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ABSTRACT—Notosuchian systematics have been highly debated in recent decades, particularly the placement of sebecids 
and closely related species. As the only notosuchian lineage to have survived the Cretaceous–Paleogene mass extinction, 
reconciliation of conflicting views on the group’s relationships is required to better understand extinction selectivity. Here, 
we redescribe and newly diagnose Eremosuchus elkoholicus from the Lower Eocene El Kohol Formation of Algeria, 
known from the holotypic dentary and several referred remains. A new, smaller dentary is also considered to represent an 
immature individual of this species, providing a rare notosuchian ontogenetic series. Eremosuchus is incorporated into one 
of the largest notosuchian-focused character-taxon matrices yet to be compiled, comprising 450 characters and 130 taxa. 
Focus is placed on improved sampling of mandibular characters and putative sebecids, especially frequently neglected taxa 
from Europe and Africa. Phylogenetic analyses, incorporating continuous characters, consistently recover Eremosuchus 
elkoholicus as a sebecid, though its precise position within this clade is uncertain. Under equal weighting, Sebecidae is 
recovered as the sister taxon to all other notosuchians, whereas a monophyletic Sebecosuchia is retrieved using extended 
implied weighting. The latter weighting approach finds the early Paleogene South American species, Lorosuchus nodosus 
and Sahitisuchus fluminensis, within Peirosauria, which would indicate the survival of a second notosuchian lineage across 
the Cretaceous/Paleogene boundary. The taxonomic and spatiotemporal expansion of Sebecidae via the inclusion of 
fragmentary material from Africa and Europe hints at a more complicated biogeographic and evolutionary history of the 
clade, and it remains unclear whether sebecids originated in Gondwana or Europe.
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INTRODUCTION

Notosuchians are an extinct, speciose clade of crocodyliforms 
noted for their unusual, morphologically disparate bauplans and 
broad ecological diversity, as well as their general preference for 
hot, semi-arid terrestrial environments (Carvalho et al., 2010; 

Klock et al., 2022; Leardi et al., 2015; Pochat-Cottilloux et al., 
2023; Pol et al., 2014). Their fossil record extends from the 
Middle Jurassic to the Middle Miocene (Dal Sasso et al., 2017; 
Langston, 1965; Paolillo & Linares, 2007), with a primarily Gond
wanan distribution (Carvalho et al., 2010; Nicholl et al., 2021; Pol 
& Leardi, 2015), although notosuchians are also known from 
Eurasia (Company et al., 2005; Sellés et al., 2020; Wu & Sues, 
1996). The systematics of the group have been increasingly 
studied and revised in recent decades (e.g., Darlim et al., 2021; 
Geroto & Bertini, 2019; Martins dos Santos et al., 2024; Pol 
et al., 2014; Ruiz et al., 2021; Sereno & Larsson, 2009); however, 
a major dispute persists, concerning the phylogenetic placement 
of the notosuchian lineage, Sebecidae (Buckley & Brochu, 1999; 
Larsson & Sues, 2007; Ortega et al., 2000; Pol, 2003; Pol et al., 
2014; Riff & Kellner, 2011). In some studies, Sebecidae and 
close relatives are united with Baurusuchia sensu Leardi et al. 
(2024), forming Sebecosuchia, which in recent years has consist
ently been recovered as deeply nested within Notosuchia (Buffe
taut, 1980; Colbert et al., 1946; Fiorelli et al., 2016; Gasparini, 1972, 
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1984; Gasparini et al., 2006; Geroto & Bertini, 2019; Leardi et al., 
2015; Nicholl et al., 2021; Ortega et al., 1996, 2000; Pol et al., 2004, 
2014, 2009; Pol & Apesteguía, 2005; Sereno et al., 2001, 2003; 
Turner & Calvo, 2005). By contrast, sebecids have also been recov
ered as the sister group to Peirosauria (Leardi et al., 2024) with 
these clades (Sebecidae + Peirosauridae) forming Sebecia (e.g., 
Geroto & Bertini, 2019; Larsson & Sues, 2007; Meunier & 
Larsson, 2017; Pinheiro et al., 2018, 2021, 2023; Riff & Kellner, 
2011; Ruiz et al., 2021; Sereno et al., 2003). Sebecia is positioned 
either at the ‘base’ of Notosuchia or even outside of this clade 
(Larsson & Sues, 2007; Ruiz et al., 2021; Sereno & Larsson, 
2009). Part of the problem stems from the fact that members of 
Sebecidae share several derived traits with both baurusuchians 
and peirosaurians, including large caniniform teeth, a relatively 
altirostral skull, a notch on the premaxilla–maxilla boundary for 
the reception of enlarged dentary teeth, a sigmoidal dentary 
tooth row, a large choanal opening, a reduced antorbital fenestra, 
and posteriorly orientated retroarticular process (e.g., Pol et al., 
2014). Moreover, the repeated use of largely unchanged iterations 
of the two main morphological data matrices used to recover 
Sebecia and Sebecidae, typically with the addition of only a 
single new species, precludes any real consensus on this matter. 
As the only group of notosuchians to survive the Cretaceous– 
Paleogene (K–Pg) mass extinction, 66 Ma (Kellner et al., 2014), 
resolving the phylogenetic placement of sebecids and closely 
related species is crucial to understanding selectivity across this 
event (e.g., Aubier et al., 2023), as well as the biogeographic 
history of the clade.

Sebecids and closely related taxa that are neither baurusu
chians nor peirosaurians have a predominantly South American 
distribution that spans the Paleocene to the Middle Miocene, 
including the multispecific Sebecus and the large-bodied species 
Barinasuchus arveloi (Bravo et al., 2021; Busbey, 1986; Gaspar
ini, 1984; Kellner et al., 2014; Paolillo & Linares, 2007; Pol & 
Leardi, 2015; Pol et al., 2012). Pehuenchesuchus enderi, from 
the Santonian (Upper Cretaceous) Bajo de la Carpa Formation 
of Argentina, might represent a Mesozoic South American 
member of the clade, although this species is only known from 
a mandible and its affinities remain uncertain (Pol et al., 2014; 
Turner & Calvo, 2005). Several potential members of the 
sebecid lineage are known from elsewhere (Table 1). Primarily, 
these non-South American species are represented by fragmen
tary remains; accordingly, only a small number of morphological 
characters can be scored from such sparse material and many of 
these species are often excluded from phylogenetic analyses, 
despite their potential biogeographic importance. The stratigra
phically earliest known putative member is Razanandrongobe 
sakalavae from the Middle Jurassic Sakahara (=Isalo IIIb) For
mation of Madagascar (Dal Sasso et al., 2017; Maganuco & 
Dal Sasso, 2006). The holotype specimen comprises a fragmen
tary right maxilla and several isolated teeth, with further 
remains, including cranial fragments, referred to the species 
(Dal Sasso et al., 2017). Whereas some analyses have supported 
close affinities with Sebecidae (Sellés et al., 2020), Martins et al. 
(2024) recovered Razanandrongobe within Baurusuchia. Given 
that Razanandrongobe is also the stratigraphically earliest 
known putative notosuchian, its recovered position as a phylo
genetically well-nested species should be treated with caution. 
Otherwise, the fossil record of putative non-South American 
members of the sebecid lineage extends from the latest Cretac
eous to the late Eocene (Table 1). This might include Pabwehshi 
pakistanensis from the upper Maastrichtian Vitakri Formation in 
Pakistan (e.g., Pol et al., 2014), which is known only from an 
anterior snout fragment (Wilson et al., 2001), though some 
studies suggest baurusuchian affinities instead (e.g., Darlim 
et al., 2021; Turner & Calvo, 2005; Wilson et al., 2001). Six 
species from Europe are currently regarded as possible 
members of the sebecid lineage (Fig. 1): (1) Doratodon 

carcharidens from the lower Campanian Grünbach Formation 
of Austria, with the holotype material comprising a mandible 
and maxillary fragment (Bunzel, 1871; Company et al., 2005); 
(2) Doratodon ibericus from the upper Campanian–lower Maas
trichtian Sierra Perenchiza Formation of Spain, known only from 
an incomplete mandible (Company et al., 2005); (3) Ogresuchus 
furatus from the lower Maastrichtian Tremp Formation of Spain, 
known from the anterior region of the rostrum and several axial 
and appendicular elements (Sellés et al., 2020); (4) Iberosuchus 
macrodon from the lower–middle Eocene Feligueira Grande 
Formation of Portugal, with the holotype consisting of the 
anterior portion of the snout (Antunes, 1975); (5) Bergisuchus 
dietrichbergi from the Lutetian (middle Eocene) Messel For
mation of Germany, with the holotype comprising an anterior 
snout fragment (Kuhn, 1968; Rossmann et al., 2000); and (6) 
Dentaneosuchus crassiproratus from the Bartonian (middle 
Eocene) Sables du Castrais Formation of France, known from 
skull fragments and postcranial elements (Martin et al., 2023), 
though some of these placements are disputed (e.g., Martin 
et al., 2023). Eremosuchus elkoholicus, represented by a mand
ible and several referred postcranial elements from the Ypresian 
(lower Eocene) El Kohol Formation of Algeria (Buffetaut, 1982, 
1989), is the only named species with possible sebecid affinities 
from the African mainland. Despite its near-unique spatial distri
bution, this species has been largely neglected since its descrip
tion (see below). A generically indeterminate skull fragment 
and partial dentary from the Priabonian (upper Eocene) Birket 
Qarun Formation of Egypt potentially represents an additional 
occurrence of this group (Stefanic et al., 2019).

History of Eremosuchus elkoholicus Collection and Study

The holotype (UO-KB-301) and previously referred materials 
of Eremosuchus elkoholicus were collected in 1982, as part of 
several expeditions to the El Kohol site in northern Algeria 
that were jointly conducted by the Université d’Oran, Sorbonne 
Universités (at the time, Université de Paris VI), and Université 
de Montpellier (at the time, Montpellier Université des Sciences 
et Techniques du Languedoc). They were recovered from the El 
Kohol Formation, which is represented at the locality by 350 m of 
folded continental deposits unconformably overlying Turonian 
(lower Upper Cretaceous) marine sedimentary rocks (Mahboubi 
et al., 1986), and which is constrained, at the top, to the upper 
Ypresian (Lower Eocene, Chron C22r) (Coster et al., 2012). 
The fossil-bearing level of the El Kohol Formation, dated to 
the middle Ypresian (Chron C23n.1n), comprises lacustrine 
limestones with oncolites, interbedded with clays and marls 
(Coster et al., 2012; Mahboubi et al., 1986). In addition to Eremo
suchus, the marly layers have yielded abundant fossils of other 
vertebrate groups, namely mammals, squamates, amphibians, 
birds, teleosts, and lungfish (Benoit et al., 2016; Buffetaut, 
1989; Court, 1994; Kowalski & Rzebik-Kowalska, 1991; Mah
boubi et al., 1984a, b, 1986; Ravel et al., 2011).

Three sub-localities (KA, KB, and KC), positioned just a few 
meters apart, but belonging to the same stratigraphic level 
within the El Kohol Formation, were excavated during the 
1982 expedition (Fig. 2). A fourth spatially proximal sub-locality 
(KD), interpreted to be from the same unit as that bearing the 
type material (Coster et al., 2012; Ravel et al., 2011), was discov
ered during a more recent expedition in 2007, conducted by the 
Université d’Oran, Université de Tlemcen, and Université de 
Montpellier. This sub-locality is stratigraphically lower than 
KA–KC but co-eval in age (Coster et al., 2012; Ravel et al., 
2011). A partial dentary of a smaller individual was collected 
from the same El Kohol locality during an expedition in 1990, 
but the precise site and stratigraphic position are unknown.

Initially reported by Buffetaut (1982), specimen UO-KB-301 
was subsequently described as the holotype of Eremosuchus 
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elkoholicus by Buffetaut (1989). The holotype is an almost com
plete right dentary, and several additional remains were referred 
to the species, comprising: the posterior part of a left mandibular 
ramus (UO-KA-401), five isolated teeth (UO-KA-117, 118, 402– 
404), several thoracic and caudal vertebrae (UO-KA-405, 406 
and UO-KA-407, 408, respectively), and a fibula (UO-KA- 
114). Osteoderms were also mentioned from the type locality, 
although were not explicitly referred to Eremosuchus. With the 
exception of the holotype and a single caudal vertebral 
centrum, the current location of these remains is unknown.

Despite the incompleteness of Eremosuchus, comparisons with 
other taxa available at the time enabled Buffetaut (1982, 1989) to 
make a proposal regarding its phylogenetic affinity. The tooth 
morphology was described as being representative of a “zipho
dont mesosuchian” (Buffetaut, 1982, p. 176; 1989, p. 2). “Globu
lar” posterior dentary teeth led Buffetaut (1989) to refer 
Eremosuchus specifically to Trematochampsidae, although the 
validity of this group (including the type genus Trematochampsa) 
has since been questioned, and it is now largely considered 
synonymous with Peirosauridae (Buckley & Brochu, 1999; 
Filippi et al., 2018; Larsson & Sues, 2007; Meunier & Larsson, 
2017; Nicholl et al., 2021; Rasmusson Simons & Buckley, 2009; 
Turner & Sertich, 2010). Buffetaut’s (1982) comparisons also 
suggested a close relationship with the latest Cretaceous Brazi
lian taxon Baurusuchus based on the depth of the dentary. 
He also remarked on similarities of the referred articular 

region (UO-KA-401) with Sebecus and Trematochampsa, as 
well as suggesting the resemblance of the vertebrae to some 
“undescribed ziphodont mesosuchian” vertebrae from the late 
Eocene of France (Buffetaut, 1982:p. 177; Buffetaut, 1986; 
Martin, 2016). However, affinities with Baurusuchus and 
Sebecus were later rejected, with Buffetaut (1989) instead favor
ing a closer relationship with the Late Cretaceous Gondwanan 
taxa, Itasuchus jesuinoi, Peirosaurus tormini, and Tremato
champsa. Having been shown to be distinct in its morphology, 
Eremosuchus elkoholicus was diagnosed as a new species, with 
the following combination of characters: 

a very deep and narrow lower jaw. Twelve close-set teeth in 
the dentary, the first and fourth teeth being the largest in the 
tooth row. Teeth slightly compressed with serrated carinae. 
Posterior teeth not reduced, with a blunt apex and ornamen
ted enamel. Surangular bearing a glenoid cavity and taking 
part in the craniomandibular articulation. Vertebrae amphi
coelous. Caudal vertebrae with deep, laterally compressed 
centra. (Buffetaut, 1989:p. 3)

Very few studies have tested the phylogenetic position of Ere
mosuchus. Ortega et al. (1996) were the first to include it in an 
analysis, in which they supported sebecosuchian affinities, reco
vering Eremosuchus as the sister taxon of Baurusuchus based 
on the presence of a sigmoidal tooth row. Turner and Calvo 

TABLE 1. Spatiotemporal distribution of remains previously referred to Sebecidae and closely related taxa from outside of South America. An ‘*’ 
indicates that this is the holotype specimen.

Taxon Material Country
Formation/ 

locality Age Reference

Doratodon 
carcharidens

Mandible with teeth, maxilla fragment Hungary Csehbánya Late Cretaceous Rabi & Sebők 2015

Doratodon 
carcharidens*

Mandible Austria Grünbach Late Cretaceous Bunzel 1871

Doratodon ibericus* Mandible with teeth Spain Sierra Perenchiza Late Cretaceous Company et al. 2005
Pabwehshi 

pakistanensis*
Partial rostrum and mandible Pakistan Pab Late Cretaceous Wilson et al. 2001

Ogresuchus furatus* Cranial fragments, vertebrae, appendicular 
elements

Spain Tremp Late Cretaceous Sellés et al. 2020

Iberosuchus sp. Osteoderms Spain Duero Basin Eocene Martín de Jesús et al. 
1987

Eremosuchus 
elkoholicus *

Dentary with teeth, fragmentary articular 
region, vertebrae, fibula, osteoderms

Algeria El Kohol early Eocene Buffetaut 1982, 1989

Iberosuchus 
macrodon*

Anterior snout fragments, teeth Portugal Feligueira middle Eocene Antunes 1975

Bergisuchus 
dietrichbergi *

Partial skull Germany Messel middle Eocene Rossman et al. 2000

Bergisuchus 
dietrichbergi

Anterior dentaries Germany Geiseltal middle Eocene Rossman et al. 2000

Dentaneosuchus 
crassiproratus

Partial skull including mandible, humerus, 
ischium, osteoderms

France Réalmont middle Eocene Martin et al. 2023

Dentaneosuchus 
crassiproratus*

Partial mandible France Issel middle Eocene Ortega et al. 1996

cf. Iberosuchus Two dentaries from different individuals 
and an articular

Spain Caenes middle Eocene Ortega et al. 1996

cf. Iberosuchus 
macrodon

Skull material Spain Tosalet del 
Morral

middle Eocene Berg & Crusafont 1970; 
Buffetaut 1982

"cocodrilos 
Iberoccitanos"

Skull and mandible fragments Spain El Cerro de El 
Viso

middle Eocene Ortega et al. 1993

Iberosuchus sp. Skull fragments France Aumelas middle Eocene Martin 2016
Iberosuchus sp. Skull fragments France Saint-Martin-de- 

Londres
middle Eocene Martin 2016

Iberosuchus sp. Osteoderms France Robiac middle Eocene Martin 2016
cf. Iberosuchus sp. Nearly complete tooth crown France Chéry- 

Chartreuve
middle Eocene Prasad & Lapparent de 

Broin, 2002
cf. Iberosuchus sp. Multiple teeth France Robiac-Nord middle Eocene Prasad & Lapparent de 

Broin, 2002
cf. Iberosuchus sp. Teeth and osteoderms France Lissieu middle Eocene Martin, 2014
?Iberosuchus Jugal, vertebrae, and isolated teeth France La Livinière late Eocene Buffetaut 1986
Fayum sebecid Dentary fragment Egypt Birket Qarun late Eocene Stefanic et al. 2019
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FIGURE 1. A, map showing occurrences typically assigned to Sebecidae and closely related taxa, identified to species level: 1, Pehuenchesuchus 
enderi; 2, Doratodon carcharidens; 3, Doratodon ibericus; 4, Ogresuchus furatus; 5, Doratodon carcharidens; 6, Pabwehshi pakistanensis; 7, Zulmasu
chus querejazus; 8, Bretesuchus bonapartei; 9, Lorosuchus nodosus; 10, Ayllusuchus fernandezi; 11, Sebecus ayrampu; 12; Ilchunaia parva; 13, Sahiti
suchus fluminensis; 14, Sebecus icaeorhinus; 15, Bergisuchus dietrichbergi; 16, Bergisuchus dietrichbergi; 17, Dentaneosuchus crassiproratus; 18, 
Iberosuchus macrodon; 19, Iberosuchus macrodon; 20, Iberosuchus macrodon; 21, Eremosuchus elkoholicus; 22, Barinasuchus arveloi; 23, Sebecus hui
lensis; 24, Sebecus huilensis; 25, Barinasuchus arveloi. B, location of European and North African holotype occurrences. C, paleogeographic recon
structions showing the distribution of species-level occurrences for the Late Cretaceous (C1), Paleocene (C2), Eocene (C3), Neogene (C4). 
Paleogeographic reconstructions produced using the Paleobiology Database Navigator (https://paleobiodb.org/navigator/).
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(2005) also recovered Eremosuchus within Sebecosuchia, as a 
relatively early diverging member of the clade. Following their 
phylogenetic analysis, Montefeltro (2013) suggested that the 
taxon belongs to Baurusuchidae instead. Most recently, Bravo 
et al. (2025) suggest a close relationship of the El Kohol taxon 
to Sebecosuchia, finding alternative positions within either Baur
usuchia or Sebecoidea in their most parsimonious trees (MPTs).

Here, we re-describe the holotype and referred remains of 
Eremosuchus elkoholicus, as well as previously undescribed 
specimens from the type locality. Via detailed comparisons 
with other notosuchian taxa, including sebecids, a new diagnosis 
is formed for Eremosuchus elkoholicus. Several newly documen
ted anatomical features are identified amongst sebecids, forming 

the basis of novel morphological phylogenetic characters. We test 
the phylogenetic position of Eremosuchus in a revised and 
expanded data matrix, incorporating several other putative sebe
cids that are frequently excluded from such analyses. Finally, we 
consider the biogeographic implications of our revised view of 
the phylogenetic affinities of Eremosuchus.

MATERIALS AND METHODS

Anatomical Data Collection

The holotype dentary, and one caudal vertebral centrum were 
studied first-hand. All other specimens previously referred to 

FIGURE 2. A, general view of sites KA, KB, and KC excavated at the lower Eocene El Kohol locality in northern Algeria. The holotype specimen of 
Eremosuchus elkoholicus was recovered from site KB. B, view of site KD, from which several osteoderm fragments were recovered. C, richness of 
vertebrate remains from the locality (here the proboscidean Numidotherium koholense). D, location of the El Kohol locality. E, panoramic view 
of the El Kohol anticline.
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Eremosuchus were re-evaluated from the description and photo
graphs presented in Buffetaut (1989). This was supplemented by 
first-hand study of previously unpublished materials from the 
type locality, comprising the aforementioned small dentary, 
teeth from sub-localities KA and KB, and osteoderms from 
sub-locality KD. Specimens used for comparative purposes 
were studied either first-hand or from photographs. In-person 
measurements were collected using digital calipers, whilst 
measurements from photographs were obtained using the 
image processing software ImageJ (Schneider et al., 2012).

Computed Tomography Scanning and Segmentation

The two dentaries from El Kohol were characterized at the 
NHMUK with X-ray micro-computed tomography (CT) using 
a Nikon Metrology XTH 225 ST system (Nikon Metrology, 
Leuven, Belgium). Due to the size of the holotype specimen, 
the acquisition was implemented in three parts, with a voltage 
of 160 kV and a current of 181 μA, resulting in a reconstructed 
isotropic voxel size of 33.602 μm3 and 3849 projections with an 
average of two frames, with an exposure time of 0.708 seconds 
per frame. The data from each of the three parts were made 
into three TIFF stacks. For the smaller dentary, acquisition was 
implemented in one part, with a voltage of 150 kV and a 
current of 127 μA, resulting in a reconstructed isotropic voxel 
size of 15.638 μm3 and 6663 projections with an average of four 
frames, with an exposure time of 0.354 seconds per frame. The 
data were merged into a single TIFF stack. Both specimens 
were subsequently segmented in Avizo v. 9.7 (FEI Visualization 
Science Group; https://www.thermofisher.com), smoothed in 
Blender (Stichting Blender Foundation, Amsterdam), and ren
dered in Inkscape (Inkscape Project, 2020).

Phylogenetic Dataset and Analytical Approach

To evaluate the phylogenetic affinities of Eremosuchus, we uti
lized an adapted version of the character-taxon matrix (CTM) of 
Nicholl et al. (2021), which samples a large number of crocodyli
forms, particularly notosuchians, and is itself built upon the 
matrix of Pol et al. (2014), with subsequent iterations by Leardi 
et al. (2015, 2018), Fiorelli et al. (2016), and Martínez et al. 
(2018) (Supplementary File 1). Both the holotype specimen 
(UO-KB-301) and the small dentary (UOK 347) were initially 
scored separately, with only one character (87) scorable in the 
latter that was not preserved in the holotype specimen. As 
both specimens received identical scores and were found to be 
morphologically similar in our personal observations, they were 
combined as a single operational taxonomic unit (OTU) (Ana
lyses 1–3). The matrix was expanded to provide increased 
sampling of putative sebecids from North Africa and Europe, 
with the addition of: (1) Doratodon carcharidens, based on scor
ings presented in Rabi and Sebők (2015); (2) Doratodon ibericus, 
based on information provided in Company et al. (2005); (3) 
DPC 20814, the indeterminate specimen (the ‘Fayum form’) 
from the late Eocene of Egypt, based on the descriptions and 
figures of Stefanic et al. (2019); and (4) Dentaneosuchus crassi
proratus, based on the scores of Martin et al. (2023). In addition, 
we added the sebecid Sahitisuchus fluminensis from the lower 
Eocene Itaboraí Formation of Brazil, based on the scorings of 
Kellner et al. (2014) and personal observations (CSCN). Three 
baurusuchians were also added from the uppermost Cretaceous 
Adamantina Formation of Brazil: (1) Aplestosuchus sordidus, 
(2) Aphaurosuchus escharafacies, and (3) Gondwanasuchus scab
rosus. These scorings were based on information presented in 
Marinho et al. (2013), Godoy et al. (2014), Darlim et al. (2021), 
and Martins dos Santos et al. (2024), as well as personal obser
vations in the case of the latter taxon (CSCN).

Ninety existing character scores for taxa already in the matrix 
were modified based on personal observations, photographs, and 
the published literature (see Supplementary Files 2–3). All pre
vious analyses focusing on notosuchian systematics have discre
tized quantitative characters, rather than using continuous data. 
Seven new continuous characters relating to the mandible were 
added to the character list of Nicholl et al. (2021) as C1–7 (Sup
plementary Files 1 and 4). Measurements for continuous charac
ters were obtained first-hand where possible, or using the image 
processing program ImageJ. Measurements were incorporated 
into MESQUITE v.3.70 (Maddison & Maddison, 2023), where 
they were converted into a tnt file and combined manually in a 
text editor with the discrete character scores. Continuous charac
ters were processed using the protocol described in Groh et al. 
(2020), in which the reciprocal of the total range of the continu
ous character is taken to obtain a weighting factor, and then mul
tiplied by 100 to be proportional to initial character weight of 
100. The resultant data matrix comprises 130 OTUs scored for 
450 characters and is presented as a nexus and TNT file, along 
with the character list, in Supplementary Files 1–4.

Analyses were run using equal weighting schemes (Analysis 1) 
and, following several recent phylogenetic analyses of crocodyli
forms (Bravo et al., 2021; Nicholl et al., 2021; Rio & Mannion, 
2021; Ristevski et al., 2021), using extended implied weighting 
(EIW) with k-values of 3 (Analysis 2) and 8 (Analysis 3). 
Extended implied weighting is shown to downweight homoplas
tic characters in relation to their average homoplasy, with low 
concavity constants (k-values) downweighting homoplastic char
acters more than higher values. Fifty characters were ordered (1, 
2, 3, 4, 5, 6, 7, 8, 10, 13, 17, 30, 44, 50, 51, 52, 56, 72, 74, 76, 78, 80, 
84, 86, 93, 97, 98,103, 104, 112, 123, 133, 147, 149, 150, 156, 174, 
189, 194, 200, 204, 233, 235, 286, 346, 363, 364, 371, 375, and 
408). As implemented by Pol et al. (2014: supplementary infor
mation, p. 3), Character 12 (previously Character 5 in Pol et al. 
[2014]) was made inactive due to “dependence with the modified 
definition of character 6”. Character 84 (previously character 77) 
was removed as it was found to assess similar morphological vari
ation as Character 5. Characters 120 and 162 (previous characters 
113 and 155) were also made inactive due to problems with char
acter construction and resultant inconsistencies in scoring (Sup
plementary File 1). These four characters are coded as being 
inactive in the Combined character-taxon matrix but should be 
activated following the protocol in the Supplementary File 5 
(i.e., Data > Character Settings > active > CHARACTERS > 
Ok > APPLY > Ok). Character 167 (previously character 160) 
was modified following discrepancies in scoring. Pol et al. 
(2014) identified three problematic/unstable taxa within the 
CTM, which were also established in our preliminary searches 
via the Pruned Trees function. These three taxa (Coringasuchus 
anisodontis, Pabwehshi pakistanensis, and Pehuenchesuchus 
enderi) were therefore excluded a priori from all of our final ana
lyses. Following additional searches, Sebecus huilensis, Neuquen
suchus universitas, the ‘Lumbrera form,’ and the ‘Fayum form’ 
were consistently identified as problematic taxa responsible for 
poor resolution under all weighting schemes (via Pruned 
Trees), and they were also excluded from our final analyses. 
These seven taxa are excluded from the analysis via the protocol 
provided in Supplementary File 5 (i.e., Data > Active taxa > 
Select taxa > select taxa to be inactive > Ok > Ok). The analyses 
were conducted under maximum parsimony using a ‘New Tech
nology Search’ in TNT v. 1.5 (Goloboff & Catalano, 2016; Golob
off et al., 2008). Gracilisuchus stipanicicorum was set as the 
operational outgroup. The search applied sectorial searches 
(using 10 drifting cycles), drift (10 cycles), ratchet (10 iterations) 
and tree fusing (10 rounds), and the minimum tree length was 
found 100 times. Five initially added sequences were used for 
the Driven Search, and the random seed was set to 1. The resul
tant trees were used as the starting trees for a ‘Traditional 
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Search’ using Tree Bisection-Reconstruction. For analyses con
ducted under extended implied weighting schemes (Analyses 2 
and 3), EIW was turned on before loading the file, as follows: Set
tings > Implied weights > Basic settings > using implied weights > 
k-value = x > Ok. After opening the data file, the following steps 
were undertaken: Settings > Implied weights > Extended weight
ing > Check "downweight characters with missing entries" 
keeping the pre-set values > Ok. Following these analyses, the 
strict consensus tree was calculated using the default settings in 
TNT.

Institutional Abbreviations—DPC, Duke University Primate 
Center, Durham, NC, U.S.A.; GM, Geiseltalmuseum, Halle an 
der Saale, Germany; IPUW, Institut fur Paläontologie Universi
stät Wien, Vienna, Austria; MGUV, Museo del Departamento de 
Geología, Universidad de Valencia, Valencia, Spain; NHMUK, 
Natural History Museum, London, U.K.; UO, Département de 
Géologie de l’Université d’Oran, Oran, Algeria; UT, Université 
de Tlemcen, Tlemcen, Algeria.

SYSTEMATIC PALEONTOLOGY

CROCODYLOMORPHA Walker, 1970
CROCODYLIFORMES Hay, 1930 (sensu Clark in Benton 

and Clark, 1988)
MESOEUCROCODYLIA Whetstone and Whybrow, 1983

NOTOSUCHIA Gasparini, 1971
SEBECIDAE Simpson, 1937

EREMOSUCHUS Buffetaut, 1989
EREMOSUCHUS ELKOHOLICUS Buffetaut, 1989

Holotype—UO-KB-301, an isolated right dentary with one 
complete tooth.

Referred Material—UOK 347, left dentary of a juvenile indi
vidual with multiple teeth preserved.

Tentatively Referred Material—UO-KA-401, articular region 
of left mandible; UO-KA-117–118, UO-KA 402–404, UOK 
344–345 (KB locality), isolated teeth; UOK 346 (KA locality), 
UO-KA 405–406, isolated dorsal vertebrae; UO-KA 407–408, 
isolated caudal vertebrae; UO-KA 114, right fibula; UT-KD-04 
a nearly complete osteoderm; UT-KD-05, several fragmentary 
osteoderms.

Locality and Stratigraphic Horizon—El Kohol locality, near to 
Brezina in south-western Algeria; middle Ypresian, lower 
Eocene, 52–51 Ma (Coster et al., 2012), El Kohol Formation.

Revised diagnosis—A sebecid notosuchian with the following 
unique combination of characters: (1) pronounced anteroposter
ior ridge on the ventrolateral surface of the dentary; (2) enlarged 
first dentary alveolus (and by assumption, tooth); (3) mildly 
labiolingually compressed tooth crowns in the middle to pos
terior dentary tooth row; (4) short distance between the fourth 
and fifth mandibular teeth; (5) mediolaterally compressed 
dentary; (6) majority of the dentary teeth separated by thin, 
bony laminae; (7) tooth row extends posteriorly along the 
dentary; (8) 12 dentary teeth; and (9) dentary maintains most 
of its dorsoventral height posterior to the fourth dentary tooth.

DESCRIPTIONS

Description of Eremosuchus elkoholicus Holotype

Dentary—The holotype right dentary (UO-KB-301) is largely 
undistorted, although the surface preservation is generally poor, 
and the specimen is cracked in many places, most notably 
towards its posterior region (Fig. 3). Both the anterior and pos
terior tips of the dentary are heavily abraded, as well as its 
dorsal edge.

The total preserved anteroposterior length of the dentary is 
156 mm. It is mediolaterally slender, and, though somewhat 

damaged, the dorsoventral height to mediolateral width ratio 
at the level of the fourth tooth is estimated to be between 0.5– 
0.6. The mandibular ramus is essentially straight along most of 
its length, although it curves very slightly medially in its pos
terior-most region (Fig. 4). In life, it would have diverged from 
the sagittal midline at an estimated angle of 10–15°.

From its anteriormost tip, the lateral margin of the dentary is 
mildly convex, before becoming essentially straight in its pos
terior half along the mandibular ramus (Fig. 4). This anterior cur
vature suggests that the mandibular symphyseal region was 
approximately ‘U’-shaped, albeit relatively mediolaterally 
narrow. Despite not being fully preserved, it can be inferred 
that the mandibular symphysis was anteroposteriorly elongate, 
though due to the absence of the splenial, it is not possible to esti
mate the ratio of the symphysis length to width. The dorsal 
surface of the mandibular symphysis is reasonably smooth, 
sloping strongly ventromedially. On the dorsal surface of the 
mandibular symphysis, the dentary-dentary suture reaches pos
teriorly to the level of the 5th alveolus (Fig. 4). The medial 
margin of the dentary, along its contact surface with the 
(absent) splenial on the dorsal mandible surface, is approxi
mately straight. This margin is directed anteromedially 
from the posterior level of the 5th alveolus; it can therefore be 
inferred that the dentary-splenial suture on the ventral surface 
was ‘V’-shaped.

The dentary increases in dorsoventral height from its anterior 
tip to the level of the 4th alveolus, at which point it reaches its 
maximum height of 50 mm (though note that this region is 
slightly damaged, and so it may have been dorsoventrally 
taller). Posterior to this, the dorsal margin of the dentary is 
very slightly concave for the remainder of its length. In its 
middle to posterior region, the lateral and ventral surfaces of 
the dentary are sculpted by short and narrow (maximum ∼5 
mm in length), anteroposteriorly orientated, shallow grooves 
(Fig. 3). Towards the anterior end of the dentary, these surfaces 
are instead adorned with shallow pits that reach up to 5 mm in 
diameter. The lateral surface immediately ventral to the tooth 
row is also sculpted with pits, though these are smaller and less 
developed.

From the 6th alveolus posteriorly, the dorsal two-thirds of the 
lateral surface of the dentary are essentially vertical. The ventral 
third of the surface expands laterally and is ventrolaterally 
convex. This expansion forms a distinct, dorsoventrally broad 
ridge that extends posteriorly along the remaining anteroposter
ior length of the dentary (Figs. 3, 4). The prominence of this ridge 
means that, in dorsal view, the lateral margin of the dentary does 
not appear to curve medially posterior to the level of the 
enlarged 4th alveolus. Dorsal to this ridge, the space laterally 
adjacent to the vertical dentary wall likely formed an area for 
the reception of maxillary teeth, although it is possible that, 
due to the ridge, its size appears superficially expanded (Fig. 
3). The posterior region of the dentary is too poorly preserved 
to ascertain whether a mandibular fenestra is present, and no 
sutural contacts with the angular or surangular are preserved.

Due to the absence of the splenial, the medial surface of the 
dentary is exposed, and is essentially vertical. The Meckelian 
groove extends anteriorly to a level adjacent with the posterior 
boundary of the 5th alveolus (Fig. 5). This groove is dorsoven
trally narrowest at its anterior end, increasing in dorsoventral 
height and mediolateral depth posteriorly, reaching a maximum 
height and depth of ∼20 mm and ∼5 mm, respectively, at its 
most posterior region. Though the splenial is absent, it can be 
inferred that it participated in the mandibular symphysis given 
that the internal surface of the dentary is exposed just posterior 
to the vertical surface of the dentary symphysis (Figs. 4–7).

Dentition—Twelve alveoli are preserved, which are con
sidered to represent the full tooth row. Teeth are only pre
served in the 4th and 10th dentary alveoli (Figs. 3, 8A). Most 
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of the crown of the 4th dentary tooth is missing, whereas the 
10th dentary tooth is essentially complete, though poorly pre
served. The dentary tooth row is distinctly sigmoidal, curving 
laterally in its anterior half and medially in its posterior 
region (Fig. 4). The 4th dentary alveolus is the largest, followed 
very closely by the 1st (Table 2). Posterior to the 4th alveolus, 
the alveoli are relatively consistent in size to one another, 

ranging in diameter between 8–11 mm. The 1st–4th alveoli 
project anterodorsally, with the greatest anterior deflection 
present in the first two alveoli, such that the apicobasal axes 
of both teeth were likely deflected at ∼50° from the horizontal. 
The alveoli become increasingly mediolaterally compressed 
towards the posterior end of the dentary (Table 2). All well- 
preserved alveoli are separated by bony septa which extend 

FIGURE 3. A, photograph and B, line drawing of the holotype right dentary of Eremosuchus elkoholicus (UO-KB-301) in lateral view. Abbreviations: 
crmt, concavity for the reception of maxillary teeth; lr, longitudinal ridge. Numbers adjacent to alveoli refer to tooth position. Scale bar equals 50 mm.

TABLE 2. Alveolus measurements of the holotypic (KB-301) and referred dentary (UOK 347) of Eremosuchus elkoholicus.

Specimen
Measurement 

(mm)

Alveolus number

1 2 3 4 5 6 7 8 9 10 11 12

UO-KB-301 length 16.0 10.0 7.6 16.7 10.0 8.6 8.7 9.0 9.8 8.7 8.1 7.5
width 12.7 ? ? ? 7.3 7.4 7.7 7.9 8.0 7.0 ? ?

Referred length 6.0 3.5 3.6 8.4 4.1 2.7 2.1 2.3 5.0 5.8 ? -
width 5.4 3.2 3.0 6.4 3.5 2.3 2.1 2.2 3.8 4.2 ? -
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to the dentary’s dorsal surface. These septa are particularly thin 
towards the posterior region of the tooth row, their mesiodistal 
length never exceeding a quarter of the diameter of the adja
cent alveoli.

The 10th dentary tooth is labiolingually compressed such that 
the crown has a maximum mesiodistal width to apicobasal 
length ratio of 0.71, and its alveolus of 0.81. The tooth is lanceolate 
in labial and lingual views, with a mildly rounded apex (Fig. 8A). 
Carinae are present on the mesial and distal margins of the tooth; 
they possess symmetrical denticles along their preserved length, 
resulting in a serrated appearance. There are approximately 4–5 
denticles per mm. Where preserved, the denticles do not substan
tially vary in size along the apicobasal length of the tooth. They are 
separated from each other, representing the ‘true’ ziphodont con
dition sensu Prasad and Lapparent de Broin (2002). Though not 
well preserved, the enamel is relatively smooth towards the base 
of the crown, but slightly more wrinkled towards the apex. 
There are no apicobasal ridges present, and no evidence of wear 
facets on either the lingual or labial surfaces of the tooth. Much 
of the crown of the 4th tooth has broken off and therefore its 
full shape cannot be determined (Figs. 3, 8A); however, its 
overall morphology appears to be less labiolingually compressed 
than the preserved posterior tooth and is typically caniniform.

Description of the Immature Specimen Referred to 
Eremosuchus elkoholikus

Dentary—The left dentary of UOK 347 is missing its posterior- 
most portion. A posteroventral fragment, detached from the 

main body, is also preserved (Fig. 9). In general, the specimen 
is in good condition, with surface patterns and small-scale mor
phological features more clearly visible than in the holotype 
specimen. Several large cracks run throughout the dentary, 
although they do not distort its overall morphology. The majority 
of the damage is restricted to the teeth, most of which are either 
missing or incomplete. Despite this, we find evidence of tooth 
replacement in alveoli 4, 6, 9, and 10.

The main dentary fragment is 60 mm in anteroposterior length, 
and, when combined with the smaller posterior fragment, this 
extends to 85 mm. In its anterior region, the dentary is dorsoven
trally expanded, with a mediolateral width to dorsoventral height 
ratio of 0.66 at the level of the fourth tooth. Although the splenial 
is absent, it can be estimated that each mandibular ramus 
diverged at an angle of between 15–20° from the sagittal 
midline, potentially at a slightly higher angle than in the holo
type. In dorsal view, the lateral margin curves anteromedially 
to form a mandibular symphysis that is ‘U’-shaped, similar to 
the morphology in UO-KB-301 (Fig. 10). However, the enlarged 
4th dentary tooth of the immature specimen results in a substan
tial lateral expansion of the mandibular symphysis at the equiv
alent level, such that the dentary reaches a maximum 
mediolateral width of 12 mm at the level of the posterior 
margin of the 4th alveolus. It therefore appears that the mandib
ular symphyseal surface is relatively broader than that of the 
holotype specimen. The dorsal surface of the dentary symphysis 
is smooth, as in UO-KB-301. Other than a singular linear row of 
seven equidistantly spaced neurovascular foramina positioned 3 
mm ventromedial to the tooth row, the dorsal surface lacks a 

FIGURE 4. A, photograph and B, line drawing of the holotype right dentary of Eremosuchus elkoholicus (UO-KB-301) in dorsal view. Abbreviations: 
efda, enlarged first dentary alveolus; hcms, highly concave mandibular symphysis; nvf, neurovascular foramen. Numbers adjacent to alveoli refer to 
tooth position. Scale bar equals 50 mm.
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similar degree of ornamentation as the lateral and ventral sur
faces. The dorsal surface slopes ventromedially at an angle of 
around 45° from the horizontal, contrasting with the slightly 
steeper surface in the holotype of Eremosuchus. On the dorsal 
surface of the dentary symphysis, the dentary-dentary suture is 
estimated to extend posteriorly to the level of the 6th alveolus 
and is therefore slightly anteroposteriorly longer than in UO- 
KB-301, in which it extends to the 5th alveolus. The medial 
margin of the dentary, along its contact surface with the splenial, 
is approximately straight and is directed anteromedially, likely 
forming a ‘V’-shaped suture, as in the holotype specimen.

In lateral view, the anterior convexity of the dorsal margin 
expands to a maximum dorsoventral height of ∼20 mm at the 
level of the 4th alveolus. Posterior to this, the dorsal margin is 
concave, reducing to a dorsoventral height of 17 mm at the 
level of the 7th alveolus, before expanding dorsally towards the 
posterior end. The overall curvature of the dorsal margin into 

two distinct ‘waves’ is similar to that of the holotype of Eremo
suchus. Anteroposteriorly orientated, evenly spaced, shallow 
grooves sculpt the lateral and ventral surfaces of the dentary, 
rarely exceeding 5 mm in length. Larger, more circular pits are 
only present on the ventral and anterior surfaces of the 
dentary, as in the holotype.

From the 7th alveolus posteriorly, the dorsal two-thirds of the 
dentary are mediolaterally compressed and are essentially ver
tical. The lateral surface is confluent with the dorsolateral 
margin of the tooth row, as in the holotype. The ventral third 
of the dentary is laterally expanded, such that a ridge runs pos
teriorly from the level of the 8th alveolus (Figs. 9–12). Though 
prominent, this ridge is not as conspicuous as in the holotype 
Eremosuchus specimen. Dorsal to this ridge, the space laterally 
adjacent to the vertical dentary wall likely formed an area for 
the reception of several maxillary teeth. As in UO-KB-301, 
the dentary is broken towards its posterior end, and therefore 

FIGURE 5. A, photograph and B, line drawing of the holotype right dentary of Eremosuchus elkoholicus (UO-KB-301) in medial view. Abbrevi
ations: ds, dentary symphysis; Mc, Meckelian canal; nvf, neurovascular foramen. Numbers adjacent to alveoli refer to tooth position. Scale bar 
equals 50 mm.
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it is not possible to evaluate whether a mandibular fenestra is 
present.

The medial dentary surface is essentially vertical. On the 
exposed medial surface of the mandibular symphysis, the 
Meckel’s groove extends to a level adjacent with the posterior 
boundary of the 4th alveolus, reaching further anteriorly than 
that in the holotype of Eremosuchus (Fig. 11). This groove is dor
soventrally narrowest at its anterior end, increasing in dorsoven
tral height and mediolateral depth posteriorly.

Dentition—Twelve dentary alveoli are present, though the 
total number is unclear given the preservation of this specimen. 
The 2nd, 3rd, 5th, 8th, and 11th dentary teeth are missing, and 
the 1st tooth is present but unerupted. The 4th, 6th, 7th, 9th, 
and 10th teeth are erupted, but only the 4th and 9th are essentially 
complete (Figs. 8, 13). In dorsal view, the dentary tooth row is 
mildly sinusoidal, with the anterior half being substantially more 
curved laterally than the posterior region is curved medially 
(Fig. 10). It seems likely that the mesial edge of the 1st alveolus 
is broken and missing, but it is possible that it was genuinely 
absent, such that the paired jaws lacked a complete septum 
between the two anteriormost teeth. Septa separate all adjacent 
alveoli, except those of the 6th and 7th teeth, which are set in a 
continuous groove. As in the holotype, the septa of UOK 347 
are narrow, particularly in the posterior region of the tooth row. 
A small diastema is present between the 7th and 8th alveoli. Simi
larly to UO-KB-301, the 4th alveolus is the largest, followed by the 
1st (Table 2), though the latter is much smaller than the former, 
unlike the holotype. Posterior to the 4th alveolus, the alveoli 
reduce in size up to the 7th alveolus, before increasing in size 
again posteriorly, seemingly differing from the condition in UO- 

KB-301, wherein the alveoli remain approximately the same 
size. The 1st tooth is conical, and is closest to circular at its base, 
narrowing to an acute point at its apex. It is strongly recurved. 
The 4th tooth is slightly more labiolingually compressed, though 
is still classically caniniform in its shape. This tooth thins labiolin
gually towards its mesial and distal ends, creating flange-like crests 
(sensu Prasad and Lapparent de Broin, 2002). The 1st tooth is pro
cumbent, and the 4th leans mildly anteriorly. From the positioning 
of the 2nd alveolus, it can be inferred that this tooth was procum
bent too, almost as strongly as the 1st.

The 6th tooth is greatly reduced in size compared with those 
preserved anteriorly to it. Though the apex is missing, it is lanceo
late in lingual and labial views, and is mildly labiolingually com
pressed. The 9th tooth is also lanceolate in shape, but is more 
triangular than the 6th, having straighter mesiodistal margins. 
It is more labiolingually compressed than the teeth situated ante
riorly to it. Both the 6th and 9th teeth thin labiolingually towards 
their mesiodistal margins, creating a flange that encircles the 
crown of the tooth. From the 5th tooth posteriorly, all crowns 
are essentially orientated dorsoventrally along their major axis. 
The enamel of the lingual and buccal surfaces of all the teeth is 
smooth. Serrated carinae are present on the mesial and distal 
tooth margins of all teeth, and are adorned with regularly 
spaced denticles (3–4 denticles within 1 mm). The teeth lack evi
dence of wear facets, or of apicobasal ridges.

Tooth Replacement—The 4th, 6th, 9th, and 10th alveoli are 
characterised by ‘replacement’ teeth, with evidence of new 
teeth growing under those that are protruding, as seen from 
the CT scan data (Fig. 14). The replacement of the 10th tooth 
appears to be the most advanced, in Stage V of the proposed 

FIGURE 6. A, photograph and B, line drawing of the holotype right dentary of Eremosuchus elkoholicus (UO-KB-301) in ventral view. Abbrevi
ations: ds, dentary symphysis; lr, longitudinal ridge. Scale bar equals 50 mm.
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seven growth stages in living crocodylians, whereby the replace
ment tooth starts to erode the labial side of its predecessor 
(Hanai & Tsuihiji, 2019; Fig. 14D). The replacement of the 4th 
and 9th teeth appear to be in Stage IV of tooth growth in croco
dylians (Fig. 14A, C), whereby the replacement tooth moves into 
the pulp cavity of its predecessor (Hanai & Tsuihiji, 2019). The 
replacement of the 6th tooth is the least advanced, appearing 
to also be in Stage IV, but earlier than teeth 4 and 9 (Fig. 14B).

Description of Material Tentatively Referred to Eremosuchus

Mandible—The mandibular fragment (UO-KA-401) consists 
of the poorly preserved posterior region of the surangular and 
angular, as well as the complete articular (Fig. 15C, D). Though 
the specimen is missing, descriptions and photographs of the 
lateral and dorsal surfaces (Fig. 15C, D) are included in Buffetaut 
(1989:pl. 2c). Buffetaut (1989) suggested that a continuous sheet 
of bone in the anterior region of the specimen indicates the 
absence of a mandibular fenestra; however, the damage to this 
region means that this cannot be ascertained with any certainty. 
Precise sutures between the mandibular elements are difficult to 
determine from the photographs in Buffetaut (1989), making 
identification of individual bones difficult; however, the 

surangular is described as being mediolaterally expanded in its 
dorsal region, becoming thinner ventrally. The surangular par
ticipates in both the glenoid fossa and the retroarticular 
process, forming approximately one third of the latter’s medio
lateral width. The dorsal surface of the surangular exposed on 
the retroarticular process is heavily excavated. Its medial-most 
surface is steeply inclined (though the extent is unclear from 
the photographs) and faces posterolaterally (Fig. 15C). The 
lateral half of the surangular exposed on the retroarticular 
process is shallower, forming a shelf.

The glenoid facet for the reception of the quadrate condyle is 
mediolaterally wider than anteroposteriorly long, though the 
exact dimensions cannot be determined. It is separated from 
the retroarticular surface by a prominent, dorsally protruding 
ridge that extends mediolaterally across the mandibular ramus 
(Fig. 15C). The boundary between the surangular and the articu
lar on the dorsal surface of the retroarticular surface occurs along 
an approximately anteroposteriorly orientated ridge, with only 
very mild posterolateral deflection (Fig. 15D). In lateral view, 
this ridge is concave and asymmetric, such that its anterior 
margin is positioned dorsally to the posterior margin. At its pos
terior-most end, the lateral flange of the retroarticular process is 
mildly upturned. The medial flange of the retroarticular process 

FIGURE 7. Computed tomography scans of 
the Eremosuchus elkoholicus holotype right 
dentary (UO-KB-301) in A, medial; B, 
lateral; and C, dorsal view. Scale bar equals 
10 mm.
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has a strong ventromedial deflection from the horizontal, such 
that its dorsal surface is almost perpendicular to that of the 
lateral flange. Its medial margin is gently convex in dorsal 
view. On the proximal region of the dorsal surface of the 
medial flange, it appears as though there is a small, approxi
mately circular prominence, likely no more than one third of 
the mediolateral width of the medial flange in its circumference 
(Fig. 15D). It is possible that this bulge is associated with the 
foramen aerum, though this cannot be confirmed from the 
photographs. The dorsal surface of the lateral retroarticular 
flange is strongly inclined such that it almost faces completely 
laterally, except for the ventral-most section, which forms a 
small, laterally protruding shelf. In dorsal view, the lateral 
margin is only very mildly convex. The preserved section of 
the angular is exposed on the lateral surface of the mandible; 
however, the location of its boundaries with adjoining elements 
are unclear.

Dentition—Of the five isolated teeth mentioned, three (UO- 
KA-118, UO-KA-117, UO-KA-402) are figured in Buffetaut 
(1989:pl. 2a, b, e, f, g).

Specimen UO-KA-118 (Fig. 15G) is conical, with a well-worn 
but pointed apex; it is closest to the typical caniniform mor
phology. Thus, it is likely that the tooth was positioned within 
the first four teeth of the dentary tooth row. The tooth is 
mildly lingually curved, such that its buccal surface is convex, 
and, although only figured in distal view, it is assumed to be 
recurved. Though not clearly visible in the photographs, it 

appears that fine-scale apicobasal ridges are present on the 
enamel towards the apex of the tooth. It is not possible to deter
mine the presence or absence of denticles on the mesiodistal 
cutting edges due to a large amount of wear in the relevant 
regions.

Specimen UO-KA-117 is also close to a typical caniniform 
morphology (Fig. 15A, B), being slightly more labiolingually 
compressed than UO-KA-118, suggesting an anterior to middle 
position in the tooth row. The tooth is subtriangular in labial 
and lingual views, forming an acute point at its apex, and is 
slightly recurved. Its crown is relatively labiolingually com
pressed, having a basal labiolingual width to mesiodistal length 
ratio of 0.75. Again, it is difficult to determine the nature of 
the enamel pattern; however, it appears that fine-scale, bifurcat
ing apicobasal ridges are present, particularly towards the apex 
of the tooth. The tooth thins in labiolingual width towards its 
mesiodistal margins, creating a flange-like structure along each 
cutting edge. These carinae possess denticles along their length, 
though it is unclear whether their size is consistent.

Apicobasally shorter than UO-KA-117 and 118, UO-KA-402 
(Fig. 15E, F) is interpreted as being from the posterior region 
of the tooth row, due its more globular, lanceolate shape. It is 
labiolingually compressed, such that the crown has a maximum 
labiolingual width to mesiodistal length ratio of ∼0.7. The 
quality of the photographs means that it is difficult to determine 
finer scale details; however, the enamel at the apex of the tooth 
appears to be adorned with narrow anastomizing apicobasally 

FIGURE 8. A, photograph of the 10th tooth of the holotype right dentary of Eremosuchus elkoholicus (UO-KB-301) in labial view; B, photograph of 
the 4th tooth of the referred Eremosuchus left dentary (UOK 347) in lingual view. Abbreviations: dc, denticulated carina; df, distal flange; mf, medial 
flange; se, smooth enamel. Scale bars equal 10 mm.

TABLE 3. Results of phylogenetic analyses including the number of most parsimonious trees (MPTs), tree length of the MPTs, and consistency (CI) 
and retention (RI) indices obtained from the MPTs.

Analysis
Included 
material Weighting MPTs

Tree 
length CI RI

1 holotype and referred dentary equal 12 18,4690.5 0.286 0.737
2 holotype and referred dentary k = 3 42 15,742.7 0.276 0.725
3 holotype and referred dentary k = 8 15 9371.1 0.283 0.733

Nicholl et al.— The notosuchian Eremosuchus elkoholicus (e2572964-13)



directed ridges. It is unclear whether this ornamentation con
tinues towards the base of the crown. Denticulated carinae 
adorn the mesial and distal margins; however, it cannot be deter
mined if there is variation in the size of individual denticles along 
the cutting edge. The tooth has its maximum constriction at the 
boundary between the crown and the root.

In addition to these previously described specimens, three 
unpublished teeth collected during the 1982 expedition are 
known from the type locality: two from the KB site (UOK 344– 
345), and one from KA (UOK 346). Specimen UOK 345 (Fig. 
16E–H) is conical in shape, recurved, and curved slightly medially. 
The caniniform appearance suggests an anterior position in the 
tooth row. Fine striations run from the apex towards the base of 
the preserved enamel, diminishing in their prominence towards 
the base, such that the enamel surface becomes smooth in this 
region. Denticulated carinae adorn the distal and mesial 
margins, with approximately four denticles per mm. The size of 
the denticles does not vary along the apicobasal length.

The entirety of the UOK 344 (Fig. 16A–D) crown is complete, 
as well as a substantial part of its root. The crown is bulbous and 
cordate in buccal and lingual views, suggesting a posterior position 
in the dentary tooth row. It is labiolingually compressed, with a 
maximum labiolingual width to mesiodistal length ratio of 
approximately 0.6. The enamel is patterned with fine, anastomiz
ing ridges towards the crown apex, but is ornamented with more 
globular protrusions towards the base. Denticulate carinae are 
present on the mesiodistal margins of the tooth (approximately 
four denticles per mm). There is minimal variation in the size of 
denticles along the carinae. The tooth thins labiolingually 
towards its mesiodistal margins, creating a small flange on each.

Specimen UOK 346 (Fig. 16I–L) is small and globular, being 
cordate in buccal and lingual views, suggesting a more posterior 
position in the tooth row. It is highly labiolingually compressed, 
having a maximum labiolingual width to mesiodistal length ratio 
of approximately 0.55. Undulating apicobasal ridges are present 
on the enamel of the dorsal-most three quarters of the crown, 

FIGURE 9. A, photograph and B, line drawing of the referred Eremosuchus dentary (UOK 347) in lateral view. Abbreviations: crmt, concavity for the 
reception of maxillary teeth; dc, denticulated carina; lr, longitudinal ridge. Numbers adjacent to alveoli refer to tooth position. Scale bar equals 50 mm.
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though these ridges become less continuous towards the base of 
the crown, creating a more globular appearance. Prominent 
carinae form the mesiodistal margins, with approximately five 
denticles per mm.

Vertebrae—Buffetaut (1989) assigned two dorsal vertebrae 
(UO-KB-405 and UO-KB-406) and two caudal vertebrae (UO- 
KB-407 and UO-KB-408) to Eremosuchus elkoholicus. Of 
these, only the caudal vertebrae were figured by Buffetaut 
(1989:pl. 2h–j), and only a single caudal centrum (UO-KA-408) 
can be located out of any of the vertebral remains (Fig. 15H, 
L–P). It is unclear from the description in Buffetaut (1989:p. 5) 
as to the completeness of KB-405 and KB-406, as the only infor
mation provided is that they are amphicoelous, “with a rounded 
ventral edge and a pronounced constriction in the middle,” 
suggesting that the remains may just be represented by centra. 
It is also unclear how Buffetaut (1989) determined the position 
of these two elements in the vertebral column.

Vertebra UO-KA-408 is amphicoelous, with relatively shallow 
convexities on the anterior and posterior articular surfaces of 
the centrum (Fig. 15O, P). The anterior articular surface is very 
slightly elliptical and is dorsoventrally taller than it is mediolater
ally wide. Though not fully preserved, the posterior articular 
surface is likely closer to circular; however, its dorsoventral 
height is slightly greater than its width. Both articular surfaces 
are delineated by a relatively broad ridge around their entire cir
cumference. The centrum has a maximum mediolateral width 
(taken at its posterior articular surface) to maximum anteropos
terior length of 0.6, which is indicative of an anterior position in 
the caudal vertebral series (Darlim et al., 2021; Georgi & 
Krause, 2010; Iori et al., 2013; Nascimento & Zaher, 2010). The 
centrum of UO-KA-408 is mediolaterally constricted at its 

center, such that the ratio of the narrowest mediolateral width 
of the centrum to its maximum mediolateral width is 0.42 (Fig. 
15N). The ventral surface of the centrum is anteroposteriorly 
concave, and is close to symmetric; with the neural canal held hori
zontally, the anteroventral and posteroventral margins are posi
tioned at the same dorsoventral level. This ventral surface is 
adorned with two longitudinal, parallel ridges running either 
side of the vertebral midline. The ridges are low, and are located 
at the centrum anteroposterior mid-point, their total length 
forming approximately one third of the maximum vertebral 
length (Fig. 15N). Despite the presence of these ridges, the 
centrum lacks hemapophyses, suggesting that the centrum could 
represent the first or second caudal vertebra.

UO-KA-407 is also amphicoelous (Fig. 15I, J). The posterior 
articular surface of the centrum is close to circular, with a medio
lateral width to dorsoventral height of 0.95. This surface is 
marked by a small central concavity, bounded around its circum
ference by an especially broad, flat rim (Fig. 15J). It is unclear 
whether the neurocentral suture is visible in lateral view due to 
the poor quality of the photographs. The centrum is mediolater
ally constricted at the anteroposterior midpoint, though likely 
not as strongly as in UO-KA-408. In lateral view, the ventral 
surface of the centrum is asymmetric, such that the posteroven
tral margin is more ventrally positioned than the anteroventral 
margin. Two parallel ridges on the ventral surface of the 
centrum extend from the anteroposterior mid-length to the 
hemapophyses. The latter are eroded, though still prominent. 
The presence of hemapophyses generally occurs from caudal ver
tebra 2 or 3 posteriorly (Georgi & Krause, 2010) and is consistent 
with UO-KA-408 being an anterior caudal vertebra. The pedicle 
of the neural arch is preserved on the left side of the vertebra, 

FIGURE 10. A, photograph and B, line drawing of the referred Eremosuchus dentary (UOK 347) in dorsal view. Abbreviations: lr, longitudinal ridge; 
nvf, neurovascular foramen. Numbers adjacent to alveoli refer to tooth position. Scale bar equals 50 mm.
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and is approximately three quarters of the anteroposterior length 
of the centrum, with a slight anterior bias.

Fibula—The right fibula (UO-KA-114) is figured in Buffetaut 
(1989:pl. 2k) in medial view (Fig. 15K). Although the photograph 
is of low quality, several morphological features can be distin
guished. The fibula is proximodistally elongate and slender, par
ticularly mediolaterally. From its proximal end to approximately 
three quarters of the way along the length of the bone, the shaft 
gradually decreases in anteroposterior width. It is anteroposter
iorly expanded along the distal quarter, albeit to a lesser extent 
than the proximal end. Both the proximal and distal ends are 
mediolaterally compressed, whereas the central shaft is more 
elliptical in its transverse cross section. The proximal fibular 
head is strongly domed, with at least one well-exposed face 
exposed proximomedially, and it has a weak, well-rounded pos
terior projection. A shallow and relatively broad crest runs 
from the proximal region of the fibula, running proximodistally 
along the center of the shaft’s lateral surface, extending to 

between one quarter and one third of the fibula’s proximodistal 
length (though its full proximal and distal extent cannot be ascer
tained due to damage on the surface of the bone) (Fig. 15K). This 
crest is probably for the insertion of the M. iliofibularis. The distal 
half of the fibular shaft is strongly bowed posteriorly.

Osteoderms—Buffetaut (1989) listed two osteoderms from 
the El Kohol locality, though he did not specifically refer 
them to Eremosuchus. They were not figured, with only a 
brief description that stated that they are rectangular and 
thin, with “a reduced ornamentation of small pits and irregular 
grooves” (Buffetaut, 1989:p. 5). Several osteoderm fragments 
from the KD sub-locality have been identified in the collections 
of the Université de Montpellier as part of the historical col
lecting efforts and match the morphology described by Buffe
taut (1989); however, we cannot be certain that these are the 
same elements. One specimen is nearly complete, missing 
only the dorsal tip of the midline process (Fig. 17A, B, C, D). 
This osteoderm is approximately 20 mm in anteroposterior 

FIGURE 11. A, photograph and B, line drawing of the referred Eremosuchus dentary (UOK 347) in medial view. Abbreviations: dc, denticulated 
carina; Mc, Meckelian canal; nvf, neurovascular foramen. Numbers adjacent to alveoli refer to tooth position. Scale bar equals 50 mm.
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length and 15 mm in mediolateral width. A broad, prominent 
crest extends for essentially the entire length of the osteoderm. 
In lateral view, the profile of this crest is convex, and it is taller 
at one extremity, which is suggested to correspond to the pos
terior margin (Fig. 17C). In this region, the apex of the crest is 
broken; however, its dimensions indicate that it may have ter
minated dorsally as a spine. The lateral margins of the osteo
derm are bevelled. In lateral view, these areas show strong 
indentations that resemble sutures for adjoining osteoderms. 
As in other osteoderm fragments, the dorsal surface of the 
bone bears a rugose ornamentation, with narrow, elongated 
furrows running perpendicular or sub-perpendicular to the 
midline crest. These fragments are concave on their ventral 
surface, preserving an interwoven layer for muscular attach
ment (Fig. 17E). A differing ornamentation is present on the 
dorsal surface of three osteoderm fragments, in which small, 
deep, approximately circular pits are interconnected by 
shallow grooves (Fig. 17F). The overall shape of these osteo
derms cannot be interpreted, and the absence or presence of 
a medial ridge is unknown.

PHYLOGENETIC RESULTS

Analysis 1 – Equal Weights Topology

The equal weights analysis produced 12 most parsimonious 
trees (MPTs) of length 184690.5 steps (Supplementary File 6) 

(Figs. 18, S1) (Table 3). In the strict consensus tree, a mono
phyletic Sebecosuchia is not recovered; instead Sebecidae 
and closely related taxa form one of two basal bifurcations 
of Notosuchia. Sebecidae is moderately well resolved. Ogresu
chus and Barinasuchus form the most deeply nested clade, 
with Razanandrongobe and the European taxa Iberosuchus 
+ Bergisuchus, and Dentaneosuchus forming successive sister 
species to this pair (Fig. 18). This group forms one branch 
of a polytomy that also comprises Ayllusuchus, Eremosuchus, 
and Bretesuchus as separate branches. Sebecus icaeorhinus is 
the sister taxon to this 4-tomy, as one lineage of a more 
“basal” polytomy from which Sahitisuchus and Zulmasuchus 
also diverge. Lorosuchus is the sister taxon to Sebecidae 
under the latter’s minimum clade definition provided by 
Leardi et al. (2024). Lorosuchus + Sebecidae forms one 
branch of a 3-tomy with Doratodon carcharidens and Dorato
don ibericus comprising the other two lineages (Fig. 18). 
Amongst the 12 MPTs, Eremosuchus is relatively labile, 
though is most commonly (8 out of 12 trees) allied closely 
with Ayllusuchus and Bretesuchus.

In the second branch of Notosuchia, Stolokrosuchus 
forms the sister taxon to all other members of the 
clade, which are split into two lineages: one comprising Peiro
sauria, and another formed of Uruguaysuchidae as the 
sister taxon to Ziphosuchia (Fig. 18). Within Ziphosuchia, 
Candidodon, Libycosuchus, Simosuchus, and Pakasuchus + 
Malawisuchus mwakasyungutiensis split off as early diverging 

FIGURE 12. A, photograph and B, line drawing of the referred Eremosuchus dentary (UOK 347) in ventral view. Abbreviations: ds, dentary sym
physis; lr, longitudinal ridge. Scale bar equals 50 mm.
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branches, outside of a bifurcation between Baurusuchia and 
Sphagesauria.

Analysis 2 – Extended Implied Weights Topology, k = 3

This analysis produced 42 MPTs of length 15,742.7 steps 
(Supplementary File 7) (Fig. S2) (Table 3). In the strict consen
sus tree, a monophyletic Sebecosuchia (Baurusuchia + Sebecoi
dea) is recovered, deeply nested within Ziphosuchia. 
Sebecoidea is formed of 10 species. Within this clade, Denta
neosuchus + Bergisuchus are one lineage of a basal bifurcation, 
the other of which is formed from Barinasuchus and Iberosu
chus as successive sister taxa to a polytomy comprising (1) Zul
masuchus, (2) Sebecus icaeorhinus, (3) Eremosuchus, and (4) 
Ogresuchus as the sister taxon to Ayllusuchus + Bretesuchus. 
Amongst the 42 MPTs, Eremosuchus is relatively labile, 
though remains fairly nested within Sebecidae and is 

commonly recovered either in a clade with Sebecus icaeorhinus 
and Zulmasuchus or as the sister taxon to all other taxa more 
derived than Barinasuchus.

Within Baurusuchia, Stratiotosuchus maxhechti, Aphaurosu
chus, Aplestosuchus, Campinasuchus dinizi + Pissarrachampsa, 
and Cynodontosuchus rothi form successive sister taxa to a 
deeply nested, monophyletic Baurusuchus. These taxa comprise 
Baurusuchidae, as per the minimum-clade definition of Leardi 
et al. (2024). Gondwanasuchus scabrosus is recovered as a 
non-baurusuchid baurusuchian. Doratodon forms the sister 
taxon to Sebecosuchia. Chimaerasuchus paradoxus and Raza
nandrongobe are the earliest diverging taxa in the ‘sebecosu
chian’ lineage.

At its base, Notosuchia bifurcates into Peirosauria and a clade 
comprising all other notosuchians. A monophyletic Uruguaysu
chidae is not recovered, rather A. tsangatsangana and Anatosu
chus form successive sister taxa to a group of South American 

FIGURE 13. Computed tomography scans of 
the referred Eremosuchus elkoholicus dentary 
(UOK 347) in: A, lateral view; and B, medial 
view. Scale bar equals 10 mm.
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uruguaysuchids. A. wegeneri forms the sister taxon to Candido
don itapecuruense + Ziphosuchia. Sahitisuchus and Lorosuchus 
are recovered as sister taxa outside of Sebecosuchia, and are 
placed within Peirosauria instead.

Analysis 3 – Extended Implied Weights Topology, k = 8

This analysis produced 15 MPTs of length 9371.1 steps (Sup
plementary File 8) (Figs. 19, S3) (Table 3). The strict consensus 
tree topology is broadly consistent with that recovered by Pol 
et al. (2014) and subsequent iterations of this matrix (e.g., Fior
elli et al., 2016; Leardi et al., 2015, 2018; Martin et al., 2023; 

Martinelli et al., 2018, Martinez et al., 2018; Nicholl et al., 
2021), in which Notosuchia splits into Ziphosuchia, and a 
clade comprising Peirosauria + Uruguaysuchidae. The overall 
topology of Ziphosuchia is broadly similar to Analysis 2, 
except for a few differences: (1) Candidodon is an early diver
ging Ziphosuchian, (2) Pakasuchus and Malawisuchus are not 
sphagesaurians, rather they form the sister taxon to Candido
don, and (3) Ogresuchus, Ayllusuchus, Sebecus, Eremosuchus, 
and Bretesuchus form a deeply nested polytomy within Sebeci
dae. Sahitisuchus and Lorosuchus are both recovered as peiro
saurians in a clade with Zulmasuchus. Amongst the MPTs, 
Eremosuchus is most commonly recovered in a highly nested 

FIGURE 14. Computed tomography slices through the referred Eremosuchus elkoholicus specimen UOK 347. A, longitudinal axis; B, transverse axis 
at the level of the 6th dentary tooth; C, transverse axis at the level of the 9th dentary tooth, D, transverse axis at the level of the 10th dentary tooth. 
Abbreviations: DTX, dentary tooth X; RDTX, replacement tooth X; iv: Stage IV of tooth growth; v: Stage V of tooth growth.
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FIGURE 15. Tentatively referred remains of Eremosuchus elkoholicus. Anterior tooth (UO-KA-117) in: A, medial view; and B, anterior view. Posterior 
mandibular fragment (UO-KA-401) in: C, lateral view; and D, dorsal view. Posterior tooth (UO-KA-402) in: E, medial view; and F, posterior view. 
Anterior tooth (UO-KA-118) in: G, posterior view. Caudal vertebra (UO-KA-408) in: H, right lateral view. Caudal vertebra (UO-KA-407) in: I, left 
lateral view; and J, posterior view. Right fibular (UO-KA-114) in: K, medial view. Caudal vertebra (UO-KA-408) in: L, left lateral; M, dorsal; N, 
ventral; O, anterior; and P, posterior views. Abbreviations: ar, anastomizing ridges; db, dorsal bulge; dc, denticulate carina; gf, glenoid facet; he, hemapo
physis; ins M. fib, insertion for M. iliofibularis; lf; lateral facet of the retroarticular process; lr, longitudinal ridge; mf, medial facet of the retroarticular 
process; mlr, mediolateral ridge; na, neural arch; nap, neural arch pedicle; ncs, neurocentral suture; plr, posterolateral ridge; sur, surangular. A–K 
from Buffetaut (1989, plate 2). Permission to use the image from Buffetaut (1989) was granted by Schweizerbart Science Publishers (www. 
schweizerbart.de/journals/pala).
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clade with either Ayllusuchus and Bretesuchus or with Sebecus 
icaeorhinus and Ogresuchus.

ANATOMICAL COMPARISONS WITH OTHER 
NOTOSUCHIANS

Given the consistent placement of Eremosuchus within Sebe
cidae in our phylogenetic analyses, as well as its position in 
earlier studies (Ortega et al., 1996; Turner & Calvo, 2005), ana
tomical comparisons are primarily made with other species 
recovered as sebecids herein. However, we also make compari
sons with other notosuchians, particularly peirosaurids, baurusu
chids, and taxa that have previously been regarded as sebecids. 
Unless otherwise specified, all measurements used to obtain 
ratios are taken from holotype specimens.

Dentary

The dentary of Eremosuchus is narrow and deep (Buffetaut, 
1989), with a maximum mediolateral width to dorsoventral 

height ratio at the level of the 4th dentary tooth of 0.55 and 
0.66 in the holotype and referred specimen, respectively. In com
parison, the only two European sebecids to fully preserve the rel
evant region, Doratodon carcharidens and Dentaneosuchus, have 
a ratio of 1.11 and 1.23, respectively (Martin et al., 2023; Rabi & 
Sebők, 2015). The latter two taxa are unusual in this aspect as, 
although incomplete, both Bergisuchus (Rossmann et al., 2000) 
and Doratodon ibericus (Company et al., 2005) appear to have 
a slenderer morphology, closer to that of Eremosuchus (Fig. 
20C, F). The dentaries of other non-European sebecids are also 
slender, with values ranging from 0.45 (Sebecus icaeorhinus 
[Colbert et al., 1946]) to 0.85 (Barinasuchus arveloi [Paolillo & 
Linares 2007]). In general, this ratio is much higher amongst 
baurusuchians, with values often exceeding 0.80 as a result of a 
relatively mediolaterally broad dentary (e.g., Baurusuchus salga
doensis, Baurusuchus pachecoi, Aplestosuchus, Campinasuchus, 
Pissarrachampsa [Carvalho et al., 2005, 2011; Godoy et al., 
2014; Montefeltro et al., 2011; Price, 1945]). Peirosaurians typi
cally also have much higher ratios as a result of narrowly dorso
ventrally tapering dentaries and broad mandibular symphyses: 

FIGURE 16. Tentatively referred remains of 
Eremosuchus elkoholicus. Isolated posterior 
tooth UOK 344 in: A, labial view; B, lingual 
view; C, mesial view; and D, dorsal view. Iso
lated anterior tooth UOK 345 in: E, labial 
view: F, lingual view; G, mesial view; H, 
dorsal view. Isolated posterior tooth UOK 
346 in: I, lingual view; J, dorsal view; K, 
mesial view; and L, close-up view of denticu
lated carina. Abbreviations: ar, anastomizing 
ridges; d, denticles; dc, denticulated carinae; 
ge, globular enamel. Scale bar equals 10 mm 
in A–H, 2 mm in I–K and 0.5 mm in L.
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Antaeusuchus taouzensis, Hamadasuchus rebouli, and Montealto
suchus arrudacamposi have width to height ratios of 1.77, 1.14, 
and 1.62, respectively (Barrios et al., 2016; Carvalho et al., 
2007; Larsson & Sues, 2007; Nicholl et al., 2021).

Although the splenial of Eremosuchus is not preserved, it was 
most probably included in the mandibular symphysis, as is the 
case in all notosuchians (Pol et al., 2014) (Fig. 20). The mandib
ular symphysis was likely relatively anteroposteriorly elongate in 
Eremosuchus, most closely resembling the morphology of Loro
suchus (Pol & Powell, 2011), Sebecus icaeorhinus (Colbert et al., 
1946), Dentaneosuchus (Martin et al., 2023), and Barinasuchus 
arveloi (Paolillo & Linares, 2007), as well as the peirosaurians 
Bayomesasuchus hernandezi, Kinesuchus overoi, Patagosuchus 
anielensis, Hamadasuchus rebouli, and Antaeusuchus taouzensis 
(Filippi et al., 2018; Larsson & Sues, 2007; Nicholl et al., 2021).

We interpret the dorsal mandibular symphyseal surface of Ere
mosuchus to have been strongly concave. This is a relatively 
widespread feature amongst sebecids, including Doratodon iber
icus (Company et al., 2005), Bergisuchus dietrichbergi (Ross
mann et al., 2000), Sebecus icaeorhinus (Colbert et al., 1946), 
and Dentaneosuchus (Martin et al., 2023), and also characterizes 
Lorosuchus (Pol & Powell, 2011) and Pehuenchesuchus (Turner 

& Calvo, 2005). The mandibular symphysis in Doratodon carch
aridens is also narrower and more deeply concave than in most 
other notosuchians (Rabi & Sebők, 2015), although it is not as 
well-developed as these aforementioned taxa. By contrast, the 
mandibular symphyseal dorsal surface is only slightly concave 
or essentially flat in notosuchian clades such as Uruguaysuchidae 
(e.g., Araripesuchus) and Peirosauridae (particularly Montealto
suchus arrudacamposi, Barrosasuchus neuquenianus, and Bayo
mesasuchus hernandezi, in which the dorsal surface of these 
taxa is mediolaterally expanded) (Barrios et al., 2016; Carvalho 
et al., 2007; Coria et al., 2019; Pol & Apesteguía, 2005). Although 
many sphagesaurians have highly concave mandibular sym
physes, their morphology differs from that in sebecids in that 
the mandibular symphysis forms a tooth battery in members of 
the former clade (Andrade & Bertini, 2008; Pol et al., 2014).

In lateral view, the mandibular symphysis of Eremosuchus is 
deep and convex anteriorly, as is the case in most sebecids, as 
well as baurusuchians, in which this morphology is especially 
marked (Fig. 21) (Carvalho et al., 2005; Company et al., 2005; 
Godoy et al., 2014; Marinho et al., 2013; Montefeltro et al., 
2011; Price, 1945; Riff & Kellner, 2011). Although the symphysis 
in Lorosuchus is also convex, it is dorsoventrally reduced in 

FIGURE 17. Tentatively referred isolated osteoderms of Eremosuchus elkoholicus from the KD locality. Singular osteoderm UT-KD-04 in: A, dorsal 
view; B, lateral view; C, anterior view; D, posterior view; and E, ventral view. Assorted osteoderms UT-KD-05 in: F, dorsal view, showing a pitted 
texture; and G, dorsal view showing a grooved texture. Abbreviations: ch, cross-hatching pattern; mk, median keel. Scale bars equal 10 mm.
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FIGURE 18. Reduced strict consensus topology recovered in Analysis 1 (equal weighting). Synapomorphies shown are those which support multiple 
clades amongst Sebecidae, Peirosauria, and Baurusuchia.
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FIGURE 19. Time-calibrated phylogenetic topology of Notosuchia showing the reduced strict consensus tree in Analysis 3 (using extended implied 
weighting) plotted using the ranges of tips based on occurrence ages.
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comparison to these aforementioned taxa (Pol & Powell, 2011). 
Both species of Doratodon also have dorsoventrally reduced 
symphyses, although this is not to the same extent as that of Lor
osuchus (Company et al., 2005; Rabi & Sebők, 2015). The 

morphology of most peirosaurians contrasts with that of Eremo
suchus, in that members of Peirosauria have dorsoventrally 
reduced anterior dentary regions that taper to an acute point 
(Nicholl et al., 2021).

FIGURE 20. Notosuchian mandibular elements in dorsal view: A, Eremosuchus elkoholicus (immature specimen); B, Eremosuchus elkoholicus (KB- 
301); C, Bergisuchus dietrichbergi (GM XVIII-49); D, Doratodon carcharidens (IPUW 2349/5); E, Dentaneosuchus crassiproratus 
(MHNT.PAL.2011.20.1); F, Doratodon ibericus (MGUV 3201); G, Baurusuchus pachecoi (DGM 229-R). Line above each image denotes the shape 
of the dentary tooth row. Red arrow indicates the anteriormost point of the splenial on the dorsal surface of the mandibular symphysis. Pictures 
are not to scale. Images E and F are adapted from Martin et al. (2023), and Company et al. (2005), respectively.
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It can be inferred that the splenial-dentary suture on the 
ventral surface of the mandibular symphysis was approximately 
’V’ shaped in both the holotype and referred specimen of 

Eremosuchus. This morphology characterizes nearly all sebecids 
and baurusuchians (Bravo et al., 2021; Carvalho et al., 2005; Pol 
& Powell, 2011; Price, 1945; Riff & Kellner, 2011), with the 

FIGURE 21. Notosuchian mandibular elements in lateral view: A, Eremosuchus elkoholicus (KB-301); B, Dentaneosuchus crassiproratus 
(MHNT.PAL.2011.20.1); C, Eremosuchus elkoholicus (immature specimen); D, Doratodon ibericus (MGUV 3201); E, Doratodon carcharidens 
(IPUW 2349/5); F, Pehuenchesuchus enderi (MAU-PV-CRS-440); G, Bergisuchus dietrichbergi (GM XVIII-49); H, Lumbrera form (PVL 6385). 
White arrows denote the dorsal margin of the elongate dentary ridge. Pictures are not to scale. Images B, D and G are adapted from those provided 
in Martin et al. (2023), Company et al. (2005), Rabi and Sebők (2015), Ortega et al. (1996), and Turner and Calvo (2005), respectively.
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exception of Campinasuchus, in which the suture is more 
rounded anteriorly (Carvalho et al., 2011). The condition varies 
amongst peirosaurians, also being ‘V’ shaped in Hamadasuchus, 
Bayomesasuchus, Kinesuchus, Patagosuchus, and Montealtosu
chus (Barrios et al., 2016; Carvalho et al., 2007; Filippi et al., 
2018; Larsson & Sues, 2007; Lio et al., 2016). Ventrally, it can 
be estimated that the dentary-dentary suture of Eremosuchus 
extends posteriorly to a level between the 6th and 7th dentary 
alveoli in the holotype specimen and level with the 7th alveolus 
in the referred specimen. The condition in the holotype Eremo
suchus specimen is most similar to the length reached in Bauru
suchus pachecoi (6th–7th alveoli), Pepesuchus deiseae (6th 
alveolus), and potentially Pissarrachampsa (estimated to be 
around the 6th alveolus) (Campos et al., 2011; Montefeltro 
et al., 2011; Price 1945), contrasting with taxa such as Dentaneo
suchus, in which it reaches the level of the 5th alveolus (Martin 
et al., 2022), Antaeusuchus taouzensis (7th to 8th teeth) 
(Nicholl et al., 2021), and Kinesuchus overoi (8th to 9th alveoli) 
(Filippi et al., 2018).

In the holotype specimen of Eremosuchus, the dorsal exposure 
of the dentary symphysis extends posteriorly to approximately 
the level of the 5th alveolus, whereas in the referred specimen 
it reaches to a level between the 6th and 7th alveoli. A compar
able posterior extension to the holotype also characterizes Bergi
suchus (Rossmann et al., 2000), Pehuenchesuchus (Turner & 
Calvo, 2005), and Doratodon carcharidens, in which the 
dentary extends approximately to the region between the 4th 
and 5th alveoli (Rabi & Sebők, 2015) (Fig. 20). By contrast, 
and closer in morphology to the referred specimen, the dorsal 
exposure of the dentary symphysis extends further posteriorly 
in Lorosuchus, Baurusuchus pachecoi, and Baurusuchus salga
doensis, extending to either the 6th or 7th alveolus (Carvalho 
et al., 2005; Nicholl et al., 2021; Pol & Powell, 2011; Price, 
1945). A greater posterior extent of this suture is more 
common in peirosaurians, extending to the 6th or 7th alveoli in 
Gasparinisuchus, Colhuehuapisuchus, and Bayomesasuchus, 
and the 8th alveolus in Antaeusuchus (Barrios et al., 2016; 
Lamanna et al., 2019; Martinelli et al., 2012; Nicholl et al., 2021).

Despite some damage to the region, the dorsal margin of the 
Eremosuchus dentary most closely resembles the condition 
present in the majority of sebecids and baurusuchians: the 
anterior region is mildly convex dorsally, with the greatest dorso
ventral height coinciding with the position of the enlarged 4th 
dentary alveolus, whereas the posterior section is concave, 
curving smoothly and increasing in dorsoventral height poster
iorly (Fig. 21) (Buckley & Brochu, 1999; Ortega et al., 1996). 
This contrasts with the morphology of peirosaurians, in which 
two distinct waves form the dorsal dentary margin (Pol et al., 
2014; Nicholl et al., 2021). The anterior convexity in Eremosu
chus is subtle, most closely resembling taxa such as Baurusuchus 
(Carvalho et al., 2005; Riff & Kellner, 2001), Campinasuchus 
(Carvalho et al., 2011), Aphaurosuchus escharafacies (Darlim 
et al., 2021), Sahitisuchus (Kellner et al., 2014), Doratodon carch
aridens (Buffetaut, 1979; Company et al., 2005; Rabi & Sebők, 
2015), and Dentaneosuchus (Martin et al., 2023). This mor
phology differs from that seen in peirosaurids (e.g., Carvalho 
et al., 2004; Larsson & Sues, 2007; Nicholl et al., 2021; Tavares 
et al., 2015), in which the dorsal margin of the dentary forms 
two distinct dorsal waves.

A concavity adjacent to the 7th dentary alveolus for the recep
tion of a large maxillary tooth is present in Eremosuchus. Within 
Notosuchia, this morphology characterizes nearly all sebecids 
which preserve the relevant region, namely Doratodon carchari
dens, Doratodon ibericus, the ‘Fayum form,’ Bretesuchus, Denta
neosuchus, Sebecus huilensis, and Sebecus icaeorhinus, although 
it is absent in Bergisuchus (Colbert et al., 1946; Langston, 1965; 
Martin et al., 2023; Price, 1945; Rabi & Sebők, 2015; Rossmann 
et al., 2000; Stefanic et al., 2019). It is also present in Baurusuchus 

(Carvalho et al., 2005), as well as some peirosaurians and closely 
associated taxa, i.e., Hamadasuchus rebouli, Antaeusuchus taou
zensis, Barrosasuchus neuquenianus, Miadanasuchus oblita, and 
Mahajangasuchus insignis (Coria et al., 2019; Larsson & Sues, 
2007; Nicholl et al., 2021; Rasmusson Simons & Buckley, 2009; 
Turner & Buckley, 2008).

Eremosuchus has a distinct, prominent, ventrolaterally protrud
ing ridge that runs anteroposteriorly along the dentary, extending 
posteriorly from the level of the 6th alveolus. A ridge in this 
location is otherwise restricted to Bretesuchus (Gasparini et al., 
1993), Lorosuchus (Pol & Powell, 2011), the ‘Lumbrera form’ 
(Pol & Powell, 2011), Sahitisuchus (Kellner et al., 2014), Sebecus 
icaeorhinus (Colbert et al., 1946), Sebecus huilensis (Langston, 
1965), and the unpublished Lumbrera Form; however, in all of 
these taxa it is a much more subtle feature, lacking the prominence 
that characterizes Eremosuchus. A similar ridge is present on the 
dentary of Dentaneosuchus (MHNT.PAL.2011.20.1), but in a more 
dorsal position. This region is gently convex in the sebecosuchians 
Bergisuchus, Doratodon, and the specimen from Fayum (Fig. 21) 
(Company et al., 2005; Ortega et al., 1996; Rabi & Sebők, 2015; 
Rossmann et al., 2000; Stefanic et al., 2019), but there is no distinct 
ridge in any of these taxa, nor in any baurusuchians or peirosaur
ians. This feature has not previously been recognized as a common 
feature of sebecids.

The ziphodont dentition of Eremosuchus, characterized by 
highly labiolingually compressed, serrated posterior teeth, has 
long been considered characteristic of sebecids (Pol et al., 
2014), although serrated, compressed teeth are common across 
multiple archosaurian lineages (Andrade et al., 2010; Farlow 
et al., 1991; Hungerbühler, 2000; Langston, 1965). Despite 
many teeth being missing from both dentaries of Eremosuchus, 
the compression of the alveoli provides a proxy for tooth com
pression. The degree of labiolingual compression of the pre
served teeth of Eremosuchus is similar to that of Bergisuchus 
(Rossmann et al., 2000) and probably the ‘Fayum form’ (Stefanic 
et al., 2019), but it is not as extreme as the condition in Dorato
don (Company et al., 2005; Rabi & Sebők, 2015). The teeth of 
Dentaneousuchus (Martin et al., 2023; Ortega et al., 1996) are 
less labiolingually compressed, being closer in constriction to 
those of Baurusuchus pachecoi.

As with almost all sebecids, as well as most baurusuchians and 
peirosaurids (Turner & Calvo, 2005), the posterior teeth of Ere
mosuchus have denticulate carinae, formed by relatively homo
geneous, symmetric denticles that have a sharp cutting edge. 
Pehuenchesuchus is the only member of one of these clades 
with preserved teeth that greatly differ from this morphology, 
with no denticles being present (Turner & Calvo, 2005). Lorosu
chus also lacks denticles (Pol & Powell, 2011), but this could be 
the result of poor preservation. Although the teeth of Doratodon 
ibericus do possess denticles, they are not homogeneous, differ
ing along the length of the carinae (Company et al., 2005). As 
is common amongst sebecids and baurusuchians (Buckley 
et al., 2000; Ortega et al., 1996), the teeth of Eremosuchus are 
constricted at the base of the crown.

In the Eremosuchus holotype, all of the dentary alveoli are 
separated by distinct, but relatively narrow, bony septa; this 
differs slightly in the referred specimen, in which the 6th and 
7th alveoli are confluent (Fig. 20). Narrow septa between all of 
the dentary teeth characterize several other sebecids, including 
Dentaneosuchus (Martin et al., 2023), Doratodon (Company 
et al., 2005; Rabi & Sebők 2015). Although septa are also 
present in Baurusuchus and Sebecus (Carvalho et al., 2005; 
Colbert et al., 1946), the teeth are much more broadly separated 
in these taxa, with each septum almost equidimensional to a full 
tooth. Contrasting with most other peirosaurians in which the 
posterior dentary teeth occupy a single groove, the posterior 
teeth of Kinesuchus and Patagosuchus are also implanted in 
singular alveoli that are divided by septa (Filippi et al., 2018; 
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Lio et al., 2016). The presence of a diastema between the 7th and 
8th dentary alveoli in the referred specimen of Eremosuchus is 
shared with Doratodon ibericus (Rabi & Sebők, 2015) and the 
‘Fayum form’ (Fig. 20) (Stefanic et al., 2019). A diastema is 
absent in other sebecid taxa, including Doratodon carcharidens, 
Bergisuchus, and Sebecus ayrampu, as well as in the sebecosu
chians Pehuenchesuchus and Baurusuchus pachecoi (Bravo 
et al., 2021; Carvalho et al., 2005; Rabi & Sebők, 2015; Rossmann 
et al., 2000; Turner & Calvo, 2005). A diastema in this position is 
absent from any peirosaurians.

The tooth row of Eremosuchus is sinusoidal, as is common 
amongst sebecids, baurusuchians, and peirosaurians, although 
this morphology varies between taxa. In Eremosuchus, the pos
terior-most concave curvature of the tooth row is fairly promi
nent, though this is not as curved as in several baurusuchid 
taxa, in which the maximum medial curvature is equivalent to 
at least the width of one adjacent alveolus (Carvalho et al., 
2011; Company et al., 2005; Darlim et al., 2021; Godoy et al., 
2014). The tooth row is much straighter in Bergisuchus (Ross
mann et al., 2000) and Dentaneosuchus. In this regard, Eremosu
chus most closely resembles the condition in Doratodon 
(Company et al., 2005; Rabi & Sebők, 2015).

The tooth row in Eremosuchus extends far posteriorly along 
the dentary. A similar morphology also characterizes the Euro
pean notosuchians Doratodon, Bergisuchus, and Dentaneosuchus 
(Fig. 20) (Company et al., 2005; Martin et al., 2023; Ortega et al., 
1996; Rossmann et al., 2000), as well as Pehuenchesuchus, 
Sebecus icaeorhinus, Sahitisuchus, the ‘Lumbrera form,’ and 
most peirosaurians (e.g., Montealtosuchus and Antaeusuchus) 
(Carvalho et al., 2007; Colbert et al., 1946; Nicholl et al., 2021; 
Turner & Calvo, 2005). By contrast, in many baurusuchids 
(e.g., Baurusuchus, Campinasuchus, Pissarrachampsa, Gondwa
nasuchus, Aplestosuchus, and Aphaurosuchus escharafacies), 
the tooth row is relatively short in comparison to the entire 
length of the dentary, the former often forming close to or less 
than half of the latter’s anteroposterior length (Carvalho et al., 
2011; Company et al., 2005; Darlim et al., 2021; Godoy et al., 
2014, 2016; Marinho et al., 2013; Montefeltro et al., 2011; Nasci
mento & Zaher, 2010; Price, 1945; Riff & Kellner, 2011).

Eremosuchus most likely has 12 dentary alveoli, which is prob
ably the number in Bergisuchus too (Rossmann et al., 2000). Dor
atodon ibericus (Company et al., 2005) and Doratodon 
carcharidens (Rabi & Sebők, 2015) have 11 and 13 dentary 
alveoli, respectively. Sebecus ayrampu has a notably higher 
number (15) of dentary alveoli (Bravo et al., 2021). No other 
sebecids preserve a complete dentary or have a visible tooth 
row with which to assess the tooth count. With the exception 
of peirosaurians (e.g., Montealtosuchus, Antaeusuchus, Gaspari
nisuchus, Kinesuchus, and Pepesuchus [all with 18 alveoli]) (Car
valho et al., 2007; Filippi et al., 2018; Geroto & Bertini, 2019; 
Martinelli et al., 2012; Nicholl et al., 2021), Stolokrosuchus (at 
least 30 alveoli) (Larsson & Gado, 2000), and Pehuenchesuchus, 
which bears 16 dentary alveoli (Turner & Calvo, 2005), the 
number of dentary alveoli present in Eremosuchus is relatively 
high compared with many other notosuchians, with only nine 
alveoli likely to be present in Lorosuchus (Pol & Powell, 2011), 
and 10 in Campinasuchus (Carvalho et al., 2011), Baurusuchus 
salgadoensis, and Baurusuchus pachecoi (Price 1945; Carvalho 
et al., 2005).

The dentary of Eremosuchus elkoholicus maintains its dorso
ventral height posterior to the 4th dentary alveolus, which 
differs from Bergisuchus (Rossmann et al., 2000), Doratodon 
(Company et al., 2005; Rabi & Sebők, 2015), Sebecus icaeorhinus 
(Colbert et al., 1946; Pol et al., 2012), and Sahitisuchus (Kellner 
et al., 2014), in which the same region is dorsoventrally con
stricted. The morphology of Eremosuchus more closely 
resembles that present in Dentaneousuchus, Pehuenchesuchus 
(Turner & Calvo, 2005), the baurusuchians Gondwanasuchus 

(Marinho et al., 2013), Campinasuchus (Carvalho et al., 2011), 
B. salgadoensis (Carvalho et al., 2005), B. pachecoi (Price, 
1945), Aphaurosuchus (Darlim et al., 2021), and most peirosaur
ians (e.g., Antaeusuchus, Barrosasuchus, and Montealtosuchus 
[Carvalho et al., 2007; Coria et al., 2019; Nicholl et al., 2021]).

Mandibular Fragment

The retroarticular process preserves a gently posterolaterally 
directed (approximately 15–20° from the sagittal plane) crest 
that separates its medial and lateral flanges. This is closest in mor
phology to Sebecus icaeorhinus and Lorosuchus, as well as the 
peirosaurid Montealtosuchus, in which the crests are directed at 
approximately 20° and 25° from the sagittal axis, respectively 
(Carvalho et al., 2007; Colbert et al., 1946; Pol & Powell, 2011). 
Conversely, in baurusuchids, the crest is strongly deflected pos
terolaterally at an angle greater than 45° from the anteroposter
ior midline, e.g., Baurusuchus pachecoi, Baurusuchus 
salgadoensis, Aphaurosuchus escharafacies, and Campinasuchus 
(Carvalho et al., 2005, 2011; Darlim et al., 2021; Price, 1945). 
The glenoid facet of Eremosuchus is mediolaterally wider than 
it is anteroposteriorly long, which also characterizes Sebecus 
icaeorhinus, Baurusuchus, Campinasuchus, and Lorosuchus 
(Carvalho et al., 2005, 2011; Colbert et al., 1946; Nascimento & 
Zaher, 2010; Pol & Powell, 2011; Price, 1945), as well as the peir
osaurians Uberabasuchus, Montealtosuchus, and Barrosasuchus 
(Carvalho et al., 2004; 2007; Coria et al., 2019). In Eremosuchus, 
the lateral retroarticular flange is similar in anteroposterior 
length to the mediolateral width of the glenoid facet. This is com
parable to the majority of sebecids and peirosaurians that pre
serve the relevant region, including Sebecus icaeorhinus, 
Lorosuchus, Sahitisuchus, Montealtosuchus, Lomasuchus, Ubera
basuchus, and Barrosasuchus (Carvalho et al., 2004, 2007; Coria 
et al., 2019; Gasparini et al., 1991; Kellner et al., 2014; Pol & 
Powell, 2011). This contrasts with the morphology in baurusu
chians such as Aphaurosuchus escharafacies, Baurusuchus salga
doensis, and Campinasuchus, in which the length of the lateral 
flange is shorter than the mediolateral width of the glenoid 
facet (Carvalho et al., 2005, 2011; Darlim et al., 2021). In Eremo
suchus, the medial flange is relatively limited in its medial expan
sion, lacking the large pendant flange present in baurusuchids 
(Darlim et al., 2021; Nascimento & Zaher, 2010; Price, 1945).

The substantial participation of the surangular in the glenoid 
facet is similar to the morphology of Sebecus icaeorhinus, the 
‘Lumbrera specimen,’ Sahitisuchus, and Lorosuchus (Bravo 
et al., 2021; Kellner et al., 2014; CSCN based on obs. of photo
graphs), as well as in peirosaurids (e.g., Carvalho et al., 2004; 
Coria et al., 2019; Larsson & Sues, 2007; Martinelli et al., 2012; 
Nicholl et al., 2021). This contrasts with baurusuchids (e.g., Stra
tiotosuchus, Baurusuchus pachecoi, Baurusuchus salgadoensis, 
Aphaurosuchus escharafacies, and Campinasuchus), in which 
the surangular is restricted to the lateral wall of the fossa (Car
valho et al., 2005, 2011; Darlim et al., 2021; Price, 1945; Riff & 
Kellner, 2011). As is the case in all notosuchians that preserve 
this element, and in contrast to the plesiomorphic crocodyliform 
condition (Pol et al., 2014), the medial flange of the retroarticular 
process is strongly inclined, such that its primary plane faces 
almost medially.

Vertebrae

All of the vertebrae assigned by Buffetaut (1989) to Eremosu
chus elkoholicus are posited to originate from either the thoracic 
region or an anterior position in the caudal vertebral series; thus, 
comparisons are made exclusively to vertebrae from these 
regions. The centra from both regions of the vertebral column 
are amphicoelous, which characterizes almost all notosuchians 
known to preserve these elements (Pol et al., 2012). Though 
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Georgi & Krause (2010) described a weakly opisthocoelous ante
riormost caudal centrum of Simosuchus clarki, this condition is 
absent from other members of the clade. As in all members of 
Notosuchia (Pol, 2005), the vertebral centra are slightly medio
laterally compressed at their anteroposterior midpoint.

As no further descriptions of the dorsal vertebrae are avail
able, and both elements are currently missing, comparisons 
herein are limited to the preserved and photographed caudal 
centra suggested to be from the anterior region of the series. 
As in Sebecus huilensis and several baurusuchids (e.g., Baurusu
chus albertoi, Baurusuchus salgadoensis, Aphaurosuchus eschar
afacies, and Campinasuchus) (Cotts et al., 2017; Nascimento & 
Zaher, 2010), the neural arch pedicles of UO-KA-407 extend 
along approximately three quarters of the anteroposterior 
length of the centrum, with slight anterior bias. The vertebral 
centra are more anteroposteriorly expanded in Eremosuchus 
(dorsoventral height to anteroposterior length ratio of 0.6 in 
both UO-KA-407 and UO-KA-408) compared with vertebrae 
from the anterior caudal series of baurusuchids, including Cam
pinasuchus, Baurusuchus salgadoensis, and Baurusuchus albertoi, 
which have a ratio of 0.8–0.9 (Cotts et al., 2017; Darlim et al., 
2021; Nascimento & Zaher, 2010; Vasconcellos & Carvalho, 
2010). The ridges leading to the hemapophyses in UO-KA-407 
protrude ventrally to a similar level as those exposed in the 
anterior caudal vertebrae of some baurusuchids, Baurusuchus 
salgadoensis (Vasconcellos & Carvalho, 2010), Baurusuchus 
albertoi (Nascimento & Zaher 2010), and Campinasuchus 
(Cotts et al., 2017). This contrasts with other taxa, including 
Notosuchus terrestris, Uruguaysuchus aznarezi, Araripesuchus 
gomesii, Caipirasuchus montealtensis, and Mahajangasuchus 
insignis (Buckley & Brochu, 1999; Iori et al., 2016; Pol, 2005; 
Price, 1959), in which the hemapophyses and associated ridges 
are less protruded.

Fibula

The weak posterior projection of the proximal head of the 
fibula of Eremosuchus is in stark contrast to that of Baurusuchus 
albertoi (Nascimento & Zaher, 2010), Stratiotosuchus (Riff, 
2007), and Pissarrachampsa (Godoy et al., 2016), in which a 
large, mediolaterally compressed wing projects strongly postero
medially. Although not as posteriorly well-developed, this pro
jection in Eremosuchus has the condition characteristic of 
baurusuchids, in which the proximal head is slightly curved 
(Godoy et al., 2016). Of all other sebecids (Iberosuchus) and 
baurusuchids (Baurusuchus albertoi, Baurusuchus salgadoensis, 
Campinasuchus, Stratiotosuchus, Pissarrachampsa) that preserve 
fibulae, none have as substantial posterior bowing of the shaft 
distal to the attachment of M. iliofibularis as Eremosuchus 
(Cotts et al., 2017; Godoy et al., 2016; Nascimento & Zaher, 
2010; Riff & Kellner, 2011; CSCN pers. obs.). The fibula crest 
for the insertion of the M. iliofibularis extends greater than 
25% of the distance along the fibular shaft in Eremosuchus. By 
contrast, this crest is proximodistally shorter in all other sebecids 
and baurusuchids in which the fibula is preserved (Carvalho 
et al., 2005; Cotts et al., 2017; Godoy et al., 2016; Nascimento 
& Zaher, 2010; Riff & Kellner, 2011). Nonetheless, these taxa 
all share the general morphology of a fibula which gradually 
decreases in anteroposterior width along most of its total 
length, expanding again only towards the distal-most end.

Osteoderms

The presence of postcranial osteoderms is plesiomorphic for 
crocodyliforms (Godoy et al., 2016; Scheyer & Desojo, 2011), 
with this ancestral condition occurring in most internal nodes 
of this clade. Two sebecid lineages with well-preserved postcrania 
are found to lack osteoderms, the sebecid Sebecus icaeorhinus, 

and the baurusuchid Pissarrachampsa. Though there are sugges
tions that this absence is more widespread amongst sebecids 
given a lack of associated dermal armor in all taxa bar Dentaneo
suchus, it is important to consider that many sebecid remains are 
highly fragmentary, particularly with regards to postcranial 
material, and therefore a true absence of osteoderms, as 
opposed to a taphonomic signature, is often not possible to ascer
tain in these instances (though see Godoy et al., 2016). Because 
the osteoderms found at site KD are isolated, they cannot be 
accurately positioned within the dorsal armor, and therefore 
general comparisons are made with respect to the individual 
shape and ornamentation of each element.

In Eremosuchus, the most well preserved osteoderms are 
approximately quadrangular, albeit with highly rounded 
corners. This resembles the morphology present in Dentaneosu
chus and Iberosuchus, the peirosaurids Montealtosuchus, Ubera
basuchus, Patagosuchus, and Barrosasuchus (Coria et al., 2019; 
Lio et al., 2016; CSCN based on obs. of photographs), baurusu
chids, e.g., Baurusuchus albertoi, Baurusuchus pachecoi, and 
Aplestosuchus (Darlim et al., 2021; Godoy et al., 2014; Martin 
et al., 2023; Nascimento & Zaher, 2010), and the indeterminate 
sebecosuchian described from the middle Eocene of France by 
Martin (2014), contrasting with the more angular morphology 
which characterizes uruguaysuchids, e.g., Araripesuchus and 
Anatosuchus (Price, 1959; Sereno & Larsson, 2009).

Of the almost complete osteoderms associated with Eremosu
chus, the mediolateral width to anteroposterior length ratios 
form values between 0.88–1.27. The ratios are generally lower 
in other taxa; in Dentaneosuchus and Iberosuchus, the values 
for preserved osteoderms range between 0.64–0.88 and 0.33– 
0.92, respectively. Amongst baurusuchids, values are recovered 
between 0.39–0.99, i.e., in Baurusuchus pachecoi, Aplestosuchus, 
and Campinasuchus; however, in the peirosaurid Patagosuchus, 
the width to length ratio of the only preserved dorsal osteoderm 
is 1.77 (Lio et al., 2016). The sebecosuchian osteoderms from the 
middle Eocene of France described by Martin (2014) have values 
between 0.35–0.57. Of those taxa that preserve in situ osteo
derms, the mediolaterally widest elements are positioned 
towards the anterior region of the tail; however, regardless of 
their positioning, the broadest osteoderm associated with Ere
mosuchus is significantly mediolaterally wider than those pre
served in this region in sebecids and baurusuchids.

In both Eremosuchus and Dentaneosuchus, the lateral margins 
of the osteoderms are bevelled, indicating the possible articula
tion of dermal armor in these taxa. However, Godoy et al. 
(2014) and Montefeltro (2019) described how the parasagittal 
osteoderms are either slightly imbricating or are completely sep
arated amongst baurusuchids (e.g. Baurusuchus and Aplestosu
chus), potentially representing an intermediate condition 
towards their complete loss.

A prominent sagittal crest extends anteroposteriorly along the 
osteoderms associated with Eremosuchus, essentially reaching 
from the anterior to posterior margins of the shield. Amongst 
sebecids and closely allied taxa, a dorsal crest is present in both 
osteoderm morphotypes of Dentaneosuchus as well as in Iberosu
chus. Both Dentaneosuchus and Iberosuchus display a similar 
morphology in one osteoderm morphotype; however, both taxa 
also possess osteoderms in which the sagittal crests are more 
anteroposteriorly restricted than in Eremosuchus, such that 
they resemble a spine at the approximate anteroposterior mid
point of the osteoderm.

In the osteoderms of Eremosuchus, the sagittal crest is rela
tively dorsally reduced, and its dorsoventral expansion remains 
approximately equal to the height of the main osteoderm body. 
This contrasts with the morphology of the preserved osteoderms 
assigned to Iberosuchus macrodon and Dentaneosuchus crassi
proratus, which preserve an extreme dorsal projection of the 
medial crest (Antunes, 1975; Martin et al., 2022). The osteoderm 
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morphology of baurusuchians (Baurusuchus pachecoi, Baurusu
chus salgadoensis, Aplestosuchus, Aphaurosuchus escharafacies 
and Campinasuchus) and peirosaurids (Montealtosuchus, Ubera
basuchus, and Barrosasuchus) more closely resembles that of 
Eremosuchus, in which the crest remains low (Araújo-Júnior & 
Marinho, 2013; Cotts et al., 2017; Godoy et al., 2014; Nascimento 
& Zaher, 2010; Vasconcellos & Carvalho, 2005). In Iberosuchus, 
several osteoderms also preserve a pronounced, mediolaterally 
orientated ridge, crosscutting, and perpendicular to the sagittal 
ridge; however, a similar morphology is absent in Eremosuchus 
and other sebecids and baurusuchids. By contrast, the single pre
served osteoderm of the peirosaurid Patagosuchus lacks any 
dorsal keel (Lio et al., 2016).

Martin et al. (2022) discussed how the ornamentation on the 
surface of the osteoderms of Dentaneosuchus most closely 
resembles that of the skull bones of this taxon, a pattern which 
can be seen across other notosuchian lineages, such as Baurusu
chia (e.g., Aplestosuchus and Baurusuchus), Uruguaysuchidae 
(e.g., Araripesuchus and Anatosuchus), Peirosauridae (e.g. Mon
tealtosuchus and Uberabasuchus), and Sphagesauria (e.g., Mari
liasuchus amarali). Of those osteoderms from the El Kohol 
locality, two distinct patterns of ornamentation can be recognized 
(Fig. 17F, G). One morphotype comprises a series of narrow, 
undulating grooves radiating from the anteroposterior midline. 
This morphology most closely resembles that in baurusuchians 
preserving these elements, e.g., Baurusuchus, Campinasuchus, 
Aplestosuchus, Aphaurosuchus escharafacies, and Pissarra
champsa (Araújo-Júnior & Marinho, 2013; Cotts et al., 2017; 
Godoy et al., 2014, 2016; Nascimento & Zaher, 2010; Vasconcel
los & Carvalho, 2005). The second is characterized by a smoother 
ornamentation, marked with small, regularly spaced pits; 
amongst sebecids, this morphology is otherwise only present in 
Dentaneosuchus (Martin et al., 2022).

DISCUSSION

Do the El Kohol Dentaries Represent an Ontogenetic Series or 
Evidence for Sympatric Species?

Given their spatiotemporal proximity, as well as their high 
morphological similarity, it could be postulated that the holotype 
dentary of Eremosuchus elkoholicus (UO-KB-310) and the 
smaller dentary represent individuals of an ontogenetic series 
of a single species. Nevertheless, several anatomical differences 
are present between the two specimens. Here, the competing 
hypotheses that they either represent a single ontogenetic 
series or two distinct sympatric species are discussed.

Assessing the ontogenetic stage of fossil crocodylomorphs, 
especially based on the mandible, is difficult. Ontogenetic 
studies of Crocodylomorpha are relatively uncommon, and are 
usually focused on extant taxa (e.g., Erickson et al., 2003; 
Gignac & O’Brien, 2016; Morris et al., 2022; Schwab et al., 
2022; Vieira et al., 2018). Moreover, it is debatable as to 
whether taxa outside of Notosuchia are necessarily a good 
proxy for evaluating ontogenetic changes within the clade.

With regard to notosuchians, the majority of taxa are known 
only from a single individual, and most of these represent 
adults or at least sub-adults. In most instances in which the 
species is represented by a specimen that potentially displays 
juvenile features, there is no known adult specimen (Geroto & 
Bertini, 2012; Godoy et al., 2016; Marinho et al., 2013; Martinelli 
et al., 2018; Martins dos Santos et al., 2024, 2021). Well-demon
strated ontogenetic series are therefore relatively rare amongst 
Notosuchia, with only a small number of species represented 
by well-preserved remains: Mariliasuchus amarali, Notosuchus 
terrestris, Anatosuchus minor, Baurusuchus spp., Campinasuchus 
dinizi, Caipirasuchus catanduvensis, and Pissarrachampsa sera 
(Andrade & Bertini, 2008; Carvalho et al., 2011; Godoy et al., 

2016; Iori et al., 2024; Martins dos Santos et al., 2021; Sereno & 
Larsson, 2009; Vasconcellos & Carvalho, 2005, 2006; Zaher 
et al., 2006). Of these, only one of these species preserves an 
ontogenetic series for the mandible. Vasconcellos & Carvalho 
(2005) discussed differences occurring in the mandible through 
ontogeny in Mariliasuchus amarali. However, none of these fea
tures can be assessed in the El Kohol specimens, given that they 
relate to the position of the mandibular fenestra and the relative 
elongation of the mandibular symphysis, neither of which are 
suitably preserved in the holotype or immature specimen. More
over, it is unclear whether either specimen had a mandibular 
fenestra.

Pochat-Cottilloux, Perrier et al. (2023) noted a number of 
ontogenetic changes in the mandible of extant crocodylians. Of 
these, several can be assessed in both the holotype of Eremosu
chus, as well as the smaller specimen. Pochat-Cottilloux, 
Perrier et al. (2023) stated that the number of teeth involved in 
the dentary and mandibular symphyses of extant crocodylians 
rarely varies throughout ontogeny, despite occasional changes 
in the number of premaxillary teeth (Brown et al., 2015). At 
least the former of these conditions is true for the dentaries 
from El Kohol were they to represent an ontogenetic series, 
with the symphysis equivalent to the length of five alveoli in 
both specimens. Pochat-Cottilloux, Perrier et al. (2023) also com
mented that it is unusual for changes in lateral constriction of the 
dentary between the level of the 6th to 10th dentary alveoli to 
vary with ontogeny; in both El Kohol specimens, there is 
minimal variation in these morphologies. One difference 
between the El Kohol specimens pertains to the estimated 
degree of divergence of the mandibular rami, with an approxi
mately 10° difference. Nevertheless, this degree of variation fits 
within the level of ontogenetic variation in extant crocodylians 
(Pochat-Cottilloux, Perrier et al., 2023).

A ventrolateral ridge runs anteroposteriorly along the dentary 
of both El Kohol specimens. This ridge is present in just a few 
notosuchian taxa (see comparisons), in which it is relatively 
weakly developed, as is also the case in the smaller El Kohol 
specimen, and not as prominent as in the Eremosuchus holotype. 
One interpretation is that a low ridge unites the smaller dentary 
with those other notosuchian taxa, distinguishing it from Eremo
suchus. Alternatively, the increasing prominence of the antero
posterior ridge in the holotype compared with the smaller 
individual could instead be interpreted as evidence for the El 
Kohol specimens representing an ontogenetic series, with parts 
of the skull becoming progressively more ornamented in other 
crocodylomorphs through ontogeny (Martins dos Santos et al., 
2024).

Based on measurements of the alveoli, the anteriormost tooth 
in the Eremosuchus holotype appears to be essentially the same 
size as the 4th tooth. Unfortunately, no tooth is preserved in the 
anterior alveolus, and so its exact size cannot be determined. This 
appears to differ from the smaller specimen, as the CT scans 
(Figs. 7, 13, 14) reveal that the 4th tooth of this specimen is sub
stantially larger than the first. However, the anteroposterior 
diameter of the alveolus of the anterior tooth in the smaller 
specimen is only marginally smaller than that of the 4th tooth, 
raising concerns about the use of alveolus size as a suitable 
proxy for tooth size. Although the anteriormost alveolus of the 
Eremosuchus holotype is approximately equal in size to the 4th 
alveolus, it is not possible to ascertain that the tooth is equally 
as large, and therefore one of the largest in the tooth row. We 
therefore suggest that these differences alone do not form a 
reliable basis on which to consider the specimens as pertaining 
to different species.

A notable difference between the two El Kohol specimens is 
variation in alveolar size posterior to the enlarged 4th dentary 
tooth. In the holotype specimen of Eremosuchus, the alveoli 
are approximately the same anteroposterior length along the 
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remainder of the tooth row (Table 2). In the smaller specimen, 
there is some variation in alveolus size posterior to the 4th 
dentary alveolus. Given the propensity of dental morphologies 
to change considerably through ontogeny in multiple archosaur 
groups (Martins dos Santos et al., 2024), including fluctuations 
in the size of the teeth posterior to the 4th alveolus amongst cro
codylomorphs (Pochat-Cottilloux, Perrier et al., 2023), these 
variations in alveolar dimensions between UOK 347 and UO- 
KB-301 are not sufficient to preclude referral of the smaller 
specimen to Eremosuchus. Nonetheless, ontogenetic series 
viewed in extant taxa (e.g., Alligator sinensis, Crocodylus niloti
cus) suggest that it would be unlikely for teeth varying in size 
in immature individuals to converge to be approximately equidi
mensional at maturity. The strength of this observation in deter
mining whether the individuals represent two distinct species, or 
an ontogenetic series, also depends substantially on how accurate 
a proxy alveolar diameter is for tooth size. In this instance, the 
poor preservation in the larger specimen precludes the accep
tance of alveolar diameter as a true representation of tooth 
size; for example, of the two preserved teeth, the anterior and 
posterior crowns have a basal mesiodistal tooth diameter to 
alveolar diameter ratio of 0.78 and 0.95, respectively, indicating 
that the substitution of alveolar diameter for tooth diameter is 
not highly accurate.

Edmund (1962) described how initially sharp-edged, blade- 
like teeth become more bulbous and molariform with increased 
maturity in Alligator mississippiensis. The posterior teeth pre
served in the smaller El Kohol dentary have prominent and 
sharp carinae, with the almost complete ninth tooth converging 
at its apex into a sharp point. This contrasts with the preserved 
posterior tooth of the holotype Eremosuchus specimen, which 
is rounded at its apex, as well as the isolated tooth tentatively 
referred to Eremosuchus. Ontogenetic change in tooth mor
phology is directly associated with the change in feeding mechan
isms in extant crocodylians (Erickson et al., 2003; Gignac & 
Erickson, 2016; Godoy et al., 2016), highlighting the propensity 
of the teeth to evolve with increased maturity in crocodyliforms. 
As such, it is possible to interpret the difference in tooth mor
phology in the two specimens via ontogenetic change.

Although the majority of alveoli in the El Kohol specimens are 
approximately evenly spaced, there is a clear diastema between 
the 7th and 8th alveoli in the small individual that is absent in 
the holotype. Alveolus spacing is considered in a large number 
of crocodylomorph phylogenetic matrices (e.g., Jouve, 2016; Pol 
et al., 2014; Rio & Mannion, 2021), but it is not unusual for 
this feature to show intraspecific variation, and spacing can 
even vary between either side of the same skull (Iordansky, 
1973). The presence of a similar diastema between the 7th and 
8th alveoli in the ‘Fayum form’ and Doratodon ibericus is note
worthy, and is potentially indicative of a feature with genuine 
phylogenetic relevance. Nevertheless, differences in alveolus 
spacing through ontogeny are difficult to assess given that 
changes in alveolus/tooth size with increasing maturity naturally 
leads to alterations in spacing. With this in mind, the difference in 
the morphology of the two El Kohol specimens is not necessarily 
enough to preclude the referral of the small specimen to Eremo
suchus. Furthermore, the use of this feature in determining 
whether the two specimens belong to the same ontogenetic 
series is problematic given the lability of alveoli/teeth throughout 
the tooth row even within the same individual.

In summary, morphological differences between the holotypic 
and smaller dentaries pertain to the dentition, which is highly 
susceptible to ontogenetic changes, as well as being prone to 
intraspecific variation, and even variation within the same indi
vidual. As such, it is herein argued that these features are not 
enough to regard the smaller specimen as a distinct species. Con
sidering the observations and the similarities in morphology, as 
well as the recovery of the specimens from the same stratigraphic 

unit and general locality, the smaller specimen is assigned to Ere
mosuchus elkoholicus as an immature individual of that species.

Can the Tentatively Referred Remains be Assigned to 
Eremosuchus elkoholicus?

Dentition—Compared with the teeth preserved in the Eremo
suchus dentaries, the enamel of the isolated teeth differs predo
minantly in its ornamentation. The fully preserved posterior 
tooth in the holotype specimen lacks any ornamentation on its 
enamel, whereas the newly described posterior teeth (UOK 
345 and 346) possess fine-scale anastomizing apicobasal ridges 
that merge into a globular texture towards their bases. In the 
referred mandible of Eremosuchus, ornamentation of the 
anterior crown is also absent. However, in the isolated canini
form tooth (UOK 344), apicobasal ridges adorn the posterior
most region of the crown. As discussed by Prasad and 
Lapparent de Broin (2002), there can be substantial variation 
in tooth morphology within the same species or even individual. 
Given the absence of any other ziphodont lineages known from 
the El Kohol site, and the broad morphology of all isolated teeth 
being consistent with the morphotypes (e.g., bearing the true 
ziphodont condition) present in Eremosuchus, the teeth are ten
tatively referred to this genus.

Osteoderms—As discussed, fragments of osteoderms from the 
KD site preserving two distinct ornamentations have been recov
ered (Fig. 17F, G). Within those notosuchians preserving an 
almost complete series of dorsal armor, the type of osteoderm 
ornamentation (i.e., grooves, pitting) does not vary within a 
singular taxon. As such, three scenarios are plausible. The first 
of these posits that neither of the two ornamentations of osteo
derm belongs to Eremosuchus. The true extent of osteoderms 
amongst sebecids is unknown; however, they appear to be genu
inely absent in at least one member of this clade, Sebecus icaeor
hinus, which preserves much of the postcrania. None of these El 
Kohol remains were found articulated with any of the holotype 
or referred material. The second possibility describes a condition 
unique to Notosuchia which characterizes Eremosuchus, in which 
two different ornamentations of osteoderms are present within 
one taxon. A final scenario suggests that only one of these mor
phologies is associated with Eremosuchus, and that the osteo
derms represent at least two distinct lineages. Under both the 
first and last scenarios, the El Kohol locality would have a 
greater diversity of crocodyliforms than previously recognized.

Tooth Replacement in Notosuchia

In juvenile individuals of extant crocodylians, such as Alligator 
and Crocodylus, teeth are replaced in a posterior-to-anterior 
pattern, with replacement typically becoming less ordered 
throughout ontogenetic development (Brink & LeBlanc, 2023; 
Edmund, 1960, 1962). In the sphagesaurid Caipirasuchus, the 
replacement pattern in the premaxilla and maxilla seems to 
reflect a posterior-to-anterior pattern, whereas the mandible 
does not follow any distinct replacement pattern (Borsoni & Car
valho, 2024). A similar random arrangement characterizes Ere
mosuchus, in which the most posterior tooth preserved has the 
most advanced growth, whereas the most anterior tooth, shows 
no sign of replacement. The 4th and 9th teeth show similar 
stages of replacement teeth growth, whereas the 6th tooth is 
the least advanced.

Implications for the Phylogenetic Relationships of Sebecidae

Throughout our analyses, Eremosuchus is consistently placed 
within Sebecidae, a family established by Simpson (1937) to 
accommodate the highly distinct Sebecus icaeorhinus from all 
other crocodyliforms. Resolution within Sebecidae has often 
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been poor in previous studies (as well as some of those presented 
herein), and polytomies are not uncommon amongst strict con
sensus trees, particularly regarding Sebecus and closely related 
taxa (e.g., Kellner et al., 2014; Martin et al., 2022; Pol & 
Powell, 2011). The uncertainty in placement of these taxa is 
likely due to the high incompleteness of the remains precluding 
any real clarity on precise interrelationships; this is exemplified 
in the strict consensus tree of Analysis 1 (equal weighting), in 
which two polytomies (3-tomy and 4-tomy) are found within 
Sebecidae (Fig. 18). Of the 12 MPTs recovered from these ana
lyses, Eremosuchus is found to be somewhat labile. In eight 
MPTs, Eremosuchus is closely allied to Ayllusuchus fernandezi 
and Bretesuchus bonapartei, either as the sister taxon to Bretesu
chus, to Ayllusuchus, or to Bretesuchus + Ayllusuchus. In the 
former two configurations, this clade of three taxa is supported 
by two common synapomorphies, although the relevant anatom
ical regions are not preserved in Eremosuchus: (1) the absence of 
an incisive foramen; and (2) the presence of a sagittal torus on 
the maxillary palatal shelves. In two instances, a relatively early 
diverging Eremosuchus forms the sister taxon to a clade includ
ing Ayllusuchus, Bretesuchus, Dentaneosuchus, Iberosuchus, Ber
gisuchus, Razanandrongobe, Ogresuchus, and Barinasuchus, 
supported by one unambiguous synapomorphy: well separated 
4th and 5th mandibular teeth. In a final two topologies, Eremosu
chus is slightly more derived, forming the sister taxon to Denta
neosuchus, Iberosuchus, Bergisuchus, Razanandrongobe, 
Ogresuchus, and Barinasuchus. Within the MPTs, and despite 
the lability of Eremosuchus, a similar internal topology of Sebe
cidae is recovered to that of several other studies (e.g., Bravo 
et al., 2021, 2025; Kellner et al., 2014; Martin et al., 2022), in 
which (1) Ayllusuchus and Bretesuchus and (2) Iberosuchus 
and Bergisuchus are consistently allied. Following the a priori 
removal of Sebecus huilensis and the Lumbrera form, the pres
ence of a distinct “Sebecus” clade as recovered in these existing 
studies is not obtained.

Species-level resolution of Sebecidae is also relatively poor 
using extended implied weighting (Fig. 19). In Analysis 2, Ere
mosuchus is frequently recovered with close association to two 
South American forms: Sebecus icaeorhinus and Zulmasuchus, 
forming a clade with these two taxa in over half of the MPTs, 
either as the sister taxon to both species, in a deeply nested 
clade with Sebecus icaeorhinus, or allied to Zulmasuchus as the 
most derived sebecid clade. The majority of the remaining 
MPTs find an earlier diverging Eremosuchus which forms the 
sister taxon to a clade containing Zulmasuchus, Sebecus, Ogresu
chus, Ayllusuchus, and Bretesuchus, which together are sup
ported by a single common synapomorphy: an elongate ridge 
running along the ventrolateral surface of the dentary. In 3 
MPTs, Eremosuchus forms the sister taxon to Ogresuchus and 
Ayllusuchus + Bretesuchus as the most derived clade in Sebeci
dae. This highly nested position of Eremosuchus amongst sebe
cids in the vast majority of the MPTs is in contrast to previous 
analyses such as Bravo et al. (2025), as despite the El Kohol 
taxon being found in close association to Sebecosuchia, it has 
yet to be consistently recovered within Sebecidae.

In Analysis 3, Eremosuchus is also found to be deeply nested in 
Sebecidae either: (1) in a clade with Ayllusuchus and Bretesu
chus, supported by palatal parts of the premaxillae that meet pos
teriorly along contact with maxillae, the absence of an incisive 
foramen, and the presence of a sagittal torus on the palatal maxil
lary shelves; (2) in a group with Ogresuchus and Sebecus icaeor
hinus, supported by a small ventrally opened notch on ventral 
edge of rostrum at premaxilla-maxilla contact and approximately 
parallel lateral margins of the posterior half of palatines between 
suborbital fenestrae; or (3) as the sister taxon to a clade contain
ing all four of these taxa, supported by an elongate ridge running 
along the ventrolateral surface of the dentary. In all MPTs, these 
clades form the most derived group within Sebecidae, whereas 

Barinasuchus occupies a position as their combined sister 
taxon. Several European species (Bergisuchus, Dentaneosuchus, 
and Iberosuchus) form successive sister taxa to these traditional 
sebecids, with Dentaneosuchus consistently finding close associ
ation to Bergisuchus, contrasting the latter’s common relation
ship with Iberosuchus in the majority of previous analyses (e.g., 
Bravo et al., 2021, 2025; Kellner et al., 2014; Martin et al., 2022).

As noted above, Sebecidae is found to occupy multiple pos
itions within the notosuchian tree, evidenced here in the compet
ing topologies recovered in Analysis 1 versus Analyses 2 and 3 
(Figs. 18, 19). Under equal weighting, Sebecidae and closely 
related taxa (i.e., Sebecoidea) are recovered as the sister group 
to all other notosuchians, with members of the clade optimized 
as sharing several derived features common to all MPTs. These 
are: a deep and anteriorly convex mandibular symphysis in 
lateral view; seven maxillary teeth; a deep, well-defined longi
tudinal groove on the lateral surface of the anterior region of sur
angular and posterior region of dentary; a lateral concavity of the 
dentary adjacent to the 7th tooth; dorsal edge of the dentary with 
a single dorsal expansion and concave posterior region; strongly 
concave and narrow, trough shaped dorsal surface of the mandib
ular symphysis; and evaginated maxillary alveolar edges present 
as a continuous sheet. Sebecidae is supported by a single 
common synapomorphy: the external surface of the maxilla 
with a single plane facing laterally.

The position of Sebecidae and closely allied taxa near the ‘base’ 
of Notosuchia, as sister taxon to all other notosuchians, is a rela
tively unique tree topology (though see Martins dos Santos 
et al., 2024); most previous analyses have recovered sebecids in 
a sister relationship either with baurusuchians (=Sebecosuchia), 
or with peirosaurids and closely allied taxa (=Sebecia). In this 
context, the placement of Sebecidae outside of Sebecosuchia is 
also relatively unusual given that only in Pinheiro et al. (2018, 
2021) has the monophyly of Sebecosuchia been broken up in an 
analysis based on an iteration of the Pol et al. (2012) data matrix.

Previous alternative placements of Sebecidae, either within 
Sebecia or Sebecosuchia, have perhaps been unsurprising given 
the high number of derived traits sebecids share with both baur
usuchids and peirosaurids. In either tree topology, these charac
ters are considered to be convergences of each lineage due to 
some of the similar characteristics exhibited by members of all 
three clades (Fig. 18). However, our equal weighted analysis 
fails to recover a sister relationship of Sebecidae with either baur
usuchians or peirosaurians. Under this topology, several traits 
would have to have independently evolved in each lineage, 
including: dentary with a lateral concavity for an enlarged maxil
lary tooth adjacent to the 7th alveolus (Character 165); and a 
large concave surface of the perinarial fossa facing anteriorly, 
projecting anteroventrally from the external nares opening 
toward the alveolar margin (Character 233) (Fig. 18).

In both analyses using extended implied weighting (EIW), we 
recover a monophyletic Sebecosuchia that is well-nested within 
Notosuchia, consistent with the results of Pol et al. (2012) and 
subsequent iterations of this data matrix (e.g., Fiorelli et al., 
2016; Leardi et al., 2015; Martin et al., 2022; Martinelli et al., 
2018; Nicholl et al., 2021; Pol et al., 2014). This group has a 
very similar taxonomic content and almost identical topology 
when examined under alternative k-values (3 and 8), and in 
both analyses is supported by two unambiguous common syna
pomorphies: anterior dentary teeth opposite the premaxilla- 
maxilla contact that are more than twice the length of other 
dentary teeth; and a large and slot-like intermandibularis 
oralis, with an anteroposterior length approximately or more 
than 50% of the depth of the splenial.

As discussed, several authors have previously supported a 
sebecosuchian placement of Eremosuchus (Bravo et al., 2025; 
Montefeltro, 2013; Ortega et al., 1996; Turner & Calvo, 2005). 
Whereas Montefeltro et al. (2013) and Ortega et al. (1996) 
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found closer affinities of the dentary to baurusuchids, its place
ment is unclear in Turner and Calvo (2005), in which Eremosu
chus forms part of a sebecosuchian polytomy, as well as in 
Bravo et al. (2025) in which it is highly labile. Eremosuchus is 
not recovered within Baurusuchidae, nor as a close relative 
(i.e., Baurusuchia), in any of our analyses. Although Eremosu
chus does possess several morphological features common 
amongst sebecosuchians, there are no traits that it shares exclu
sively with baurusuchids (i.e., that are not also shared with 
several sebecids). In contrast, several features common to 
either all sebecids, or some sebecid lineages, are present in Ere
mosuchus that are completely absent in baurusuchians such as 
a ridge along the ventrolateral edge of the dentary and posterior 
teeth that are constricted at their base. If the posterior mandibu
lar fragment tentatively assigned to Eremosuchus does belong to 
this taxon, these traits also include a surangular that forms 
approximately one-third of the mediolateral width of the 
glenoid fossa, and a lateral flange of the retroarticular process 
that is equal to or greater in anteroposterior length than the med
iolateral width of the glenoid facet.

For a long time, ‘true’ sebecids were thought to be restricted to 
South America (Pol et al., 2012; Pol & Powell, 2011); however, 
recent discoveries have challenged this assumption (Martin 
et al., 2022; Sellés et al., 2020). The European Eocene taxa Ber
gisuchus, Dentaneosuchus, and Iberosuchus, are consistently 
recovered as successive sister taxa to the ‘classical’ sebecids in 
all of the MPTs of our EIW analyses. Their precise inclusion 
within, or just outside the clade, is unknown due to the migration 
of Sahitisuchus throughout the tree, and its inclusion as a clade 
specifier in the definition of Sebecidae by Leardi et al. (2024). 
Under the varying placement of Sebecidae in Analysis 1 (equal 
weighting), Bergisuchus, Dentaneosuchus, and Iberosuchus are 
found to be deeply nested amongst sebecids.

Using all weighting schemes, the European taxon Ogresuchus 
is also found in a relatively derived position and is commonly 
nested amongst South American taxa from the Cenozoic in 
those analyses using EIW. For example, in the analysis using a 
k-value of 8, Ogresuchus forms one branch of a polytomy with 
Bretesuchus, Sebecus icaeorhinus, Ayllusuchus, and Eremosu
chus. Using a k-value of 3, the equivalent clade also contains Zul
masuchus. The placement of European taxa amongst highly 
derived South American taxa is not an uncommon result (e.g., 
Montefeltro, 2013; Pinheiro et al., 2018; Sellés et al., 2020). As 
discussed by Selles et al. (2020), either the suite of characters 
defining these clades was already present in early sebecids, 
remaining unchanged in both lineages, or these features are a 
result of convergent evolution.

Survival of a Second Notosuchian Lineage Across the K–Pg 
Mass Extinction?

Under the definition provided in Leardi et al. (2024), Sebeci
dae is defined as the least inclusive clade that contains Sebecus 
icaeorhinus Simpson 1937, Bretesuchus bonapartei Gasparini 
et al. 1993, Barinasuchus arveloi Paolillo and Linares 2007, and 
Sahitisuchus Kellner et al. 2014. However, both of our EIW ana
lyses recover Sahitisuchus within Peirosauridae. In Analysis 2, 
Sahitisuchus forms the sister taxon to Lorosuchus, a clade sup
ported by six common synapomorphies: (1) a relatively antero
posteriorly elongate mandibular symphysis; (2) the presence of 
a ridge along the ventrolateral edge of the dentary; (3) an 
enlarged foramen intermandibularis; (4) mediolaterally 
elongated pterygoid flanges with an anteroposteriorly short 
lateral end; (5) evaginated maxillary alveolar edges present as 
a continuous sheet; and (6) a strongly convex, paddle-shaped 
medial flange of the retroarticular process. The shift in phyloge
netic position of Lorosuchus is not so surprising, with Pol and 
Powell (2011) reporting a highly autapomorphic cranial 

anatomy strongly differing from that of sebecids (though note 
that the specimen seems heavily compressed dorsoventrally 
which may skew some character interpretation). This unique 
morphology has led to some uncertainty about the taxon’s 
precise position within the crocodyliform tree; most recently, 
under EIW schemes, Bravo et al. (2021) also recovered Lorosu
chus outside of Sebecidae, either as an early diverging notosu
chian, a peirosaurid, or a ‘basal’ sebecosuchian. Pol and Powell 
(2011) had earlier demonstrated that the taxon can be positioned 
outside of Notosuchia with just two additional tree steps. Sahiti
suchus has thus far only been positioned within Sebecidae 
(Kellner et al., 2014), though it should be noted that its phyloge
netic affinities are not often tested. The position of Lorosuchus 
and Sahitisuchus, as recovered in our EIW analyses (and Zulma
suchus at a k-value of 8), is particularly pertinent, as it suggests 
the potential survival of an additional crocodyliform lineage, 
and a second notosuchian lineage, across the K–Pg mass extinc
tion event. It has long been suggested that less-specialized 
individuals are more likely to survive such catastrophic 
events (i.e., Cope’s ‘Law of the Unspecialized’, or Simpson’s 
‘Rule of the survival of the relatively unspecialized’) (Cope, 
1896; Raia et al., 2016; Raia & Fortelius, 2013; Simpson, 
1944; Thompson, 1994), leaving generalized lineages from 
which post-extinction radiations occur (Hellert et al., 2023). 
Indeed, Lorosuchus and Sahitisuchus, as well as Zulmasuchus 
are both known from late Paleocene to early Eocene deposits 
of South America, making them some of the most temporally 
adjacent notosuchians to the K–Pg boundary. It is also true 
that the former two of these lack many of the more derived 
features present in stratigraphically younger notosuchians 
(i.e., those distanced further from the K–Pg extinction 
event); for example, the high snouts of sebecids which devel
oped in taxa from the Eocene through to the Miocene 
(Kellner et al., 2014), although it should be noted that the 
snout of Sahitisuchus is potentially dorsoventrally 
compressed.

McKinney (1997) cited a limited utilization of resources and 
habitats as one disadvantage of specialists in periods of drastic 
change. Many Late Cretaceous deposits preserve crocodyliform 
taxa with highly specialized morphologies, including those with 
teeth convergent with those of mammals and squamates (Mel
strom & Irmis, 2019; Turner & Sertich, 2010). The termination 
of these lineages at the K–Pg mass extinction event (Castro 
et al., 2018) is particularly relevant in terms of the development 
of specialized feeding ecologies, which Colles et al. (2009) cited 
as being consistently negatively correlated with survivorship. 
Naturally, assertions that specializations are an ‘evolutionary 
dead-end’ have also been challenged, and the suggestion that 
the survival of this additional notosuchian lineage across the 
K–Pg boundary is due to an absence of highly derived features 
should be taken with caution (Colles et al., 2009; Day et al., 
2016), particularly as quantifying the true degree of specializ
ation in fossil organisms is in itself challenging.

Implications for Sebecid Biogeography

Sebecids are frequently suggested to have originated in South 
America (e.g., Buffetaut & Marshall, 1991; Gasparini, 1984; Gas
parini et al., 1993; Langston, 1965; Paolillo & Linares, 2007; Pol & 
Powell, 2011; Simpson, 1937; Turner & Calvo, 2005), based on a 
large percentage of known species being from this continent, as 
well as the consistent placement of South American taxa as the 
earliest diverging members of the group (e.g., Bravo et al., 
2021; Kellner et al., 2014; Pol & Powell, 2011). Indeed, sebecids 
had become highly diversified in South America by the 
Eocene, with a relatively widespread spatial distribution across 
the continent. Nevertheless, several taxa that are recovered as 
sebecids or close relatives are also known from Europe 
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(Antunes, 1975; Buffetaut, 1979; Bunzel, 1871; Company et al., 
2005; Kuhn, 1968; Rossmann et al., 2000) and Africa (Buffetaut, 
1989). Sebecids had also previously been considered an exclu
sively Cenozoic clade; however, the recovery of Ogresuchus 
furatus from the latest Cretaceous of Europe within the group 
(see also Martin et al., 2022; Sellés et al., 2020) increases the tem
poral range of the clade, suggesting an earlier origin of the group 
than previously considered.

The strong Gondwanan signal proposed in European taxa 
closely affiliated with sebecids (e.g., Iberosuchus, Bergisuchus, 
and Doratodon) has previously been explained by the ‘Euro
gondwanan model’ (Ezcurra & Agnoliń, 2012), in which the sep
aration of Europe from Africa at the end of the Hauterivian was 
followed by intermittent faunal links via land bridges from the 
Campanian until the Eocene. As noted by Martin et al. (2023), 
multiple terrestrial vertebrate lineages recovered from Eocene 
sediments of Europe support these trans-Tethyan faunal links 
(e.g., Augé & Santiago, 2020; Bolet & Evans, 2013; Gheerbrant 
& Rage, 2006; Laloy et al., 2013). If sebecids were to have dis
persed from South America to Europe, their presence in Cretac
eous sediments of both South America and Africa is 
necessitated, given the latter continent’s intermediate position 
between the other two landmasses. This is supported by the bio
geographic analysis of Sellés et al. (2020), in which sebecids were 
estimated to have been established in South America and Africa 
before fragmentation of the two continents in the Albian. At 
present, no Cretaceous occurrences are known from either land
mass, despite several highly sampled and productive regions in 
these spatiotemporal intervals that have yielded notosuchians. 
For example, the Late Cretaceous Bauru Basin of Brazil is 
well-studied, and is exceedingly productive with regards to 
other notosuchians (Martins dos Santos et al., 2024; Pol et al., 
2014). The mid-Cretaceous Kem Kem Group of Morocco is 
also well studied, and has yielded several other notosuchian 
lineages (e.g., Larsson & Sues, 2007; Martin & Lapparent de 
Broin, 2016; Nicholl et al., 2021), although latest Cretaceous 
African deposits are generally less well-sampled (Mannion 
et al., 2019). Only one unequivocal sebecid occurrence from 
Africa is currently known: Eremosuchus from the early 
Eocene of Algeria, with the late Eocene ‘Fayum form’ poten
tially representing a second occurrence. However, their 
Eocene age and poor phylogenetic resolution within Sebecidae 
mean that it is not currently possible to determine whether 
they represent a long, independent African lineage of sebecids 
that has been obscured by pervasive under-sampling, or a Paleo
gene emigration of European taxa via the same trans-Tethyan 
pathways.

Given the absence of sebecid remains from the Cretaceous of 
Gondwana, we agree with Martin et al. (2023) that it is important 
to consider some opposing origins of Sebecidae, i.e., origination 
and dispersal from Europe into Gondwana, or from Africa into 
both Europe and South America. However, given such a poor 
fossil record during the Cretaceous, uncovering the group’s 
early evolutionary and biogeographic history remains proble
matic until further specimens are found.

CONCLUSION

The holotype specimen of Eremosuchus elkoholicus, as well as 
referred remains from the same El Kohol locality in the early 
Eocene of Algeria, are redescribed and compared with numer
ous notosuchian taxa. Eremosuchus is considered to represent 
a valid taxon, for which we provide a new diagnosis. A smaller 
specimen from the same locality likely represents an immature 
individual of Eremosuchus elkoholicus, providing an additional 
example of an ontogenetic series amongst Notosuchia. Under 
multiple phylogenetic weighting schemes, Eremosuchus is recov
ered as a sebecid. The position of Sebecidae varies depending on 

the weighting scheme used. Under equal weighting, Sebecoidea 
is placed as the sister taxon to all other notosuchians, an 
unusual positioning for this clade. Using extended implied 
weighting, a monophyletic Sebecosuchia is recovered. Several 
European taxa known from fragmentary remains (e.g., Ogresu
chus furatus) are also recovered within Sebecidae, expanding 
the taxonomic and spatial content of the group, which until 
recently has been considered to be formed entirely of South 
American taxa. The temporal range of sebecids is also confirmed 
to extend into the Cretaceous; however, a dearth of fossil 
material inhibits a true understanding of the early evolutionary 
and biogeographic origin of the group.
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