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TAXON LIST  
 

Below is a list (in alphabetical order) of all operational taxonomic units (OTUs) included in 

the taxon matrix. The sources, both from the literature as well as examined specimens, used for 

comparative anatomy (see the main text of “First record of a tomistomine crocodylian from 

Australia”) and scoring the new morphological character (character 229) are also provided. An 

asterisk ‘*’ designates a type specimen. A ‘c’ stands for cast, while a ‘*c’ stands for cast of the type 

specimen.  A ‘p’ indicates that high-quality photographs were used for assessment. Type specimens 

examined from photographs are indicated with a ‘*p’. A ‘d’ stands for digital model whilst ‘*d’ stands 

for digital model of the type specimen, available online. Links to the examined digital models can 

be found below. 
 

 Acynodon adriaticus Delfino et al., 2008b 
 

Literature source: Delfino et al. (2008b) 

 Acynodon iberoccitanus Buscalioni et al., 1997 
 

Literature sources: Buscalioni et al. (1997); Martin (2007); Ősi (2014) 

 Agaresuchus fontisensis Narváez et al., 2016 
 

Literature sources: Narváez et al. (2016); Serrano-Martínez et al. (2020) 

 Agaresuchus subjuniperus (Puértolas-Pascual et al., 2014) 
 

Literature sources: Puértolas-Pascual et al. (2014); Narváez et al. (2016); Mateus et 
al. (2019) 

 Alligator mcgrewi Schmidt, 1941 
 

Literature sources: Brochu (1999, 2004b) 

 Alligator mefferdi Mook, 1946 
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Literature sources: Mook (1946); Brochu (1999) 

 Alligator mississippiensis (Daudin, 1802) 
 

Examined specimens: QMJ4850, unregistered specimen at UQ, UF35129d 

Literature sources: Mook (1921c); Wermuth (1953); Iordansky (1973); Brochu 
(1999, 2004b); Salisbury (2001); Gold (2011); de Iuliis & Pulerà (2011); Dufeau & 
Witmer (2015); Drumheller et al. (2016); Klein (2016); Porter et al. (2016); Sookias 
(2020; supplementary) 

 Alligator olseni White, 1942 
 

Literature sources: White (1942); Brochu (1999) 

 Alligator prenasalis (Loomis, 1904) 
 

Literature sources: Mook (1932); Brochu (1999, 2004b) 

 Alligator sinensis Fauvel, 1879 
 

Examined specimen: UF-H-105540d 

Literature sources: Mook (1923b); Wermuth (1953); Iordansky (1973); Brochu 
(1999); Drumheller et al. (2016); Sookias (2020; supplementary) 

 Alligator thomsoni Mook, 1923a 
 

Literature sources: Mook (1923a); Brochu (1999) 

 Allodaposuchus precedens Nopcsa, 1928 
 

Literature sources: Delfino et al. (2008a); Mateus et al. (2019); Narváez et al. (2020) 

 Allognathosuchus polyodon Cope, 1873 
 

Literature sources: Mook (1961); Brochu (1999, 2004b) 

 Allognathosuchus wartheni Case, 1925 
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Literature sources: Brochu (1999, 2004b) 

 Anteophthalmosuchus epikrator Ristevski et al., 2018 
 

Examined specimens: IRSNB R47, IWCMS 2001.446*, IWCMS 2005.127 

Literature sources: Salisbury (2001); Martin et al. (2016); Ristevski et al. (2018) 

 Arambourgia gaudryi (de Stefano, 1905) 
 

Literature sources: Brochu (1999, 2004b) 

 Arenysuchus gascabadiolorum Puértolas-Pascual et al., 2011 
 

Literature sources: Puértolas-Pascual et al. (2011); Mateus et al. (2019) 

 Asiatosuchus germanicus Berg, 1966 
 

Literature source: Berg (1966) 

 Australosuchus clarkae Willis & Molnar, 1991 
 

Examined specimens: QMF16788*, QMF17433, QMF17983, QMF17984, 
QMF17985, QMF17986, QMF18102, QMF18151, QMF18152, SAM P23985c, p, 
SAM P30160p, SAM P30162p, SAM P33761p, SAM P33768p, SAM P33942c, p, SAM 
P36583p, SAM P42788p, SAM P42789p 

Literature source: Willis & Molnar (1991) 

 Baru darrowi Willis et al., 1990 
 

Examined specimens: NTM P8695-8*, NTM P87115-15 

Literature sources: Willis et al. (1990); Yates (2017) 

 Baru wickeni Willis, 1997 
 

Examined specimens: NTM P902-4, NTM P911, NTM P943-4 (P902-, P91164-), 
NTM P8681-14, NTM P8738-1, NTM P8778-2, NTM P8778-4, NTM P8778-5, 



S2 FIRST RECORD OF A TOMISTOMINE  by J. Ristevski et al. 
 

5 
 

NTM P91164-10, NTM P91171-1, QMF16822*, QMF16823, QMF16824, 
QMF31070, QMF31071, QMF31072, QMF31073, QMF31074 

Literature sources: Willis (1997); Yates (2017) 

 Bernissartia fagesii Dollo, 1883 
 

Examined specimen: IRSNB R46*p 

Literature sources: Buffetaut (1975); Norell & Clark (1990); Salisbury (2001); Ősi 
(2014); Sookias (2020; supplementary); Martin et al. (2020) 

 Borealosuchus acutidentatus (Sternberg, 1932) 
 

Literature source: Brochu (1997a) 

 Borealosuchus formidabilis (Erickson, 1976) 
 

Literature sources: Erickson (1976); Brochu (1997a); Brochu et al. (2012) 

 Borealosuchus sternbergii (Gilmore, 1910) 
 

Literature sources: Gilmore (1910); Brochu (1997a); Brochu et al. (2012) 

 Borealosuchus threeensis Brochu et al., 2012 
 

Literature source: Brochu et al. (2012) 

 Borealosuchus wilsoni (Mook, 1959) 
 

Literature sources: Mook (1959); Brochu (1997a); Brochu et al. (2012) 

 Bottosaurus harlani (Meyer, 1832) 
 

Literature source: Cossette & Brochu (2018) 

 Boverisuchus magnifrons Kuhn, 1938 
 

Literature sources: Rossmann (2000); Brochu (2013) 
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 Boverisuchus vorax (Troxell, 1925) 
 

Literature sources: Langston (1975); Busbey (1977); Rossmann (2000); Brochu 
(2013) 

 Brachychampsa montana Gilmore, 1911 
 

Literature sources: Gilmore (1911); Norell et al. (1994); Brochu (1999, 2004b); 
Sullivan & Lucas (2003) 

 Brachychampsa sealeyi Williamson, 1996 
 

Literature source: Williamson (1996) 

 Brachyuranochampsa eversolei Zangerl, 1944 
 

Literature source: Zangerl (1944) 

 Brochuchus pigotti (Tchernov & Van Couvering, 1978) 
 

       Literature sources: Tchernov & Van Couvering (1978); Conrad et al. (2013) 

 Caiman crocodilus (Linnaeus, 1758) 
 

Examined specimens: FMNH 73711d, QMJ2094, QMJ53058 

Literature sources: Wermuth (1953); Iordansky (1973); Brochu (1999); Gold 
(2011); Sookias (2020; supplementary) 

 Caiman latirostris (Daudin, 1802) 
 

Literature sources: Wermuth (1953); Brochu (1999); Bona & Desojo (2011); Ősi 
(2014); Foth et al. (2018); Sookias (2020; supplementary) 

 Caiman lutescens (Rovereto, 1912) 
 

Literature sources: Langston (1965); Brochu (1999) 
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 Caiman yacare (Daudin, 1802) 
 

Literature sources: Wermuth (1953); Brochu (1999); Mateus et al. (2019); Sookias 
(2020; supplementary) 

 Centenariosuchus gilmorei Hastings et al., 2013 
 

Literature source: Hastings et al. (2013) 

 Ceratosuchus burdoshi Schmidt, 1938 
 

Literature sources: Schmidt (1938); Bartels (1984); Brochu (1999) 

 “Crocodylus” acer Cope, 1882 
 

Literature sources: Cope (1882); Mook (1921b) 

 “Crocodylus” affinis Marsh, 1871 
 

Literature sources: Mook (1921a); Norell & Storrs (1989) 

 “Crocodylus” depressifrons de Blainville, 1855 
 

Literature source: Delfino & Smith (2009) 

 “Crocodylus” gariepensis Pickford, 2003 
 

Literature source: Pickford (2003) 

 “Crocodylus” megarhinus Andrews, 1905 
 

Literature source: Mook, 1927 

 Crocodylus acutus Cuvier, 1807 
 

Literature sources: Wermuth (1953); Iordansky (1973); Brochu (2006a) 

 Crocodylus anthropophagus Brochu et al., 2010 
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Literature source: Brochu et al. (2010) 

 Crocodylus checchiai Maccagno, 1948 
 

Literature sources: Hecht (1987); Brochu & Storrs (2012); Delfino et al. (2020) 

 Crocodylus intermedius Graves, 1819 
 

Literature source: Mook (1921c) 

 Crocodylus johnstoni Krefft, 1873 
 

Examined specimens: QMJ4280, QMJ22551, QMJ28895, QMJ39230, QMJ40259, 
QMJ45309, QMJ47916, QMJ58446, QMJ60590, QMJ60591, QMJ60592, 
QMJ65021, QMJ65022, QMJ65024, QMJ75835, QMJ84415, QMJ85977, 
QMJ86243, QMJ93435, QMJ94182, UQSSAL J9 

Literature source: Wermuth (1953) 

 Crocodylus mindorensis Schmidt, 1935 
 

Literature source: Schmidt (1935) 

 Crocodylus moreletii Duméril & Bibron, 1851 
 

Examined specimen: TMM M-4980d 

Literature sources: Wermuth (1953); Platt et al. (2009) 

  Crocodylus niloticus Laurenti, 1768 
 

Examined specimen: QMJ58445 

Literature sources: Mook (1921c); Wermuth (1953); Sookias (2020; supplementary) 

 Crocodylus novaeguineae (Schmidt, 1928) 
 

Examined specimens: QMJ5332, QMJ5664 
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Literature sources: Wermuth (1953); Hall & Portier (1994) 

 Crocodylus palaeindicus Falconer, 1859 
 

Literature source: Mook (1933) 

 Crocodylus palustris Lesson, 1831 
 

Literature source: Wermuth (1953); Iijima (2017) 

 Crocodylus porosus Schneider, 1801 
 

Examined specimens: NTM R12638, QMJ5005, QMJ13443, QMJ14478, 
QMJ22550, QMJ29021, QMJ39231, QMJ39232, QMJ39233, QMJ39283, 
QMJ39284, QMJ39853, QMJ45308, QMJ47446, QMJ47447, QMJ47448, 
QMJ47474, QMJ48126, QMJ48127, QMJ52809, QMJ87508, QMJ87509, 
QMJ93238, QMJ93350, one unregistered specimen at QM, UQSSAL J7, five 
unregistered specimens at UQ 

Literature sources: Mook (1921c); Wermuth (1953); Richardson et al. (2002); 
Sookias (2020; supplementary) 

 Crocodylus raninus Müller & Schlegel, 1844 
 

Literature source: Ross (1990) 

Remark: The status of Crocodylus raninus as a valid species has been controversial 
(see Das & Charles, 2002; Gratten, 2003; Grigg & Kirshner, 2015)   

 Crocodylus rhombifer Cuvier, 1807  
 

Examined specimen: NMB AB50.0171d 

Literature sources: Mook (1921c); Wermuth (1953); Morgan & Albury (2013); 
Morgan et al. (1993, 2018); Sookias (2020; supplementary) 

 Crocodylus siamensis Schneider, 1801 
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Examined specimen: MZB 2005-0351d 

Literature sources: Wermuth (1953); Delfino & De Vos (2010) 

 Crocodylus thorbjarnarsoni Brochu & Storrs, 2012 
 

Examined specimen: KNM-ER 1683*d 
 
Literature source: Brochu & Storrs (2012); Brochu (2020) 
 

 Culebrasuchus mesoamericanus Hastings et al., 2013 
 

Literature source: Hastings et al. (2013) 

 Deinosuchus riograndensis (Colbert & Bird, 1954) 
 

Literature source: Colbert & Bird (1954); Cossette & Brochu (2020) 

 Diplocynodon darwini (Ludwig, 1877) 
 

Literature sources: Ludwig (1877); Berg (1966) 

 Diplocynodon deponiae (Frey et al., 1987) 
 

Literature sources: Frey et al. (1987); Delfino & Smith (2012) 

 Diplocynodon hantoniensis (Wood, 1846) 
 

Literature sources: Brochu (1999); Rio et al. (2020) 

 Diplocynodon muelleri (Kälin, 1936) 
 

Literature source: Piras & Buscalioni, 2006 

 Diplocynodon ratelii Pomel, 1847 
 

Literature sources: Brochu (1999); Díaz Aráez et al. (2017) 
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 Diplocynodon tormis Buscalioni et al., 1992 
 

Literature sources: Jiménez Fuentes (1983); Buscalioni et al. (1992); Serrano-
Martínez et al. (2019a) 

 Dollosuchoides densmorei Brochu, 2007b 
 

Examined specimen: IRSNB R1748*p 

Literature source: Brochu (2007b) 

 Eoalligator chunyii Young, 1964 
 

Literature sources: Young (1964), Wang et al. (2016) 

 Eocaiman cavernensis Simpson, 1933 
 

Literature sources: Simpson (1933); Brochu (1999); Godoy et al. (2021) 

 Eogavialis africanum (Andrews, 1901) 
 

Literature source: Müller (1927) 

 Eosuchus lerichei Dollo, 1907 
 

Literature source: Delfino et al. (2005) 

 Eosuchus minor (Marsh, 1870) 
 

Literature source: Brochu (2006b) 

 Eothoracosaurus mississippiensis Brochu, 2004a 
 

Literature source: Brochu (2004a) 

 Euthecodon arambourgi Ginsburg & Buffetaut, 1978 
 

Literature source: Ginsburg & Buffetaut (1978) 
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 Gavialis gangeticus (Gmelin, 1789) 
 

Literature sources: Mook (1921c); Wermuth (1953); Iordansky (1973); Tarsitano et 
al. (1989); Salisbury (2001); Brochu (2004a); Gold (2011); Pierce et al. (2017); 
Sookias (2020; supplementary) 

 Gavialis lewisi Lull, 1944 
 

Literature sources: Lull (1944); Norell & Storrs (1989) 

 Gavialosuchus eggenburgensis Toula & Kail, 1885 
 

Literature source: Toula & Kail (1885) 

 Globidentosuchus brachyrostris Scheyer et al., 2013 
 

Literature source: Scheyer et al. (2013) 

 Gryposuchus colombianus (Langston, 1965) 
 

Literature sources: Langston (1965); Langston & Gasparini (1997); Salas-Gismondi 
et al. (2016) 

 Gunggamarandu maunala gen. et sp. nov. 

Examined specimen: QMF14.548* 

 Harpacochampsa camfieldensis Megirian et al., 1991 
 

Examined specimens: NTM P87106-1*, NTM P87106-5, NTM P87106-6, NTM 
P87106-19, NTM P87106-20 

Literature source: Megirian et al. (1991) 

 Hassiacosuchus haupti Weitzel, 1935 
 

Literature sources: Weitzel (1935); Brochu (1999, 2004b); Ősi (2014) 
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 Hylaeochampsa vectiana Owen, 1874 
 

Literature sources: Clark & Norell (1992); Salisbury & Naish (2011) 

 Iharkutosuchus makadii Ősi et al., 2007 
 

Literature sources: Ősi et al. (2007); Ősi (2008, 2014); Ősi & Weishampel (2009); 
Mateus et al. (2019) 

  Isisfordia duncani Salisbury et al., 2006 
 

Examined specimens: QMF34642, QMF36211*c, QMF44320 

Literature sources: Salisbury et al. (2006); Syme & Salisbury (2018) 

 Jiangxisuchus nankangensis Li et al., 2019 
 

Literature source: Li et al. (2019) 

 Kalthifrons aurivellensis Yates & Pledge, 2016 
 

Examined specimen: SAM P35062*p 

Literature source: Yates & Pledge (2016) 

 Kambara implexidens Salisbury & Willis, 1996 
 

Examined specimens: QMF21116, QMF21118, QMF21131, QMF29662*, 
QMF29663, QMF29678, QMF29680, QMF29684, QMF29693, QMF29708, 
QMF29710, QMF29714, QMF30077 

Literature source: Salisbury & Willis (1996) 

 Kambara murgonensis Willis et al., 1993 
 

Examined specimens: QMF11625, QMF21117, QMF21119, QMF21120, 
QMF21122, QMF21123, QMF21124, QMF21125, QMF21126, QMF21127, 
QMF21128, QMF21129, QMF21130, QMF21134, QMF29665, QMF29666, 
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QMF29667, QMF29688, QMF29669, QMF29683, QMF29689, QMF29691, 
QMF29692, QMF29694, QMF29696, QMF29718, QMF30220, QMF30221 

Literature sources: Willis et al. (1993, 1995) 

 Kambara taraina Buchanan, 2009 
 

Literature source: Buchanan (2009) 

 Kentisuchus spenceri (Buckland, 1836) 
 

Examined specimens: NHMUK PV R 1753p, NHMUK PV OR 19633*p, NHMUK 
PV OR 37717p, NHMUK PV OR 38975p, NHMUK PV OR 38990p, NHMUK PV 
OR 38991p  

Literature source: Brochu (2007b) 

 Krabisuchus siamogallicus Martin & Lauprasert, 2010  
 

Literature source: Martin & Lauprasert (2010) 

 Leidyosuchus canadensis Lambe, 1907 
 

Literature sources: Lambe (1907); Brochu (1997a); Wu et al. (2001) 

 Lohuecosuchus mechinorum Narváez et al., 2015 
 

Literature source: Narváez et al. (2015) 

 Lohuecosuchus megadontos Narváez et al., 2015 
 

Literature sources: Narváez et al. (2015); Serrano-Martínez et al. (2019b) 

 Maomingosuchus petrolica (Yeh, 1958) 
 

Literature sources: Li (1975); Shan et al. (2017) 

 Mecistops cataphractus (Cuvier, 1824) 
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Examined specimen: TMM M-3529d 

Literature sources: Mook (1921c); Wermuth (1953); Sookias (2020; supplementary) 

 Megadontosuchus arduini (de Zigno, 1880) 
 

Examined specimen: MGPD 1Z*p 

Literature source: Piras et al. (2007) 

 Mekosuchus sanderi Willis, 2001 
 

Examined specimens: QMF31166, QMF31186, QMF31187, QMF31188* 

Literature source: Willis (2001) 

 Mekosuchus whitehunterensis Willis, 1997 
 

Examined specimens: QMF31051*, QMF31052, QMF31053, QMF31054, 
QMF31055 

Literature source: Willis (1997) 

 Melanosuchus niger (Spix, 1825) 
 

Literature sources: Mook (1921c); Wermuth (1953); Brochu (1999); Foth et al. 
(2015); Bona et al. (2017); Foth et al. (2018); Mateus et al. (2019); Sookias (2020; 
supplementary) 

 Mourasuchus atopus (Langston, 1965) 
 

Literature sources: Langston (1965, 1966) 

 Navajosuchus mooki (Simpson, 1930) 
 

Literature sources: Simpson (1930); Brochu (2004b) 

 Orientalosuchus naduongensis Massonne et al., 2019 
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Literature source: Massonne et al. (2019) 

 Orthogenysuchus olseni Mook, 1924b 
 

Literature sources: Mook (1924b); Brochu (1999) 

 Osteolaemus osborni (Schmidt, 1919) 
 

Literature sources: Mook (1921c); Wermuth (1953); Brochu (2006a); Conrad et al. 
(2013); Mateus et al. (2019); Sookias (2020; supplementary) 

 Osteolaemus tetraspis Cope, 1861 
 

Examined specimen: FMNH 98396d 

Literature sources: Mook (1921c); Wermuth (1953); Iordansky (1973); Gold (2011); 
Montefeltro et al. (2016); Sookias (2020; supplementary) 

 Pachycheilosuchus trinquei Rogers, 2003 
 

Literature source: Rogers (2003) 

 Paleosuchus palpebrosus Cuvier, 1807 
 

Examined specimen: RVC-JRH-PP1d 

Literature sources: Wermuth (1953); Brochu (1999); Mateus et al. (2019); Sookias 
(2020; supplementary) 

 Paleosuchus trigonatus (Schneider, 1801) 
 

Examined specimens: NHMUK 1868.10.8.1p; USNM: amphibians & reptiles: 
300660d 

Literature sources: Mook (1921c); Wermuth (1953); Brochu (1999); Mateus et al. 
(2019); Sookias (2020; supplementary) 

 Paludirex vincenti Ristevski et al., 2020a 
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Examined specimens: ‘Geoff Vincent’s specimen’ (CMC2019-010 + QMF59017)*, 
QMF11626 

 Paratomistoma courti Brochu & Gingerich, 2000 
 

Literature source: Brochu & Gingerich (2000) 

 Penghusuchus pani Shan et al., 2009 
 

Literature source: Shan et al. (2009) 

 Pietraroiasuchus ormezzanoi Buscalioni et al., 2011 
 

Literature source: Buscalioni et al. (2011) 

 Piscogavialis jugaliperforatus Kraus, 1998 
 

Literature sources: Kraus (1998); Salas-Gismondi et al. (2016) 

 Planocrania datangensis Li, 1976 
 

Literature sources: Li (1976); Brochu (2013) 

 Planocrania hengdongensis Li, 1984 
 

Literature sources: Li (1984); Brochu (2013) 

 Portugalosuchus azenhae Mateus et al., 2019 
 

Literature source: Mateus et al. (2019) 

 Procaimanoidea kayi (Mook, 1941b) 
 

Literature sources: Mook (1941b); Brochu (2004b) 

 Procaimanoidea utahensis Gilmore, 1946 
 

Literature sources: Gilmore (1946); Brochu (2004b) 
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 Prodiplocynodon langi Mook, 1941a 
 

Literature source: Mook (1941a) 

 Protoalligator huiningensis Young, 1982 
 
 

Literature source: Wang et al. (2016) 

 Purussaurus neivensis (Mook, 1941c) 
 

Literature sources: Langston (1965); Aguilera et al. (2006) 

 Quinkana timara Megirian, 1994  
 

Examined specimens: NTM P894-6, NTM P895-16, NTM P895-38, NTM P895-
19*, NTM P2775-1, NTM P8691-3, NTM P8697-2; NTM P9464-167, NTM P9464-
168, NTM P9464-169, NTM P9464-170, NTM P9464-182, NMV P179632c 

Literature source: Megirian (1994) 

 Rimasuchus lloydi (Fourtau, 1920) 
 

Literature source: Storrs (2003) 

 Shamosuchus djadochtaensis Mook, 1924a 
 

Literature sources: Mook (1924a); Pol et al. (2009); Turner (2015) 

 Stangerochampsa mccabei Wu et al., 1996 
 

Literature sources: Wu et al. (1996); Brochu (2004b) 

 Susisuchus anatoceps Salisbury et al., 2003 
 

Literature sources: Salisbury (2001); Salisbury et al. (2003); Frey & Salisbury (2007); 
Figueiredo et al. (2011); Leite & Fortier (2018) 

 Thecachampsa antiqua (Leidy, 1852) 
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Literature source: Myrick (2001) 

 Theriosuchus pusillus Owen, 1878b 
 

Literature sources: Owen (1879); Joffe (1967); Clark (1986); Salisbury (2001, 2002); 
Tennant et al. (2016); Schwarz et al. (2017) 

 Thoracosaurus macrorhynchus (de Blainville, 1835) 
 

Literature source: Brochu (2004a) 

 Thoracosaurus neocesariensis (de Kay, 1842) 
 

Literature source: Carpenter (1983); Brochu (2004a) 

 “Tomistoma” cairense Müller, 1927 
 

Literature source: Müller (1927) 

 Tomistoma lusitanica Antunes, 1961 
 

Literature source: Antunes (1961) 

 Tomistoma schlegelii (Müller, 1838) 
 

Examined specimen: TMM M-6342d 

Literature sources: Mook (1921c); Wermuth (1953); Iordansky (1973); Tarsitano et 
al. (1989); Gold (2011); Sookias (2020; supplementary) 

 Toyotamaphimeia machikanensis (Kamei et Matsumoto in Kobatake et al., 1965) 
 

Literature source: Kobayashi et al. (2006) 

 Tsoabichi greenriverensis Brochu, 2010 
 

Literature source: Brochu (2010) 

 Voay robustus (Grandidier & Vaillant, 1872) 
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Examined specimens: NHMUK PV OR 2026p, NHMUK PV R 36684p, NHMUK 
PV R 36685p 

Literature sources: Brochu (2006a, 2007a); Bickelmann & Klein (2009) 

 Wannaganosuchus brachymanus Erickson, 1982 
 

Literature sources: Erickson (1982); Brochu (1999, 2004b) 

 

Links to the examined digital specimens 

 
 

The links to all below listed digital specimens are available online as of 07.07.2020. 

 Alligator mississippiensis UF35129: 

https://sketchfab.com/3d-models/alligator-mississippiensis-uf-herp-35129-albert-
bd974aa4336c4f33bf14b2e3499970f4 

 Alligator sinensis UF-H-105540: 

https://sketchfab.com/3d-models/alligator-sinensis-uf-herp-105540-
87bec849ccf54be7981bc539d30814c6 

 Caiman crocodilus FMNH 73711: 

http://www.digimorph.org/specimens/Caiman_crocodilus/ 

 Crocodylus moreletii TMM M-4980: 

http://www.digimorph.org/specimens/Crocodylus_moreletii/ 

 Crocodylus rhombifer NMB AB50.0171: 

http://www.digimorph.org/specimens/Crocodylus_rhombifer/ 

 Crocodylus siamensis MZB 2005-0351: 
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https://sketchfab.com/3d-models/crocodylus-siamensis-skull-
126fe65e526041ef8815b0f39186c5af 

https://sketchfab.com/3d-models/crocodylus-siamensis-mandible-
740d91fe790d4425bcdd39ed618154bd 

 Crocodylus thorbjarnarsoni KNM-ER 1683: 
 

https://africanfossils.org/fauna/knmer-1683 
 

 Mecistops cataphractus TMM M-3529: 

https://www.morphosource.org/concern/media/000114916?locale=en 

 Osteolaemus tetraspis FMNH 98396: 

https://www.morphosource.org/concern/media/000114918?locale=en 

 Paleosuchus palpebrosus RVC-JRH-PP1: 

https://sketchfab.com/3d-models/palaeosuchus-palpebrosus-hatchling-
crocodylian-13321034846c475e9484f576cdde9e61 

https://osf.io/uad97/ 

Hutchinson (2020, March 23) 

 Paleosuchus trigonatus USNM: amphibians & reptiles: 300660: 

https://www.morphosource.org/Detail/SpecimenDetail/Show/specimen_id/3737 

 Tomistoma schlegelii TMM M-6342: 

http://digimorph.org/specimens/tomistoma_schlegelii/ 
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CHARACTER LIST AND TAXON MATRIX – MODIFICATIONS AND 

UPDATES 

 

The taxon matrix and character list from this study represent slightly updated and 

expanded versions of those published by Ristevski et al. (2020a, b), which are based on the datasets 

by Narváez et al. (2015, 2016) and Mateus et al. (2019). The dataset used herein is largely the same 

as the one published by Ristevski et al. (2020a, b); the main differences are the additions of the 

OTU Gunggamarandu maunala and one new morphological character (character 229). 

Additionally, character 149 was slightly modified. More details on the original datasets can be 

found in Ristevski et al. (2020b). 

The scores for Eocaiman cavernensis were updated according to Godoy et al. (2021). Also, 

the scorings for three characters regarding the OTU Deinosuchus riograndensis were updated 

thanks to information in the recently published study by Cossette & Brochu (2020). These three 

characters were left as unknowns (‘?’) in the matrices of Massonne et al. (2019) and Ristevski et al. 

(2020a, b), since the study by Cossette & Brochu (2020) was not published by the time of 

completion of the two aforementioned papers. The amended characters are: 

 

Character 189: Deinosuchus riograndensis was scored as an unknown (‘?’) for this character. Based 

on the description by Cossette & Brochu (2020), D. riograndensis was rescored with state 3 (the 3rd 

and 4th premaxillary alveoli are largest). 

Character 193: Deinosuchus riograndensis used to have an unknown (‘?’) score applied for this 

character. Based on figure 12A of Cossette & Brochu (2020), state 1 was applied (nasal bone does 

not reach the height of the orbit). 

Character 196: Previously, Deinosuchus riograndensis was scored as an unknown (‘?’) for this 

character (character 197 of Massonne et al., 2019). Based on figure 15A of Cossette & Brochu 



S2 FIRST RECORD OF A TOMISTOMINE  by J. Ristevski et al. 
 

23 
 

(2020) it is clear that state 0 (sutural contact of the otoccipitals dorsal to foramen magnum long, at 

least half the height of the foramen magnum) is applicable to this taxon.  

 

 Lastly, the scores for character 226 were updated for Caiman latirostris, Paleosuchus 

palpebrosus and Paleosuchus trigonatus. In the matrix of Ristevski et al. (2020a, b), these three 

caimanines were scored with state 0 for this character (alveolar processes of premaxillae at the first 

two alveoli are straight). However, some Caiman latirostris, Paleosuchus palpebrosus and 

Paleosuchus trigonatus specimens display subtle arching at the anterior of the premaxillae, thus 

necessitating an amendment of their scores from 0 to {0, 1}, addressing both the straight as well as 

subtly arched anterior premaxillary alveolar processes (e.g., see the 3D digital models in Sookias, 

2019). 
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MORPHOLOGICAL CHARACTER LIST  

 

The following morphological character list is the same as the one used by Ristevski et al. 

(2020a, b), with the only differences being the modification of character 149 and the addition of a 

newly formulated character, character 229. An explanation on how to score character 229 is 

provided below. The original source(s) for each character is cited in brackets. For more details on 

the character list, see Ristevski et al. (2020b). 

 

1. Ventral tubercle of proatlas more than one-half (0) or no more than one-half (1) the width of 

the dorsal crest. (Brochu, 1997b, ch. 1) 

 

2. Fused proatlas boomerang-shaped (0), strap-shaped (1), or massive and block-shaped (2). 

(Brochu, 1997b, ch. 2) 

 

3.  Proatlas with prominent anterior process (0) or lacks anterior process (1). (Brochu, 1997b, ch. 

10) 

 

4.  Proatlas has tall dorsal keel (0) or lacks tall dorsal keel; dorsal side smooth (1). (Brochu, 1997b, 

ch. 17) 

 

5.  Atlas intercentrum wedge-shaped in lateral view, with insignificant parapophyseal processes 

(0) or plate-shaped in lateral view, with prominent parapophyseal processes at maturity (1). 

(Brochu, 1997b, ch. 5; Clark, 1994, ch. 89, modified) 

 

6.  Dorsal margin of atlantal rib generally smooth with modest dorsal process (0) or with 

prominent process (1). (Brochu, 1997b, ch. 14) 

 



S2 FIRST RECORD OF A TOMISTOMINE  by J. Ristevski et al. 
 

25 
 

7.  Atlantal ribs without (0) or with (1) very thin medial laminae at anterior end. (Brochu, 1997b, 

ch. 16) 

 

8.  Atlantal ribs lack (0) or possess (1) large articular facets at anterior ends for each other. 

(Brochu, 1997b, ch. 15) 

 

9.  Axial rib tuberculum wide, with broad dorsal tip (0) or narrow, with acute dorsal tip (1). 

(Brochu, 1997b, ch. 20) 

 

10.  Axial rib tuberculum contacts diapophysis late in ontogeny, if at all (0) or early in ontogeny 

(1). (Brochu, 1997b, ch. 21) 

 

11.  Anterior half of axis neural spine oriented horizontally (0) or slopes anteriorly (1). (Brochu, 

1997b, ch. 11) 

 

12.  Axis neural spine crested (0) or not crested (1). (Brochu, 1997b, ch. 12) 

 

13.  Posterior half of axis neural spine wide (0) or narrow (1). (Brochu, 1997b, ch. 3) 

 

14.  Axis neural arch lacks (0) or possesses (1) a lateral process (“diapophysis”). (Brochu, 1997b, ch. 

4; adapted from Norell, 1989, ch. 7) 

 

15.  Axial hypapophysis located toward the center of centrum (0) or toward the anterior end of 

centrum (1). (Brochu, 1997b, ch. 6) 

 

16.  Axial hypapophysis without (0) or with (1) deep fork. (Brochu, 1997b, ch. 19) 
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17.  Hypapophyseal keels present on 11th vertebra behind atlas (0), 12th vertebra behind atlas (1), 

or 10th vertebra behind atlas (2). (Brochu, 1997b, ch. 7, modified) 

 

18.  Third cervical vertebra (first postaxial) with prominent hypapophysis (0) or lacks prominent 

hypapophysis (1). (Brochu, 1997b, ch. 8; adapted from Norell, 1989, ch. 12; Norell & Clark, 1990, ch. 11; Clark, 

1994, ch. 91) 

 

19.  Neural spine on third cervical long, dorsal tip at least half the length of the centrum without 

the cotyle (0) or short, dorsal tip acute and less than half the length of the centrum without 

the cotyle (1). (Brochu, 1997b, ch. 9, modified) 

 

20.  Cervical and anterior dorsal centra lack (0) or bear (1) deep pits on the ventral surface of the 

centrum. (Brochu & Storrs, 2012, ch. 20) 

 

21.  Presacral centra amphicoelous (0), or weakly procoelous (1), or strongly procoelous (2). 

ORDERED. (Salisbury et al., 2006, ch. 18, modified; adapted from several previous datasets, e.g., Benton & 

Clark, 1988; Norell & Clark, 1990, ch. 8 and 10 modified; Clark, 1994, ch. 92 and 93; Brochu, 1997b, ch. 18) 

 

22.  Anterior sacral rib capitulum projects far anteriorly of tuberculum and is broadly visible in 

dorsal view (0) or anterior margins of tuberculum and capitulum nearly in same plane, and 

capitulum largely obscured dorsally (1). (Brochu, 1997b, ch. 13) 

 

23.  Scapular blade flares dorsally at maturity (0) or sides of scapular blade subparallel; minimal 

dorsal flare at maturity (1). (Brochu, 1997b, ch. 22; adapted from Benton & Clark, 1988) 

 

24.  Deltoid crest of scapula very thin at maturity, with sharp margin (0) or very wide at maturity, 

with broad margin (1). (Brochu, 1997b, ch. 23) 
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25.  Scapulocoracoid synchondrosis closes very late in ontogeny (0) or relatively early in ontogeny 

(1). (Brochu, 1997b, ch. 24) 

 

26.  Scapulocoracoid facet anterior to glenoid fossa uniformly narrow (0) or broad immediately 

anterior to glenoid fossa and tapering anteriorly (1). (Brochu, 1997b, ch. 25) 

 

27.  Proximal edge of deltopectoral crest emerges smoothly from proximal end of humerus and 

is not obviously concave (0) or emerges abruptly from proximal end of humerus and is 

obviously concave (1). (Brochu, 1997b, ch. 26) 

 

28.  M. teres major and m. dorsalis scapulae insert separately on humerus; scars can be 

distinguished dorsal to deltopectoral crest (0) or insert with common tendon; single insertion 

scar (1). (Brochu, 1997b, ch. 29) 

 

29.  Olecranon process of ulna narrow and sub-angular (0) or wide and rounded (1). (Brochu, 1997b, 

ch. 27) 

 

30.  Distal extremity of ulna expanded transversely with respect to long axis of bone; maximum 

width equivalent to that of proximal extremity (0) or proximal extremity considerably wider 

than distal extremity (1). (Salisbury et al., 2006, ch. 173) 

 

31.  Interclavicle flat along length, without dorsoventral flexure (0), or with moderate 

dorsoventral flexure (1), or with severe dorsoventral flexure (2). (Brochu, 1997b, ch. 30) 

 

32.  Anterior end of interclavicle flat (0) or rod-like (1). (Brochu, 1997b, ch. 31) 
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33.  Pre-acetabular process of ilium present as a prominent triangular process (0) or present only 

as a barely perceptible bump to absent altogether (1). (Lee & Yates, 2018, ch. 256; based on Brochu, 

1997b, ch. 34) 

 

34.  Dorsal margin of iliac blade rounded with smooth border (0), or rounded, with modest dorsal 

indentation (1), or rounded, with strong dorsal indentation (‘wasp-waisted’; 2), or narrow, 

with dorsal indentation (3), or rounded with smooth border; posterior tip of blade very deep 

(4). (Brochu, 1997b, ch. 28) 

 

35.  Supraacetabular crest narrow (0) or broad (1). (Brochu, 1997b, ch. 32) 

 

36.  Limb bones relatively robust, and hind limb much longer than forelimb at maturity (0) or 

limb bones very long and slender (1). (Brochu, 1997b, ch. 33, modified) 

 

37.  M. caudofemoralis with single head (0) or with double head (m. caudofemoralis longus and 

m. caudofemoralis brevis; 1). (Salisbury et al., 2006, ch. 160; modified from Brochu, 1997b, ch. 160) 

 

38.  Dorsal osteoderms keeled (0) or not keeled (1). (Salisbury et al., 2006, ch. 35; polarity reversed from the 

version in Brochu, 1997b, ch. 35; adapted from Buscalioni et al., 1992, ch. 22) 

 

39.  Biserial dorsal shield, dorsal osteoderms rectangular in outline with distinct medial and 

lateral parts either side of a sagittal keel (0), or dorsal osteoderms segmented sagittally into 

rectangular paravertebral osteoderms and square to round accessory osteoderms (1), or 

paravertebral osteoderms segmented (2). ORDERED. (Salisbury et al., 2006, ch. 36; adapted from 

Brochu, 1997b, ch. 36; Norell & Clark, 1990, ch. 16; Clark, 1994, ch. 95) 
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40.  Accessory osteoderms absent (0), or maximum of one longitudinal row of transversely 

contiguous accessory osteoderms (1), or maximum of two longitudinal rows of transversely 

contiguous accessory osteoderms (2), or maximum of three sagittal longitudinal rows of 

transversely contiguous accessory osteoderms (3). (Salisbury et al., 2006, ch. 37; adapted from Brochu, 

1997b, ch. 37; Norell & Clark, 1990, ch. 12; Clark, 1994, ch. 97) 

 

41.  Nuchal shield grades continuously into dorsal shield (0), or nuchal shield differentiated from 

dorsal shield into four nuchal osteoderms in two parallel rows (1), or nuchal shield 

differentiated from dorsal shield into six nuchal osteoderms, with four central and two lateral 

(2), or nuchal shield differentiated from dorsal shield into more than four nuchal osteoderms 

in two parallel rows (3). (Salisbury et al., 2006, ch. 38; modified from Brochu, 1997b, ch. 38) 

 

42.  Ventral osteoderms present, polygonal (0), or present, square (1), or present, paired 

ossifications that suture together (2), or absent (3). (Salisbury et al., 2006, ch. 39; Brochu, 1997b, ch. 39 

modified; adapted from Buscalioni et al., 1992, ch. 21; Clark, 1994, ch. 100) 

 

43.  Anterior margin of dorsal midline osteoderms with anterior process (0) or smooth, without 

process (1). (Brochu, 1997b, ch. 40; adapted from Norell & Clark, 1990, ch. 13; Clark, 1994, ch. 96) 

 

44.  Ventral scales have (0) or lack (1) follicle gland pores. (Brochu, 1997b, ch. 155) 

 

45.  Ventral collar scales not enlarged relative to other ventral scales (0), or in a single enlarged 

row (1), or in two parallel enlarged rows (2). (Brochu, 1997b, ch. 156; Poe, 1996) 

 

46.  Median pelvic keel scales form two parallel rows along most of tail length (0), or form single 

row along tail (1), or merge with lateral keel scales (2). (Brochu, 1997b, ch. 157; Poe, 1996) 
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47.  Alveoli for dentary teeth 3 and 4 nearly same size and confluent (0) or fourth alveolus larger 

than third, and alveoli are separated (1). (Brochu, 1997b, ch. 52) 

 

48.  Anterior dentary teeth strongly procumbent (0) or project anterodorsally (1). (Brochu, 1997b, 

ch. 53) 

 

49.  Dentary symphysis extends to fourth or fifth alveolus (0), or sixth through eighth alveolus 

(1), or behind eighth alveolus (2). ORDERED. (Brochu & Storrs, 2012, ch. 49; modified from Brochu, 

2004b, ch. 166) 

 

50.  Dentary gently curved (0), deeply curved (1), or linear (2) between fourth and tenth alveoli. 

ORDERED. (Brochu, 1997b, ch. 68) 

 

51.  Largest dentary alveolus immediately caudal to fourth is (0) 13 or 14, (1) between 11 or 14 

and a series behind it, (2) 11 or 12, (3) no differentiation, (4) behind 14, (5) 10. (Massonne et al., 

2019, ch. 51; modified from Brochu, 2004b, ch. 167) 

 

52.  Splenial with anterior perforation for mandibular ramus of cranial nerve V (0) or lacks 

anterior perforation for mandibular ramus of cranial nerve V (1). (Brochu, 1997b, ch. 41; adapted 

partially from Norell, 1988, ch. 15 and Norell, 1989, ch. 8) 

 

53.  Mandibular ramus of cranial nerve V exits splenial anteriorly only (0), or splenial has singular 

perforation for mandibular ramus of cranial nerve V posteriorly (1), or splenial has double 

perforation for mandibular ramus of cranial nerve V posteriorly (2). (Brochu, 1997b, ch. 42; adapted 

partially from Norell, 1988, ch. 15 and Norell, 1989, ch. 8) 
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54.  Splenial participates in mandibular symphysis; splenial symphysis adjacent to no more than 

five dentary alveoli (0), or splenial excluded from mandibular symphysis; anterior tip of 

splenial passes ventral to Meckelian groove (1), or splenial excluded from mandibular 

symphysis; anterior tip of splenial passes dorsal to Meckelian groove (2), or deep splenial 

symphysis, longer than five dentary alveoli; splenial forms wide ‘V’ within symphysis (3), or 

deep splenial symphysis, longer than five dentary alveoli; splenial constricted within 

symphysis and forms narrow ‘V’ (4). ORDERED. (Brochu, 1997b, ch. 43; adapted from Clark, 1994, 

ch. 77) 

 

55.  Coronoid bounds posterior half of foramen intermandibularis medius (0), or completely 

surrounds foramen intermandibularis medius at maturity (1), or obliterates foramen 

intermandibularis medius at maturity (2). ORDERED. (Brochu, 1997b, ch. 46; adapted from Norell, 

1988, ch. 12) 

 

56.  Superior edge of coronoid slopes strongly anteriorly (0) or almost horizontal (1). (Brochu, 

1997b, ch. 54) 

 

57.  Inferior process of coronoid laps strongly over inner surface of Meckelian fossa (0) or remains 

largely on medial surface of mandible (1). (Brochu, 1997b, ch. 55) 

 

58.  Coronoid imperforate (0) or with perforation posterior to foramen intermandibularis medius 

(1). (Brochu, 1997b, ch. 56) 

 

59.  Process of splenial separates angular and coronoid (0) or no splenial process between angular 

and coronoid (1). (Brochu, 1997b, ch. 59) 
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60.  Angular-surangular suture contacts external mandibular fenestra at posterior angle at 

maturity (0), or passes broadly along ventral margin of external mandibular fenestra late in 

ontogeny (1), or mandibular fenestra between dentary and angular, no surangular 

participation on the fenestra (2). (Mateus et al., 2019, ch. 60; Brochu, 1997b, ch. 47, modified; adapted from 

Norell, 1988, ch. 40) 

 

61.  Dorsal and ventral anterior processes of surangular unequal (0) or sub-equal to equal (1). 

(Brochu, 1997b, ch. 48, modified) 

 

62.  Surangular with spur bordering the dentary toothrow lingually for at least one alveolus length 

(0) or lacking such spur (1). (Brochu, 1997b, ch. 61) 

 

63.  External mandibular fenestra absent (0), or present as narrow slit, no discrete fenestral 

concavity on angular dorsal margin (1), or present with discrete concavity on angular dorsal 

margin (2), or present and very large; most of foramen intermandibularis caudalis visible in 

lateral view (3). (Brochu, 1997b, ch. 62 and 64, modified; adapted from Clark, 1994, ch. 75; includes information 

from Norell, 1988, ch. 14) 

 

64.  Surangular-dentary suture intersects external mandibular fenestra anterior to posterodorsal 

corner (0) or at posterodorsal corner (1). (Brochu, 1997b, ch. 65) 

 

65.  Angular extends dorsally toward or beyond anterior end of foramen intermandibularis 

caudalis; anterior tip acute (0) or does not extend dorsally beyond anterior end of foramen 

intermandibularis caudalis; anterior tip very blunt (1). (Brochu, 1997b, ch. 66) 

 

66.  Surangular-angular suture lingually meets articular at ventral tip (0) or dorsal to tip (1). 

(Brochu, 1997b, ch. 67, modified) 
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67.  Surangular continues to dorsal tip of lateral wall of glenoid fossa (0) or truncated and not 

continuing dorsally (1). (Brochu, 1999, ch. 106) 

 

68.  Articular-surangular suture simple (0), or articular bears anterior lamina dorsal to lingual 

foramen (1), or articular bears anterior lamina ventral to lingual foramen (2), or bears laminae 

above and below foramen (3). (Brochu, 1997b, ch. 44, modified) 

 

69.  Lingual foramen for articular artery and alveolar nerve perforates surangular entirely (0) or 

perforates surangular/angular suture (1). (Brochu, 1997b, ch. 45, modified) 

 

70.  Foramen aëreum at extreme lingual margin of retroarticular process (0) or set in from margin 

of retroarticular process (1). (Brochu, 1997b, ch. 49; adapted from Norell, 1988, ch. 16) 

 

71.  Retroarticular process projects posteriorly (0) or projects posterodorsally (1). (Brochu, 1997b, 

ch. 50; adapted from Benton & Clark, 1988; Norell & Clark, 1990, ch. 7; Clark, 1994 ch. 71) 

 

72.  Surangular extends to posterior end of retroarticular process (0) or pinched off anterior to 

tip of retroarticular process (1). (Brochu, 1997b, ch. 51; adapted from Norell, 1988, ch. 42) 

 

73.  Surangular-articular suture oriented anteroposteriorly (0) or bowed strongly laterally (1) 

within glenoid fossa. (Brochu, 1997b, ch. 162) 

 

74.  Sulcus between articular and surangular (0) or articular flush against surangular (1). (Brochu, 

1997b, ch. 60) 

 

75.  Dorsal projection of hyoid cornu flat (0) or rod-like (1). (Brochu, 1997b, ch. 57) 
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76.  Dorsal projection of hyoid cornu narrow, with parallel sides (0) or flared (1). (Brochu, 1997b, ch. 

58) 

 

77.  Lingual osmoregulatory pores small (0) or large (1). (Brochu, 1997b, ch. 158) 

 

78.  Tongue with (0) or without (1) keratinized surface. (Brochu, 1997b, ch. 159) 

 

79.  Teeth and alveoli of maxilla and/or dentary circular to subcircular in cross-section (0), or 

posterior teeth labiolingually compressed (1), or all teeth labiolingually compressed (2). 

(Adapted from Brochu, 2004b, ch. 165) 

 

80.  Maxillary and dentary teeth with smooth carinae (0) or serrated (1). (Brochu & Storrs, 2012, ch. 

80) 

 

81.  External naris is oriented anterodorsally (0) or dorsally (1). (Brochu, 1997b, ch. 79, modified) 

 

82.  External naris bisected by nasals (0), or nasals contact external naris, but do not bisect it (1), 

or nasals excluded, at least externally, from naris; nasals and premaxillae still in contact (2), 

or nasals and premaxillae not in contact (3). ORDERED. (Brochu, 1997b, ch. 95; adapted from Norell, 

1988, ch. 3; Clark, 1994, ch. 13 and 14) 

 

83.  Naris circular or keyhole-shaped (0), or wider than long (1), or anteroposteriorly long and 

prominently teardrop-shaped (2). ORDERED. (Brochu, 1997b, ch. 161, modified) 

 

84.  External naris of reproductively mature males (0) remains similar to that of females or (1) 

develops bony excrescence (ghara). (Brochu & Storrs, 2012, ch. 84) 
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85.  External naris (0) opens flush with dorsal surface of premaxillae or (1) circumscribed by thin 

crest. (Brochu & Storrs, 2012, ch. 85) 

 

86.  Premaxillary surface lateral to naris smooth (0) or with deep notch lateral to naris (1). (Brochu, 

1997b, ch. 142) 

 

87.  Premaxilla has five teeth (0) or four teeth (1) early in post-hatching ontogeny. (Brochu, 1997b, 

ch. 97; adapted from Norell, 1988, ch. 17) 

 

88.  Incisive foramen absent or small, less than half the greatest width of premaxillae (0), or large, 

more than half the greatest width of premaxillae (1), or large and intersects premaxillary-

maxillary suture (2). (Brochu, 1997b, ch. 124, modified) 

 

89.  Incisive foramen completely situated far from premaxillary tooth row, at the level of the 

second or third alveolus, or posterior (0), or abuts premaxillary tooth row (1), or projects 

between first premaxillary teeth (2). ORDERED. (Brochu, 1997b, ch. 153, modified) 

 

90.  Dorsal premaxillary processes short, not extending beyond third maxillary alveolus (0) or 

long, extending beyond third maxillary alveolus (1). (Brochu, 1997b, ch. 145) 

 

91.  Dentary tooth 4 occludes in notch between premaxilla and maxilla early in ontogeny (0) or 

occludes in a pit between premaxilla and maxilla; no notch early in ontogeny (1). (Brochu, 1997b, 

ch. 77; adapted from Norell, 1988, ch. 29) 

 

92.  Occlusion of dentary teeth on the maxillae, with dentary teeth occluding lingual to maxillary 

teeth with no maxillary reception pits (0), partially interlocking dentition with one or two 

interdental reception pits between maxillary teeth seven through to nine (1), or fully 
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interlocking dentition with interdental reception pits from maxillary tooth one to at least 

tooth nine (2). (Lee & Yates, 2018, ch. 27; adapted from Norell, 1988, ch. 5; Willis, 1993, ch. 1) 

 

93.  Largest maxillary alveolus is 3 (0), 5 (1), 4 (2), 4 and 5 are same size (3), 6 (4), or maxillary 

teeth homodont (5), or maxillary alveoli gradually increase in diameter posteriorly toward 

penultimate alveolus (6). (Brochu & Storrs, 2012, ch. 93; adapted from Norell, 1988, ch. 1) 

 

94.  Maxillary tooth row curved medially or linear (0) or curves laterally broadly (1) posterior to 

first six maxillary alveoli. (Brochu, 1997b, ch. 135; adapted from Clark, 1994, ch. 79) 

 

95.  Dorsal surface of rostrum curves smoothly (0) or bears medial dorsal boss (1). (Brochu, 1997b, 

ch. 101) 

 

96.  Canthi rostralii absent or very modest (0) or very prominent (1) at maturity. (Brochu, 1997b, ch. 

143; adapted from Norell, 1988, ch. 34) 

 

97.  Preorbital ridges absent or very modest (0) or very prominent (1) at maturity. (Brochu, 1997b, 

ch. 144) 

 

98.  Antorbital fenestra present (0) or absent (1). (Norell & Clark, 1990, ch. 2; Benton & Clark, 1988) 

 

99.  Vomer entirely obscured by premaxilla and maxilla (0) or exposed on palate at premaxillary-

maxillary suture (1). (Brochu, 1997b, ch. 125; adapted from Norell, 1988, ch. 22) 

 

100.  Vomer entirely obscured by maxillae and palatines (0) or exposed on palate between palatines 

(1). (Brochu, 1997b, ch. 126) 
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101.  Surface of maxilla within narial canal imperforate (0) or with a linear array of pits (1). (Brochu, 

1997b, ch. 148, modified) 

 

102.  Medial jugal foramen small (0) or very large (1). (Brochu, 1997b, ch. 120) 

 

103.  Maxillary foramen for palatine ramus of cranial nerve V small or not present (0) or very large 

(1). (Brochu, 1997b, ch. 111) 

 

104.  Ectopterygoid abuts maxillary tooth row (0) or maxilla broadly separates ectopterygoid from 

maxillary tooth row (1). (Brochu, 1997b, ch. 91; adapted from Norell, 1988, ch. 19) 

 

105.  Maxilla terminates in palatal view anterior to lower temporal bar (0) or comprises part of the 

lower temporal bar (1). (Brochu & Storrs, 2012, ch. 105) 

 

106.  Penultimate maxillary alveolus less than (0) or more than (1) twice the diameter of the last 

maxillary alveolus. (Brochu & Storrs, 2012, ch. 106) 

 

107.  Prefrontal dorsal surface smooth adjacent to orbital rim (0) or bearing discrete knob-like 

processes (1). (Brochu & Storrs, 2012, ch. 107) 

 

108.  Dorsal half of prefrontal pillar narrow (0) or expanded anteroposteriorly (1). (Brochu, 1997b, ch. 

137; adapted from Norell, 1988, ch. 41) 

 

109.  Medial process of prefrontal pillar expanded dorsoventrally (0) or anteroposteriorly (1). 

(Brochu, 1997b, ch. 136) 
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110.  Prefrontal pillar solid (0) or with large pneumatic recess (1). (State 1 refers to the prefrontal recess 

sensu Witmer, 1997; Brochu, 1999, ch. 99, modified) 

 

111.  Medial process of prefrontal pillar wide (0) or constricted (1) at base. (Brochu, 1997b, ch. 138) 

 

112.  Shape of the lateral margin of the suborbital fenestra is straight to slightly curved laterally (0) 

or bowed medially (1). (Lee & Yates, 2018, ch. 147; Brochu, 1997b, ch. 105, modified) 

 

113.  Anterior face of palatine process rounded or pointed anteriorly (0) or notched anteriorly (1). 

(Brochu, 1997b, ch. 108, modified) 

 

114.  Anterior ectopterygoid process tapers to a point (0) or forked (1). (Brochu, 1997b, ch. 109) 

 

115.  Palatine process extends (0) or does not extend (1) significantly beyond anterior end of 

suborbital fenestra. (Brochu, 1997b, ch. 110; adapted from Willis, 1993, ch. 2) 

 

116.  Palatine process generally broad anteriorly (0) or in form of thin wedge (1). (Brochu, 1997b, ch. 

118) 

 

117.  Lateral edges of palatines smooth anteriorly (0) or with lateral process projecting from 

palatines into suborbital fenestrae (1). (Brochu, 1997b, ch. 94) 

 

118.  Palatine-pterygoid suture terminates at the posterior limit of the suborbital fenestra (0), or 

suture lies a short anterior distance up the interfenestral strut so that the pterygoids form a 

short (less than 20%) section of it (1), or suture lies far anterior up the interfenestral strut so 

that the pterygoids contribute to at least 20% of the length of the strut (2). ORDERED. (Lee & 

Yates, 2018, ch. 142, modified; adapted from Brochu, 1997b, ch. 85; the version of this character as originally 
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presented by Lee & Yates [2018] had an additional state [“suture terminates medial to the posterior limit of the 

suborbital fenestra but not appreciably anterior to it”] which is herein removed due to its redundancy with state 1 

[=state 2 of ch. 142 in Lee & Yates, 2018]) 

 

119.  Pterygoid ramus of ectopterygoid straight, posterolateral margin of suborbital fenestra linear 

(0) or ramus bowed, posterolateral margin of fenestra concave (1). (Brochu & Storrs, 2012, ch. 119) 

 

120.  Lateral edges of palatines parallel posteriorly (0) or flare posteriorly, producing a ‘shelf’ (1). 

(Brochu, 1997b, ch. 90; adapted from Norell, 1988, ch. 2) 

 

121.  Anterior margin of the secondary choana is comprised of the palatines (0), or choana entirely 

surrounded by pterygoids (1). (Brochu, 1997b, ch. 71 modified; adapted from Benton & Clark, 1988; Clark, 

1994, ch. 43; Norell & Clark, 1990, ch. 1) 

 

122.  Secondary choana projects posteroventrally (0) or anteroventrally (1) at maturity. (Brochu, 

1997b, ch. 72) 

 

123.  Pterygoid surface lateral and anterior to secondary choana flush with choanal margin (0), or 

pushed inward anterolateral to choanal aperture (1), or pushed inward around choana to form 

neck surrounding aperture (2). (Brochu, 1997b, ch. 73, modified) 

 

124.  Posterior rim of secondary choana not deeply notched (0) or deeply notched (1). (Brochu, 

1997b, ch. 107) 

 

125.  Secondary choana not septate (0), or with septum that remains recessed within choana (1), 

or with septum that projects out of choana (2). ORDERED. (Brochu, 1997b, ch. 152) 
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126.  Ectopterygoid-pterygoid flexure disappears during ontogeny (0) or remains throughout 

ontogeny (1). (Brochu, 1997b, ch. 116) 

 

127.  Ectopterygoid extends (0) or does not extend (1) to posterior tip of lateral pterygoid flange at 

maturity. (Brochu, 1997b, ch. 149; adapted from Norell, 1988, ch. 32) 

 

128.  Lacrimal makes broad contact with nasal; no posterior process of maxilla (0), or maxilla with 

posterior process within lacrimal (1), or maxilla with posterior process between lacrimal and 

prefrontal (2). (Brochu, 1997b, ch. 93) 

 

129.  Prefrontals separated by frontals and nasals (0) or prefrontals meet medially (1). (Norell, 1988, 

ch. 27) 

 

130.  Lacrimal longer than prefrontal (0), or prefrontal longer than lacrimal (1), or lacrimal and 

prefrontal both elongate and nearly the same length (2). (Brochu, 1997b, ch. 117; Norell, 1988, ch. 7, 

modified) 

 

131.  Anterior tip of frontal (0) forms simple acute point or (1) forms broad, complex sutural 

contact with the nasals. (Brochu & Storrs, 2012, ch. 131) 

 

132.  Ectopterygoid extends along medial face of postorbital bar (0) or stops abruptly ventral to 

postorbital bar (1). (Brochu, 1997b, ch. 133) 

 

133.  Postorbital bar massive (0) or slender (1). (Brochu, 1997b, ch. 70; adapted from Norell, 1989, ch. 3) 
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134.  Postorbital bar bears process that is prominent, dorsoventrally broad, and divisible into two 

spines (0) or bears process that is short and generally not prominent (1). (Brochu & Storrs, 2012, 

ch. 134; Brochu, 1997b, ch. 134, modified; adapted from Norell, 1989, ch. 2) 

 

135.  Ventral margin of postorbital bar flush with lateral jugal surface (0) or inset from lateral jugal 

surface (1). (Brochu, 1997b, ch. 146; adapted from Benton & Clark, 1988; Norell & Clark, 1990, ch. 3) 

 

136.  Postorbital bar continuous with anterolateral edge of cranial table (0) or inset (1). (Salisbury et 

al., 2006, ch. 175, modified; adapted from Norell & Clark, 1989, ch. 3) 

 

137.  Margin of orbit flush with skull surface (0), or dorsal edges of orbits upturned (1), or orbital 

margin telescoped (2), or non-telescoped orbits, with frontal having broadly convex orbital 

margins (3). ORDERED. (Ristevski et al., 2020b, ch. 137; Brochu, 1997b, ch. 103, modified) 

 

138.  Ventral margin of orbit circular (0) or with prominent notch (1). (Brochu, 1997b, ch. 139) 

 

139.  Palpebral forms from single ossification (0) or from multiple ossifications (1). (Brochu, 1997b, 

ch. 96; adapted from Norell, 1988, ch. 8; Clark, 1994, ch. 65) 

 

140.  Quadratojugal spine prominent at maturity (0) or greatly reduced or absent at maturity (1). 

(Brochu, 1997b, ch. 69; adapted from Norell, 1989, ch. 1) 

 

141.  Quadratojugal spine low, near posterior angle of infratemporal fenestra (0) or high, between 

posterior and superior angles of infratemporal fenestra (1). (Brochu, 1997b, ch. 114) 
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142.  Quadratojugal forms posterior angle of infratemporal fenestra (0), or jugal forms posterior 

angle of infratemporal fenestra (1), or quadratojugal-jugal suture lies at posterior angle of 

infratemporal fenestra (2). ORDERED. (Brochu, 1997b, ch. 75; adapted from Norell, 1989, ch. 10) 

 

143.  Postorbital neither contacts quadrate nor quadratojugal medially (0), or contacts 

quadratojugal, but not quadrate, medially (1), or contacts quadrate and quadratojugal at 

dorsal angle of infratemporal fenestra (2). (Brochu, 1997b, ch. 76, modified) 

 

144.  Quadratojugal bears long anterior process along lower temporal bar (0) or bears modest 

process, or none at all, along lower temporal bar (1). (Brochu, 1997b, ch. 83) 

 

145.  Quadratojugal extends to superior angle of infratemporal fenestra (0) or does not extend to 

superior angle of infratemporal fenestra; quadrate participates in the infratemporal fenestra 

(1). (Brochu, 1997b, ch. 80; adapted from Buscalioni et al., 1992, ch. 6) 

 

146.  Postorbital-squamosal suture oriented ventrally (0) or passes medially (1) ventral to cranial 

table. (Brochu, 1997b, ch. 163) 

 

147.  Dorsal and ventral rims of squamosal groove for external ear valve musculature parallel (0) 

or squamosal groove flares anteriorly (1). (Brochu, 1997b, ch. 84) 

 

148.  Quadrate and squamosal not in contact on the external surface of the skull, posteriorly to the 

external auditory meatus (0), or quadratosquamosal suture extends dorsally along caudal 

margin of the external auditory meatus (1) or extends only to the caudoventral corner of the 

external auditory meatus (2). (As modified by Delfino et al., 2008a from Brochu, 1997b, ch. 132 and Salisbury 

et al., 2006, ch. 132) 
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149.  Caudal margin of meatal chamber smooth and continuous with the paraoccipital process (0), 

or caudal margin of meatal chamber inset (1). (Salisbury et al., 2006, ch. 102 modified; adapted from 

Brochu, 1997b, ch. 102; meatal chamber sensu Montefeltro et al., 2016) 

 

150.  Frontoparietal suture deeply within supratemporal fenestra; frontal prevents broad contact 

between postorbital and parietal (0), or suture makes modest entry into supratemporal 

fenestra at maturity; postorbital and parietal in broad contact (1), or suture on cranial table 

entirely (2). ORDERED. (Brochu, 1997b, ch. 81) 

 

151.  Frontoparietal suture concavo-convex (0) or linear (1) between supratemporal fenestrae. 

(Brochu, 1997b, ch. 86) 

 

152.  Supratemporal fenestra with fossa; dermal bones of cranial table do not overhang rim at 

maturity (0), or dermal bones of cranial table overhang rim of supratemporal fenestra near 

maturity (1), or supratemporal fenestra closes during ontogeny (2), or dermal bones of cranial 

table overhang rim of supratemporal fenestra near maturity; fenestrae large, significantly 

longer than wide, with an oval shape (3). (Cidade et al., 2017, ch. 151 modified; based on Brochu, 1997b, 

ch. 87; adapted from Norell, 1988, ch. 9) 

 

153.  Shallow fossa at anteromedial corner of supratemporal fenestra (0) or no such fossa; 

anteromedial corner of supratemporal fenestra smooth (1). (Brochu, 1997b, ch. 92) 

 

154.  Medial parietal wall of supratemporal fenestra imperforate (0) or bearing foramina (1). 

(Brochu, 1997b, ch. 104; adapted from Norell, 1988, ch. 51) 

 

155.  Parietal and squamosal widely separated by quadrate on posterior wall of supratemporal 

fenestra (0), or parietal and squamosal approach each other on posterior wall of 
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supratemporal fenestra without actually making contact (1), or parietal and squamosal meet 

along posterior wall of supratemporal fenestra (2). (Brochu, 1997b, ch. 131) 

 

156.  Cranial table surface slopes ventrally from sagittal axis (0) or planar (1) at maturity. (Brochu, 

1997b, ch. 123, modified) 

 

157.  Posterolateral margin of squamosal horizontal or nearly so (0) or upturned to form a discrete 

‘horn’ (1). (Brochu & Storrs, 2012, ch. 157) 

 

158.  Mature cranial table with broad curvature; short posterolateral squamosal rami along 

paroccipital process (0) or with nearly horizontal sides; significant posterolateral squamosal 

rami along paroccipital process (1). (Brochu, 1997b, ch. 140, modified) 

 

159.  Squamosal does not extend (0) or extends (1) ventrolaterally to lateral extent of paraoccipital 

process. (Brochu, 1997b, ch. 150, modified) 

 

160.  Supraoccipital exposure on dorsal cranial table small (0), absent (1), large (2), or large such 

that parietal is excluded from posterior edge of the cranial table (3). ORDERED. (Brochu, 1997b, 

ch. 82, modified; adapted from Norell, 1988, ch. 11) 

 

161.  Anterior foramen for palatine ramus of cranial nerve VII ventrolateral (0) or ventral (1) to 

basisphenoid rostrum. (Brochu, 1997b, ch. 164) 

 

162.  Sulcus on anterior braincase wall lateral to basisphenoid rostrum (0) or braincase wall lateral 

to basisphenoid rostrum smooth; no sulcus (1). (Brochu, 1997b, ch. 122) 
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163.  Basisphenoid not exposed extensively (0) or exposed extensively (1) on braincase wall 

anterior to trigeminal foramen. (Brochu, 1997b, ch. 129, modified; adapted from Norell, 1989, ch. 5) 

 

164.  Extensive exposure of prootic on external braincase wall (0) or prootic largely obscured by 

quadrate and laterosphenoid externally (1). (Brochu, 1997b, ch. 74; adapted from Norell, 1989, ch. 5) 

 

165.  Lateral laterosphenoid bridge comprised entirely of laterosphenoid (0) or includes an 

ascending process of the palatine (1). (Brochu, 1997b, ch. 115, modified) 

 

166.  Capitate process of laterosphenoid oriented laterally (0) or anteroposteriorly (1) toward 

midline. (Brochu, 1997b, ch. 130) 

 

167.  Parietal with recess communicating with pneumatic system (0) or solid, without recess (1). 

(Brochu, 1997b, ch. 154, modified) 

 

168.  Significant ventral quadrate process on lateral braincase wall (0) or quadrate-pterygoid suture 

linear from basisphenoid exposure to trigeminal foramen (1). (Brochu, 1997b, ch. 127, modified) 

 

169.  Posterior carotid foramen opens lateral (0) or dorsal (1) to basisphenoid at maturity. (Brochu, 

1997b, ch. 128, modified) 

 

170.  External surface of basioccipital ventral to occipital condyle oriented posteroventrally (0) or 

posteriorly (1) at maturity. (Brochu & Storrs, 2012, ch. 170; adapted from Hua & Jouve, 2004, ch. 167 and 

Salisbury et al., 2006, ch. 174) 

 

171.  Posterior pterygoid processes tall and prominent (0), or small and project posteroventrally 

(1), or small and project posteriorly (2). (Brochu, 1997b, ch. 98) 
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172.  Basisphenoid thin (0) or anteroposteriorly wide (1) ventral to basioccipital. (Brochu, 1997b, ch. 

113) 

 

173.  Basisphenoid not broadly exposed ventral to basioccipital at maturity; pterygoid short ventral 

to median pharyngeal tube foramen (0) or basisphenoid exposed as broad sheet ventral to 

basioccipital at maturity; pterygoid tall ventral to median pharyngeal tube foramen (1). 

(Brochu, 1997b, ch. 119 modified; terminology modified in accord with Dufeau & Witmer, 2015 and Young & 

Bierman, 2019) 

 

174.  Otoccipital with very prominent boss on paroccipital process; process lateral to 

cranioquadrate opening short (0) or otoccipital with small or no boss on paroccipital process; 

process lateral to cranioquadrate opening long (1). (Brochu, 1997b, ch. 141, modified) 

 

175.  Pharyngotympanic foramina open dorsal (0) or lateral (1) to median pharyngeal tube 

foramen. (Brochu, 1997b, ch. 147, modified; adapted from Norell, 1988, ch. 46; terminology modified in accord 

with Dufeau & Witmer, 2015 and Young & Bierman, 2019) 

 

176.  Otoccipitals terminate dorsal to basioccipital tubera (0), or send robust process ventrally and 

participate in basioccipital tubera (1), or send slender process ventrally to basioccipital tubera 

(2). ORDERED. (Brochu, 1997b, ch. 151, modified; adapted from Norell, 1988, ch. 20; Clark, 1994, ch. 57 and 

60) 

 

177.  Quadrate foramen aëreum on mediodorsal angle (0) or on dorsal surface (1) of quadrate. 

(Brochu, 1997b, ch. 121) 

 

178.  Quadrate foramen aëreum is small (0), comparatively large (1), or absent (2) at maturity. 

(Brochu & Storrs, 2012, ch. 178) 
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179.  Quadrate lacks (0) or bears (1) prominent, mediolaterally thin crest on dorsal surface of 

ramus. (Brochu & Storrs, 2012, ch. 179) 

 

180.  Attachment scar for posterior mandibular adductor muscle on ventral surface of quadrate 

ramus forms modest crests (0) or prominent knob (1). (Brochu & Storrs, 2012, ch. 180; adapted from 

Ősi et al., 2007, ch. 165) 

 

181.  Quadrate with small, ventrally reflected medial hemicondyle (0), or with small medial 

hemicondyle; dorsal notch for foramen aëreum (1), or with prominent dorsal projection 

between hemicondyles (2), or with expanded medial hemicondyle (3). (Brochu, 1997b, ch. 112) 

 

182.  Iris (0) greenish/yellowish or (1) brown. (Brochu & Storrs, 2012, ch. 182) 

 

183.  Fewer than eight (0), or eight to 14 (1), or more than 14 (2) paired midline scale rows (Brochu 

& Storrs, 2012, ch.184; there is considerable variation in this character within species, and further work is needed 

to clarify the situation; data from Fuchs, 2006) 

 

184.  Ectopterygoid maxillary ramus forms less than (0) or more than (1) two-thirds of lateral 

margin of suborbital fenestra. (Brochu & Storrs, 2012, ch. 185) 

 

185.  Ectopterygoid maxillary ramus terminates at lateral margin of suborbital fenestra (0) or 

lateral to it, with maxilla separating the ectopterygoid from fenestra for short distance (1). 

(Brochu & Storrs, 2012, ch. 186) 

 

186.  Palatine-maxillary suture intersects suborbital fenestra at its anteromedial margin (0) or 

nearly at its anterior-most limit (1). (Brochu & Storrs, 2012, ch. 187) 
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187.  Frontal lacks (0) or bears (1) prominent midsagittal crest between orbits. (Brochu & Storrs, 2012, 

ch. 188) 

 

188.  All cervical neural spines anteroposteriorly broad (0) or posterior neural spines thin and rod-

like (1). (Brochu & Storrs, 2012, ch. 189; adapted from Clark, 1994, ch. 90, Pol et al., 2009, ch. 90) 

 

189.  Largest premaxillary tooth is the second (0), the third (1), or the fourth (2), or the third and 

fourth are largest (3), or all similar in size (4), or the fourth and fifth are largest (5), or the first 

four equal in size (6). (Massonne et al., 2019, ch. 190; based on Wang et al., 2016, ch. 190) 

 

190.  Dorsal surface of the surangular, lateral to the glenoid fossa is smooth (0), or bears a single 

pit (1), or bears two pits (2), or bears a large elongated sulcus next to the anterior half of the 

glenoid fossa (3), or intensely ornamented as the lateral surface of the surangular (4). (Based on 

Wang et al., 2016, ch. 191 and Lee & Yates, 2018, ch. 204) 

 

191.  ‘U’-shaped depression of the frontal at the point of maximum constriction between the orbits 

absent (0) or present (1). (Cossette & Brochu, 2018, ch. 107, modified) 

 

192.  Skull in lateral view relatively flat (0) or wedge-shaped (1). (Massonne et al., 2019, ch. 193) 

 

193.  Nasal bone does (0) or does not (1) reach to the height of the orbit. (Massonne et al., 2019, ch. 194) 

 

194.  Anterior process of jugal extends anterior (0), lies at the same level as (1), or well posterior to 

the anterior process of frontal (2). (Massonne et al., 2019, ch. 195; modified from Jouve, 2004, ch. 177; Jouve 

et al., 2008, ch. 174 and Jouve, 2016, ch. 174) 
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195.  Notch between the premaxilla and maxilla present (0), or absent (1) in adult individuals. 

(Massonne et al., 2019, ch. 196) 

 

196.  Sutural contact of the otoccipitals dorsal to foramen magnum (0) long, at least half the height 

of the foramen magnum, (1) short, shorter than half the height of the foramen magnum, or 

(2) no sutural contact between the otoccipitals. (Massonne et al., 2019, ch. 197, modified) 

 

197.  Anterior maxillary teeth without (0) or with (1) ridges on their labial surface. (Massonne et al., 

2019, ch. 198, modified) 

 

198.  If largest dentary alveolus is between 11th and 14th and a series behind it, is it the (0) 11th, 

(1) 12th, or (2) 13th to 14th. (Massonne et al., 2019, ch. 200; applicable only to taxa that are scored with 

state 1 for character 51 [see Massonne et al., 2019]) 

 

199.  Surangular-angular suture lingually originates (0) near the ventral border of the external 

mandibular fenestra, (1) near the dorsal border of the external mandibular fenestra and 

straight, (2) near the dorsal border of the external mandibular fenestra and bowed. (Massonne 

et al., 2019, ch. 201) 

 

200.  Large or very large supraoccipital exposure on cranial table is (0) trapezoid, (1) triangular, or 

(2) block-shaped. (Massonne et al., 2019, ch. 202, modified; applicable only to taxa that have large or very large 

supraoccipital exposure on cranial table, i.e., applicable to taxa that are scored with either state 2 or 3 for character 

160 [see Massonne et al., 2019]) 

 

201.  Anterior profile of the premaxilla in lateral view is shallowly sloping (0) or steeply angled so 

that it is close to vertical (1). (Lee & Yates, 2018, ch. 1) 
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202.  Alveolar process of the maxilla along the first six maxillary alveoli is inconspicuous or low, 

with medial lamina comprising no more than 10% of total rostral height (0), or moderately 

developed, with medial lamina comprising between 10–25% of total rostral height (1), or tall, 

with medial lamina comprising 25% or more of total rostral height (2). ORDERED. (Adapted 

from Salisbury & Willis, 1996, ch. 16 and Lee & Yates, 2018, ch. 26) 

 

203.  Anterior margins of suborbital fenestrae set to the level of 9th maxillary alveoli or posterior 

(0), or between the 9th and 7th maxillary alveoli (1), or to the level of 7th maxillary alveoli or 

anterior (2). (Modified from Salisbury & Willis, 1996, ch. 14 and Lee & Yates, 2018, ch. 144) 

 

204.  Jugal-lacrimal contact expressed by a long suture that widely separates the maxilla from the 

orbital margin (0), or point contact that narrowly separates the maxilla from the orbital 

margin (1), or no jugal-lacrimal contact, with the maxilla contributing to the orbital margin 

(2). (Lee & Yates, 2018, ch. 38, modified; based on information in Willis [1997, 2001]) 

 

205.  Orientation of the ventral ornamented portion of the jugal, anterior to the postorbital bar is 

lateral to ventrolateral (0) or sharply bent to face ventrally (1). (Lee & Yates, 2018, ch. 62, modified) 

 

206.  Cross-sectional shape of the anterior ramus of the ectopterygoid subtriangular (0) or a 

dorsoventrally compressed plate projecting medially from the maxilla (1). (Lee & Yates, 2018, ch. 

153, modified) 

 

207.  Outline of supratemporal fenestra is sub-square (0), circular to sub-circular (1) sub-

rectangular, longer anteroposteriorly (2), sub-rectangular, longer mediolaterally (3), elliptical, 

with the long axis aligned parasagittaly (4), or D-shaped (5). (Reformulated from Lee & Yates, 2018, 

ch. 75; adapted in part from de Andrade et al., 2011, ch. 111) 
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208.  Minimum width between supratemporal fenestrae with respect to maximum cranial table 

width is 10% or less of total width (0), or between 10–20% of total width (1), or at least 20% 

of total width (2). (Tennant et al., 2016, ch. 126, modified; based on information in Schwarz and Salisbury, 

2005) 

 

209.  The bar forming the posterior border of the supratemporal fenestra (measured as the 

minimum distance between the posterior margin of the supratemporal fenestra and the 

occipital margin of the cranial table) is robust, with the minimum thickness being greater than 

18% of the width of the cranial table at the level of the postorbital-squamosal suture (0), or 

the minimum thickness is 8–18 % of the width of the cranial table (1), or slender, with the 

minimum thickness being less than 8% of the width of the cranial table (2). (Adapted from Lee & 

Yates, 2018, ch. 95) 

 

210.  Anteromedial extension of the frontoparietal fossa onto the dorsal cranial roof not present at 

any stage of ontogeny (0) or present in all but the most aged adults (1). (Lee & Yates, 2018, ch. 73, 

modified; frontoparietal fossa sensu Holliday et al., 2020) 

 

211.  Large sculpture pits on cranial table developed anterior to the supratemporal fenestrae absent 

(0), or present and spread over the frontal-parietal junction, with minimal or no involvement 

of the postorbital (1), or present and spread over the postorbital-frontal-parietal triple 

junction (2). (Lee & Yates, 2018, ch. 71, modified; based on information in Willis et al., 1993) 

 

212.  Ventral extent of the dorsal ornamentation into the lateral squamosal attachment area for the 

upper earlid musculature extends no further than the dorsal margin of the attachment area 

(0) or rugose ornamentation that extends into the lateral squamosal sulcus so that only the 

ventrolateral rim remains smooth (1). (Lee & Yates, 2018, ch. 82, modified) 
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213.  Angle of posteroventral descent of the subdermal portion of the squamosal at its 

posterolateral corner is shallow, about 45° or less (0) or steep and close to vertical (1). (Lee & 

Yates, 2018, ch. 88) 

 

214.  The quadrate pterygoid process has minimal or no occipital exposure (0) or evident occipital 

exposure (1) ventrolateral to the otoccipital. (Lee & Yates, 2018, ch. 116, modified; quadrate pterygoid 

process sensu Kley et al., 2010) 

 

215.  Distance between the posterior tip of the paroccipital process and the quadrate condylar 

surface is less than the width of the quadrate condylar surface (0) or greater than the width of 

the quadrate condylar surface (1). (Lee & Yates, 2018, ch. 111, modified; based on information in Molnar, 

1982; distance measured from the posterior tip of the paroccipital process to the medial quadrate hemicondyle) 

 

216.  Quadrate condyles and occipital condyle aligned on the same plane (0) or unaligned, 

quadrate condyles are at a lower level than the occipital condyle (1). (Adapted from de Andrade et 

al., 2011, ch. 4; based on Wu & Sues, 1996, ch. 24) 

 

217.  Anteriorly directed ridges on the pterygoid plates extending from the lateral margins of the 

secondary choana absent (0) or present (1). (Lee & Yates, 2018, ch.161) 

 

218.  Shape of the secondary choana is ovoid to cordiform, with the apex directed posteriorly (0), 

or triangular, with the apex directed anteriorly (1). (Lee & Yates, 2018, ch. 163; original version of the 

character from Jouve et al., 2015, ch. 236) 

 

219.  Shape of the ventrolateral margin of the dentary is smoothly rounded (0) or curved at 

approximately a 90˚ angle, resulting in a horizontal ventral surface and a vertical lateral 

surface (1). (Lee & Yates, 2018, ch. 181, modified) 
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220.  Ventral margin of the ornamented region of the angular simple, not everted (0) or everted 

into a laterally to ventrolaterally projecting flange (1). (Lee & Yates, 2018, ch. 199) 

 

221.  Laterally directed flange along the dorsolateral margin of the surangular, bordering the 

ornamented region is absent (0) or present (1). (Lee & Yates, 2018, ch. 203; Pol & Norell, 2004, ch. 187, 

modified) 

 

222.  Maxillary teeth/alveoli size disparity at adulthood low, largest maxillary tooth/alveolus is less 

than twice the diameter of the smallest interfestoonal tooth/alveolus (0) or high, diameter of 

the largest tooth/alveolus more than twice that of the smallest interfestoonal tooth/alveolus 

(1). (Modified from Salisbury & Willis, 1996, ch. 17 and Lee & Yates, 2018, ch. 220) 

 

223.  Maxillary alveolar count is 11 or fewer (0), 12–16 (1), 17–20 (2), 21–28 (3), 29 or more (4) 

alveoli. ORDERED. (Young, 2014, ch. 156) 

 

224.  Dentary alveolar count is 14 or fewer (0), 15–19 (1), 20–29 (2), 30 or more (3) alveoli per 

rami. ORDERED. (Young, 2014, ch. 158, modified) 

 

225.  Adult skull length is 300 mm or more (0) or less than 300 mm (1). (Lee & Yates, 2018, ch. 219, 

modified; here, total skull length is measured from the anterior tip of the rostrum to the lateral quadrate 

hemicondyle) 

 

226.  Alveolar processes of premaxillae at the first two alveoli are straight (0) or arched (1). (Ristevski 

et al., 2020b, ch. 226) 

 

227.  Laterally directed flange along the dorsolateral margin of the dentary, labial to the last four 

to five dentary alveoli is absent (0) or present (1). (Based on Lee & Yates, 2018, ch. 179) 
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228.  Occipital lamina of the supraoccipital is oriented posteriorly (0) or posteroventrally (1). 

(Ristevski et al., 2020b, ch. 228) 

 

229.  Postoccipital processes of the supraoccipital are small to moderately large (0), or very large 

and widely spaced (1), or very large and closely spaced (2). NEW 

 

Explanation for scoring character 229 
 

The postoccipital processes of the supraoccipital (sensu Kälin, 1933) are knob-like 

protrusions on the occipital surface of the supraoccipital. The region of the occiput where the 

postoccipital processes are located serves as an attachment site for the M. transversospinalis capitis 

muscle (sensu Frey, 1988; see also Buttmann, 1826; Hair, 1868; Iordansky, 1973; Bakker et al., 1988; 

Rossmann, 2000; Salisbury, 2001), with the tendons of said muscle inserting on these processes 

(Iordansky, 1973). The processes are visible dorsolaterally on the occipital surface of the 

supraoccipital, bounding the ventral margins of the posttemporal fenestrae. They can have a 

variable morphology between taxa, ranging from small to moderately pronounced processes that 

are modestly visible, or not visible at all in dorsal view; this is the most common condition among 

crocodylians (state 0; Fig. S2.1A and S2.1B). Otherwise, they can be very prominent in size, 

evident both in occipital and dorsal views of the skull and spaced widely apart from each other, 

like in some tomistomines (e.g., Dollosuchoides densmorei, Gunggamarandu maunala, Tomistoma 

schlegelii; state 1; Fig. S2.1C and S2.1D). Also, they can be very prominent, yet spaced closely to 

each other – this condition is present among Gavialidae (state 2; Fig. S2.1E and S2.1F). The 

morphology and size of the postoccipital processes relative to the cranium appear to have little to 

no ontogenetic or individual variation, at least in Crocodylus johnstoni and C. porosus (Jorgo 

Ristevski pers. obs. of C. johnstoni and C. porosus specimens, 2018). 
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Figure S2.1 (on previous page) Explanation for scoring character 229 in the list. Crocodylus porosus Schneider, 

1801, QMJ48127, (A) close up of the cranial table in dorsal view, and (B) the skull in occipital view. Notice how in 

(A) the postoccipital processes of the supraoccipital are not visible in dorsal view.  Gunggamarandu maunala gen. 

et sp. nov., QMF14.548, holotype, (C) close up of the cranial table in dorsal view, and (D) skull in occipital view. 

Gavialis gangeticus (Gmelin, 1789), (E) close up of the cranial table in dorsal view, and (F) skull in occipital view. 

Notice how in (E) and (F) the postoccipital processes of the supraoccipital are acute and closely spaced. The images 

of the Gavialis gangeticus skull in (E) and (F) are from a 3D digital model provided as a supplementary file to Sookias 

(2020); see Sookias (2019, October 30). The gray, dotted areas in (C) and (D) indicate broken and/or damaged 

surfaces on the figured specimen. Abbreviations: bo, basioccipital; ncr, nuchal crest; ocn, occipital condyle; oto, 

otoccipital; par, parietal; po, postorbital; pop, postoccipital process of the supraoccipital; ptfen, posttemporal 

fenestra; q, quadrate; so, supraoccipital; sq, squamosal. 
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PHYLOGENETIC ANALYSES 

 

As mentioned in the “Phylogeny” and “Phylogenetic methods” subsections of the main 

text, four phylogenetic analyses were performed – one using a ‘traditional’ equal weighting (EW) 

principal search approach, while the other three analyses used the implied weighting (IW) 

methodology. The analyses that utilized the IW methodology were run with three different 

concavity constant (k) values, one set to 3.0, the second set to 12.0, and the last set to 25.0. The 

search parameters and settings used to run the analyses are described in the “Phylogenetic 

methods” subsection of the main text, and a brief summary of the results, mainly focusing on the 

position of Gunggamarandu maunala, and their implications are also provided therein. What 

follows is a more detailed overview of the results from the EW and IW analyses. 

 

Results 

 

Equal Weighting analysis  

 

The phylogenetic analysis performed under an EW search method recovered 339 most-

parsimonious cladograms (MPCs) with a length of 1412 steps (CI = 0.228; RI = 0.725). Similar to 

the EW analysis results of Ristevski et al. (2020a, b), the strict consensus topology (Fig. S2.2) 

depicts a large unresolved polytomy within Crocodylia that also incorporates the mekosuchine 

OTUs. There are two mekosuchine clades recovered from the strict consensus of this analysis, one 

comprised by the Baru Willis et al., 1990 OTUs, and the second by the Mekosuchus Balouet & 

Buffetaut, 1987 OTUs; regardless, both the Baru and Mekosuchus clades are parts of the polytomy.  

The 50% majority-rule consensus topology (Fig. S2.3) has a much better resolution, 

however, the interrelationships of mekosuchines (all found within Crocodyloidea) are still unclear. 

In the 50% majority-rule consensus, Paludirex vincenti is the sister taxon to the Baru + Mekosuchus 
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clade. Australosuchus clarkae, Kalthifrons aurivellensis, Quinkana timara, as well as 

Harpacochampsa camfieldensis are independent of the other mekosuchine OTUs, although still 

sitting in an unresolved position in Crocodyloidea. Likewise, the species of Kambara Willis et al., 

1993 are also independent of the other mekosuchines, but do form a monophyletic clade, with K. 

implexidens as a sister taxon to K. murgonensis + K. taraina. Generally, the nodal support is weak 

(Figs. S2.4 and S2.5). 

Intriguingly, one of the few consistently recovered clades in both the strict and 50% 

majority-rule consensuses is Gavialoidea, comprised of Gavialidae, Tomistominae, and 

‘thoracosaurs’. The same result was recovered in the EW analysis by Ristevski et al. (2020a, b). This 

is not surprising, since the matrix used in this study is essentially the same as the one published by 

Ristevski et al. (2020a, b), bar the few updates implemented herein. As already discussed by 

Ristevski et al. (2020a), recovering a monophyletic Gavialoidea that incorporates Gavialidae and 

Tomistominae has been a challenge for many older studies that performed phylogenetic analyses 

based on morphological data alone. In the strict consensus, the recovered Gavialoidea (that also 

includes the ‘thoracosaurs’) lies in a large polytomy within Crocodylia. However, the 50% 

majority-rule consensus finds Gavialoidea forming a clade with Crocodyloidea (=Longirostres 

sensu Harshman et al., 2003). The gavialid and ‘thoracosaur’ taxa are recovered in more derived 

positions within Gavialoidea, whereas the tomistomines occupy the more basal positions. The 

basal-most taxon in the clade is the tomistomine Kentisuchus spenceri. Unfortunately, the nodal 

support for Gavialoidea is unsatisfactory (Bremer = 0; bootstrap = <50%). Gunggamarandu 

maunala is found near the base of Gavialoidea along with certain other tomistomines, and is also 

the sister taxon to Dollosuchoides densmorei. The Gunggamarandu gen. nov. + Dollosuchoides 

Brochu, 2007b clade is one of the stronger supported gavialoid sub-clades recovered from the EW 

analysis (Bremer = 2; bootstrap = <50%). The Gunggamarandu + Dollosuchoides clade is 

characterized by two synapomorphies: a slender postfenestral bar, with a minimum thickness that 

is less than 8% the width of the cranial table (character 209, state 2); and, very large and widely 
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spaced postoccipital processes of the supraoccipital (character 229, state 1). No autapomorphies 

were indicated for G. maunala in this analysis.     

As in our previous study (Ristevski et al., 2020a), we reiterate that our parsimony-based 

analysis results who yielded a cladogram including a monophyletic Gavialoidea do not solve the 

longstanding debate on the relationships between Gavialis Oppel, 1811, Tomistoma Müller, 1846 

and their extinct relatives. More work is clearly needed to settle the issues surrounding this subject, 

which is outside the aims and scope of our work.    
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Figure S2.2 Strict consensus topology from the phylogenetic analysis performed under the EW method. In 

the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.3 50% majority-rule consensus topology from the phylogenetic analysis performed under the 

EW method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.4 Bremer support results from the phylogenetic analysis performed under the EW method. In the 

cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 

T r e e  3 4 0

Q M F 1 4 5 4 8

S u s i s u c h u s _ a n a t o c e p s

Q u i n k a n a _ t i m a r a

P a l u d i r e x _ v i n c e n t i
M e k o s u c h u s _ w h i t e h u n t e r e n s i s
M e k o s u c h u s _ s a n d e r i

K a m b a r a _ t a r a i n a
K a m b a r a _ m u r g o n e n s i s
K a m b a r a _ i m p l e x i d e n s
K a l t h i f r o n s _ a u r i v e l l e n s i s

I s i s f o r d i a _ d u n c a n i

H a r p a c o c h a m p s a _ c a m f i e l d e n s i s

B a r u _ w i c k e n i
B a r u _ d a r r o w i

A u s t r a l o s u c h u s _ c l a r k a e

M e g a d o n t o s u c h u s _ a r d u i n i

P e n g h u s u c h u s _ p a n i

C r o c o d y l u s _ g a r i e p e n s i s

C r o c o d y l u s _ t h o r b j a r n a r s o n i
C r o c o d y l u s _ a n t h r o p o p h a g u s

C r o c o d y l u s _ c h e c c h i a i
C r o c o d y l u s _ p a l a e i n d i c u s
C r o c o d y l u s _ m o r e l e t i i

C r o c o d y l u s _ r a n i n u s
C r o c o d y l u s n o v a e g u i n e a e

C r o c o d y l u s _ m i n d o r e n s i s
C r o c o d y l u s _ j o h n s t o n i

C r o c o d y l u s _ i n t e r m e d i u s
C r o c o d y l u s _ s i a m e n s i s
C r o c o d y l u s _ p a l u s t r i s
C r o c o d y l u s _ a c u t u s

P r o t o a l l i g a t o r _ h u i n i n g e n s i s
J i a n g x i s u c h u s _ n a n k a n g e n s i s
E o a l l i g a t o r _ c h u n y i i

C e n t e n a r i o s u c h u s _ g i l m o r e i

C u l e b r a s u c h u s _ m e s o a m e r i c a n u s
G l o b i d e n t o s u c h u s _ b r a c h y r o s t r i s
B o t t o s a u r u s _ h a r l a n i
K r a b i s u c h u s _ s i a m o g a l l i c u s
O r i e n t a l o s u c h u s _ n a d u o n g e n s i s

P o r t u g a l o s u c h u s _ a z e n h a e

B r o c h u c h u s _ p i g o t t i
R i m a s u c h u s _ l l o y d i
V o a y _ r o b u s t u s

O s t e o l a e m u s _ o s b o r n i
O s t e o l a e m u s _ t e t r a s p i s

E u t h e c o d o n _ a r a m b o u r g i

C r o c o d y l u s _ r h o m b i f e r

C r o c o d y l u s _ p o r o s u s

C r o c o d y l u s _ n i l o t i c u s

M e c i s t o p s _ c a t a p h r a c t u s

C r o c o d y l u s _ m e g a r h i n u s

K e n t i s u c h u s _ s p e n c e r i

D o l l o s u c h o i d e s _ d e n s m o r e i
M a o m i n g o s u c h u s _ p e t r o l i c a
T h e c a c h a m p s a _ a n t i q u a

T o m i s t o m a _ c a i r e n s e

P a r a t o m i s t o m a _ c o u r t i i

G a v i a l o s u c h u s _ e g g e n b u r g e n s i s
T o y o t a m a p h i m e i a _ m a c h i k a n e n s i s
T o m i s t o m a _ l u s i t a n i c a
T o m i s t o m a _ s c h l e g e l i i

P r o d i p l o c y n o d o n _ l a n g i
A s i a t o s u c h u s _ g e r m a n i c u s

C r o c o d y l u s _ a f f i n i s
C r o c o d y l u s _ d e p r e s s i f r o n s

C r o c o d y l u s _ a c e r
B r a c h y u r a n o c h a m p s a _ e v e r s o l e i

M e l a n o s u c h u s _ n i g e r
C a i m a n _ l u t e s c e n s
C a i m a n _ l a t i r o s t r i s

C a i m a n _ c r o c o d i l u s
C a i m a n _ y a c a r e

M o u r a s u c h u s _ a t o p u s
O r t h o g e n y s u c h u s _ o l s e n i

P u r u s s a u r u s _ n e i v e n s i s

P a l e o s u c h u s _ p a l p e b r o s u s
P a l e o s u c h u s _ t r i g o n a t u s

T s o a b i c h i _ g r e e n r i v e r e n s i s

E o c a i m a n _ c a v e r n e n s i s

A l l i g a t o r _ p r e n a s a l i s
A l l i g a t o r _ m c g r e w i

A l l i g a t o r _ o l s e n i

A l l i g a t o r _ t h o m s o n i
A l l i g a t o r _ m e f f e r d i
A l l i g a t o r _ m i s s i s s i p p i e n s i s

A l l i g a t o r _ s i n e n s i s

W a n n a g a n o s u c h u s _ b r a c h y m a n u s
A r a m b o u r g i a _ g a u d r y i
P r o c a i m a n o i d e a _ u t a h e n s i s
P r o c a i m a n o i d e a _ k a y i

A l l o g n a t h o s u c h u s _ w a r t h e n i
A l l o g n a t h o s u c h u s _ p o l y o d o n

N a v a j o s u c h u s _ m o o k i
H a s s i a c o s u c h u s _ h a u p t i
C e r a t o s u c h u s _ b u r d o s h i
S t a n g e r o c h a m p s a _ m c c a b e i
B r a c h y c h a m p s a _ s e a l e y i
B r a c h y c h a m p s a _ m o n t a n a

D i p l o c y n o d o n _ d e p o n i a e

D i p l o c y n o d o n _ d a r w i n i

D i p l o c y n o d o n _ t o r m i s
D i p l o c y n o d o n _ m u e l l e r i

D i p l o c y n o d o n _ h a n t o n i e n s i s

D i p l o c y n o d o n _ r a t e l i i

D e i n o s u c h u s _ r i o g r a n d e n s i s
L e i d y o s u c h u s _ c a n a d e n s i s

P l a n o c r a n i a _ d a t a n g e n s i s
P l a n o c r a n i a _ h e n g d o n g e n s i s

B o v e r i s u c h u s _ m a g n i f r o n s
B o v e r i s u c h u s _ v o r a x

G a v i a l i s _ g a n g e t i c u s
G a v i a l i s _ l e w i s i
G r y p o s u c h u s _ c o l o m b i a n u s
P i s c o g a v i a l i s _ j u g a l i p e r f o r a t u s
E o g a v i a l i s _ a f r i c a n u m

E o s u c h u s _ l e r i c h e i
E o s u c h u s _ m i n o r
T h o r a c o s a u r u s _ m a c r o r h y n c h u s
T h o r a c o s a u r u s _ n e o c e s a r i e n s i s
E o t h o r a c o s a u r u s _ m i s s i s s i p p i e n s i

B o r e a l o s u c h u s _ s t e r n b e r g i i

B o r e a l o s u c h u s _ a c u t i d e n t a t u s
B o r e a l o s u c h u s _ w i l s o n i

B o r e a l o s u c h u s _ f o r m i d a b i l i s

B o r e a l o s u c h u s _ t h r e e e n s i s

H y l a e o c h a m p s a _ v e c t i a n a
I h a r k u t o s u c h u s _ m a k a d i i
A c y n o d o n _ a d r i a t i c u s

A c y n o d o n _ i b e r o c c i t a n u s

A r e n y s u c h u s _ g a s c a b a d i o l o r u m

A g a r e s u c h u s _ s u b j u n i p e r u s

A g a r e s u c h u s _ f o n t i s e n s i s

L o h u e c o s u c h u s _ m e c h i n o r u m
L o h u e c o s u c h u s _ m e g a d o n t o s

A l l o d a p o s u c h u s _ p r e c e d e n s

P a c h y c h e i l o s u c h u s _ t r i n q u e i

P i e t r a r o i a s u c h u s _ o r m e z z a n o i
S h a m o s u c h u s _ d j a d o c h t a e n s i s

B e r n i s s a r t i a _ f a g e s i i
T h e r i o s u c h u s _ p u s i l l u s

A n t e o p h t h a l m o s u c h u s _ e p i k r a t o r

3

9

3

1
3

2

1

5

1

1

1

3

2

2
[ - 1 ]

1

1

1

1
1

1

2
1

1

1
0

1
1

1

0

1

1

0

1
1

1
11

1

1

0

3

0

0

0

2

0

[ - 2 ]

2

0
0

[ - 1 ]

4

0

1

1
1

1

3
3

0
0

0
4

2

0

1

0

2
0

0

0

0



S2 FIRST RECORD OF A TOMISTOMINE  by J. Ristevski et al. 
 

63 
 

 

Figure S2.5 Bootstrap support results from the phylogenetic analysis performed under the EW method. In 

the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 

G r o u p  f r e q s . ,  1 0 0 0  r e p l i c a t e s ,  c u t = 5 0  ( t r e e  0 )  -  S t a n d a r d  B o o t s t r a p

Q M F 1 4 5 4 8
S u s i s u c h u s _ a n a t o c e p s
Q u i n k a n a _ t i m a r a
P a l u d i r e x _ v i n c e n t i

M e k o s u c h u s _ w h i t e h u n t e r e n s i s
M e k o s u c h u s _ s a n d e r i

K a m b a r a _ t a r a i n a
K a m b a r a _ m u r g o n e n s i s
K a m b a r a _ i m p l e x i d e n s
K a l t h i f r o n s _ a u r i v e l l e n s i s
I s i s f o r d i a _ d u n c a n i
H a r p a c o c h a m p s a _ c a m f i e l d e n s i s

B a r u _ w i c k e n i
B a r u _ d a r r o w i

A u s t r a l o s u c h u s _ c l a r k a e
M e g a d o n t o s u c h u s _ a r d u i n i
P e n g h u s u c h u s _ p a n i
C r o c o d y l u s _ g a r i e p e n s i s

C r o c o d y l u s _ t h o r b j a r n a r s o n i
C r o c o d y l u s _ a n t h r o p o p h a g u s

C r o c o d y l u s _ c h e c c h i a i
C r o c o d y l u s _ p a l a e i n d i c u s
C r o c o d y l u s _ m o r e l e t i i

C r o c o d y l u s _ r a n i n u s
C r o c o d y l u s _ n o v a e g u i n e a e

C r o c o d y l u s _ m i n d o r e n s i s
C r o c o d y l u s _ j o h n s t o n i
C r o c o d y l u s _ i n t e r m e d i u s
C r o c o d y l u s _ s i a m e n s i s
C r o c o d y l u s _ p a l u s t r i s
C r o c o d y l u s _ a c u t u s
P r o t o a l l i g a t o r _ h u i n i n g e n s i s
J i a n g x i s u c h u s _ n a n k a n g e n s i s
E o a l l i g a t o r _ c h u n y i i
C e n t e n a r i o s u c h u s _ g i l m o r e i
C u l e b r a s u c h u s _ m e s o a m e r i c a n u s
G l o b i d e n t o s u c h u s _ b r a c h y r o s t r i s
B o t t o s a u r u s _ h a r l a n i
K r a b i s u c h u s _ s i a m o g a l l i c u s
O r i e n t a l o s u c h u s _ n a d u o n g e n s i s
P o r t u g a l o s u c h u s _ a z e n h a e
B r o c h u c h u s _ p i g o t t i
R i m a s u c h u s _ l l o y d i
V o a y _ r o b u s t u s

O s t e o l a e m u s _ o s b o r n i
O s t e o l a e m u s _ t e t r a s p i s

E u t h e c o d o n _ a r a m b o u r g i
C r o c o d y l u s _ r h o m b i f e r
C r o c o d y l u s _ p o r o s u s
C r o c o d y l u s _ n i l o t i c u s
M e c i s t o p s _ c a t a p h r a c t u s
C r o c o d y l u s _ m e g a r h i n u s
K e n t i s u c h u s _ s p e n c e r i
D o l l o s u c h o i d e s _ d e n s m o r e i
M a o m i n g o s u c h u s _ p e t r o l i c a
T h e c a c h a m p s a _ a n t i q u a
T o m i s t o m a _ c a i r e n s e
P a r a t o m i s t o m a _ c o u r t i i
G a v i a l o s u c h u s _ e g g e n b u r g e n s i s
T o y o t a m a p h i m e i a _ m a c h i k a n e n s i s
T o m i s t o m a _ l u s i t a n i c a
T o m i s t o m a _ s c h l e g e l i i
P r o d i p l o c y n o d o n _ l a n g i
A s i a t o s u c h u s _ g e r m a n i c u s
C r o c o d y l u s _ a f f i n i s
C r o c o d y l u s _ d e p r e s s i f r o n s
C r o c o d y l u s _ a c e r
B r a c h y u r a n o c h a m p s a _ e v e r s o l e i
M e l a n o s u c h u s _ n i g e r
C a i m a n _ l u t e s c e n s
C a i m a n _ l a t i r o s t r i s

C a i m a n _ c r o c o d i l u s
C a i m a n _ y a c a r e

M o u r a s u c h u s _ a t o p u s
O r t h o g e n y s u c h u s _ o l s e n i
P u r u s s a u r u s _ n e i v e n s i s

P a l e o s u c h u s _ p a l p e b r o s u s
P a l e o s u c h u s _ t r i g o n a t u s

T s o a b i c h i _ g r e e n r i v e r e n s i s
E o c a i m a n _ c a v e r n e n s i s
A l l i g a t o r _ p r e n a s a l i s
A l l i g a t o r _ m c g r e w i
A l l i g a t o r _ o l s e n i

A l l i g a t o r _ t h o m s o n i
A l l i g a t o r _ m e f f e r d i
A l l i g a t o r _ m i s s i s s i p p i e n s i s

A l l i g a t o r _ s i n e n s i s
W a n n a g a n o s u c h u s _ b r a c h y m a n u s
A r a m b o u r g i a _ g a u d r y i
P r o c a i m a n o i d e a _ u t a h e n s i s
P r o c a i m a n o i d e a _ k a y i
A l l o g n a t h o s u c h u s _ w a r t h e n i
A l l o g n a t h o s u c h u s _ p o l y o d o n
N a v a j o s u c h u s _ m o o k i
H a s s i a c o s u c h u s _ h a u p t i
C e r a t o s u c h u s _ b u r d o s h i
S t a n g e r o c h a m p s a _ m c c a b e i
B r a c h y c h a m p s a _ s e a l e y i
B r a c h y c h a m p s a _ m o n t a n a
D i p l o c y n o d o n _ d e p o n i a e
D i p l o c y n o d o n _ d a r w i n i
D i p l o c y n o d o n _ t o r m i s
D i p l o c y n o d o n _ m u e l l e r i
D i p l o c y n o d o n _ h a n t o n i e n s i s
D i p l o c y n o d o n _ r a t e l i i
D e i n o s u c h u s _ r i o g r a n d e n s i s
L e i d y o s u c h u s _ c a n a d e n s i s
P l a n o c r a n i a _ d a t a n g e n s i s
P l a n o c r a n i a _ h e n g d o n g e n s i s

B o v e r i s u c h u s _ m a g n i f r o n s
B o v e r i s u c h u s _ v o r a x

G a v i a l i s _ g a n g e t i c u s
G a v i a l i s _ l e w i s i
G r y p o s u c h u s _ c o l o m b i a n u s
P i s c o g a v i a l i s _ j u g a l i p e r f o r a t u s
E o g a v i a l i s _ a f r i c a n u m

E o s u c h u s _ l e r i c h e i
E o s u c h u s m i n o r

T h o r a c o s a u r u s _ m a c r o r h y n c h u s
T h o r a c o s a u r u s _ n e o c e s a r i e n s i s
E o t h o r a c o s a u r u s _ m i s s i s s i p p i e n s i

B o r e a l o s u c h u s _ s t e r n b e r g i i

B o r e a l o s u c h u s _ a c u t i d e n t a t u s
B o r e a l o s u c h u s _ w i l s o n i

B o r e a l o s u c h u s _ f o r m i d a b i l i s

B o r e a l o s u c h u s _ t h r e e e n s i s

H y l a e o c h a m p s a _ v e c t i a n a
I h a r k u t o s u c h u s _ m a k a d i i
A c y n o d o n _ a d r i a t i c u s
A c y n o d o n _ i b e r o c c i t a n u s
A r e n y s u c h u s _ g a s c a b a d i o l o r u m
A g a r e s u c h u s _ s u b j u n i p e r u s
A g a r e s u c h u s _ f o n t i s e n s i s
L o h u e c o s u c h u s _ m e c h i n o r u m
L o h u e c o s u c h u s _ m e g a d o n t o s
A l l o d a p o s u c h u s _ p r e c e d e n s
P a c h y c h e i l o s u c h u s _ t r i n q u e i
P i e t r a r o i a s u c h u s _ o r m e z z a n o i
S h a m o s u c h u s _ d j a d o c h t a e n s i s
B e r n i s s a r t i a _ f a g e s i i
T h e r i o s u c h u s _ p u s i l l u s

A n t e o p h t h a l m o s u c h u s _ e p i k r a t o r

6 3

5 9

7 4

5 2

9 4

6 3

8 2

5 7

6 8

7 8

6 1

5 2

1 0 0



S2 FIRST RECORD OF A TOMISTOMINE  by J. Ristevski et al. 
 

64 
 

Implied Weighting analyses  

 

The analysis that utilized the IW method with the concavity constant k = 3 (which is the 

default k value in TNT) recovered 9 MPCs with a length of 109.83161 (CI = 0.220; RI = 0.713). In 

general, the strict consensus topology is better resolved than that from the analysis that was run 

under the EW method (Fig. S2.6). Unlike the EW analysis, a monophyletic Gavialoidea that 

includes tomistomines was not recovered. Here, gavialids and ‘thoracosaurs’ are the basal-most 

clade within Crocodylia. Tomistominae is found within Crocodyloidea, and the latter, together 

with Alligatoroidea forms an even larger clade – Brevirostres. The nodal support from this analysis 

is quite poor (Figs. S2.7 and S2.8). Tomistominae is monophyletic, except for Kentisuchus spenceri 

who is found as a sister taxon to Mecistops cataphractus. Tomistominae (with the exception of Ke. 

spenceri) is weakly supported (Bremer = 0; bootstrap = <50%), and characterized by five 

synapomorphies: dentary symphysis extends behind eighth alveolus (character 49, state 2); 

palatine process in the form of a thin wedge (character 116, state 1); massive postorbital bar 

(character 133, state 0); dorsal edges of orbits upturned (character 137, state 1); and, dorsal and 

ventral rims of squamosal groove for external ear valve musculature flare anteriorly (character 147, 

state 1). Gunggamarandu maunala is again found to be in a basal position within Tomistominae 

and the sister taxon to D. densmorei. The Gunggamarandu + Dollosuchoides clade is the best 

supported clade within Tomistominae (Bremer = 3; bootstrap = <50%), and characterized by one 

synapomorphy: a slender postfenestral bar, with a minimum thickness that is less than 8% the 

width of the cranial table (character 209, state 2). No autapomorphies were detected for G. 

maunala in this analysis. 

The analysis that utilized the IW method with the concavity constant, k = 12 recovered 20 

MPCs with a length of 54.59498 (CI = 0.226; RI = 0.722). This time, the strict consensus topology 

is mostly resolved (Fig. S2.9). In this analysis, gavialids and ‘thoracosaurs’ are found in a basal 

position within Crocodylia, having Portugalosuchus azenhae as their sister taxon. In addition, the 

group formed by the species of Borealosuchus Brochu, 1997a is the sister clade to Portugalosuchus 
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azenhae + Gavialoidea (Gavialidae + ‘thoracosaurs’). Tomistominae is here recovered as a 

monophyletic clade within Crocodyloidea, with Ke. spenceri as its basal-most taxon. Nodal support 

is generally quite weak (Figs. S2.10 and S2.11). Tomistominae is poorly supported (Bremer = 0; 

bootstrap = <50%), and characterized by four synapomorphies: palatine process in the form of a 

thin wedge (character 116, state 1); pterygoid ramus of ectopterygoid straight, with the 

posterolateral margin of the suborbital fenestra linear (character 119, state 0); maxilla with 

posterior process within lacrimal (character 128, state 1); and, the minimum width between the 

supratemporal fenestrae is 10% or less the total width of the cranial table (character 208, state 0). 

Gunggamarandu maunala is again found in a basal position within Tomistominae and the sister 

taxon to D. densmorei, although the support for this clade is poor (Bremer = 0; bootstrap = <50%). 

As in the EW analysis, the Gunggamarandu + Dollosuchoides clade is characterized by the same 

two synapomorphies, while no autapomorphies are indicated for G. maunala. 

 The analysis that utilized the IW method with the concavity constant, k = 25 recovered 7 

MPCs with a length of 32.56997 steps (CI = 0.227; RI = 0.724). The strict consensus topology (Fig. 

S2.12) is mostly resolved and similar to the one from the previous analysis (IW k = 12), as well as 

the one yielded by the IW analysis of Ristevski et al. (2020a, b). Again, gavialids and ‘thoracosaurs’ 

are found in a basal position within Crocodylia, having Portugalosuchus azenhae as their sister 

taxon. Also, the group formed by the species of Borealosuchus is found as the sister clade to 

Portugalosuchus azenhae + Gavialoidea (Gavialidae + ‘thoracosaurs’). Tomistominae is 

monophyletic and once again recovered within Crocodyloidea, who together with Alligatoroidea 

form Brevirostres. Nodal support is still quite weak (Figs. S2.13 and S2.14). In the IW k = 25 

analysis, Tomistominae is poorly supported (Bremer = 0; bootstrap = <50%), and characterized by 

the same four synapomorphies as in the previous (IW k = 12) analysis. Gunggamarandu maunala 

is once again found to be in a basal position within Tomistominae and the sister taxon to D. 

densmorei. The Gunggamarandu + Dollosuchoides clade is one of the best supported clades within 

Tomistominae (Bremer = 2; bootstrap = <50%). As in the EW and the IW k = 12 analyses, the 
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Gunggamarandu + Dollosuchoides clade is characterized by the same two synapomorphies, while 

no autapomorphies are indicated for G. maunala. 

 In both the IW k = 12 and IW k = 25 analysis, Mekosuchinae is found to be monophyletic, 

with Kambara spp. occupying the basal position in the group. In the IW k = 25 analysis, the nodal 

support for Mekosuchinae is not particularly strong (Bremer = 1; bootstrap = <50%). The results 

from the IW k = 25 analysis indicate four synapomorphies for Mekosuchinae: incisive foramen 

completely situated far from premaxillary tooth row, at the level of the second or third alveolus, or 

posterior (character 89, state 0); pterygoid ramus of ectopterygoid straight, with the posterolateral 

margin of the suborbital fenestra linear (character 119, state 0); quadrate with a small medial 

hemicondyle and a dorsal notch for foramen aëreum (character 181, state 1); and, anteriorly 

directed ridges on the pterygoid plates that extend from the lateral margins of the secondary 

choana (character 217, state 1).  

 The only Cenozoic Australian taxon that does not cluster with the other Australian OTUs 

in any of the performed analyses is Harpacochampsa camfieldensis. The exception was the IW k = 

3 analysis who found H. camfieldensis forming a clade with Paludirex vincenti in a basal position 

in Crocodyloidea. In the IW k = 3 analysis, the H. camfieldensis + P. vincenti clade has extremely 

weak nodal support (Bremer = -2; bootstrap = <50%) and is united by only one synapomorphy: 

postorbital neither contacts quadrate nor quadratojugal medially (character 143, state 0). Similar 

to the result from the IW analysis of Ristevski et al. (2020a, b), the other IW analyses again found 

H. camfieldensis to be within Crocodyloidea and not clustering with tomistomines like 

Gunggamarandu nor with mekosuchines. Instead, in the IW k = 25 analysis (as well as the IW k = 

12 analysis), H. camfieldensis is located at the base of Crocodyloidea, with Prodiplocynodon langi 

being the only crocodyloid in a more basal position. In the IW k = 12 and k = 25 analyses, H. 

camfieldensis is characterized by 11 autapomorphies: anterior dentary teeth strongly procumbent 

(character 48, state 0); maxilla broadly separates the ectopterygoid from the maxillary tooth row 

(character 104, state 1); massive postorbital bar (character 133, state 0); ventral margin of 
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postorbital bar flush with the lateral jugal surface (character 135, state 0); postorbital neither 

contacts quadrate nor quadratojugal medially (character 143, state 0); quadratojugal bears modest 

process, or none at all, along lower temporal bar (character 144, state 1); quadratojugal does not 

extend to superior angle of infratemporal fenestra (character 145, state 1); caudal margin of meatal 

chamber smooth and continuous with the paroccipital process (character 149, state 0); squamosal 

extends ventrolaterally to lateral extent of the paraoccipital process (character 159, state 1); anterior 

maxillary teeth with ridges on their labial surface (character 197, state 1); and, the alveolar process 

of the maxilla along the first six maxillary alveoli is inconspicuous or low, with the medial lamina 

comprising no more than 10% of the total rostral height (character 202, state 0). 
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Figure S2.6 Strict consensus topology from the phylogenetic analysis performed under the IW (k = 3) 

method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.7 Bremer support results from the phylogenetic analysis performed under the IW (k = 3) method. 

In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.8 Bootstrap support results from the phylogenetic analysis performed under the IW (k = 3) 

method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.9 Strict consensus topology from the phylogenetic analysis performed under the IW (k = 12) 

method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.10 Bremer support results from the phylogenetic analysis performed under the IW (k = 12) 

method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.11 Bootstrap support results from the phylogenetic analysis performed under the IW (k = 12) 

method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.12 Strict consensus topology from the phylogenetic analysis performed under the IW (k = 25) 

method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.13 Bremer support results from the phylogenetic analysis performed under the IW (k = 25) 

method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Figure S2.14 Bootstrap support results from the phylogenetic analysis performed under the IW (k = 25) 

method. In the cladogram, Gunggamarandu maunala gen. et sp. nov. is the OTU named QMF14548. 
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Scored characters for the Australian crocodyliform operational taxonomic 

units 
 

Below is a table showing the number and percentage of scored characters for the Australian 

crocodyliform OTUs in the matrix. The taxa are listed in alphabetical order. 

 

Taxon Characters scored (out of 229) Characters scored (in %) 

Australosuchus clarkae 151 65.94% 

Baru darrowi 93 40.61% 

Baru wickeni 131 57.2% 

Crocodylus johnstoni 228 99.56% 

Crocodylus porosus 228 99.56% 

Gunggamarandu maunala 25 10.92% 

Harpacochampsa camfieldensis 80 34.93% 

Isisfordia duncani 143 62.45% 

Kalthifrons aurivellensis 62 27.07% 

Kambara implexidens 160 69.97% 

Kambara murgonensis 100 43.67% 

Kambara taraina 118 51.53% 

Mekosuchus sanderi 71 31% 

Mekosuchus whitehunterensis 46 20.09% 

Paludirex vincenti 78 34.06% 

Quinkana timara 88 38.43% 
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INSTITUTIONAL ABBREVIATIONS 

CMC, Chinchilla Museum Collection, Chinchilla, Queensland, Australia 

FMNH, Field Museum of Natural History, Chicago, Illinois, U. S. A. 

IRSNB, Institut Royal des Sciences Naturelles de Belgique, Brussels, Belgium 

IWCMS, Isle of Wight County Museums Services (Dinosaur Isle Museum and visitor attraction) 

Sandown, England, United Kingdom 

KNM, National Museums of Kenya, Nairobi, Kenya 

MGPD, Museo di Geologia e Paleontologia, Università degli Studi di Padova, Padua, Italy 

NHMUK, Natural History Museum, London, England, United Kingdom (OR, old register; R, 

reptiles) 

NMB, National Museum of the Bahamas, Nassau, Commonwealth of the Bahamas 

NMV, Museum Victoria, Melbourne, Victoria, Australia 

NTM, Museum and Art Gallery of the Northern Territory, Darwin and Alice Springs, Northern 

Territory, Australia (P, palaeontology; R, reptile collection) 

QM, Queensland Museum, Brisbane, Queensland, Australia (F, fossil) 

SAM, South Australian Museum, Adelaide, South Australia, Australia (P, palaeontology) 

TMM, Texas Memorial Museum, Austin, Texas, U. S. A. 

UF, University of Florida Museum of Natural History, Gainesville, Florida, U. S. A. (H, 

herpetology division) 

UQ, University of Queensland, Brisbane, Queensland, Australia 

UQSSAL, University of Queensland Steven Salisbury collection, Brisbane, Queensland, Australia 
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