphy (Fig. 13) and geography.

Basicranial joint (C141-2, C146; Figures. 14a-b)

The basicranial joint is the region where the pterygoid, parasphenoid, and possibly basisphenoid meet and primitively formed an articulation (e.g. Acanthostega). This region is difficult to code without a volumetric visualization. Unfortunately, a volumetric visualization is rare as involving internal skull structures difficult to access and rarely well preserved. Here, thanks to the exceptional preservation of this region in the taxonomic sample, three new characters have been proposed: C141, 142 and 146 (see character list). For Acanthostega, Greererpeton, Loxomma, Megalocephalus, Dendrerpeton, Palaeoherpeton and Pholiderpeton, the para-and basi-sphenoids are co-ossified, hence these two bones have been coded as an unique structural unit.

Initially Megalocephalus and Baphetes were coded C146{01} (=uncertainty). C146 was defined with a step-matrix to indicate that the states C146(012) were closer between them than with C146(3). As PAUP does not allow uncertainty for characters associated to a step-matrix, this involves to precise one state for each taxons. This step-matrix was removed thereafter and, unfortunately, it was unintentionally forgotten to restore the uncertainty for Megalocephalus and Baphetes. However, the following discussion takes into account the uncertainty as originally coded.

The ancestral condition of the basicranial joint (as seen in the outgroup Acanthostega) shows two interlocked protrusions, one from the pterygoid (the basal process) [C141(0)] and one from the basisphenoid (the basipterygoid process) [C146(0)]. The basipterygoid process is housed by a small recess, the basal recess, ventrally opened in Acanthostega. This arrangement allows mobility [C142(0)]. This pattern is shared by Greererpeton and Baphetoidea (Loxomma) which show a basal recess ventrally closed (the "basal socket" sensu Smithson, 1982). The basipterygoid process could be entirely made by the basisphenoid (e.g. Acanthostega) or by a co-ossification between the basisphenoid and parasphenoid (e.g. Greererpeton). As this distinction is unclear for numerous specimens, this difference has not been coded.

In Anthracosauria, Chroniosaurus and possibly Chroniosuchus, the basicranial joint is slightly different with a basipterygoid process more developed than in Acanthostega, Greererpeton and Baphetoidea, by possessing a slightly concave articulation surface [C146 (1)]. This articulation surface is anteriorly (e.g. Archeria) or antero-laterally oriented (e.g. Eogyrinus), making the articulation [C142(0)] with the basal process [C141(0)]. In Anthracosauria, the basipterygoid process is formed by the basisphenoid only [START_REF] Panchen | Anthracosauria[END_REF]. In Megalocephalus and Baphetes,

Methodological remarks

The notion of step

The origin(s) of lissamphibians is given by the MPT, i.e. the tree requiring the less steps.

However, the notion of "step" is not well-defined and standardized: firstly, between two different characters, the transformations requiring a step could involve morphological transformations much more complicated compared to another character. Then, among the same character, the transformation from the plesiomorphic to the apomorphic state(s) (or the reversal to the primitive state) could also be more complicated in terms of morphological transformations. For example, the appearance of an antorbital vacuity [C39(0→1)] involves both bone (jugal, lacrimal and prefrontal) and muscular modifications (as its function may be the passage of muscles according to Beaumont, 1977), which is relatively heavy in term of morphogenesis. On the contrary, the transformation from a rectangular to a square-like nasal should be preferred. Weighting the transformations associated to C39 could be a solution but the weight use is too subjective. Another way could be to add a particular state for each character coding the shape of jugal, lacrimal and prefrontal. However, it is similar to give a weight of "3" (as the characters would be dependants). In addition, it may be possible that the state defined is also found in taxa where the antorbital vacuity is absent. By consequent, it seems more coherent to code the antorbital vacuities in one character, and to discuss the transformations associated, in case the number of transformations of these characters varies with the topologies. In addition, to code the antorbital vacuity allows to preserved the homologous hypothesis made when bones loss or fusion occur. Laosuchus 001100??01 ???1110101 0111101120 1001?????? ?????????? 1

Recoding information

Ichthyostega C31: No vomerian fang: 0 → 1 (Jarvik, 1996; fig. 25 p35)

Pederpes

C47: The fifth finger is not certain: 1 → ? (Clack & Finney, 2005 ; text p.331) Eucritta C1 : Fossil too flattened to be sure if there are or not lateral line canals inside bone: 1 → ? (Clack, 2001 ;fig.2 p.78) C15 : 'It is also not clear whether the narrow quadratojugal contacted the maxilla or whether the jugal formed part of the jaw margin in Eurcritta. ' Clack (2001) : 0 → ?

Greererpeton

C12: An intertemporal is pictured: 1 → 0 (Smithson, 1982;fig.7 p.40) C13: As the intertemporal is present, the character is codable. However, the suture is not clear: N → ? (Smithson, 1982;fig.7 p.40) Balanerpeton C1 : Fossil too flattened to be sure if there are or not lateral line canals inside bone: 1 → ? (Milner & Sequeira 1993) C13 : Fossil too flattened: 1 → ? (Milner & Sequeira, 1993) C24 : No ectopterygoid tooth row: 0 → 1 (Milner et Sequeira,1993;fig.5B p.338 + Clack, 2001 also code an absence of ectopterygoid tooth row (C58))

C49: 'An elongated iliac blade, posterodorsally directed, with lack of dorsal process' : ? → 1 (Milner & Sequeira, 1993;fig.14, p.350 + text p.354) Cochleosaurus C14: Prefrontal and jugal are in contact: 0 → 1 (Sequeira, 2004;fig.6, p.29) C17: Jugal is larger than the maxillar : 1 → 0 (Sequeira, 2004;fig.6, p.29) C22: Typing mistake, state 2 do not exist : 2 → 1

Anthracosaurus

C18: No processus alaris of the jugal : 1 → 0 [START_REF] Panchen | On Anthracosaurus russelli Huxley (Amphibia: Labyrinthodontia) and the family Anthracosauridae[END_REF]text p.494 + C1 Ruta & Clack 2006) C34: Posterior part of the mandible is unknown: 1 → ? (Panchen, 1997 ;fig.5, p.459 & Ruta & Clack, 2006, e.g. C152)

Proterogyrinus C35: 'The intercentrum is always crescentic': 1 → 0 (Holmes, 1984;text p.466) Jarilinus C6: Nostrils have the same oval shape than for Anthracosaurus: 1 → 0 (Golubev, 1998, fig.14 p.54)

The intertemporal/supratemporal-squamosal suture suture is uncertain: 1 → ? (Schoch et al., 2010;Fig.3D, p.520) C30: The exoccipital is unknown: 0 → ? (Schoch et al., 2010) C34: The mandible is unknown: 0 → ? (Schoch et al., 2010) Gephyrostegus C36 : 'The intercentra are openly crescentic element' : 1 → 0 [START_REF] Carroll | The ancestry of reptiles[END_REF]fig.8 

Limnoscelis

C44 : As interclavicles are absent, their posterior part cannot be coded: 1 → N (Romer, 1946) Asaphestera C31 : No vomerian fangs pictured: 0 → 1 (Carroll & Gaskill, 1978;fig.7, p.18)