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Unique characters observed in the Wessex Fm. specimens
1 Basioccipital, width and position of the subcondylar recess: mediolaterally narrow and ventrally 0 1 1 1 Reversal of the wide megalosaur condition. Ambiguous due to individual/ontogenetic variability of pneumatic features
restricted (surface directly below condyle convex) (0); mediolaterally wide (~2/3 condyle width) and (Chure and Madsen, 1996; Witmer 1990, 1997a, b; Sampson and Witmer 2007; Witmer and Ridgley 2010; Carr, 2020).
dorsoventrally tall (recess reaches the occipital condyle neck) (1) (see also Ch. 1191). Surface below condyle develops from convex ("large stage 1" specimens) to concave ("stage 3 specimens”) during
Gorgosaurus growth series (Carr, 1999: 519).
2 Basisphenoid, excavation of the oval scars: shallow depressions (0); elongate, narrow sulci (1). 1 0 n/a 0 Ovalscar excavation apomorphic for Ceratosuchopsini (see main text; row 37), Ceratosuchops could simply represent
individual variation of this trait (albeit arguably extreme in terms of morphological difference).
Ceratosuchops 3 henoid, width of the i goidal web: thin (0); thick (1). 1 0 0 0 Ambiguous if individual variability affecting pneumatic features bordering it; Web becomes thicker during
Tyrannosaurus ontogeny (Carr, 2020: ch 1050 - blade-like in young adults, long and convex in adults), although Wealden
Supergroup spinosaurids do not display blade-like morphology.
4 Supraoccipital, dorsal process, posterior surface in coronal view (below more dorsally positioned 0 1 1 1 Variation in ridge presence and development is present in various coelurosaurs and may characterise early members of
sulcus): gently curved (0); V-shaped or produces a midline ridge (1). the clade (Bever et al., 2013). Midline ridge present in Irritator also (Sues et al., 2002).
5 Premaxilla, shape of pmItooth/alveolus relative to pm2: pm1 at least half the size of pm2 (0); pm1 less 0 1 0 0 Heterodonty exhibited by spinosaurids generally; possibly too variable to be taxonomically useful (C. Hendricks, pers.
than half the size of pm2 (1). comm. 2021).
6 Frontal, prefrontal contact in dorsal view: prefrontal articulates along anterior surface of the frontal 0 1 0 0 Possibly an immature trait displaying incomplete closure in Riparovenator; Orbital notch closure ontogenetically and
postorbital process, no notch (0); prefrontal does not contact frontal postorbital process, notch present indi variable in Tyr us (Carr, 2020: Ch 90)
(1) (see also Ch. 1498)
7 Prootic, visibility of the facial nerve (CN VII) foramen in lateral view: foramen visible (0); foramen 0 1 0 0
Riparovenator largely obscured by thick otosphenoidal crest (1).
8 Basioccipital, depth of the subcondylar recess: shallow, depth less than 1/5 of recess mediolateral width 0 1 0 0 Potentially ambiguous due to variability of pneumatic features (see above); surface ventral to the condyle convex to
(0); deep, depth over 1/3 recess mediolateral width (1). concave (in Daspletosaurus) (Carr, 1999: 519). However, excavation of "ventral plate” (deep vs shallow) helped
distinguish Daspletosaurus horneri and D. torosus (Carr et al, 2017); whilst "subcondylar recess" depth changes during
Tyrannosaurus ontogeny (Carr, 2020: Ch 111 - deep in large juveniles, shallow by young adult stage), these refer to
different set of pneumatic features not situated directly ventral to condyle (see also Witmer and Ridgley, 2009).
Potentially obsol / "unique" characters in Cer h or Ripar
9  Premaxillae, antenarial tuberosities (located on the anterior margin of external narial margin): absent (0); 1 ? 0o 0
present (1).
10 Premaxilla, subnarial process, length: subequal to or more than (0); less than (1) the length of the buccal 1 ? ? 0 Process lengths generally variable (Molnar 1990), longer process in Suchomimus affects slightly larger specimen;
margin of the premaxilla (Ch. 752) Ontogenetic/individual variation observed in Tyrannosaurus (Carr, 2020: Ch 265 - some adults display immature "short"
state, despite mature state already acquired by some young adult morphs).
11 Skull roof, path of the frontoparietal suture: V-shaped (0); "step"-like (intitally transverse medially, 0 1 ? 2 Frontoparietal suture changes observed in tyrannosaurid ontogeny (Carr, 2020: Ch92 - some adult Tyrannosaurus
before trending posteriorly a short distance and regaining a transverse orientation laterally) (1); display immature"wedge-shaped" state, vice versa for some large juveniles; Carr and Williamson, 2004); however
sigmoidal (2) frontoparietal contact differences helped distinguish Daspletosaurus horneri and D. torosus (Carr et al., 2017).
12 pitals, angle of p of ipital p laterally (sub-horizontally) (0); 1 ? 0 ?  Variation in projection angle apparently observed in some tyrannosaurid taxa (development from more posterior to
Ceratosuchops posterolaterally (1). more lateral projection) (Bever et al,, 2013: 19).
13 Otoccipitals, anterior margin of the facet on the dorsal paroccipital process: angular, margin projects 1 0*  0* ? *Potentially ambig as the right Is in Baryonyx and Riparovenator are missing lateral part of the process;
anteriorly (0); curved, minimal anterior projection (1). unable to test for intra-individual variation in facet shape.
14 i id, basisphenoid recess, extent: recess short and does not extend far under 0 1 1 ? due to individual variability of pneumatic features. See Duffeau (2011) for Baryonyx.
basioccipital (0); extends dorsally under basioccipital apron (1)
15 Cultriform process, direction of projection of process tip (relative to the horizontally oriented skull 0 1 ? ? Strongly arched processes observed in Tyrannosaurus ontogeny (Witmer and Ridgley, 2009 - on basis CMNH 7541
roof): anteriorly (0); anteroventrally (1). "Nanotyannus" is aimmature morph of Tyrannosaurus) and D. torosus (Carr, 1999: 507).
16 Occiput, crista tuberalis (=metotic strut), mediolateral width across opposing cristae in posterior view: 0 ? 1 ?  Possibly influenced by ontogenetic variation in paraoccipital process projection (see also #12)
less than (0); more than (1) 1/2 the dorsoventral depth of the braincase from the dorsal tip of the
supraoccipital to the ventral tip of the basal tubera (ch 1014).
17 Nasal, cruciform process, shape of posterodorsal margin (i.e. dorsal margin of the frontal process) in ? 1 0 ?
lateral view: straight (0); curved (1).
18 Skull roof, path of the frontoparietal suture: V-shaped (0); "step"-like (intitally transverse medially, 0 1 ? 2 Replicate (see #11)
before trending posteriorly a short distance and regaining a transverse orientation laterally) (1);
sigmoidal (2)
19 Dorsum sellae, shape of the dorsal margin in anterior view: V-shaped (0); sub horizontal (1). 0* 1 0 ? “*based on mirroring the undamaged right side of the dorsum sellae.
20 Cultriform process, direction of projection of process tip (relative to the horizontally oriented skull 0 1 ? 7 Replicate (see #15)
roof): anteriorly (0); anteroventrally (1).
21 Cultriform process, subdivsion of the subsellar recess by thin lamina: absent (0); present (1) ? 1 ? ? Pneumatic features generally variable, comparative sample unknown for baryonychines.
. 22 Basisphenoid, basipterygoid process, shape of lateral margin in ventral view: convex (0); concave (1). 0 1 ? 0
Riparovenator 23 Basiphenoid, basipterygoid process, exposure of the ventral surface in lateral view: thick (0); reduced 0 1* ? 0 *minor damage to left process' ventral margin
24 Caudal vertebrae, anteroposterior width of anterior neural spines: narrow (0); wide (1). ? 0 1* 1 *Fragmentary evidence suggest some breadth in Baryonyx (Charig and Milner, 1990, 1997); Comparisons potentially
affected by non-overlapping elements. Anterior caudal neural spines also anteroposteriorly narrow in Ichthyovenator.
25 Caudal vertebrae, anterior neural arches, ventral rib laminae: absent (0); present (1) (Ch. 358) ? 0 1 ? Notunique as Vallibonavenatrix is also scored the same (taxon recovered as baryonychine in parsimony analysis.);
Comparisons potentially affected by non-overlapping elements e.g. more distal anterior Ichthyovenator caudals appear to
lack ventral rib lamina relative to laminated anteriormost element.
26 Caudal vertebrae, anterior neural arches, hyposphene: absent (0); present (1) (Ch. 359). ? 0 1 ? Notunique as Vallibonavenatrix is also scored the same (taxon recovered as baryonychine in parsimony analysis.);
27 Caudal vertebrae, constriction of the centrum midpoint: less than (0) or more than (1) 40% anterior facet ~ ? 1 0 ? Possibly allometric, state 1 affects larger specimen; overlap of vertebrae uncertain.
width.
Further Comparisons: Characters shared between both Wessex Fm. specimens but not other baryonychines
28 Premaxilla, paradental plates: absent (0); present (1) 0* 0 1 1 *Possibly taphonomic.
29 Premaxilla, interalveolar space between 3rd and 4th alveoli, mesiodistal diameter: less (0); subequal or 0 0 1 1 Interalveolar space can be variable in baryonychines, and heterodonty exhibited by spinosaurids generally. State 1
Ceratosuchops + more (1) than V2 of 4th alveolus mesiodistal diameter (Ch. 512) present in juvenile spinosaurid premaxillae (Lakin and Longrich, 2019), suggesting character not influenced by ontogeny
Riparovenator (but sample size low).
30 Basioccipital, ventral occipital condyle margin in ventral view: V-shaped (0); gently curved (1) 1 1 0 0 Ventral condyle shape ontogenetically and individually variable in tyrannosaurids (Carr, 2020: Ch 1020 - immature state
observed in some adult Tyrannosaurus). Left ventrolateral margin in cf. Suchomimus possibly slighty damaged.
Further Comparisons: Characters shared between both Wessex Fm. specimens and Suchomi but not Baryonyx
31 Enamel ornamentation*: lingually only (0); labially and lingually (1). 1 1 0 1 *Enamel ornamentation variable and potentially of limited significance (Fowler, 2007; Hendrickx et al., 2016, 2019).



32 Frontal, postorbital facet, anterior depth: less (0); more (1) than 2/5 facet length (Ch. 1053). 1 1 0 1 Cranial facets may be generally variable (Molnar, 1990), deeper facets affect larger specimens; Ontogeny/individual
variation affects postorbital frontal process shape (and thus frontal postorbital facet shape, which accomodates the
process) in Tyrannosaurus (Carr, 2020: Ch 68, 69 - some young adults and adults display the immature "shorter" state re:

9 facet height and length).
£ 33 Frontal, postorbital facet, deep longitudinal slot for postorbital: absent (0); present (1) (Ch. 1761). 1 1 0 1 Slot within frontal postorbital facet develops ontogenetically in Tyrannosaurus (Carr, 2020: Ch 919 - groove acquired by
E young adult stage), smallest specimen (Baryonyx) does not produce slot.
S 34 Frontal, anterior margins of fossa: poorly pped with little curvature (0) sharp and 1 1 0 1 Margins change shape (Carr, 1999) and become increasingly prominent in tyrannosaurids growth series but may be
& laterally curving (1). individually variable also (Carr, 2020: Ch 935 - some young adults and adults stages display immature state); Trait
S affects larger baryonychine specimens.
+ 35 Basioccipital, ventral occipital condyle margin in posterior view: V-shaped, margins converge towards 1 1 0 1 State 0 reminiscent of immature tyrannosaurid state (Carr, 1999; Carr, 2020: Ch 1018 - mature "reniform" state
§ midline (0); gently curved (1). acquired by young adult stage in Tyrannosaurus).
= 36 Basioccipital, contribution to foramen magnum margin: large, exoccipitals widely separated (0); 1 1 0 1 Closelyappressed exoccipitals also in Irritator (S. Evers, pers. comms. 2021). Some variation in at least one
g reduced, exoccipitals closely placed (1) (Ch. 974). tyrannosaurid (reduced contact in an immature Gorgosaurus, space normally wider in tyranosaurids - Bever et al 2013:
5 25). More tangentially, basioccipital contribution to foramen magnum increases in Psi us
g and juveniles: 15%, adults 30%) (Bullar et al., 2019) but may decrease in some ceratopsids (Longrich and Field, 2012: Ch
+ 4).
] 37 Basisphenoid, excavation of the collateral scars placed lateral to middle depression: absent (0); present 1 1 0 1 Does affect a probably muscular insertion point (thus potential for individual variation in attachment morphology);
3 and distinct on both sides (1) (Ch. 510). "dished"/"concave" scars seen in adult tyrannosaurids (Carr, 1999).
§ 38 Basisphenoid, median recess, depth: shallow (0); deep (1) (Ch. 1566). 1 1 0 1 Pneumatic features generally variable (see above).
.g 39 Basisphenoid, ridges (cf. cristae ventrolateralis of some) binding the median recess laterally: absent (0); 1 1 0 1 Probably redundant with scar excavation (see row 41); Increase in ridge prominence throughout Tyrannosaurus
S present (1). ontogeny (Carr, 2020: Ch 1044), however immature state in latter already contains ridged margins.
O 40 Basisphenoid, posteroventral edge of interbasipterygoidal web in sagittal section: sharp (0); rounded (1). 1 1 0 1 Web becomes thicker and convex during Tyr U (blade-like in younger morphs; Carr, 2020: ch 1050).
41 Otoccipial, number of cranial nerve foramina lateral to occipital condyle: two (0); three (1). 1 1 0 1 Number can be variable in Tyrannosaurus (Bever et al., 2013: 22), unknown if number of foramina phylognetically
informative at this stage (Brusatte et al., 2010).
472 Prefrontal, presence of a boss-like process: absent (0); present (1) 1 1 7> 1 *Prefrontal recovered but potentially damaged.
Further Comparisons: Characters shared by at least one Wessex Fm. specimen and h but not Baryonyx
43 Premaxilla, narial fossa: absent (0); present (1) (Ch. 709). 1 ? 0 1 Limited data on narial fossa variation in theropods. Tangentially, variation observed in Gavialis (Hone et al,, 2020).
44 Basioccipital, subcondylar recess bordered laterally by mediolaterally thick crests: absent (0); present 0 1 1 0 Individual and ontogenetic varition observed in Tyrannosaurus "ascending scars" (Carr, 2020: Ch 1024 -some adult
Ceratosuchops + cf. (1. morphs display immature "prominent" state).
Suchomimus 45 Parietal, posterior rise of the nuchal crest in lateral view (angle measured in lateral view with the skull 17 0 1 *Parietal damaged however general trend is likely comparable to that of cf. Suchomimus (422) and Cer hops (44°)
roof held horizontally; the vertex of the angle is located on the capitate process of the laterosphenoid (or rather than Baryonyx (70°).

preserved equvialent); the first ray projects to the dorsal nuchal crest; the second ray projects
posteriorly): > (0), or < (1) 45°.

Further Comparisons: Characters shared between both Wessex Fm. specimen and Baryonyx but not

46 Orbital margin, exposure of the orbital fossae in lateral view: orbital fossae visible (0); dorsal portion of 0 0 0
orbital fossae partially obscured by overhang of the orbital rim (1).

-
*

*Taphonomic in c.f. Suchomimus?

Ceratosuchops + 47 Basioccipital, proportions relative to basisphenoid (measured along midline ventral to occipital condyle 0 0 0 1
Riparovenator + to u.'nlerbasl!)lerygofdal.web), in posterior view: basioccipital contribution shorter (0) or longer (1) than
basisphenoid contribution.
Baryonyx 48 Occiput, relationship between of basisphenoid oval scars and ventral portion of basioccipital apron: 1 1 1 0
apron situated between oval scars (0); ventral plate overlaps oval scars (1)
49 Basioccipital, foramina situated ventrolaterally occipital condyle: absent (0); present (1). 0 0 0 1* *Ambiguous as right side of Suchomimus not well exposed in available imagery. Observable foramina do not relate to
foramina for X-XII.
Further Comparisons: Characters shared by at least one Wessex Fm. il and Baryonyx but not h
50 Premaxilla, subnarial process, slenderness: shorter than (0); longer than (1) 4 times its proximal depth 0 ? 0 1 Seealso #10
(Ch. 697)
51 Premaxilla, dorsal midline: uncrested (0); crested (1) 0 ? 0 1
Cer hops + 52 ipital, dorsal process, width (measured between the foramina for the middle cerebral vein) 0 ? 0 1 State 1 affects largest specimen, character could be allometrically variable.
Baryonyx relative to height (measured from a middle cerebral vein foramen to the tip of the dorsal process): width
more than (0) or less than (1) 2/3 process height.
53 Supraoccipital, dorsal process, posterodorsal margins: in line with (0) or overhang (1) the rest of the 0 ? 0 1* *Overhang potentially related to the of cervical ure - process on dorsal end of supraoccipital
dorsal process. identified as the tendinous insertion for the m. spinalis capitis in Tyrannosaurus (Tsuihiji 2010).
Ripar + 54 Basioccipital, subcondylar recess bordered laterally by mediolaterally thick crests: absent (0); present 0 1 1 0 Replicate (see #44)
Baryonyx M-

** cf. Suchomimus scores based on hypodygm of several specimens inc. MNN GDF 500, 501, 214
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