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            Abstract
The phylogeny of Silurian and Devonian (443â€“358 million years (Myr) ago) fishes remains the foremost problem in the study of the origin of modern gnathostomes (jawed vertebrates). A central question concerns the morphology of the last common ancestor of living jawed vertebrates, with competing hypotheses advancing either a chondrichthyan-1,2,3 or osteichthyan-like4,5 model. Here we present Janusiscus schultzei gen. et sp. nov., an Early Devonian (approximately 415Â Myr ago) gnathostome from Siberia previously interpreted as a ray-finned fish6, which provides important new information about cranial anatomy near the last common ancestor of chondrichthyans and osteichthyans. The skull roof of Janusiscus resembles that of early osteichthyans, with large plates bearing vermiform ridges and partially enclosed sensory canals. High-resolution computed tomography (CT) reveals a braincase bearing characters typically associated with either chondrichthyans (large hypophyseal opening accommodating the internal carotid arteries) or osteichthyans (facial nerve exiting through jugular canal, endolymphatic ducts exiting posterior to the skull roof) but lacking a ventral cranial fissure, the presence of which is considered a derived feature of crown gnathostomes7,8. A conjunction of well-developed cranial processes in Janusiscus helps unify the comparative anatomy of early jawed vertebrate neurocrania, clarifying primary homologies in â€˜placodermsâ€™, osteichthyans and chondrichthyans. Phylogenetic analysis further supports the chondrichthyan affinities of â€˜acanthodiansâ€™, and places Janusiscus and the enigmatic Ramirosuarezia9 in a polytomy with crown gnathostomes. The close correspondence between the skull roof of Janusiscus and that of osteichthyans suggests that an extensive dermal skeleton was present in the last common ancestor of jawed vertebrates4, but ambiguities arise from uncertainties in the anatomy of Ramirosuarezia. The unexpected contrast between endoskeletal structure in Janusiscus and its superficially osteichthyan-like dermal skeleton highlights the potential importance of other incompletely known Siluro-Devonian â€˜bony fishesâ€™ for reconstructing patterns of trait evolution near the origin of modern gnathostomes.
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                    Figure 1: The skull of Janusiscus schultzei gen. et sp. nov. based on high-resolution CT of GIT 496-6 (Pi.1384).[image: ]


Figure 2: Comparative braincase morphology of selected Palaeozoic gnathostomes.[image: ]


Figure 3: Summary result of phylogenetic analyses.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Dermal skull roofing bones of Janusiscus and Dialipina salgueiroensis.
a, Photograph of the holotype (GIT 496-6 (Pi.1384)). b, Original interpretation modified with permission from ref. 6. Reinterpretation of bones italicized in brackets (where applicable). c, Photograph of the referred skull roof (GIT 496-7 (Pi.1383)). d, Original interpretation modified with permission from ref. 6. e, New interpretive drawing of the holotype (GIT 496-6 (Pi.1384)). f, New interpretive drawing of the referred skull roof (GIT 496-7 (Pi.1383)). g, Dialipina salgueiroensis, modified with permission from ref. 13.


Extended Data Figure 2 Scales attributed to Dialipina and scanning electron micrograph images of Janusiscus schultzei gen. et sp. nov.
Scales from the localities of the Kureika Formation along the Sida River, Kotui Basin, Siberia, previously referred to D. markae, in: a, external view (GIT 496-8 (Pi.1384a)), previously figured by Schultze6 (plate 1, figure 3); b, internal view (GIT 496-10 (Pi.1385b)); c, external view (GIT 496-16 (Pi.1387)), ventral margin at upper right. d, e, Gross-scale morphology of D. salgueiroensis and referred species of Dialipina. d, Holotype of D. salgueiroensis, from the Emsian of Canada. Reproduced from ref. 10 (Fig. 3h) (with kind permission from Springer Science and Business Media). e, Holotype of D. markae, from the Lochkovian of the New Siberian Islands. Reproduced from ref. 10 (Fig. 3a) (with kind permission from Springer Science and Business Media). f, Scale from the Kureika Formation, Siberia, referred to D. markae and figured previously (reproduced with permission from figure 4 in ref. 6). This scale is the same specimen as in a6. g, New interpretive drawing of scale in a. h, Broken edge of the skull roof in the holotype (GIT 496-6 (Pi.1384)). The histological structure is not preserved. i, The anterior part of the referred skull roof (GIT 496-7). The dermal bone is poorly preserved, with the bone in the centre of each ridge missing. The histological structure is not preserved. j, The holotype (GIT 496-6 (Pi.1384)) in dorsal view, showing the endoskeletal supraoccipital crest and openings of the endolymphatic ducts. Images in a, b, and c are modified slightly with permission from those by the Institute of Geology at Talinn University of Technology and licensed by CC 3.0 (http://geokogud.info/git/specimen_image/496/496-8.jpg; http://geokogud.info/git/specimen_image/496/496-10.jpg; http://geokogud.info/git/specimen_image/496/496-16.jpg).


Extended Data Figure 3 Semi-transparent rendering of the skull of Janusiscus schultzei gen. et sp. nov. showing osteichthyan-like traits not visible externally.
Scale bar, 5Â mm.


Extended Data Figure 4 Janusiscus lacks endochondral ossification.
a, The actinopterygian Kentuckia deani MCZ 5226; tomographs showing extensive and well-developed endochondral ossification in both the sphenoid (top) and otic (bottom) regions. Bright white objects are voids within spongy endochodral bone that have been diagenetically infilled with dense (probably iron) minerals. b, Janusiscus schultzei gen. et sp. nov. GIT 496-6 (Pi.1384); tomographs showing lack of obvious endochondral ossification in either the sphenoid (top) or otic (bottom) regions. There is also no visual indication of endochondral bone in a break across the ethmoid region of this same specimen.


Extended Data Figure 5 Subcranial ridges in Janusiscus and early crown gnathostomes.
a, Reconstructed tomographs showing that the thickenings along the lateral margins of the sphenoid region of Janusiscus do not represent artefacts of post-mortem compression. b, The â€˜acanthodianâ€™ Ptomacanthus anglicus NHMUK PV P 24919a; a silicone peel of the specimen preserved in negative, dusted with ammonium chloride. Portions of the skull other than the neurocranium are partially masked for clarity. c, The chondrichthyan Doliodus problematicus NBMG 10127/1a; a reconstruction of the neurocranium based on CT data. d, Janusiscus schultzei gen. et sp. nov. GIT 496-6 (Pi.1384); a reconstruction of the neurocranium based on CT data. Red arrows in each panel indicate subcranial ridges.


Extended Data Figure 6 Orbit anatomy of Janusiscus schultzei gen. et sp. nov.
a, Scanning electron micrograph image into left orbit showing endoskeletal bone and surrounding matrix. b, Image based on X-ray computed microtomography scan with matrix digitally removed. c, Lateral view into right orbit, with matrix digitally removed. d, Anterolateral view into right orbit, with matrix digitally removed. e, Interpretive drawing of the orbit, based on a composite of the left and right orbits of the holotype (GIT 496-6 (Pi.1384)). Arrow points to anterior.


Extended Data Figure 7 Comparison of transverse processes in the braincases of early gnathostomes.
a, Macropetalichthys (redrawn from ref. 18). b, Dicksonosteus (redrawn from ref. 19). c, Buchanosteus (redrawn from ref. 29). d, Entelognathus (redrawn from ref. 4). e, Jagorina (redrawn from ref. 19). f, Ramirosuarezia (redrawn from ref. 9). g, Acanthodes (redrawn from ref. 3). h, Doliodus (redrawn from ref. 17). i, Cladodoides (redrawn from ref. 21). j, Orthacanthus (redrawn from ref. 20). k, Janusiscus. l, â€˜Ligulalepisâ€™ (redrawn from ref. 14). m, Mimipiscis (redrawn from ref. 16). n, Psarolepis (redrawn from ref. 25). o, Gogonasus (redrawn from ref. 35).


Extended Data Figure 8 Results of phylogenetic analysis.
a, Strict consensus of the 522,936 shortest trees (639 steps) for 78 taxa and 236 equally weighted characters. Digits above nodes indicate Bremer decay indices above 1. Digits below nodes indicate percentage bootstrap support. b, Adams consensus tree of the 522,936 shortest trees for 78 taxa and 236 equally weighted characters.


Extended Data Figure 9 Results of modified phylogenetic analyses.
a, Strict consensus tree of 216 trees with a score of 452.52565 resulting from analysis of characters reweighted according to retention index. b, Strict consensus of the 128,395 shortest trees for 77 taxa and 236 equally weighted characters, with Janusiscus removed from the data set.
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The early evolution of the jawed vertebrates (gnathostomes) is a hot topic in palaeontology. Here Brazeau and colleagues use computed tomography scanning to take a new look at a 415-million-year-old braincase and skull roof from the Early Devonian of Siberia, originally described in 1992 by Hans-Peter Schultze as coming from an early osteichthyan (bony fish). They find that the underlying braincase shows a mixture of features seen separately in osteichthyans, chondrichthyans or in neither. Phylogenetic analysis places the fish at base of the gnathostomes and suggests that the enigmatic acanthodians â€” a wholly extinct group of fossil fishes â€” were relatives of cartilaginous fishes.
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