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1. Extended differential diagnosis of Mbiresaurus raathi gen et. sp. nov. 
Mbiresaurus raathi bears a straighter premaxillary rostral margin (unlike Buriolestes schultzi); a ‘premaxillary foramen’ located at border of the narial fossa (unlike Eoraptor lunensis); extra foramina piercing the premaxilla dorsal to ‘premaxillary foramen’ (unlike Bagualosaurus agudoensis, Eoraptor lunensis, and Pampadromaeus barberenai); a maxilla with verticalized ventral portion of rostral margin (unlike Buriolestes schultzi); a maxillary antorbital fossa that does not reach the posterior end of external antorbital fenestra (unlike Bagualosaurus agudoensis); a not upturned rostral end of the maxillary alveolar margin (unlike Buriolestes schultzi and Eoraptor lunensis); a large foramen perforating the lateral surface of maxilla ventral to rostral portion of ascending process (unlike Eoraptor lunensis); a longitudinal ridge that is sharp forming the ventral margin of maxillary external antorbital fenestra (unlike Eoraptor lunensis); a not posteriorly papering lateral surface of maxilla ventral to external antorbital fenestra (unlike Saturnalia tupiniquim); a anteroposteriorly longer and mediolaterally narrower frontal (unlike Saturnalia tupiniquim); a frontal with less deeply incised supratemporal fossa (unlike Panphagia protos); a postorbital forming part of supratemporal fossa (unlike Saturnalia tupiniquim); a less developed postorbital flange expanding into orbit (unlike Buriolestes schultzi, Eoraptor lunensis, and Pampadromaeus barberenai); a more pointed rostral end of dentary (unlike Buriolestes schultzi); a downturned ventral margin of rostral end of dentary (unlike Eoraptor lunensis, Pampadromaeus barberenai, Panphagia protos, and Saturnalia tupiniquim); a bevelled dorsal margin of rostral end of dentary (unlike Saturnalia tupiniquim); a first alveolus not inset from rostral margin of dentary (unlike Bagualosaurus agudoensis, Eoraptor lunensis, and Panphagia protos); a not deeply incised external mandibular groove (unlike Bagualosaurus agudoensis and Panphagia protos); an external mandibular groove extending less rostrally along dentary (unlike Bagualosaurus agudoensis and Saturnalia tupiniquim); a medial process of articular lacking chorda tympani foramen (unlike Pampadromaeus barberenai); an upturned retroarticular process (unlike Eoraptor lunensis); a less transversally expanded and posteriorly rounded retroarticular process in dorsal/ventral views (unlike Panphagia protos); a relatively higher number of maxillary teeth (unlike Eoraptor lunensis); lack of large, strongly recurved serrated teeth (unlike herrerasaurids); third premaxillary tooth with denticles in mesial carena (unlike Bagualosaurus agudoensis, Buriolestes schultzi, and Pampadromaeus barberenai); “cheek-teeth” with imbricated crowns (unlike Eoraptor lunensis and Saturnalia tupiniquim); “cheek-teeth” with less posteriorly curved crowns (unlike Buriolestes schultzi and Eoraptor lunensis); “cheek-teeth” with denticles set at more oblique angles to tooth margin (unlike Buriolestes schultzi and Saturnalia tupiniquim); “cheek-teeth” with larger (usually less than eight per millimetre) denticles (unlike Saturnalia tupiniquim); not procumbent anterior dentary teeth (unlike Saturnalia tupiniquim); first dentary crown not significantly narrower (mesiodistally) than to those of “cheek-teeth” (unlike Pampadromaeus barberenai and Saturnalia tupiniquim); not enlarged third dentary tooth (unlike Panphagia protos); dentary “cheek-teeth” with shorter crowns relative to jaw depth (unlike Pampadromaeus barberenai); “cheek teeth” lacking prominent apicobasal ridge (unlike Panphagia protos); “cheek-teeth” with smaller denticles, usually more than five per millimetre (unlike Bagualosaurus agudoensis and Pampadromaeus barberenai); axis with more ventrally placed intercentrum (unlike Pampadromaeus barberenai); axial neural spine with rounded dorsal margin (unlike Buriolestes schultzi); axis with posterodorsally sloping neural arch (unlike Pampadromaeus barberenai); more anteriorly projected axial prezygapophysis (unlike Buriolestes schultzi, Pampadromaeus barberenai, and Saturnalia tupiniquim); less ventrally facing axial post-zygapophysis (unlike Buriolestes schultzi); epipophyses of cervical vertebrae overhang the posterior margin of the postzygopophyses (unlike Panphagia protos); trunk vertebral spines not dorsally expanded (unlike Panphagia protos and Saturnalia tupiniquim); co-ossified sacral centra (unlike Bagualosaurus agudoensis, Buriolestes schultzi, Eoraptor lunensis, Pampadromaeus barberenai, Panphagia protos, and Saturnalia tupiniquim); more than two sacral vertebrae (unlike herrerasaurids); sacrum including a dorsosacral vertebra (unlike Buriolestes schultzi and Nhandumirim waldsangae); scapular blade less expanded at distal end (unlike Eoraptor lunensis and Panphagia protos); scapular blade less anteroposteriorly constricted (unlike Pampadromaeus barberenai and Saturnalia tupiniquim); more distally expanded scapular blade (unlike herrerasaurids); less concave anterior margin of scapula (unlike Panphagia protos); acromion process less anteriorly expanded and forming a less acute angle to the scapular blade (unlike Pampadromaeus barberenai); dorsoventrally deeper postglenoid process (unlike Eoraptor lunensis); coracoid with less expanded subglenoid buttress (unlike Saturnalia tupiniquim); humerus shorter than scapula (unlike Eoraptor lunensis); less marked groove on humeral head lateral to medial tubercle (unlike Buriolestes schultzi); broader humeral shaft (unlike Buriolestes schultzi and Pampadromaeus barberenai); humerus with longer deltopectoral crest relative to estimated total length of bone (unlike Pampadromaeus barberenai and Saturnalia tupiniquim); deltopectoral crest set more perpendicular to the distal intercondylar line of humerus (unlike Buriolestes schultzi and Saturnalia tupiniquim); deltopecoral crest with more pointed apex (unlike Eoraptor lunensis); more transversally expended distal end of humerus (unlike Buriolestes schultzi and Eoraptor lunensis); more distally expanded ulnar condyle of humerus (unlike Eoraptor lunensis and Saturnalia tupiniquim); ulna with expanded olecranon process (unlike Buriolestes schultzi and Eoraptor lunensis); enlarged olecranon process does not co-ossify to ulna early in ontogeny (unlike Chromogisaurus novasi and Saturnalia tupiniquim); shorther radius relative to estimated humeral length (unlike Pampadromaeus barberenai); ilium with shorter preacetabular ala (unlike Eoraptor lunensis); ilium with more transversally broad preacetabular ala (unlike Buriolestes schultzi, Eoraptor lunensis, Pampadromaeus barberenai, Panphagia protos, and Saturnalia tupiniquim); ilium with pointed anterior margin of preacetabular ala in lateral/medial views (unlike Buriolestes schultzi); relatively shallower iliac blade above acetabulum (unlike Buriolestes schultzi and Chromogisaurus novasi); concave area above acetabulum expanded over entire iliac blade (unlike Buriolestes schultzi); postacetabular ala of ilium proportionally ‘robust’ and less anteroposteriorly elongate and dorsoventrally narrow (unlike Panphagia protos and Saturnalia tupiniquim); ilium with clear brevis fossa (unlike herrerasaurids); “ventromedial shelf” does not project more ventrally than brevis shelf in the posterior end of postacetabular ala of ilium (unlike Bagualosaurus agudoensis and Panphagia protos); ilium with less bulbous posterior portion of brevis shelf (unlike Bagualosaurus agudoensis); anterior extension of brevis fossa depression does not reach posterior margin of acetabulum (unlike Pampadromaeus barberenai); flattened posterior margin of postacetabular ala of ilium in lateral/medial views (unlike Buriolestes schultzi, Chromogisaurus novasi, Panphagia protos, and Saturnalia tupiniquim); concave posterior margin of postacetabular ala of ilium in dorsal/ventral views (unlike Buriolestes schultzi); deeper iliac acetabulum (unlike Bagualosaurus agudoensis, Buriolestes schultzi, Panphagia protos, and Saturnalia tupiniquim); acetabulum anterioposteriorly wider than dorsoventrally tall (unlike Nhandumirim waldsangae); concave ventral margin of iliac acetabular wall (unlike Bagualosaurus agudoensis, Buriolestes schultzi, Panphagia protos, and Saturnalia tupiniquim); more marked antitrochanter within iliac acetabulum (unlike Chromogisaurus novasi); ilium with more laterally expanded supracetabular crest (unlike Chromogisaurus novasi); ilium with dorsally convex supracetabular crest (unlike Buriolestes schultzi, Chromogisaurus novasi, Eoraptor lunensis, Pampadromaeus barberenai, and Panphagia protos); ilium with more posteriorly positioned lateralmost tip of supracetabular crest wall (unlike Bagualosaurus agudoensis, Buriolestes schultzi, and Pampadromaeus barberenai); ilium with less distally extensive supracetabular crest along pubic peduncle (unlike Buriolestes schultzi, Chromogisaurus novasi, and Pampadromaeus barberenai); no ridge connecting supracetabular crest and brevis shelf (unlike Eoraptor lunensis); pubic peduncle of ilium anteroventrally flat (unlike Panphagia protos); lateromedially narrower pubic peduncle of ilium (unlike Bagualosaurus agudoensis); more expanded distal end of pubic peduncle of ilium in lateral/medial views (unlike Buriolestes schultzi); ilium with more marked hell projecting posteriorly from base of ischiadic peduncle (unlike Bagualosaurus agudoensis); ilium with more caudally facing ischial peduncle articulation (unlike Bagualosaurus agudoensis and Buriolestes schultzi); pubis projecting anteroventrally (unlike herrerasaurids); not anteriorly bowed pubic shaft (unlike Eoraptor lunensis); pubis marked ischio-acetabular groove (unlike Eoraptor lunensis); proximal end of pubis with transversally narrower dorsal portion (unlike Bagualosaurus agudoensis); pubis with straight iliac articulation in lateral/medial views (unlike Bagualosaurus agudoensis); more expanded pubic tubercle (unlike Eoraptor lunensis); pubis rod-like with teardrop shaped transverse section (unlike Panphagia protos); not bevelled distal end of pubis (unlike Buriolestes schultzi); distal end of pubis anteroposteriorly expanded (unlike Eoraptor lunensis and Panphagia protos); dorsal margin of ischium upturned close to proximal articulation (unlike Panphagia protos); no anterodorsal projection of ischium above iliac articulation (unlike Saturnalia tupiniquim); lateromedially broader distal end of ischium (unlike Buriolestes schultzi, Panphagia protos, and Saturnalia tupiniquim); less expanded “ischial boot” (unlike Buriolestes schultzi and Eoraptor lunensis); epipodium not significantly longer than femur (unlike Pampadromaeus barberenai); more inturned femoral head (unlike Bagualosaurus agudoensis, Buriolestes schultzi, Chromogisaurus novasi, Eoraptor lunensis, Pampadromaeus barberenai, and Saturnalia tupiniquim); femoral head with larger caudomedial tuber (unlike Pampadromaeus barberenai); femoral head with stronger ligament groove (unlike Chromogisaurus novasi and Pampadromaeus barberenai); femoral head less transversely expanded with a less arched femoral ‘neck’ (unlike Alwalkeria maleriensis); femur with less laterally positioned lesser trochanter (unlike Pampadromaeus barberenai); distal end of fourth trochanter forming a steeper angle to the femoral shaft (unlike Bagualosaurus agudoensis and Chromogisaurus novasi); reduced fibular condyle on femur (unlike Eoraptor lunensis, Chromogisaurus novasi, and Pampadromaeus barberenai); distal end of femur with less angled craniomedial corner (unlike Eoraptor lunensis); distal end of femur with reduced intercondylar groove (unlike Pampadromaeus barberenai); distal condyles of the femur more prominent (unlike Alwalkeria maleriensis); proximal end of tibia with more anteriorly placed fibular condyle (unlike Pampadromaeus barberenai); tibia with more angled craniolateral corner of fibular condyle (unlike Buriolestes schultzi, Eoraptor lunensis, and Pampadromaeus barberenai); tibia with angular caudolateral corner of fibular condyle (unlike Saturnalia tupiniquim); tibia with anteroposteriorly longer cnemial crest in proximal view (unlike Panphagia protos); proximal outline of tibia with deeper groove caudolateral to cnemial crest (unlike Buriolestes schultzi); posterior margin of proximal end of tibia lacks knob medial to intercondylar notch (unlike Buriolestes schultzi); tibia with transversally narrowere cnemial crest (unlike Saturnalia tupiniquim); anterior tip of cnemial crest less distally placed along tibia (unlike Chromogisaurus novasi); lateral surface of proximal portion of tibia with more marked fibular crest and anterior longitudinal groove (unlike Bagualosaurus agudoensis); narrower tibial shaft compared to bone length (unlike Panphagia protos); tibia with anteroposteriorly narrower shaft and lateromedially broader proximal and distal ends (unlike Chromogisaurus novasi); anteriorly curved outer malleolus of tibia (unlike Chromogisaurus novasi); tibia with a posteriorly deeper slot for reception of ascending process of astragalus (unlike Eoraptor lunensis, Panphagia protos, and Saturnalia tupiniquim); distal end of tibia less lateromedially expanded (unlike Eoraptor lunensis and Nhandumirim waldsangae); distal outline of tibia with anteroposteriorly broader lateral margin (unlike Panphagia protos and Saturnalia tupiniquim); distal outline of tibial lacks concave posterior margin (unlike Chromogisaurus novasi); distal end of tibia with less laterally projected outer malleolus (unlike Panphagia protos); distal tibia not excavated by caudomedial notch (unlike Bagualosaurus agudoensis); fibula with less anteriorly tapering proximal outline (unlike Chromogisaurus novasi); less marked ridges on the medial surface of fibular proximal portion (unlike Chromogisaurus novasi); fibular shaft more laterally bowed for attachment of m. iliofibularis (unlike Chromogisaurus novasi); ascending process of astragalus proportionally longer (unlike Saturnalia tupiniquim); shallower astragalar ascending process (unlike Eoraptor lunensis); more oblique facet for reception of ascending process of astragalus in anterior view of tibia (unlike Saturnalia tupiniquim); anteroposteriorly narrower lateral half of astragalus (unlike Saturnalia tupiniquim); less transversally elongated astragalus (unlike Eoraptor lunensis); less acute craniomedial corner of astragalus (unlike Eoraptor lunensis, Panphagia protos, and Saturnalia tupiniquim); concave posterior margin of astragalus in proximal-distal views (unlike Eoraptor lunensis); astragalus with posteromedial process (unlike Nhandumirim waldsangae); feeble transverse groove on medial portion of posterior surface of astragalus (unlike Panphagia protos); caudolateral process anteriorly displaced from posterior margin of astragalus (unlike Eoraptor lunensis); reduced lateral condyle of metatarsal II (unlike Eoraptor lunensis); lateromedially narrower proximal end of metatarsal II (unlike Saturnalia tupiniquim); not medially curved distal half of metatarsal II (unlike Chromogisaurus novasi); extensor pits with less marked/rugose proximal borders in metatarsal II and III (unlike Buriolestes schultzi); anteriorly broader proximal end of metatarsal III (unlike Panphagia protos); deeper distal end of metatarsal IV (unlike Bagualosaurus agudoensis and Eoraptor lunensis).

The above differential diagnosis of Mbiresaurus raathi gen et. sp. nov. listed by taxon (based on the conditions presented by the referred taxa):
Eoraptor lunensis (PVSJ 512 – unless otherwise indicated)
No extra foramina piercing premaxilla dorsal to ‘premaxillary foramen’; ‘premaxillary foramen’ located at border of (instead of outside) narial fossa; upturned rostral end of maxillary alveolar margin (forming part of a subnarial gap); no large foramen perforating lateral surface of maxilla ventral to rostral portion of ascending process; blunt (rather than sharp) longitudinal ridge forming ventral margin of maxillary external antorbital fenestra; more developed postorbital flange expanding into orbit; rostral end of dentary with ventral margin not downturned; first alveolus inset from rostral margin of dentary; straight (rather than upturned) retroarticular process; lower number of maxillary teeth; “cheek-teeth” with non-imbricated crowns; “cheek-teeth” with more posteriorly curved crowns, in which the basal half of distal margin is straight/concave; non co-ossified sacral centra; humerus longer than scapula; more distally expanded scapular blade (compared to minimal breadth); dorsoventrally shallower postglenoid process; deltopecoral crest with less pointed apex; less transversally expanded distal end of humerus; less distally expanded ulnar condyle of humerus; ulna with unexpanded olecranon process; ilium with longer and less transversely expanded preacetabular ala; ilium with straighter (rather than dorsally convex) supracetabular crest; ridge connecting supracetabular crest and brevis shelf; less expanded pubic tubercle (ambiens process); subtler ischio-acetabular groove; anteriorly bowed pubic shaft; distal end of pubis not anteroposteriorly expended; more expanded “ischial boot”; less medially oriented (inturned) femoral head; enlarged fibular condyle (sensu Langer et al.47) on femur [PVSJ 559]; distal end of femur with more angled craniomedial corner [PVSJ 559]; tibia with less angled craniolateral corner of fibular condyle [PVSJ 559]; distal end of tibia more lateromedially expanded [PVSJ 559]; tibia with not as posteriorly deep slot for reception of ascending process of astragalus [PVSJ 559]; more transversally elongated astragalus [PVSJ 559]; deeper astragalar ascending process [PVSJ 559]; more acute craniomedial corner of astragalus [PVSJ 559]; straight (rather than concave) posterior margin of astragalus in proximal-distal views [PVSJ 559]; caudolateral process continuous (rather than anteriorly displaced) to posterior margin of astragalus [PVSJ 559]; larger lateral condyle of metatarsal II; broader than deep distal end of metatarsal IV. 

Buriolestes schultzi (ULBRA-PVT280 – unless otherwise indicated)
Rounded (rather than straighter) premaxillary rostral margin; upturned rostral end of maxillary alveolar margin (forming part of a subnarial gap); maxilla with oblique (rather than virtualized) ventral portion of rostral margin; more developed postorbital flange expanding into orbit [CAPPA/UFSM 0035]; rounded (rather than more pointed) rostral end of dentary; third premaxillary tooth lacking denticles in mesial carena; “cheek-teeth” with more posteriorly curved crowns, in which the basal half of distal margin is straight/concave; “cheek-teeth” with denticles set at right angles to tooth margin; sacrum including a caudosacral (rather than dorsosacral) vertebra; non co-ossified sacral centra; axial neural spine with sigmoid (rather than rounded) dorsal margin [CAPPA/UFSM 0035]; less anteriorly projected axial prezygapophysis [CAPPA/UFSM 0035]; more ventral facing axial post-zygapophysis [CAPPA/UFSM 0035]; more marked groove on humeral head lateral to medial tubercle; deltopectoral crest set obliquely (rather than more perpendicular) to the distal intercondylar line of humerus; narrower humeral shaft (relative to total length of bone); less transversally expended distal end of humerus; ulna with unexpanded olecranon process; relatively deeper iliac blade above acetabulum; ilium with less transversally broad preacetabular ala; ilium with flattened (rather than pointed) anterior margin of preacetabular ala in lateral/medial views; concave area above acetabulum restricted to dorsal half of Iliac blade; rounded (rather than flattened) posterior margin of postacetabular ala of ilium in lateral/medial views; rounded (rather than concave) posterior margin of postacetabular ala of ilium in dorsal/ventral views; shallower iliac acetabulum; straight (rather than concave) ventral margin of iliac acetabular wall; ilium with straighter (rather than dorsally convex) supracetabular crest; ilium with more anteriorly positioned lateralmost tip of supracetabular crest; ilium with more distally extensive supracetabular crest along pubic peduncle; less expanded distal end of pubic peduncle of ilium in lateral/medial views; ilium with ventrally facing ischial peduncle articulation; bevelled distal end of pubis; more expanded “ischial boot”; lateromedially narrower distal end of ischium; less medially oriented (inturned) femoral head; tibia with less angled craniolateral corner of fibular condyle; posterior margin of proximal end of tibia with knob medial to intercondylar notch; proximal outline of tibia with shallower groove caudolateral to cnemial crest; extensor pits with more marked/rugose proximal borders in metatarsal II and II; lateromedially unexpanded distal end of metatarsal IV.

Pampadromaeus barberenai (ULBRA-PVT016)
No extra foramina piercing premaxilla dorsal to “premaxillary foramen”; more developed postorbital flange expanding into orbit; rostral end of dentary with ventral margin not downturned; medial process of articular perforated by chorda tympani foramen; third premaxillary tooth lacking denticles in mesial carena; first dentary crown significantly narrower (mesiodistally) than to those of “cheek-teeth”; dentary “cheek-teeth” with larger denticles; dentary “cheek-teeth” with taller crowns (relative to jaw depth); axis with more dorsally placed intercentrum; axis with sub horizontal (rather than posterodorsally sloping) neural arch; less anteriorly projected axial prezygapophysis; non co-ossified sacral centra; scapular blade more anteroposteriorly constricted (relative to its total length); acromion process more anteriorly expanded and forming a more acute angle to the scapular blade; narrower humeral shaft (relative to estimated total length of bone); humerus with shorter deltopectoral crest (relative to estimated total length of bone); longer radius (relative to estimated humeral length); ilium with less transversally broad preacetabular ala; anterior extension of brevis fossa depression reaches posterior margin of acetabulum; ilium with more anteriorly positioned lateralmost tip of supracetabular crest; ilium with straighter (rather than dorsally convex) supracetabular crest; ilium with more distally extensive supracetabular crest along pubic peduncle; epipodium significantly longer than femur; femoral head with subtler caudomedial tuber and ligament groove; less medially oriented (inturned) femoral head; femur with more laterally positioned lesser trochanter; distal end of femur with enlarged intercondylar groove; enlarged fibular condyle on distal end of femur (sensu Langer et al.45); proximal end of tibia with more posteriorly placed fibular condyle; tibia with less angled craniolateral corner of fibular condyle. 

Panphagia protos (PVSJ 874)
Frontal with more deeply incised supratemporal fossa; rostral end of dentary with ventral margin not downturned; dentary with external mandibular groove; first alveolus inset from rostral margin of dentary; enlarged third dentary tooth; deeply incised external mandibular groove; more transversally expanded and posteriorly rounded retroarticular process (in dorsal/ventral views); “cheek teeth” with prominent apicobasal ridge (e.g., labial eminence); ~10 denticles per mm; epipophyses of cervical vertebrae do not overhang the posterior margin of the postzygopophyses; trunk vertebral spines dorsally expanded; non co-ossified sacral centra; more concave anterior margin of scapula (in lateral/medial views); distal end of scapular blade more expanded; ilium with less transversally broad preacetabular ala; shallower iliac acetabulum; ilium with straighter (rather than dorsally convex) supracetabular crest; straight (rather than concave) ventral margin of iliac acetabular wall; ilium with longer postacetabular ala; postacetabular ala of ilium with rounded posterior margin (in lateral/medial views); medial lamina of ilium roughly twice as long as iliac spine (rather than subequal) in posterior view; pubic peduncle of ilium anteroventrally rounded; pubis is blade-like and laminar (rather than rod-like with a teardrop shape in transverse section); distal end of pubis not anteroposteriorly expended; dorsal margin of ischium not upturned close to proximal articulation; lateromedially narrower distal end of ischium; broader tibial shaft (compared to bone length); tibia with anteroposteriorly shorter cnemial crest (in proximal view); distal end of tibia with more laterally projected outer malleolus; distal outline of tibia with anteroposteriorly narrower lateral margin; slot for reception of ascending process of astragalus in tibia not much deeper posteriorly than anteriorly; astragalus with acute craniomedial corner; well-marked transverse groove on medial portion of posterior surface of astragalus; proximal end of metatarsal III as broad posteriorly as anteriorly.

Saturnalia tupiniquim (MCP 3844-PV – unless otherwise indicated)
Frontal proportions anteroposteriorly shorter and mediolaterally wider; posteriorly papering lateral surface of maxilla ventral to external antorbital fenestra [MCP 3845-PV]; postorbital does not form part of supratemporal fossa [MCP 3845-PV]; not bevelled dorsal margin of rostral end of dentary [MCP 3845-PV]; rostral end of dentary with ventral margin not downturned [MCP 3845-PV]; external mandibular groove extends more rostrally along dentary [MCP 3845-PV]; “cheek-teeth” with smaller (usually more than eight per millimetre) and chisel-like denticles [MCP 3845-PV]; “cheek-teeth” with non-imbricated crowns [MCP 3845-PV]; “cheek-teeth” denticles forming straighter angles to the crown margin [MCP 3845-PV]; first dentary crown significantly narrower (mesiodistally) than to those of “cheek-teeth” [MCP 3845-PV]; anterior dentary teeth are procumbent; less anteriorly projected axial prezygapophysis [MCP 3845-PV]; trunk vertebral spines dorsally expanded; non co-ossified sacral centra; more anteroposteriorly constricted scapular shaft, compared to both its total length and dorsal expansion; coracoid with more expanded subglenoid buttress; more distally extensive deltopectoral crest of humerus; deltopectoral crest set obliquely (rather than more perpendicular) to the distal intercondylar line of humerus; less distally expanded medial condyle of humerus; enlarged olecranon process co-ossifies to the ulna earlier in ontogeny; ilium with less transversally broad preacetabular ala [MCP 3845-PV]; postacetabular process of ilium proportionally ‘gracile’ and more anteroposteriorly elongate and dorsoventrally narrow; postacetabular ala of ilium with pointed posterior margin (in lateral/medial views); shallower iliac acetabulum; straight (rather than concave) ventral margin of iliac acetabular wall; anterodorsal projection of ischium above iliac articulation; lateromedially narrower distal end of ischium; less medially oriented (inturned) femoral head; tibia with transversally broader cnemial crest; tibia with rounded (rather than more angular) caudolateral corner of fibular condyle; less oblique facet for reception of ascending process of astragalus in anterior view of tibia; slot for reception of ascending process of astragalus in tibia not much deeper anteriorly than posteriorly; anteroposteriorly narrower lateral margin of distal end of tibia; astragalus with more acute craniomedial corner; ascending process of astragalus proportionally shorter; anteroposteriorly broader with lateral half of astragalus; lateromedially broader proximal end of metatarsal II.

Chromogisaurus novasi (PVSJ 845)
Enlarged olecranon process co-ossifies to the ulna at a smaller body size; relatively deeper iliac blade above acetabulum; rounded (rather than flattened) posterior margin of postacetabular ala of ilium in lateral/medial views; ilium with straighter (rather than dorsally convex) and less laterally expanded supracetabular crest; subtler antitrochanter within iliac acetabulum; ilium with more distally extensive supracetabular crest along pubic peduncle; less medially oriented (inturned) femoral head; distal end of fourth trochanter forming a lower angle to the femoral shaft; femoral head with subtler ligament groove; distal end of femur with enlarged fibular (relative to lateral) condyle (sensu Langer et al.45); tibia with anteroposteriorly broader shaft and lateromedially narrower proximal and distal ends (although these may result from compressional deformation of PVSJ 845); anterior tip of cnemial crest more distally placed along tibia; straight (rather than anteriorly curved) outer malleolus of tibia; distal outline of tibial with concave posterior margin; fibula with more anteriorly tapering proximal outline; more marked ridges on the medial surface of fibular proximal portion; fibular shaft less laterally bowed for attachment of m. iliofibularis; medially curved distal hald of metatarsal II.

Bagualosaurus agudoensis (UFRGS-PV-1099-T)
No extra foramina piercing premaxilla dorsal to “premaxillary foramen”; maxillary antorbital fossa extends until the posterior end of external antorbital fenestra; first alveolus inset from rostral margin of dentary; deeply excavating external mandibular groove extends more rostrally along dentary; third premaxillary tooth lacking denticles in mesial carena; “cheek-teeth” with larger denticles (usually up to five per millimetre); non co-ossified sacral centra; shallower iliac acetabulum; straight (rather than concave) ventral margin of iliac acetabular wall; ilium with more anteriorly positioned lateralmost tip of supracetabular crest; “ventromedial shelf” projects more ventrally than brevis shelf in the posterior end of postacetabular ala of ilium; ilium with more bulbous posterior portion of brevis shelf; broader (lateromedially) pubic peduncle of ilium; ilium with less marked hell projecting posteriorly from base of ischiadic peduncle; ilium with more ventrally oriented distal articulation of ischiadic peduncle; pubis with convex (rather than straight) iliac articulation (in lateral/medial views); proximal end of pubis with transversally broader dorsal portion; less medially oriented (inturned) femoral head; distal end of fourth trochanter forming a lower angle to the femoral shaft; lateral surface of proximal portion of tibia with less marked fibular crest and anterior longitudinal groove; distal tibia excavated by caudomedial notch; lateromedially broader distal end of metatarsal IV (relative to that of metatarsal III).

Herrerasauridae (Herrerasaurus ischigualastensis, Staurikosaurus pricei, Gnathovorax cabreirai, Sanjuansaurus gordilloi)
Large, strongly recurved serrated teeth; only two sacral vertebrae; distally restricted, ‘strap-like’ (rather than distally expanded) scapular blade; ilium lacking clear brevis fossa; pubis projecting ventrally or posteroventrally. 

Nhandumirim waldsangae (LPRP/USP 0651)
Acetabulum proportions dorsoventrally wider than anterioposteriorly tall; trunk vertebra not incorporated into the sacrum; distal end of tibia mediolaterally expanded; presence of posteromedial process of the astragalus.

Alwalkeria maleriensis (ISI R306)
Femoral head transversely expanded with a more arched femoral ‘neck’; distal condyles of the femur less prominent.

Table S1. Comparative taxon list and sources. Specimen numbers indicate that the specimen was viewed in person by at least one author. 
	Taxon
	Source(s)

	Saturnalia tupiniquim
	MCP 3845-PV, 3846-PV, 3844-PV; Langer40; Langer et al.43; Bronzati et al.1; Bronzati et al.2

	Panphagia protos
	PVSJ 874; Martínez and Alcober36; Martínez et al.3

	Pampadromaeus barberenai
	ULBRA-PVT016; Langer et al.45

	Chromogisaurus novasi
	Ezcurra33

	Eoraptor lunensis
	PVSJ 512; Sereno et al.37

	Buriolestes schultzi
	ULBRA-PVT280, CAPPA/UFSM 0035; Cabriera et al.24

	Bagualosaurus agudoensis
	UFRGS-PV-1099-T

	Herrerasaurus ischigualastensis
	PVL 2566, MACN-Pv 18.060, PVSJ 373, 407; Novas46; Sereno42; Sereno and Novas4 

	Staurikosaurus pricei
	MCZ 1669; Colbert5; Galton6; Grillo and Azevedo7

	Gnathovorax cabreirai
	CAPPA/UFSM 0009; Pacheco et al.77

	Sanjuansaurus gordilloi
	PVSJ 605; Alcober and Martínez (2010)

	Nhandumirim waldsangae
	LPRP/USP 0651; Marsola et al.39

	Alwalkeria maleriensis
	Chatterjee8; Agnolín9

	
	



2. Description of the geology, taphonomy, and age of the tetrapod assemblage of the Pebbly Arkose Formation, Dande Communal Area. 
	The Pebbly Arkose Formation in the Cabora Bassa Basin (CBB) overlies the Angwa Sandstone and is overlain by the Forest Sandstone28,29, and in the Dande Communal Area is between 1500–2000 m in thickness28. In the CBB the Pebbly Arkose presents two distinct lithofacies: a massive, coarse-grained pebbly arkosic sandstone, and a poorly sorted sandstone that grades into siltstone. In our study area in the Dande Communal Area, the Pebbly Arkose Formation consists of graded coarse pebbly conglomeritic sandstones (i.e., ‘grit’) that fine upward to fine-grained sandstones, siltstones, and silty mudstones. Pebbles are evenly dispersed throughout, even in the mudstones, such that even various suites of finest-grained strata are poorly sorted. These relatively large pebbles are not present in lags but throughout the silt- and mudstones. The sandstones are greenish in colour, with brown to dark red silt- and mudstones, and some of the silt and mud is mottled gray-green, with discoloured root casts. There are occasionally coarser sandstone lenses interbedded within these silt- and mudstones. In the southern portion of the Dande Communal Area the Pebbly Arkose Formation forms a dissected topography, with drainage systems exposing the bedrock in erosion gullies, in which more resistant sandstones form cliff features. Across intervening erosion surfaces the winnowing of finer grains has often left a surface lag of loose surficial pebbles. The vertebrate fossils are recovered almost exclusively from the finer-grained strata, with far fewer fossils recovered from coarse-grained beds. Although we have focused on describing the most productive locality (Ext. Data Figs. 1, 2), we recovered diagnostic hyperodapedontine rhynchosaur, dinosaur, and aetosaur material at many other localities in the Pebbly Arkose Formation where this graded sandstone-siltstone facies is exposed, so the assemblage described here is widely distributed in this unit, both stratigraphically and geographically. Petrified wood (probably Agathoxylon sp.29,10,11) is present elsewhere in the CBB Pebbly Arkose Formation, including the Fossil Forest National Monument, but not associated in areas where vertebrate fossils were recovered. The massive sandstone lithofacies of the Pebbly Arkose Formation has been interpreted as representing a braided river system28, but the irregular sorting of the fossil-bearing graded facies, with relatively large pebbles mixed within fine-grained siltstone and mudstone, and proximity to the oft-active Zambezi Escarpment Fault suggests pulsed deposition under alluvial fan conditions. The combination of features suggestive of mixed and suspended loads suggests that the sediments were deposited in an interchannel or overbank flood basin28, which is consistent with the aggregation of vertebrate fossil that we have described in this study. Detailed description of the lithology, petrography, depositional environment, and stratigraphy of the Pebbly Arkose Formation in the Dande Communal Area can be found in Oesterlen’s monograph28.
	The vertebrate fossils of the Pebbly Arkose Formation are well-preserved, with minimal distortion and many fine details (e.g., thin lineations and intermuscular lines). Many elements were recovered after weathering, and these are generally broken and isolated, although associated material was collected from the surface. However, the great majority of material that was recovered in situ was associated and even articulation was not uncommon; for example, the Mbiresaurus raathi holotype contains an articulated tibia, fibula, and pes; the posterior vertebrae of the herrerasaurid were articulated; the humerus of the aetosaur preserved articulated with appendicular osteoderms. Although there is minimal crushing or distortion, in many cases in situ elements are recovered in several pieces, linearly offset from each other, which fit back together perfectly (in many cases, after gluing the breakage is difficult to see). These show no erosion or evidence of pre-depositional breakage, and instead we hypothesize that post-depositional extensional forces caused this taphonomic pattern. This taphonomic setting results in a large number of associated and partially articulated skulls and skeletons of all taxa described herein (Mbiresaurus raathi, herrerasaurid, hyperodapedontine rhynchosaur, gomphodontosuchine cynodont, aetosaur). 
	Detrital zircon dating of sandstone directly underlying the Mbiresaurus raathi type specimen returned a best maximum age of ~534 Ma, indicating that the processes that created the zircons occurred long before the deposition of what is certainly a Late Triassic locality. Instead of reflecting dates of near-contemporaneous processes, as would be hoped, these results reflect the age and provenance of granites and gneisses affected by the late Pan-African tectono-thermal event in the adjacent fault-bound Zambezi Escarpment12,13. Although Triassic tetrapod biostratigraphy can be imprecise14-18, comparison of the tetrapod assemblage reported here with others (especially from the well-dated South American sediments) provides the best available evidence for the geological age of these taxa. The hyperodapedontine rhynchosaur Hyperodapedon has been suggested to be useful as an index taxon for Carnian terrestrial sediments19-22; however, radioisotopic ages for Hyperodapedon-bearing strata are restricted to the Ischigualasto and Santa Maria Formations of South America18,23-27. These dates are unequivocally Carnian, with the Hyperodapedon Assemblage Zone of Brazil18,23,24 dated to ~233 Ma and the Hyperodapedon-Exaeretodon-Herrerasaurus biozone of Argentina25-27 dated to roughly ~231–229 Ma. Further, in both the upper portions of these zones within the Ischigualasto and Santa Maria Formations (hereafter, “Hyperodapedon zones”)  Teyumbaita has been reported to be the most common hyperodapedontine, stratigraphically above the lower portion of the assemblage zones which are numerically dominated by Hyperodapedon25. Deposits in South America containing Hyperodapedon are bracketed in time by deposits in which Hyperodapedon is absent, dated to the early Carnian (underlying deposits; Chañares Fm., Santacruzodon Assemblage Zone) and the earliest Norian (overlying deposits; Riograndia Assemblage Zone, Exaeretodon biozone), respectively18,23-27. Based on maxillary morphology the Zimbabwean hyperodapedontine can be diagnosed as a species of Hyperodapedon, and not Teyumbaita (Extended Data Fig. 5), and therefore provides evidence of correlation with the lower portion of the Hyperodapedon-dominated assemblage zones of South America. 
Hyperodapedontine rhynchosaurs are known from strata outside South America (e.g., Popo Agie Fm., Wyoming, USA21; Wolfville Fm., Nova Scotia, Canada28; Lossiemouth Sandstone, Scotland29; Tiki Fm., India30; lower Maleri Fm., India31; Mahogo Fm., Tanzania20) but the ages of these sediments are poorly constrained20,28.  Therefore, although there is uncertainty in the utility of Hyperodapedon as an index taxon for the late Carnian, all fossil assemblages containing Hyperodapedon that have been radioisotopically dated fall within the late Carnian18,23-27, and other formations that contain Hyperodapedon possess vertebrate and palynological assemblages that appear broadly Carnian in age20,28, although an earliest Norian age for these latter sediments cannot be definitively ruled out. The presence of Hyperodapedon is therefore consistent with a Carnian age for the Pebbly Arkose Formation in the CBB, and despite the lack of radioistopic age constraints, the Pebbly Arkose Formation can help test the utility of Hyperodapedon as an index taxon. If the presence of Hyperodapedon is indeed indicative of the late Carnian, then the assemblage geographically closest to South America containing Hyperodapedon (i.e., the Pebbly Arkose Fm.) should also contain a suite of close relatives of South American taxa from the Hyperodapedon zones.
In addition to Hyperodapedon as their most abundant taxonomic component, the Pebbly Arkose Formation of the CBB and the Hyperodapedon zones of South America18,23-27 also share gomphodontosuchine traversodontid cynodonts (e.g., Exaeretodon, Gomphodontosuchus; Extended Data Fig. 5a-c), early-diverging sauropodomorph dinosaurs (e.g., Saturnalia, Panphagia, Mbiresaurus), large-bodied early-diverging herrerasaurid dinosaurs (e.g., Herrerasaurus, Sanjuansaurus, Gnathovorax; Extended Data Fig. 5f-h), and early-diverging aetosaurs (Aetosauroides; Extended Data Fig. 5d-e). Additionally, the Hyperodapedon-Exaeretodon-Herrerasaurus biozone of Argentina contains kannemeyeriid dicynodonts—absent in the Hyperodapedon Assemblage Zone of Brazil—which may also be present in the Pebbly Arkose assemblage (Extended Data Fig. 5i-k). The particular suite of taxa reported here is therefore typical of those from the late Carnian of South America. 
The stratigraphically close association with a presumably Middle Triassic–Carnian Dicroidium flora within the underlying Alternations Member of the Angwa Sandstone32 in the Dande Area is also consistent with a late Carnian date for the Pebbly Arkose Formation29. The Pebbly Arkose Formation of the CBB has been lithostratigraphically correlated with the Pebbly Arkose Formation of the Mid-Zambezi Basin (~230 km apart)33-35, but detrital zircon dating suggests the Pebbly Arkose Formation of the Mid-Zambezi Basin is much younger (late Norian or early Rhaetian), and the tetrapod assemblage there is consistent with this age, having no overlap with that of the CBB29,11. The two units named ‘Pebbly Arkose’ are therefore diachronous29, with the CBB Pebbly Arkose Formation being older. 
We interpret the suite of taxa present in in the Pebbly Arkose Formation of the CBB as most consistent with a late Carnian age, and this is the best-supported hypothesis for the age of the assemblage, with the significant caveat that this is based on vertebrate biostratigraphy. Even if the Pebbly Arkose Formation was earliest Norian, Mbiresaurus raathi and the Zimbabwean herrerasaurid would still represent Africa’s oldest known definitive dinosaurs, and because of the phylogenetic position of other southern Gondwanan sauropodomorphs (Panphagia, Guaibasaurus, Unaysaurus), a slightly younger date for M. raathi has no impact on the results of our biogeographic analyses. Better age constraints on Hyperodapedon-containing assemblages outside of South America, and magnetostratigraphic correlation or detrital zircon dates from under- and overlying formations in the CBB, may help to better constrain the Pebbly Arkose Formation in the future.   

3. Justification for assigning elements to the holotype (NHMZ 2222) and paratype (NHMZ 2547), and other potentially referrable specimens
	Both the holotype (NHMZ 2222) and the paratype (NHMZ 2547) individuals of Mbiresaurus raathi were closely associated in situ and excavated from the same ~1 m2 plot (Extended Data fig. 1, ‘M. raathi type site’). Because the paratype individual is ~15% larger than the holotype, and because many elements were recovered in articulation, the assigning of most elements to a given individual is unambiguous and can be readily undertaken by simply comparing sizes and proportions. This, combined with the articulation of some elements, leads to confident placement of limb, girdle, and cranial elements into either the holotype or paratype specimen. However, although some axial elements can also be confidently assigned a specimen (e.g., the sacra of the two individuals, the axis of NHMZ 2547), many of the cervical, trunk, and caudal vertebrae, as well as the rib fragments, remain difficult to assign to either individual. This difficulty comes from uncertainty regarding exactly from where in the axial skeleton these elements pertain, and also from the similar size that homologous elements of the two individuals might have. For example, given two trunk vertebrae of slightly different sizes, this difference might come from their pertaining to different individuals or might simply be a size difference between trunk elements of the same individual—a larger vertebra might even come from the smaller individual, if the elements came from portions of the axial column that allowed this size discrepancy. Because of this ambiguity, the assignment of these elements to specimens would imply certainty which is not currently available. Therefore, we have chosen to temporarily refrain from assigning some elements to either specimen, although they undoubtedly pertain to either the holotype or paratype individuals of Mbiresaurus raathi. We are optimistic that most of these elements will ultimately be confidently assigned to the holotype or paratype upon more detailed comparisons to articulated or associated vertebral series of early sauropodomorphs, which will provide information on intra-individual proportions and anatomy that is not currently available for this group.
	Other, more partial individuals from this area may be potentially referable to Mbiresaurus raathi (Extended Data Fig. 1). The dinosaurian femur from this area first reported by Raath et al.36 as a sauropodomorph femur (NHMZ 2223), and previously suggested37 to pertain to Saturnalia sp., may have belonged to Mbiresaurus raathi. The morphology is consistent with the type material of Mbiresaurus raathi, but not share any unambiguous synapomorphies with the taxon. Similarly, a less morphologically mature (i.e., smaller bone scars, smaller size) and incomplete femur (NHMZ 2242) recovered meters away from the M. raathi holotype may also pertain to this taxon, but only dinosauriform, dinosaurian, and saurischian symplesiomorphies are present (i.e., anterior trochanter, trochanteric shelf, dorsolateral trochanter, and asymmetrical fourth trochanter), meaning that diagnosing this material as M. raathi is not possible. It may be a good assumption that small-sized saurischian or sauropodomorph material recovered from the same area (Extended Data Fig. 1) pertains to Mbiresaurus; however, Carnian deposits with similar faunal assemblages in South America often contain multiple anatomically similar sauropodomorph taxa38,39, so the possibility that this material pertains instead to a similar but distinct sauropodomorph must be considered.  

4. Histological description of Mbiresaurus raathi holotype (NHMZ 2222). 
	In the following description we use the histological terminology of Werning40, who expanded on and provided diagnostic criteria for the terminology of Francillon-Vieillot et al.41. We describe the tissue organization and vascular orientation/style separately42,43 instead of referring to woven- or parallel-fibered tissue with lamellated primary osteons as a ‘fibrolamellar complex’. 
	The histological cross section of the right tibia of NHMZ 2222 is roughly circular with the anteroposterior axis slightly longer than the mediolateral axis. The medullary cavity is infilled with matrix, and there are many radial cracks along the cortex, but the cortical bone is largely well-preserved. The endosteal surface has been destroyed by the infilling matrix in much of the sample, creating a jagged or scalloped cortical surface over much of the medullary cavity. On the posterolateral portion of the medullary cavity the relatively thick (~140 μm) endosteal layer composed of lamellar bone (i.e., endosteal lamellae) is preserved. Internal to the endosteal layer is compacted coarse cancellous bone, probably deposited during cortical drift44. 
	Most of the cortex consists of vascularized primary bone on the boundary between parallel-fibered and woven bone: the tissue organization (as revealed by apatite crystals reflecting collagen fiber orientation) could be considered loosely organized parallel-fibers or more circumferentially organized woven fibers in much of the cortex (i.e., Warshaw’s45 ‘slow fibrolamellar’ tissue). The outermost ~250 μm consists of more organized tissue. The vascular canals are primary osteons; there are no secondary osteons in the sample and no evidence of secondary remodeling. The vascular canals are largely longitudinal, but anastomoses are common, especially in the deeper cortex. In the internal part of the anteromedial portion of the cortex, the anastomoses predominate, forming reticular orientation. These anastomoses do not have a preferred orientation. Whereas the deeper portions of the cortex are very well-vascularized, vascular density drops to well-vascularized in the outermost portion of the cortex. Qualitatively, the size of vascular canals appears to decrease in the outermost portion of the cortex, but this perception may be caused by the decrease in anastomoses. Osteocytes largely follow the orientation of the fibers of the parallel-fibered bone, although they are more globular or randomly oriented in more woven portions of the tissue, or in the primary osteons. There are no cyclical growth marks, including annuli or lines of arrested growth (LAGs), and there is no external fundamental system (EFS). 
	The lack of an EFS and the persistence of vascular canals in the subperiosteal surface suggests that linear growth had not ceased in the tibia of NHMZ 2222. The absence of growth marks may appear to suggest that this individual of M. raathi grew continuously throughout the year, with no periodic pauses. With a maximum sampled cortical thickness of ~3,000 μm, and assuming a roughly 390-day year during the Late Triassic46, this would translate to an average of 7.69 μm deposited daily. This rate is consistent with measured growth rates of parallel-fibered primary bone in older individuals of extant birds (2–30 μm/day47). Therefore, the tibia of M. raathi may lack growth marks because it grew continuously, but that the entire preserved cortex was deposited within one year is at least consistent with the data (with the caveat that a crown bird almost certainly had higher rates of growth than early sauropodomorph, regardless of tissue type). If the tissue (a less-organized, and therefore faster-growing, parallel-fibered tissue) grew at a rate more similar to that of woven bone, this is even more likely. A sampled femur of Saturnalia tupiniquim possesses an overall similar histological profile and contains an annulus48, which also lends evidence to Mbiresaurus having potentially deposited growth marks that were simply not preserved in the sampled cortex. Regardless, the greater fiber organization in the outer cortex, the decreasing size and density of vascular canals, and the shift from reticular and anastomosing canals to longitudinal canals all suggest49 that grow had slowed, but not yet ceased. Although skeletally immature, NHMZ 2222 would probably not have reached a much greater body size, and the high degree of morphological maturity of the individual suggests that the morphology of this individual would likely change little during its last portion of growth before full skeletal maturity.  




5. Age and geographic locality data used in biogeographic analyses.
Table S2. Bracketed age data for taxa used in biogeographic analyses of Langer et al. and modified Baron et al. matrices, including lower age brackets (first appearance datum; FAD) and upper age brackets (last appearance datum, LAD). Ages in millions of years (Ma). For analyses the median age of the youngest taxon (Jeholosaurus) must be set to zero, with all other ages rescaled to this. 
	Taxon
	FAD
	LAD
	FAD rescaled
	LAD rescaled
	Median rescaled

	Aardonyx
	201.3
	190.8
	75.4
	64.9
	70.2

	Abrictosaurus
	201.3
	190.8
	75.4
	64.9
	70.2

	Agilisaurus
	170.3
	168.3
	44.4
	42.4
	43.4

	Agnosphitys
	208.5
	201.3
	82.6
	75.4
	79.0

	Antetonitrus
	201.3
	190.8
	75.4
	64.9
	70.2

	Asilisaurus
	242
	235
	116.1
	109.1
	112.6

	Chindesaurus
	210
	213
	84.1
	87.1
	85.6

	Coelophysis
	207
	202
	81.1
	76.1
	78.6

	Coloradisaurus
	215
	212
	89.1
	86.1
	87.6

	Cryolophosaurus
	194
	186
	68.1
	60.1
	64.1

	Dilophosaurus
	186.4
	181
	60.5
	55.1
	57.8

	Dimorphodon
	201.3
	190.8
	75.4
	64.9
	70.2

	Diodorus
	237
	208.5
	111.1
	82.6
	96.9

	Dracoraptor
	201.5
	201.1
	75.6
	75.2
	75.4

	Dracovenator
	201.3
	190.8
	75.4
	64.9
	70.2

	Dromomeron gigas
	215
	201
	89.1
	75.1
	82.1

	Dromomeron gregorii
	225
	215
	99.1
	89.1
	94.1

	Dromomeron romerii
	212
	208
	86.1
	82.1
	84.1

	Efraasia
	216
	211
	90.1
	85.1
	87.6

	Emausaurus
	182.7
	179
	56.8
	53.1
	55.0

	Eocursor
	201.3
	190.8
	75.4
	64.9
	70.2

	Eodromaeus
	231.4
	228
	105.5
	102.1
	103.8

	Eoraptor
	231.4
	228
	105.5
	102.1
	103.8

	Eucoelophysis
	212
	212
	86.1
	86.1
	86.1

	Euparkeria
	247
	235
	121.1
	109.1
	115.1

	Fruitadens
	150.3
	150.2
	24.4
	24.3
	24.4

	Gongxianosaurus
	182.7
	174.1
	56.8
	48.2
	52.5

	Guaibasaurus
	225.5
	224.5
	99.6
	98.6
	99.1

	Herrerasaurus
	231.4
	228
	105.5
	102.1
	103.8

	Heterodontosaurus
	201.3
	190.8
	75.4
	64.9
	70.2

	Hexinlusaurus
	170.3
	163.5
	44.4
	37.6
	41.0

	Ignotosaurus
	231.4
	228
	105.5
	102.1
	103.8

	Jeholosaurus
	129.7
	122.1
	3.8
	-3.8
	0.0

	Lagerpeton
	236.1
	233.7
	110.2
	107.8
	109.0

	Laquintasaura
	201.4
	200.4
	75.5
	74.5
	75.0

	Lesothosaurus
	201.3
	190.8
	75.4
	64.9
	70.2

	Lewisuchus
	236.1
	233.7
	110.2
	107.8
	109.0

	Leyesaurus
	201.3
	174.1
	75.4
	48.2
	61.8

	Liliensternus
	216
	204
	90.1
	78.1
	84.1

	Lophostropheus
	201
	199
	75.1
	73.1
	74.1

	Lufengosaurus
	197
	190
	71.1
	64.1
	67.6

	Lutungutali
	242
	235
	116.1
	109.1
	112.6

	Manidens
	178.8
	174.1
	52.9
	48.2
	50.6

	Lagosuchus
	236.1
	233.7
	110.2
	107.8
	109.0

	Massospondylus carinatus
	201.3
	190.8
	75.4
	64.9
	70.2

	Massospondylus kaalae
	201.3
	190.8
	75.4
	64.9
	70.2

	Nyasasaurus
	242
	235
	116.1
	109.1
	112.6

	Pampadromaeus
	227.94
	227.24
	102.04
	101.34
	101.7

	Panguraptor
	197
	190
	71.1
	64.1
	67.6

	Panphagia
	231.4
	228
	105.5
	102.1
	103.8

	Pantydraco
	208.5
	201.3
	82.6
	75.4
	79.0

	Pisanosaurus
	231.4
	228
	105.5
	102.1
	103.8

	Plateosaurus
	211
	205
	85.1
	79.1
	82.1

	Postosuchus
	220
	215
	94.1
	89.1
	91.6

	Procompsognathus
	216
	209
	90.1
	83.1
	86.6

	Pulanesaura
	201.3
	190.8
	75.4
	64.9
	70.2

	Riojasaurus
	215
	212
	89.1
	86.1
	87.6

	Sacisaurus
	225.5
	224.5
	99.6
	98.6
	99.1

	Saltopus
	237
	208
	111.1
	82.1
	96.6

	Sanjuansaurus
	231.4
	228
	105.5
	102.1
	103.8

	Sarcosaurus
	200
	195
	74.1
	69.1
	71.6

	Saturnalia
	233.23
	228
	107.33
	102.1
	104.7

	Scelidosaurus
	194
	190.8
	68.1
	64.9
	66.5

	Silesaurus
	230
	227
	104.1
	101.1
	102.6

	Sinosaurus
	197
	190
	71.1
	64.1
	67.6

	Staurikosaurus
	233.23
	228
	107.33
	102.1
	104.7

	‘Syntarsus’
	186.4
	181
	60.5
	55.1
	57.8

	Tawa
	212
	212
	86.1
	86.1
	86.1

	Tazoudasaurus
	182.7
	174.1
	56.8
	48.2
	52.5

	Thecodontosaurus
	208.5
	201.3
	82.6
	75.4
	79.0

	Tianyulong
	165
	152
	39.1
	26.1
	32.6

	Unaysaurus
	225.5
	224.5
	99.6
	98.6
	99.1

	Vulcanodon
	201
	185
	75.1
	59.1
	67.1

	Yunnanosaurus
	197
	190
	71.1
	64.1
	67.6

	Zupaysaurus
	215
	212
	89.1
	86.1
	87.6

	Buriolestes
	233.23
	228
	107.33
	102.1
	104.7

	Ixalerpeton
	233.23
	228
	107.33
	102.1
	104.7

	Daemonosaurus
	207
	202
	81.1
	76.1
	78.6

	Ceratosaurus
	151.69
	152.67
	25.79
	26.77
	26.3

	Elaphrosaurus
	152.1
	157.3
	26.2
	31.4
	28.8

	Eoabelisaurus
	174.1
	168.3
	48.2
	42.4
	45.3

	Piatnitzkysaurus
	166.1
	163.5
	40.2
	37.6
	38.9

	Allosaurus
	151.69
	152.67
	25.79
	26.77
	26.3

	Bagualosaurus
	227.94
	227.24
	102.04
	101.34
	101.7

	Mbiresaurus
	231.4
	228
	105.5
	102.1
	103.8

	Scutellosaurus
	186.4
	181
	60.5
	55.1
	57.8


	


Table S3. Bracketed age data for taxa used in biogeographic analyses of the Cabreira et al., including lower age brackets (first appearance datum; FAD) and upper age brackets (last appearance datum, LAD). Ages in millions of years (Ma). For analyses the median age of the youngest taxon (Elaphrosaurus) must be set to zero, with all other ages rescaled to this. 
	Taxon
	FAD
	LAD
	FAD rescaled
	LAD rescaled
	Median rescaled

	Asilisaurus
	242
	235
	87.3
	80.3
	83.8

	Chindesaurus
	210
	213
	55.3
	58.3
	56.8

	Coelophysis
	207
	202
	52.3
	47.3
	49.8

	Dilophosaurus
	186.4
	181
	31.7
	26.3
	29.0

	Diodorus
	237
	208.5
	82.3
	53.8
	68.1

	Dromomeron gregorii
	225
	215
	70.3
	60.3
	65.3

	Dromomeron romerii
	212
	208
	57.3
	53.3
	55.3

	Efraasia
	216
	211
	61.3
	56.3
	58.8

	Eocursor
	201.3
	190.8
	46.6
	36.1
	41.4

	Eodromaeus
	231.4
	228
	76.7
	73.3
	75.0

	Eoraptor
	231.4
	228
	76.7
	73.3
	75.0

	Eucoelophysis
	212
	212
	57.3
	57.3
	57.3

	Euparkeria
	247
	235
	92.3
	80.3
	86.3

	Guaibasaurus
	225.5
	224.5
	70.8
	69.8
	70.3

	Herrerasaurus
	231.4
	228
	76.7
	73.3
	75.0

	Heterodontosaurus
	201.3
	190.8
	46.6
	36.1
	41.4

	Lewisuchus
	236.1
	233.7
	81.4
	79.0
	80.2

	Pseuodolagosuchus
	236.1
	233.7
	81.4
	79.0
	80.2

	Liliensternus
	216
	204
	61.3
	49.3
	55.3

	Lagosuchus
	236.1
	233.7
	81.4
	79.0
	80.2

	Pampadromaeus
	227.94
	227.24
	73.2
	72.5
	72.9

	Panphagia
	231.4
	228
	76.7
	73.3
	75.0

	Pantydraco
	208.5
	201.3
	53.8
	46.6
	50.2

	Pisanosaurus
	231.4
	228
	76.7
	73.3
	75.0

	Plateosaurus
	211
	205
	56.3
	50.3
	53.3

	Sacisaurus
	225.5
	224.5
	70.8
	69.8
	70.3

	Saltopus
	237
	208
	82.3
	53.3
	67.8

	Saturnalia
	233.23
	228
	78.5
	73.3
	75.9

	Silesaurus
	230
	227
	75.3
	72.3
	73.8

	Staurikosaurus
	233.23
	228
	78.5
	73.3
	75.9

	‘Syntarsus’ kayentakatae
	186.4
	181
	31.7
	26.3
	29.0

	‘Syntarsus’ rhodesiensis
	201
	180
	46.3
	25.3
	35.8

	Tawa
	212
	212
	57.3
	57.3
	57.3

	Zupaysaurus
	215
	212
	60.3
	57.3
	58.8

	Buriolestes
	233.23
	228
	78.5
	73.3
	75.9

	Ixalerpeton
	233.23
	228
	78.5
	73.3
	75.9

	Daemonosaurus
	207
	202
	52.3
	47.3
	49.8

	Elaphrosaurus
	152.1
	157.3
	-2.6
	2.6
	0.0

	Mbiresaurus
	231.4
	228
	76.7
	73.3
	75.0

	Scutellosaurus
	186.4
	181
	31.7
	26.3
	29.0

	Chromogisaurus
	231.4
	228
	76.7
	73.3
	75.0

	Lagerpeton
	236.1
	233.7
	81.4
	79.0
	80.2

	Lesothosaurus
	201.3
	190.8
	46.6
	36.1
	41.4

	Petrified Forest Theropod
	213
	210
	58.3
	55.3
	56.8




Table S4. Sources for age data of taxa used in biogeographic analyses, and regions of Pangaea for each taxon used in biogeographic analyses. HL, high-latitude southern Pangaea; EP, equatorial Pangaea; E, eastern northern Pangaea; W, western northern Pangaea.
	Taxon
	Dating method
	Source(s)
	Biogeographic Region

	Aardonyx
	Biotic correlation
	Yates et al.50; McPhee et al.51

	HL

	Abrictosaurus
	Biotic correlation
	Thulborn52; McPhee et al.51

	HL

	Agilisaurus
	Biotic correlation
	Wang et al.53
	E

	Agnosphitys
	Biotic correlation
	Fraser et al.54; Morton et al.55
	

	Antetonitrus
	Biotic correlation
	Yates and Kitching56; McPhee et al.51
	HL

	Asilisaurus
	Biotic correlation
	Wynd et al.17
	HL

	Chindesaurus
	U-Pb detrital zircon dating
	Ramezani et al.57; Marsh et al.58
	EP

	Coelophysis
	Biotic correlation; magnetostratigraphy
	Martz and Parker59
	EP

	Coloradisaurus
	Magnetostratigraphy
	Kent et al.60
	HL

	Cryolophosaurus
	Rb–Sr, U-Th-Pb of tuff
	Elliot et al.61
	HL

	Dilophosaurus
	U-Pb detrital zircon dating
	Marsh and Rowe62
	W

	Dimorphodon
	Biotic correlation
	Owen63; Padian64
	

	Diodorus
	Biotic correlation
	Kammerer et al.65
	HL

	Dracoraptor
	Biotic correlation
	Martill et al.66
	E

	Dracovenator
	Biotic correlation
	Munyikwa and Raath67; Yates68
	HL

	Dromomeron gigas
	Biotic correlation
	Martínez et al.69
	HL

	Dromomeron gregorii
	Biotic correlation; preliminary Rb-Sr date
	Sarigül70; Lessner et al.71
	EP

	Dromomeron romerii
	U-Pb detrital zircon and tuff dating
	Irmis et al.25; Ramezani et al.57; Marsh72
	EP

	Efraasia
	Biotic correlation
	Yates73; Bachmann and Kozur74; Etzold et al.75
	E

	Emausaurus
	Biotic correlation
	Ernst76; Haubold77
	E

	Eocursor
	Biotic correlation
	Butler et al. 2007; McPhee et al.51
	HL

	Eodromaeus
	Ar-Ar tuff dating
	Martínez et al.26; Martínez et al.78
	HL

	Eoraptor
	Ar-Ar tuff dating; U-Pb detrital zircon dating 
	Martínez et al.26; Martínez et al.78; Desojo et al.25
	HL

	Eucoelophysis
	U-Pb detrital zircon dating
	Irmis et al.25
	EP

	Euparkeria
	Biotic correlation
	Wynd et al.17
	

	Fruitadens
	Biotic correlation; Ar-Ar dating
	Butler et al.79
	W

	Gongxianosaurus
	Biotic correlations
	Meng et al.80; Chen et al.81
	E

	Guaibasaurus
	U-Pb detrital zircon dating
	Langer et al.4
	HL

	Herrerasaurus
	Ar-Ar tuff dating; U-Pb detrital zircon dating
	Martínez et al.26; Martínez et al.78; Desojo et al.25
	HL

	Heterodontosaurus
	Biotic correlation
	Santa Luca82; McPhee et al.51
	HL

	Hexinlusaurus
	Biotic correlation
	Chen et al.83; Barrett et al.84
	HL

	Ignotosaurus
	Ar-Ar tuff dating; U-Pb detrital zircon dating
	Martínez et al.26; Martínez et al.78;  Desojo et al.25
	HL

	Jeholosaurus
	Ar-Ar tuff dating
	Chang et al.85
	E

	Lagerpeton
	U-Pb detrital zircon and tuff dating
	Marsicano et al.86; Ezcurra et al.87
	HL

	Laquintasaura
	U-Pb detrital zircon dating
	Barrett et al.88; Langer et al.89
	HL

	Lesothosaurus
	Biotic correlation
	Barrett et al.90; McPhee et al.51
	HL

	Lewisuchus
	U-Pb detrital zircon and tuff dating
	Marsicano et al.86; Ezcurra et al.87
	HL

	Leyesaurus
	Biotic correlation
	Apaldetti et al.91
	HL

	Liliensternus
	Biotic correlation
	Werneburg92; German Stratigraphic Commission 201693; Bernasconi et al.94; Kent et al.60
	E

	Lophostropheus
	Biotic correlation
	Cuny and Dalton95; Ezcurra and Cuny96
	E

	Lufengosaurus
	Biotic correlation; magnetostratigraphy
	Luo and Wu97; Huang et al.98; Lee et al.99
	E

	Lutungutali
	Biotic correlation
	Wynd et al.17
	HL

	Manidens
	U-Pb tuff dating
	Pol et al.100; Cúneo et al.101
	HL

	Lagosuchus
	U-Pb detrital zircon and tuff dating
	Marsicano et al.86; Ezcurra et al.87
	HL

	Massospondylus carinatus
	Biotic correlation
	Barrett et al.11; McPhee et al.51; Viglietti et al.102
	HL

	Massospondylus kaalae
	Biotic correlation
	Barrett103; McPhee et al.51
	HL

	Nyasasaurus
	Biotic correlation
	Wynd et al.17
	

	Pampadromaeus
	Biotic correlation to U-Pb detrital zircon dating
	Langer et al.4; Desojo et al.25
	HL

	Panguraptor
	Biotic correlation; magnetostratigraphy
	Luo and Wu97; Huang et al.98; You et al.104
	E

	Panphagia
	Ar-Ar tuff dating; U-Pb detrital zircon dating
	Martínez et al.26; Martínez et al.78; Desojo et al.25
	HL

	Pantydraco
	Biotic correlation
	Galton et al.105; Whiteside and Marshall106; Foffa et al.107
	E

	Pisanosaurus
	Ar-Ar tuff dating; U-Pb detrital zircon dating
	Martínez et al.26; Martínez et al.78; Desojo et al.25
	HL

	Plateosaurus
	Biotic correlation
	Sander108; Yates56; Bachmann and Kozur74; Etzold et al.75; Schoch and Seegis109; Lallensack et al.110
	E

	Postosuchus
	Biotic correlation; magnetostratigraphy
	Martz and Parker59; Lessner et al.71
	

	[bookmark: _Hlk75532509]Procompsognathus
	Biotic correlation
	Sereno and Wild111
	E

	Pulanesaura
	Biotic correlation
	McPhee et al.112; McPhee et al.51
	HL

	Riojasaurus
	Magnetostratigraphy
	Kent et al.113
	HL

	Sacisaurus
	Biotic correlation to U-Pb detrital zircon dating
	Langer et al.4
	HL

	Saltopus
	Biotic correlation
	Benton and Walker114
	

	Sanjuansaurus
	Ar-Ar tuff dating; U-Pb detrital zircon dating
	Martínez et al.26; Martínez et al.78; Desojo et al.25
	HL

	Sarcosaurus
	Biotic correlation
	Ezcurra et al.115
	E

	Saturnalia
	U-Pb detrital zircon dating
	Langer et al.4
	HL

	Scelidosaurus
	Biotic correlation
	Norman116
	E

	Silesaurus
	Biotic correlation
	Dzik and Sulej117
	E

	Sinosaurus
	Biotic correlation; magnetostratigraphy
	Luo and Wu97; Huang et al.98; Dong118
	E

	Staurikosaurus
	U-Pb detrital zircon dating
	Langer et al.4
	HL

	‘Syntarsus’ kayentakatae
	U-Pb detrital zircon dating
	Marsh and Rowe62
	W

	‘Syntarsus’ rhodesiensis
	Biotic correlation and 40Ar-39Ar basalt dating
	Viglietti et al.102,119; Sciscio et al.120 
	HL

	Tawa
	U-Pb detrital zircon and tuff dating
	Irmis et al.25; Ramezani et al.57; Marsh72
	EP

	Tazoudasaurus
	Biotic correlation
	Allain and Aquesbi121
	HL

	Thecodontosaurus
	Biotic correlation
	Whiteside and Marshall106; Foffa et al.107
	E

	Tianyulong
	U-Pb tuff dating
	Liu et al.122
	E

	Unaysaurus
	U-Pb detrital zircon dating
	Langer et al.4
	HL

	Vulcanodon
	Biotic correlation
	Viglietti et al.119
	HL

	Yunnanosaurus
	Biotic correlation; magnetostratigraphy
	Young123; Luo and Wu97; Huang et al.98
	W

	Zupaysaurus
	Magnetostratigraphy
	Kent et al.113
	HL

	Buriolestes
	Biotic correlation to U-Pb detrital zircon dating
	Langer et al.4
	HL

	Ixalerpeton
	Biotic correlation to U-Pb detrital zircon dating
	Langer et al.4
	HL

	Daemonosaurus
	Biotic correlation; magnetostratigraphy
	Martz and Parker59
	EP

	Ceratosaurus
	U-Pb ash dating
	Trujillo et al.124
	W

	Elaphrosaurus
	Biotic correlation
	Bussert et al.125
	HL

	Eoabelisaurus
	Biotic correlation
	Pol and Rauhut126
	HL

	Piatnitzkysaurus
	Biotic correlation
	Bonaparte127
	HL

	Allosaurus
	U-Pb ash dating
	Trujillo et al.124
	W

	Chromogisaurus
	Ar-Ar tuff dating; U-Pb detrital zircon dating
	Martínez et al.26; Martínez et al.78; Desojo et al.25
	HL

	Petrified Forest Theropod
	U-Pb detrital zircon dating
	Ramezani et al.57; Marsh and Parker128
	W

	Mbiresaurus
	Biotic correlation
	Martínez et al.26; Martínez et al.78
	HL

	Scutellosaurus
	U-Pb detrital zircon dating
	Marsh and Rowe62
	W





6. Bayesian phylogenetic analyses and biogeographic model data. 
	The Bayesian analyses of the Langer et al.129, Baron et al.130-133, and Cabreira et al.134 matrices all consistently recovered Mbiresaurus raathi as an early diverging sauropodomorph with high degrees of support (Figs. S1–3). The Langer et al. and Baron et al. analyses recovered roughly similar placement of Mbiresaurus, but the Langer et al. analysis recovered Mbiresaurus at a slightly more early-diverging node than the Baron et al. analysis, although both found it as less closely related to Sauropoda than either Panphagia, Bagualosaurus, and Unaysaurus, and later diverging than Eoraptor and Buriolestes. The posterior probability (PP) of the nodes immediately surrounding Mbiresaurus among early sauropodomorphs were consistently low (≤ 0.55), but with high posterior probability that it is an early sauropodomorph (0.92–0.99), indicating that its phylogenetic location among these Carnian sauropodomorphs is somewhat uncertain. This is consistent when the enigmatic taxon Saltopus was included in the analysis, with Saltopus being recovered as the sister taxon to the early dinosauriform Lagosuchus (Fig. S4). In contrast, the Cabreira et al. analysis recovered Mbiresaurus as the earliest diverging sauropodomorph, with Eoraptor and Buriolestes both recovered as more closely related to Sauropoda, although the posterior probability of Buriolestes being in this particular arrangement is relatively low (0.29). Therefore, all Bayesian analyses support our interpretation of Mbiresaurus as an early sauropodomorph, but more detailed analysis (i.e., matrices constructed specifically to test the relationships of early sauropodomorphs) may provide greater confidence as to where exactly Mbiresaurus is recovered among its close kin. Regardless, the 20 trees taken from the posterior distribution of the Langer et al. analysis include differing phylogenetic arrangements for these Carnian sauropodomorphs, with no impact on our overall model of dispersal (Extended Data Fig. 7), so the placement of Mbiresaurus among Carnian sauropodomorphs does not impact our results or conclusions. 
	As expected129-131, the Langer et al. and Baron et al. analyses differ with respect to the earliest dinosaurian nodes: whereas analysis of the Langer et al. matrix recovered the traditional saurischian-ornithischian dichotomy at the base of Dinosauria (PP = 0.74), the Baron et al. analysis suggests the sauropodomorph-ornithoscelida arrangement, with ornithischians as the closest relatives of theropods, albeit with less confidence (PP = 0.53). All three analyses recover a monophyletic Dinosauria, but although the Langer et al. and Cabreira et al. analyses find herrerasaurids as the earliest diverging theropods (PP = 0.35–0.92), the Baron et al. matrix recovers them as the earliest diverging ornithischians, albeit with extremely low probability (PP = 0.1), placing them essentially in a polytomy with Ornithischia and Theropoda. In both the Langer et al. and Baron et al. analyses Lagosuchus (= ‘Marasuchus’) is recovered as the earliest branching lagerpetid (PP = 0.45–0.61), which to our knowledge has not been recovered in any previous analysis—the Cabreira et al. analysis placed Lagosuchus at its more conventional location outside of Dinosauria, Silesauridae, and Lagerpetidae (PP = 0.81). Both the Langer et al. and Cabreira et al. analyses support the controversial25,133 taxon Pisanosaurus as an ornithischian (PP = 0.68–0.84), whereas the Baron et al. analysis found it as a silesaurid (PP = 0.95), and the silesaurid Lewisuchus as more closely related to Dinosauria than the rest of silesauridae (PP = 0.61). In the Langer et al. analysis all taxa traditionally considered silesaurids are found in a monophyletic clade (PP = 0.60) sister to Dinosauria (PP = 1.00). The Cabreira et al. analysis recovered most silesaurids as early ornithischians, as did the original parsimony analysis: Asilisaurus is recovered as the earliest-diverging ornithischian (albeit with very low support, PP = 0.30), and most other silesaurids are recovered in a clade sister to all other ornithischians except for Lewisuchus (and its junior synonym, ‘Pseudolagosuchus’), which are recovered as more closely related to Saurischia. Intriguingly, both the Lager et al. and Baron et al. analyses consistently recovered Plateosaurus as more closely related to Efraasia, Thecodontosaurus, and Pantydraco (PP = 0.92) than to Sauropoda, which to our knowledge has not been previously recovered. However, because the relationships among later-diverging dinosaurian taxa differs in our analyses from recent analyses constructed specifically to test relationships among these subclades, we urge caution in interpreting these relationships at face value. The Langer et al., Baron et al., and Cabreira et al. matrices were selected for their broad taxonomic and temporal sampling to allow us to test the both the affinities of Mbiresaurus and broader patterns of dinosaurian dispersal during the Triassic, and more restricted matrices (focusing on, e.g., early sauropodomorphs38 or neotheropods135) may be preferable for determining the detailed interrelationships of these taxa. Despite the differences in our three Bayesian analyses, and between the 20 trees taken from the posterior distribution of the Langer et al. analysis, our biogeographic analyses of these clades recover a consistent pattern (Extended Data Fig. 7), indicating that our results are robust under even strongly differing phylogenetic hypotheses.
	
	
	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][image: ]Figure S1. Maximum clade credibility tree of the Bayesian analysis of the Langer et al. matrix, with posterior probabilities listed for each node. Branch lengths in Ma.
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Figure S2. Maximum clade credibility tree of the Bayesian analysis of the Baron et al. matrix, with posterior probabilities listed for each node. Branch lengths in Ma.


[image: ]
Figure S3. Maximum clade credibility tree of the Bayesian analysis of the Cabreira et al. matrix, with posterior probabilities listed for each node. Branch lengths in Ma.
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Figure S4. Maximum clade credibility tree of the Bayesian analysis of the Langer et al. matrix including Saltopus, with posterior probabilities listed for each node. Branch lengths in Ma.


Table S5. Overall convergence in tree parameters from 10 independent runs of the Bayesian phylogenetic analysis of the Langer et al.129 matrix. All parameters have an effective sample size of 200 or greater, indicating overall convergence.
	Statistic
	Effective Sample Size

	Posterior
	2040

	Likelihood
	329

	Prior
	2031

	Tree Height
	4744

	Sum (Indicators)
	593

	Mean Clock Rate
	6434

	FDB
	2040

	Diversification Rate FBD
	72010

	Turnover FBD
	30461

	Sampling Proportion FBD
	68839

	Origin FBD
	35269

	Sampled Ancestor Count FBD
	22654






Table S6. Overall convergence in tree parameters from 10 independent runs of the Bayesian phylogenetic analysis of the Baron et al.130-133 matrix. All parameters have an effective sample size of 200 or greater, indicating overall convergence.
	Statistic
	Effective Sample Size

	Posterior
	1657

	Likelihood
	347

	Prior
	1852

	Tree Height
	2925

	Sum (Indicators)
	364

	Mean Clock Rate
	4949

	FDB
	3403

	Diversification Rate FBD
	72010

	Turnover FBD
	39055

	Sampling Proportion FBD
	71550

	Origin FBD
	46879

	Sampled Ancestor Count FBD
	19530




Table S7. Overall convergence in tree parameters from 10 independent runs of the Bayesian phylogenetic analysis of the Cabreira et al.134 matrix. All parameters have an effective sample size of 200 or greater, indicating overall convergence.
	Statistic
	Effective Sample Size

	Posterior
	2845

	Likelihood
	1203

	Prior
	1349

	Tree Height
	1235

	Sum (Indicators)
	1154

	Mean Clock Rate
	1235

	FDB
	537

	Diversification Rate FBD
	69532

	Turnover FBD
	22755

	Sampling Proportion FBD
	53500

	Origin FBD
	12710

	Sampled Ancestor Count FBD
	2526



Table S8. Overall convergence in tree parameters from 5 independent runs of the Bayesian phylogenetic analysis of the Langer et al.129 matrix including the enigmatic dinosauriform Saltopus. Most parameters have an effective sample size of 200 or greater, and all have effective sample sizes over 100, indicating overall convergence.
	Statistic
	Effective Sample Size

	Posterior
	1305

	Likelihood
	125

	Prior
	470

	Tree Height
	146

	Sum (Indicators)
	198

	Mean Clock Rate
	588

	FDB
	452

	Diversification Rate FBD
	36005

	Turnover FBD
	14958

	Sampling Proportion FBD
	36005

	Origin FBD
	803

	Sampled Ancestor Count FBD
	13902





Table S9. Delta-log-likelihood returned by the nine different permutations of the biogeographic dispersal model for each time slice, and the null model of no arid band, using the Langer et al.129 matrix. Permutations: Ornithodira, all ornithodirans; Dinosauria, only dinosaurs; 1S, dinosaurs with one hypothetical sauropodomorph included; 3S, dinosaurs with thee hypothetical sauropodomorphs included; 1T, dinosaurs with one hypothetical theropod included; 3T dinosaurs with three hypothetical theropods included; 1H, dinosaurs with one hypothetical herrerasaurid included; 1H1S1T, dinosaurs with one hypothetical herrerasaurid, one hypothetical sauropodomorph, one hypothetical theropod included; 1H3S3T, the ‘northern Carnian dinosaur assemblage’, dinosaurs with one hypothetical herrerasaurid, three hypothetical sauropodomorphs, three hypothetical theropods included. To ensure that our model was running properly, we included a sample with no arid band, and received a delta-loglikelihood of 0 for all time periods, as is expected.
	Time (Ma)
	Ornithodira
	Dinosauria
	1S
	1T
	3S
	3T
	1H
	1H1S1T
	1H3S3T

	236.08
	-1.21
	-0.28
	-1.41
	-1.32
	-1.61
	-2.09
	-1.48
	-1.87
	-3.21

	234.35
	-1.40
	-0.43
	-1.66
	-1.44
	-1.80
	-2.24
	-1.68
	-2.04
	-3.28

	233.64
	-1.47
	-0.56
	-1.70
	-1.48
	-1.90
	-2.06
	-1.75
	-2.05
	-3.08

	232.93
	-1.58
	-0.72
	-1.72
	-1.56
	-2.04
	-1.81
	-1.83
	-2.02
	-2.81

	232.49
	-1.67
	-0.85
	-1.77
	-1.64
	-2.16
	-1.62
	-1.88
	-2.01
	-2.60

	232.11
	-1.76
	-0.96
	-1.82
	-1.72
	-2.26
	-1.49
	-1.92
	-2.00
	-2.43

	231.25
	-2.01
	-1.28
	-1.70
	-1.96
	-2.56
	-1.24
	-1.94
	-1.66
	-1.94

	231.01
	-2.11
	-1.38
	-1.81
	-2.06
	-2.68
	-1.33
	-1.97
	-1.70
	-1.95

	230.93
	-2.15
	-1.41
	-1.84
	-2.09
	-2.71
	-1.37
	-1.98
	-1.71
	-1.96

	230.55
	-2.32
	-1.58
	-2.04
	-2.22
	-2.84
	-1.59
	-2.09
	-1.76
	-1.95

	230.37
	-2.39
	-1.64
	-2.12
	-2.27
	-2.89
	-1.68
	-2.14
	-1.78
	-1.95

	229.87
	-2.58
	-1.82
	-2.35
	-2.40
	-2.55
	-1.95
	-2.33
	-1.90
	-1.72

	229.83
	-2.60
	-1.83
	-2.37
	-2.42
	-2.55
	-1.98
	-2.35
	-1.92
	-1.74

	228.99
	-2.64
	-1.93
	-2.43
	-2.50
	-2.61
	-2.04
	-2.41
	-2.04
	-1.80

	228.90
	-2.63
	-1.94
	-2.42
	-2.49
	-2.60
	-2.03
	-2.40
	-2.03
	-1.80

	228.77
	-2.62
	-1.95
	-2.41
	-2.49
	-2.60
	-2.02
	-2.39
	-2.03
	-1.79

	228.74
	-2.62
	-1.95
	-2.41
	-2.49
	-2.59
	-2.02
	-2.39
	-2.03
	-1.79

	228.72
	-2.62
	-1.96
	-2.41
	-2.49
	-2.59
	-2.02
	-2.39
	-2.03
	-1.80

	228.57
	-2.61
	-1.97
	-2.40
	-2.48
	-2.59
	-2.01
	-2.39
	-2.04
	-1.79

	228.55
	-2.61
	-1.97
	-2.40
	-2.48
	-2.59
	-2.01
	-2.38
	-2.04
	-1.79

	228.50
	-2.61
	-1.97
	-2.40
	-2.48
	-2.59
	-2.01
	-2.38
	-2.04
	-1.79

	228.45
	-2.60
	-1.98
	-2.40
	-2.48
	-2.59
	-2.01
	-2.38
	-2.04
	-1.79

	227.80
	-2.58
	-2.04
	-2.39
	-2.48
	-2.58
	-2.02
	-2.38
	-2.07
	-1.83

	227.72
	-2.58
	-2.05
	-2.39
	-2.48
	-2.58
	-2.02
	-2.38
	-2.08
	-1.84

	227.22
	-2.54
	-2.07
	-2.36
	-2.46
	-2.56
	-1.99
	-2.34
	-2.07
	-1.83

	226.76
	-2.50
	-2.07
	-2.33
	-2.43
	-2.53
	-1.96
	-2.31
	-2.05
	-1.81

	225.08
	-2.41
	-2.12
	-2.25
	-2.37
	-2.46
	-1.92
	-2.24
	-2.04
	-1.82

	225.00
	-2.41
	-2.12
	-2.25
	-2.37
	-2.46
	-1.92
	-2.24
	-2.04
	-1.83

	223.17
	-2.36
	-1.96
	-2.22
	-2.35
	-2.43
	-1.94
	-2.22
	-2.05
	-1.88

	223.04
	-2.36
	-1.95
	-2.23
	-2.35
	-2.43
	-1.94
	-2.22
	-2.05
	-1.88

	222.97
	-2.36
	-1.95
	-2.23
	-2.35
	-2.43
	-1.94
	-2.22
	-2.05
	-1.89

	222.68
	-2.36
	-1.92
	-2.22
	-2.35
	-2.42
	-1.94
	-2.21
	-2.05
	-1.89

	222.65
	-2.35
	-1.92
	-2.22
	-2.34
	-2.42
	-1.94
	-2.21
	-2.05
	-1.89

	222.59
	-2.35
	-1.92
	-2.22
	-2.34
	-2.42
	-1.94
	-2.21
	-2.05
	-1.89

	222.35
	-2.34
	-1.90
	-2.20
	-2.33
	-2.40
	-1.93
	-2.20
	-2.04
	-1.88

	222.10
	-2.33
	-1.88
	-2.19
	-2.32
	-2.39
	-1.92
	-2.18
	-2.03
	-1.88

	221.98
	-2.32
	-1.87
	-2.19
	-2.31
	-2.39
	-1.92
	-2.18
	-2.02
	-1.87

	221.60
	-2.30
	-1.85
	-2.17
	-2.30
	-2.37
	-1.91
	-2.16
	-2.01
	-1.86

	221.32
	-2.29
	-1.83
	-2.16
	-2.28
	-2.35
	-1.90
	-2.15
	-2.00
	-1.85

	221.26
	-2.29
	-1.82
	-2.16
	-2.28
	-2.35
	-1.90
	-2.15
	-2.00
	-1.85

	220.85
	-2.27
	-1.80
	-2.14
	-2.27
	-2.33
	-1.89
	-2.14
	-1.99
	-1.84

	220.30
	-2.25
	-1.78
	-2.13
	-2.25
	-2.31
	-1.88
	-2.12
	-1.97
	-1.82

	220.30
	-2.25
	-1.78
	-2.13
	-2.25
	-2.31
	-1.88
	-2.12
	-1.97
	-1.83

	220.26
	-2.25
	-1.77
	-2.13
	-2.25
	-2.31
	-1.88
	-2.12
	-1.97
	-1.82

	220.25
	-2.25
	-1.77
	-2.12
	-2.25
	-2.31
	-1.88
	-2.12
	-1.97
	-1.82

	220.01
	-2.24
	-1.76
	-2.12
	-2.24
	-2.29
	-1.87
	-2.11
	-1.96
	-1.82

	219.14
	-2.21
	-1.71
	-2.09
	-2.21
	-2.26
	-1.85
	-2.08
	-1.93
	-1.77

	218.92
	-2.20
	-1.70
	-2.08
	-2.20
	-2.25
	-1.84
	-2.07
	-1.92
	-1.76

	218.79
	-2.18
	-1.68
	-2.05
	-2.17
	-2.22
	-1.81
	-2.04
	-1.89
	-1.73

	218.35
	-2.11
	-1.60
	-1.99
	-2.11
	-2.16
	-1.75
	-1.98
	-1.83
	-1.67

	217.87
	-2.05
	-1.54
	-1.93
	-2.05
	-2.09
	-1.70
	-1.92
	-1.78
	-1.62

	217.78
	-2.04
	-1.53
	-1.92
	-2.04
	-2.09
	-1.69
	-1.91
	-1.77
	-1.62

	217.05
	-1.97
	-1.45
	-1.85
	-1.97
	-2.01
	-1.63
	-1.85
	-1.72
	-1.57

	217.00
	-1.96
	-1.44
	-1.85
	-1.96
	-2.01
	-1.63
	-1.84
	-1.71
	-1.57

	216.69
	-1.94
	-1.42
	-1.83
	-1.94
	-1.99
	-1.61
	-1.82
	-1.69
	-1.55

	215.89
	-1.89
	-1.36
	-1.79
	-1.90
	-1.94
	-1.59
	-1.79
	-1.68
	-1.55

	215.80
	-1.89
	-1.36
	-1.79
	-1.89
	-1.94
	-1.59
	-1.78
	-1.67
	-1.55

	215.57
	-1.88
	-1.35
	-1.78
	-1.89
	-1.93
	-1.59
	-1.78
	-1.67
	-1.56

	214.90
	-1.69
	-1.15
	-1.61
	-1.69
	-1.72
	-1.44
	-1.60
	-1.51
	-1.41

	214.74
	-1.63
	-1.10
	-1.55
	-1.63
	-1.66
	-1.39
	-1.55
	-1.46
	-1.37

	214.53
	-1.57
	-1.04
	-1.50
	-1.57
	-1.59
	-1.35
	-1.49
	-1.41
	-1.33

	213.96
	-1.43
	-0.89
	-1.36
	-1.41
	-1.43
	-1.24
	-1.36
	-1.28
	-1.22

	213.30
	-1.32
	-0.78
	-1.27
	-1.31
	-1.31
	-1.17
	-1.27
	-1.20
	-1.16

	213.27
	-1.32
	-0.78
	-1.27
	-1.31
	-1.31
	-1.17
	-1.27
	-1.20
	-1.16

	213.09
	-1.31
	-0.77
	-1.26
	-1.30
	-1.31
	-1.16
	-1.26
	-1.19
	-1.15

	213.05
	-1.31
	-0.77
	-1.26
	-1.30
	-1.30
	-1.16
	-1.26
	-1.19
	-1.15

	212.86
	-1.30
	-0.76
	-1.25
	-1.29
	-1.29
	-1.15
	-1.25
	-1.18
	-1.14

	212.34
	-1.28
	-0.74
	-1.23
	-1.26
	-1.27
	-1.13
	-1.22
	-1.16
	-1.11

	212.29
	-1.28
	-0.74
	-1.22
	-1.26
	-1.27
	-1.12
	-1.22
	-1.16
	-1.11

	212.22
	-1.27
	-0.73
	-1.22
	-1.26
	-1.26
	-1.12
	-1.22
	-1.15
	-1.10

	212.16
	-1.27
	-0.73
	-1.22
	-1.25
	-1.26
	-1.12
	-1.21
	-1.15
	-1.10

	212.05
	-1.27
	-0.73
	-1.21
	-1.25
	-1.26
	-1.11
	-1.21
	-1.14
	-1.10

	211.81
	-1.25
	-0.72
	-1.20
	-1.24
	-1.24
	-1.10
	-1.20
	-1.13
	-1.08

	211.27
	-1.23
	-0.70
	-1.18
	-1.21
	-1.22
	-1.08
	-1.17
	-1.11
	-1.05

	210.06
	-0.81
	-0.65
	-0.77
	-0.79
	-0.80
	-0.69
	-0.76
	-0.71
	-0.69

	209.58
	-0.70
	-0.64
	-0.66
	-0.69
	-0.69
	-0.59
	-0.66
	-0.62
	-0.61

	209.47
	-0.68
	-0.63
	-0.64
	-0.67
	-0.67
	-0.57
	-0.64
	-0.60
	-0.59

	209.44
	-0.68
	-0.63
	-0.64
	-0.66
	-0.67
	-0.57
	-0.64
	-0.59
	-0.59

	208.70
	-0.59
	-0.61
	-0.56
	-0.58
	-0.59
	-0.51
	-0.56
	-0.53
	-0.53

	208.58
	-0.58
	-0.61
	-0.55
	-0.57
	-0.58
	-0.50
	-0.55
	-0.52
	-0.53

	208.28
	-0.57
	-0.60
	-0.55
	-0.56
	-0.57
	-0.50
	-0.54
	-0.52
	-0.54

	208.06
	-0.57
	-0.59
	-0.54
	-0.56
	-0.56
	-0.50
	-0.54
	-0.52
	-0.55

	207.93
	-0.56
	-0.58
	-0.54
	-0.55
	-0.56
	-0.50
	-0.54
	-0.51
	-0.54

	207.92
	-0.56
	-0.58
	-0.54
	-0.55
	-0.56
	-0.50
	-0.53
	-0.51
	-0.54

	207.09
	-0.51
	-0.52
	-0.48
	-0.50
	-0.50
	-0.44
	-0.48
	-0.46
	-0.48

	206.74
	-0.49
	-0.50
	-0.46
	-0.48
	-0.48
	-0.42
	-0.46
	-0.44
	-0.46

	206.25
	-0.46
	-0.47
	-0.43
	-0.45
	-0.45
	-0.39
	-0.43
	-0.41
	-0.42

	206.11
	-0.45
	-0.46
	-0.42
	-0.44
	-0.44
	-0.39
	-0.42
	-0.40
	-0.42

	206.11
	-0.45
	-0.46
	-0.42
	-0.44
	-0.44
	-0.39
	-0.42
	-0.40
	-0.42

	206.00
	-0.44
	-0.45
	-0.42
	-0.43
	-0.44
	-0.38
	-0.42
	-0.39
	-0.42

	205.91
	-0.44
	-0.45
	-0.41
	-0.43
	-0.43
	-0.37
	-0.41
	-0.39
	-0.40

	205.34
	-0.40
	-0.41
	-0.37
	-0.39
	-0.39
	-0.34
	-0.37
	-0.35
	-0.36

	204.15
	-0.27
	-0.28
	-0.25
	-0.26
	-0.27
	-0.20
	-0.24
	-0.22
	-0.21

	203.75
	-0.22
	-0.22
	-0.19
	-0.21
	-0.21
	-0.15
	-0.19
	-0.17
	-0.16

	203.51
	-0.18
	-0.18
	-0.16
	-0.17
	-0.17
	-0.12
	-0.16
	-0.13
	-0.12

	203.19
	-0.13
	-0.14
	-0.11
	-0.13
	-0.13
	-0.09
	-0.11
	-0.10
	-0.09

	202.88
	-0.09
	-0.09
	-0.08
	-0.09
	-0.09
	-0.06
	-0.08
	-0.06
	-0.06

	202.45
	-0.04
	-0.04
	-0.03
	-0.04
	-0.04
	-0.02
	-0.03
	-0.03
	-0.03

	202.14
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01

	202.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00





Table S10. Delta-log-likelihood returned by additional permutations of the biogeographic dispersal model for each time slice. Permutations: L+I, the Langer et al. tree with Lessemsaurus and Ingentia included; NorM, the Langer et al. tree with a Norian age for Mbiresaurus; BagTher, the Langer et al. tree with an inserted Bagualosaurus-aged South American theropod; GuabTher, the Langer et al. tree with an inserted Guaibasaurus-aged South American theropod; Baron, the Baron et al. Bayesian tree; Cabreira, the Cabreira et al. Bayesian tree. 
	Time (Ma)
	L+I
	NorM
	BagTher
	GuabTher
	Baron
	Cabreira

	236.08
	-0.38
	-1.12
	-1.10
	-1.01
	-1.17
	-0.59

	234.35
	-0.49
	-1.31
	-1.36
	-1.08
	-1.18
	-0.64

	233.64
	-0.52
	-1.37
	-1.47
	-1.22
	-1.21
	-0.74

	232.93
	-0.59
	-1.46
	-1.61
	-1.24
	-1.24
	-0.75

	232.49
	-0.65
	-1.55
	-1.73
	-1.38
	-1.25
	-0.75

	232.11
	-0.71
	-1.63
	-1.83
	-1.43
	-1.28
	-0.73

	231.25
	-0.90
	-1.87
	-2.14
	-1.44
	-1.37
	-0.73

	231.01
	-0.98
	-1.97
	-2.25
	-1.48
	-1.43
	-0.73

	230.93
	-1.01
	-2.00
	-2.29
	-1.57
	-1.45
	-0.75

	230.55
	-1.15
	-2.17
	-2.45
	-1.59
	-1.47
	-0.76

	230.37
	-1.20
	-2.23
	-2.51
	-1.81
	-1.51
	-0.85

	229.87
	-1.37
	-2.42
	-2.69
	-1.84
	-1.52
	-0.86

	229.83
	-1.38
	-2.44
	-2.71
	-1.86
	-1.54
	-0.87

	228.99
	-1.41
	-2.50
	-2.73
	-1.91
	-1.57
	-0.90

	228.90
	-1.40
	-2.49
	-2.72
	-2.03
	-1.58
	-0.97

	228.77
	-1.39
	-2.49
	-2.71
	-2.19
	-1.69
	-1.08

	228.74
	-1.38
	-2.48
	-2.70
	-2.30
	-1.96
	-1.16

	228.72
	-1.38
	-2.48
	-2.70
	-2.32
	-2.07
	-1.17

	228.57
	-1.37
	-2.48
	-2.69
	-2.43
	-2.07
	-1.24

	228.55
	-1.37
	-2.48
	-2.69
	-2.49
	-2.26
	-1.26

	228.50
	-1.36
	-2.48
	-2.69
	-2.62
	-2.28
	-1.31

	228.45
	-1.36
	-2.48
	-2.69
	-2.77
	-2.30
	-1.16

	227.80
	-1.33
	-2.47
	-2.67
	-2.77
	-2.34
	-1.15

	227.72
	-1.32
	-2.48
	-2.66
	-2.76
	-2.40
	-1.11

	227.22
	-1.28
	-2.46
	-2.61
	-2.72
	-2.41
	-0.98

	226.76
	-1.24
	-2.43
	-2.56
	-2.67
	-2.41
	-0.85

	225.08
	-1.15
	-2.41
	-2.43
	-2.65
	-2.42
	-0.78

	225.00
	-1.14
	-2.41
	-2.42
	-2.58
	-2.43
	-0.61

	223.17
	-1.06
	-2.37
	-2.36
	-2.49
	-2.44
	-0.46

	223.04
	-1.04
	-2.37
	-2.36
	-2.42
	-2.44
	-0.32

	222.97
	-1.03
	-2.37
	-2.36
	-2.42
	-2.48
	-0.30

	222.68
	-1.00
	-2.36
	-2.35
	-2.42
	-2.48
	-0.30

	222.65
	-1.00
	-2.36
	-2.34
	-2.41
	-2.47
	-0.29

	222.59
	-0.99
	-2.36
	-2.34
	-2.41
	-2.47
	-0.30

	222.35
	-0.96
	-2.34
	-2.33
	-2.40
	-2.48
	-0.30

	222.10
	-0.92
	-2.33
	-2.31
	-2.39
	-2.48
	-0.27

	221.98
	-0.91
	-2.33
	-2.31
	-2.38
	-2.39
	-0.27

	221.60
	-0.87
	-2.31
	-2.29
	-2.36
	-2.36
	-0.23

	221.32
	-0.84
	-2.29
	-2.27
	-2.36
	-2.35
	-0.21

	221.26
	-0.83
	-2.29
	-2.27
	-2.36
	-2.32
	-0.21

	220.85
	-0.83
	-2.28
	-2.26
	-2.35
	-2.29
	-0.19

	220.30
	-0.82
	-2.26
	-2.24
	-2.35
	-2.27
	-0.19

	220.30
	-0.82
	-2.26
	-2.24
	-2.35
	-2.23
	-0.18

	220.26
	-0.82
	-2.26
	-2.24
	-2.34
	-2.23
	-0.15

	220.25
	-0.82
	-2.26
	-2.23
	-2.34
	-2.22
	-0.14

	220.01
	-0.82
	-2.25
	-2.22
	-2.31
	-2.21
	-0.12

	219.14
	-0.83
	-2.22
	-2.19
	-2.31
	-2.21
	-0.12

	218.92
	-0.84
	-2.21
	-2.19
	-2.29
	-2.18
	-0.11

	218.79
	-0.84
	-2.18
	-2.16
	-2.25
	-2.14
	-0.09

	218.35
	-0.82
	-2.12
	-2.10
	-2.25
	-2.12
	-0.09

	217.87
	-0.79
	-2.06
	-2.03
	-2.24
	-2.08
	-0.09

	217.78
	-0.78
	-2.05
	-2.02
	-2.24
	-2.05
	-0.09

	217.05
	-0.74
	-1.97
	-1.95
	-2.23
	-2.04
	-0.09

	217.00
	-0.74
	-1.97
	-1.95
	-2.21
	-2.04
	-0.10

	216.69
	-0.74
	-1.94
	-1.92
	-2.16
	-2.04
	-0.10

	215.89
	-0.74
	-1.90
	-1.88
	-2.11
	-2.01
	-0.10

	215.80
	-0.74
	-1.90
	-1.87
	-2.02
	-2.00
	-0.10

	215.57
	-0.75
	-1.89
	-1.86
	-1.93
	-2.00
	-0.10

	214.90
	-0.61
	-1.69
	-1.68
	-1.93
	-2.00
	-0.10

	214.74
	-0.56
	-1.64
	-1.62
	-1.92
	-1.88
	-0.10

	214.53
	-0.50
	-1.58
	-1.57
	-1.89
	-1.64
	-0.09

	213.96
	-0.38
	-1.43
	-1.42
	-1.88
	-1.59
	-0.09

	213.30
	-0.32
	-1.33
	-1.32
	-1.87
	-1.56
	-0.09

	213.27
	-0.32
	-1.32
	-1.32
	-1.85
	-1.55
	-0.08

	213.09
	-0.33
	-1.32
	-1.32
	-1.84
	-1.55
	-0.08

	213.05
	-0.33
	-1.32
	-1.31
	-1.83
	-1.49
	-0.08

	212.86
	-0.34
	-1.31
	-1.31
	-1.76
	-1.48
	-0.07

	212.34
	-0.36
	-1.28
	-1.28
	-1.61
	-1.48
	-0.06

	212.29
	-0.37
	-1.28
	-1.28
	-1.57
	-1.47
	-0.06

	212.22
	-0.37
	-1.28
	-1.28
	-1.57
	-1.47
	-0.06

	212.16
	-0.37
	-1.27
	-1.27
	-1.30
	-1.45
	-0.04

	212.05
	-0.38
	-1.27
	-1.27
	-1.27
	-1.42
	-0.05

	211.81
	-0.39
	-1.26
	-1.26
	-1.21
	-1.41
	-0.03

	211.27
	-0.41
	-1.23
	-1.23
	-1.21
	-1.40
	-0.03

	210.06
	-0.09
	-0.81
	-0.81
	-1.21
	-1.39
	-0.03

	209.58
	-0.03
	-0.70
	-0.70
	-1.09
	-1.38
	-0.03

	209.47
	-0.02
	-0.68
	-0.68
	-0.80
	-1.37
	-0.03

	209.44
	-0.02
	-0.68
	-0.68
	-0.80
	-1.35
	-0.02

	208.70
	0.00
	-0.59
	-0.59
	-0.74
	-1.33
	-0.02

	208.58
	0.00
	-0.59
	-0.59
	-0.63
	-0.85
	-0.02

	208.28
	-0.02
	-0.58
	-0.58
	-0.56
	-0.65
	-0.02

	208.06
	-0.04
	-0.57
	-0.57
	-0.56
	-0.65
	-0.02

	207.93
	-0.04
	-0.56
	-0.56
	-0.53
	-0.56
	-0.02

	207.92
	-0.04
	-0.56
	-0.56
	-0.51
	-0.55
	-0.02

	207.09
	-0.08
	-0.51
	-0.51
	-0.47
	-0.54
	-0.02

	206.74
	-0.10
	-0.49
	-0.49
	-0.45
	-0.54
	-0.02

	206.25
	-0.12
	-0.46
	-0.46
	-0.42
	-0.49
	-0.02

	206.11
	-0.13
	-0.45
	-0.45
	-0.42
	-0.46
	-0.02

	206.11
	-0.13
	-0.45
	-0.45
	-0.41
	-0.42
	-0.02

	206.00
	-0.13
	-0.44
	-0.44
	-0.40
	-0.39
	-0.03

	205.91
	-0.14
	-0.44
	-0.44
	-0.38
	-0.31
	-0.03

	205.34
	-0.17
	-0.40
	-0.40
	-0.37
	-0.26
	-0.03

	204.15
	-0.16
	-0.27
	-0.27
	-0.36
	-0.23
	-0.03

	203.75
	-0.14
	-0.22
	-0.22
	-0.28
	-0.21
	-0.03

	203.51
	-0.12
	-0.18
	-0.18
	-0.27
	-0.12
	-0.03

	203.19
	-0.09
	-0.13
	-0.13
	-0.09
	-0.09
	-0.01

	202.88
	-0.07
	-0.09
	-0.09
	-0.09
	-0.03
	-0.01

	202.45
	-0.05
	-0.04
	-0.04
	-0.03
	-0.03
	0.00

	202.14
	-0.04
	-0.01
	-0.01
	-0.02
	-0.02
	0.00

	202.00
	-0.03
	0.00
	0.00
	0.00
	0.00
	0.00







7. Parsimony phylogenetic analyses.
	Our parsimony analyses of the Langer et al.129, Baron et al.130-133, and Cabreira et al.134 matrices also consistently indicated that Mbiresaurus raathi is an early sauropodomorph, or at least an early indeterminate eusaurischian, strongly supported by multiple synapomorphies (Tables S9–S11). The Langer et al. analyses including the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus recovered Mbiresaurus in a large polytomy at the base of Saurischia (Figs. S4, S5), and this held for the analysis excluding these taxa as well (Fig. 7); however, the reduced consensus tree found Mbiresaurus as an indeterminate early sauropodomorph in a later-diverging node than Eoraptor (Fig. 6), indicating that this saurischian polytomy was driven by several rogue taxa. Nodes recovered by the Baron et al. analyses (Figs. S8–S11) were generally more resolved than those of the Langer et al. analyses, but similarly recovered Mbiresaurus in a polytomy among several early sauropodomorphs at later nodes than Eoraptor, Eodromaeus, and herrerasaurids (all recovered here as early sauropodomorph). The Cabreira et al. analyses were generally poorly resolved as well (Figs. S12–S15), with Mbiresaurus recovered in a large polytomy at the base of Saurischia; however, the reduced strict consensus trees suggest that this is largely driven by rogue taxa, and the reduced consensus tree of the analyses excluding the problematic taxon Saltopus recovered Mbiresaurus as the earliest-diverging sauropodomorph, similar to the Bayesian analysis of the Cabreira et al. dataset. 
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Figure S5. Reduced strict consensus tree of 61,408 MPTs returned by parsimony analysis of the Langer et al. dataset including the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus. The unstable taxa pruned from the reduced tree are: Eucoelophysis, Daemonosaurus, Buriolestes, Agnosphitys, Lufengosaurus, Coloradisaurus, Riojasaurus, Aardonyx, Leyesaurus, Massospondylus carinatus, Massospondylus kaalae, Nyasasaurus, Zupaysaurus, Liliensternus, Sarcosaurus, Panguraptor, Lophostropheus, Dracovenator.
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Figure S6. Strict consensus tree of 61,408 MPTs returned by parsimony analysis of the Langer et al. dataset including the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus.
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Figure S7. Reduced strict consensus tree of 99,999 MPTs returned by parsimony analysis of the Langer et al. dataset excluding the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus. The unstable taxa pruned from the reduced tree are: Eucoelophysis, Scutellosaurus, Laquintasaura, Dracoraptor, Massospondylus carinatus, Massospondylus kaalae, Leyesaurus, Antetonitrus, Guaibasaurus, Plateosaurus, Unaysaurus, Efraasia, Aardonyx, Pantydraco, Thecodontosaurus, Herrerasaurus, Staurikosaurus, Sanjuansaurus, Eodromaeus, Syntarsus kayentakatae, Tawa, Tazoudasaurus, Yunnanosaurus, Riojasaurus, Vulcanodon,
Coloradisaurus, Lufengosaurus, Dracovenator, Panguraptor, Sarcosaurus,
Pulanesaura, Gongxianosaurus, Zupaysaurus, Daemonosaurus, Bagualosaurus.
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Figure S8. Strict consensus tree of 99,999 MPTs returned by parsimony analysis of the Langer et al. dataset excluding the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus.


Table S11. Common synapomorphies for key nodes returned by the parsimony analysis of the Langer et al. matrix (excluding character 217 and Agnosphytis, Saltopus, and Nyasasaurus). Character numbers follow Baron et al. Refer to strict consensus Fig. S7.

	Key Node
	Common Synapomorphies

	Silesauridae (Lewisuchus + Silesaurus)
	80, 88, 91, 95, 161, 227

	Dinosauria (Heterodontosaurus + Dilophosaurus)
	83, 189, 194, 208, 215, 222, 240, 267, 272, 306, 360, 412, 418

	Saurischia (Plateosaurus + Coelophysis)
	56, 103, 190, 285, 290,

	Mbiresaurus autapomorphies
	313, 335, 392, 400, 411

	Ornithischia (Pisanosaurus + Heterodontosaurus)
	36, 37, 134, 156, 166, 174, 176, 177, 392, 407, 423
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Figure S9. Reduced strict consensus tree of 99,999 MPTs returned by parsimony analysis of the Baron et al. dataset including the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus. The unstable taxa pruned from the reduced tree are: Eucoelophysis and Leyesaurus.
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Figure S10. Strict consensus tree of 99,999 MPTs returned by parsimony analysis of the Baron et al. dataset including the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus.
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Figure S11. Reduced strict consensus tree of 61,680 MPTs returned by parsimony analysis of the Baron et al. dataset excluding the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus. The unstable taxa pruned from the reduced tree are: Eucoelophysis, Efraasia, Yunnanosaurus, Riojasaurus.
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Figure S12. Strict consensus tree of 61,680 MPTs returned by parsimony analysis of the Baron et al. dataset excluding the problematic taxa Nyasasaurus, Agnosphytis, and Saltopus.

Table S12. Common synapomorphies for key nodes returned by the parsimony analysis of the Baron et al. matrix (excluding character 217 and Agnosphytis, Saltopus, and Nyasasaurus). Character numbers follow Baron et al. Refer to strict consensus Fig. S11.
	Key Node
	Common Synapomorphies

	Dinosauria (Heterodontosaurus + Dilophosaurus)
	93, 203, 204, 224, 295, 303, 322, 327, 333, 364, 434, 439

	Ornithoscelida (Heterodontosaurus + Coelophysis)
	392

	Ornithischia (Heterodontosaurus + Scelidosaurus)
	6, 14, 21, 23, 28, 36, 37, 49, 61, 120, 134, 154, 156, 166, 169, 174, 176, 177, 179, 192, 197, 201, 203, 204, 237, 290, 294, 295, 297, 332, 333, 342, 346, 347, 349, 370, 378, 380, 390, 422, 452

	Theropoda (Coelophysis + Allosaurus)
	25, 31,46, 88, 151, 194, 195, 304, 315, 322, 351, 394

	Sauropodomorpha (Herrerasaurus + Plateosaurus)
	140, 229, 321, 329, 330

	Herrerasauridae (Herrerasaurus + Staurikosaurus)
	137, 226, 307, 333

	Eodromaeus + Plateosaurus
	35, 58, 181, 287, 303, 315, 350

	Eoraptor + Plateosaurus
	21, 132, 177, 264, 273, 282, 390

	Mbiresaurus + Plateosaurus
	25

	Mbiresaurus autapomorphies
	92, 151, 263, 308, 335, 384, 392, 400, 420

	Thecodontosaurus + Plateosaurus
	35, 295, 309, 434






[image: ]
Figure S13. Reduced strict consensus tree of 336 MPTs returned by parsimony analysis of the Cabreira et al. dataset including the problematic taxon Saltopus. The unstable taxa pruned from the reduced tree are: Saltopus, Scutellosaurus, Petrified Forest theropod.
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Figure S14. Strict consensus tree of 336 MPTs returned by parsimony analysis of the Cabreira et al. dataset including the problematic taxon Saltopus.
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Figure S15. Reduced strict consensus tree of 84 MPTs returned by parsimony analysis of the Cabreira et al. dataset excluding the problematic taxon Saltopus. The unstable taxa pruned from the reduced tree are: Scutellosaurus, Guaibasaurus, Petrified Forest theropod.
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Figure S16. Strict consensus tree of 84 MPTs returned by parsimony analysis of the Cabreira et al. dataset excluding the problematic taxon Saltopus.





Table S13. Common synapomorphies for key nodes returned by the parsimony analysis of the Cabreira et al. matrix (excluding Saltopus). Character numbers follow Cabreira et al. Refer to strict consensus Fig. S15.
	Key Node
	Common Synapomorphies

	Dinosauria (Heterodontosaurus + Dilophosaurus)
	26, 36, 75, 93, 111, 174, 176, 200, 216

	Ornithischia (Heterodontosaurus + Asilisaurus)
	49, 68, 69, 70, 102, 145, 246

	Silesaurus + Heterodontosaurus
	64, 182, 205, 217

	Silesauridae (Silesaurus + Eucoelophysis)
	161, 190, 200, 201

	Heterodontosaurus + Lesothosaurus
	54, 64, 91, 97, 116, 144, 151, 159, 176, 178, 179, 182, 191, 203, 208

	Saurischia (Herrerasaurus + Dilophosaurus)
	5, 7, 15, 19, 39, 83, 84, 85, 103, 104, 108, 114, 115, 116, 118, 120, 126, 140, 148, 160, 178, 201, 222, 230, 231, 237

	Daemonosaurus + Dilophosaurus
	11, 28, 43, 80, 244

	Tawa + Dilophosaurus
	2, 3, 4, 24, 243

	Eodromaeus + Dilophosaurus
	12, 121, 132, 136, 147, 198, 208, 210, 248

	Eusaurischia (Plateosaurus + Dilophosaurus)
	111, 131, 145

	Mbiresaurus autapomorphies
	5, 83, 91, 97, 98, 105, 189, 194, 220, 222, 238

	Sauropodomorpha (Eoraptor + Plateosaurus)
	96, 210

	Theropoda (Coelophysis + Dilophosaurus)
	152, 160, 171, 182, 202, 207, 215, 225, 230, 247, 249











8. Justification for biogeographic model selection.
	Because of uneven sampling in time and space, it is notoriously difficult to model historical biogeography with data from the fossil record136. Our modeling is therefore not meant to answer the question of what is the 'best' scenario for early dinosaurian biogeography (i.e., to provide the ‘true’ model), but is instead built to test the hypothesis of whether and how palaeolatitudinal climate belts may have influenced dispersal—specifically, the presence of tropical arid belts as barriers to dispersal. Because of this, our choice in model is not as critical as using the same time-dependent model while estimating the delta-loglikelihood to ensure internal consistency. We chose the DEC model because it best captures the simplest scenario whereby we can modify dispersal rates between locations to explicitly test for the effect of asymmetric dispersal across equatorial Pangaea at different times during the Late Triassic. The DEC model also is one of the few models in BioGeoBEARS that fits the assumptions of data taken from an incomplete fossil record (along with the DEC+J model, see below; Fig. 1). 
We follow the reasoning of Ree and Sanmartín137 in preferring the DEC model to DEC+J in our hypothesis testing. Most notably, that the +J parameter is not a time-dependent probabilistic model. As our model is assuming time-dependent dispersal due to the presence/lack of arid bands, the presence of +J parameter would test a different type of dispersal, unaffected by time-dependent changes in dispersal barriers. Most critically, +J does not assume transitions between biogeographic states, meaning that for a taxon to move, for instance, from high-latitude southern Pangaea to low-latitude southern Pangaea, the lineage would not need to exist in an intermediate state of being present in both areas. In contrast, the presence of these intermediate states in DEC follows the assumptions of our stepping stone model and directly tests the influence of the arid banding on dinosaur dispersal. We therefore tested both potentially valid models to select which would be best to model ornithodiran and dinosaurian biogeographic dispersal in the Triassic. The DEC model (d = 0.092; e = 0.056; AICc = 410.26) returned reasonable estimates for both dispersal (c) and extinction (e), whereas the DEC+J model indicated essentially no dispersal or extinction was occurring (d = 1x10-12; e = 9.99x10-13; j = 0.127; AICc = 181.67). Therefore, although the DEC+J model possesses a lower corrected Akaike information criterion (AICc), the parameters returned by the model—extremely reduced extinction or dispersal—indicates that DEC+J is not testing for the presence of time-dependent barriers to dispersal (i.e., arid belts).
The dispersal modeled by including the +J parameter (d = 1x10-12) is extremely low because the permitting of time-independent biogeographic ‘jumps’ (i.e., founder events) predominates, with the modeled implication being that dispersal events rarely occurred, only founder events ‘jumping’ to new biogeographic zones. However, the hypothesis we wish to test is related specifically to the relative timing of dispersal, so a model that forces dispersal via colonization through time-dependent parameters (i.e., DEC) is preferred over a time-independent model that reconstructs negligible dispersal (i.e., DEC+J). Therefore, because of the time-dependent aspect of our model, we opt to use a model that uses only time-dependent probabilistic parameters to estimate our delta log-likelihood parameter.
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Figure S17. Processes assumed by different biogeographic methods, with the associated parameter(s) in the BioGeoBEARS supermodel (each parameter can be turned on or off as the data fit), along with how our data fit or violate the assumptions for each parameter. In the early ornithodiran record each taxon is limited to a single formation, such that each single taxon is known from only one point in time, and in one location, meaning that any parameters that assume a taxon is known from multiple locations or multiple time periods violate our assumptions. Only the diversification (d), extinction (e), and cladogenesis (y) parameters unambiguously fit our data. How our data may violate assumptions underlying the inclusion of the jump (j) parameter was unclear a priori, and needed further testing (see text above). Figure redrawn and modified from the BioGeoBEARS guide on PhyloWiki, http://phylo.wikidot.com/biogeobears#toc19
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