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            Abstract
The early evolution of diapsid reptiles is marked by a deep contrast between our knowledge of the origin and early evolution of archosauromorphs (crocodiles, avian and non-avian dinosaurs) to that of lepidosauromorphs (squamates (lizards, snakes) and sphenodontians (tuataras)). Whereas the former include hundreds of fossil species across various lineages during the Triassic period1, the latter are represented by an extremely patchy early fossil record comprising only a handful of fragmentary fossils, most of which have uncertain phylogenetic affinities and are confined to Europe1,2,3. Here we report the discovery of a three-dimensionally preserved reptile skull, assigned as Taytalura alcoberi gen. et sp. nov., from the Late Triassic epoch of Argentina that is robustly inferred phylogenetically as the earliest evolving lepidosauromorph, using various data types and optimality criteria. Micro-computed tomography scans of this skull reveal details about the origin of the lepidosaurian skull from early diapsids, suggesting that several traits traditionally associated with sphenodontians in fact originated much earlier in lepidosauromorph evolution. Taytalura suggests that the strongly evolutionarily conserved skull architecture of sphenodontians represents the plesiomorphic condition for all lepidosaurs, that stem and crown lepidosaurs were contemporaries for at least ten million years during the Triassic, and that early lepidosauromorphs had a much broader geographical distribution than has previously been thought.
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                    Fig. 1: Holotype of T. alcoberi (PVSJ 698).[image: ]


Fig. 2: Combined-evidence Bayesian-inference phylogenetic analysis and morphospace occupation.[image: ]
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                Data availability

              
              Computed tomography scan data, including surface volume files of the holotype, all morphological and molecular data generated and analysed, along with trees and log files described in the Article are available online as 'Supplementary Data 1' at Harvard Dataverse (https://doi.org/10.7910/DVN/G5EOOC)43.

            

Code availability

              
              The MrBayes commands for Bayesian analyses are provided as ‘Supplementary Data 2’ and R scripts for reproducing the morphospace analyses and figures are available as the file ‘Supplementary Data 3’, both at Harvard Dataverse (https://doi.org/10.7910/DVN/G5EOOC)43.
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Extended data figures and tables

Extended Data Fig. 1 Location and geology of the Ischigualasto–Villa Unión Basin.
a, Geologic map of the southern outcrops of the Ischigualasto–Villa Unión Basin. b, Stratigraphic section of the Ischigualasto Formation. Black star indicates the type locality of PVSJ 698. Black line indicates the location of the stratigraphic section.


Extended Data Fig. 2 Cranial anatomy of T. alcoberi on the basis of segmented micro-computed tomography scan data.
a, b, Three-dimensional model of Taytalura with segmented bones in right lateral and ventral views. c, Segmented right squamosal and quadrate in lateral view (left) and corresponding line drawing (right). d, Segmented left quadrate in posterior view. e, f, Line drawings of the left jaw in medial and dorsal views. af, adductor fossa; ap, anterior process; ar, articular; bc, braincase; co, coronoid; dp, dorsal process, fr, frontal; gf, glenoid fossa; hy, hyoid arch; ju, jugal; lc, lateral condyle, lj, lower jaw; mc, medial condyle, mf, medial flange; mx, maxilla; na, nasal; oc, otic conch; pa, parietal; pm, pre-maxilla; pl, palate; po, post-orbital; pof, post-frontal; pr, pre-artciular; prf, pre-frontal; qd, quadrate; qj, quadrato-jugal; sp., splenial; sq, squamosal; vp, ventral process. Scale bars, 3.5 mm.


Extended Data Fig. 3 Further details of cranial anatomy of T. alcoberi on the basis of segmented micro-computed tomography scan data.
a, b, Segmented palate in right lateral and left dorsolateral views. c, Segmented right posterior half of the braincase with stapes in red in lateral view. d, Segmented left posterior half of the braincase in lateral view. e, f, Segmented anterior region of the braincase in left lateral and anterior views. ap, ascending process; bc, braincase; bp, basipterygoid process; CN, cranial nerve; cp, cultriform process; cr, raised crest formed by the pterygoids meeting medially; clp, clinoid process; crp, crista prootica; ds, dorsum sella; ec, ectopterygoid; ep, epipterygoid; fo, fenestra ovalis; hf, hypophyseal fossa; lf, lateral flange; oc, otic conch; os, orbitosphenoid; pa, palatine; pp, paroccipital process; qw, quadrate wing; rc, recess; st, stapes. Roman numerals indicate corresponding cranial nerves. Scale bars, 3.5 mm (a, b), 1.5 mm (c–f).


Extended Data Fig. 4 Cranial anatomy of T. alcoberi on the basis of 2D cross-sectional slices from micro-computed tomography scan data.
a–c, Transverse cross sections of the skull showing the paired nasals (a), frontals (b) and parietals (c). d, Longitudinal cross-section of the paired frontals. e, Transverse cross section of the left lower and upper jaws in anterior view, showing labial and lingual walls of the tooth grooves of the maxilla and dentary. f, Transverse cross section of the posterior region of the skull through the braincase and the left lower jaw in anterior view. g, Transverse cross section of the left maxilla, showing the replacement tooth going into position. h, Longitudinal cross-section of the left dentary in occlusal view. i, j, Longitudinal cross section of the anterior (i) and posterior (j) sectors of the right maxilla in occlusal view. In h–i, the absence of the interdental ridges and less dense attachment tissue (alveolar bone and/or cementum) in the interdental space of the anterior dentition is shown, whereas j shows the direct contact between the posterior teeth and the absence of interdental space. Planes of the sections in the corresponding details. ac, adductor crest; alv.t., alveolar tissue; de, dentary; mx, maxilla; na, nasals; f-f, inter-frontal suture; fr, frontals; la, labial wall; li, lingual wall; ot, otolith; pa, parietals; pof, post-frontal; prf, pre-frontal; rp, resorption pit; rt, replacement tooth; to, tooth. Scale bars, 1.5 mm (a), 1 mm (b–e, h–j), 2.5 mm (f), 2 mm (g).


Extended Data Fig. 5 Skull and jaw of T. alcoberi.
a–d, Photographs of PVSJ 698 in dorsal (a), ventral (b), left lateral (c) and right lateral (d) views. e–h, Reconstruction of the skull of T. alcoberi in dorsal (e), ventral (f), anterior (g) and left lateral (h) views (reconstructed on the basis of information from both sides). i–k, Reconstruction of the lower jaw of T. alcoberi in lateral (i), medial (j) and occlusal (k) views. d, dentary; ec, ectopterygoid; fr, frontal; ju, jugal; mx, maxilla; na, nasal; pa, parietal; pm, pre-maxilla; pl, palatine; po, post-orbital; pof, post-frontal; prf, pre-frontal; pt, pterygoid; qd, quadrate; qj, quadrato-jugal; sq, squamosal; Scale bar, 10 mm.


Extended Data Fig. 6 Phylogenetic analyses using morphological data only, including data from all species.
a, Equal weights maximum parsimony analysis. Strict consensus of 602 most parsimonious trees (2,481 steps each). b, Bayesian inference analysis. Majority rule consensus tree. Numbers at nodes indicate posterior probabilities.


Extended Data Fig. 7 Bayesian inference phylogenetic analysis of combined morphological and molecular data, including data from all species.
Maximum compatibility tree (illustrating all nodes, including those with very low support). Numbers at nodes indicate posterior probabilities.


Extended Data Fig. 8 Phylogenetic analyses using morphological data only, with data from the rogue taxon (Vellbergia) removed.
a, Equal weights maximum parsimony analysis. Strict consensus of 572 most parsimonious trees (2,480 steps each). b, Bayesian inference analysis. Majority rule consensus tree. Numbers at nodes indicate posterior probabilities.


Extended Data Fig. 9 Bayesian inference phylogenetic analysis of combined morphological and molecular data, with data from the rogue taxon (Vellbergia) removed.
Majority rule consensus tree. Numbers at nodes indicate posterior probabilities.


Extended Data Fig. 10 Morphospace occupation by early diapsid reptiles and lepidosauromorphs, with the first 10 pairwise principal coordinate comparisons illustrated.
PC1 distinguishes squamates from all other groups when contrasted against all other principal coordinates (red), whereas PC3 distinguishes sphenodontians from all other groups when contrasted against all other principal coordinates (cyan). Major clades of interest are highlighted within convex hulls: squamatans (yellow), sphenodontians (light green), early lepidosaurs of uncertain placement (blue), all other diapsids (purple) and Taytalura (turquoise). For individual taxon names for each data point and relative contribution of each principal coordinate, see supplementary data files at Harvard Dataverse (‘Data availability’ in Methods).
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